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1. General Experimental

Atmosphere
All reactions were carried out under an atmosphere of Ar or N2 unless otherwise stated.
Solvents

Moisture sensitive reactions were carried out using solvents obtained from the MBRAUN-SPS
solvent purification system (CH.Cl,, THF, pentane, toluene, DMF, Et,0) and often dried over
3A molecular sieves. Reactions that were not deemed moisture sensitive were carried out using
solvents taken from Winchester bottles. For reactions sensitive to oxygen solvents were

degassed with Ar.
Chromatography

TLCs were carried out using Merck aluminium backed DC60 F254 plates (particle size 0.2
mm). UV light was used to visualise spots which were often stained with KMnOs, vanillin or
ninhydrin depending on the compound. Flash column chromatography was carried out using

Sigma Aldrich silica gel 60 A (particle size 43-60 xm) with the indicated solvent system.
Spectroscopy

Proton (*H), carbon (*3C), phosphorus (*P) and (*°F) spectra were recorded on Bruker DPX200
(200 MHz) Bruker AVG400 (400/101 MHz), Bruker AVH400 (400/101 MHz), Bruker
AVF400 (400/101 MHz), Bruker AVC500 (500/126 MHz), Bruker AVB500 (500/126 MHz),
Bruker AVX500 (500/126 MHz), Bruker NEO600 (600/151) and Bruker AV600 (600/151)
NMR spectrometers. Spectra were referenced with respect to the residual solvent peak (CHClz:
Sn 7.26, 8¢ 77.16 ppm; CeDsH: 8k 7.16, 8¢ 128.06 ppm; CDsCOCD,H: 8y 2.05, 5¢c 29.84 ppm;
CD;HCN: 84 1.94, 8¢ 1.32 ppm; CsD4HCD3: 81 7.09, ¢ 125.13 ppm; CHD20D: & 3.31, ¢

49). Peak assignments were made based on chemical shifts, integrations, coupling constants,



2-D COSY and HSQC, HMBC and NOESY. Peak multiplicities are described as singlet (5s),
doublet (d), triplet (t), pentet (p), or a combination e.g. doublet of doublets, or as a multiplet
(m) over a peak range. Some peaks are described as broad (b). Coupling constants are reported

to the nearest 0.5 Hz and *C chemical shifts are given to the nearest 0.1 ppm.

Mass spectrometry

High-resolution mass spectra (ESI) were recorded using a Bruker uTOF mass spectrometer.
Melting points

Melting points (MP) were obtained using a Leica Galen 11l Hot-stage melting point apparatus

and microscope and on a Kofler hot block and are reported uncorrected.
Infrared

Infrared spectra (IR) were recorded using a Bruker Tensor 27 FT-IR spectrometer as a film or

powder sample. Selected maximum absorbances were reported in vmax (cm=).
X-Ray

Low temperature single crystal X-ray diffraction data for 4b, 9b and 27b were collected using
a Rigaku Oxford SuperNova diffractometer. Raw frame data were reduced using CrysAlisPro.
All structures were solved using 'Superflip’ before refinement with CRYSTALS as per the Sl
(CIF).1® Full refinement details are given in the Supporting Information (CIF).
Crystallographic data have been deposited with the Cam-bridge Crystallographic Data Centre

(CCDC 2342557-58) and can be obtained via www.ccdc.cam.ac.uk/data_request/cif

Compound naming

Compound names are those generated by ChemDraw software following the IUPAC

nomenclature.


http://www.ccdc.cam.ac.uk/data_request/cif

2. Optimisation of Reaction Conditions

2.1 Conditions screen for substrate 3a

MeO,C CO,Me MeO,C CO,Me
Cat. (10 mol%)
O, —_— O, NS
H Solvent, T
O O
Bn Bn
3a 3b
CF3
o Ph o NG
H H S Ph
>LNJLN/\ j\NJ\N Cy\NJ\N/\l L
HoOH . HoH o HoOH F3C N H
SPR N N
3 P(PMP); P(PMP)3 N“\P(PMP)3
R = PMP, 98%, -75% ee 76%, 67% ee 68%, -49% ee 0% ee
R =Cy, 78%, 0% ee
Ph Ph
i Y BE% A X
H H
Ph._N L O Ph N /'\ Ph
R TR Ty
Ph O NpEmP), “P(PMP), SP(PMP);

S, R = t-Bu, 56%, 81% ee 75%, -63% ee
O, R =t-Bu, 68%, 81% ee
S, R = Ph, 60%, 76% ee

R = t-Bu, 48%, 42% ee X=
R =H, 52%, -11% ee X=

Scheme S1: Catalyst screen for the enantioselective deconjugation of model substrate 3a.

MeO,C CO,Me MeO,C CO,Me
Cat. (10 mol%) JJ\
o) » O X Ph

H Solvent, T Y \ﬂ/\N

o™ 3a B 3b Cat. PRy
entry phosphine solvent temp/°C conc/M time/h yield / % ee/%

1 P(PMP)s THF rt 0.1 4 56 81

2 P(PMP)s THF 50 0.1 2 60 78

3 P(PMP)s Et.0 rt 0.05 2 76 84

4 P(PMP)3 Et0 -22 0.05 23 >99 84

5 PPh3(C11) Et0 rt 0.05 4 99 97

Table S1: Conditions screen for the enantioselective deconjugation of cyclopropenes iterations
of catalyst C11 and substrate 3a.



2.2 Investigation into the racemisation of compound 9b

MeOZC COZMG MeOZC COZMG

C11 (10 mol%) ’ \1/ s
o > O X Ph N\n/'\NJLN
Et,0 (0.05 M), rt, t

o 20005 o H pph o H M

Bn” Bn”
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Figure S1: Plot of yield and ee vs time for the BIMP-catalysed enantioselective deconjugation

of compound 9a with catalyst C11.

2.3 Catalyst screen for amide substrate 26a

MeO,C, CO,Me MeO,C, CO,Me P

X
Cat. (10 mol%) H
OYA/\/ > OY&/\/ Ph N\[]/.\NJL’\I
o H H

NH Et,0 (0.05 M), rt NH H Ph N
1 >
25a 25b Cat.
X=$8,R=Ph 87%, >20:1 d.r., 99% ee
X=S,R=PMP 87%, >20:1 d.r., 99% ee
X=0,R = n-Bu 78%, 81:19 d.r., 99% ee

Scheme S2: Enantioselective deconjugation of amide 26a with iterations of catalyst C11.



2.4 Investigation into the racemisation of compound 27b
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Figure S2: Plot of yield and ee vs time for the BIMP-catalysed enantioselective deconjugation

of compound 27a with catalyst C11.



2.5 Conditions screen for ketone substrate 4a

MeO,C. CO,Me MeO,C. CO,Me <\
Cat. (10 mol%) H H &
0 > Oy Ph N NJ\N
Et,0 (0.05 M), T, t HOH
Ph Ph H Ph O Nepr
3
4a 4b Cat.
entry phosphine time / min yield / % d.r. (Z:E) ee (2)/ %
1 PPhs 15 84 >20:1 20
2 PPh2((p-CF3)CsH4) 10 90 >20:1 4
3 PPh2((p-CN)CsHa) 10 78 >20:1 4
4 PPh((p-CF3)CsHa)2 10 85 N/D -10
5 P((p-CF3)CeHa)s 43 84 N/D -20
Table S2: Phosphine screen for the enantioselective deconjugation of ketone 4a.
MeO,C. CO,Me MeO,C. CO,Me L
C11 (loading) o N3 j\
o > O™
Et,0 (0.05 M), t, t | hd \ﬂ/\H N
Ph Ph H Ph O N<pph,
4a 4b c11
entry CL / mol% time / min2 ee (2) 1%
1 10 15 20
2 0.5 40 22
3 0.5 42 22
4 0.5 20 23
5 0.1 180 23

Table S3: Investigations into the catalyst loading for the enantioselective deconjugation of

substrate 4a. ®Time to 100% consumption of starting material as observed by TLC.



MeO,C. CO,Me

O,
Ph

MeO,C. CO,Me

2 e

Cat. (10 mol%)

4a

Sk )Lj; Oy

Npph,

5 min
Z/E: 92:8 d.r.
maj: 0% ee
min: -2% ee

FiC \n,ri );kj\

ZIE: 93.7 d.r.
maj: +43% ee
min: -27% ee

Et,0 (0.05 M),
CF3
Ph_Ph
O :
X i
/\ . FsC N H /@)L
‘PPh Ns
3 ‘PPh O,N PPh3
100 min R = t-Bu 16 min
Z/E: 88:12d.r. 8 min, Z/E: 87:13 d.r. Z/E:91:9d.r.
maj: -5% ee maj: 0% ee, min: +5% ee maj: 0% ee
min: -46% ee R =Ph min: +5% ee

10 min, Z/E: 88:12 d.r.
maj: -21% ee, min: +9% ee

Y e S Ph
2 Ph H : J\ )\
N N
Ph \([)I/\H H No,
‘PPh ~PPhs
10 min 10 min
Z/E: 93:7 d.r. Z/E: 92:8 d.r.

maj: -30% ee
min: -31% ee

maj: +20% ee

Scheme S3: Enantioselective deconjugation of substrate 4a with catalysts. ®Time to 100%

consumption of starting material as observed by TLC.
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MeO,C CO,Me

MeO,C CO,Me

S R
Cat. (10 mol%) H
. . o &N N NW;K‘JLN)\
Et,0 (0.05 M), T, t Y H H
Ph Ph H Ph O Nepre,
4a 4b Cat.
entry R phosphine temp/°C time / min2 Z/E (d.r.) ee maj (2)/% ee min
(E)/%

1 CH2(1-Np) PPhs rt 180 76:24 +39 +46
2 CH2(1-Np) PPh2(p-CNCsH4) rt 450 83:17 +28 +50
3 CH2(1-Np) PPh2(p-CF3CeHa) rt 250 81:19 +24 +60
4 Ph PPhs rt 180 92:8 +31 +33
5 Bn PPhs rt 90 76:24 +48 +57
6 Cy PPhs rt 90 87:13 +55 N/D
7 t-Bu PPhs rt 120 20:1 0 +31
8 t-Bu PPhs rt 5 20:1 +24 >+99
9 t-Bu PPhs rt 0.5 >20:1 +65 >+99
10 t-Bu PPhs -78 60° >20:1 +94 N/D
11 t-Bu PPhs -78 120¢ >20:1 +93 N/D

Table S4: Catalyst, phosphine and conditions screen for the enantioselective deconjugation of

substrate 4a. *Time to 100% consumption of starting material as observed by TLC. ®93% NMR

yield. ©99% yield.
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2.6 Conditions screen for substrate 33a

MeO,C. CO,Me MeO,C, CO,Me L
Cat. (10 mol%) H JXL
O, OMEM > (o) . _OMEM Ph N ~
Ph (0] Ph (0] H N
~ sz 7 a3 Cat. PRs
entry X phosphine T/°C conc  time/h conversion d.r. ee maj ee min
/M /% (ZIE) | % /%
1 S PPhs rt to 40 0.05 24 17 N/D N/D N/D
2 S P(PMP)s rt 0.05 54 59 76:24 70 5
3 (0] P(n-Bu)s rt 0.05 1.0 882 11:89 0 60
4 (0] P(n-Bu)s -78t0-20  0.05 24 25 12:88 0 0
5 S P(PMP)s rt 0.2 2.0 100 16:84 4 32
6 0] P(PMP)3 rt 0.05 2.0 100 64:36 75 6
7 (0] PPhs rt 0.05 24 12 90:10 88 19
8 O PPha(p-CF3sCeHa) rt 0.05 24 4 90:10 87 6
9 O PPhz(p-CNCeHa) rt 0.05 24 30 >20:1 87 12
10 0] P(p-MeCsHa)s rt 0.05 24 18 74:26 84 4
11 O  P((m-t-Bu)2CsHs3)3 rt 0.05 0.75 100 >20:1 80 32
12 O  P((m-t-Bu)2CsH3)s -20 0.05 34 100 >20:1 87 30
13 S P((m-t-Bu)2CeH3)s rt 0.05 1.0 100 >20:1 98 56

Table S5: Phosphines and conditions screen for the enantioselective deconjugation

compound 33a.2Isolated yield

of
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3. General Procedures

General procedure I for in situ generation of active BIMP catalysts

X R X R
- JU R" R AN
R'\ + | N N "
N7 N b T H o H R
H H N R" R" THF or Et,0 \\p'
3 /I R
-

To a mass spectrometry vial was weighed the desired azide (1.00 eq) and the desired phosphine
(1.00 eq) (in the case of electron poor phosphines 1.50 eq of the phosphine was used and the
reaction was heated to 40 °C, this alternate procedure was also followed when reactions were
carried out on small scale <0.025 mmol). The vial was placed under an atmosphere of Ar and
THF (0.2 M) was added. The cap was replaced and sealed with parafilm® and the mixture was
stirred for 18 — 24 h. The volatiles were removed under reduced pressure or under a constant

stream of Ar an the crude iminophosphorane was used without further purification.

General procedure 11 for the enantioselective deconjugation of cyclopropenes (esters and

amides)
R\ R' R\ R’ \l/
Aﬁ C11 or C13 (10 mol%) ﬁ)&/ H o3 j\
o R » O R’ Ph N -
T I Et,0 (0.05 M), rt ) o \FE\ \g/\u i N
R’ R” R
o C11 or C13

The desired cyclopropene (1.0 eq) was transferred in a solution of Et,O (0.05 M) to preformed
BIMP catalyst C11 or C13 (10 mol%) (see general procedure I) or vice versa depending on the
reaction scale. The reaction was monitored by TLC and quenched with AcOH (20 mol%, stock
solution in Et.O) upon completion (care must be taken to avoid racemisation of the ACP if the
reaction is left for extended time periods. Formation of tertiary ACPs appeared to form more
rapidly than quaternary ACPs which in turn formed quicker than secondary ACPs). The crude
reaction mixture was concentrated under a stream of N2 and purified by silica gel column

chromatography to afford the desired enantioenriched ACP. Racemic versions of the

13



compounds could be synthesised by addition of DBU (3.0 eq) to a stirred solution of the
cyclopropene in THF (0.1 M). Racemic compounds were also synthesised using rac-C11 or
rac-C13 (formed using an equimolar amount of the two catalyst enantiomers). AS-H and AD-

H columns appear best for separating all diastereomers and starting material.

General procedure 111 for the enantioselective deconjugation of cyclopropenes (ketones)

R\ R' R\ R
€12 (10 mol%) H S
o R >  Og R Ph.__N N)LN
H Et,0 (0.05 M), -78 °C he A
R R Ph O N
R
c12

R SPPh,

A solution of preformed BIMP catalyst C12 (10 mol%) in Et2O (0.1 M wrt cyclopropene) was
added dropwise to a stirred solution of the desired cyclopropene (1.0 eq) in Et.O (0.1 M) at
—78 °C The reaction was monitored by TLC and quenched with AcOH (20 mol%, stock
solution in Et20) upon completion. The crude reaction mixture was concentrated under a
stream of N2 and purified by silica gel column chromatography to afford the desired
enantioenriched ACP. Racemic versions of the compounds could be synthesised by addition of
DBU (3.0 eq) to a stirred solution of the cyclopropene in THF (0.1 M). AS-H and AD-H

columns appear best for separating all diastereomers and starting material.

General procedure 1V for the Rh2(OAc)4 addition of diazonium compounds to terminal

alkynes
R Rh,(OAc) RS
H 2(UAC),
)\ ¥ / — R’
N7 "R R' CH,Cly
H

According to a literature procedure,* the desired diazonium compound (1.0 eq) in CH2Cl, (0.5
M) was added dropwise overnight using a syringe pump to a solution of Rhz(OACc)4 (1.0 mol%)
in the desired terminal alkyne (3.0 eq). Following the addition, the reaction was monitored by

TLC and further equivalents of alkene and Rh2(OAc)4 were added until complete disappearance

14



of the diazonium compound was observed. The crude product was flushed through a plug of
celite with CH2Cl, and purified by silica gel column chromatography to provide the desired

terminal cyclopropene.
General procedure V for the addition of terminal cyclopropenes to electrophiles

CO,Me

CO,Me LHMDS MeO,C
MeO,C . E - \j}R
\>—R THF (0.3 M), -78 °C

E

LHMDS (1.0 M in THF, 1.0 eq) was added dropwise to a stirred solution of the desired terminal
cyclopropene (1.0 eq) and electrophile (1.5 eq) at =78 °C in THF (0.3 M). The solution was
stirred at —78 °C until completion was observed by TLC. The reaction was quenched with sat.
aq. NH4Cl and the aqueous phase was extracted with Et.O (3 x 20 ml) (if an isocyante was
used the reaction was quenched with 1.0 M HClq). The combined organic extracts were
washed with brine then dried over Na>SOs, filtered and concentrated in vacuo. The crude

material was purified by silica gel column chromatography to provide the desired cyclopropene.

General procedure VI for the addition of dibromocarbenes to alkenes

R bromoform (3.0 eq), cetrimide (10 mol%) RA\R
R' / LLLL >
R NaOH.q) (50%), CH,Cl, Br R™
R" (aq) 4 BI’ Ruu

According to a literature procedure,® 50% NaOH (2.5 x CHzCl,) was added dropwise via a
syringe pump (10 ml/h) to a stirred solution of the desired alkene (1.0 eq), cetrimide (10 mol%)
and bromoform (3.0 eq) in CH2Cl> (10 M) at ambient temperature. The reaction was stirred
and monitored by TLC until complete disappearance of the alkene was observed (1-5 days).
To aid reaction progression extra equivalents of bromoform and NaOH solution were added
and in some cases the reaction was warmed to 50 °C. Upon completion of the reaction H.O
was added and the organic layer separated. The aqueous layer was extracted with CH2Cl> (2 x),

the combined organic layers were dried over Na2SO4 (addition of brine is not recommended as

15



it results in precipitation of the phase transfer catalyst) and concentrated in vacuo. The crude
reaction mixture was purified by silica gel column chromatography to provide the desired

tribromocyclopropane. Excess bromoform may be removed under a stream of nitrogen.

General procedure VII for the addition of tribromocyclopropanes to electrophiles
Br ) .
Me R i. nBuLi, Et,0, -78 to -20 °C Me Me
>
Me |:Br ii. Electrophile (E), -78 °C E R

Br

According to a modified literature procedure,® n-BuLi (2.5 M in hexanes, 2.0 eq) was added
dropwise to a stirred solution of the desired tribromocyclopropane (1.0 eq) in Et2O (0.1 M) at
—78 °C. The reaction was stirred at —78 °C for 1 h at which point the temperature was raised
to —20 °C and stirred for a further 2 h. The reaction mixture was then cooled to —78 °C and
decanted via cannula at that temperature into a —78 °C solution of the desired electrophile (1.5
eq) (in cases where 1.2 eq of chloroformate is used, the chloroformate was added directly to
the lithiated cyclopropene solution) in Et2O (1.0 M). The reaction mixture was stirred until
completion was observed by TLC at which point the reaction was quenched with sat. aq. NH4Cl
and the aqueous phase was extracted with Et2O (3 x 20 ml) (if an isocyante was used the
reaction was quenched with 1.0 M HClq)). The combined organic extracts were washed with
brine then dried over Na,SOg, filtered and concentrated in vacuo. The crude material was

purified by silica gel column chromatography to provide the desired cyclopropene.

General procedure VIl for the oxidation of alcohols

R\ R’ R\ R'
DMP (1.54 eq)
HO R" > 0 R"
H CH,Cl, (0.5 M), rt H

According to a literature procedure,” DMP (1.54 eq) was added portion wise to a solution of

the desired alcohol (1.0 eq) in CHCl> (0.5 M). The reaction was monitored by TLC until

complete disappearance of the alcohol was observed (ca. 5 min). Upon completion sat. aqg.

16



NaHCO3 was added. The aqueous layer was extracted with Et,O (3 x) and the combined
organic layers were washed with brine, dried over Na>SO4 and concentrated in vacuo. The
crude reaction mixture was purified by silica gel column chromatography to provide the desired

ketone.

17



4. Catalyst Synthesis

Synthesis and characterisation of S1
(R)-N-(1-azido-3,3-dimethylbutan-2-y)-2,2 2-trifluoroacetamide (S1)

0 ﬁ\/\
M NaBHy,, I >|\/\ ﬂ\/\ TFAA " “OH
Y SOH —————> Y OH OH —» N _o0
NH, THF, reflux NH, NH, NEts, CH,Cl, \fF
3
c)
>k;/\OH TsCl */\OTS >k_/\OTs NaN; 5\;/\Ns
: - : : :
HN.__O HN.__O HN.O ~——— > HN_O
NEts, CH,Cl,, 0 °C DMF, 45 °C \(
CFs CF, CF, CF,

a) According to a literature procedure,® a solution of I (9.67g, 38.1 mmol, 1.00 eq) in THF
(22.4 ml) was added to a stirred solution of D-tert-leucine (5.00 g, 38.1 mmol, 1.00 eq) and
NaBH; (3.46 g, 91.5 mmol, 2.40 eq) in THF (95.3 ml) at 0 °C. The resulting solution was
warmed to ambient temperature over 15 min and then refluxed overnight. The solution was
then cooled to 0 °C and MeOH was added until the solution turned colourless. The solution
was then stirred for a further 30 min at which point the volatiles were removed in vacuo. The
resulting paste was dissolved in 20% ag KOH and stirred for 3 h. The aqueous layer was
extracted with CH2Cl> (3 x 100 ml). The combined organic extracts were washed with brine,
dried over Na»SOg, filtered and concentrated in vacuo to provide the crude amino-alcohol

which was taken on to the next step without further purification.

b) According to a literature procedure,? trifluoroacetic anhydride (5.56 ml, 40.0 mmol, 1.05 eq)
was added over 40 min to a stirred solution of the crude product obtained in step a and
triethylamine (6.38 ml, 45.7 mmol, 1.20 eq) in CH2Cl2 (127 ml). The reaction was stirred for
2 h at which point H20 (100 ml) was added. The aqueous phase was extracted with CH2Cl. (3
x 100 ml). The combined organic extracts were washed with brine, dried over Na>SOs, filtered

and concentrated in vacuo. The crude product was purified by silica gel column
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chromatography (pentane/EtOAc = 8/2 to 6/4) to provide the product as a white solid in 55%
yield (4.45 g). 'H NMR (400 MHz, CDCls) 8(ppm): 6.52 (bs, 1H, NH), 3.92 — 3.82 (m, 2H,
CHC(CHa)z and one of CHaHgOH), 3.75 — 3.66 (m, 1H, one of CHaHgOH), 1.95 (s, 1H, OH),
0.98 (s, 9H, C(CHs)3); 3C NMR (101 MHz, CDCl3) &(ppm): 158.3 (C=0), 117.6 (CFs), 61.7
(CH20H), 59.7 (CHCHy), 34.2 (C(CHa)s), 26.9 (C(CHs)3); °F NMR (377 MHz, CDCly)
8(ppm): -75.7 (CF3); IR (powder) vmax/cm™®: 3401 (O-H), 3233 (N-H), 2972 (C-H), 1700 (C=0);
HRMS (ES+) exact mass calculated for [M+Na]* (CsFsH12NNaO2") requires m/z 236.0716,

found m/z 236.0719; MP: 96 — 98 °C; [a]26 = +6.4 (c 0.39, CHCls).

¢) According to a literature procedure,® the crude product obtained in step b was dissolved in
CH2Cl> (35 ml) and triethylamine (35 ml). The solution was cooled to 0 °C and TsCl (4.41 g,
23.1 mmol, 1.10 eq) was added. The reaction was stirred at 0 °C overnight at which point H.O
(100 ml) was added. The aqueous layer was extracted with CH2Cl (3 x 100 ml). The combined
organic extracts were washed with brine, dried over Na>SOyg, filtered and concentrated in vacuo.

The crude product was taken on without further purification.

d) According to a literature procedure,® the crude product obtained in step ¢ (6.64 g, 18.1 mmol,
1.00 eq) was dissolved in DMF (60 ml). Sodium azide (2.35 g, 36.2 mmol, 2.00 eq) was added
and the reaction was warmed to 45 °C behind a blast shield. The reaction was stirred at 45 °C
overnight at which point H2O (100 ml) was added. The aqueous layer was extracted with Et.O
(3 x 100 ml). The combined organic extracts were washed with brine, dried over Na>SOs,
filtered and concentrated in vacuo. The crude product was purified by silica gel column
chromatography (pentane/EtOAc = 9/1) to provide the title compound (S1) as a white solid in
43% yield (1.86 g). 'H NMR (400 MHz, CDCls) §(ppm): 6.27 (bs, 1H, NH), 4.04 — 3.93 (m,
1H, CHNH), 3.63 (dd, J = 13.0, 4.0 Hz, 1H, one of CHaHgN3), 3.40 (dd, J = 13.0, 8.0 Hz, 1H,
one of CHaHgN3), 0.98 (s, 9H, C(CHs)s); 13C NMR (101 MHz, CDCls) §(ppm): 160.5 — 155.3

(m, C=0), 118.4 — 113.6 (m, CFs), 57.3 (CHNH), 51.2 (CHzN3), 34.3 (C(CHs)3), 26.6
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(C(CHa)3); F NMR (376 MHz, CDCl3) 8(ppm): -75.8 (CF3); IR (powder) vmax/cm™: 3283
(N-H), 2971 (C-H), 2092 (N=N=N), 1712 (C=0); [a]3®1 = +46.0 (c 1.06, CHCls). Data are

consistent with that published in the literature.®
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Synthesis and characterisation of S2
(R)-2-amino-N-benzhydryl-3,3-dimethylbutanamide hydrochloride (S2)

a)
BOCzo, N32CO3
HO > 1o .B
NH, H,O:THF 4:1 N ¢

o) 0
b)
Ph\rNHZ EDC-HCI, HOBt H
HO _B + P Ph N .B
N Ph DIPEA, CH,Cl, \r [N
H H
o) Ph O
c)
. H)i ) 4N HClin dioxane . Hj;t
~.boC [l
\r ” CH,Cl, \( NH,ClI
Ph O Ph O

a) According to a literature procedure,® D-tert-leucine (3.00 g, 22.9 mmol, 1.00 eq), Bocz20
(5.99 g, 27.5 mmol, 1.20 eq) and Na>CO3 (4.85 g, 45.7 mmol, 2.00 eq) were stirred overnight
in THF (11.4 ml) and H20 (45.7 ml). The solution was brought to pH 2 by careful addition of
HCI (10% aq solution). The aqueous phase was extracted with EtOAc (3 x 50 ml). The
combined extracts were washed with brine, dried over Na>SOs, filtered, and concentrated in

vacuo to afford the crude product which was taken on without further purification (5.21 g).

b) According to a literature procedure,’® DIPEA (4.36 ml, 5.88 mmol, 1.50 eq) and
benzhydrylamine (4.27 ml, 24.8 mmol, 1.10 eq) were added sequentially to a stirred solution
of EDC hydrochloride (4.75 g, 24.8 mmol, 1.10 eq) and HOBt (3.34 g, 24.8 mmol, 1.10 eq) in
CH2Cl> (133 ml) under a N2 atmosphere at room temperature. N-boc-D-tert-leucine (5.21 g,
22.5 mmol, 1.00 eq) was added in one portion and the resulting solution stirred for 20 h. The
solution was diluted with Et,O (200 ml) and washed with HCI (0.5 N, 2 x 100 ml). The aqueous
phase was extracted with EtoO (3 x 100 ml) and the combined organic phases were washed
with sat. ag. NaHCO3z (100 ml) and brine, dried over MgSO4 and concentrated in vacuo to

afford the crude product (7.82 g); this was taken on without further purification.
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¢) According to a literature procedure,'® 4 N HCI in 1,4-dioxane (47.3 ml, 89.3 mmol, 9.60 eq)
was added to a vigorously stirred solution of the crude product obtained in step b in CH2Cl>
(49.3 ml) under a N2 atmosphere at room temperature over a period of 5 min. The resulting
solution was stirred overnight and concentrated under a stream of N. The resulting precipitate
was washed with Et,O and filtered to afford the product crude product (6.35 g). The crude

product (S2) was taken on without further purification.
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Synthesis and characterisation of S3
(S)-2-amino-N-benzhydryl-3,3-dimethylbutanamide hydrochloride (S3)

a)
\g/ Ph NH, EDC-HCI, HOBt H \é/
HO\H/\H,BOC + \Prh DIPEA, CH,Cly > PhYN\n/\H,BOC
(0] Ph O
b)
H \i/ 4 N HCl in dioxane H \l/
Ph N ~~, .Boc »  Ph__N ~
\Prh \g/\” CH,Cl, T \g/\NH3CI

a) According to a literature procedure,’® DIPEA (11.4 ml, 65.3 mmol, 1.50 eq) and
benzhydrylamine (8.21 ml, 47.6 mmol, 1.10 eq) were added sequentially to a stirred solution
of EDC hydrochloride (9.12 g, 47.6 mmol, 1.10 eq) and HOBt (6.43 g, 47.6 mmol, 1.10 eq) in
CH2Cl> (254 ml) at ambient temperature. N-boc-L-tert-leucine (10 g, 43.2 mmol, 1.00 eq) was
added in one portion and the resulting solution stirred for 20 h. The solution was diluted with
Et>O (200 ml) and washed with HCI (0.5 N, 2 x 200 ml). The aqueous phase was extracted with
Et2O (3 x 200 ml) and the combined organic phases were washed with sat. ag. NaHCO3 (200
ml), brine, dried over MgSQO4 and concentrated in vacuo to afford the crude product which was

taken on without further purification.

b) According to a literature procedure,*® 4 N HCI in 1,4-dioxane (104 ml, 415 mmol, 9.60 eq)
was added to a vigorously stirred solution of the crude product obtained in step a in CH2Cl»
(108 ml) under a N2 atmosphere at room temperature over a period of 5 min. The resulting
solution was stirred overnight and concentrated under a stream of N to afford the product crude

product (S3) (12.0 g). The crude product was taken on without further purification.
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Synthesis and characterisation of S4
(R)-N-benzhydryl-2-isothiocyanato-3,3-dimethylbutanamide (S4)

s sat. ag. NaHCO3
Ph_N S § > pn N
Y NH,CI cl” el CH,Cl, Y Ny
Cag

Ph O Ph O

According to a literature procedure,*° sat. ag. NaHCO3 (90 ml) was added to a vigorously stirred
solution of (R)-2-amino-N-benzhydryl-3,3-dimethylbutanamide hydrochloride (S2) (3.00 g,
9.01 mmol, 1.00 eq) in CH2Cl2 (90 ml) under a N2atmosphere at 0 °C and the biphasic mixture
was stirred for 20 min. Stirring was stopped and thiophosgene (0.69 ml, 9.01 mmol, 1.00 eq)
added to the organic layer. Vigorous stirring was recommenced immediately after addition and
the mixture allowed to warm to room temperature over 30 min. Stirring was stopped, and the
organic phase was extracted with CH2Cl2, washed with brine and dried over MgSQOa. The
volatiles were removed in vacuo to give the crude product (S4) as a yellow solid (2.57 g) which
was taken on without further purification (84%). *H NMR (400 MHz, CDCls) §(ppm): 7.32 —
7.19 (m, 6H, ArH), 7.19 — 7.11 (m, 4H, ArH), 6.54 (d, J = 8.0 Hz, 1H, NH), 6.17 (d, J = 8.0
Hz, 1H, CHPh), 4.00 (s, 1H, CHC(=0)), 0.99 (s, 9H, C(CH3)3); 3C NMR (101 MHz, CDCls)
3(ppm): 165.5 (C(=0)), 140.9 (ArC), 140.6 (ArC), 137.3 (N=C=S), 128.8 (ArCH), 128.8
(ArCH), 127.8 (ArCH), 127.8 (ArCH), 127.5 (ArCH), 127.3 (ArCH), 71.0 (CHC(=0)), 57.3
(CH(Ph),), 37.1 (CH(CHs)s), 26.8 (CH(CHs)s); IR (powder) vma/cm™: 3295 (N-H), 2980,
2971, 2889 (C-H), 1659 (C=0); [a]3® = —41.8 (c 1.06, CHCls). Data are consistent with that

published in the literature.!
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Synthesis and characterisation of S5
(S)-N-benzhydryl-2-isothiocyanato-3,3-dimethylbutanamide (S5)

\l/ S sat. aq. NaHCOg3 \1/

Phe N A I > pho N -
Y \n/\NchI o’ e CH,Cl, Y \n/\N\\C\
Ph O Ph O Ss

According to a literature procedure,*° sat. ag. NaHCO3 (60 ml) was added to a vigorously stirred
solution of (S)-2-amino-N-benzhydryl-3,3-dimethylbutanamide hydrochloride (S3) (2.00 g,
6.01 mmol, 1.00 eq) in CH2Cl2 (60 ml) under a N2atmosphere at 0 °C and the biphasic mixture
was stirred for 20 min. Stirring was stopped and thiophosgene (0.46 ml, 6.01 mmol, 1.00 eq)
added to the organic layer. Vigorous stirring was recommenced immediately after addition and
the mixture allowed to warm to room temperature over 30 min. Stirring was stopped, and the
organic phase was extracted with CH2Cl2, washed with brine and dried over MgSQOa4. The
volatiles were removed in vacuo to give the crude product (S5) as a yellow solid (1.81 g) which
was taken on without further purification (89%). 'H NMR (400 MHz, CDCls) 3(ppm): 7.48 —
7.22 (m, 10H, ArH), 6.65 (d, J = 8.0 Hz, 1H, NH), 6.28 (d, J = 8.0 Hz, 1H, CH(Ph)2), 4.11 (s,
1H, CHC(=0)), 1.10 (s, 10H, ArH); 23C NMR (101 MHz, CDCls) §(ppm)165.5 (C(=0)), 140.9
(ArC), 140.6 (ArC), 137.3 (N=C=S), 128.9 (ArCH), 128.8 (ArCH), 127.8 (ArCH), 127.8
(ArCH), 127.5 (ArCH), 127.3 (ArCH), 71.0 (CHC(=0)), 57.3 (CH(Ph).), 37.1 (CH(CHs3)3),
26.8 (CH(CHa)3); IR (powder) vmad/cm™: 3294 (NH), 3029, 2957 (C-H), 1658 (NHC=0);

[a]281 = +42.9 (c 0.97, CHCI3). Data are consistent with that published in the literature.'
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Synthesis and characterisation of S6
(R)-2-(3-((S)-1-azido-3,3-dimethylbutan-2-yDthioureido)-N-benzhydryl-3,3-

dimethylbutanamide (S6)

H S
Ph\rN NJLN
oo H P oK

According to a literature procedure,'® TFA (0.83 ml (1 ml/mmol)) was added to tert-butyl (S)-

(1-azido-3,3-dimethylbutan-2-yl)carbamate (200 mg, 0.83 mmol, 1.00 eq). The reaction was
stirred at 0 °C and allowed to warm to ambient temperature over 2 h. The reaction was then
concentrated under a stream of N2 and diluted with Et,O (4.15 ml (5 ml/mmol)) and H.O (2.5
ml (3 ml/mmol)). NaOH pellets were added with stirring and the biphasic mixture was brought
to pH 14. The phases were partitioned, and the aqueous phase was extracted with Et2O (2 x 20
ml), washed with brine, dried over MgSOsu, filtered, and concentrated in vacuo behind a blast
shield (care must be taken as the amine is volatile). 0.71 mmol of amino azide was obtained.
The amine was then diluted with THF (2.4 ml) and (R)-N-benzhydryl-2-isothiocyanato-3,3-
dimethylbutanamide (S4) (264 mg, 0.78 mmol, 1.10 eq) was added. Once reaction completion
was observed by TLC analysis the reaction mixture was concentrated in vacuo and purified by
silica gel column chromatography (pentane/Et.O = 6/4) to provide the title compound (S6) as
a white solid in 70% yield (280 mg). *H NMR (600 MHz, Methanol-dz) 8(ppm): 7.39 — 7.22
(m, 10H, ArH), 6.21 (s, 1H, CHPhy), 5.06 (s, 1H, C(=O)CH(CHs3)3), 4.68 (d, J = 6.5 Hz, 1H,
CHCH2Ngs), 3.57 (dd, J = 13.0, 4.0 Hz, 1H, one of CHaHgN3), 3.39 — 3.29 (m, 1H, one of
CHaHgN3), 1.03 (s, 9H, one of C(CHs)3), 1.02 (s, 9H, one of C(CHa)s); *C NMR (151 MHz,
Methanol-ds) 8(ppm)186.0 (C=S), 172.5 (C=0), 143.0 (ArC), 142.7 (ArC), 129.5 (ArCH),
129.3 (ArCH), 129.2 (ArCH), 128.7 (ArCH), 128.4 (ArCH), 128.1 (ArCH), 66.5
(C(=0)CHC(CHs)3), 62.9 (CHCH:N3), 58.2 (Ph,CHNH), 53.0 (CHCH2Ns), 35.9

(C(=0)CHC(CH3)s or NHCHC(CHz)s), 35.7 (C(=0)CHC(CHs)s or NHCHC(CHa)s), 27.3
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((C(=0O)CHC(CHs)s or NHCHC(CHg)3)), 27.2 ((C(=O)CHC(CHas)s or NHCHC(CHs)3));

[a]281 = +5.9 (¢ 1.12, CHCIs). Data are consistent with that published in the literature.'?
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Synthesis and characterisation of S7
(S)-2-(3-((S)-1-azido-3,3-dimethylbutan-2-yl)thioureido)-N-benzhydryl-3,3-

dimethylbutanamide (S7)

\Pst
Ph H EJL

According to a literature procedure,'® TFA (0.83 ml (1 ml/mmol)) was added to tert-butyl (S)-

(1-azido-3,3-dimethylbutan-2-yl)carbamate (200 mg, 0.830 mmol, 1.00 eq). The reaction was
stirred at 0 °C and allowed to warm to ambient temperature over 2h. The reaction was then
concentrated under a stream of N2 and diluted with Et,O (4.15 ml (5 ml/mmol)) and H.O (2.5
ml (3 ml/mmol)). NaOH pellets were added with stirring and the biphasic mixture was brought
to pH 14. The phases were partitioned, and the aqueous phase was extracted with Et2O (2 x 20
ml), washed with brine, dried over MgSOu, filtered, and concentrated in vacuo behind a blast
shield (care must be taken as the amine is volatile). 0.790 mmol of amino azide was obtained.
The amine was then diluted with THF (2.8 ml) and (S)-N-benzhydryl-2-isothiocyanato-3,3-
dimethylbutanamide (S5) (292 mg, 0.86 mmol, 1.10 eq) was added. Once reaction completion
was observed by TLC analysis the reaction mixture was concentrated in vacuo and purified by
silica gel column chromatography (pentane/Et.O = 6/4) to provide the title compound (S7) as
a white solid in 73% yield (290 mg). *H NMR (400 MHz, Methanol-ds) 8(ppm)(ppm): 7.43 —
7.16 (m, 10H, ArH), 6.20 (s, 1H, Ph,CHNH), 5.05 (s, 1H, C(=0)CH(CHs3)s3), 4.69 (dd, J = 8.0,
4.0 Hz, 1H, CHCH2Ns), 3.55 (dd, J = 13.0, 4.0 Hz, 1H, CHCHaHgNs3), 1.04 (s, 9H, one of
C(=0O)CHC(CHs); or NHCHC(CHa)3), 1.01 (s, 1H, one of C(=O)CHC(CHa)s or
NHCHC(CHs)3) (CHCHaHEgN3 is beneath the solvent peak); *C NMR (100 MHz, Methanol-
ds) 8(ppm)(ppm) 186.0 (C=S), 172.8 (C=0), 143.0 (ArC), 142.7 (ArC), 129.6 (ArCH), 129.3
(ArCH), 129.3 (ArCH), 128.6 (ArCH), 128.5 (ArCH), 128.0 (ArCH), 66.6 (C(=0)CHC(CHs3)3),

63.3 (CHCH;Ns), 58.3 (Ph,CHNH), 52.9 (CHCH;Ns), 35.6, 35.6 (C(=0)CHC(CHs)s and
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NHCHC(CHzs)s), 27.3, 27.2 (C(=0)CHC(CHs)s and NHCHC(CHs)s); MP: 204-206; [a]%81 =

—76.8 (c 0.56, CHCls). Data are consistent with that published in the literature.!*
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Synthesis and characterisation of S8
(R)-2-(3-((R)-1-azido-3,3-dimethylbutan-2-yl)thioureido)-N-benzhydryl-3,3-

dimethylbutanamide (S8)

N

According to a literature procedure,®1® (R)-N-(1-azido-3,3-dimethylbutan-2-yl)-2,2,2-

trifluoroacetamide (S1) (800 mg, 3.40 mmol, 1.00 eq) was dissolve in a mixture of MeOH (8.9
ml) and H20 (4.5 ml). NaOH (1.63 g, 40.8 mmol, 12.0 eq) was added portionwise and the
reaction mixture was stirred for 20 h. The aqueous phase was extracted with EtO and TFA
(3.4 ml) was added. The solvent was removed in vacuo. Et,O (17 ml) and H20 (10.2 ml) were
added. The mixture was basified to pH 14 by addition of NaOH pellets. The aqueous layer was
extracted with Et.O (3 x 10 ml). The combined organic phases were washed with brine, dried
over NaxSOq, filtered, and concentrated in vacuo behind a blast shield (care must be taken as
the amine is volatile). 3.16 mmol of amino azide was obtained. The amine was then diluted
with THF (10.5 ml) and (R)-N-benzhydryl-2-isothiocyanato-3,3-dimethylbutanamide (S4)
(1.18 g, 3.48 mmol, 1.10 eq) was added. Once reaction completion was observed by TLC
analysis the reaction mixture was concentrated in vacuo and purified by silica gel column
chromatography (pentane/Et>O = 9/1 to 8/2 to 6/4) to provide an off-white solid which was
triturated with Et,O. The title compound (S8) was obtained as a white solid as in 64% yield
(1.05 g). *H NMR (600 MHz, Methanol-ds) 8(ppm): 7.36 — 7.32 (m, 2H, ArH), 7.32 - 7.25 (m,
7H, ArH), 7.24 — 7.19 (m, 1H, ArH), 6.18 (s, 1H, Ph,CHNH), 5.03 (s, 1H, C(=0)CH(CH3)3),
4.67 (dd, J = 8.0, 4.0 Hz, 1H, CHCH:Ns3), 3.53 (dd, J = 13.0, 4.0 Hz, 1H, CHCHaHgN3), 1.02
(s, 9H, one of C(=0)CHC(CHz3)s or NHCHC(CHs3)z3), 0.99 (s, 9H, one of C(=0)CHC(CHs)3 or
NHCHC(CHzs)3). (CHCHaHgN3 is beneath the solvent peak); $*C NMR (151 MHz, Methanol-

ds) 3(ppm): 186.0 (C=S), 172.8 (C=0), 143.0 (ArC), 142.7 (ArC), 129.6 (ArCH), 129.3
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(ArCH), 129.3 (ArCH), 128.6 (ArCH), 128.5 (ArCH), 128.0 (ArCH), 66.6 (C(=0)CHC(CHs)3),
63.4 (CHCH2N3), 58.3 (Ph2CHNH), 52.9 (CHCH:N3), 35.6 (one of C(=0)CHC(CHs)s or
NHCHC(CHz3)3), 35.6 (one of C(=0O)CHC(CHs)z or NHCHC(CHz3)3), 27.3 (one of
C(=0)CHC(CH3)s or NHCHC(CHs)s), 27.2 (one of C(=0)CHC(CHs)s or NHCHC(CHa)s):

[a]281 = +91.4 (c 0.99, CHCIs). Data are consistent with that published in the literature.'
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5. Synthesis and Characterisation of Substrates wused in the

Enantioselective Deconjugation of Cyclopropenes

5.1 Synthesis of cyclopropene-substrate precursors

Synthesis and characterisation of S9
dimethyl 2-cyclohexylcycloprop-2-ene-1,1-dicarboxylate (S9)

MeOZC COzMe

Compound S9 was synthesised according to general procedure 1V by the addition of dimethyl
diazomalonate (605 mg, 3.83 mmol, 1.00 eq) to cyclohexylacetylene (1.50 ml, 11.48 mmol,
3.00 eq). The crude product was purified by silica gel column chromatography (pentane/EtOAc
=9/1) to provide the title compound (S9) as a yellow oil in 46% yield (418 mg). *H NMR (400
MHz, CDCl3) 8(ppm): 6.31 (d, J = 1.5 Hz, 1H, C=CH), 3.70 (s, 6H, C(CO2CH3)2), 2.69 — 2.58
(m, 1H, CHC=CH), 1.98 — 1.84 (m, 2H, CHaHsCHCHcHp), 1.79 — 1.52 (m, 3H,
CHaHBCH:CHCH>CHcHp), 152 - 115 (m, 5H, CHaHsCHCHcHb,
CHaHgCH2CHCH2CHcHp and CHCH2CH2CH>); 13C NMR (101 MHz, CDCl3) 8(ppm): 172.1
(C=0), 117.9 (C=CH), 92.5 (C=CH), 52.3 (C(CO.CH3);), 34.0 (CHC=CH), 32.4
(C(CO2CHs3)2), 30.2 (CHCH2), 25.9 (CHCH2CH2CH.), 25.3 (CHCH2CH.CH>); IR (film)
vmax/cm™t: 3137, 2930, 2855 (C-H), 1723 (C=0); HRMS (ES+) exact mass calculated for

[M+Na]" (C1sH18NaO4") requires m/z 261.1097, found m/z 261.1096.
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Synthesis and characterisation of S10
dimethyl 2-butylcycloprop-2-ene-1,1-dicarboxylate (S10)

MeOzC COZMe

H

Compound S10 was synthesised according to general procedure 1V by the addition of dimethyl
diazomalonate (1.21 g, 7.66 mmol, 1.00 eq) to 1-hexyne (2.64 ml, 23.0 mmol, 3.00 eq). After
the addition extra 1-hexyne (1.30 ml, 11.5 mmol, 1.50 eq) and Rh2(OAc)s (34.0 mg, 0.0770
mmol, 0.0100 eq). The crude product was purified by silica gel column chromatography
(pentane/EtOAC = 95/5 to 9/1) to provide the title compound (S10) as a yellow oil in 67% yield
(1.07 g). *H NMR (400 MHz, CDCls) §(ppm): 6.34 (t, J = 1.5 Hz, 1H, C=CH), 3.69 (s, 6H,
C(CO2CHa)2), 2.53 (td, J = 7.5, 1.5 Hz, 2H, CH,C=CH), 1.62 — 1.51 (m, 2H, CH3CH2CHy),
1.43-1.31 (m, 2H, CH3CH2CH>), 0.90 (t, J = 7.5 Hz, 3H, CH3CH2CH,); $*C NMR (101 MHz,
CDCl3) 8(ppm): 172.0 (C(COzMe)2), 114.7 (C=CH), 93.6 (C=CH), 52.3 (C(CO2CH3)2), 32.5
(C(CO2Me)y), 28.5 (CH2CH2CH2CH3), 23.8 (CH2CH2CH2CH3), 22.3 (CH2CH.CH2CH?3), 13.7
(CH2CH2CH2CH3); IR (film) vmax/em™: 3137, 2956, 2874 (C-H), 1724 (C=0). Data are

consistent with that published in the literature.*3
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Synthesis and characterisation of S11
dimethyl 2-cyclopentylcycloprop-2-ene-1,1-dicarboxylate (S11)

MeOZC COzMe

Compound S11 was synthesised according to general procedure 1V by the addition of dimethyl
diazomalonate (1.21 g, 7.66 mmol, 1.00 eq) to cyclopentylacetylene (2.67 ml, 23.0 mmol, 3.00
eq). The crude product was purified by silica gel column chromatography (pentane/EtOAcC =
95/5) to provide the title compound (S11) as a yellow oil in 53% yield (907 mg). *H NMR
(400 MHz, CDCls) 8(ppm): 6.29 (d, J = 1.5 Hz, 1H, C=CH), 3.69 (s, 6H, C(COCHj3)2), 3.10 —
2.96 (m, 1H, CHC=CH), 1.98 — 1.81 (m, 2H, 2 of CHCHaH8CH2CH2CHgHc), 1.77 — 1.51 (m,
6H, 2 of CHCHaHsCH2CH2CHgHc_and CHCHaHgCH2CH2CHgHc); *C NMR (101 MHz,
CDCl3) 8(ppm): 172.1 (C(CO2Me)y), 118.0 (C=CH), 92.4 (C=CH), 52.2 (C(CO2CHj3)>), 35.1
(CHC=CH), 33.1 (C(CO2CHa)y), 31.0 (CHCH2CH>CH,CH?), 25.2 (CHCH,CH,CH.CHy); IR
(film) vmax/cm™®: 3137, 2954, 2872 (C-H), 1722 (C=0). Data are consistent with that published

in the literature.*
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Synthesis and characterisation of S12
dimethyl 2-(1-(tert-butoxycarbonyl)piperidin-4-ylcycloprop-2-ene-1,1-dicarboxylate (S12)

MeOzC COzMe

NBoc

Compound S12 was synthesised according to general procedure 1V by the addition of dimethyl
diazomalonate (632 mg, 4 mmol, 1.00 eq) to cyclohexyne (1.7 g, 8 mmol, 2.00 eq). The crude
product was purified by silica gel column chromatography (pentane/EtOAc = 3/1) to provide
the title compound (S12) as a white solid in 14% yield (188 mg). *H NMR (400 MHz, CDCls)
8(ppm): 6.42 (d, J = 1.4 Hz, 1H, C=CH), 3.97 — 3.81 (m, 2H, CHaHsN(Boc)CHcHb), 3.70 (s,
6H, C(CO2CHzs),), 2.98 (ddd, J = 13.6, 10.4, 3.1 Hz, 2H, CHaHeN(Boc)CHcHbp), 2.82 (ttd, J
=9.8, 3.9, 1.4 Hz, 1H, HC=CCH), 1.94 — 1.78 (m, 2H, CHaHsCH:zN(Boc) CH2CHcHb), 1.64
—1.50 (m, 2H, CHaHeCH2N(Boc) CH2CHcHb), 1.44 (s, 9H, C(CHa)s); 3C NMR (101 MHz,
CDCls) §(ppm): 171.8 (C=0), 154.8 (C=0 of Boc), 116.5 (C=CH), 94.2 (C=CH), 79.8
(C(CHa)s), 52.4 (C(CO2CHa)2), 42.8 (CH2CH2N(Boc) CH2CHy), 32.4 (HC=CCH), 32.2
(C(CO2CHa)2), 29.2 (CH.CH2N(Boc) CH2CHy), 28.5 (C(CHa)3); HRMS (ES+) exact mass

calculated for [M+ Na]* (C17H2sNOsNa™) requires m/z 362.1574, found m/z 362.1562.
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Synthesis and characterisation of S13
dimethyl 2-(tetrahydro-2H-pyran-4-yl)cycloprop-2-ene-1,1-dicarboxylate (S13)

MeO,C._ CO,Me

o)
Compound S13 was synthesised according to general procedure 1V by the addition of dimethyl

2-diazomalonate (0.38 g, 2.5 mmol, 1.00 eq) to 4-ethynyltetrahydro-2H-pyran (550 mg, 5.0
mmol, 2.00 eq). The crude product was purified by silica gel column chromatography
(pentane/EtOAC = 7/1) to provide the title compound (S13) as a colourless oil in 60% yield
(360 mg). 'H NMR (400 MHz, CDCls) &(ppm): 6.41 (d, J = 1.4 Hz, 1H, C=CH), 3.91 (t, J =
4.0 Hz, 1H, one of CHAHsOCHCcHpb), 3.88 (t, J = 4.0 Hz, 1H, one of CHAHsOCHcHp), 3.69
(s, 6H, C(COCHzs)2), 3.51 — 3.43 (m, 2H, 2 of CHAHsOCHCcHDb), 2.89 (ttd, J = 10.0, 4.1, 1.4
Hz, 1H, CHC=CH), 1.92 — 1.79 (m, 2H, 2 of CHaHsCH2OCH>CHcHp), 1.69 (dtd, J = 14.0,
10.2, 4.1 Hz, 2H, 2 of CHaAHsCH20OCH2CHcHp); 3C NMR (101 MHz, CDCls) 8(ppm): 171.8
(C(CO2Me)2), 116.6 (C=CH), 93.8 (C=CH), 66.8 (CH2OCHy), 52.4 (C(CO2CHz3)2), 32.4
(C(CO2CHg3)2), 31.2 (CHC=CH), 29.9 (CH2CH.0OCH.CH2); HRMS (ES+) exact mass

calculated for [M+ H]" (C12H170s") requires m/z 241.1071, found m/z 241.1064.
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Synthesis and characterisation of S14
dimethyl 2-(3-chloropropyl)cycloprop-2-ene-1,1-dicarboxylate (S14)

MeOZC COZMe
Cl

Compound S14 was synthesised according to general procedure 1V by the addition of dimethyl
diazomalonate (790 mg, 5 mmol, 1.00 eq) to 5-chloropent-1-yne (1060 uL, 10 mmol, 2.00 eq).
The crude product was purified by silica gel column chromatography (pentane/Et,O = 5/1) to
provide the title compound (S14) as a colourless oil in 34% yield (639 mg). 'H NMR (400
MHz, CDCl3) 8(ppm): 6.44 (t, J = 1.4 Hz, 1H, C=CH), 3.71 (s, 6H, C(CO2CH3)2), 3.59 (t, J =
6.4 Hz, 2H, CICH), 2.74 (td, J = 7.1, 1.4 Hz, 2H, CICH2CH.CH>), 2.14 — 2.02 (m, 2H,
CICH2CH,CH>); 3C NMR (101 MHz, CDCls) 8(ppm): 171.7 (C(COzMe),), 113.4 (C=CH),
95.0 (C=CH), 52.4 (C(CO:CHas)2), 43.7 (CH2CH:CH:Cl), 32.5 (C(CO:Me)), 29.4
(CH2CH2CH:CI), 21.5 (CH2CH2CHCI); HRMS (ES+) exact mass calculated for [M+ K]*

(C10H13ClO4K™) requires m/z 271.0134, found m/z 271.0139;
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Synthesis and characterisation of S15
dimethyl 2-(3-((tert-butyldimethylsilyl)oxy)propyl)cycloprop-2-ene-1,1-dicarboxylate (S15)

MeO,C. CO,Me
OTBS

Compound S15 was synthesised according to general procedure 1V by the addition of dimethyl
diazomalonate (1.4 g, 8.9 mmol, 1.00 eq) to tert-butyldimethyl(pent-4-yn-1-yloxy)silane (3.54
g, 17.9 mmol, 2.00 eq). The crude product was purified by silica gel column chromatography
(pentane/Et,O = 5/1) to provide the title compound (S15) as a colourless oil in 56% yield (1.64
g). *H NMR (400 MHz, CDCls) 8(ppm): 6.36 (q, J = 1.2 Hz, 1H, C=CH), 3.70 (s, 6H,
C(CO2CHa)y), 3.64 (t, J = 6.0 Hz, 2H, CH,0TBS), 2.62 (td, J = 7.4, 1.4 Hz, 2H, CH,C=CH),
1.87 — 175 (m, 2H, CH.CH,OTBS), 0.88 (s, 9H, Si(CH3).C(CHza)s), 0.03 (s, 6H,
Si(CHs)2C(CHs)s); 3C NMR (101 MHz, CDCls) §(ppm): 171.9 (C(CO2Me)2), 114.5 (C=CH),
93.9 (C=CH), 61.8 (TBSOCH,), 52.3 (C(CO.CHa);), 32.5 (C(CO:Me).), 29.7
(TBSOCH2CH2CH>), 26.0 (Si(CH3)2C(CHs3)3), 20.7 (TBSOCH2CH>), 18.4 (Si(CHz3)2C(CHs3)3),
-5.2 (Si(CH3)2C(CHs)3); HRMS (ES+) exact mass calculated for [M+ NHa4]* (C16H320sNSi*)

requires m/z 346.2044, found m/z 346.2033.
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Synthesis and characterisation of S16
dimethyl 2-(3-phenylpropyl)cycloprop-2-ene-1,1-dicarboxylate (S16)

MeO,C, CO,Me
H
Compound S16 was synthesised according to general procedure 1V by the addition of dimethyl
2-diazomalonate (0.62 g, 4.1 mmol, 1.00 eq) to pent-4-yn-1-ylbenzene (1.12 mL, 8.2 mmol,
2.00 eq). The crude product was purified by silica gel column chromatography (pentane/EtOAc
= 8/1) to provide the title compound (S16) as a colourless oil in 59% yield (1.32 g). *H NMR
(400 MHz, CDCl3) §(ppm): 7.31 — 7.26 (m, 2H, ArH), 7.22 — 7.14 (m, 3H, ArH), 6.40 (t, J =
1.4 Hz, 1H, C=CH), 3.71 (s, 6H, C(CO2CH3)2), 2.73 — 2.65 (m, 2H, PhCH,CH2CH?>), 2.57 (td,
J=7.3, 1.5 Hz, 2H, PhCH2CH,CHy), 1.94 (p, J = 7.4 Hz, 2H, PhCH2CH,CH,); 3C NMR (101
MHz, CDCls) 8(ppm): 171.9 (C(CO2Me),), 141.3 (ArC), 128.6 (ArCH), 128.5 (ArCH), 126.1
(ArCH), 114.3 (C=CH), 94.1 (C=CH), 52.3 (C(CO2CH3)), 35.1 (PhCH2CH.CH;), 32.5
(C(CO2Me)2), 28.1 (PhCH2CH2CHy), 23.5 (PhCH.CH.CH2); HRMS (ES+) exact mass

calculated for [M+ H]+ (C16H1904+) requires m/z 275.1278, found m/z 275.1265.
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Synthesis and characterisation of S17
dimethyl 2-(2-bromoethyl)cycloprop-2-ene-1,1-dicarboxylate (S17)

MeO2C CO2Me

Br

Compound S17 was synthesised according to general procedure 1V by the addition of dimethyl
2-diazomalonate (0.79 g, 5 mmol, 1.00 eq) to 4-bromobut-1-yne (0.92 mL, 10.0 mmol, 2.00
eq). The crude product was purified by silica gel column chromatography (pentane/EtOAcC =
5/1) to provide the title compound (S17) as a colorless oil in 28% vyield (371 mg). *H NMR
(400 MHz, CDCl3) 8(ppm): 6.57 (t, J = 1.4 Hz, 1H, C=CH), 3.71 (s, 6H, C(CO2CHa)>), 3.55 (t,
J=6.9 Hz, 2H, BrCH>), 3.15 (td, J = 6.9, 1.4 Hz, 2H, CH,C=CH). 13C NMR (101 MHz, CDCl5)
d(ppm): 171.4 (C(CO:Me),), 112.2 (C=CH), 96.5 (C=CH), 52.5 (C(CO.CHa3).), 32.5
(C(CO2Me)2), 27.9 (BrCH2CH>), 27.5 (BrCH2CH.). HRMS (ES+) exact mass calculated for

[M+ K]" (CgH11BrO4K™) requires m/z 300.9472, found m/z 300.9462;
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Synthesis and characterisation of S18
dimethyl 2-ethylcycloprop-2-ene-1,1-dicarboxylate (S17)

Me0,C. CO,Me

Me
According to a modified literature procedure,'® compound S17 (300 mg, 1.14 mmol, 1.0 equiv.)

and EtsB (1 M in THF, 2.3 mL, 2.3 mmol, 2.0 equiv.) were added to a stirred solution of
BnsSnH (0.61 mL, 2.3 mmol, 2.0 equiv) in toluene (3 mL) at room temperature, the reaction
mixture was stirred at room temperature for 3 h, and then adding the second portion of Et3B (1
M in THF, 2.3 mL, 2.3 mmol, 2.0 equiv.) and BnzSnH (0.61 mL, 2.3 mmol, 2.0 equiv). The
reaction mixture was stirred at room temperature for another 3 hours. After completion, the
reaction was quenched by CCls (0.44 mL, 4.6 mmol, 4 equiv.) and stirred for 5 min, the
resulting mixture was concentrated in vacuo. The crude was purified by silica gel column
chromatography (pentane/EtOAc = 5/1) to provide the title compound (S18) as a colourless oil
in 73% yield (153 mg). *H NMR (400 MHz, CDCl3) &(ppm)6.35 (t, J = 1.5 Hz, 1H, C=CH),
3.71 (s, 6H, C(CO2CHa)2), 2.57 (qd, J = 7.5, 1.5 Hz, 2H, CH2C=CH), 1.19 (t, J = 7.5 Hz, 3H,
CH3CH2); C NMR (101 MHz, CDCls) §(ppm)172.0 (C(CO2Me)2), 115.7 (C=CH), 93.2
(C=CH), 52.3 (C(CO2CH3)2), 32.6 (C(CO2Me)2), 17.8 (CHsCHy), 11.1 (CHsCHz); HRMS
(ES+) exact mass calculated for [M+ K]* (CoH1204K*) requires m/z 223.0367, found m/z

223.0376.
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Synthesis and characterisation of S19
dimethyl 2-(2-((tert-butyldimethylsilyl)oxy)ethyl)cycloprop-2-ene-1,1-dicarboxylate (S19)

MeO,C, CO,Me

OTBS

Compound S19 was synthesised according to general procedure 1V by the addition of dimethyl
diazomalonate (790 mg, 5 mmol, 1.00 eq) to (but-3-yn-1-yloxy)(tert-butyl)dimethylsilane (1.5
mL, 7.5 mmol, 1.50 eq). The crude product was purified by silica gel column chromatography
(pentane/Et,O = 5/1) to provide the title compound (S19) as a colourless oil in 48% yield (750
mg). *H NMR (400 MHz, CDCls) 8(ppm): 6.41 (q, J = 1.3 Hz, 1H, C=CH), 3.95 — 3.76 (m,
2H, CH,OTBS), 3.70 (s, 6H, C(CO2CHa)2), 2.76 (t, J = 6.9 Hz, 2H, CH,C=CH), 0.87 (s, 9H,
Si(CH3)2C(CHa)s), 0.05 (s, 6H, Si(CH3)2C(CHs)3); 3C NMR (101 MHz, CDCls) §(ppm):
171.8 (C(CO:2Me),), 112.2 (C=CH), 94.9 (C=CH), 60.0 (TBSOCHy), 52.3 (C(CO2CHz),), 32.2
(C(CO2Me),), 28.1(TBSOCH2CH;), 26.0 (Si(CH3)2C(CHs)s), 18.3 (Si(CH3)2C(CHs)s), -5.3
(Si(CHa3)2C(CHs)3); HRMS (ES+) exact mass calculated for [M+ Na]* (CisH260sSiNa®)

requires m/z 337.1442, found m/z 337.1433.
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Synthesis and characterisation of S20
dimethyl 2-phenethylcycloprop-2-ene-1,1-dicarboxylate (S20)

MeO,C CO,Me
/\
®

Compound S20 was synthesised according to general procedure 1V by the addition of dimethyl
diazomalonate (316 mg, 8 mmol, 1.00 equiv.) to but-3-yn-1-ylbenzene (562 uL, 4 mmol, 2.00
equiv.). The crude product was purified by silica gel column chromatography (pentane/Et,0O =
3/1) to provide the title compound (S20) as a colourless oil in 56% yield (615 mg). *H NMR
(400 MHz, CDCl3) 8(ppm): 7.33 — 7.26 (m, 2H, ArH), 7.24 — 7.17 (m, 3H, ArH), 6.38 (t, J =
1.4 Hz, 1H, C=CH), 3.69 (s, 6H, C(CO2CHz)>), 2.96 — 2.91 (m, 2H, PhCH,CH>), 2.91 — 2.84
(m, 2H, PhCH,CH>); 2*C NMR (101 MHz, CDCls) §(ppm): 171.8 (C(CO2Me),), 140.2 (ArC),
128.6 (ArCH), 128.3 (ArCH), 126.5 (ArCH), 114.0 (C=CH), 94.5 (C=CH), 52.3 (C(CO2CH2)y),

32.6 (C(CO2Me),), 25.7 (PhCH2CH2); HRMS (ES+) exact mass calculated for [M+ K]*

(C23H2206K™) requires m/z 433.1048, found m/z 433.1051.
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Synthesis and characterisation of S21
diethyl 2-butylcycloprop-2-ene-1,1-dicarboxylate (S21)

EtO,C_ CO,Et
’ Me
Compound S21 was synthesised according to general procedure 1V by the addition of diethyl
diazomalonate (744 mg, 4 mmol, 1.00 eq) to hex-1-yne (688 uL, 8 mmol, 2.00 eq). The crude
product was purified by silica gel column chromatography (pentane/EtOAc = 5/1) to provide
the title compound (S21) as a yellow oil in 44% yield (402 mg). *H NMR (400 MHz, CDCl3)
S(ppm): 6.35 (t, J = 1.4 Hz, 1H, C=CH), 4.16 (qd, J = 7.2, 1.2 Hz, 4H, C(CO2CHCH3)y), 2.54
(td, J = 7.4, 1.4 Hz, 2H, CH,CH2CH2CHs), 1.63 — 1.53 (m, 2H, CH,CH,CH2CHs), 1.44 —1.33
(M, 2H, CH2CH2CH,CHs), 1.24 (t, J = 7.1 Hz, 6H, C(CO2CH2CHs)2), 0.90 (t, J = 7.3 Hz, 3H,
CH2CH>CH2CHs); 13C NMR (101 MHz, CDCls) 8(ppm): 171.7 (C(CO2Et),), 114.9 (C=CH),
93.7 (C=CH), 61.0 (C(CO.CH2CHz3)2), 32.9 (CH(CO2Et)2), 28.6 (CH.CH.CH2CHz3), 23.8
(CH2CH2CH2CHsa), 22.3 (CH2CH2CH2CHs3), 14.3 (C(CO2CH2CH3)z2), 13.8 (CH2CH2CH2CHa);
HRMS (ES+) exact mass calculated for [M+ Na]* (C13H2004Na*) requires m/z 263.1254, found

m/z 263.1244.
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Synthesis and characterisation of S22
diisopropyl 2-butylcycloprop-2-ene-1,1-dicarboxylate (S22)

iPrO,C CO,iPr
Me

Compound S22 was synthesised according to general procedure IV by the addition of
diisopropyl 2-diazomalonate (1.05 g, 5.0 mmol, 1.00 eq) to hex-1-yne (1.14 mL, 10 mmol, 2.00
eq). The crude product was purified by silica gel column chromatography (pentane/Et.O = 10/1)
to provide the title compound (S22) as a colourless oil in 17% yield (235 mg). *H NMR (400
MHz, CDCls) 8(ppm): 6.34 (t, J = 1.4 Hz, 1H, C=CH), 5.02 (p, J = 6.3 Hz, 2H), 2.54 (td, J =
7.3, 1.4 Hz, 2H), 1.61 — 1.51 (m, 2H), 1.48 — 1.33 (m, 2H), 1.22 (d, J = 5.9 Hz, 12H), 0.90 (t,
J = 7.3 Hz, 3H); 13C NMR (101 MHz, CDCls) 8(ppm): 171.4 (C(CO,'Pr),), 115.1 (C=CH),
93.9 (C=CH), 68.3 (CH(CH3)z2)2), 33.3, 28.6 (CH2CH2CH.CHBa), 23.8 (CH2CH>CH>CH3), 22.3
(CH2CH2CH2CH3), 21.9 (one of (CH(CH3)a(CHa)g)2), 21.8(one of (CH(CHz3)a(CHz3)B)2), 13.8
(CH2CH2CH2CHs); HRMS (ES+) exact mass calculated for [M+ Na]* (C1sH2204Na™) requires

m/z 291.1567, found m/z 291.1558.
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Synthesis and characterisation of S23
di-tert-butyl 2-butylcycloprop-2-ene-1,1-dicarboxylate (S23)

tBuO,C CO,tBu
Me

Compound S23 was synthesised according to general procedure 1V by the addition of di-tert-
butyl 2-diazomalonate (0.97 g, 4.0 mmol, 1.00 eq) to hex-1-yne (0.69 mL, 8 mmol, 2.00 eq).
The crude product was purified by silica gel column chromatography (pentane/Et,O = 10/1) to
provide the title compound (S23) as a colourless oil in 59% yield (700 mg). *H NMR (400
MHz, CDCl3) 8(ppm): 6.33 (s, 1H, C=CH), 2.55 (t, J = 7.3 Hz, 2H, CH2CH2CH2CHs), 1.62 —
1.51 (m, 2H, CHCH2CH2CHs3), 1.45 (s, 18H, C(CO.C(CHa)s)z), 1.42 — 1.33 (m, 2H,
CH2CH2CH2CH3), 0.90 (t, J = 7.3 Hz, 3H, CH2CH>CH>CHz); 1*C NMR (101 MHz, CDCl3)
8(ppm): 171.6 (C(CO2C(CHs)3)2), 115.6 (C=CH), 94.3 (C=CH), 80.7 (C(CO2C(CHBa)3)2), 35.0
(C(CO2'Bu)y), 28.7 (CH2CH2CH,CHs), 28.2 (C(CO2C(CH3)3)2), 23.8 (CH2CH2CH,CHs), 22.3
(CH2CH2CH2CH3), 13.8 (CH2CH2CH2CHz3); HRMS (ES+) exact mass calculated for [M+

Na]" (C17H2804Na*) requires m/z 319.1880, found m/z 319.1869.
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Synthesis and characterisation of S24
dibenzyl 2-butylcycloprop-2-ene-1,1-dicarboxylate (S24)

BnOZC COan

H Me

Compound S24 was synthesised according to general procedure 1V by the addition of dibenzyl
2-diazomalonate (0.93 g, 3.0 mmol, 1.00 eq) to hex-1-yne (0.688 mL, 6 mmol, 2.00 eq). The
crude product was purified by silica gel column chromatography (pentane/Et.O = 10/1) to
provide the title compound (S24) as a colourless oil in 26% yield (285 mg). *H NMR (400
MHz, CDCl3) &(ppm): 7.38 — 7.28 (m, 10H, ArH), 6.38 (s, 1H, C=CH), 5.23 — 5.07 (m, 4H,
2xPhCHy), 2.53 (td, J = 7.4, 1.5 Hz, 2H, CH2C=CH), 1.57 — 1.47 (m, 2H, CHsCH2CHy), 1.40
— 1.22 (m, 2H, CH3CH2CHb>), 0.85 (t, J = 7.3 Hz, 3H, CH3CH>CH>); *C NMR (101 MHz,
CDCls) 8(ppm): 171.4 (C(CO2Me),), 136.1 (2xArC), 128.6 (2xArC), 128.2 (2xArC), 128.1
(2xArC), 114.7 (C=CH), 93.5 (C=CH), 66.8 (2xPhCHy), 33.0 (C(CO:Me)2), 28.6
(CH2CH2CH2CH3), 23.8 (CH2.CH2CH2CH?3), 22.3 (CH.CH>CH2CH3), 13.7(CH2CH2CH2CHj3);
HRMS (ES+) exact mass calculated for [M+ Na]* (C23H220:Na *) requires m/z 387.1567,

found m/z 387.1568.
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5.2 Synthesis of ester substrates

Synthesis and characterisation of 3a

2-benzyl 1.1-dimethyl 3-cyclohexylcycloprop-2-ene-1,1.2-tricarboxylate (3a)

MeO,C, CO,Me

O,

e
Compound 3a was synthesised according to general procedure V by the addition of S9 (400
mg, 1.68 mmol, 1.00 eq) to benzyl chloroformate (0.35 ml, 2.52 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (1% column: CH2Cly, 2" column:
pentane/CH,Cl, = 1/1, 3" column: pentane/Et,O = 95:5) to provide the title compound (3a) as
a white solid in 44% yield (277 mg). *H NMR (500 MHz, CDCls) 6(ppm):7.40 — 7.28 (m, 5H,
ArH), 5.28 (s, 2H, CHzPh), 3.72 (s, 6H, C(CO.CHa)), 2.80 (tt, J = 10.0, 4.0 Hz, 1H,
CHC=CC(=0)), 1.97 — 1.89 (m, 2H, CHaHsCHCHcHp), 1.71 (m, 2H, CHaHs-
CH2CHCH2CHcHp), 1.65 — 1.56 (m, 2H, cyclohexyl ring), 1.50 (m, 2H, CHAHsCHCHCcHb),
142 — 1.24 (m, 2H cyclohexyl ring); *C NMR (126 MHz, CDCls) d(ppm): 169.7
(C(CO,CH3)), 157.3 (CHC=CC(=0)), 135.3 (ArC), 128.7 (ArCH), 128.5 (ArCH), 128.2
(C=CC(=0)), 128.1 (ArCH), 97.7 (C=CC(=0)), 67.5 (CH2Ph), 52.6 (C(CO2CHj3)), 36.2
(C(CO2CH3)), 35.1 (CHC=CC(=0)), 29.8 (CHCH2CH2CH?>), 25.7 (CHCH2CH2CH>), 25.1
(CHCH2CH2CH,); IR (powder) vmax/cm™: 2933, 2856 (C-H), 1720 (C=0); HRMS (ES+) exact
mass calculated for [M+H]" (C21H2506") requires m/z 373.1646, found m/z 373.1646; MP: 34

- 36 °C.
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Synthesis and characterisation of 5a
2-benzyl 1,1-dimethyl 3-cyclopentylcycloprop-2-ene-1,1,2-tricarboxylate (5a)

MeO,C. CO,Me

0
o)

Bn”
Compound 5a was synthesised according to general procedure V by the addition of S11 (250
mg, 1.11 mmol, 1.00 eq) to benzyl chloroformate (285 mg, 1.67 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (pentane/Et.O = 9/1 (use CH2Cl»
TLC to check the fractions)) to provide the title compound (5a) as a colourless oil in 22% yield
(87 mg). *H NMR (500 MHz, CDCl3) 8(ppm): 7.41 — 7.28 (m, 5H, ArH), 5.28 (s, 2H, CHzPh),
3.72 (s, 6H, C(CO2CHa)2), 3.19 (tt, J = 8.0, 6.5 Hz, 1H, CHC=C), 2.01 — 1.91 (m, 2H,
CHaHBCHCHcHb), 1.82 — 174 (m, 2H, CHaHsCHCHcHp), 1.74 — 1.66 (m, 2H,
CHaHeCH2CHCH>CHcHb), 1.66 — 1.59 (m, 2H, CHaHsCH2CHCH2CHcHb); 3C NMR (126
MHz, CDCls) 8(ppm): 169.6 (C(CO2CHs)2), 157.3 (CO,Bn), 135.3 (ArC), 128.7 (ArCH),
128.7 (C=CC(=0)Bn), 128.5 (ArCH), 128.1 (ArCH), 97.3 (C=CC(=0)Bn), 67.5 (CH.Ph), 52.6
(C(CO:CH3)2), 36.7 (C(CO:Me)), 36.1 (CHC=C), 31.1 (CH:CHCH,), 253
(CH2CH2CHCH;CH2); IR (film) vmad/cm™:2954 (C-H), 1739, 1732 (C=0); HRMS (ES+)

exact mass calculated for [M+H]" (C20H2306") requires m/z 359.1489, found m/z 359.1494.
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Synthesis and characterisation of 6a

2-benzyl 1.1-dimethyl 3-(1-(tert-butoxycarbonyl)piperidin-4-yl)cycloprop-2-ene-1,1,2-
tricarboxylate (6a)

MeOZC COzMe

BnO

O NBoc

Compound 6a was synthesised according to general procedure V by the addition of S12 (188
mg, 0.55 mmol, 1.00 eq) to benzyl chloroformate (0.12 ml, 0.83 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (pentane/Et.O = 1:1) to provide the
title compound (6a) as a white solid in 57% yield (150 mg). ‘*H NMR (400 MHz, CDCls)
8(ppm)7.41 — 7.32 (m, 5H, ArH), 5.34 — 521 (m, 2H, CH:Ph), 3.86 — 3.78 (m, 2H,
CHaHeN(Boc)CHcHo, 3.73 (s, 6H, C(CO:CH:)), 3.08 (ddd, J = 13.4, 9.7, 3.2 Hz, 2H,
CHaHsN(Boc)CHcHb), 2.98 (tt, J = 9.0, 4.1 Hz, 1H, CHC=C), 1.97 — 1.86 (m, 2H,
CHaHeCH:N(Boc)CH:CHcHo), 1.74 — 1.64 (m, 2H, CHaH:CH:N(Boc)CH:CHcHo), 1.45 (s, 9H,
C(CHs)s); ¥C NMR (101 MHz, CDCls) §(ppm)169.4 (C(CO:CHs)), 156.9 (CO:Bn), 154.6
(NCO:C(CH:);), 135.1 (ArC), 128.7 (ArCH), 128.6 (ArCH), 128.2 (C=CCO:Bn), 126.4
(ArCH), 99.3(C=CCO0:Bn), 79.8 (NCO:C(CH:s)s), 67.7 (CH:Ph), 52.7 (C(CO.CHs)), 42.6
(CH:NCH;), 36.3 (C(CO:CHs)), 33.2 (CHC=C), 28.8 (CH.CH:NCH.CH:), 28.5 (NCO:C(CHs)s);
HRMS (ES+) exact mass calculated for [M+Na]*(CzsHs::NOsNa *) requires m/z 496.1942, found

m/z 496.1930.
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Synthesis and characterisation of 7a
2-benzyl 1,1-dimethyl 3-(tetrahydro-2H-pyran-4-yl)cycloprop-2-ene-1,1,2-tricarboxylate

(7a)

MeO,C, CO,Me

BnO

O O

Compound 7a was synthesised according to general procedure V by the addition of S13 (340
mg, 1.42 mmol, 1.00 eq) to benzyl chloroformate (0.71 mL, 2.13 mmol, 1.50 eq, 3 M in
toluene). The crude product was purified by silica gel column chromatography (pent/EtOAc =
3/1) to provide the title compound (7a) as a colourless oil in 54% yield (287 mg). 'H NMR
(400 MHz, CDCls) 8(ppm): 7.43 — 7.30 (m, 5H, ArH), 5.28 (s, 2H, CH2Ph), 3.90 (t, J = 4.3 Hz,
1H, one of CHaAHsOCHCcHDb), 3.87 (t, J = 4.3 Hz, 1H, one of CHAHeOCHcHp), 3.73 (s, 6H,
C(COCHa),), 3.52 (ddd, J = 12.0, 9.5, 2.8 Hz, 2H, 2 of CHAHsOCHcHbp), 3.06 (tt, J = 9.2, 4.3
Hz, 1H, CHC=CC(=0)), 1.98 — 1.88 (m, 2H, 2 of CHaHsCH20CH,CHcHbp), 1.79 (dtd, J =
13.5, 9.5, 3.9 Hz, 2H, 2 of CHaHgCH20CH,CHcHp); 3C NMR (101 MHz, CDCls) 8(ppm):
169.4 (C(CO2CH3)), 157.0 (CHC=CC(=0)), 135.1 (ArC), 128.7 (ArCH), 128.6 (ArCH), 128.2
(ArCH), 126.5 (C=CC(=0)), 99.0 (C=CC(=0)), 67.7 (CH2Ph), 66.6 (CH2CH,0CH2CH,), 52.7
(C(CO2CHs3)), 36.3 (C(CO2CHa)), 32.2 (CHC=CC(=0)), 29.5 (CH2CH20CH,CHz); HRMS
(ES+) exact mass calculated for [M+ H]" (C20H2307") requires m/z 375.1438, found m/z

375.1441.
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Synthesis and characterisation of 8a

2-allyl 1.1-dimethyl 3-cyclohexylcycloprop-2-ene-1,1.2-tricarboxylate (8a)

MeO,C_ CO,Me
o
A~

Compound 8a was synthesised according to general procedure V by the addition of S9 (200
mg, 0.84 mmol, 1.00 eq) to allyl chloroformate (0.130 ml, 1.26 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (pentane/acetone = 97/3 to 95/5) to
provide the title compound (8a) as a colourless oil in 62% yield (168 mg). *H NMR (500 MHz,
CDCls3) 8(ppm): 5.93 (ddt, J = 17.0, 10.5, 5.5 Hz, 1H, CH=CH>), 5.35 (app-dq, J = 17.0, 1.5
Hz, 1H, one of C=CHaHg), 5.27 (app-dq, J = 10.5, 1.5 Hz, 1H, one of C=CHaHg), 4.74 (dt, J
= 5.5, 1.5 Hz, 2H, CH2CH=CH,), 3.73 (s, 6, C(CO2CH3)), 2.81 (tt, J = 10.0, 2.0 Hz, 1H,
CHC=CC(=0)), 1.99 — 1.90 (m, 2H, cyclohexyl ring), 1.73 (dq, J = 13.5, 4.5 Hz, 2H,
cyclohexyl ring), 1.65 — 1.45 (m, 3H, cyclohexyl ring), 1.41 — 1.22 (m, 3H, cyclohexyl ring);
13C NMR (126 MHz, CDCls3) §(ppm): 169.7 (C(CO2CHs)z), 157.1 (C(=O)OCH.CH), 131.4
(CH=CH), 128.0 (C=CC(=0)), 118.7 (CH=CH>), 97.6 (C=CC(=0)), 66.4 (CH2CH=CH>),
52.6 (C(CO2CHs3)2), 36.2 (C(CO2CHa)2), 35.1 (CHC=CC(=0)), 29.8 (CHCH>CH2CHy), 25.7
(CHCH2CH2CH,), 25.1 (CHCH,CH2CHy); IR (film) vmax/cm™: 2933, 2856 (C-H), 1721 (C=0);
HRMS (ES+) exact mass calculated for [M+Na]" (C17H22NaOs") requires m/z 345.1309, found

m/z 345.1305.
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Synthesis and characterisation of 9a
2-benzyl 1,1-dimethyl 3-butylcycloprop-2-ene-1,1,2-tricarboxylate (9a)

MeOZC COZMe

0)

Bn/O

Compound 9a was synthesised according to general procedure V by the addition of S10 (250
mg, 1.18 mmol, 1.00 eq) to benzyl chloroformate (0.250 ml, 1.77 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (1% column: pentane/Et,O = 8/2, 2"
column: pentane/Et,O = 85/15 to 8/2) to provide the title compound (9a) as a yellow oil in 46%
yield (187 mg). *H NMR (500 MHz, CDCls) &(ppm): 7.40 — 7.30 (m, 5H, ArH), 5.28 (s, 2H,
CH2Ph), 3.72 (s, 6H, C(CO2CHz3)2), 2.69 (t, J = 7.5 Hz, 2H, CH2CH>CH.CH3), 1.67 (app-p, J
= 7.5 Hz, 2H, CH2CH2CH>CHs), 1.41 (app-dg, J = 14.5, 7.5 Hz, 2H, CH2CH>CH2CHz), 0.90
(t, J = 7.5 Hz, 3H, CH2CH:CH.CHs); C NMR (126 MHz, CDCls) &(ppm): 169.6
(C(CO2CHa),), 157.3 (CO2Bn), 135.2 (ArC), 128.7 (ArCH), 128.6 (ArCH), 128.2 (ArCH),
125.4 (C=CC(=0)), 98.6 (C=CC(=0)), 67.7 (CH2Ph), 52.7 (C(CO2CHba)), 36.4 (C(CO2CHs3)>),
28.4 (CH2CH,CH:CHs), 25.0 (CH2CH,CH:CH3), 22.3 (CH.CH,CH.CHs), 13.7
(CH2CH2CHCH3); IR (film) vmax/cm™: 2956, 2874 (C-H), 1879, 1720 (C=0); HRMS (ES+)

exact mass calculated for [M+H]" (C19H230¢") requires m/z 347.1489, found m/z 347.1495.
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Synthesis and characterisation of 10a
trimethyl 3-butylcycloprop-2-ene-1,1,2-tricarboxylate (10a)

MeOzC COzMe

@)
O

Me”
Compound 10a was synthesised according to general procedure V by the addition of S10 (250
mg, 1.18 mmol, 1.00 eq) to methyl chloroformate (0.140 ml, 1.77 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (pentane/Et.O = 9/1 to 85/15) to
provide the title compound (10a) as a colourless oil in 46% yield (146 mg). *H NMR (500
MHz, CDCl3) §(ppm): 3.84 (s, 3H, C=CC(=0)OCHj), 3.73 (s, 6H, C(CO2CHs)2), 2.69 (t, J =
7.5 Hz, 2H, CH2CH2CH2CHs), 1.73 — 1.63 (m, 1H, CH2CH2CH>CHs), 1.48 — 1.37 (m, 2H,
CH2CH2CH,CHs3), 0.93 (t, J = 7.5 Hz, 3H, CH2CH2CH>CHs); 23C NMR (126 MHz, CDCls)
8(ppm): 169.6 (C(CO2CHs)2), 157.9 (C=CC(=0)), 125.3 (C=CC(=0)), 98.5 (C=CC(=0)), 52.9
(C=CC(=0)OCHpg), 52.7 (C(CO2CHa)2), 36.4 (C(CO2CHs3)2), 28.4 (CH2CH2CH2CH3), 24.9
(CH2CH2CH2CH3), 22.3 (CH2CH2CH2CH3), 13.7 (CH2CH2CH2CH3); IR (film) viax/cm™:

2958, 2875 (C-H), 1721 (C=0); HRMS (ES+) exact mass calculated for [M+H]" (C13H190¢")

requires m/z 271.1176, found m/z 271.1175.
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Synthesis and characterisation of 11a
2-isobutyl 1,1-dimethyl 3-butylcycloprop-2-ene-1,1,2-tricarboxylate (11a)

MeOQC COzMe

O,

o)
i-Bu”

Compound 11a was synthesised according to general procedure V by the addition of S10 (250
mg, 1.18 mmol, 1.00 eq) to isobutyl chloroformate (0.230 ml, 1.77 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (pentane/Et.O = 9/1 to 85/15) to
provide the title compound (11a) as a colourless oil in 43% yield (159 mg). *H NMR (500
MHz, CDClI3) 8(ppm): 4.02 (d, J = 6.5 Hz, 2H, OCH>), 3.73 (s, 6H, C(CO2CHz3)2), 2.69 (t, J =
7.5 Hz, 2H, CH2CH>CH2CHs), 2.00 (hep, J = 13.5, 6.5 Hz, 1H, CH(CHa),), 1.74 — 1.65 (m,
2H, CH2CH2CH.CH3), 1.49 — 1.39 (m, 2H, CH.CH2CH.CHs), 0.96 — 0.90 (m, 9H,
CH2CH>CH2CHs and CH(CHa)z); 3C NMR (126 MHz, CDCls) 8(ppm): 169.5 (C(CO2Me)y),
157.4 (C=CC(=0)), 124.5 (C=CC(=0)), 98.6 (C=CC(=0)), 71.8 (OCH>), 52.5 (C(CO2CHa)>),
36.3 (C(CO2CH3)2), 28.3 (CH2CH2CH>CH3), 27.7 (CH(CHs3)2), 24.8 (CH2CH2CH2CH3), 22.1
(CH2CH2CH:2CHz), 18.9 (CH(CH3)2), 13.6 (CH2CH2CH2CHa); IR (film) vmadcm™: 2959, 2876
(C-H), 1719 (C=0); HRMS (ES+) exact mass calculated for [M+Na]* (C16H24NaOs") requires

m/z 335.1465, found m/z 335.1461.
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Synthesis and characterisation of 12a
2-benzyl 1,1-dimethyl 3-(3-chloropropylcycloprop-2-ene-1,1,2-tricarboxylate (12a)

MGOZC COzMe

BnO Cl

o]
Compound 12a was synthesised according to general procedure V by the addition of S14 (535
mg, 1.46 mmol, 1.00 eq) to benzyl chloroformate (0.73 ml, 2.19 mmol, 1.50 eq, 3 M in toluene).
The crude product was purified by silica gel column chromatography (CH2CIl./Et,O = 199:1)
to provide the title compound (12a) as a colourless oil in 18% vyield (96 mg). *H NMR (400
MHz, CDCls) 8(ppm): 7.42 — 7.30 (m, 5H, ArH,), 5.28 (s, 2H CHPh), 3.73 (s, 6H,
C(CO2CHa)2), 3.64 (t, J = 6.3 Hz, 2H, CH2CH2CH,Cl), 2.88 (t, J = 7.0 Hz, 2H, CH2CH,CH,ClI),
2.25 — 2.14 (m, 2H, CH2CH.CH.CI); 3C NMR (101 MHz, CDCl3) §(ppm): 169.3
(C(CO2CHs)2), 157.0 (CO2Bn), 135.0 (ArC), 128.8 (ArCH), 128.6 (ArCH), 128.3 (ArCH),
1240 (C=CC(=0)), 99.8 (C=CC(=0)), 67.7 (CH:Ph), 52.8 (C(CO:CHs);), 435
(CH2CH2CH:CI), 36.5 (C(CO2CH3)2), 29.3 (CH2CH2CH:CI), 22.6 (CH2CH2CH:CI); HRMS
(ES+) exact mass calculated for [M+H]" (C1sH20ClOs6") requires m/z 367.0943, found m/z

367.0932;
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Synthesis and characterisation of 13a
2-benzyl 1,1-dimethyl 3-(3-((tert-butyldimethylsilyDoxy)propylcycloprop-2-ene-1,1,2-

tricarboxylate (13a)

M602C COZMe

BnO OTBS

o]
Compound 13a was synthesised according to general procedure V by the addition of S15 (1.64
g, 5.00 mmol, 1.00 eq) to benzyl chloroformate (2.5 ml, 7.5 mmol, 1.50 eq, 3 M in toluene).
The crude product was purified by silica gel column chromatography (pent/EtOAc = 10/1) to
provide the title compound (13a) as a colourless oil in 78% yield (1.8 g). 'H NMR (400 MHz,
CDCls) 8(ppm): 7.39 — 7.32 (m, 5H, ArH), 5.28 (s, 2H, CHaPh), 3.72 (s, 6H, C(CO2CH3)y),
3.67 (t, J = 5.9 Hz, 2H, TBSOCH,), 2.78 (t, J = 7.3 Hz, 2H, CH,CH2CH,OTBS), 1.89 (it, J =
7.3, 5.8 Hz, 2H, CH2CH.CH,OTBS), 0.87 (s, 9H, Si(CH3),C(CHa)s)), 0.02 (s, 6H,
Si(CH3):C(CH3)3)); 3C NMR (101 MHz, CDCls) &(ppm): 169.4 (C(CO2CHs)2), 157.2
(CO2Bn), 135.2 (ArC), 128.7 (ArCH), 128.6 (ArCH), 128.2 (ArCH), 125.3 (C=CC(=0)), 98.8
(C=CC(=0)), 67.6 (CHzPh), 61.5 (CH.CH.CH,OTBS), 52.6 (C(CO.CHa),), 36.4
(C(CO2CHs3)2), 29.5 (CH2CH2CH20TBS), 26.0 (Si(CHs)2C(CHz3)3), 21.8 (CH2.CH2CH.OTBS),
18.4 (Si(CH3)2C(CHz3)3) (Si(CH3)2C(CHs)3), -5.3 (Si(CH3)2C(CHs)3); HRMS (ES+) exact

mass calculated for [M+H]* (C22H3507Si*) requires m/z 463.2147, found m/z 463.2143.
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Synthesis and characterisation of 14a
2-benzyl 1,1-dimethyl 3-(3-phenylpropyl)cycloprop-2-ene-1,1,2-tricarboxylate (14a)

MeO2C COZMG

BnO Ph

o]
Compound 14a was synthesised according to general procedure V by the addition of S16 (208
mg, 0.76 mmol, 1.00 eq) to benzyl chloroformate (0.39 mL, 1.14 mmol, 1.50 eq, 3 M in
toluene). The crude product was purified by silica gel column chromatography (pent/EtOAC =
10/1) to provide the title compound (14a) as a colourless oil in 65% yield (200 mg). *H NMR
(500 MHz, CDCls) 8(ppm): 7.40 — 7.34 (m, 5H, ArH of Bn), 7.30 — 7.25 (m, 2H, ArH), 7.23 -
7.18 (m, 1H, ArH), 7.18 — 7.13 (m, 2H, ArH), 5.31 (s, 2H, CH2Ph), 3.74 (s, 6H, C(CO2CHj3)>),
2.77 — 2.64 (m, 4H, CH2CH2CH:Ph), 2.10 — 1.99 (m, 2H, CH2CH,CH2Ph); 13C NMR (126
MHz, CDCl3) 8(ppm): 169.5 (C(CO2CHa),), 157.2 (CO2Bn), 141.0 (ArC), 135.2 (ArC), 128.7
(ArCH), 128.6 (ArCH), 128.6 (ArCH), 128.2 (ArCH), 126.2 (ArCH), 124.9 (C=CC(=0)), 99.0
(C=CC(=0)), 67.6 (CH2Ph), 52.7 (C(CO2CHs)2), 36.4 (C(CO2CHg)2), 35.0 (CH2CH2CH,Ph),
28.0 (CH2CH2CH2Ph), 24.7 (CH2CH2CH2Ph); HRMS (ES+) exact mass calculated for [M+

H]* (C24H2506") requires m/z 409.1646, found m/z 409.1640.
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Synthesis and characterisation of 15a
2-benzyl 1,1-dimethyl 3-ethylcycloprop-2-ene-1,1,2-tricarboxylate (15a)

MeOzC COzMe

BnO Me
0]

Compound 15a was synthesised according to general procedure V by the addition of S18 (153
mg, 0.83 mmol, 1.00 eq) to benzyl chloroformate (0.42 mL, 1.25 mmol, 1.50 eq, 3 M in
toluene). The crude product was purified by silica gel column chromatography (pent/EtOACc =
10/1) to provide the title compound (15a) as a colourless oil in 15% yield (39 mg). *H NMR
(400 MHz, CDCls) §(ppm): 7.40 — 7.28 (m, 5H, ArH), 5.28 (s, 2H, CHzPh), 3.73 (s, 6H,
C(CO2CHa)y), 2.72 (q, J = 7.5 Hz, 2H, CH2CHa), 1.28 (t, J = 7.4 Hz, 3H, CH2CHs); 3C NMR
(126 MHz, CDCls) §(ppm): 169.6 (C(CO2CHs)2), 157.2 (CO2Bn), 135.2 (ArC), 128.7 (ArCH),
128.6 (ArCH), 128.2 (ArCH), 126.2 (C=CC(=0)), 98.5 (C=CC(=0)), 67.5 (CH:Ph), 52.7
(C(CO2CH3)y), 36.5 (C(CO2CH3)2), 19.0 (CH2CHs), 10.9 (CH2CHs); HRMS (ES+) exact mass

calculated for [M+ Na]* (C17H180sNa *) requires m/z 341.0996, found m/z 341.0984.

59



Synthesis and characterisation of 16a
2-benzyl 1,1-dimethyl 3-(2-((tert-butyldimethylsilyDoxy)ethyl)cycloprop-2-ene-1,1,2-

tricarboxylate (16a)

M602C COzMe

BnO oTBS

o]
Compound 16a was synthesised according to general procedure V by the addition of S19 (645
mg, 2.05 mmol, 1.00 eq) to benzyl chloroformate (1.1 ml, 3.08 mmol, 1.50 eq, 3 M in toluene).
The crude product was purified by silica gel column chromatography (pent/EtOAc = 10/1) to
provide the title compound (16a) as a colourless oil in 48% yield (500 mg). *H NMR (400
MHz, CDCl3) &(ppm): 7.38 — 7.30 (m, 5H, ArH), 5.27 (s, 2H, CHzPh), 3.90 (t, J = 6.8 Hz, 2H,
CH2CH;0TBS), 3.72 (s, 6H, C(CO2CH3)2), 2.90 (t, J = 6.8 Hz, 2H, CH2CH,OTBS), 0.85 (s,
9H, Si(CH3)2C(CHa)3), 0.03 (s, 6H, Si(CH3)2C(CH3)3); *C NMR (101 MHz, CDCls) §(ppm):
169.4 (CO2Bn), 157.1 C((CO2Me)2), 135.1 (ArC), 128.7 (ArCH), 128.6 (ArCH), 128.2 (ArCH),
1225 (C=CC(=0)), 99.7 (C=CC(=0)), 67.6 (CHzPh), 59.6 (CH;CH.0TBS), 52.6
(C(CO2LH3)2), 36.3 (C(CO2CH3)2), 29.0 (CH2CH20TBS), 25.9 (Si(CH3)2C(CHs)s), 18.3
(Si(CH3)2C(CHs)3), -5.4 (Si(CHs3)2C(CHs)3); HRMS (ES+) exact mass calculated for [M+H]*

(C23H3307Si™) requires m/z 449.1990, found m/z 449.1983.
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Synthesis and characterisation of 17a
2-benzyl 1,1-dimethyl 3-phenethylcycloprop-2-ene-1,1,2-tricarboxylate (17a)

M902C CO2MG
BnO A

r e
Compound 17a was synthesised according to general procedure V by the addition of S20 (580
mg, 2.23 mmol, 1.00 eq) to benzyl chloroformate (1.1 ml, 3.35 mmol, 1.50 eq, 3 M in toluene).
The crude product was purified by silica gel column chromatography (1% column: CH,Cl./Et,0
=50/1, 2" column: pent/EtOAc = 10/1) to provide the title compound (17a) as a colourless oil
in 16% yield (143 mg). H NMR (400 MHz, CDCls) §(ppm): 7.40 — 7.32 (m, 5H, ArH), 7.31
—7.26 (m, 1H, ArH), 7.26 — 7.24 (m, 1H, ArH), 7.23—7.15 (m, 3H, ArH), 5.28 (s, 2H, CHzPh),
3.69 (s, 6H, C(CO2CHs)2), 3.03 (s, 4H, CH2CH2Ph); *C NMR (101 MHz, CDCl3) §(ppm):
169.4 (C(CO2CHa)2), 157.1 (CO2Me), 139.7 (ArC), 135.2 (ArC), 128.7 (ArCH), 128.7 (ArCH),
128.6 (ArCH), 128.3 (ArCH), 128.2 (ArCH), 126.6 (ArCH), 124.3 (C=CC(=0)), 99.4
(C=CC(=0)), 67.6 (CH2Ph), 52.7 (C(CO2CHz)2), 36.6 (C(CO2CHa)2), 32.3 (CH2CH2Ph), 26.7
(CH.CH2Ph); HRMS (ES+) exact mass calculated for [M+H]" (C23H2306") requires m/z

395.1489, found m/z 395.1479.
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Synthesis and characterisation of 18a
2-benzyl 1,1-diethyl 3-butylcycloprop-2-ene-1,1 2-tricarboxylate (18a)

Et0,C_ CO,Et

BnO Me
(0]

Compound 18a was synthesised according to general procedure V by the addition of S21 (402
mg, 0.55 mmol, 1.00 eq) to benzyl chloroformate (0.84 ml, 2.57 mmol, 1.50 eq, 3 M in toluene).
The crude product was purified by silica gel column chromatography (pentane/Et,O = 5:1) to
provide the title compound (18a) as a colourless oil in 34% yield (230 mg). *H NMR (400
MHz, CDCl3) 8(ppm): 7.37 — 7.29 (m, 5H, ArH), 5.27 (s, 2H, CHzPh), 4.18 (q, J = 7.1 Hz, 4H,
C(CO2CH,CHa)y), 2.69 (t, J = 7.3 Hz, 2H, CH2CH2CH>CH3), 1.67 (tt, J = 7.4, 6.4 Hz, 2H,
CH2CH>CH2CH3), 1.47 — 1.34 (m, 2H, CH2CH,CH.CHs), 1.23 (t, J = 7.1 Hz, 6H,
C(CO2CHCHa)y), 0.89 (t, J = 7.3 Hz, 3H, CH2CH,CH,CHs); 3C NMR (101 MHz, CDCly)
3(ppm): 169.2 (C(CO2Et)2), 157.4 (CO2Bn), 135.3 (ArC), 128.7 (ArCH), 128.5 (ArCH), 128.2
(ArCH), 125.6 (C=CC(=0)), 98.7 (C=CC(=0)), 67.4 (CH2Ph), 61.4 (C(CO,CH2CHs),), 36.8
(C(CO2Et)2), 28.4 (CH2CH2CH2CH3), 24.9 (CH2CH2CH2CH3), 22.2 (CH2CH2CH2CHs), 14.2
(C(CO2CH2CH3)y), 13.6 (CH2CH2CH2CHz3); HRMS (ES+) exact mass calculated for [M+ H]*

(C21H2706™) requires m/z 375.1802, found m/z 375.1801.
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Synthesis and characterisation of 19a
2-benzyl 1,1-diisopropyl 3-butylcycloprop-2-ene-1,1,2-tricarboxylate (19a)

iPrOZC COZIPF
BnO Me

O
Compound 19a was synthesised according to general procedure V by the addition of S22 (204
mg, 0.76 mmol, 1.00 eq) to benzyl chloroformate (0.38 mL, 1.14 mmol, 1.50 eq, 3 M in
toluene). The crude product was purified by silica gel column chromatography (pent/EtOAC =
20/1) to provide the title compound (19a) as a colourless oil in 44% yield (135 mg). *H NMR
(400 MHz, CDCls) 8(ppm): 7.40 — 7.30 (m, 5H, ArH), 5.27 (d, J = 1.7 Hz, 2H, CHzPh), 5.11 —
4.97 (m, 2H, C(CO2(CH(CHz)2)2), 2.79 — 2.58 (m, 2H, CHaCH2CH2CHz), 1.75 — 1.62 (m, 2H,
CH2CH,CH2CH3), 1.42 (dtd, J = 14.4, 7.6, 3.7 Hz, 2H, CH2CH>CH,CHs), 1.21 (dd, J = 6.1,
1.6 Hz, 12H, C(CO2(CH(CHa)2)2), 0.90 (td, J = 7.5, 1.5 Hz, 3H, CH2CH2CH>CHs); 13C NMR
(101 MHz, CDCls) §(ppm): 168.9 (C(CO,'Pr),), 157.6 (CO2Bn), 135.4, 128.6 (ArCH), 128.4
(ArCH), 128.2 (ArCH), 125.9 (C=CC(=0)), 99.0 (C=CC(=0)), 68.9 (C(CO2(CH(CHz)2)2),
67.3 (CH2Ph), 37.4 (C(CO2CHs)2), 28.4 (CH2CH2CH2CHs), 24.9 (CH2CH2CH2CH3), 22.2
(CH2CH2CH2CHs), 21.8 (C(CO2(CH(CHa)2)2), 13.7 (CH2CH2CH2CH3); HRMS (ES+) exact

mass calculated for [M+ Na]* (C23sH3z00sNa ™) requires m/z 425.1935, found m/z 425.1928.
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Synthesis and characterisation of 20a
2-benzyl 1,1-di-tert-butyl 3-butylcycloprop-2-ene-1,1,2-tricarboxylate (20a)

tBUOzC COztBU

BnO Me

O
Compound 20a was synthesised according to general procedure V by the addition of S23 (680
mg, 2.38 mmol, 1.00 eq) to benzyl chloroformate (1.2 mL, 3.57 mmol, 1.50 eq, 3 M in toluene).
The crude product was purified by silica gel column chromatography (pent/EtOAc = 50/1 to
25/1) to provide the title compound (20a) as a colourless oil in 25% yield (250 mg). *H NMR
(400 MHz, CDCls) 8(ppm): 7.39 — 7.29 (m, 5H, ArH), 5.27 (s, 2H, CH2Ph), 2.69 (t, J = 7.2 Hz,
2H, CH2CH2CH2CHa)), 1.71-1.61 (m, 2H, CH2CH2CH2CHs), 1.43 (s, 18H, C(CO2C(CHa)s)2),
1.48 — 1.35 (m, 2H, CH2CH2CH2CH3), 0.90 (t, J = 7.3 Hz, 3H, CH2CH2CH>CHjs); **C NMR
(101 MHz, CDCls) 3(ppm): 168.9 (C(CO2C(CHa)s)2), 157.8 (CO2.Bn), 135.5 (ArC), 128.6
(ArCH), 128.4 (ArCH), 128.1 (ArCH), 126.4 (C=CC(=0)), 99.5 (C=CC(=0)), 81.5
(C(CO2L(CHa)3)2), 67.1 (CH2Ph), 39.0 (C(CO2CHs)2), 28.5 (CH.CH2CH.CHz), 28.1
(C(CO2C(CHa)3)2), 24.9 (CH2CH2CH2CHs3), 22.3 (CH2CH2CH2CHg), 13.7 (CH2CH2CH2CHs3);
HRMS (ES+) exact mass calculated for [M+ K]* (C25H3406K ™) requires m/z 469.1987, found

m/z 469.1979.
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Synthesis and characterisation of 21a

tribenzyl 3-butylcycloprop-2-ene-1,1,2-tricarboxylate (21a)

BnOZC COZBn

BnO Me

O
Compound 21a was synthesised according to general procedure V by the addition of S24 (270
mg, 0.74 mmol, 1.00 eq) to benzyl chloroformate (0.37 mL, 1.11 mmol, 1.50 eq, 3 M in
toluene). The crude product was purified by silica gel column chromatography (pent/EtOACc =
5/1) to provide the title compound (21a) as a colourless oil in 36% yield (132 mg). *H NMR
(400 MHz, CDCls) 8(ppm): 7.35 — 7.32 (m, 5H, ArH), 7.32 — 7.26 (m, 10H, ArH), 5.26 (s, 2H,
CHyPh), 5.17 (d, J = 1.4 Hz, 4H, C(CO2CH2Ph)), 2.66 (t, J = 7.3 Hz, 2H, CH2CH2CH,CHj),
1.64 —1.53 (m, 2H, 2H, CH2CH2CH2CHs), 1.39 — 1.29 (m, 2H, CH,CH2CH2CHs), 0.83 (t, J =
7.3 Hz, 3H, CH2CH2CH>CHs); 3C NMR (101 MHz, CDCls) 8(ppm): 168.9 (CO2Bn), 157.2
(C(CO2CH2Ph),), 135.8 (ArC), 135.2 (ArC), 128.7 (ArCH), 128.6 (ArCH), 128.5 (ArCH),
128.2 (ArCH), 128.2 (ArCH), 128.0 (ArCH), 125.4 (C=CC(=0)), 98.5 (C=CC(=0)), 67.5
(CH2Ph), 67.1 (C(CO2CH2Ph)2), 36.8 (C(CO2CHa)2), 28.3 (CH.CH>CH.CHs), 25.0
(CH2CH2CH2CHs), 22.2 (CH2CH2CH2CHa), 13.6 (CH2CH2CH.CHs); HRMS (ES+) exact

mass calculated for [M+ H]" (C31H3106") requires m/z 499.2115, found m/z 499.2111.
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Synthesis and characterisation of S25
1,1,2-tribromo-2,3,3-trimethylcyclopropane (S25)

Br

Me
Me>¢
Me

Br

Br

Compound S25 was synthesised according to general procedure VI by addition of bromoform
(11.3 ml, 129 mmol, 3.00 eq) to 2-bromo-3-methylbut-2-ene (5.00 ml, 43.1 mmol, 1.00 eq).
The reaction was stirred at room temperature overnight. H.O (50 ml) was added, the layers
were separated, and the aqueous phase extracted with CH2Cl> (2 x 50 ml). The combined
organic layers were washed with brine, dried over Na>SOs, filtered and concentrated in vacuo.
The crude product was purified by silica gel column chromatography (hexane) to provide the
title compound (S25) as a white solid in 19% vyield (2.64 g). *H NMR (400 MHz, CDCls)
d(ppm): 2.00 (s, 3H, C(Br)(CHz)), 1.51 (s, 3H, one of C(CH3)a(CH3)g), 1.37 (s, 3H, one of
C(CH3)a(CH3)g); ¥C NMR (101 MHz, CDCls) §(ppm): 51.8 (CBr2 or C(Br)(CHs)), 51.2
(CBrz or C(Br)(CHa)), 33.4 (C(CHa)2), 27.2 (one of C(CH3)a(CHs)g), 26.8 (C(Br)(CHz3)), 21.0
(one of C(CH3)a(CHs)g); IR (powder) vmax/cm™: 2991, 2971, 2930, 2889 (C-H), 2161, 2016.

Data are consistent with that published in the literature.®
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Synthesis and characterisation of 22a

benzyl 2,3,3-trimethylcycloprop-1-ene-1-carboxylate (22a)

Me, Me
OYAMe
e
Compound 22a was synthesised according to general procedure VII by the addition of S25
(300 mg, 0.940 mmol, 1.00 eq) to benzyl chloroformate (0.200 ml, 1.40 mmol, 1.50 eq). The
crude product was purified by silica gel column chromatography (pentane/Et,O = 99/1) to
provide the title compound (22a) as a colourless oil in 51% yield (104 mg). *H NMR (500
MHz, CDCl3) 8(ppm): 7.41 — 7.30 (m, 5H, ArH), 5.23 (s, 2H, CHzPh), 2.24 (s, 3H, CH3C=C),
1.22 (s, 6H, C(CHs)2); *C NMR (126 MHz, CDCl3) 8(ppm)162.3 (C=0), 145.7 (CH3C=C),
136.3 (ArC), 128.7 (ArCH), 128.2 (ArCH), 128.2 (ArCH), 117.6 (CHsC=C), 66.3 (CH2Ph),
25.3 (C(CH3)2), 24.8 (C(CHa)2), 11.1 (CH3C=C); IR (film) vma/cm’’: 3382, 3324 (C-H), 1753
(C=0); HRMS (ES+) exact mass calculated for [M+H]" (C14H1702") requires m/z 217.1223,

found m/z 217.1223.
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Synthesis and characterisation of 23a
2-benzyl 1,1-dimethyl 3-(3-o0x0-3-phenylpropyl)cycloprop-2-ene-1,1,2-tricarboxylate (23a)

MeO2C COZMe

Bno

o] O
According to a literature procedure,'’” compound 14a (408 mg, 1.0 mmol, 1.0 equiv.) was added
to a stirred solution of Co(ClO.), (36.6 mg, 0.1 mmol, 10 mol%), Oxone (1.84 g, 6.0 mmol, 6.0
equiv.) in CH;CN (10 ml) and water (10 ml). The reaction mixture was stirred at room
temperature for 3 h. The solution was diluted with water and extracted with CH.Cl> (3 x 30
ml), the combined organic phases were dried over Na.SO4 and concentrated in vacuo to afford
the crude product, which was purified by silica gel column chromatography (pentane/EtOAC =
10/1 to 5/1) to provide the title compound (23a) as a colourless oil in 8% yield (34 mg). *H
NMR (500 MHz, CDCls) &(ppm): 7.92 — 7.89 (m, 2H, ArH), 7.58 (t, J = 7.4 Hz, 1H, ArH),
7.45 (t, J = 7.7 Hz, 2H, ArH), 7.38 — 7.31 (m, 5H, ArH of Bn), 5.24 (s, 2H, PhCH,), 3.71 (s,
6H, C(CO2CHs3)2), 3.44 (t,J=7.0 Hz, 2H, C=CCH2CH>), 3.14 (t, J = 7.0 Hz, 2H, C=CCH>CHy);
13C NMR (126 MHz, CDCls) 8(ppm): 197.0 (PhC(=0)), 169.3 (C(CO2CHs3)), 157.1 (CO2Bn),
136.3 (ArC of PhC(=0)), 135.1 (ArC of Bn), 133.5 (ArCH), 128.8 (ArCH), 128.8 (ArCH),
128.6 (ArCH), 128.3 (ArCH), 128.1 (ArCH), 124.8 (C=CC(=0)), 99.6 (C=CC(=0)), 67.7
(CHzPh), 52.7 (C(CO2CHg)z2), 36.9 (C(CO2CHs)2), 35.4 (C=CCH2CH?2), 19.7 (C=CCH2CH);
HRMS (ES+) exact mass calculated for [M+H]* (C24H2307) requires m/z 423.1438, found

m/z 423.1450.
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Synthesis and characterisation of 24a
trimethyl 3-ethylcycloprop-2-ene-1,1,2-tricarboxylate (24a)

M902C COzMe

MeO Me

0
Compound 24a was synthesised according to general procedure V by the addition of S18 (124
mg, 0.67 mmol, 1.00 eq) to methyl chloroformate (78 uL, 1.01 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (pent/EtOAc = 5/1) to provide the
title compound (24a) as a colourless oil in 24% yield (39 mg). *H NMR (400 MHz, CDCls)
d(ppm): 3.84 (s, 3H, C=CCO.CHg), 3.73 (s, 6H, C(CO.CHz3)), 2.72 (g, J = 7.5 Hz, 2H,
CH2CH3), 1.28 (t, J = 7.5 Hz, 3H, CH2CHs); 3C NMR (126 MHz, CDCls) 8(ppm): 169.6
(C(CO2CHs3)2), 157.8 (C=CC(=0)), 126.0 (C=CC(=0)), 98.3 (C=CC(=0)), 52.9
(C=CCO2CHs), 52.6 (C(CO2CHs3)2), 36.4 (C(CO2CHs3)2), 18.9 (CH2CHs3), 10.9 (CH2CHs);
HRMS (ES+) exact mass calculated for [M+K]* (C11H1406K™) requires m/z 281.0422, found

m/z 281.0412.
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Synthesis and characterisation of S26
1,1,2-tribromo-2-propylspiro[2.5]octane (S26)

Me
Br
Br Br

i. According to a literature procedure,® under argon at 0 °C, to a solution of
butyltriphenylphosphonium bromide (9.6 g, 24 mmol, 1.20 equiv) in THF (25 ml) was added
‘BUOK (2.7 g, 24 mmol, 1.20 equiv.). The reaction was allowed to warm to rt and stirred for
30 min, and then re-cooled to 0 °C, a solution of cyclohexanone (2.4 mL, 20 mmol, 1.00 equiv.)
in anhydrous THF (45 ml) was added dropwise. The reaction was then warmed to room
temperature and stirred for 12 h. The reaction was quenched by addition of NH4ClI (sat. aq.),
extracted with Et2O (3 x 60 ml), the combined organic phased were dried over Na.SO4 and
concentrated. The residue was purified by silica gel flash chromatography to give the product

as a colourless oil (0.93 g, 34% vyield).

ii. According to a literature procedure,® the product from step i (1.0 g, 7.24 mmol, 1.00 equiv)
was dissolved in CH2Cl> (20 ml) in an oven-dried round-bottomed flask and the resulting
solution cooled to 0 °C under argon. A solution of Brz (0.4 ml, 7.8 mmol, 1.08 equiv.) in hexane
(3.3 ml) was added dropwise to the reaction via syringe over 1 min. The mixture was stirred at
0 °C for 5 min and then warmed to room temperature. After stirring for 30 min, the reaction
mixture was concentrated under a stream of N2. The crude reaction mixture was dissolved in
THF (16 ml) and the solution was cooled to -78 °C under argon. KHMDS (22 mL, 1 M in THF,
3.00 equiv.) was added dropwise and the mixture was stirred overnight, during which the
cooling bath was warmed room temperature over 14 h. The reaction was quenched with sat. ag.
NH4Cl (20 ml) and extracted with hexane (3 x 40 ml). The combined organic phase was washed

with saturated aqueous NaHCOz3 (20 ml), brine, dried over Na2SOs, filtered and concentrated

70



in vacuo to give a brown oil, which was then filtered by a silica gel plug with pentane as eluent
to provide the crude product as colourless oil (950 mg). The crude was directly used for next

step without further purification.

iii. According to general procedure VI, bromoform (1.13 ml, 13.2 mmol, 3.00 eq) was added
to the product from step ii (0.95 g). The reaction mixture was stirred at room temperature for
24 h, at which point H,O (20 ml) was added. The layers were separated and the aqueous phase
extracted with CH2Cl> (3 x 10 ml). The combined organic layers were washed with brine, dried
over Na>SOzg, filtered and concentrated in vacuo. The crude product was purified by silica gel
column chromatography using pentane as eluent to provide the title compound S26 as a
colourless oil (1.16 g, 41% over 2 steps). 'H NMR (400 MHz, CDCl3) &(ppm): 2.03 —1.94 (m,
2H, CH2CH>CHs), 1.79 — 1.67 (m, 10H, cyclohexyl), 1.65 — 1.56 (m, 2H, CH2CH,CHs3), 0.97
(t, J = 7.4 Hz, 3H, CH2CH2CHs); 3C NMR (126 MHz, CDCl3) §(ppm): 58.3 (CBr2), 50.8
(C(Br)(CH2)), 39.7 (one of (CH2)aCH2CH2CHa(CH2)s), 37.6 (C(CHa)2), 37.1 (one of
(CH2)ACH2CH2CH2(CH2)g), 31.6 (C(Br)(CH>)), 25.5 (one of CH2(CH2)aCH2(CH2)sCH>),
24.8 (one of CHa(CH2)aCH2(CH2)sCH2 and CH2(CH2)aCH2(CH2)sCHy), 21.4 (CH2CHs),

13.9 (CHsa).
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Synthesis and characterisation of 38a
benzyl 2-propylspiro[2.5]oct-1-ene-1-carboxylate (38a)

BnO
Me

o)
Compound 38a was synthesised according to general procedure VII by the addition of S26
(1.16 g, 2.98 mmol, 1.00 eq) to benzyl chloroformate (3 M in toluene, 1.5 mL, 4.47 mmol, 1.50
eq). The crude product was purified by silica gel column chromatography (pentane/EtOAc =
50/1) to provide the title compound (38a) as a colourless oil in 86% yield (811 mg). *H NMR
(400 MHz, CDCls) §(ppm)7.47 — 7.28 (m, 5H, ArH), 5.23 (s, 2H, PhCHy), 2.61 (t, J = 7.2 Hz,
2H, C=CCHy), 1.79 — 1.62 (m, 4H, CH2CH,CH2CH,CH;), 1.59 — 1.41 (m, 8H,
CH2CH2CH>CH2CHa and CH»CHs), 0.99 (t, J = 7.4 Hz, 3H, CH.CHs); 13C NMR (101 MHz,
CDCl3) 8(ppm)162.3 (CO2Bn), 150.2 (C=CC(=0)), 136.4 (ArC), 128.6 (ArCH), 128.1 (ArCH),
128.0 (ArCH), 117.4 (C=CC(=0)), 66.2 (CH:Ph), 37.5 (C(CH2CH,CH2CH.CH,)), 32.5
(C(CH2CH2CH2CH2CH2)), 29.4 (CH.CH:CHs), 27.1 (C(CH2CH.CH.CH>CHy)), 26.7
(C(CH2CH2CH2CH2CHy)), 20.7(CH2CH2CH3), 14.1 (CH2CH2CHz3); HRMS (ES+) exact mass

calculated for [M+ Na]* (C19H2402Na *) requires m/z 307.1669, found m/z 307.1654.
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5.3 Synthesis of amide substrates

Synthesis and characterisation of 25a
dimethyl 2-butyl-3-(tert-butylcarbamoyl)cycloprop-2-ene-1,1-dicarboxylate (25a)

MeOzC COzMe

0
XNH
Compound 25a was synthesised according to general procedure V by the addition of S10 (500
mg, 2.40 mmol, 1.00 eq) to tert-butyl isocyanate (0.410 ml, 3.60 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (1% column: pentane/EtOAc = 8/2,
2" column: pentane/EtOAc = 85/15) to provide the title compound (25a) as an amorphous
yellow solid in 50% yield (377 mg). *H NMR (400 MHz, CDCls) &(ppm): 6.28 (s, 1H, NH),
3.72 (s, 6H, C(CO2CHa)2), 2.60 (t, J = 7.5 Hz, 2H, CHCH2CH,CH3), 1.68 — 1.56 (m, 2H,
CH2CH2CHCH3), 1.44 — 1.37 (m, 2H, CH2CH2CH2CH3), 1.36 (s, 9H, C(CHs)3), 0.89 (t, J =
7.5 Hz, 3H, CH2CH2CH2CHs); 23C NMR (101 MHz, CDCls) (ppm): 170.6 (C(CO2CH3)2),
155.9 (C(=O)NH), 119.2 (C=CC(=O)N), 101.6 (C=CC(=O)N), 52.6 (C(CO2CHa),), 52.1
(NC(CH3)3), 37.3 (C(CO.CHg3)2), 28.7 (NC(CHs)3), 28,5 (CH.CH>CH.CHz), 245
(CH2CH2CH2CHg), 22.2 (CH2CH2CH2CH3), 13.7 (CH2CH2CH2CH3); IR (film) vmad/cm™:
3237 (N-H), 2962, 2875 (C-H), 2210, 1732 (C=O ester), 1651 (C=0 amide); HRMS (ES+)

exact mass calculated for [M+Na]" (C1sH2sNaOs") requires m/z 334.1625, found m/z 334.1624.
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Synthesis and characterisation of 26a

dimethyl 2-(allylcarbamoyl)-3-butylcycloprop-2-ene-1,1-dicarboxylate (26a)

MeOQC COzMe

Compound 26a was synthesised according to general procedure V by the addition of S10 (250
mg, 1.18 mmol, 1.00 eq) to allyl isocyanate (0.156 ml, 1.77 mmol, 1.50 eq). The crude product
was purified by silica gel column chromatography (pentane/Et.O = 1/1) to provide the title
compound (26a) as a yellow oil in 10% yield (37.2 mg). *H NMR (500 MHz, CDCls) &(ppm):
6.50 (bs, 1H, NH), 5.85 (ddt, J = 17.0, 10.5, 5.5 Hz, 1H, CH=CHy), 5.24 — 5.19 (m, one of
C=CHaHg), 5.17 (app-dq, J = 10.5, 1.5 Hz, 1H, one of C=CHaHg), 3.97 (tt, J = 5.5, 1.5 Hz,
2H, NHCH>), 3.75 (s, 6H, C(CO2CHa)>), 2.67 (t, J = 7.5 Hz, 2H, CH2CH.CH>CH?3), 1.67 (tt, J
=75, 6.5 Hz, 2H, CH2CH2CH,CHs3), 1.47 — 1.36 (m, 2H, CH2CH2CH>CHs), 0.93 (t, J = 7.5
Hz, 3H, CH2CH2CH2CHs); 3C NMR (126 MHz, CDCl3) 8(ppm): 170.5 (C(CO2Me)2), 156.5
(C(=O)NH), 133.3 (CH=CH?), 120.6 (C=CC(=0)), 117.0 (CH=CH>), 100.6 (C=CC(=0)), 52.8
(C(CO2CHa3)2), 42.0 (CH:NH), 37.0 (C(CO2CH3)2), 28.5 (CH.CH2CH2CH3), 24.7
(CH2CH2CH2CH3), 22.3 (CH2CH2CH2CH3), 13.7 (CH2CH2CH2CH3); IR (film) viax/cm™:
3342 (N-H), 2957, 2874 (C-H), 1729, 1657 (C=0); HRMS (ES+) exact mass calculated for

[M+H]" (C15H22NOs") requires m/z 296.1492, found m/z 296.1494.
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Synthesis and characterisation of 27a

dimethyl 2-(tert-butylcarbamoyl)-3-cyclopentylcycloprop-2-ene-1,1-dicarboxylate (27a)

MeO,C CO,Me

0)
XNH
Compound 27a was synthesised according to general procedure V by the addition of S11 (250
mg, 1.11 mmol, 1.00 eq) to tert-butyl isocyanate (0.190 ml, 1.67 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (pentane/Et,O = 8/2 to 7/3) to
provide the title compound (27a) as a yellow solid in 74% yield (266 mg). 'H NMR (500 MHz,
CDCl3) 8(ppm): 6.26 (s, 1H, NH), 3.74 (s, 6H, C(CO2CHa)y), 3.13 (tt, J = 8.0, 6.5 Hz, 1H,
CHC=C), 201 - 1.89 (m, 2H, CHaHgCHCHcHp), 1.82 - 1.67 (m, 3H,
CHaHsCH2CHCH:CHcHp  and  CHaHsCHCHcHp), 1.67 — 154 (m, 3H,
CHaHsCH2CHCH2CHcHp and CHaHeCHCHCcHb), 1.39 (s, 9H, C(CHs)s); 3C NMR (126
MHz, CDCls) 8(ppm): 170.7 (CO2Me), 156.0 (CONH), 122.9 (CHC=C), 100.5 (CHC=C), 52.7
(C(CO.LCH3)2), 52.2 (NC(CHg)s), 37.7 (C(CO2CH3)2), 358 (CHC=C), 31.2
(CH2CH2CHCH,CHy), 28.8 (NC(CHa)3), 25.4 (CH2CH2CHCH2CHy); IR (film) vmadem™:
1736 (C=0 ester), 1667 (C=0 amide); HRMS (ES+) exact mass calculated for [M+Na]*

(C17H25NNaOs") requires m/z 346.1625, found m/z 346.1624.
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Synthesis and characterisation of 28a
N-(tert-butyl)-2,3,3-trimethylcycloprop-1-ene-1-carboxamide (28a)

Me Me

o)

XNH

Compound 28a was synthesised according to general procedure VII by the addition of

Me

tribromocyclopropane S12 (300 mg, 0.940 mmol, 1.00 eq) to tert-butyl isocyanate (0.160 ml,
1.41 mmol, 1.50 eq). The crude product was purified by silica gel column chromatography
(pentane/EtOAC = 7/3) to provide the title compound (28a) as a white solid in 34% yield (57.5
mg). *H NMR (500 MHz, CDCls) 8(ppm): 5.34 (bs, 1H, NH), 2.18 (s, 3H, CHzC=C), 1.40 (s,
9H, C(CHa)3), 1.20 (s, 6H, C(CHs)2); 3C NMR (126 MHz, CDCl3) 8(ppm): 161.0 (C=0),
137.8 (C=CC(=0)), 120.2 (C=CC(=0)), 51.6 (C(CHa)3), 29.1 (C(CHa)), 25.1 (C(CHa)2), 23.7
(C(CH3)2), 10.4 (CH3C=C); IR (film) vmax/cm™: 3222, 3046 (C-H), 1624 (C=0); HRMS (ES+)
exact mass calculated for [M+H]" (C11H20NO™) requires m/z 182.1539, found m/z 182.1541;

MP: 92 °C (sublimation).
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Synthesis and characterisation of 29a
dimethyl 2-butyl-3-((4-methoxyphenyl)carbamoyl)cycloprop-2-ene-1,1-dicarboxylate (29a)

MeO,C. CO,Me

o)

_NH
PMP

Compound 29a was synthesised according to general procedure V by the addition of S10 (250
mg, 1.18 mmol, 1.00 eq) to 4-Methoxyphenyl isocyanate (0.230 ml, 1.77 mmol, 1.50 eq). The
crude product was purified by silica gel column chromatography (pentane/EtOAc = 7/3) and
the isolated product was washed with Et.O to provide the title compound (29a) as a white solid
in 48% yield (206 mg). 'H NMR (400 MHz, CDCls) 8(ppm): 8.31 (s, 1H, NH), 7.55— 7.46 (m,
2H, ArH), 6.92 — 6.84 (m, 2H, ArH), 3.80 (s, 3H, ArOCHs), 3.78 (s, 6H, C(CO2CHa)y), 2.70
(t, J = 7.5 Hz, 2H, CH,CH2CH2CHs3), 1.70 (tt, J = 7.5, 6.5 Hz, 2H, CH,CH,CH2CH3), 1.51 —
1.38 (m, 2H, CH2CH2CH2CHs3), 0.94 (t, J = 7.5 Hz, 3H, CH,CH>CH2CHs); *C NMR (126
MHz, CDCls) 8(ppm): 170.7 (C(COzMe)2), 157.0 (ArC), 154.4 (C(=O)NH), 130.4 (ArC),
121.5 (ArCH), 121.1 (C=CC(=O)NH), 114.4 (ArCH), 101.4 (C=CC(=O)NH), 55.6 (ArOCHs),
52.9 (C(CO2CHa)2), 37.5 (C(CO2CH3)2), 28.5 (CH2.CH2CH2CH3), 24.8 (CH2CH2CH2CHa),
22.3 (CH2CH2CH2CH?3), 13.7 (CH2CH2CH2CHs); IR (film) vmax/cm™: 3314 (N-H), 2981, 2886
(C-H), 1745 (C=0 ester), 1653 (C=0 amide); HRMS (ES+) exact mass calculated for [M+Na]*

(C19H23NNaOs") requires m/z 384.1418, found m/z 384.1416; MP: 116 — 118 °C.
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Synthesis and characterisation of 30a
dimethyl 2-butyl-3-(diphenylphosphoryl)cycloprop-2-ene-1,1-dicarboxylate (30a)

MeOZC COZMe

Ph
\

P,
/\\
Ph O

Compound 30a was synthesised according to general procedure V by the addition of S10 (250
mg, 1.18 mmol, 1.00 eq) to chlorodiphenylphosphine (196 ul, 1.06 mmol, 0.900 eq). The crude
product was purified by silica gel column chromatography (pentane/EtOAc = 6/4) to provide
the title compound (30a) as a yellow solid in 33% yield (161 mg). *H NMR (600 MHz, CDCls)
S(ppm): 7.84 — 7.75 (m, 4H, ArH), 7.59 — 7.54 (m, 2H, ArH), 7.52 — 7.45 (m, 4H, ArH), 3.52
(s, 6H, C(CO2CHa)y), 2.70 (td, J = 7.5, 1.0 Hz, 2H, CH2CH>CH2CHs), 1.56 (p, J = 7.5 Hz, 2H,
CH2CH>CH>CH3), 1.38 — 1.29 (m, 2H, CH2CH,CH:CHs), 0.85 (t, J = 7.5 Hz, 3H,
CH2CH2CH2CHz); $3C NMR (151 MHz, CDCl3) 8(ppm): 169.7 (d, Jcp = 2.5 Hz, C(CO2Me)2),
132.6 (d, Jep = 3.0 Hz, ArCH), 132.0 (d, Jcp = 10.0 Hz, ArC), 131.5 (d, Jep = 11.0 Hz, ArCH),
130.59 (d, Jcp = 60.0 Hz, CH2C=CP(=0)), 128.7 (d, J = 13.0 Hz, ArCH), 100.3 (d, Jcp = 119.5
Hz, CH.C=CP(=0)), 52.4 (C(CO2CHs3).), 37.2 (C(CO2CHBa)2), 28.5 (CH2CH2CH.CH3), 25.1
(CH2CH2CH2CH3), 22.4 (CH2CH2CH2CHz3), 13.7 (CH2CH2CH2CHz); 3P NMR (162 MHz,
CDCl3) 8(ppm): 15.6 (P=0); IR (film) vmax/cm’’: 2967, 2953, 2932, 2871 (C-H), 1840, 1742,
1711; HRMS (ES+) exact mass calculated for [M+H]" (C23H260sP*) requires m/z 413.1512,

found m/z 413.1516; MP: 49-50 °C.
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5.4 Synthesis of ketone substrates

Synthesis and characterisation of S27
dimethyl 2-butyl-3-(1-hydroxy-3-phenylpropyl)cycloprop-2-ene-1,1-dicarboxylate (S27)

MeOzC COzMe

HO

Ph

Compound S27 was synthesised according to general procedure V by the addition of S10 (408
mg, 1.92 mmol, 1.00 eq) to 3-phenylpropanal (0.760 ml, 5.76 mmol, 3.00 eq). The crude
product was purified by silica gel column chromatography (pentane/Et.O = 6/4) to provide the
title compound (S27) as a colourless oil in 86% yield (570 mg). *H NMR (600 MHz, CDCls)
S(ppm): 7.32 — 7.27 (m, 2H, ArH), 7.24 — 7.17 (m, 3H, ArH), 4.67 (t, J = 6.5 Hz, 1H, CHOH),
3.73 (s, 3H, one of C(CO.CH3)a(CO2CHa)s), 3.73 (s, 3H, one of C(CO.CH3)a(CO2CHz)s),
2.87 (s, 1H, OH), 2.75 (bt, J = 7.5 Hz, 2H, CH2Ph), 2.52 (ddt, J = 9.5, 7.5, 1.0 Hz, 2H,
CH2CH>CH:CH3), 2.10 — 1.95 (m, 2H, CH2CH.Ph), 1.62 — 1.53 (m, 2H, CH2CH>CH,CHj),
1.41 — 1.32 (m, 2H, CH2CH,CH,CHs3), 0.91 (t, J = 7.5 Hz, 3H, CH,CH2CH2CHs); 3C NMR
(151 MHz, CDCl3) &(ppm): 172.4 (one of C(CO2CH3)a(CO2CHs)s), 172.3 (one of
C(CO2CH3)a(CO2CH3)s), 141.4 (ArC), 128.8 (ArCH), 126.2 (ArCH), 108.7 (C=CCOH),
106.5 (C=CCOH), 65.1 (COH), 52.67 — 52.38 (m, C(CO2CHa).), 37.3 (CH2CHOH), 35.6
(C(CO2CH3);), 31.4 (CHsPh), 28.8 (CH2CH.CH:CHs), 23.6 (CH2CH.CH:CHs), 22.4
(CH2CH2CH2CHs), 13.8 (CH2CH2CH2CHa); IR (film) vmax/cm™: 3468 (O-H), 2954, 2872 (C-
H), 1726 (C=0), 1278, 1242, 1063; HRMS (ES+) exact mass calculated for [M+Na]"

(C20H26NaOs™) requires m/z 369.1672, found m/z 369.1669.
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Synthesis and characterisation of 4a
dimethyl 2-butyl-3-(3-phenylpropanoyl)cycloprop-2-ene-1,1-dicarboxylate (4a)

MeO,C, CO,Me

o)

Ph

Compound 4a was synthesised according to general procedure V111 by oxidation of compound
S27 (535 mg, 1.54 mmol, 1.00 eq). The crude product was purified by silica gel column
chromatography (pentane/Et>O = 8/2) to provide the title compound (4a) as a colourless oil in
89% yield (472 mg). H NMR (400 MHz, CDCls) 8(ppm): 7.27 — 7.18 (m, 2H, ArH), 7.18 —
7.07 (m, 3H, ArH), 3.65 (s, 6H, C(CO2CHz)2), 3.04 — 2.95 (m, 2H, CH2CH2Ph), 2.95 — 2.86
(m, 2H, CH2CHaPh), 2.61 (t, J = 7.5 Hz, 2H, CH2CH2CH2.CH3), 1.67 — 1.53 (m, 2H,
CH2CH2CH,CHs), 1.40 — 1.26 (m, 3H, CH2CH,CH2CHs), 0.85 (t, J = 7.5 Hz, 3H,
CH2CH2CH,CHs); C NMR (101 MHz, CDCls) 8(ppm): 188.8 (C=CC(=0)), 169.8
(C(CO2CHs3)y), 140.5 (ArC), 128.8 (ArCH), 128.6 (ArCH), 126.5 (ArCH), 123.2 (C=CC(=0)),
103.6 (C=CC(=0)), 52.8 (C(CO2CHa)2), 45.3 (CH2CH2Ph), 36.6 (C(CO2CHs)2), 29.7
(CH2CH2Ph), 28.6 (CH2CH2CH2CHs), 25.2 (CH2CH2CH2CHs), 22.5 (CH2CH2CH2CHa), 13.8
(CH2CH2CH2CHg); IR (film) vima/ecm™: 2956, 2873 (C-H), 1857, 1727, 1686 (C=0); HRMS
(ES+) exact mass calculated for [M+H]" (C20H2505) requires m/z 345.1697, found m/z

345.1695.
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Synthesis and characterisation of S28
dimethyl 2-cyclopentyl-3-(1-hydroxy-3-phenylpropyl)cycloprop-2-ene-1,1-dicarboxylate

S28

MeO,C. CO,Me

HO
Ph

Compound S28 was synthesised according to general procedure V by the addition of S11 (250
mg, 1.11 mmol, 1.00 eq) to 3-phenylpropanal (0.220 ml, 1.67 mmol, 1.50 eq). The crude
product was purified by silica gel column chromatography (pentane/Et.O = 1:1) to provide the
title compound (S28) as a colourless oil in 64% yield (254 mg). *H NMR (500 MHz, CDCls)
8(ppm): 7.33 —7.26 (M, 2H, ArH), 7.22 — 7.15 (m, 3H, ArH), 4.67 (t, J = 6.5 Hz, 1H, CHOH),
3.73 (s, 3H, one of C(CO2CH3)a(CO2CH3)g), 3.73 (s, 3H, one of C(CO2CH3)a(CO2CHa)g),
3.08 — 2.97 (m, 1H, CHC=CCHOH), 2.91 (bs, 1H, OH), 2.75 (t, J = 8.0 Hz, 2H, CH2CHPh),
2.11-1.96 (m, 2H, CH2CH2Ph), 1.96 — 1.86 (m, 2H, CH2 - cyclopentane ring), 1.74 — 1.66 (m,
2H, CH; - cyclopentane ring), 1.62 (m, 4H, 2 x CH> - cyclopentane ring); **C NMR (126 MHz,
CDCl3s) d(ppm): 172.5 (one of C(CO2CH3)a(CO.CHz)s), 1724 (one of
C(CO2CH3)a(CO2CH3)s), 1415 (ArC), 128.6 (ArCH), 128.6 (ArCH), 126.1 (ArCH), 112.1
(CHC=CCHOH), 1053 (CHC=CCHOH), 65.0 (CHOH), 526 (one of
C(CO2CH3)A(CO2CHa)B), 52.5 (one of C(CO2CH3)a(CO2CH3)s), 37.4 (CH2CH2Ph), 35.9
(C(CO2Me)2), 35.0 (CHC=CCHOH), 31.4 (CH2CH2Ph), 31.2 (CH: — cyclopentane ring), 25.2
(CHz - cyclopentane ring); IR (film) vmax/cm™: Unlabelled broad peak around 3400 (O-H),
1731 (C=0); HRMS (ES+) exact mass calculated for [M+Na]" (C21H26NaOs") requires m/z

381.1672, found m/z 381.1671.
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Synthesis and characterisation of 31a
dimethyl 2-cyclopentyl-3-(3-phenylpropanoyl)cycloprop-2-ene-1,1-dicarboxylate (31a)

MeO,C, CO,Me

O
Ph

Compound 31la was synthesised according to general procedure VIII by oxidation of
compound S28 (239 mg, 0.670 mmol, 1.00 eq). The crude product was purified by silica gel
column chromatography (pentane/Et.O = 7/3) to provide the title compound (31a) as a
colourless oil in 75% yield (178 mg). *H NMR (500 MHz, CDCls) 8(ppm): 7.33 — 7.27 (m,
2H, ArH), 7.20 (tt, J = 8.0, 1.5 Hz, 3H, ArH), 3.72 (s, 6H, C(CO2CHa)2), 3.23 — 3.13 (m, 1H,
CHC=CC(=0)), 3.05 (ddd, J = 8.5, 6.5, 1.5 Hz, 2H, CH2CH2Ph), 2.98 (ddd, J = 8.5, 6.5, 1.5
Hz, 2H, CH2CH2Ph), 2.03 — 1.93 (m, 2H two of CHaHsCH2CH2CHcHb), 1.78 — 1.60 (m, 6H,
two of CHaHsCH2CH2CHcHp and CH2CH2CH2CH?); 3C NMR (126 MHz, CDCl3) §(ppm):
188.7 (C=CC(=0)), 169.8 (C(CO2Me),), 140.5 (ArC), 128.7 (ArCH), 128.5 (ArCH), 126.4
(C=CC(=0)), 126.3 (ArCH), 102.2 (C=CC(=0)), 52.7 (C(CO2CHs)), 45.2 (CH2CH,Ph), 36.7
(C(CO2CHa)2), 36.3 (CHC=CC(=0)), 31.3 (C=CCHCH:CHy), 29.6 (CH2CH.Ph), 25.4
(C=CCHCHCH>); IR (film) vma/cm™: 3028, 2953, 2872 (C-H), 1726 (C=0 ester), 1685 (C=0
ketone); HRMS (ES+) exact mass calculated for [M+Na]® (C21H24NaOs") requires m/z

379.1516, found m/z 379.1511.
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Synthesis and characterisation of S29
dimethyl 2-butyl-3-(hydroxy(4-methoxyphenyl)methylcycloprop-2-ene-1,1-dicarboxylate

S29

MeO MeO,C_ CO,Me
OH
Compound S29 was synthesised according to general procedure V by the addition of S10 (250
mg, 1.18 mmol, 1.00 eq) to 4-anisaldehyde (0.220 ml, 1.77 mmol, 1.50 eq). The crude product
was purified by silica gel column chromatography (pentane/Et.O = 6/4) to provide the title
compound (S29) as a colourless oil in 80% yield (329 mg). ‘H NMR (500 MHz, CDCls)
8(ppm): 7.36 —7.29 (m, 2H, ArH), 6.93 — 6.85 (m, 2H, ArH), 5.65 (d, J = 4.5 Hz, 1H, CHOH),
3.80 (s, 3H, ArOCHa), 3.70 (s, 3H, one of C(CO2CH3)a(CO2CH3)g), 3.62 (s, 3H, one of
C(CO2CH3)a(CO2CHs)g), 3.43 (d, J = 5.0 Hz, 1H, OH), 2.44 (app-tt, J = 7.0, 1.0 Hz, 2H,
CH,C=C), 144 (tt, J = 7.5, 6.5 Hz, 2H, CH:CH.CH,CHs), 1.32 — 1.22 (m, 2H,
CH2CH2CH,CHs3), 0.84 (t, J = 7.5 Hz, 3H, CH2CH2CH>CHs); 3C NMR (126 MHz, CDCl5)
d(ppm): 172.2 (one of C(CO2Me)a(CO2Me)g), 172.2 (one of C(CO2Me)a(CO2Me)g), 159.7
(ArC), 132.2 (ArC), 127.8 (ArCH), 114.0 (ArCH), 108.7 (CH2C=C), 106.7 (CH2C=C), 67.4
(CHOH), 55,5 (ArOCHs), 52.6 (one of C(CO2CH3)a(CO2CH3)g), 52.4 (one of
C(CO2CH3)A(CO2CH3)), 36.2  (C(CO2Me)2), 28.6  (CH2CH.CH2:CH3), 235
(CH2CH2CH2CH3), 22.3 (CH2CH2CH2CH3), 13.7 (CH2CH2CH2CH3); IR (film) viax/cm™:
Unlabelled broad peak around 3500 (O-H), 1731 (C=0); HRMS (ES+) exact mass calculated

for [M+Na]* (C19H24NaOs") requires m/z 371.1465, found m/z 371.1466.
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Synthesis and characterisation of 32a
dimethyl 2-butyl-3-(4-methoxybenzoyl)cycloprop-2-ene-1,1-dicarboxylate (32a)

MeO MeO,C, CO,Me

o)

Compound 32a was synthesised according to general procedure VIII by oxidation of
compound S29 (314 mg, 0.9 mmol, 1.00 eq). The crude product was purified by silica gel
column chromatography (1% column: pentane/Et,O = 7/3 to 6/4, 2" column: pentane/EtOAC =
9/1 to 8/2, 3" column: toluene/EtOAC = 95/5) to provide the title compound (32a) as a
colourless oil in 52% yield (162 mg). *H NMR (500 MHz, CDCls) (ppm): 8.08 — 8.01 (m,
2H, ArH), 7.02 — 6.95 (m, 2H, ArH), 3.90 (s, 3H, ArOCHs), 3.74 (s, 6H, C(CO2CHs)2), 2.83
(t, J = 7.5 Hz, 2H, CH2CH2CH,CHs), 1.69 (tt, J = 7.5, 6.5 Hz, 2H, CH2CH>CH2CH3), 1.48 —
1.37 (m, 2H, CH2CH2CH2CHs3), 0.93 (t, J = 7.5 Hz, 3H, CH,CH2CH>CHs); 3C NMR (126
MHz, CDCls) 8(ppm): 178.7 (ArC=0), 170.0 (C(CO2Me)2), 164.6 (ArC), 131.7 (ArCH), 129.7
(ArC), 121.6 (C=CC(=0)), 114.32(ArCH), 102.9 (C=CC(=0)), 55.8 (PhOCHa3), 52.7
(C(CO2CHa)2), 36.3 (C(CO2CH3)2), 28.4 (CH2CH2CH2CHs), 25.2 (CH2CH2CH2CHs), 22.5
(CH2CH2CH2CHg), 13.8 (CH2CH2CH2CHs); IR (film) vmax/cm™: 2956, 2873 (C-H), 1725
(C=0 ester), 1644 (C=0 ketone); HRMS (ES+) exact mass calculated for [M+H]" (C19H2306")

requires m/z 347.1493, found m/z 347.1489.
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5.6 Synthesis of ether substrates

Synthesis and characterisation of S30
2-bromo-3-methylbut-2-en-1-ol (S30)

Br

Mejék/OH

Me

According to a literature procedure,® bromine (15.4 ml, 305 mmol, 1.05 eq) was added
dropwise to a stirred solution of 3-methyl-but-2-en-1-ol (25.0 ml, 290 mmol, 1.00 eq) in
CH2Cl> (484 ml) at 0 °C over 2 h using a syringe pump. The solution was allowed to warm to
room temperature overnight at which point DBU (68.6 ml, 459 mmol, 1.58 eq) was added. The
solution was heated to reflux for 4 h. The reaction mixture was allowed too cool to room
temperature and sat. ag. Sodium thiosulfate was added (200 ml). The phases were separated,
and the aqueous layer was extracted with Et,O (3 x 300 ml). The combined organic layers were
washed with 1.0 M HClg) (3 x 200 ml), sat. ag. NaHCO3 (200 ml) and brine then dried over
Na>SO0s, filtered and concentrated in vacuo. The crude product (S30) was taken on without
further purification (31.5 g). *H NMR (400 MHz, CDCls) 8(ppm): 4.36 (s, 2H, CH20H), 1.97
(d, J = 3.5 Hz, 1H, OH), 1.90 (s, 3H, CHs), 1.86 (s, 3H, CHs); 3C NMR (101 MHz, CDCl5)
8(ppm): 134.8 (one of C=C), 121.2 (one of C=C), 64.8 (CH20H), 25.5 (CH3), 20.6 (CHs). Data

are consistent with that published in the literature.?°
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Synthesis and characterisation of S31
2-bromo-1-((2-methoxyethoxy)methoxy)-3-methylbut-2-ene (S31)

Br

Me\%\/OMEM

Me
DIPEA (41.5 ml, 238 mmol, 1.25 eq) was added to a stirred solution of 2-bromo-3-methylbut-

2-en-1-ol (S30) (31.5 g, 191 mmol, 1.00 eq) and MEMCI (32.7 ml, 286 mmol, 1.50 eq) in
CHCI (636 ml) at 0 °C. The reaction was allowed to warm to room temperature overnight at
which point H>0 was added (200 ml) and the layers separated. The aqueous layer was extracted
with CH>Cl> (2 x 300 ml). The combined organic layers were washed with brine, dried over
Na.SOg, filtered and concentrated in vacuo. The crude product was purified by silica gel
column chromatography (pentane/EtOAc = 8/2) to provide the title compound (S31) as a
yellow oil in 58% yield (42.9 g). *H NMR (400 MHz, CDCls) &(ppm): 4.74 (s, 2H, OCH20),
4.41 — 4.35 (m, 2H, C=CCH0), 3.79 — 3.68 (m, 2H, CH,OCH,OCHCH>), 3.59 — 3.54 (m,
2H, CH20CH;0CH2CHy), 3.39 (s, 3H, OCHj), 1.91 (s, 3H, one of C=C(CH3)a(CH3)s), 1.87
(s, 3H, one of C=C(CH3)a(CH3)s); 3C NMR (101 MHz, CDCls) §(ppm): 137.4 (C=CBr),
116.8 (C=CBr), 94.2 (OCH.0), 71.9 (CH,OCH,OCH,CH,), 68.7 (C=CCH.0), 67.1
(CH20CH20CH2CH), 59.1 (OCHzs), 25.6 (one of C=C(CHs)a(CH3)s), 20.8 (one of
C=C(CH3)a(CHz)g); IR (film) vma/cm™: 1998, 2981 (C-H), 1655 (C=C); HRMS (ES+) exact

mass calculated for [M+H]" (BrCqH1803") requires m/z 253.0434, found m/z 253.0435.
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Synthesis and characterisation of S32
1,1,2-tribromo-2-(((2-methoxyethoxy)methoxy)methyl)-3,3-dimethylcyclopropane (S32)

OMEM
Br

Me
Me

L Br
Compound S32 was synthesised according to general procedure VI by addition of bromoform
(45.5 ml, 510 mmol, 3.00 eq) to S31 (42.9 g, 170 mmol, 1.00 eq). The reaction mixture was
warmed to 50 °C and after 5 days more bromoform (45.5 ml, 510 mmol, 3.00 eq) and 50% aq.
NaOH (42.5 ml) was added. The reaction was stirred for a further 5 days at which point H20
(300 ml) was added, the layers were separated and the aqueous phase extracted with CH2Cl»
(2 x 300 ml). The combined organic layers were washed with brine, dried over Na>SOg, filtered
and concentrated in vacuo. The crude product was purified by silica gel column
chromatography (1% column: pentane/EtOAc = 8/2, 2" column: pentane/EtOAc = 1/0 to 95/5
to 9/1 to 1/1) to provide the title compound (S32) as a yellow oil in 84% vyield (60.6 g). *H
NMR (500 MHz, CDCls) §(ppm): 4.84 (d, J = 7.0 Hz, 1H, one of OCHaHgO), 4.82 (d, J = 7.0
Hz, 1H, one of OCHaHgO), 4.06 (d, J = 11.5 Hz, 1H, one of CHAHgCBYr), 4.02 (d, J = 11.5
Hz, 1H, one of CHaHgCBr), 3.86 — 3.71 (m, 2H, CH2CH>OCHj3), 3.58 — 3.55 (m, 2H,
CH2CH20CHj3), 3.40 (s, 3H, CH2CH20CHs3), 1.52 (5, 3H, one of C(CH3)a(CHs)g), 1.45 (s, 3H,
one of C(CH3)a(CHa)g); *C NMR (126 MHz, CDCls) §(ppm): 95.8 (OCH.0), 73.2
(OCH:CBIr), 71.8 (CH20CH3), 67.4 (CH2CH20CHz), 59.2 (OCHs), 53.5 (CH2CBr or CBr2),
48.12 (CH2CBr or CBr>), 33.9 (C(CHs)3), 27.0 (one of C(CH3)a(CHa)g), 21.1 (C(CH3)a(CHa)g);

IR (film) vmax/cm™*: 2990, 2930, 2884 (C-H), 1456, 1370, 1043; HRMS (MSS+) exact mass

calculated for [M+Na]* (C10BrsH17Na™) requires m/z 444.8620, found m/z 444.8620.
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Synthesis and characterisation of 33a

benzyl 2-(((2-methoxyethoxy)methoxy)methyl)-3,3-dimethylcycloprop-1-ene-1-carboxylate

33a

Me Me

e OMEM

O

Compound 33a was synthesised according to general procedure VII by the addition of
tribromocyclopropane S32 (3.00 g, 7.11 mmol, 1.00 eq) to benzyl chloroformate (1.53 ml, 10.7
mmol, 1.50 eq). The crude product was purified by silica gel column chromatography (1%
column: pentane/EtOAc = 9/1, 2" column: pentane/Et,O = 9/1) to provide the title compound
(33a) as a colourless oil in 32% yield (739 mg). *H NMR (500 MHz, CDCls) 8(ppm): 7.44 —
7.29 (m, 5H, ArH), 5.23 (s, 2H, CH2Ph), 4.79 (s, 2H, OCH,OCH2C=C), 4.72 (s, 2H,
OCH.0CH.C=C), 3.73 — 3.67 (m, 2H, CH.OCH,OCH,C=C), 3.58 — 3.51 (m, 2H,
CH2CH>0CH>0CH:C=C), 3.38 (s, 3H, OCHz3), 1.29 (s, 6H, C(CH3)2); 1*C NMR (126 MHz,
CDCl3) 8(ppm): 161.6 (C=0), 144.2 (C=CC(=0)), 136.0 (ArC), 128.7 (ArCH), 128.3 (ArCH),
128.2 (ArCH), 119.2 (C=CC(=0)), 94.6 (CH.C=C), 71.9 (CH20CHs3), 67.3 (CH2CH20CH?3),
66.6 (CH2Ph), 61.9 (OCH-0), 59.2 (OCH3), 26.7 (C(CHa)2), 25.7 (C(CHs3)2); IR (film) vmax/cm’
1. 3035, 2941, 2887 (C-H), 1703 (C=0); HRMS (ES+) exact mass calculated for [M+H]"

(C18H2505™) requires m/z 321.1697, found m/z 321.1697.
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Synthesis and characterisation of S33
3-phenoxybenzyl carbonochloridate (S33)

AT

According to a literature procedure,? (3-phenoxyphenyl)methanol (1.74 ml, 10.0 mmol, 1.00

eq) in toluene (20 ml) was added dropwise over 30 min to a stirred mixture of triphosgene (1.54
g, 5.20 mmol, 0.52 eq), Na2COs (1.06 g, 10.0 mmol, 1.00 eq) and DMF (0.210 ml) in toluene
(20 ml) at 0 °C. The reaction was stirred overnight and allowed to reach room temperature at
which point completion was observed by TLC (pentane/EtOAc = 7/3). The reaction mixture
was filtered through a pad of celite and concentrated in vacuo. The crude reaction mixture was
flushed through a pad of silica (pentane/EtO = 95/5) to provide the title compound (S33) as a
colourless oil in 85% yield (2.24 g) which was taken on without further purification. 'H NMR
(400 MHz, CDCl3) 8(ppm): 7.41 — 7.32 (m, 3H, ArH), 7.18 — 7.09 (m, 2H, ArH), 7.06 — 6.97

(m, 4H, ArH), 5.26 (s, 2H).

89



Synthesis and characterisation of 34a
3-phenoxybenzyl 2-(((2-methoxyethoxy)methoxy)methyl)-3,3-dimethylcycloprop-1-ene-1-

carboxylate (34a)

Me Me

Pho/©\/0\r(A\/OMEM

o]

Compound 34a was synthesised according to general procedure VII by the addition of
tribromocyclopropane S32 (3.00 g, 7.11 mmol, 1.00 eq) to S33 (2.24 g, 8.53 mmol, 1.20 eq).
The crude product was purified by silica gel column chromatography (1% column: pentane/Et,0O
= 8/2 to 6/4, 2" column: pentane/Et,O = 9/1 to 8/2, 3" column: CH2Cl2/Et,0 = 1/0 to 95/5) to
provide the title compound (34a) as a colourless oil in 30% yield (879 mg). *H NMR (500
MHz, CDCl3) §(ppm): 7.39 — 7.28 (m, 3H, ArH), 7.15 — 7.05 (m, 2H, ArH), 7.05 — 6.98 (m,
3H, ArH), 6.95 (m, 1H, ArH), 5.20 (s, 2H, CH2Ph), 4.79 (s, 2H, OCH20CH,C=C), 4.71 (s, 2H,
OCH;0CH,C=C), 3.75 — 3.67 (m, 2H, CH;OCH,OCH,C=C), 3.58 — 3.49 (m, 2H,
CH,CH>0CH20CH,C=C), 3.38 (s, 3H, OCHs), 1.27 (s, 6H, C(CH3)2); *C NMR (126 MHz,
CDCl3) §(ppm): 161.4 (C=0), 157.7 (ArC), 157.0 (ArC), 144.5 (C=CC(=0)), 138.0 (ArC),
130.0 (ArCH), 130.0 (ArCH), 123.7 (ArCH), 122.6 (ArCH), 119.3 (C=CC(=0)), 119.1 (ArCH),
118.4 (ArCH), 118.1 (ArCH), 94.6 (CH,C=C), 71.9 (CH20CHj3), 67.3 (CH2CH20CHs), 66.1
(CH2AT), 61.9 (OCH:0), 59.2 (OCHs), 26.8 (C(CHa)2), 25.6 (C(CHa)2); IR (film) vmad/cm™:
2942, 2887 (C-H), 1750 (C=0); HRMS (ES+) exact mass calculated for [M+Na]*

(C24H28NaOs™) requires m/z 435.1778, found m/z 435.1774.
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Synthesis and characterisation of S34
2,3,5,6-tetrafluoro-4-methylbenzyl carbonochloridate (S34)

According to a literature procedure,?! (2,3,5,6-tetrafluoro-4-methylphenyl)methanol (1.94 ml,
10.0 mmol, 1.00 eq) in toluene (20 ml) was added dropwise over 30 min to a stirred mixture of
triphosgene (1.54 g, 5.20 mmol, 0.52 eq), Na,CO3 (1.06 g, 10.0 mmol, 1.00 eg) and DMF (0.21
ml) in toluene (20 ml) at O °C. The reaction was stirred overnight and allowed to reach room
temperature at which point completion was observed by TLC (pentane/EtOAc = 7/3). The
reaction mixture was filtered through a pad of celite and concentrated in vacuo. The crude
reaction mixture was flushed through a pad of silica (pentane/Et,O = 95/5) to provide the title
compound (S34) as a colourless oil in >99% vyield (2.61 g) which was taken on without further
purification. *H NMR (400 MHz, CDCls) 8(ppm): 5.41 (t, Jue = 1.5 Hz, 2H, CH,OC(=0)),

2.31 (t, Jue = 2.0 Hz, 3H, CHa).
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Synthesis and characterisation of 35a
2,3,5,6-tetrafluoro-4-methylbenzyl 2-(((2-methoxyethoxy)methoxy)methyl)-3,3-

dimethylcycloprop-1-ene-1-carboxylate (35a)

Compound 35a was synthesised according to general procedure VII by the addition of
tribromocyclopropane S32 (1.00 g, 2.37 mmol, 1.00 eq) to S34 (0.727 g, 2.84 mmol, 1.20 eq).
The crude product was purified by silica gel column chromatography (pentane/Et.O = 9/1 to
8/2) to provide the title compound (35a) as a colourless oil in 41% yield (399 mg). *H NMR
(500 MHz, CDCls) 8(ppm): 5.31 (t, Jur = 1.5 Hz, 2H, CH2Ar), 4.79 (s, 2H, CH2C=CCO), 4.70
(s, 2H, OCH:0), 3.74 — 3.69 (m, 2H, CH.CH>0CH0), 3.58 — 3.52 (m, 2H, CH.CH.OCH 0),
3.38 (s, 3H, OCHs), 2.29 (t, J = 2.0 Hz, 3H, CH3zAr), 1.27 (s, 6H, C(CHs)2); 3C NMR (126
MHz, CDCls) §(ppm): 161.1 (CO,CH.), 146.5 — 145.8 (m, ArC), 145.3 (ArC), 144.1
(C=CCO0y), 118.7 (C=CCOy), 117.5 (t, Jcr = 19.0 Hz, ArC), 111.46 (t, Jcr = 17.0 Hz, ArC),
94.5 (OCH:20), 71.9 (CH20CH3), 67.3 (CH2CH20CHs3), 61.8 (CH.C=CCO), 59.2 (OCHsa),
54.2 (d, Jcr = 3.5 Hz, CH2Ph), 26.9 (CMey), 25.6 (C(CHa)2), 7.9 (CHsMe); 1°F NMR (471
MHz, CDCls) 8(ppm): -143.5 — -143.6 (m, 2 X ArCF), -144.18 — -144.30 (m, 2 x ArCF); ); IR
(film) vmax/cm™: 2981, 2888 (C-H), 1832, 1712 (C=0), 1490; HRMS (ES+) exact mass

calculated for [M+Na]* (C19FsH22NaOs") requires m/z 429.1296, found m/z 429.1295.
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Synthesis and characterisation of S35

2.3,5,6-tetrafluoro-4-(methoxymethyl)benzyl carbonochloridate (S35)

O] F

M F

Cl @)

P OMe
According to a literature procedure,? (2,3,5,6-tetrafluoro-4-(methoxymethyl)phenyl)methanol
(2.24 ml, 10.0 mmol, 1.00 eq) in toluene (20 ml) was added dropwise over 30 min to a stirred
mixture of triphosgene (1.54 g, 5.20 mmol, 0.52 eq), Na.CO3z (1.06 g, 10.0 mmol, 1.00 eq) and
DMF (0.21 ml) in toluene (20 ml) at 0 °C. The reaction was stirred overnight and allowed to
reach room temperature at which point completion was observed by TLC (pentane/EtOAC =
7/3). The reaction mixture was filtered through a pad of celite and concentrated in vacuo. The
crude reaction mixture was flushed through a pad of silica (pentane/Et,O = 95/5) to provide
the title compound (S35) as a colourless oil in >97% yield (2.78 g) which was taken on without

further purification. *H NMR (400 MHz, CDCls) 8(ppm): 5.43 (t, Jur = 1.5 Hz, 3H, one of

OCHs), 4.60 (t, Jur = 2.0 Hz, 3H, one of OCHs), 3.41 (s, 4H, CH20C(=0) and CH,OCHs).
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Synthesis and characterisation of 36a
2,3,5,6-tetrafluoro-4-(methoxymethylbenzyl 2-(((2-methoxyethoxy)methoxy)methyl)-3,3-

dimethylcycloprop-1-ene-1-carboxylate (36a)

Me\ F Me Me

O
O OMEM
F
O

F

Compound 36a was synthesised according to general procedure VII by the addition of
tribromocyclopropane S32 (1.00 g, 2.37 mmol, 1.00 eq) to S35 (0.814 g, 2.84 mmol, 1.20 eq).
The crude product was purified by silica gel column chromatography (pentane/Et,O = 8/2 to
7/3) to provide the title compound (36a) as a colourless oil in 44% vyield (451 mg). *H NMR
(500 MHz, CDCl3) 8(ppm): 5.33 (t, Jur = 1.5 Hz, 2H, CH2Ar), 4.79 (s, 2H, OCH,0), 4.70 (s,
2H, OCH;OCH,), 4.58 (t, Jur = 2.0 Hz, 2H, ArCH,OCHs), 3.74 — 3.68 (m, 2H,
CH3OCH2CH:0), 3.57 — 3.52 (m, 2H, CHzOCH2CH-0), 3.41 (s, 3H, CH3OCH.Ar), 3.38 (s,
3H, CH3OCH>CH0), 1.27 (s, 6H, C(CHs)2); 3C NMR (126 MHz, CDCl3) 8(ppm): 161.0
(CO.CHy), 146.4 — 146.0 (m, ArC), 145.7 (C=CCOy), 1445 — 144.1 (m, ArC), 118.6
(C=CCOy), 117.8 (t, Jcr = 18.0 Hz, ArC), 114.6 (t, Jcr = 17.0 Hz, ArC), 94.5 (OCH,0), 71.9
(CH30CH.CH20), 67.3 (CH30CH2CH0), 61.8 (C=CCH.OCH0), 61.6 (t, Jcr = 2.5 Hz,
ArCH,0CHs3), 59.1 (CH3OCH:2CH-0), 58.7 (ArCH20CH3), 54.2 — 54.0 (m, CH2Ar), 26.9
(C(CH3)2), 25.5 (C(CH3)2); 1°F NMR (471 MHz, CDCl3) 8(ppm): -142.6 — -142.7 (m, 2 X
ArCF), -143.36 — -143.51 (m, 2 x ArCF); IR (film) vmad/cm™: 2928, 2888 (C-H), 1832, 1712
(C=0), 1489; HRMS (ES+) exact mass calculated for [M+Na]* (C20FsH24NaOs") requires m/z

459.1401, found m/z 459.1400.
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Synthesis and characterisation of S36
(2-methyl-[1,1'-biphenyl]-3-ymethyl carbonochloridate (S36)

(0] Me

C|)Lo/\©Ph

According to a literature procedure,?* (2-methyl-[1,1'-biphenyl]-3-yl)methanol (1.98 ml, 10.0
mmol, 1.00 eq) in toluene (20 ml) was added dropwise over 30 min to a stirred mixture of
triphosgene (1.54 g, 5.20 mmol, 0.52 eq), Na.CO3 (1.06 g, 10.0 mmol, 1.00 eq) and DMF (0.21
ml) in toluene (20 ml) at O °C. The reaction was stirred overnight and allowed to reach room
temperature at which point completion was observed by TLC (pentane/EtOAc = 7/3). The
reaction mixture was filtered through a pad of celite and concentrated in vacuo. The crude
reaction mixture was flushed through a pad of silica (pentane/Et>O = 95/5) to provide the title
compound (S36) as a colourless oil in >98% yield (2.56 g) which was taken on without further
purification. 'H NMR (400 MHz, CDCls) &(ppm): 7.46 — 7.40 (m, 2H, ArH), 7.40 — 7.33 (m,

2H, ArH), 7.33 — 7.22 (m, 4H, ArH), 5.42 (s, 2H, CHy), 2.26 (s, 3H, CHa).
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Synthesis and characterisation of 37a
(2-methyl-[1,1'-biphenyl]-3-ymethyl 2-(((2-methoxyethoxy)methoxy)methyl)-3,3-

dimethylcycloprop-1-ene-1-carboxylate (37a)

Ph
Me Me Me
O\H/A\/OMEM
(@]

Compound 37a was synthesised according to general procedure VII by the addition of
tribromocyclopropane S32 (1.00 g, 2.37 mmol, 1.00 eq) to S36 (0.740 g, 2.84 mmol, 1.20 eq).
The crude product was purified by silica gel column chromatography (pentane/Et,O = 9/1) to
provide the title compound (37a) as a colourless oil in 35% yield (343 mg). *H NMR (500
MHz, CDCl3) §(ppm): 7.44 — 7.33 (m, 4H, ArCH), 7.32 — 7.27 (m, 2H, ArCH), 7.26 — 7.18 (m,
2H, ArCH), 5.31 (s, 2H, CH2Ar), 4.80 (s, 2H, OCH20), 4.72 (s, 2H, OCH,0OCH,C=C), 3.73 —
3.68 (M, 2H, CH3OCH,CH:0), 3.56 — 3.51 (m, 2H, CHsOCH,CH:0), 3.38 (s, 3H,
CH3OCH2CH-0), 2.23 (s, 3H, ArCHs), 1.30 (s, 6H, C(CHa)2); *C NMR (126 MHz, CDCl5)
3(ppm): 161.6 (CO2CH2), 144.2 (C=CCO5), 143.0 (ArC), 142.0 (ArC), 134.6 (ArC), 134.5
(ArC), 130.4 (ArCH), 129.5 (ArCH), 128.4 (ArCH), 128.2 (ArCH), 127.0 (ArCH), 125.7
(ArCH), 119.2 (C=CCO), 94.6 (OCH0), 71.9 (CH30CH,CH;0), 67.3 (CH30CH2CH0),
65.6 (ArCHz), 61.9 (C=CCH,OCHz0), 59.2 (CH3OCH2CH20), 26.7 (C(CHs)2), 25.7
(C(CHs)2), 16.3 (ArCHs); IR (film) vmax/cm™: 2970, 2887 (C-H), 1832, 1703 (C=0); HRMS
(ES+) exact mass calculated for [M+Na]* (C2sHsoNaOs") requires m/z 433.1985, found m/z

433.1985.
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Synthesis and characterisation of S37
1-((allyloxy)methyl)-1,2 2-tribromo-3,3-dimethylcyclopropanec (S37)

M
Me ° Br
j></o\/§
Br
Br

I. To a solution of compound S32 (1.00 g, 2.35 mmol, 1.0 equiv.) in MeOH/ CHxCl, (5/1 ml)
was added conc. HCI (5 ml), the reaction mixture was stirred at room temperature overnight.
The aqueous layer was extracted with CH2Cl, (3 x 10 ml). The combined organic layers were
washed with brine, dried over Na>SQg, filtered and concentrated in vacuo to give the crude

product as a white solid (800 mg), which was taken on without further purification.

ii. At 0 °C, to the crude from step i was added Nal (35 mg, 0.235 mmol, 10 mol%), allyl
bromide (0.41 ml, 4.70 mmol, 2.0 equiv.) and DMF (40 ml), to the resulting solution was added
NaH (60% dispersion in mineral oil, 141 mg, 3.50 mmol, 1.5 equiv.) portionwise. The reaction
mixture was stirred at room temperature overnight. After completion as determined by TLC,
the reaction was cooled to 0 °C, H>O (2 ml) and was added dropwise. The solution was diluted
with Et,0O (10 mL) and water (20 mL), the layers were separated and the aqueous phase
extracted with Et,O (2 x 10 ml). The combined organic layers were washed with brine, dried
over NaxSOg, filtered and concentrated in vacuo. The crude product was purified by silica gel
column chromatography (pentane/EtOAc = 20/1) to provide the title compound (S37) as a
yellow oil in 81% vyield (730 mg). *H NMR (400 MHz, CDCls) &(ppm) 5.94 (ddt, J = 17.2,
10.3, 5.7 Hz, 1H, OCH,CH=CH), 5.32 (dq, J = 17.2, 1.6 Hz, 1H, OCH,CH=CHaHg), 5.22
(dg, J = 10.4, 1.4 Hz, 1H, OCH,CH=CHaHg), 4.17 — 4.01 (m, 2H, OCH,CH=CH), 3.93 (d, J
=11.4 Hz, 1H, CHaHsOCH2CH=CH), 3.87 (d, J = 11.5 Hz, 1H, CHAHsOCH,CH=CH>), 1.51
(s, 3H, C(CHz3)a(CH3)g), 1.43 (s, 3H, C(CHs)a(CHa)g); *C NMR (101 MHz, CDCls) &(ppm):

1344 (OCH2CH=CHj), 118.0 (OCH;CH=CH), 74.8 (CH20CH;CH=CHy), 72.4
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(CH20CH>CH=CHy), 53.6 (C(CH2)(Br)), 48.6 (CBr2), 33.7 (C(CHz)2), 27.0 (C(CH3)A(CH3)s),
21.1 (C(CHz3)a(CHs)g); HRMS (ES+) exact mass calculated for [M+ H]+ (C9H14Br30+)

requires m/z 374.8589, found m/z 374.8606.
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Synthesis and characterisation of 39a
benzyl 2-((allyloxy)methyl)-3,3-dimethylcycloprop-1-ene-1-carboxylate (39a)

Me Me

OﬁA/O\/\
o)
L
According to a modified literature procedure,® n-BuLi (2.5 M in hexanes, 1.55 mL, 2.0 eq) was
added dropwise to a stirred solution of the desired tribromocyclopropane S37 (730 mg, 1.94
mmol, 1.00 eq) in Et2O (20 mL) at —78 °C. The reaction was stirred at —78 °C for 1 h at which
point benzyl chloroformate (3 M in toluene, 0.97 mL, 2.90 mmol, 1.50 eq) was added dropwise.
The temperature was raised to —20 °C and stirred for a further 2 h. The reaction mixture was
stirred until completion was observed by TLC at which point the reaction was quenched with
sat. aq. NH4Cl and the aqueous phase was extracted with Et2O (3 x 20 ml). The combined
organic extracts were washed with brine then dried over Na,SQg, filtered and concentrated in
vacuo. The crude product was purified by silica gel column chromatography (pentane/EtOAc
= 40/1) to provide the title compound (39a) as a colourless oil in 36% yield (185 mg)'H NMR
(400 MHz, CDCls) 5(ppm): 7.42 — 7.32 (m, 5H, ArH), 5.89 (ddt, J = 17.2, 10.4, 5.7 Hz, 1H,
CH=CHaHg), 5.30 — 5.23 (m, 1H, CH=CHaHs), 5.25 (s, 2H, CH2Ph), 5.18 (dq, J = 10.4, 1.4
Hz, 1H, CH=CHaHg), 4.62 (s, 2H, C=C CH20), 4.09 (t, J = 1.4 Hz, 1H, OCHaHgCH=CHy),
4.08 (t, J= 1.4 Hz, 1H, OCHaH8CH=CH?), 1.30 (s, 6H, C(CH3)); 13C NMR (101 MHz, CDCl5)
3(ppm)161.6 (C=0), 144.3 (C=CC(=0)), 135.9 (ArC), 134.2 (OCH,CH=CH), 128.6 (ArCH),
128.3 (ArCH), 128.3 (ArCH), 119.2 (C=CC(=0)), 117.7 (OCH,CH=CH,), 715
(OCH2CH=CH), 66.6 (CHzPh), 65.0 (C=CCH:0), 26.5 (C(CHs)2), 25.6 (C(CHs)2); HRMS
(ES+) exact mass calculated for [M+K]* (C17H2003K™) requires m/z 311.1044, found m/z

311.1031.
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6. Synthesis and Characterisation of Products Obtained in the

Enantioselective Deconjugation of Cyclopropenes

6.1 Synthesis of enantioenriched cyclopropane esters

Synthesis and characterisation of 3b
2-benzyl 1,1-dimethyl (R)-3-cyclohexylidenecyclopropane-1,1.2-tricarboxylate (3b)

MeO,C, CO,Me

) X
0O

Bn
The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-cyclohexylcycloprop-2-ene-1,1,2-tricarboxylate (3a) (18.6 mg, 0.0500 mmol, 1.00
eq) with catalyst C11. After 4 h the crude reaction mixture was purified by silica gel column
chromatography (pentane/Et>O = 8/2) to provide the title compound (3b) as a colourless oil in
99% vyield (18.4 mg) and 97% ee. [determined by HPLC chiralpak OG, hexane/isopropanol =
98/2, 1 ml/min, A = 220 nm, t(minor) = 14.04 min, t(major) = 17.93 min]. *H NMR (500 MHz,
CDCl3) 8(ppm): 7.41 — 7.28 (m, 5H, ArH), 5.14 (d, J = 12.5 Hz, 1H, one of CHaHgPh), 5.10
(d, J=12.5 Hz, 1H, one of CHaHgPh), 3.74 (s, 3H, one of C(CO2CH3)a(CO2CHj3)g), 3.60 (s,
3H, one of C(CO2CH3)a(CO2CHa)g), 3.32 — 3.26 (bm, 1H, CHC(=0)), 2.49 (dt, J = 12.0, 5.5
Hz, 1H, one of C=CCHaHgCH2CH.CH.CHcHp), 2.25 (qdd, J = 19.5, 17.5, 10.0, 4.5 Hz, 3H,

C=CCHaHBCH2CH2CH2CHcHp), 1.71 — 1.46 (m, 6H, C=CCH.CH,CH,CH2CH.); *C NMR

(126 MHz, CDCls) 3(ppm): 168.1 (CO2Bn), 167.9 (one of C(CO2CH3)a(CO2CH3)s), 165.8
(one of C(CO2CH3)a(CO2CHa)g), 136.6 (C=CCHCO,Bn), 135.6 (ArC), 128.67 (ArCH) 128.5
(ArCH), 1284 (ArCH), 111.6 (C=CCHCO;Bn), 67.2 (CH:Ph), 53.3 (one of
C(CO2CH3)a(CO2CH3)s), 52.9 (one of C(CO2CH3)a(CO2CHz)s), 38.9 (C(CO:Me),), 33.4
(C=CCH,CH,CH,CH,CH;), 33.4 (C=CCH.CH,CH,CH,CH,), 30.5 (CHCOBn), 27.5

(C=CCH2CH2CH2CH2CH>), 26.2 (C=CCH2CH2CH2CH2CH_): IR (film) vmax/cmt: 3033, 2934,
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2854 (C-H), 1734 (C=0), 1435, 1250; HRMS (ES+) exact mass calculated for [M+H]*

(C21H2506") requires m/z 373.1646, found m/z 373.1644; [a]3° = -59.63 (c 0.35, CHClIs).
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Synthesis and characterisation of 5b
2-benzyl 1,1-dimethyl (R)-3-cyclopentylidenecyclopropane-1,1,2-tricarboxylate (5b)

MeO,C, CO,Me

0 A
0]

Bn”
The title compound was prepared according to general procedure 11 from 5a (17.9 mg, 0.0500
mmol, 1.00 eq) with catalyst C11. After 5 h the reaction was quenched and the crude reaction
mixture was purified by silica gel column chromatography (pentane/Et,O = 8/2) to provide the
title compound (5b) as a colourless oil in 96% yield (17.2 mg) and 94% ee. [determined by
HPLC chiralpak AD-H, hexane/isopropanol = 98/2, 1 ml/min, A = 220 nm, t(major) = 18.85
min, t(minor) = 20.59 min]. *H NMR (500 MHz, CDCls) 8(ppm): 7.40 — 7.28 (m, 5H, ArH),
5.15 (d, J =12.5 Hz, 1H, one of CHaHgPh), 5.10 (d, J = 12.5 Hz, 1H, , one of CHaHgPh), 3.75
(s, 3H, one of C(CO2CH3)a(CO2CHg)g), 3.62 (s, 3H, one of C(CO2CH3)a(CO2CHzs)g), 3.25 (p,
J =25 Hz, 1H, CHC(=0)), 2.80 — 2.62 (m, 1H, one of CHaHsCCHcHbp), 2.49 — 2.30 (m, 3H,
three of CHAHsCCHcHb), 1.75 (m, 4H, CH2CH2CCH2CHy); 13C NMR (126 MHz, CDCls)
S(ppm): 167.9 (COzBn), 167.8 (one of C(CO,CH3)a(CO2CHs3)s), 165.9 (one of
C(CO2CH3)A(CO2CH3)s), 140.4 (CH2C=C), 135.7 (ArC), 128.7 (ArCH), 128.5 (ArCH), 128.4
(ArCH), 109.7 (CH2C=C), 67.2 (CH2Ph), 53.3 (one of C(CO2CH3)a(CO2CHz)g), 52.8 (one of
C(CO2CH3)a(CO2CH3)g), 39.0 (C(CO2Me),), 32.5 (one of (CH2)aC(CHa)g), 32.3 (one of
(CH2)aC(CH2)g), 30.8 (CHC(=0)), 26.6 (one of (CH2)aCH2CCH2(CH2)s), 26.6 (one of
(CH2)ACH2CCH2(CH2)g); IR (film) vmax/cm: 2952 (C-H), 1732 (C=0), 1249; HRMS (ES+)
exact mass calculated for [M+H]" (C20H2306") requires m/z 359.1489, found m/z 359.1493;

[a]%® = -56.4 (¢ 0.17, CHCl5).
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Synthesis and characterisation of 6b
2-benzyl 1,1-dimethyl (R)-3-(1-(tert-butoxycarbonyl)piperidin-4-ylidene)cyclopropane-
1,1.2-tricarboxylate (6b)

MeOzC COZMG

O NBoc

The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-(1-(tert-butoxycarbonyl)piperidin-4-yl)cycloprop-2-ene-1,1,2-tricarboxylate (6a)
(47.3 mg, 0.1000 mmol, 1.00 eq) with catalyst C11. After 1 h the crude reaction mixture was
purified by silica gel column chromatography (pentane/EtcO = 1/1) to provide the title
compound (6b) as a white solid in 85% yield (40.2 mg) and 95% ee. [determined by HPLC
chiralpak AD-H, hexane/isopropanol = 99/5, 1 ml/min, A = 220 nm, t(major) = 18.52 min,
t(minor) = 21.87 min]. *H NMR (400 MHz, CDCl3) 8(ppm)7.39 — 7.28 (m, 5H, ArH), 5.14 (d,
J =12.2 Hz, 1H, one of CHaHgPh), 5.09 (d, J = 12.2 Hz, 1H, one of CHaHgPh), 3.75 (s, 3H,
one of (CO2CH3)a(CO2CH3)g), 3.71 — 3.62 (m, 2H, CHaHsN(Boc)CHcHDb), 3.61 (s, 3H, one
of (CO2CH3)a(CO2CHa)g), 3.39 — 3.26 (m, 2H, CHaHsN(Boc)CHcHp), 3.18 (dt, J = 12.8, 6.3
Hz, 1H, CHCO.Bn), 2.56 (m, 1H, CHaHsCH:N(Boc)CH2CHcHb), 2.38 — 2.31 (m, 1H,
CHAHgCH2N(Boc)CH2CHcHp), 2.32 — 2.24 (m, 2H, CHAHsCH2N(Boc)CH2CHcHp), 1.46 (s,
9H, C(CHa)3); C NMR (101 MHz, CDCls) &(ppm)167.5 (CO:Bn), 167.4 (one of
(CO2CH3)a(CO2CH3)g), 165.3(one of (CO2CH3)a(CO2CHa)g), 154.8 (NCO2C(CHs)s), 135.4
(ArC), 132.3 (C=CCHCO:Bn), 128.7 (ArCH), 128.6 (ArCH), 128.5 (ArCH), 113.9
(C=CCHCO:2Bn), 79.9, 67.4 (CH2Ph), 53.4 (one of C(CO2CH3)a(CO2CH3)s), 52.9 (one of
C(CO2CH3)A(CO2CH3)B), 44.6 (CH2NCH>), 38.8 (C(CO2Me),), 32.6 (CH2CH2NCH2CH?>),
30.4 (CHCO2Bn), 28.5 (NCO2C(CHz3)3); HRMS (ES+) exact mass calculated for [M+Na]*

(C2sH31NOgNa*) requires m/z 496.1942, found m/z 496.1932; [a]3? = —43.5 (c 2.52, CHCly).
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Synthesis and characterisation of 7b
2-benzyl 1,1-dimethyl (R)-3-(tetrahydro-4H-pyran-4-ylidene)cyclopropane-1,1,2-

tricarboxylate (7h)

MeO,C, CO,Me

The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-(tetrahydro-2H-pyran-4-yl)cycloprop-2-ene-1,1,2-tricarboxylate (7a) (37.4 mg,
0.100 mmol, 1.00 eq) with catalyst C11. After 1 h the reaction was quenched with was
quenched with AcOH to give the crude product. The crude reaction mixture was purified by
silica gel column chromatography (pentane/EtOAc = 2/1) to provide the title compound (7b)
as a colourless oil in 73% yield (27.3 mg) and 96% ee. [determined by HPLC chiralcel OD,
hexane/isopropanol = 95/5, 1 ml/min, A = 220 nm, t(major) = 27.51 min, t(minor) = 8.75 min].
IH NMR (400 MHz, CDCls) 8(ppm)7.41 — 7.28 (m, 5H, ArH), 5.14 (d, J = 12.2 Hz, 1H, one
of CHaHgPh), 5.09 (d, J = 12.2 Hz, 1H, one of CHaHgPh), 3.86 — 3.76 (m, 2H, one of
C=CCH2CHaAHBOCHCcHbCH?>), 3.75 (s, 3H, one of C(CO2CH3)a(CO2CHa)g), 3.68 (ddd, J =
11.3, 8.1, 3.8 Hz, 1H, one of C=CCH2CHAHBOCHcHpCH2), 3.61 (s, 3H, one of
C(CO2CH3)A(CO:CH3)s), 3.56 (ddd, J = 11.0, 80, 4.0 Hz, 1H, one of
C=CCH2CHaHBOCHcHbCH>), 3.32 (dd, J = 2.2, 1.2 Hz, 1H, CHCO2Bn), 2.66 — 2.51 (m, 1H,
one of C=CCHaHeCH>OCH.CHcHp), 248 - 235 (m, 2H, one of
C=CCHaHgCH20CH,CHcHp), 2.35 — 2.27 (m, 1H, one of C=CCHaHgCH>OCH>CHcHp);
13C NMR (101 MHz, CDCls) §(ppm)167.6 (CO2Bn), 167.4 (one of C(CO2CH3)a(CO2CHa)g),
165.4(one of C(CO2CH3)a(CO2CHs)g), 135.4 (C=CCHCO:Bn), 131.6 (ArC), 128.7 (ArCH),
128.6 (ArCH), 128.5 (ArCH), 113.2(C=CCHCO:Bn), 68.6 (CH2Ph), 68.4 (one of CH,OCHy),
67.4 (one of CH.OCH;), 53.4 (one of C(CO,CH3)a(CO2CHs)g), 53.0 (one of

C(CO2CH3)a(CO2CH3)s), 38.8 (C(CO2Me)2), 33.6(C=CCH2CH2OCH,CHy), 30.4 (CHCO2BN);
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HRMS (ES+) exact mass calculated for [M+H]" (C20H2307") requires m/z 375.1438, found m/z

375.1436; [a]%? = —64.2 (c 1.49, CHCls).
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Synthesis and characterisation of 8b
2-allyl 1,1-dimethyl (R)-3-cyclohexylidenecyclopropane-1,1,2-tricarboxylate (8b)

MeO,C_ CO,Me
o] X
AP
The title compound was prepared according to general procedure 11 from 2-allyl 1,1-dimethyl
3-cyclohexylcycloprop-2-ene-1,1,2-tricarboxylate (8a) (16.1 mg, 0.0500 mmol, 1.00 eq) with
catalyst C11. After 9 h the reaction was quenched and the crude reaction mixture was purified
by silica gel column chromatography (pentane/Et,O = 8/2 then toluene/Et.O = 97.5:2.5) to
provide the title compound (8b) as a colourless oil in 75% vyield (12.1 mg) and 97% ee.
[determined by HPLC chiralpak OG, hexane/isopropanol = 98/2, 1 ml/min, A =220 nm, t(minor)
=9.66 min, t(major) = 11.97 min]. *H NMR (400 MHz, CDCl3) 8(ppm): 5.87 (ddt, J = 17.0,
10.5, 5.5 Hz, 1H, CH=CHy>), 5.30 (app-dq, J = 17.0, 1.5 Hz, 1H, one of CH=CHaHg), 5.22
(app-dg, J = 10.5, 1.5 Hz, 1H, one of CH=CHaHg), 4.66 — 4.49 (m, 2H, OCH), 3.74 (s, 3H,
one of OCHs3), 3.72 (s, 3H, one of OCHy), 3.26 — 3.23 (m, 1H, CHC(=0)), 2.53 — 2.43 (m, 1H,
one of C=C(CHaHg)(CHcHb)), 2.37 — 2.13 (m, 3H, three of C=C(CHaHg)(CHcHb)), 1.71 —
1.49 (m, 6H, CH2CH2CH2CH2CH>); *C NMR (101 MHz, CDCls) §(ppm): 167.9 (one of
CO2Me), 167.8 (one of CO2Me), 165.8 (CO.CHz2), 136.6 (C=C(CH). or C=C(CH>)2), 131.8
(CH=CH), 118.5 (CH=CH), 111.6 (C=C(CH2)2 or C=C(CHz2)2), 66.0 (OCH), 53.2 (one of
OCHz), 52.9 (one of OCHs3), 38.9 (C(CO:Me)), 334 (CH2CH2CH.CH2CH. or
CH2CH2CH2CH2CH>), 33.3 (CH2CH2CH>CH2CH or CH2CH.CH2CH.CHy), 30.4 (CHC(=0)),
275 (CH2CH2CH2CH2CH, or CH2CH2CH.CH.>CH), 27.5 (CH.CH>CH2CH2CH. or
CH>CH,CH2CH,CH,), 26.2 (CH2CH>CH2CH2CH,); IR (film) vmad/cm™: 2933, 2856 (C-H),
1731 (C=0); HRMS (ES+) exact mass calculated for [M+H]" (C17H2306") requires m/z

323.1489, found m/z 323.1489; [a]3° = —73.00 (c 0.34, CHCla).
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Synthesis and characterisation of 9b
2-benzyl 1,1-dimethyl (R,Z2)-3-butylidenecyclopropane-1,1,2-tricarboxylate (9b)

MeO,C. CO,Me

@) A
)

Bn”
The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-butylcycloprop-2-ene-1,1,2-tricarboxylate (9a) (34.6 mg, 0.100 mmol, 1.00 eq)
with catalyst C11. After 30 min the reaction was quenched with sat. ag. NH4Cl (5 ml) and
extracted with Et.O (3 x 10 ml). The combined organic layers were washed with brine, dried
over Na>SOq, filtered and concentrated in vacuo providing the crude compound in >20:1 d.r.
The crude reaction mixture was purified by silica gel column chromatography (pentane/Et,O
= 8/2) to provide the title compound (9b) as a colourless solid in 97% yield (32.5 mg), 95% ee.
[determined by HPLC chiralpak AS-H, hexane/isopropanol = 90/10, 1 ml/min, A = 210 nm,
t(minor) = 7.31 min, t(major) = 10.12 min]; *H NMR (500 MHz, CDCls) &(ppm)7.40 — 7.29
(m, 5H, ArH), 6.10 (td, J = 7.5, 2.0 Hz, 1H, CH.CH=C), 5.14 (d, J = 12.5 Hz, 1H, one of
CHaHgPh), 5.10 (d, J = 125 Hz, 1H, one of CHaHgPh), 3.75 (s, 3H, one of
(CO2CH3)A(CO2CHs3)B), 3.61 (s, 3H, one of (CO2CH3)a(CO2CHa)s), 3.30 (app-q, J = 2.0 Hz,
1H, CHCO2BnN), 2.41 — 2.24 (m, 2H, CHCH?), 1.50 (h, J = 7.5 Hz, 2H, CHCH,CH>), 0.90 (t, J
= 7.4 Hz, 3H, CH2CHs); 23C NMR (126 MHz, CDCls) §(ppm)167.8 (CO2Bn), 167.4 (one of
(CO2CH3)a(CO2CH3)s), 165.3 (one of (CO2CHs)a(CO2CHa)g), 135.4 (ArC), 128.7 (ArCH),
128.5 (ArCH) (one ArCH is hidden), 124.8 (CH2CH=C), 119.8 (CH2CH=C), 67.4 (CH2Ph),
53.4 (one of (CO2CH3)a(CO2CHa)g), 52.9 (one of (CO2CH3)A(CO2CH3)g), 38.5 (C(CO2Me)2),
33.4 (CH.CH=C), 30.5 (CHCO2Bn), 21.9 (CH2CH.CHs3), 13.7 (CH2CH2CH3); IR (film)

vmadem’t: 3027, 2956, 2873 (C-H), 1733 (C=0), 1713 (C=0), 1604 (C=C): HRMS (ES+) exact
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mass calculated for [M+H]" (C19H2306") requires m/z 347.1489, found m/z 347.1494; MP: 32

—34°C; [a]25 = -109.06 (c 3.25, CHCls).
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Synthesis and characterisation of 10b
trimethyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (10b)

MeO2C CO2Me

O, A
o

Me”
The title compound was prepared according to general procedure Il from trimethyl 3-
butylcycloprop-2-ene-1,1,2-tricarboxylate (10a) (27.0 mg, 0.100 mmol, 1.00 eq) with catalyst
C11. After 2 h the crude mixture was quenched with AcOH to give the crude product in >20:1
d.r. The crude product was purified by silica gel column chromatography (pentane/Et>O = 7/3)
to provide the title compound (10b) as a colourless oil in quantitative yield (27.2 mg) and 97%
ee. [determined by SFC Chiralcel IC, 1500 psi, 1% to 30% MeOH over 5 min, then from 30%
to 50% MeOH in 0.5 min, then hold 50% MeOH for 1.5 min, 1.5 mL/min, t(major) = 2.27 min,
t(minor) = 1.91 min]. *H NMR (500 MHz, CDCls) 8(ppm): 6.10 (td, J = 7.5, 2.0 Hz, 1H,
C=CH), 3.77 (s, 3H, one of CO2CHa), 3.76 (s, 3H, one of CO,CHzs), 3.70 (s, 3H, one of
CO,CHs3), 3.25 (g, J = 2.0 Hz, 1H, CHCO;Me), 2.41 — 2.24 (m, 2H, CH2CH>CHs), 1.50 (h, J
= 7.5 Hz, 2H, CH2CH2CHs), 0.90 (t, J = 7.5 Hz, 3H, CH2CH,CHs); *C NMR (126 MHz,
CDCI3) 6(ppm): 168.3 (one of C=0), 167.5 (one of C=0), 165.4 (one of C=0), 124.8 (C=CH),
119.8 (C=CH), 53.4 (one of CO,CHzs), 53.1 (one of CO2CHz), 52.7 (one of CO2CHz), 38.4
(C(CO2Me)), 33.4 (CH2CH2CHs), 30.4 (CHCO;Me), 21.9 (CH,CH2CHs), 13.8 (CH2CH2CH);
IR (film) vmax/cm™: 2957 (C-H), 1736 (C=0), 1436, 1283, 1250; HRMS (ES+) exact mass
calculated for [M+H]* (C13H1906") requires m/z 271.1176, found m/z 271.1177; [a]3® =-129.1

(c 0.54, CHCl3).

109



Synthesis and characterisation of 11b
2-isobutyl 1,1-dimethyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (11b)

M802C COzMe

o N
-Bu”°
The title compound was prepared according to general procedure Il from 2-isobutyl 1,1-
dimethyl 3-butylcycloprop-2-ene-1,1,2-tricarboxylate (11a) (31.2 mg, 0.100 mmol, 1.00 eq)
with catalyst C11. After 3 h the reaction mixture was quenched with AcOH to give the crude
product in >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/Et.O = 8/2) to provide the title compound (11b) as a colourless oil
in 96% vyield (29.8 mg) and 94% ee. [determined by HPLC chiralpak AS-H,
hexane/isopropanol = 99/1, 1 ml/min, A =220 nm, t(minor) = 15.56 min, t(major) = 23.75 min].
IH NMR (500 MHz, CDCl3) 8(ppm): 6.09 (td, J = 7.5, 2.0 Hz, 1H, C=CH), 3.92 (dd, J = 10.5,
7.0 Hz, 1H, one of OCHaHB), 3.81 (dd, J = 10.5, 6.5 Hz, 1H, one of OCHaHg), 3.76 (s, 3H,
one of C(CO2CH3)a(CO2CHa)g), 3.75 (s, 3H, one of C(CO2CH3)a(CO2CHs)g), 3.26 (q, J = 2.0
Hz, 1H, CHC(=0)), 2.40 — 2.25 (m, 2H, CH2CH,CHs), 1.91 (dp, J = 13.5, 6.5 Hz, 1H,
CH(CH3)2), 1.50 (h, J = 7.5 Hz, 2H, CH2CH2CHs), 0.94 — 0.87 (m, 9H, CH2CH.CHj3 and
CH(CHs)2); ¥C NMR (126 MHz, CDCl3) &(ppm): 167.9 (COqi-Bu), 167.6 (one of
C(CO2CH3)A(CO2CH3)s), 165.4 (one of C(CO2CH3)a(CO2CHa)s), 124.5 (C=CH), 120.0
(C=CH), 71.7 (CO:CHz), 53.4 (one of C(CO2CH3)A(CO.CHs)s), 53.0 (one of
C(CO2CH3)A(CO2CH3)g), 38.3 (C(CO:2Me)), 33.4 (CH2CH.CH3), 30.6 (CHCO-i-Bu), 27.8
(CH(CHs)2), 22.0 (CH2CH2CHs), 19.1 (CH(CH3)2), 13.8 (CH2CH2CHa); IR (film) vmad/ecm™:
2960, 2875 (C-H), 1735 (C=0), 1435, 1281, 1248; HRMS (ES+) exact mass calculated for
[M+H]* (C1sH2506") requires m/z 313.1646, found m/z 313.1645; [a]%’> = —121.7 (¢ 0.53,

CHCls).
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Synthesis and characterisation of 12b

2-benzyl 1.1-dimethyl (R,Z)-3-(3-chloropropylidene)cyclopropane-1.1.2-tricarboxylate
12b

MeOZC CO2Me
H

4

BnO /X Cl
@)

The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-(3-chloropropyl)cycloprop-2-ene-1,1,2-tricarboxylate (12a) (18.3 mg, 0.0500
mmol, 1.00 eq) in Et2O (0.5 mL) with dropwise addition of catalyst C11 in Et.O (0.5 mL) at -
78 °C under Ar. After 1 h the reaction was quenched with was quenched with AcOH to give
the crude product in >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/Et,O = 5/1) to provide the title compound (12b) as a colourless oil
in 96% vyield (18.0 mg) and 92% ee. [determined by HPLC chiralcel OD, hexane/isopropanol
= 95/5, 1 ml/min, A = 220 nm, t(major) = 24.89 min, t(minor) = 16.05 min]. *H NMR (400
MHz, CDCls) 8(ppm): 7.40 — 7.30 (m, 5H, ArH), 6.18 (td, J = 7.0, 2.2 Hz, 1H, CH,CH=C),
5.21 — 5.05 (M, 2H, CH2Ph), 3.76 (s, 3H, one of (CO2CH3)a(CO2CHa)g), 3.73 — 3.62 (m, 2H,
CHCH,CHCI), 3.61 (s, 3H, one of (CO2CH3)a(CO2CHs)g), 3.36 (q, J = 1.9 Hz, 1H,
CHCO:Bn), 2.90 — 2.73 (m, 2H, CHCH2CH:Cl); 3C NMR (101 MHz, CDCl3) &(ppm): 167.3
(CO2Bn), 166.8 (one of (CO2CH3)a(CO2CHs)s), 164.9 (one of (CO,CH3)a(CO2CHa)s), 135.3
(ArC), 128.7 (ArCH), 128.6 (ArCH), 128.6 (ArCH), 122.4 (CH2CH=C), 120.4 (CH2CH=C),
67.5 (CH2Ph), 53.5 (one of (CO2CHz)a(CO2CHs)g), 53.1(one of (CO2CH3)a(CO2CHa)s), 43.2
(CICH?2), 38.5 (C(CO:2Me)y), 34.5 (CH,CH=C), 30.4 (CHCO,Bn); HRMS (ES+) exact mass
calculated for [M+Na]* (C1sH19CIOsNa*) requires m/z 389.0762, found m/z 389.0762; [a]%? =

74.4 (c 0.87, CHCl3).
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Synthesis and characterisation of 13b
2-benzyl 1,1-dimethyl (R,2)-3-(3-((tert-butyldimethylsilyloxy)propylidene)cyclopropane-
1,1, 2-tricarboxylate (13b)

M902C COZMe
H

4

BnO /X OTBS

o]
The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-(3-((tert-butyldimethylsilyl)oxy)propyl)cycloprop-2-ene-1,1,2-tricarboxylate (13a)
(23.1 mg, 0.0500 mmol, 1.00 eq) with catalyst C11. After 1 h the reaction was quenched with
was quenched with AcOH to give the crude product >20:1 d.r. The crude reaction mixture was
purified by silica gel column chromatography (pentane/EtOAc = 10/1) to provide the title
compound (13b) as a colourless oil in 96% yield (22.2 mg) and 92% ee. [determined by HPLC
chiralcel OD, hexane/isopropanol =99/1, 1 ml/min, A =220 nm, t(major) = 26.22 min, t(minor)
= 17.39 min]. 'H NMR (400 MHz, CDCl3) 8(ppm): 7.39 — 7.29 (m, 5H, ArH), 6.18 (td, J =
7.2, 2.2 Hz, 1H, CH,CH=C), 5.12 (s, 2H, PhCHy), 3.75 (s, 3H, one of (CO2CH3)a(CO2CH3)s),
3.74 - 3.68 (M, 2H, CH,OTBS), 3.61 (s, 3H, one of Si(CH3)a(CH3)sC(CHs)s), 3.31 (g, J = 1.9
Hz, 1H, CHCO,Bn), 2.63 — 2.48 (m, 2H, CHCHy), 0.89 (s, 9H, Si(CH3)2C(CH3)3), 0.05 (s, 6H,
Si(CH3)2C(CHa)3); 3C NMR (101 MHz, CDCls) §(ppm): 167.6 (CO2Bn), 167.2 (one of
(CO2CH3)a(CO2CH3)s), 165.1(one of (CO2CH3)a(CO2CHs)s), 135.4 (ArC), 128.7 (ArC),
1286 (2 x ArC), 1216 (CH.CH=C), 121.0 (CH:CH=C), 67.4 (CH.Ph), 62.2
(TBSOCH>CH=C), 53.4 (one of (CO.CH3)A(CO2CHa)g), 53.0 (one of (CO2CH3s)a(CO2CH3)g),
38.4 (C(CO2Me).), 35.0 (CHCH?>), 30.6 (CHCO2Bn), 26.0 (Si(CH3)a(CH3)sC(CHs3)3), 18.5
(Si(CH3)a(CH3)sC(CH?3)3), -5.2 (Si(CH3)2.C(CHs3)3); HRMS (ES+) exact mass calculated for
[M+NH4]* (C24H3sNO7Si*) requires m/z 480.2412, found m/z 480.2423; [a]3® = —74.3 (¢ 1.35,

CHCls).
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Synthesis and characterisation of 14b
2-benzyl 1,1-dimethyl (R,Z2)-3-(3-phenylpropylidene)cyclopropane-1,1,2-tricarboxylate
14b

MeOZC COzMe
H

’

BnO /X Ph
O

The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-(3-phenylpropyl)cycloprop-2-ene-1,1,2-tricarboxylate (14a) (20.4 mg, 0.0500
mmol, 1.00 eq) with catalyst C11. After 0.5 h the reaction was quenched with was quenched
with AcOH to give the crude product >20:1 d.r. The crude reaction mixture was purified by
silica gel column chromatography (pentane/EtOAc = 10/1) to provide the title compound (14b)
as a colourless oil in 99% vyield (20.2 mg) and 92% ee. [determined by HPLC chiralpak AD-H,
hexane/isopropanol = 95/5, 1 ml/min, A =220 nm, t(major) = 26.45 min, t(minor) = 20.30 min].
IH NMR (400 MHz, CDCls) 8(ppm): 7.32 — 7.24 (m, 5H, ArH of Bn), 7.23 — 7.17 (m, 2H,
ArH), 7.14 — 7.07 (m, 3H, ArH), 6.06 (td, J = 7.1, 2.2 Hz, 1H, CH.CH=C), 5.24 — 4.85 (m, 2H,
CH2Ph), 3.64 (s, 3H, one of (CO2CH3)a(CO2CHa)g), 3.54 (s, 3H, one of (CO2CH3)a(CO2CHs)-
8), 3.23 (g, J = 1.9 Hz, 1H, CHCO,Bn), 2.78 — 2.68 (m, 2H, CH2CH,Ph), 2.69 — 2.51 (m, 2H,
CH2CH2Ph); 3C NMR (126 MHz, CDCls) 8(ppm): 167.6 (CO:Bn), 167.2 (one of
(CO2CH3)a(CO2CH3)s), 165.2 (one of (CO2CH3)a(CO2CHa)g), 141.5 (ArC), 135.4 (ArC of
Bn), 128.7 (ArCH), 128.6 (ArCH), 128.5 (ArCH), 126.1 (ArCH), 123.9 (CH2CH=C), 120.3
(119.8 (CH2CH=C), 67.4 (CH.Ph), 53.4 (one of (CO2CH3)a(CO2CHs)s), 53.0 (one of
(CO2CH3)A(CO2CH3)B), 38.4 (C(CO2Me)2), 35.0 (CH2CH2Ph), 33.3 (CH.CH=C), 30.5
(CHCO2Bn); HRMS (ES+) exact mass calculated for [M+H]" (C24H2506") requires m/z

409.1646, found m/z 409.1640; [a]3? =-88.4 (c 1.34, CHCIy).
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Synthesis and characterisation of 15b
2-benzyl 1,1-dimethyl (R,Z)-3-ethylidenecyclopropane-1,1,2-tricarboxylate (15b)

MeOZC COZMe

HI
BnO A _Me

0
The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-ethylcycloprop-2-ene-1,1,2-tricarboxylate (15a) (15.9 mg, 0.0500 mmol, 1.00 eq)
with catalyst C11. After 0.5 h the reaction was quenched with was quenched with AcOH to
give the crude product >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/EtOAc = 4/1) to provide the title compound (15b) as a colourless oil
in 99% vyield (15.7 mg) and 90% ee. [determined by HPLC chiralcel OD, hexane/isopropanol
= 95/5, 1 ml/min, A = 220 nm, t(major) = 18.04 min, t(minor) = 11.43 min]. *H NMR (400
MHz, CDCl3) §(ppm): 7.43 — 7.28 (m, 5H, ArH), 6.15 (qd, J = 6.8, 2.2 Hz, 1H, CH3CH=C),
5.13 (s, 2H, CH2Ph), 3.76 (s, 3H, one of (CO2CH3)a(CO2CH3)g), 3.63 (s, 3H, one of
(CO2CH3)a(CO2CH3)s), 3.30 (p, J = 2.3 Hz, 1H, CHCO2Bn), 1.97 (dd, J = 6.8, 2.3 Hz, 3H,
CH3CH=C); 3C NMR (101 MHz, CDCl3) §(ppm): 167.7 (CO:Bn), 167.4 (one of
(CO2CH3)a(CO2CH3)g), 165.3 (one of (CO2CH3)a(CO2CH3)s), 135.4 (ArC), 128.7 (ArCH),
128.6 (ArCH), 128.6 (ArCH), 120.5 (CH3CH=C), 120.0 (CHsCH=C), 67.4 (CH:Ph), 53.4 (one
of (CO2CH3)a(CO2CHz)s), 53.0 (one of (CO2CH3)a(CO2CHsa)g), 38.3 (C(CO2Me)y), 30.8
(CHCO2Bn), 16.7(CHsCH=C); HRMS (ES+) exact mass calculated for [M+H]" (C17H1906")

requires m/z 319.1176, found m/z 319.1171; [a]4® =-57.6 (c 0.39, CHCIs).
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Synthesis and characterisation of 16b
2-benzyl 1,1-dimethyl (R,Z2)-3-(2-((tert-butyldimethylsilyoxy)ethylidene)cyclopropane-
1,1, 2-tricarboxylate (16b)

M602C COzMe
H

BnO_ 2
n NX"oTBs

o]
The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-(2-((tert-butyldimethylsilyl)oxy)ethyl)cycloprop-2-ene-1,1,2-tricarboxylate (16a)
(22.4 mg, 0.0500 mmol, 1.00 eq) with catalyst C11. After 1 h the reaction was quenched with
was gquenched with AcOH to give the crude product in 89:11 d.r. The crude reaction mixture
was purified by silica gel column chromatography (pentane/EtOAc = 10/1) to provide the title
compound (16b) as a colourless oil in 74% yield (16.7 mg) and 86% ee. [determined by HPLC
chiralpak AD-H, hexane/isopropanol = 99/1, 1 ml/min, A = 220 nm, t(major) = 13.61 min,
t(minor) = 8.22 min]. *H NMR (400 MHz, CDCls) &(ppm): 7.40 — 7.30 (m, 5H, ArH), 6.21
(ddd, J = 6.9, 4.8, 2.2 Hz, 1H, CH,CH=C), 5.21 — 5.06 (m, 2H, PhCHy), 4.50 (ddd, J = 13.8,
4.8, 2.1 Hz, 1H, CHaHsOTBS), 4.40 (ddd, J = 13.8, 6.7, 1.8 Hz, 1H, CHAHsOTBS), 3.75 (s,
3H, one of (CO2CH3)a(CO2CHj3)g), 3.60 (s, 3H, one of (CO2CH3)a(CO.CHs)g), 3.32 (q, J =
2.0 Hz, 1H, CHCO2Bn), 0.89 (s, 9H, Si(CH3)a(CH3)sC(CHs)3), 0.05 (s, 3H, one of
Si(CH3)a(CHz3)sC(CHBa)s3), 0.05 (s, 3H, one of Si(CH3)a(CHz)sC(CHa)s3); *C NMR (101 MHz,
CDCl3) &(ppm): 167.4 (COzBn), 166.8 (one of (CO2CH3)a(CO2CHa)g), 164.9 (one of
(CO2CH3)a(CO2CH3)s), 135.3 (ArC), 128.7 (ArC), 128.6 (2 x ArC), 124.1 (CH.CH=C), 119.4
(CH2CH=C), 67.5 (CH2Ph), 62.6 (TBSOCH2CH=C), 53.4 (one of (CO2CH3)a(CO2CHs3)g),
53.0 (one of (CO2CH3)a(CO.CH3)s), 38.4 (C(CO:Me)2), 29.9 (CHCO:Bn), 26.0
(Si(CH3)A(CHz3)sC(CHs3)3), 18.5 (Si(CHs)a(CH3)sC(CHs3)3), -5.2 (one of

Si(CH3)a(CHz3)sC(CH3)3), -5.2 (one of Si(CHs)a(CH3)sC(CHz3)3); HRMS (ES+) exact mass
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calculated for [M+H]* (C23H3307Si*) requires m/z 449.1990, found m/z 449.1988; [a]3? = —

84.9 (c 0.71, CHCls).
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Synthesis and characterisation of 17b
2-benzyl 1,1-dimethyl (R,Z2)-3-(2-phenylethylidene)cyclopropane-1,1,2-tricarboxylate (17b)

MeOzC COZMS
H

4

BnO S
(0]

The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-phenethylcycloprop-2-ene-1,1,2-tricarboxylate (17a) (19.7 mg, 0.0500 mmol, 1.00
eq) with catalyst C11. After 1 h the reaction was quenched with was quenched with AcOH to
give the crude product in >20:1 d.r. The crude reaction mixture was purified by silica gel
column chromatography (pentane/Et,O = 3/1) to provide the title compound (17b) as a
colourless oil in 85% yield (16.7 mg) and 92% ee. [determined by HPLC chiralcel OD,
hexane/isopropanol = 95/5, 1 ml/min, A =220 nm, t(major) = 24.75 min, t(minor) = 17.08 min].
IH NMR (400 MHz, CDCl3) &(ppm): 7.40 — 7.31 (m, 5H, ArH of Bn), 7.31 — 7.27 (m, 2H,
ArH of Bn), 7.24 — 7.14 (m, 3H, ArH), 6.25 (td, J = 7.4, 2.1 Hz, 1H, PhCH,CH), 5.20 — 5.02
(m, 2H, CH2Ph), 3.74 (s, 3H, one of (CO2CH3)a(CO2CHz3)s), 3.78 — 3.64 (m, 2H, PhCH2CH),
3.61 (s, 3H, one of (CO2CH3)A(CO2CHs)s), 3.36 (g, J = 1.9 Hz, 1H, CHCO;Bn); 3C NMR
(101 MHz, CDCl3) d(ppm): 167.5(one of (CO2.CH3)a(CO2CH?3)s), 167.2(CO2Bn), 165.0(one
of (CO2CH3)a(CO2CH3)g), 139.0 (ArC), 135.3 (ArC), 128.7 (ArC), 128.7 (ArC), 128.6 (ArC),
128.6 (ArC), 126.5 (ArC), 123.2 (CH,CH=C), 121.0 (CH2CH=C), 67.5 (CO2CH.Ph), 53.4
(one of (CO2CH3)A(CO2CHs3)g), 53.0 (one of (CO2CH3)a(CO2CH3)g), 38.4 (C(CO2Me),), 37.6
(CH.CH=C), 30.8 (CHCO2Bn); HRMS (ES+) exact mass calculated for [M+H]" (C23H2306")

requires m/z 395.1489, found m/z 395.1499; [a]%? =-83.4 (c 0.98, CHCIs).
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Synthesis and characterisation of 18b
2-benzyl 1,1-diethyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (18b)

Et0,C_ CO,Et

BnO ; N Me

o] H
The title compound was prepared according to general procedure 11 from 2-benzyl 1,1-diethyl
3-butylcycloprop-2-ene-1,1,2-tricarboxylate (18a) (18.7 mg, 0.0500 mmol, 1.00 eq) with
catalyst C11. After 1 h the reaction was quenched with was quenched with AcOH to give the
crude product in >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/Et,O = 5/1) to provide the title compound (18b) as a colourless oil
in 96% vyield (18.0 mg) and 92% ee. [determined by HPLC chiralcel OD, hexane/isopropanol
=99/1, 1 ml/min, A = 220 nm, t(major) = 20.00 min, t(minor) = 15.87 min]. *H NMR (400
MHz, CDCls) §(ppm): 7.40 — 7.29 (m, 5H, ArH), 6.09 (td, J = 7.3, 2.2 Hz, 1H, , CH,CH=C),
5.18 — 5.07 (m, 2H, CH2Ph), 4.20 (g, J = 7.1 Hz, 2H, one of (CO2CH2CH3)a(CO2CH2CH3)g),
4.09 (qd, J=7.1, 1.1 Hz, 2H, one of (CO2CH2CH3)A(CO.CH2CHa)g), 3.28 (g, J = 1.9 Hz, 1H,
CHCO:Bn), 2.43 — 2.24 (m, 2H, CHCHy), 1.51 (h, J = 7.3 Hz, 2H, CHCH>CHy), 1.25 (t, J =
7.1 Hz, 3H, CH2CHs3), 1.20 (t, J = 7.1 Hz, 3H, one of (CO2CH2CH3)a(CO2CH2CHs3)g), 0.91 (t,
J=7.4Hz, 3H, one of (CO2CH2CH3)a(CO2CH2CHs)g); 13C NMR (101 MHz, CDCls) §(ppm):
167.8 (C(CO:Et)?), 167.0 (one of (CO.CH2CH3)a(CO2CH.CH3)s), 164.7(one of
(CO2CH3)a(CO2CH3)s), 135.5 (ArC), 128.7 (ArCH), 128.5 (ArCH), 128.4 (ArCH), 1245
(CH2CH=C), 120.0 (CH»CH=C), 67.3 (CH2Ph), 62.4 (one of (CO2CH2CHz3)a(CO2CH2CH3)g),
61.9 (one of (CO2CH2CH3)A(CO.CH2CHa)g), 38.9 (C(CO2Me).), 33.4 (CH.CH=C), 30.3
(CHCO,Bn), 22.0(CH2CH>CHs3), 14.1 (one of (CO2CH>CH3)a(CO2CH2CHa)g), 14.0 (one of
(CO2CH2CH3)A(CO2CH2CHB3)g), 13.8 (CH2CH2CH3); HRMS (ES+) exact mass calculated for
[M+H]* (C21H2706") requires m/z 375.1802, found m/z 375.1800; [a]4® = —109.2 (c 0.83,

CHCls).
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Synthesis and characterisation of 19b
2-benzyl 1,1-diisopropyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (19b)

iPrO2C COzIPr

BnO ~ N Me

The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
diisopropyl 3-butylcycloprop-2-ene-1,1,2-tricarboxylate (19a) (20.1 mg, 0.0500 mmol, 1.00 eq)
with catalyst C11. After 1 h the reaction was quenched with was quenched with AcOH to give
the crude product >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/EtOAc = 10/1) to provide the title compound (19b) as a colourless
oil in 99% vyield (19.9 mg) and 90% ee. [determined by HPLC chiralpak AD-H,
hexane/isopropanol = 98/2, 1 ml/min, A =220 nm, t(major) = 13.03 min, t(minor) = 10.03 min].
IH NMR (400 MHz, CDCls) 8(ppm): 7.39 — 7.29 (m, 5H, ArH), 6.08 (td, J = 7.2, 2.1 Hz, 1H,
CH>CH=C), 5.17 — 5.07 (m, 2H, CH2Ph), 5.02 (dg, J = 18.7, 6.2 Hz, 2H, (CH(CH3)2)2), 3.25
(9, J=1.9 Hz, 1H, CHCO:Bn), 2.43 — 2.20 (m, 2H, CHCHy), 1.57 — 1.45 (m, 2H, CHCH,CHy),
1.24 (d, J = 6.3 Hz, 6H, one of (CH(CH3)2), 1.21 (d, J = 6.3 Hz, 3H, one of (CH(CH3)a(CH3)g),
1.19 (d, J = 6.3 Hz, 3H, (CH(CHs)a(CH3)g)), 0.91 (t, J = 7.4 Hz, 3H, CH2CHjz); 13C NMR (101
MHz, CDCls) &(ppm): 167.9 (CO2Bn), 166.6 (one of (CO2'Pr)a(CO2'Pr)s), 164.1(one of
(CO2Pr)a(CO2Pr)g), 135.6 (ArC), 128.7 (ArCH), 128.4 (ArCH), 128.4 (ArCH), 124.3
(CH2CH=C), 120.2 (CH2CH=C), 70.1 (one of (CH(CHz3)2)ag), 69.4(one of (CH(CHz3)2)ag),
67.1 (CH2Ph), 39.3 (C(CO2Me)z), 33.4 (CH2CH=C), 30.0 (CHCO2Bn), 22.1 (CH2CH>CHs),
21.7 (one of CH(CH3)a(CHs)g), 21.7 (one of CH(CHs)a(CHz)g), 21.6 (one of
CH(CH?3)c(CHa)b), 21.6 (one of CH(CH3)c(CHs)p), 13.9 (CH2CH2CH3); HRMS (ES+) exact
mass calculated for [M+H]* (C2sHz106") requires m/z 403.2115, found m/z 403.2131; [a]3° =

~108.3 (c 0.33, CHCla).
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Synthesis and characterisation of 20b
2-benzyl 1,1-di-tert-butyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (20b)

tBUO2C COztBU

BnO ; N Me

The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-(3-ox0-3-phenylpropyl)cycloprop-2-ene-1,1,2-tricarboxylate (20a) (21.5 mg,
0.0500 mmol, 1.00 eq) with catalyst C11. After 12 h the reaction was quenched with was
quenched with AcOH to give the crude product >20:1 d.r.. The crude reaction mixture was
purified by silica gel column chromatography (pentane/EtOAc = 4/1) to provide the title
compound (20b) as a colourless oil in 87% yield (18.7 mg) and 92% ee. [determined by SFC
Chiralcel IC, 1500 psi, from 1% to 30% IPA in 5 min, 1.5 mL/min, t(major) = 3.06 min, t(minor)
= 2.70 min]. *H NMR (400 MHz, CDCl3) §(ppm): 7.50 — 7.28 (m, 5H, ArH), 6.04 (ddd, J =
7.6, 6.8, 2.1 Hz, 1H, CH.CH=C), 5.19 (d, J = 12.4 Hz, 1H, CHaHgPh), 5.08 (d, J = 12.4 Hz,
1H, CHaHgPh), 3.16 — 3.14 (m, 1H, CHCO,Bn), 2.42 — 2.25 (m, 2H, CHCHy), 1.51 (q, J = 7.4
Hz, 2H, CHCH2CH2>), 1.46 (s, 9H, one of C(CO2C(CH3)3)A(CO2C(CHz)3)8), 1.43 (s, 9H, one
of C(CO2C(CHs)3)a(CO2C(CHs3)3)g), 0.92 (t, J = 7.4 Hz, 3H, CH2CHa); *C NMR (101 MHz,
CDCl3) &(ppm): 168.2 (CO2Bn), 166.2 (one of C(CO.'Bu)a(CO2'Bu)s), 163.6 (one of
C(CO2'Bu)a(CO2'Bu)g), 135.8 (ArC), 128.6 (ArCH), 128.4 (ArCH), 128.3 (ArCH), 123.6
(CH2CH=C), 120.7 (CH2CH=C), 83.0 (one of C(CO2C(CH3)3)a(CO2C(CH3)3)8), 82.0 (one of
C(CO2C(CHa3)3)a(CO2C(CH3)3)s), 67.0 (CH2Ph), 41.0 (C(CO2'Bu)a(CO.'Bu)s), 33.4
(CH2CH=C), 29.7 (CHCO2Bn), 28.0 (one of C(CO2C(CHs3)3)a(CO2C(CHz)3)8), 27.9 (one of
C(CO2C(CH3)3)A(CO2C(CH3)3)B), 22.2 (CH2CH2CH3g), 13.9 (CH2CH.CH3); HRMS (ES+)
exact mass calculated for [M+Na]* (C2sH3406Na ™) requires m/z 453.2248, found m/z 453.2260;

[a]® =—-99.9 (¢ 0.77, CHCls).
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Synthesis and characterisation of 21b
tribenzyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (21b)

BnO,C_ CO,Bn

BnO ; N Me

The title compound was prepared according to general procedure Il from tribenzyl 3-
butylcycloprop-2-ene-1,1,2-tricarboxylate (21a) (29.9 mg, 0.0500 mmol, 1.00 eq) with catalyst
C11. After 1 h the reaction was quenched with was quenched with AcOH to give the crude
product >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/EtOAc = 10/1) to provide the title compound (21b) as a colourless
oil in 91% vyield (27.2 mg) and 92% ee. [determined by HPLC chiralpak IA,
hexane/isopropanol =98/2, 1 ml/min, A =220 nm, t(major) = 35.57 min, t(minor) = 33.77 min].
IH NMR (400 MHz, CDCls) 8(ppm): 7.42 —7.09 (m, 15H, ArH), 6.10 (td, J = 7.2, 2.2 Hz, 1H,
CH2CH=C), 5.20 — 5.13 (m, 2H, CH2Ph), 5.08 — 5.00 (m, 4H, 2xCHPh), 3.33 (g, J = 1.9 Hz,
1H, CHCO,Bn), 2.34 — 2.15 (m, 2H, CHCHy), 1.44 — 1.32 (m, 2H, CHCH,CH>), 0.78 (t, J =
7.4 Hz, 3H, CH2CHzs); 3C NMR (101 MHz, CDCl3) &(ppm): 167.6 (CO2Bn), 166.7 (one of
(CO2Bn)a(CO2BN)B), 164.5 (one of (CO2Bn)a(CO2BN)s), 135.4 (ArC), 135.4 (ArC), 135.2
(ArC), 128.7 (ArCH), 128.7 (ArCH), 128.5 (ArCH), 128.5 (ArCH), 128.5 (ArCH), 128.4
(ArCH), 128.3 (ArCH), 128.1 (ArCH), 124.9 (CH.CH=C), 119.7 (CH2CH=C), 67.9 (CH.Ph),
67.7 (CH2Ph), 67.3 (CH2Ph), 38.7 (C(CO2Bn)), 33.5 (CH2CH=C), 30.5 (CHCO2Bn), 21.9
(CH2CH2CHs), 13.7 (CH.CH2CHs); HRMS (ES+) exact mass calculated for [M+H]*

(C31H3106") requires m/z 499.2115, found m/z 499.2115; [a]4° =—-82.2 (c 0.89, CHCls).
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Synthesis and characterisation of 22b
benzyl (S)-2,2-dimethyl-3-methylenecyclopropane-1-carboxylate (22b)

Me,_ Me

K

B

The title compound was prepared according to general procedure Il from benzyl 2,3,3-
trimethylcycloprop-1-ene-1-carboxylate (22a) (21.6 mg, 0.100 mmol, 1.00 eq) with catalyst
C11. After 24 h the reaction was quenched, and the crude reaction mixture was purified by
silica gel column chromatography (pntane/Et,O = 99/1) to provide the title compound (22b) as
acolourless oil in 97% yield (20.9 mg) and 90% ee. [determined by HPLC chiralpak IA, hexane,
1 ml/min, A = 220 nm, t(minor) = 19.08 min, t(major) = 20.18 min]. *H NMR (400 MHz,
CDCl3) 6(ppm): 7.41 —7.30 (m, 5H, ArH), 5.45 (d, J = 2.3 Hz, 1H, one of C=CHaHg), 5.41 (d,
J=1.7Hz,, one of C=CHaHg), 5.15 (d, J = 12.4 Hz, 1H, one of CHaHgPh), 5.11 (d, J =12.4
Hz, 1H, one of CHaHgPh), 2.12 (dd, J = 2.3, 1.7 Hz, 1H, CH(C=0)), 1.32 (s, 3H, one of
C(CHz)a(CHs3)g), 1.30 (s, 3H, one of C(CHs)a(CHs)g); *C NMR (101 MHz, CDClz) &(ppm):
170.8 (C=0), 141.4 (C=CH,), 136.3 (ArC), 128.7 (ArCH), 128.4 (ArCH), 128.3 (ArCH), 103.3
(C=CH>), 66.4 (CH20), 30.1 (CHC(=0)), 26.9 (CMe), 26.0 (one of C(CHz)a(CH3)s), 18.3
(one of C(CH3)a(CHa)g); IR (film) vmax/cm™: 2955, 2927 (C-H), 1729 (C=0), 1331, 1150, 900
(C=C); HRMS (ES+) exact mass calculated for [M+H]" (C14H1702") requires m/z 217.1223,

found m/z 217.1223; [a]3® = —62.0 (c 0.25, CHCly).
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Synthesis and characterisation of 23b
2-benzyl 1,1-dimethyl (2R,3R)-3-((E)-3-0x0-3-phenylprop-1-en-1-yl)cyclopropane-1,1,2-

tricarboxylate (23b)

MeO,C, CO,Me

H, X H
BnO ; 4

o] o]
The title compound was prepared according to general procedure Il from 2-benzyl 1,1-
dimethyl 3-(3-oxo-3-phenylpropyl)cycloprop-2-ene-1,1,2-tricarboxylate (23a) (20.4 mg,
0.0500 mmol, 1.00 eq) with catalyst C11. After 12 h the reaction was quenched with was
quenched with AcOH to give the crude product >20:1 d.r.. The crude reaction mixture was
purified by silica gel column chromatography (pentane/EtOAc = 4/1) to provide the title
compound (23b) as a colourless oil in 99% yield (20.2 mg) and 98% ee. [determined by HPLC
chiralcel OD, hexane/isopropanol = 95/5, 1 ml/min, A =220 nm, t(major) = 12.93 min, t(minor)
=17.93 min]. *H NMR (500 MHz, CDCls) &(ppm): 7.97 — 7.85 (m, 2H, ArH of C(O)Ph), 7.61
—7.53 (m, 1H, ArH of C(O)Ph), 7.51 — 7.44 (m, 2H, ArH of C(O)Ph), 7.42 — 7.31 (m, 5H, ArH
of Bn), 7.25 (d, J = 15.0 Hz, 1H, C(O)CH=CH), 6.74 (dd, J = 15.3, 9.7 Hz, 1H, C(O)CH=CH),
5.23 -5.08 (m, 2H, PhCH>), 3.77 (s, 3H, one of C(CO2CH3)a(CO2CHj3)g), 3.67 (s, 3H, one of
C(CO2CH3)a(CO2CH3)s), 3.21 (dd, J = 9.7, 6.8 Hz, 1H, CHCHCO,Bn), 3.08 (d, J = 6.9 Hz,
1H, CHCO2Bn); 3C NMR (126 MHz, CDCl3) §(ppm): 189.3 (PhC(0)), 168.2 (CO2Bn), 166.0
(one of (CO2CH3)a(CO2CH3)g), 165.6 (one of (CO2CH3)a(CO2CHs)g), 139.9 (C(O)CH=CH),
137.4 (ArC), 135.2 (ArC), 133.2, 130.3, 128.8, 128.8, 128.8, 128.7, 128.7, 67.8 (CH2Ph), 53.6
(one of C(CO2CH3)a(CO2CH3)B), 53.3 (one of C(CO2CH3)a(CO2CHa3)g), 43.7, 34.4, 33.6
(CHCO2Bn); HRMS (ES+) exact mass calculated for [M+H]* (C22H2007Na") requires m/z

445.1258, found m/z 445.1272; [a]3? =—17.3(c 0.35, CHCls).
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Synthesis and characterisation of 24b
trimethyl (R,Z)-3-ethylidenecyclopropane-1,1,2-tricarboxylate (24b)

MeO,C CO,Me
H

4

MeO A _CH;
o}

The title compound was prepared according to general procedure Il from trimethyl 3-
ethylcycloprop-2-ene-1,1,2-tricarboxylate (24a) (12.1 mg, 0.0500 mmol, 1.00 eq) with catalyst
C11. After 0.5 h the reaction was quenched with was quenched with AcOH to give the crude
product >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (CH2Cl2/CH3CN = 20/1) to provide the title compound (24b) as a colourless
oil in 85% yield (10.2 mg) and 90% ee. [determined by HPLC chiralpak IB, hexane/isopropanol
=99.5/0.5-70/30, 1 ml/min, A = 220 nm, t(major) = 18.60 min, t(minor) = 15.96 min]. 'H NMR
(400 MHz, CDCl3) 8(ppm): 6.14 (qd, J = 6.8, 2.2 Hz, 1H, CH3sCH=C), 3.77 (s, 6H, one of
(CO2CH3)A(CO2CHs)s and CHCO2CHz), 3.69 (s, 3H, one of (CO2CHs)A(CO2CHz3)g), 3.24 (p,
J=2.2 Hz, 1H, CHCO,CHs3), 1.96 (dd, J = 6.8, 2.3 Hz, 3H, CH3CH=C); 3C NMR (101 MHz,
CDCI3) d(ppm): 168.3 (CO2CHz), 167.4 (one of (CO2CH3)A(CO2CHz3)g), 165.5 (one of
(CO2CH3)A(CO2CH3)), 120.4 (CHsCH=C), 120.0 (CHsCH=C), 53.4 (one of
(CO2CH3)A(CO2CH3)B), 53.1 (one of (CO2CH3)a(CO2CH3)B), 52.7 (CHCO2CHs), 38.2
(C(CO2Me)2), 30.7 (CHCO2CH?3), 16.7 (CH3CH=C); HRMS (ES+) exact mass calculated for
[M+H]* (C11H1506") requires m/z 265.0683, found m/z 265.0670; [a]3® = —105.4 (c 0.43,

CHCly).

124



Synthesis and characterisation of 38b
benzyl (S,2)-2-propylidenespiro[2.5]octane-1-carboxylate (38b)

The title compound was prepared according to general procedure Il from benzyl 2-
propylspiro[2.5]oct-1-ene-1-carboxylate (38a) (14.2 mg, 0.0500 mmol, 1.00 eq) with catalyst
C13. After 2 h the reaction was quenched with was quenched with AcOH to give the crude
product >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/EtOAc = 99/1) to provide the title compound (38b) as a colourless
oil in 93% yield (13.2 mg) and 99% ee. [determined by SFC Chiralcel IG, 1500 psi, from 1%
to 30% IPA in 5 min, 1.5 mL/min, t(major) = 2.60 min, t(minor) = 3.08 min]. *H NMR (400
MHz, CDCls) 8(ppm)7.41—7.29 (m, 5H, ArH), 5.81 (td, J = 6.4, 1.7 Hz, 1H, CH,CH=C), 5.22
—5.02 (m, 2H, PhCHy), 2.22 (qdd, J = 7.5, 6.3, 1.7 Hz, 2H, CHCH?>), 2.01 (g, J = 1.7 Hz, 1H,
CHCO2Bn), 1.84 — 1.75 (m, 1H, one of C(CHaHg)(CHcHp)), 1.74 — 1.68 (m, 1H, one of
C(CHaHB)(CHcHp)), 1.68 — 1.64 (m, 1H, one of C(CHACHsCHcCHp) (CHECHFCHGCHR)),
165 — 151 (m, 4H, CHaHsCHcHpCHeHFCHGHHCHH;), 1.46 — 1.22 (m, 3H,
CHaHeCHcHbCHEHECHGHHCH H), 1.05 (t, J = 7.5 Hz, 3H, CH2CHa); 13C NMR (101 MHz,
CDCls) §(ppm)171.6(CO2Bn), 136.5 (ArC), 130.8 (ArC), 128.6 (ArC), 128.3 (ArC), 128.2
(CH,CH=C), 121.7(CH,CH=C), 66.2 (CH:Ph), 36.8 (C(CH.)), 34.7(CH,CH=C), 29.2
(CHCO2Bn), 287  (CH2CH2CHCH,CH2), 26.2  (CH2CH.CH,CH,CHz), 25.8
(CH2CH2CH2CH2CHy), 25.5 (CH2CH.CH.CH.CH2), 24.9 (CH.CH>CH2.CH2CH), 14.0
(CH2CH3); HRMS (ES+) exact mass calculated for [M+H]" (C19H2502") requires m/z 285.1849,

found m/z 285.1841; [a]3? =-98.7 (c 0.35, CHCly).
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6.2 Synthesis of enantioenriched cyclopropane amides and phosphine oxides

Synthesis and characterisation of 25b
dimethyl (R,Z2)-2-(tert-butylcarbamoyl)-3-butylidenecyclopropane-1,1-dicarboxylate (25b)

MeOZC COzMe

@) X
XNH
The title compound was prepared according to general procedure Il from dimethyl 2-butyl-3-
(tert-butylcarbamoyl)cycloprop-2-ene-1,1-dicarboxylate (25a) (31.1 mg, 1.00 mmol, 1.00 eq)
with catalyst C11. After 45 min the reaction mixture was quenched with AcOH to give the
crude product in >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/Et.O = 7/3 to 6/4) to provide the title compound (25b) as a yellow
oil in >99% vyield (31.0 mg) and 98% ee. [determined by HPLC chiralpak AD,
hexane/isopropanol = 99.5/0.5-70/30, 1 ml/min, A = 220 nm, t(major) = 22.42 min, t(minor) =
25.22 min]. *H NMR (500 MHz, CDCls) &(ppm): 6.11 (td, J = 7.2, 2.2 Hz, 1H, C=CH), 5.47
(s, 1H, NH), 3.75 (s, 3H, one of C(CO.CH3)a(CO2CH3)s), 3.74 (s, 3H, one of
C(CO2CH3)a(CO2CH3)s), 3.11 (g, J = 1.9 Hz, 1H, CHCONH), 2.40 — 2.24 (m, 2H,
CH2CH2CHs), 1.55 — 1.46 (m, 2H, CH2CH2CHs), 1.30 (s, 9H, C(CHs)3), 0.90 (t, J = 7.4 Hz,
3H, CH2CH2CHz3); *C NMR (126 MHz, CDCl3) 6(ppm): 167.8 (one of CO2Me), 165.9 (one
of COMe), 164.6 (CONH), 1249 (C=CH), 1206 (C=CH), 53.2 (one of
C(CO2CH3)A(CO2CH3)B), 53.0 (one of C(CO2CH3)a(CO2CHa)s), 51.7 (NC(CHs)s), 37.9
(C(CO2Me)), 33.8 (CHCONH), 33.5 (CH2CH2CHa), 28.7 (NC(CHs3)s3), 22.0 (CH2CH2CHs),
13.8 (CH2CH2CHs); IR (film) vmax/cm™: 3314 (N-H), 2969 (C-H), 1734 (C=0O ester), 1656
(C=0 amide); HRMS (ES+) exact mass calculated for [M+H]" (C16H26NOs") requires m/z

312.1805, found m/z 312.1805; [ar]3%1 = —75.5 (c 0.48, CHCls).
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NOESY of compound 25b: Cross-peaks are observed between NH and C=CH.
Synthesis and characterisation of 26b

dimethyl (R,2)-2-(allylcarbamoyl)-3-butylidenecyclopropane-1,1-dicarboxylate (26b)

MeO,C CO,Me
(@) ™
/\/NH

The title compound was prepared according to general procedure 11 from 26a (14.8 mg, 0.0500
mmol, 1.00 eq) with catalyst C11. After 2 h the reaction mixture was quenched with AcOH to
give the crude product in >20:1 d.r. The crude reaction mixture was purified by silica gel
column chromatography (pentane/EtOAc = 7/3) to provide the title compound (26b) as a
yellow oil in 73% vyield (10.8 mg) and 97% ee. [determined by HPLC chiralpak AS-H,
hexane/isopropanol = 90/10 to 70/30, 1 ml/min, A = 220 nm, t(minor) = 11.67 min, t(major) =
27.68 min]. 1H NMR (500 MHz, CDCls) 8(ppm): 6.13 (td, J = 7.0, 2.0 Hz, 1H, C=CHCH.CHb,),
5.79 (ddt, J = 17.0, 10.0, 6.0 Hz, 1H, CH=CHy), 5.72 (bs, 1H, NH), 5.22 — 5.07 (m, 2H,
CH=CHy>), 3.85 (tq, J = 5.5, 1.5 Hz, 2H, NHCHy>), 3.76 (s, 3H, one of C(CO2CH3)a(CO2CH3)g),
3.75 (s, 3H, one of C(CO2CH3)a(CO2CH3)g), 3.22 (g, J = 2.0 Hz, 1H, CHC(=0)), 2.41 - 2.21
(m, 2H, CH2CH>CHj3), 1.50 (hd, J = 7.5, 2.0 Hz, 2H, CH>CH2CH?3), 0.90 (t, J = 7.5 Hz, 3H,
CH2CH,CHs); 3C NMR (126 MHz, CDCls) 8(ppm): 167.7 (one of C(CO2CH3)a(CO2CH3)g),
166.0 (one of C(CO2CH3)A(CO2CHs)g), 165.6 (C(=O)NH), 133.8 (CH=CH2), 125.1
(C=CHCH:CHz), 1204 (C=CHCH:CH), 1170 (CH=CHz), 533 (one of
C(CO2CH3)A(CO2CH3)B), 53.2 (one of C(CO2CH3)a(CO2CHs)s), 42.3 (NHCH2), 38.1
(C(CO2Me)2), 335 (CH2CH:CH3), 32.8 (CHC(=O)NH), 22.0 (CH.CH>CHs), 13.8
(CH2CHCHs); IR (film) vmadem™: 3307 (N-H), 2957, 2932 (C-H), 1736 (C=0 ester), 1655
(C=0 amide), 1543, 1281, 1254; HRMS (ES+) exact mass calculated for [M+Na]*

(C1sH2:NNaOs*) requires m/z 318.1312, found m/z 318.1313; [a]3° = —92.1 (c 0.33, CHCly).
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NOESY of compound 12b: Cross-peaks are observed between NH and C=CHCH>CH,CHs.

Synthesis and characterisation of 27b
dimethyl (R)-2-(tert-butylcarbamoyl)-3-cyclopentylidenecyclopropane-1,1-dicarboxylate

27b

MeOzC COzMe

0 A
>rNH
The title compound was prepared according to general procedure Il from dimethyl 2-(tert-
butylcarbamoyl)-3-cyclopentylcycloprop-2-ene-1,1-dicarboxylate (27a) (32.3 mg, 0.100
mmol, 1.00 eq) with catalyst C11. After being deemed complete by TLC (pentane/EtOAC =
7/3) the reaction was quenched and the crude reaction mixture was purified by silica gel column
chromatography (pentane/Et,O = 8/2 then pentane/EtOAc = 9/1) to provide the title compound
(27b) as a white solid in 93% yield (30.1 mg) and 99% ee. [determined by HPLC chiralpak
AD-H, hexane/isopropanol = 98/2, 1 ml/min, A = 220 nm, t(major) = 31.20 min, t(minor) =
4453 min]. 'H NMR (500 MHz, CDCls) 8(ppm): 5.41 (s, 1H, NH), 3.74 (s, 3H, one of
C(CO2CH3)A(CO2CH3)g), 3.73 (s, 3H, one of C(CO2CH3)a(CO2CHz3)s), 3.08 (p, J = 3.0 Hz,
1H, CHC(=0)), 2.74 — 2.63 (m, 1H, one of CHAHsCCHcHp), 2.44 (m, two of one of
CHAHBCCHCcHp 2H), 2.42 — 2.30 (m, 1H, one of one of CHAHsCCHcHp), 1.84 — 1.69 (m, 4H,
CH2CH2CCH:CHy), 1.29 (s, 9H, C(CHs)3); 3C NMR (126 MHz, CDCls) §(ppm): 168.0 (one
of C(CO2CH3)a(CO2CH3)s), 166.5 (one of C(CO2CH3)a(CO2CHa)s), 164.9 (CONH), 140.4
(CH2C=C), 110.5 (CH:C=C), 53.1 (one of C(CO2CH3)a(CO.CHz)g), 52.9 (one of
C(CO2CH3)A(CO2CHa)B), 51.6 (C(CHa)s3), 38.5 (C(CO2Me).), 34.2 (CHC(=0)), 32.4 (one of
(CH2)AC(CH2)s), 32.3 (one of (CH2)AC(CH2)s), 28.7 (C(CHas)s), 26.8 (one of
(CH2)ACH2CCHa(CH>)g), 26.5 (one of (CH2)ACH2CCH2(CH2)g); IR (film) vmax/cm™: 3325 (N-

H), 2956 (C-H), 1734 (C=0 ester), 1680 (C=C), 1660 (C=0 amide); HRMS (ES+) exact mass
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calculated for [M+H]" (C17H260sN™) requires m/z 324.1805, found m/z 324.1807; MP: 122 —

124 °C; [a]2® = —42.4 (c 0.43, CHCl3).
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Synthesis and characterisation of 28b
(S)-N-(tert-butyl)-2,2-dimethyl-3-methylenecyclopropane-1-carboxamide (28h)

Me, Me
>|/NH
The title compound was prepared according to general procedure 11 from N-(tert-butyl)-2,3,3-
trimethylcycloprop-1-ene-1-carboxamide (28a) (9.1 mg, 0.050 mmol, 1.00 eq) with catalyst
C11. After 24 h the reaction was quenched and the crude reaction mixture was purified by
silica gel column chromatography (pentane/Et.O = 7/3) to provide the title compound (28b) as
a white solid in 78% yield (7.1 mg) and 99% ee. [determined by HPLC chiralpak AS-H,
hexane/isopropanol = 98/2, 1 ml/min, A = 210 nm, t(minor) = 5.66 min, t(major) = 9.24 min].
IH NMR (500 MHz, CDCl3) 8(ppm): 5.47 (d, J = 2.0 Hz, 1H, one of C=CHaHs), 5.45 (d, J =
2.0 Hz, 1H, one of C=CHaHg), 5.40 (bs, 1H, NH), 1.95 (t, J = 2.0 Hz, 1H, CHC(=0)), 1.32 (s,
9H, C(CHs)3), 1.26 (s, 3H, one of C(CHs)a(CHz3)g), 1.22 (s, 3H, one of C(CH3)a(CHs)g); *C
NMR (126 MHz, CDCl3) §(ppm): 168.2 (C=0), 143.3 (C=CH,), 103.5 (C=CHy), 51.2
(C(CHs3)3), 33.5 (CHC(=0)), 28.9 (C(CHs3)3), 25.9 (one of C(CHz)a(CHs)s), 24.0 (C(CHz3)2),
18.7 (one of C(CH3)a(CH3)g); IR (film) vma/cm™: 3287 (N-H), 2966, 2923 (C-H), 1632 (C=0),
1555; HRMS (ES+) exact mass calculated for [M+H]" (C11H20NO™) requires m/z 182.1539,

found m/z 182.1542; MP: 72 °C (sublimation); [a]3> = +42.9 (c 0.12, CHCly).
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Synthesis and characterisation of 29b
dimethyl (R,Z)-2-butylidene-3-((4-methoxyphenyl)carbamoyl)cyclopropane-1,1-

dicarboxylate (29b)

MeO,C. CO,Me

The title compound was prepared according to general procedure Il from dimethyl 2-butyl-3-
((4-methoxyphenyl)carbamoyl)cycloprop-2-ene-1,1-dicarboxylate (29b) (18.1 mg, 0.0500
mmol, 1.00 eq) with catalyst C11 in THF (1 ml). After 1.75 h the reaction mixture was
quenched with AcOH to give the crude product in >20:1 d.r. The crude reaction mixture was
purified by silica gel column chromatography (pentane/EtOAc = 8/2 to 7/3) to provide the title
compound (29b) as a colourless oil in >99% yield (18.1 mg) and 94% ee. [determined by HPLC
chiralpak AD-H, hexane/isopropanol = 90/10, 1 ml/min, A = 240 nm, t(minor) = 19.35 min,
t(major) = 23.19 min]. 'H NMR (600 MHz, CDCls) §(ppm): 7.38 — 7.33 (m, 2H, ArH), 7.31
(s, 1H, NH), 6.87 — 6.81 (m, 2H, ArH), 6.23 (td, J = 7.0, 2.0 Hz, 1H, C=CHCH,), 3.78 (s, 3H,
one of C(CO2CH3)a(CO.CHs3)g), 3.78 (s, 3H, CHzOAr), 3.72 (s, 3H, one of
C(CO2CH3)A(CO2CH3)s), 3.35 (g, J = 2.0 Hz, 1H, CHC(=0)), 2.45 — 2.29 (m, 2H,
CH2CH,CHj3), 1.62 — 1.51 (m, 2H, CH2CH2CHs), 0.94 (t, J = 7.5 Hz, 3H, CH,CH>CHs); 13C
NMR (151 MHz, CDCls) (ppm): 167.4 (one of C(CO2CH3)a(CO2CHs)g), 166.0 (one of
C(CO2CH3)a(CO2CH3)g), 163.7 (C(=0)NH), 156.9 (ArC), 130.5 (ArC), 125.7 (C=CHCHy),
121.9 (ArCH), 1204 (C=CHCH,), 114.3 (ArCH), 55.6 (ArOCHs), 53.4 (one of
C(CO2CH3)A(CO2CH3)B), 53.3 (one of C(CO2CH3)A(CO2CHz)s), 38.4 (C(CO2Me)2), 33.7
(CH2CH2CHBa), 33.6 (CHC(=0)), 22.0 (CH2CH2CHz), 13.8 (CH2CH2CHBa); IR (film) vmax/cm

1: 3299 (N-H), 2958, 2839 (C-H), 1733, 1686 (C=0); HRMS (ES+) exact mass calculated for
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[M+H]* (C190H2406N"*) requires m/z 362.1598, found m/z 362.1601; [a]3%! = —76.8 (c 0.38,

CHCls).
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Synthesis and characterisation of 29¢c
dimethyl (R,Z)-2-butylidene-3-((4-hydroxyphenyl)carbamoyl)cyclopropane-1,1-

dicarboxylate (29¢)

MeO,C. ‘/2

,Me
=)
i
(0]

The title compound was prepared according to general procedure 11 from dimethyl 2-butyl-3-
((4-methoxyphenyl)carbamoyl)cycloprop-2-ene-1,1-dicarboxylate (29a) (36.1 mg, 0.100
mmol, 1.00 eq) with catalyst C11 (the substrate is sparingly soluble however enters solution
overnight). After 24 h the crude reaction mixture was quenched with AcOH to give the crude
product in >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/EtOAc = 8/2 to 7/3) to provide the title compound (29c) as a
colourless oil in 61% yield (20.0 mg) and 97% ee. [determined by HPLC chiralpak AS-H,
hexane/isopropanol = 90/10 to 70/30, 1 ml/min, A = 230 nm, t(major) = 23.73 min, t(minor) =
28.31 min]. *H NMR (500 MHz, CDCl3) 8(ppm): 7.12 — 7.07 (m, 2H, ArH), 6.98 — 6.92 (m,
2H, ArH), 6.22 (td, J = 7.0, 2.0 Hz, 1H, C=CHCHy>), 3.85 (s, 3H, CO2CHz), 3.81 (s, 3H,
ArOCHz), 3.50 (g, J = 1.5 Hz, 1H, CHC(=0)), 2.29 (dddd, J = 17.0, 14.5, 7.5, 6.0 Hz, 2H,
CH>CHCH3), 1.53 — 1.44 (m, 2H, CH2CH2CHs), 0.90 (t, J = 7.5 Hz, 3H, CH2CH2CHs); 13C
NMR (126 MHz, CDCI3) 8(ppm): 169.8 (one of C(=O)NC(=0)), 167.5 (one of C(=O)NC(=0)),
164.7 (CO2Me), 159.8 (ArC), 128.0 (ArCH), 124.2 (ArC), 123.0 (C=CHCH,), 122.7
(C=CHCH,), 114.7 (ArCH), 55.7 (ArOCHs), 53.3 (CO.CHa3), 35.9 (CCO:Me), 33.2
(CH2CH2CHBg), 31.7 (CHC(=0)), 21.7 (CH2CH2CHs3), 13.7 (CH2CH2CHBa); IR (film) vmax/cm
13052, 2959, 2934, 2873 (C-H), 1786, 1714 (has a shoulder) (C=0); HRMS (ES+) exact mass
calculated for [M+H]* (C1sH200sN) requires m/z 330.1336, found m/z 330.1336; [a]381 = —

148.7 (c 0.32, CHCls).
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Synthesis and characterisation of 30b
dimethyl (R,E)-2-butylidene-3-(diphenylphosphorylcyclopropane-1,1-dicarboxylate (30b)

MeOZC COZMe

Ph\P S
7 \\
Ph O

The title compound was prepared according to general procedure 11 from 30a (20.6 mg, 0.0500
mmol) with catalyst C11. The reaction was initiated at —78 °C and allowed to stir for 1 h at
which point the temperature was raised to —20 °C. The reaction was stirred for a further 10 min
at which point the temperature was raised to 0 °C. The reaction was allowed to progress at this
temperature fo 1 h at which point the reaction was quenched with AcOH to give the crude
product in 9:1 d.r.. The crude reaction mixture was purified by silica gel column
chromatography (pentane/EtOAc = 1/1) to provide the title compound (30b) as a colourless oil
in 95% vyield (189 mg) and 99% ee. [determined by HPLC chiralpak AS-H,

hexane/isopropanol = 80/20, 1 ml/min, A =220 nm, t(major) = 7.16 min, t(minor) = 15.06 min].

IH NMR (500 MHz, CDCl3) &(ppm): 7.83 — 7.69 (m, 4H, ArH), 7.61 — 7.42 (m, 6H, ArH),
5.83 (tt, J = 6.9, 2.8 Hz, 1H, C=CHCH,), 3.77 (s, 3H, one of C(CO2CHs)a(CO2CHa)g), 3.70 (s,
3H, one of C(CO2CH3)a(CO2CH3)g), 3.20 (dg, J = 9.2, 2.2 Hz, 1H, CHP(=0)), 2.40 — 2.24 (m,
2H, CH2CH2CHs), 1.53 — 1.38 (m, 2H, CH2CH2CHs), 0.85 (t, J = 7.4 Hz, 3H, CH2CH2CHj);
13C NMR (126 MHz, CDCl3) 8(ppm): 168.2 (one of C(CO2CHz)a(CO2CHs)g), 165.5 (d, J =
2.4 Hz (one of C(CO2CH3)a(CO2CH3)g)), 132.9 (d, J = 105.6 Hz, ArC), 132.2 (d, J = 2.8 Hz,
ArCH), 131.4 (dd, J = 24.0, 9.9 Hz, ArCH), 128.7 (dd, J = 12.3, 8.3 Hz, ArCH), 123.8 (d, J =
4.9 Hz, C=CHCHy), 118.1 (d, J = 8.2 Hz, C=CHCH,), 53.3 (one of C(CO2CH3)a(CO2CH3)s),
53.1 (one of C(CO2CH3)a(CO2CHa)s), 36.3 (d, J = 3.2 Hz, CH.CH2CH3), 33.5 (d, J = 1.5 Hz,
C(CO2Me)y), 265 (d, J = 88.5 Hz, CHP(=0)), 22.0 (d, J = 2.2 Hz, CH,CH2CHs), 13.8
(CH2CH2CHz); 3P NMR (162 MHz, CDCl3) 8(ppm): 24.8 (P=0, major diastereomer), 23.2

(P=0, minor diastereomer); IR (film) vmax/cm™: 2958, 2924, 2852 (C-H), 1733 (C=0), 1458;
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HRMS (ES+) exact mass calculated for [M+H]" (C23H260sP") requires m/z 413.1512, found

m/z 413.1511; [a]3%1 = —33.5 (¢ 0.41, CHCls)
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6.3 Synthesis of enantioenriched cyclopropane ketones

Synthesis and characterisation of 4b
dimethyl (S,2)-2-butylidene-3-(3-phenylpropanoyl)cyclopropane-1,1-dicarboxylate (4b)

MeOzC COzMe

O\\\\‘
Ph \J

The title compound was prepared according to general procedure 111 from dimethyl 2-butyl-3-

N

(3-phenylpropanoyl)cycloprop-2-ene-1,1-dicarboxylate (4a) (34.4 mg, 0.100 mmol, 1.00 eq)
with catalyst C12. After 2 h the reaction mixture was quenched with AcOH to give the crude
product in >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (pentane/Et,O = 8/2) to provide the title compound (4b) as a white solid in
99% yield (34.2 mg) and 93% ee. [determined by HPLC chiralpak AD-H, hexane/isopropanol
=220, 1 ml/min, A = 20.74 nm, t(minor) = 20.74 min, t(major) = 24.47 min]. The sample was
recrystallised by evaporation of pentane to provide a sample suitable for single crystal x-ray
diffraction in 92% ee. 'H NMR (500 MHz, CDCls) 6(ppm): 7.33 — 7.24 (m, 2H, ArH), 7.23 —
7.16 (m, 3H, ArH), 594 (td, J = 7.5, 2.0 Hz, 1H, C=CH), 3.76 (s, 3H, one of
C(CO2CH3)A(CO2CH3)B), 3.71 (s, 3H, one of C(CO2CH3)A(CO2CHz3)g), 3.43 (g, J = 2.0 Hz,
1H, CHC(=0)), 2.98 — 2.83 (m, 4H, CH2CH,Ph), 2.29 (m, 2H, CH2CH2CHs), 1.52 — 1.44 (m,
2H, CH2CH,CHs), 0.89 (t, J = 7.5 Hz, 3H, CH2CH2CHs); 13C NMR (126 MHz, CDCl3) 8(ppm):
202.8 (CH.C(=0)), 167.7 (one of C(CO2CHs)a(CO:CHs)s), 165.7 (one of
C(CO2CH3)a(CO2CH3)s), 140.8 (ArC), 128.7 (ArCH), 128.5 (ArCH), 126.3 (ArCH), 123.9
(CHC=CH), 121.2 (CHC=CH), 53.4 (one of C(CO2CH3)a(CO2CH3)g), 53.1 (one of
C(CO2CH3)A(CO2CH3)), 45.5 (CH2C(=0)), 39.7 (C(CO2Me)), 36.9 (CH.C(=0)CH), 33.4
(CH2CH,CHs), 29.7 (CH2Ph), 22.0 (CH2CH>CHs), 13.8 (CH2CH2CH3); IR (film) vmad/em™:

2957, 2873 (C-H), 1736 (C=0 ester), 1714 (C=0 ketone), 1497, 1454, 1435, 1277, 1247,
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HRMS (ES+) exact mass calculated for [M+H]" (C20H2505") requires m/z 345.1697, found m/z

345.1694; MP: 58 — 60 °C; [a]2° = +130.63 (c 0.65, CHCl5).

NOESY of compound 4b: Cross-peaks are observed between C=CHCH_ and CHC(=0).

137



Synthesis and characterisation of 31b
dimethyl (S)-2-cyclopentylidene-3-(3-phenylpropanoyl)cyclopropane-1,1-dicarboxylate

31b

MeOZC COzMe

O \\\‘
Ph \J

The title compound was prepared according to general procedure Ill from dimethyl 2-

NS

cyclopentyl-3-(3-phenylpropanoyl)cycloprop-2-ene-1,1-dicarboxylate (31a) (35.6 mg, 0.100
mmol, 1.00 eq) with catalyst C12. After 4 h the reaction was quenched, and the crude reaction
mixture was purified by silica gel column chromatography (pentane/Et,O = 9/1) to provide the
title compound (31b) as a colourless oil in 90% yield (32.3 mg) and 99% ee. [determined by
HPLC chiralpak AD-H, hexane/isopropanol = 98/2, 1 ml/min, A = 220 nm, t(minor) = 20.74
min, t(major) = 24.47 min]. *H NMR (500 MHz, Benzene-ds) 6(ppm): 7.13 — 7.07 (m, 2H,
ArH), 7.05 — 6.96 (m, 3H, ArH), 3.52 (p, J = 2.5 Hz, 1H, CHC(=0)), 3.45 (s, 3H, one of
C(CO2CH3)A(CO2CH3)g), 3.31 (s, 3H, one of C(CO2CHs)A(CO2CHs)g), 2.90 — 2.77 (m, 3H,
CH2Ph and one of CHAHsCH2CH2CHcHp), 2.63 — 2.45 (m, 2H, CHaCH2Ph), 2.46 — 2.33 (m,
1H, one of CHaAHeCH2CH2CHcHp), 2.21 — 2.11 (m, 2H, two of CHAHsCH>CH2>CHcHpb), 1.54
—1.33(m, 4H, CH2CH2CH,CH>); 3C NMR (126 MHz, Benzene-ds) 8(ppm): 201.4 (C=OCHb,),
167.7 (one of C(CO2Me)a(CO2Me)g), 165.6 (one of C(CO2Me)a(CO2Me)g), 141.0 (ArC),
138.2 (CH,C=CCH), 128.4 (ArCH), 128.3 (ArCH), 125.9 (ArCH), 111.8 (CH2C=CCH), 52.2
(one of C(CO2CH3)A(CO2CH3)B), 52.1 (one of C(CO2CH3)A(CO2CH3)B), 45.1 (CH2CHPh),
40.5 (C(CO2Me)2), 37.1 (CHC(=0)), 32.1 (one of CH2(CH2)a(CH2)sCH2), 32.0 (one of
CH2(CH2)Aa(CH2)8CHy), 29.5 (CH2CH2Ph), 26.3 (one of C=C(CH2)a(CH2)g), 26.3 (one of
C=C(CH2)a(CH2)g); IR (film) vmax/cm™’: 2954 (C-H), 1732, 1711 (C=0); [ar]2¢ = +87.5 (c 0.26,

CHCls).
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Synthesis and characterisation of 32b
dimethyl (S,7)-2-butylidene-3-(4-methoxybenzoyl)cyclopropane-1,1-dicarboxylate (32b)

MeO MeO,C_ CO,Me

AR
0]

The title compound was prepared according to general procedure 111 from dimethyl 2-butyl-3-
(4-methoxybenzoyl)cycloprop-2-ene-1,1-dicarboxylate (32a) (34.6 mg, 0.100 mmol, 1.00 eq)
with catalyst C12. After 2 h the reaction mixture was quenched with AcOH to give the crude
product in >20:1 d.r. The crude reaction mixture was purified by silica gel column
chromatography (toluene/EtOAc = 95/5 then pentane/Et>O = 7/3) to provide the title compound
(32b) as a colourless oil in 97% yield (33.7 mg) and 84% ee. (If the reaction is left for 1 h the
product is obtained in 91% vyield and 88% ee) [determined by HPLC chiralpak AD-H,
hexane/isopropanol = 95/5, 1 ml/min, A =220 nm, t(minor) = 36.13 min, t(major) = 35.01 min].
IH NMR (500 MHz, CDCls) §(ppm): 8.05 — 7.97 (m, 2H, ArH), 7.01 — 6.92 (m, 2H, ArH),
6.07 (td, J = 7.5, 2.5 Hz, 1H, C=CHCH?>), 4.10 (q, J = 2.0 Hz, 1H, CHC=0), 3.88 (s, 3H,
ArOCHs), 3.82 (s, 3H, one of C(CO2CHz)a(CO2CHs)s), 3.68 (s, 3H, one of
C(CO2CH3)a(CO2CH3)g), 2.41 —2.23 (m, 2H, CH2CH>CHs), 1.54 — 1.45 (m, 2H, CH2CH2CHs),
0.91 (t, J = 7.5 Hz, 3H, CH2CH,CH3); 3C NMR (126 MHz, CDCls) §(ppm): 190.7 (C=OAXr),
167.9 (one of C(CO2CH3)a(CO2CH3)g), 166.2 (one of C(CO2CH3)a(CO2CHa)g), 164.1 (ArC),
131.1 (ArCH), 129.8 (ArC), 123.6 (C=CHCH), 121.5 (C=CHCHy), 114.1 (ArCH), 55.7
(ArOCHj), 53.4 (one of C(CO2CH3)a(CO2CH3)g), 52.9 (one of C(CO2CH3)a(CO2CHa)s), 39.1
(C(CO2CH3)A(CO2CH3)g), 34.5 (CHC=0), 33.4 (CH,CH2CHs), 22.1 (CH,CH2CHs), 13.8
(CH2CH2CH3); IR (film) vma/cm™: 2958, 2873, 2843 (C-H), 1732 (C=0 ester), 1673 (C=0
ketone), 1248 (C-0); HRMS (ES+) exact mass calculated for [M+H]" (C19H2306") requires

m/z 347.1489, found m/z 347.1484; [a]3%! = —93.1 (c 0.45, CHCls).
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6.4 Synthesis of enantioenriched insecticide cores

Synthesis and characterisation of 33b
benzyl (S,2)-3-(((2-methoxyethoxy)methoxy)methylene)-2,2-dimethylcyclopropane-1-

carboxylate (33b)

Me Me

OY&\/OMEM

O
Bn
The title compound was prepared according to general procedure Il from benzyl 2-(((2-
methoxyethoxy)methoxy)methyl)-3,3-dimethylcycloprop-1-ene-1-carboxylate (33a) (32.0 mg,
0.100 mmol) with catalyst C13. After 1 h the reaction mixture was quenched with AcOH to
give the crude product in >20:1 d.r. The crude reaction mixture was purified by silica gel
column chromatography (pentane/EtOAc = 9/1) to provide the title compound (33b) as a
colourless oil in 90% yield (28.9 mg) and 98% ee. [determined by HPLC chiralpak AD-H,

hexane/isopropanol = 98/2, 1 ml/min, A =220 nm, t(major) = 14.80 min, t(minor) = 22.53 min].

'H NMR (400 MHz, Benzene-de) (ppm): 7.26 — 7.20 (m, 2H, ArH), 7.12 - 7.01 (m, 3H, ArH),
6.58 (d, J = 1.7 Hz, 1H, C=CH(OMEM)), 5.07 (d, J = 12.4 Hz, 1H, CHaHgPh), 5.07 (d, J =
12.4 Hz, 1H, CHaHgPh), 4.78 (d, J = 6.3 Hz, 1H, OCHaHg0), 4.72 (d, J = 6.3 Hz, 1H,
OCHaHgO), 3.58 — 3.52 (m, 2H, OCH2CH20CHs), 3.26 (dd, J = 5.4, 4.6 Hz, 2H,
OCH,CH20CHs), 3.07 (s, 3H, OCHs3), 2.20 (d, J = 1.7 Hz, 1H, CHCO.Bn), 1.46 (s, 3H, one of
C(CHs)a(CH3)g), 1.15 (s, 3H, one of C(CHs)a(CHa)g); 3C NMR (101 MHz, Benzene-ds)
3(ppm): 170.5 (C=0), 137.0 (ArC), 136.0 (C=CH(OMEM)), 128.7 (ArCH), 128.6 (ArCH),
128.2 (ArCH), 109.9 (C=CH(OMEM)), 94.7 (OCH:0), 71.9 (CH:OCHs), 68.1
(CH2CH20CHs), 66.3 (CH2Ph), 58.6 (OCHs3), 29.6 (CHCO2Bn), 28.3 (C(CHs3)2), 26.2 (one of

C(CH3)a(CHz3)B), 19.2 (one of C(CH3)a(CHs)g); HRMS (ES+) exact mass calculated for
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[M+Na]* (C1sH24NaOs") requires m/z 343.1516, found m/z 343.1517; [a]3° = -51.1 (c 0.31,

CHCls).
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Synthesis and characterisation of 34b
3-phenoxybenzyl (S,2)-3-(((2-methoxyethoxy)methoxy)methylene)-2,2-

dimethylcyclopropane-1-carboxylate (34b)

Me Me
OPh

OYA%/OMEM
]

The title compound was prepared according to general procedure 11 from 3-phenoxybenzyl 2-
(((2-methoxyethoxy)methoxy)methyl)-3,3-dimethylcycloprop-1-ene-1-carboxylate (34a)
(41.2 mg, 0.100 mmol) with catalyst C13. After 1 h the reaction mixture was quenched with
AcOH to give the crude product in >20:1 d.r. The crude reaction mixture was purified by silica
gel column chromatography (pentane/EtOAc = 9/1) to provide the title compound (34b) as a
colourless oil in 88% yield (36.2 mg) and 98% ee. [determined by HPLC chiralpak AS-H,
hexane/isopropanol = 95/5, 1 ml/min, A =220 nm, t(major) = 10.76 min, t(minor) = 21.54 min].
IH NMR (400 MHz, CDCl3) &(ppm): 7.40 — 7.27 (m, 3H, ArH), 7.15 — 7.06 (m, 2H, ArH),
7.04 — 6.99 (m, 3H, ArH), 6.95 (ddd, J = 8.2, 2.5, 1.0 Hz, 1H, ArH), 6.60 (d, J = 1.7 Hz, 1H,
C=CH(OMEM)), 5.09 (s, 2H, CO2CH2Ph), 4.99 (d, J = 6.1 Hz, 1H, one of OCHaHgO), 4.97
(d, J = 6.1 Hz, 1H, one of OCHaHgO), 3.79 — 3.71 (m, 2H, CH2CH>OCH?3), 3.65 — 3.48 (m,
2H, CH2CH,0OCHs3), 3.38 (s, 3H, OCH?3), 2.17 (d, J = 1.7 Hz, 1H, CHCO,CH>Ar), 1.33 (s, 3H,
one of C(CHs)a(CHs)g), 1.33 (s, 3H, one of C(CH3)a(CHs)g); **C NMR (101 MHz, CDCls)
8(ppm): 171.0 (C=0), 157.6 (ArC), 157.1 (ArC), 138.3 (ArC), 135.4 (C=CH(OMEM)), 130.0
(ArCH), 129.9 (ArCH), 123.6 (ArCH), 122.8 (ArCH), 119.2 (ArCH), 118.5 (ArCH), 118.3
(ArCH), 109.7 (C=CH(OMEM)), 94.6 (OCH>0), 71.7 (CH20CHs3), 67.9 (CH2CH>OCHa), 65.9
(CH2Ph), 59.2 (OCHs3), 29.4 (CHCO2CH.Ar), 28.5 (C(CHa)2), 26.4 (one of C(CH3s)a(CHs)g),
19.3 (one of C(CHs)a(CHs)g); IR (film) vma/cm™: 2929, 1729 (C=0), 1584, 1487; HRMS
(ES+) exact mass calculated for [M+Na]* (C24H28NaOs") requires m/z 435.1778, found m/z

435.1777; [a]2® = -50.6 (c 0.81, CHCla).
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Synthesis and characterisation of 2
(1R, 3R)-cis-Permethrin (2)

Me Me

The title compound was prepared according to general procedure 11 from 3-phenoxybenzyl 2-
(((2-methoxyethoxy)methoxy)methyl)-3,3-dimethylcycloprop-1-ene-1-carboxylate (34a)
(41.2 mg, 0.100 mmol, 1.00 eq) with catalyst C13. After 1 h HCl(g) (1.0 M, 2.0 ml) was added,
and the reaction was stirred vigorously overnight. The aqueous layer was extracted with Et.O
(3 x 10 ml). The combined organic layers were washed with brine, dried over Na,SOg, filtered
and concentrated in vacuo. Triphenyl phosphine (105 mg, 0.400 mmol, 4.00 eq) was dissolved
in CH2Cl2 (0.1 ml) and CCl4 (0.2 ml) was added at 0 °C The crude product was dissolved in
CH2Cl> (0.24 ml) and added to the solution of triphenyl phosphine. The reaction was warmed
to room temperature. H20 (5 ml) was added, and the aqueous phase was extracted with CH.Cl>
(3 x 10 ml). The combined organic layers were washed with brine, dried over Na>SOg, filtered
and concentrated in vacuo. The crude reaction mixture was purified by silica gel column
chromatography (pentane/Et.O = 99/1) to provide the title compound (2) as a white solid in
31% vyield (12.2 mg) and 98% ee. [determined by HPLC chiralpak 1B, hexane/isopropanol =
99/1, 1 ml/min, A = 230 nm, t(major) = 7.51 min, t(minor) = 8.08 min]. *H NMR (500 MHz,
CDCls) §(ppm): 7.38 — 7.29 (m, 3H, ArH), 7.14 — 7.06 (m, 2H, ArH), 7.04—7.00 (m, 3H, ArH),
6.98 - 6.91 (m, 1H, ArH), 6.26 (d, J = 9.0 Hz, 1H, CH=CCl,), 5.09 (d, J = 12.5 Hz, 1H, one of
CHaHsAY), 5.05 (d, J = 12.5 Hz, 1H, one of CHaHsAr), 2.04 (app-t, J = 8.5 Hz, 1H,
CHCH=CCIy), 1.89 (d, J = 8.5 Hz, 1H, CHC(=0O)OCHy), 1.24 (s, 3H, one of C(CH3)a(CHa)g),
1.24 (s, 3H, one of C(CH3)a(CHs)g); 3C NMR (126 MHz, CDCl3) §(ppm): 170.4 (C=0), 157.7
(ArC), 157.1 (ArC), 138.1 (ArC), 130.1 (ArCH), 130.0 (ArCH), 124.9 (C=CCls), 123.6 (ArCH),

122.8 (ArCH), 121.0 (C=cCl,), 119.2 (ArCH), 118.6 (ArCH), 118.4 (ArCH), 65.9 (OCHy), 32.9
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(CHCH=CCl,), 32.0 (CHC(=0)CHy>), 28.5 (one of C(CH3)a(CHs)g), 27.8 (C(CHs)2), 15.1 (one
of C(CHs)a(CHa)g); IR (film) vma/cm™: 3067, 2957 (C-H), 1726 (C=0), 1585, 1488, 1258,
1215, 1180, 1135, 1084; [r]3® = +1.81 (c 1.43, CH.Cly). Lit: [a]3? = +2.6 (¢ 1.5, CH2Cl,).?2

Data are consistent with that published in the literature.?
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Synthesis and characterisation of 35b
2,3,5,6-tetrafluoro-4-methylbenzyl (1R,3S)-3-formyl-2,2-dimethylcyclopropane-1-

carboxylate (35b)

F
Me F Me Me
0] H
F 0] 0]

The title compound was prepared according to general procedure 11 from 35a (40.6 mg, 0.100
mmol, 1.00 eq) with catalyst C13. After 60 min HClg (1.0 M, 2 ml) was added, and the
reaction was stirred vigorously overnight. The aqueous layer was extracted with Et20 (3 x 10
ml). The combined organic layers were washed with brine, dried over Na>SOs, filtered and
concentrated in vacuo which provided the crude product in >20:1 d.r.. The crude reaction
mixture was purified by silica gel column chromatography (pentane/Et,O = 9/1) to provide the
title compound (35b) as a colourless oil in 75% yield (23.9 mg) and 98% ee. [determined by
HPLC chiralpak AS-H, hexane/isopropanol = 98/2, 1 ml/min, A = 210 nm, t(major) = 18.91
min, t(minor) = 25.58 min]. *H NMR (600 MHz, CDCls) §(ppm): 9.75 (d, J = 6.5 Hz, 1H,

CHO), 5.27 — 5.21 (m, 2H, CHaHgAY), 2.29 (t, Jur = 2.0 Hz, 3H, CH3Ar), 2.12 (d, J = 8.5 Hz,

1H, CHCHO), 1.87 (dd, J = 8.5, 6.5 Hz, 1H, CHCO2CHy), 1.56 (s, 3H, one of C(CHz)a(CHs)g),
1.27 (s, 3H, one of C(CH3)a(CHs)g); 3C NMR (151 MHz, CDCls) §(ppm): 200.1 (CHO),
169.4 (CO2CHy), 146.2 — 145.5 (m, ArC), 144.7 — 143.9 (m, ArC), 117.7 (t, Jer = 19.0 Hz,
ArC), 111.3 (t, Jer = 17.0 Hz, ArC), 54.5 — 54.26 (m, CH2Ar), 41.1 (CHCO2CHy), 35.8
(CHCHO), 30.3 (CMey), 28.3 (one of C(CHs)a(CHs)g), 15.0 (one of C(CHs)a(CHa)s), 8.1 —
7.7 (M, CH3ATr); °F NMR (565 MHz, CDCl3) 5(ppm): -143.3 (dd, J = 21.5, 13.0 Hz, 2 X ArCF),
-144.4 (dd, J = 21.5, 13.0 Hz, 2 X ArCE); IR (film) vmad/cm™: 3056, 2960 (C-H) 1729 (C=0

ester), 1693 (C=0 aldehyde) 1660; HRMS (ES+) exact mass calculated for [M+Na]*
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or. 26.1 _ __
(C1sF4H14NaO3") requires m/z 341.0771, found m/z 341.0772; MP: 72 - 73 °C; [a]p> " = —47.4

(c 0.56, CHCla).
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Synthesis and characterisation of 36b
2.3,5,6-tetrafluoro-4-(methoxymethylbenzyl (1R,3S)-3-formyl-2,2-dimethylcyclopropane-

1-carboxylate (36b)

F
Me\o F Me  Me
0] H
F
F @) (6]

The title compound was prepared according to general procedure 11 from 36a (43.6 mg, 0.100
mmol, 1.00 eq) with catalyst C13. After 60 min HClgg) (1.0 M, 2 ml) was added, and the
reaction was stirred vigorously overnight. The aqueous layer was extracted with Et2O (3 x 10
ml). The combined organic layers were washed with brine, dried over Na>SOs, filtered and
concentrated in vacuo which provided the crude product in >20:1 d.r.. The crude reaction
mixture was purified by silica gel column chromatography (pentane/Et,O = 8/2) to provide the
title compound (36b) as a white solid in 76% yield (26.3 mg) and 97% ee. [determined by
HPLC chiralpak AS-H, hexane/isopropanol = 97/3, 1 ml/min, A = 210 nm, t(major) = 28.46
min, t(minor) = 36.97 min]. *H NMR (600 MHz, CDCls) 8(ppm): 9.75 (d, J = 6.5 Hz, 1H,
CHO), 5.29 (dt, J = 12.0, 1.5 Hz, 1H, one of CHaHBAT), 5.25 (dt, J = 12.0, 1.5 Hz, 1H, one of
CHaHBAY), 4.59 (t, Jur = 2.0 Hz, 2H, CH,OCHa), 3.41 (s, 3H, OCHz), 2.12 (d, J = 8.5 Hz, 1H,
CHCO,CH), 1.88 (dd, J = 8.5, 6.5 Hz, 1H, CHCHCO), 1.56 (s, 3H, one of C(CH3)a(CHa)s),
1.27 (s, 3H, one of C(CH3)a(CH3)s); 3C NMR (151 MHz, CDCl3) §(ppm): 201.9 —198.1 (m,
CHO), 169.4 (CO,CHy), 146.3 — 145.9 (m, ArC), 144.7 — 144.2 (m, ArC), 117.4 (t, Jcr = 18.0
Hz, ArC), 114.4 (t, Jcr = 17.0 Hz, ArC), 61.6 (t, Jcr = 36.0 Hz, CH2OCHBa), 58.9 (t, Jcr = 37.5
Hz, CH,OCHs), 54.7 — 53.6 (M, CO2CH>), 41.6 — 40.7 (m, CHCHO), 35.7 (d, Jcr = 72.0 Hz,
CHCO2CH>), 30.3 (C(CHs3)2), 28.28 (q, Jcr = 16.5 Hz, one of C(CH3)a(CHs3)g), 14.99 (t, Jcr =
38.0 Hz, one of C(CH3)a(CHs3)s); **F NMR (565 MHz, CDCls) &(ppm): -142.8 (dd, J = 22.0,

13.5 Hz, 2 x ArCF), -143.2 (dd, J = 22.0, 14.0 Hz, 2 x ArCF); IR (film) vmad/cmt; 2970 (C-H),
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1733 (C=0 ester), 1700 (C=0 aldehyde); HRMS (ES+) exact mass calculated for [M+Na]*

(C16FsH16NaO4*) requires m/z 371.0877, found m/z 371.0877; [a]%8-1 = —37.1 (¢ 0.67, CHCls).
D
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Synthesis and characterisation of 37b
(2-methyl-[1,1'-biphenyl]-3-yDmethyl (1R,3S)-3-formyl-2,2-dimethylcyclopropane-1-

carboxylate (37b)

Ph

Me Me Me
(@) (@)

The title compound was prepared according to general procedure 11 from 37a (41.5 mg, 0.100
mmol, 1.00 eq) with catalyst C13. After 60 min HClgg) (1.0 M, 2 ml) was added and the
reaction was stirred vigorously overnight. The aqueous layer was extracted with Et2O (3 x 10
ml). The combined organic layers were washed with brine, dried over Na>SOs, filtered and
concentrated in vacuo which provided the crude product in >20:1 d.r.. The crude reaction
mixture was purified by silica gel column chromatography (pentane/Et,O = 9/1) to provide the
title compound (37b) as a colourless oil in 74% yield (23.7 mg) and 98% ee. [determined by
HPLC chiralpak AS-H, hexane/isopropanol = 95/5, 1 ml/min, A = 210 nm, t(major) = 19.53
min, t(minor) = 24.47 min]. *H NMR (600 MHz, CDCls) §(ppm): 9.79 (d, J = 6.5 Hz, 1H,
CHO), 7.44 — 7.40 (m, 2H, ArH), 7.38 — 7.33 (m, 2H, ArH), 7.32 — 7.27 (m, 2H, ArH), 7.25 (d,
J =25 Hz, 2H, ArH), 5.24 (s, 2H, CHaHgAI), 2.23 (s, 3H, CH3Ar), 2.20 (d, J = 8.5 Hz, 1H,
CHCHO), 1.88 (dd, J = 8.5, 6.5 Hz, 1H, CHCO,CHy), 1.58 (s, 3H, one of C(CHs)a(CHs)s),
1.28 (s, 3H, one of C(CHz)a(CHa)g); 3C NMR (151 MHz, CDCls) §(ppm): 200.5 (CHO),
170.0 (CO2CHy), 143.2 (ArC), 141.9 (ArC), 134.7 (ArC), 134.2 (ArC), 130.7 (ArCH), 129.5
(ArCH), 128.7 (ArCH), 128.3 (ArCH), 127.1 (ArCH), 125.8 (ArCH), 66.1 (CO.CHy), 41.1
(CHCO2CH>), 36.4 (CHCHCO.CHy), 30.1 (CMe>), 28.4 (one of C(CH3)a(CH3)g), 16.4
(CH3Ar), 15.1 (one of C(CHs)a(CHa)g); IR (film) vmax/cm™: 2980, 2888 (C-H) 1723 (C=0
ester), 1698 (C=0 aldehyde); HRMS (ES+) exact mass calculated for [M+Na]" (C21H22NaOs")

requires m/z 345.1461, found m/z 345.1462; [a]2! = —38.8 (¢ 0.67, CHCls).
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Synthesis and characterisation of 39b
benzyl (S,2)-3-((allyloxy)methylene)-2,2-dimethylcyclopropane-1-carboxylate (39b)

Me. Me

HI
BnO\’A/O\/\

o]
The title compound was prepared according to general procedure Il from benzyl 2-
((allyloxy)methyl)-3,3-dimethylcycloprop-1-ene-1-carboxylate (39a) (57.4 mg, 0.200 mmol,
1.00 eq) with catalyst C11. After 1 h the reaction was quenched with was quenched with AcOH
to give the crude product >20:1 d.r. The crude reaction mixture was purified by silica gel
column chromatography (pentane/Et2O = 10/1) to provide the title compound (39b) as a
colourless oil in 85% yield (49.0 mg) and 97% ee. [determined by HPLC chiralpak AD,
hexane/isopropanol = 95/5, 1 ml/min, A = 230 nm, t(major) = 5.54 min, t(minor) = 6.20 min].
H NMR (400 MHz, Benzene-dg) (ppm): 7.30—-7.19 (m, 2H, ArH), 7.13-7.02 (m, 3H, ArH),
6.64 (d, J = 1.6 Hz, 1H, C=CHOCH?>), 5.79 (ddt, J = 17.2, 10.4, 5.2 Hz, 1H, OCH2CH=CHy),
5.22 (dg, J = 17.2, 1.7 Hz, 1H, OCH»=CHCHaHg), 5.07 (d, J = 1.6 Hz, 2H, CH.Ph), 5.01 (dg,
J = 106, 1.5 Hz, 1H, OCH;CH=CHaHg), 4.11 (qdt, J = 129, 53, 1.6 Hz, 2H,
OCH2CH=CHaHg), 2.16 (d, J = 1.7 Hz, 1H, CHCO:2Bn), 1.36 (s, 3H, one of C(CH3)a(CHz3)s),
1.02 (s, 3H, one of C(CH3)a(CHs)g); 13C NMR (101 MHz, Benzene-ds) 8(ppm): 170.6 (C=0),
138.2 (ArC), 137.0 (C=CHOCHz), 133.8 (OCH2CH=CH), 128.7 (ArCH), 128.7 (ArCH),
116.8 (OCH2CH=CH>), 107.3 (C=CHOCH), 69.9 (OCH.CH=CH), 66.3 (CH2Ph), 29.1
(CHCO2Bn), 28.0 (C(CHa3)2), 27.3 (one of C(CH3)a(CH3)g), 20.2 (one of C(CHz3)a(CHz3)s);
HRMS (ES+) exact mass calculated for [M+H]" (C17H2103") requires m/z 273.1485, found m/z

273.1472; [a]4® = —95.0 (c 0.81, CH.Cly).
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7. Derivatisation

Synthesis and characterisation of 40
(5,2)-(3-((allyloxy)methylene)-2,2-dimethylcyclopropyl)methanol (40)

Me_ Me
HO O

Under Ar, DIBAL-H in toluene (0.2 ml, 1.0 M, 4.0 equiv.) was added dropwise to a stirred
solution of 39b (13.6 mg, 0.05 mmol, with 97% ee) in toluene (0.5 ml) at —78 °C. The solution
was stirred at —78 °C for 3 h. The reaction was quenched by addition of MeOH (0.5 ml)
dropwise. The mixture was warmed to room temperature and diluted with EtOAc (5 ml) and
water (5 ml). The aqueous phase was extracted with EtOAc (3 x 5 ml). The combined organic
extracts were washed with brine, dried over Na,SOs, filtered and concentrated in vacuo to
provide the crude product in >20:1 d.r.. The crude material was purified by silica gel column
chromatography (pentane/Et.0=2/1) to provide 40 as colourless oil (4.4 mg, 52%) and 97% ee.
[determined by HPLC chiralpak AD-H, hexane/isopropanol = 99/1, 1 ml/min, A = 210 nm,
t(major) = 27.38 min, t(minor) = 32.37 min]. *H NMR (400 MHz, Benzene-ds) &(ppm): 6.57
(d, J = 1.7 Hz, 1H, C=CHOCH?), 5.92 — 5.80 (m, 1H, OCH2CH=CHj), 5.29 (dq, J = 17.2, 1.8
Hz, 1H, OCH2=CHCHaHg), 5.05 (dg, J = 10.5, 1.5 Hz, 1H, OCH,CH=CHaHg), 4.19 — 4.09
(m, 2H, OCH2CH=CHaHg), 3.52 (dd, J = 11.4, 5.8 Hz, 1H, HOCHaHg), 3.35 (dd, J = 11.4,
8.6 Hz, 1H, HOCHaHg), 1.42 (ddd, J = 8.6, 5.8, 1.7 Hz, 1H, HOCH,CH), 1.10 (s, 3H, one of
C(CHs)a(CHz3)g), 1.08 (s, 3H, one of C(CHs)a(CHa)g); 3C NMR (101 MHz, Benzene-ds)
d(ppm): 136.3 (C=CHOCH2), 134.4 (OCH.CH=CH), 116.4 (OCH.CH=CH), 108.5
(C=CHOCHy), 69.5 (OCH,CH=CH), 62.6 (HOCH,CH), 28.6 (C(CHa)), 27.7 (one of
C(CH3)a(CHz3)B), 22.3 (HOCH2CH), 20.3 (one of C(CH3)A(CH3)s); HRMS (ES+) exact mass
calculated for [M+Na]* (C10H1602Na*) requires m/z 191.1043, found m/z 191.1035.; [a]3° =—

62.9 (c 0.27, CHCls).
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Synthesis and characterisation of 41
benzyl (3R,4S5)-5,5-dimethyl-1-oxaspiro[2.2]pentane-4-carboxylate (41)

Me Me

H,
BnO S
(0)

O

mCPBA (77%, 31 mg, 0.15 mmol, 1.5 equiv.) was added to a solution of 22b (21.6 mg, 0.1
mmol, with 90% ee) in CH2Cl> (2 ml). The reaction mixture was stirred at room temperature
for 2 hours, at which point the second portion of mCPBA (77%, 31 mg, 0.15 mmol, 1.5 eq.)
was added and the reaction mixture allowed to stir at room temperature for an additional 2
hours. Upon completion, sat. ag. NaHCO3 (5 mL) was added. The aqueous layer was extracted
with CH2Cl2 (3 x 5 ml) and the combined organic layers were washed with brine, dried over
Na>SOs4 and concentrated in vacuo to give the crude product in >20:1 d.r.. The crude reaction
mixture was purified by silica gel column chromatography (pentane/EtOAc = 20/1) to provide
41 as colourless oil in 50% yield (11.6 mg) and 90% ee. [determined by HPLC chiralpak IA,
hexane/isopropanol = 98/2, 1 ml/min, A = 220 nm, t(major) = 6.72 min, t(minor) = 12.89 min].
IH NMR (400 MHz, CDCls) §(ppm): 7.41 — 7.30 (m, 5H, ArH), 5.11 (s, 2H, PhCH,), 3.31 (s,
2H, C(O)CH), 2.08 (s, 1H, CHCO2Bn), 1.35 (s, 3H, C(CH3s)a(CHs)g), 1.30 (s, 3H,
C(CH3)a(CH3)g); 3C NMR (101 MHz, CDCls) 8(ppm): 170.2 (C=0), 136.1 (ArC), 128.7
(ArCH), 128.4 (ArCH), 128.4 (ArCH), 66.5 (PhCH-0), 65.7 (C(O)CH?>), 49.0 (C(O)CH>), 29.9
(CHC(=0)), 26.4 (CMe>), 21.7(one of C(CH3)a(CH3)g), 16.7 (one of C(CH3)a(CHz3)s); HRMS
(ES+) exact mass calculated for [M+Na]" (C14H1703") requires m/z 233.1172, found m/z

233.1175. ; [a]3? =—18.9 (c 0.44, CHCls).
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8. Kinetic Isotope Effect Studies

Synthesis and characterisation of S30-d:
2-bromo-1-((2-methoxyethoxy)methoxy)-3-methylbut-2-ene-1,1-d> (S30-d>)

OMEM
Br D
| D
Me Me

i. To a solution of 3-methylbut-2-enoic acid (1.0 g, 10 mol, 1.0 equiv.) in THF (50 mL) was
added LiAID4 (760 mg, 20 mmol, 2.0 equiv.) in an ice bath portionwise. The reaction mixture
was stirred at 0 °C overnight. The reaction was quenched at 0 °C with water (0.76 mL)/NaOH
(15%, 0.76 mL)/water (2.28 mL), and then warmed to room temperature. Anhydrous MgSQOa4
was added and the mixture filtered. The filtrate was concentrated under reduced pressure in an
ice bath to give the crude as colourless oil (792 mg), which was used in the next step without

further purification.

ii. Bromine (0.49 mL, 9.45 mmol, 1.05 eq) was added dropwise to a stirred solution of crude
material from step ii in CH2Cl> (15 ml). The solution was allowed to warm to room temperature
overnight at which point DBU (2.12 ml, 14.2 mmol, 1.58 eq) was added. The solution was
heated to reflux for 4 h. The reaction mixture was allowed to cool to room temperature and sat.
ag. sodium thiosulfate was added (20 ml). The phases were separated, and the aqueous layer
was extracted with Et,O (3 x 10 ml). The combined organic layers were washed with 1.0 M
HCl@g) (3 x 10 ml), sat. ag. NaHCO3 (10 ml) and brine then dried over Na>SOg, filtered and

concentrated in vacuo. The crude product (901 mg) was taken on without further purification.

iii. DIPEA (1.0 ml, 11.25 mmol, 1.25 eq) was added to a stirred solution of the crude product
from step ii and MEMCI (0.72 ml, 13.5 mmol, 1.50 eq) in CH2Cl, (5 ml) at 0 °C. The reaction
was allowed to warm to room temperature overnight at which point H>.O was added (10 ml)

and the layers separated. The aqueous layer was extracted with CH2Cl> (2 x 10 ml). The
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combined organic layers were washed with brine, dried over NaxSOs, filtered and concentrated
in vacuo. The crude product was purified by silica gel column chromatography (pentane/Et.O
= 5/1) to provide the title compound (S30-d2) as a colourless oil (1.12 g, 44% over 3 steps). ‘H
NMR (400 MHz, CDCls) 8(ppm): 4.74 (s, 2H, OCH;0), 3.78 — 3.69 (m, 2H,
CD;0CH;0CH,CHj), 3.62 — 3.54 (m, 2H, CD,OCH,0OCHCH,), 3.39 (s, 3H, OCHs), 1.91 (s,
3H, one of C=C(CH3)a(CHs)g), 1.87 (s, 3H, one of C=C(CH3)a(CH3)g); 1*C NMR (101 MHz,
CDCl3) 8(ppm): 137.5 (C=CBr), 116.7 (C=CBr), 94.1 (OCH,0), 71.9 (CD20CH20CH:CH?>),
67.1 (CD20CH,OCH2CH2), 59.1 (OCHs), 25.6 (one of C=C(CHs)a(CHas)g), 20.8 (one of
C=C(CHs3)a(CHs)g); HRMS (ES+) exact mass calculated for [M+ Na]* (CoH1sD2BrOsNa*)

requires m/z 277.0379, found m/z 277.0375.
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Synthesis and characterisation of S31-d»
1,1,2-tribromo-2-(((2-methoxyethoxy)methoxy)methyl-d»)-3,3-dimethylcyclopropane (S31-

d2)
OMEM
Br
D
Br: D
Br Me
Me

Compound S31-d2 was synthesised according to general procedure VI by addition of
bromoform (1.15 ml, 13.2 mmol, 3.00 eq) to S30-d2 (1.12 g, 4.4 mmol, 1.00 eq). The reaction
mixture was warmed to 50 °C and after 5 days more bromoform (1.15 ml, 13.2 mmol, 3.00 eq)
and 50% ag. NaOH (1.15 mL) was added. The reaction was stirred for a further 5 days at which
point H20 (20 ml) was added, the layers were separated and the aqueous phase extracted with
CH2Cl2 (2 x 10 ml). The combined organic layers were washed with brine, dried over Na2SOs,
filtered and concentrated in vacuo. The crude product was purified by silica gel column
chromatography (pentane/Et,O = 5/1) to provide the title compound (S31-d2) as a yellow oil in
78% vyield (1.46 g). 'H NMR (400 MHz, CDCls) &(ppm): 4.82 (d, J = 7.0 Hz, 1H, one of
OCHaHg0), 4.80 (d, J = 7.0 Hz, 1H, one of OCHaHgO), 3.84 — 3.69 (m, 2H, CH2CH20CH3),
3.59 — 3.52 (m, 2H, CH.CH;OCHs3), 3.38 (s, 3H, CH,CH;OCHs), 1.51 (s, 3H, one of
C(CH3)a(CHs)g), 1.44 (s, 3H, one of C(CHs)a(CHs)s); 3C NMR (101 MHz, CDCl3) §(ppm):
95.7 (OCH:0), 71.8 (CH20CHas), 67.4 (CH2CH.OCHSs), 59.2 (OCHs), 53.3 (CBrz), 48.1
(CD2CBr), 33.8 (C(CHs)s), 26.9 (one of C(CHs)a(CHas)g), 21.1(C(CHs)a(CHs)g); HRMS (ES+)
exact mass calculated for [M+Na]* (C10H1sD2BrsOsNa *) requires m/z 446.8746, found m/z

446.8760.
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Synthesis and characterisation of 33a-d
benzyl 2-(((2-methoxyethoxy)methoxy)methyl-d,)-3,3-dimethylcycloprop-1-ene-1-

carboxylate (33a-d>)

Me Me

BnO\n/A§<OMEM

o) DD
Compound 33a-d2 was synthesised according to general procedure VII by the addition of
tribromocyclopropane S31-d2 (1.46 g, 3.42 mmol, 1.00 eq) to benzyl chloroformate (3 M in
toluene, 1.7 ml, 5.13 mmol, 1.50 eq). The crude product was purified by silica gel column
chromatography (pentane/EtOAc = 5/1) to provide the title compound (33a-d2) as a colourless
oil in 80% yield (882 mg). 'H NMR (400 MHz, CDCl3) §(ppm): 7.44 — 7.28 (m, 5H, ArH),
5.23 (s, 2H, PhCHy), 4.79 (s, 2H, OCH,0CD,C=C), 3.73 - 3.68 (m, 2H, CH,0CH,0CD,C=C),
3.55—3.51 (M, 2H, CH,CH20CH,0CD2C=C), 3.38 (s, 3H, OCHz), 1.29 (s, 6H, C(CHa)2); 13C
NMR (101 MHz, CDCls) §(ppm): 1615 (C=0), 144.1 (C=CC(=0)), 135.9 (ArC), 128.6
(ArCH), 128.3 (ArCH), 128.2 (ArCH), 119.4 (C=CC(=0)), 94.5 (OCH:0), 71.8 (CH20CHs),
67.2 (CH2CH20CH3), 66.6 (CH2Ph), 59.1 (OCHs), 26.7 (C(CHa)2), 25.6 (C(CH3)2); HRMS
(ES+) exact mass calculated for [M+ Na]" (C1sH22D20sNa") requires m/z 345.1641, found m/z

345.1640.
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Synthesis and characterisation of S30-d
2-bromo-1-((2-methoxyethoxy)methoxy)-3-methylbut-2-ene-1-d (S30-d)

OMEM
Br D
| H
Me Me

I. To a solution of 3-methylbut-2-enal (0.95 ml, 10 mmol, 1.0 equiv.) in THF/water (10/2 mL)
was added NaBD4 (460 mg, 11 mmol, 1.1 equiv.) in an ice bath portionwise. The reaction
mixture was stirred at rt for 3 hours. Then anhydrous MgSO4 was added and the mixture filtered.
The filtrate was concentrated under reduced pressure in an ice bath to give the crude material

as a colourless oil (783 mg), which was used in the next step without further purification.

ii. Bromine (0.54 ml, 10.5 mmol, 1.05 eq) was added dropwise to a stirred solution of crude
material from step i in CH2Cl> (17 ml) dropwise at 0 °C. The solution was allowed to warm to
room temperature overnight at which point DBU (2.36 ml, 15.8 mmol, 1.58 eq) was added.
The solution was heated to reflux for 4 h. The reaction mixture was allowed to cool to room
temperature and sat. agq. Sodium thiosulfate was added (20 ml). The phases were separated, and
the aqueous layer was extracted with Et2O (3 x 10 ml). The combined organic layers were
washed with 1.0 M HCl g (3 x 10 ml), sat. aqg. NaHCO3 (10 ml), brine, dried over Na>SOg,
filtered and concentrated in vacuo. The crude product (896 mg) was taken on without further

purification.

iii. DIPEA (1.00 ml, 12.5 mmol, 1.25 eq) was added to a stirred solution crude material from
step ii and MEMCI (0.800 ml, 15.0 mmol, 1.50 eq) in CH2Cl, (5.00 ml) at 0 °C. The reaction
was allowed to warm to room temperature overnight at which point H.O was added (10 ml)
and the layers separated. The aqueous layer was extracted with CH.Cl, (2 x 10 ml). The
combined organic layers were washed with brine, dried over Na>SOg, filtered and concentrated
in vacuo. The crude product was purified by silica gel column chromatography (pentane/Et.O

= 5/1) to provide the title compound (S30-d) as a colourless oil (978 mg, 38% over 3 steps).
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IH NMR (400 MHz, CDCls) 8(ppm): 4.74 (s, 2H, OCH0), 4.36 (s, 1H, C=CCHDO), 3.81 —
3.70 (m, 2H, CHDOCH,OCH2CHy), 3.58 — 3.51 (m, 2H, CHDOCH20CH,CHy), 3.39 (s, 3H,

OCHs), 1.92 (s, 3H, one of C=C(CHz)a(CHs3)s), 1.87 (s, 3H, one of C=C(CH3)a(CHa)s).
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Synthesis and characterisation of S31-d
1,1,2-tribromo-2-(((2-methoxyethoxy)methoxy)methyl-d)-3,3-dimethylcyclopropane (S31-d)

OMEM
Br
D
Br: H
Br Me
Me

Compound S31-d was synthesised according to general procedure VI by addition of
bromoform (1.00 ml, 11.6 mmol, 3.00 eq) to S30-d (978 mg, 3.87 mmol, 1.00 eq). The reaction
mixture was warmed to 50 °C and after 5 days more bromoform (1.00 ml, 11.6 mmol, 3.00 eq)
and 50% ag. NaOH (1.00 ml) was added. The reaction was stirred for a further 5 days at which
point H20 (20 ml) was added, the layers were separated and the aqueous phase extracted with
CH2Cl2 (2 x 10 ml). The combined organic layers were washed with brine, dried over Na SOs,
filtered and concentrated in vacuo. The crude product was purified by silica gel column
chromatography (pentane/Et>O = 5/1) to provide the title compound (S31-d) as a yellow oil in
73% yield (1.20 g). *H NMR (400 MHz, CDCls) 8(ppm): 4.90 — 4.75 (m, 2H, OCH,0), 4.01
(d, J = 14.6 Hz, 1H, CHDCBY), 3.84 — 3.70 (m, 2H, CH2CH2OCHs3), 3.56 (t, J = 4.6 Hz, 2H,
CH2CH20CHp3), 3.38 (s, 3H, CH2CH>0OCHs), 1.51 (s, 3H, one of C(CH3s)a(CHz3)g), 1.44 (s, 3H,
one of C(CH3)a(CH3)s); 3C NMR (101 MHz, CDCls) &(ppm): 95.7 (OCH,0), 72.9 (td, J =
22.7,3.15 Hz, OCHDCBY), 71.8 (CH20CH3), 67.4 (CH2CH20CH3), 59.2 (OCHs), 53.4 (CBr2),
48.1 (d, J = 1.9 Hz, CHDCBY), 33.8 (d, J = 3.2 Hz, C(CH3)3), 27.0 (one of C(CHs3)a(CH3)s),
21.1 (C(CHs3)a(CHs)g); HRMS (ES+) exact mass calculated for [M+ K] (C10H16DBrsO3K™)

requires m/z 461.8422, found m/z 461.8415.
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Synthesis and characterisation of 33a-d
benzyl 2-(((2-methoxyethoxy)methoxy)methyl-d)-3,3-dimethylcycloprop-1-ene-1-

carboxylate (33a-d)

Me Me

BnO\rAOMEM

o) H D
Compound 33a-d was synthesised according to general procedure VII by the addition of
tribromocyclopropane S31-d (1.20 g, 2.81 mmol, 1.00 eq) to benzyl chloroformate (3.0 M in
toluene, 1.40 ml, 4.20 mmol, 1.50 eq). The crude product was purified by silica gel column
chromatography (pentane/EtOAc = 5/1) to provide the title compound (33a-d) as a colourless
oil in 45% yield (407 mg). *H NMR (400 MHz, CDCl3) §(ppm): 7.43 — 7.30 (m, 5H, ArH),
5.23 (s, 2H, PhCHy), 4.79 (s, 2H, OCH,0CH,C=C), 4.69 (t, J = 2.5 Hz, 1H, OCH,0CHDC=C),
3.77 — 3.65 (m, 2H, CH.,OCH>OCHDC=C), 3.62 — 3.49 (m, 2H, CH,CH>OCH>OCHDC=C),
3.38 (s, 3H, OCHs3), 1.29 (s, 6H, C(CHs)2); 13C NMR (101 MHz, CDCl3) 8(ppm): 161.6 (C=0),
144.1 (C=CC(=0)), 136.0 (ArC), 128.7 (ArCH), 128.3 (ArCH), 128.2 (ArCH), 119.3
(C=CC(=0)), 94.6 (OCH-0), 71.9 (CH,OCHj), 67.3 (CH2CH,OCHys), 66.6 (CH2Ph), 61.8 (t,
J = 2.5 Hz, CHDC=C), 59.1 (OCHs3), 26.7 (C(CHa)2), 25.6 (C(CHs)2); HRMS (ES+) exact

mass calculated for [M+ Na]* (C1sH23DOsNa*) requires m/z 322.1759, found m/z 322.1745.
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9. NMR Spectra

164



1H NMR (400 MHz, CDCls) of S9

€T
veT
v
vTT
sTT
9z’
9Tt
Pl
1
82T |
82'T |
62°T |
62°T
0E°T
TE°T
TET
€67
£6°T
PET
PET N

et
8e'T
0b'T |
or'T
T
T ]
1
b1
51
85T
85T
8s°T
65T
65°T
65°T
09°T
19°T
19T
791
79T
291
€91
S9'T
91
89'T
89°T
69'T
[\Vas
7wt
1751
(74
Wt
74
s8'T
S8’
98'T
98T
81
81
88'T
88'T
68T
68'T
06'T
06T
06'T
09°C
19T
19T
29T
9T
€97
€97
€97
v9C
v9°C
59T
99°C
99T
19T
19T
ose
169

se'1
9€'T
oe'T

€9

MeO,C  CO,Me

L

;_,VNm.m

0T
434
Fs80c

009

080

4.5
f1 (ppm)

5.0

8.5 8.0 7.5 7.0 6.5

9.0

9.5

13C NMR (101 MHz, CDCls) of S9

9T'sT

685

Nt

9roe

0t'Z€ —
66°€E

LTS

MeO,C CO,Me

9’26

Y6 LIT —

vreLT

190

-1C

170 160 150 140 130 120 110

180

200

f1 (ppm)

165



SS'T

69°€ —

€€°9
VM.mW.

vE9

'H NMR (400 MHz, CDCls) of S10

Me

MeO,C  CO,Me

Froe

Froz

Feoz

Froe

009

=00

T
5.0

f1 (ppm)

13C NMR (101 MHz, CDCls) of S10

ELET
57°2¢
6L7E€C
$5°8C
[4u43
97'Cs
LS°€E6
69°PTT

L}

=
[0}
M2 66'TLT
Q
()
Q
)
> I
=

110

f1 (ppm)

166



IH NMR (400 MHz, CDCls) of S11
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IH NMR (400 MHz, CDCls) of S12
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'H NMR (400 MHz, CDCls) of S13
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1H NMR (400 MHz, CDCls) of S14
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'H NMR (400 MHz, CDCls) of S15
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'H NMR (400 MHz, CDCls) of S16
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1H NMR (400 MHz, CDCls) of S17
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'H NMR (400 MHz, CDCls) of S18
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'H NMR (400 MHz, CDCls) of S19
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'H NMR (400 MHz, CDClIs) of S20
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IH NMR (400 MHz, CDCls) of S21
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IH NMR (400 MHz, CDCls) of S22
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'H NMR (400 MHz, CDCls) of S23
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1H NMR (400 MHz, CDCls) of S24
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'H NMR (500 MHz, CDClIs) of 3a
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'H NMR (500 MHz, CDClIs) of 5a
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'H NMR (400 MHz, CDClIs) of 6a

40000
38000

36000

34000

32000

30000

28000

26000

24000

22000

20000

18000

r 16000

14000

12000

10000

8000
6000
4000
I 2000
o

r-2000

87's —

€€°L
ve'L
SEL
9€°L
LEL
LEL
8€'L
6EL
6E°L

Me0,C CO,Me

BnO.

NBoc

176
FSs1e

H\@NAN

Forl
B60'T

=19
BerT

=00C

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.5 6.0 55 50 45
f1 (ppm)

7.0

13C NMR (101 MHz, CDCls) of 6a

105 100 95 90 85 80 75

11.0

78—

L9 —

8'6L—

£'66 —

92T
7821\
9'8z1
A:149 “.
TeEr —

9'pST —
6'9ST —

69T —

MeQ,C CO.Me

BnO.

NBoc

20

30

50

70

80

90

110

T
210 200

T
220

f1 (ppm)

183



'H NMR (400 MHz, CDClIs) of 7a
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'H NMR (500 MHz, CDClIs) of 8a
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'H NMR (500 MHz, CDClIs) of 11a
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'H NMR (400 MHz, CDClIs) of 12a
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'H NMR (400 MHz, CDClIs) of 13a
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'H NMR (500 MHz, CDClIs) of 14a
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'H NMR (400 MHz, CDClIs) of 15a
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'H NMR (400 MHz, CDClIs) of 16a
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'H NMR (400 MHz, CDClIs) of 17a
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'H NMR (400 MHz, CDClIs) of 18a
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'H NMR (400 MHz, CDClIs) of 19a
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'H NMR (400 MHz, CDClIs) of 20a
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IH NMR (400 MHz, CDCls) of 21a
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H NMR (400 MHz, CDCls) of S25
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'H NMR (500 MHz, CDClIs) of 22a
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'H NMR (500 MHz, CDCls) of 23a

bT'S
€L /
€L
€2
beL
vl
seL
L€
£v'L
b
St'L
RIS
95°
95°
95°L
(5L
85°L
85°L |
65°L

6572~
65,7

68°L
06°L
062
16°L

16°L

MeO,C CO,Me

BnO

F00'C

EL0'S
0T
Foot

0.0

0.5

1.0

1.5

2.5

3.0

4.0

4.5

5.0

7.0

8.0

9.0

9.5

f1 (ppm)

13C NMR (126 MHz, CDCls) of 23a

6T —

P'SE~
69—

L5 —

LL9—

TL8T—

€691 —

0°L6T —

g

MeO,C CO,Me

BnO

[

il

L

50

80

110

210

f1 (ppm)

201



'H NMR (400 MHz, CDClIs) of 24a

o L cmw
3R TRRS 888
" A G543
| N N

MeO,C CO,Me

MeO Me

24 g b
g3 g 8
=R N 3
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1
3C NMR (126 MHz, CDCls) of 24a
" o o
o ~ © L] oo <« o o
g ] 3 2 b 8 2 g
[ [ v [ [
MeO,C CO,Me
MeO Me
0
|
|
i oy W } A
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

202



H NMR (400 MHz, CDCls) of S26
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'H NMR (400 MHz, CDClIs) of 38a
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'H NMR (400 MHz, CDClIs) of 25a
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'H NMR (500 MHz, CDCls) of 26a
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IH NMR (500 MHz, CDCls) of 27a
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'H NMR (500 MHz, CDCls) of 28a
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'H NMR (400 MHz, CDClIs) of 29a
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600 MHz, CDClIs) of 30a
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31p NMR (162 MHz, CDCl3) of 30a
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IH NMR (600 MHz, CDCls) of S27
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'H NMR (400 MHz, CDClIs) of 4a
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H NMR (500 MHz, CDCls) of S28
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'H NMR (500 MHz, CDClIs) of 31a
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'H NMR (500 MHz, CDCls) of S29
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H NMR (500 MHz, CDCls) of 32a
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H NMR (400 MHz, CDCls) of S31
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IH NMR (500 MHz, CDCls) of $32
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'H NMR (500 MHz, CDCls) of 33a
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'H NMR (500 MHz, CDClIs) of 34a
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'H NMR (400 MHz, CDClIs) of S34
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'H NMR (500 MHz, CDClIs) of 35a
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19F NMR (471 MHz, CDCls) of 35a
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'H NMR (400 MHz, CDCls) of S35
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'H NMR (500 MHz, CDCls) of 36a
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19F NMR (471 MHz, CDCls) of 36a
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H NMR (400 MHz, CDCls) of S36
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'H NMR (500 MHz, CDClIs) of 37a
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'H NMR (400 MHz, CDClIs) of 39a
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'H NMR (500 MHz, CDCls) of 3b
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'H NMR (400 MHz, CDCls) of 6b
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'H NMR (400 MHz, CDCls) of 7b
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'H NMR (400 MHz, CDCls) of 8b
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'H NMR (500 MHz, CDCls) of 9b
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H NMR (500 MHz, CDCls) of 10b
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'H NMR (500 MHz, CDCls) of 11b
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'H NMR (400 MHz, CDCls) of 12b
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'H NMR (400 MHz, CDCls) of 13b
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'H NMR (400 MHz, CDCls) of 14b
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'H NMR (400 MHz, CDCls) of 15b
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'H NMR (400 MHz, CDCls) of 16b
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'H NMR (400 MHz, CDCls) of 17b
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'H NMR (400 MHz, CDCls) of 18b
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'H NMR (400 MHz, CDCls) of 19b
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'H NMR (400 MHz, CDCls) of 21b
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'H NMR (400 MHz, CDCls) of 22b
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H NMR (500 MHz, CDCls) of 23b

Loe
wo.m/
61°E
oN.m/
ﬁNAmN
e
19~
we—
€15
9T's
115
61'S
173

€9
SL9
99
€L

9L
€L

€€°L

€L

bEL

see
s |
9€°L |
9e°L
9€°L |
€7 A
8€°L
8E°L |
8E°L
8E°L
6L
6€°L
ov'L )
9v's
ovs
e
8y
6. ]
6v'L
602 ]
952 ]
952
95°L
s
5L
85°L
65°L
65°L
65°L
[
6L
€6°L
YL
v6L

T —

|

f1 (ppm)

A

Foot
oot

Fore
Fsre

Froe

=S0°T
LTS
807
B0t

ot

9EE~
lachd

ey —
£ES~

9es

849 —

13C NMR (126 MHz, CDCl3) of 23b

4821
£'8T1
8'8Z1
8'8CT
8'8CT
€0ET
Teer
TSET
YLET
6'6€ET

S i

9'59T ~
0991~
zgor "

€681 —

Me0O,C CO,Me

BnO.

20

50

80

110

210

f1 (ppm)

250



'H NMR (400 MHz, CDCls) of 24b
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'H NMR (500 MHz, CDCls) of 26b
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'H NMR (500 MHz, CDCls) of 27b
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'H NMR (500 MHz, CDCls) of 28b
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IH NMR (600 MHz, CDCls) of 29b
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'H NMR (500 MHz, CDCls) of 29¢c
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H NMR (400 MHz, CDCls) of 30b
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'H NMR (500 MHz, CDCls) of 4b
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'H NMR (500 MHz, Benzene-dg) of 31b
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H NMR (500 MHz, CDCls) of 32b
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'H NMR (400 MHz, Benzene-dg) of 33b
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IH NMR (500 MHz, CDCls) of 2
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H NMR (500 MHz, CDCls) of 35b
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19F NMR (471 MHz, CDCls) of 35b
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H NMR (500 MHz, CDCls) of 36b
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19F NMR (471 MHz, CDCls) of 36b
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1H NMR (600 MHz, CDCls) of 37b
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H NMR (400 MHz, CDCls) of 38b
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'H NMR (400 MHz, Benzene-dg) of 39b
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'H NMR (400 MHz, Benzene-ds) of 40
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IH NMR (400 MHz, CDCls) of 41
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'H NMR (400 MHz, CDClIs) of S30-d2
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'H NMR (400 MHz, CDCls) of S31-d2
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'H NMR (400 MHz, CDClIs) of 33a-d2

60T —

8€°€

[4n
€9°€
€9°€
€9°E
vS'E

69°€
0L'€
0L'€
e

e

6Ly —

€S —

Me, Me

OMEM

BnO.

66T
=007
0T

=€0'C

66T

0.5

1.5 1.0

2.0

2.5

3.5

4.0

5.0

6.5

7.0

8.0 7.5

8.5

9.5

f1 (ppm)

13C NMR (101 MHz, CDClIs) of 33a- d2

9'ST~
9"

T'6s —

999 -7
v
g1

S'v6 —

Pe1T —
[4:14
€8T W
9'8CT
6'SET —

THpT —

ST9T —

Me, Me

OMEM

BnO.

L

20

30

50

90

110

T
210

T
220

f1 (ppm)

276



'H NMR (400 MHz, CDCls) of S30-d
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'H NMR (400 MHz, CDCls) of S31-d
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'H NMR (400 MHz, CDClIs) of 33a-d
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10. HPLC and SFC Traces

2-benzyl 1,1-dimethyl (R)-3-cyclohexylidenecyclopropane-1,1,2-tricarboxylate (3b)

MeO,C. CO,Me

O, NS

Bn/O

(Chiralpak OG, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 C, Sig=220.8 Ref=350.100 (GL'\GL SU 2021-02-07 20-36-22\THOMAS\JONNY 2021-04-02 09-53-37'001-0101.D)
~
]
<
B

13766

0 10 20 30 40 50

DAD1 C, Sig=220.8 Ref=360,100 (GL\GL SU 2021-02-07 20-36-22THOMAS\JONNY 2021-04-02 09-53-37\002-0301.0)
mAU 3

704

20 25 30 35

min
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2-benzyl 1,1-dimethyl (R)-3-cyclopentylidenecyclopropane-1,1,2-tricarboxylate (5b)

MeO,C._ CO,Me

(Chiralpak AD-H, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 C, Sig=220.8 Ref=360,100 (GUANGLONG-...08 20-34-D1JONNY-3 S\UONNY-3 2021-01-22 08-10-031001-0101.D)
mAU | 3

] @
100 m

~19:903

80 |
80 |
40

204

3: DADLl C, Sig=220,8 Ref=360,100

Peak RetTime Type Width Area Height Area

$ [min] [min] [mAU*s]

[mAU]

1 18.254 BV 0.3907

2 19.903 VB 0. 109.83517

6145.75098

9851

DAD1 C, Sig=220,8 Ref=360,100 (GUANGLONG-...08 20-34-01JONNY-3.S\JONNY-3 2021-01-22 09-10-03002-0201.0)
mAU

350 8
e

300 it

250

200 |

180

100

o
o
2

=

S

Signal 3: DADl1 C, Sig=220,8 Ref=360,100

Peak RetTime Type Width Area

Height Area
# [min] [min] [mAU*s] [mAU]
i ot lo bttt o

1 BV 0.4096 1.039° 381.91403 7
2 20.589 VB 0.4564 329.3 10.84329 3.0703
Totals : 1.07272e4 392.75732

min
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2-benzyl 1,1-dimethyl (R)-3-(1-(tert-butoxycarbonyl)piperidin-4-ylidene)cyclopropane-

1,1,2-tricarboxylate (6b)

MeO,C, CO,Me

- A
- \ N
. 4
\ / \
| - RN /
# Time Area Height Width Area% Symmety
1 18,662 17435 440, 4 05339 A0, 888 0528
2 21.815 168267 3497 07293 49112 0506
: / \
| S~ A
# Time Area Height Wwidth Area¥ Symmeby
1 18519 gE52.9 2167 05882 97 354 [0.595
2 21,868 2354 48 05514 2645 0.E43
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2-benzyl 1,1-dimethyl (R)-3-(tetrahydro-4H-pyran-4-ylidene)cyclopropane-1,1,2-

tricarboxylate (7b)

MeO,C. CO,Me

(chiralcel OD, hexane/isopropanol = 95/5, 1 ml/min)

DAD1 C, Sig=220,8 Ref=360,100 (ANNANNA 2025-04-20 17-16-38481-0101.D)

# Time Area Height Width Area”Z Symmetiy
1 8619 2683.2 28.5 0.4553 50.099 0818
2 26.503 26726 335 1.2379 49,90 0.785
DAD1 C, Sig=220,8 Ref=360,100 (ANNAVANNA 2025-04-20 17-16-38083-0201.D)
1:i Liu
i 3 Time Area Height Width AreaZ Symmetry
1 8.75 95.8 3.2 0.4533 2163 0.836
2 27.509 4334.4 52.9 1.2808 97.837 0.715
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2-allyl 1,1-dimethyl (R)-3-cyclohexylidenecyclopropane-1,1,2-tricarboxylate (8b)

MeOZC COQMe
0) N

/\/O

(Chiralpak OG, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 C, Sig=220,8 Ref=350,100 (GL\GL SU 2021-02-07 20-36-22\THOMAS\JONNY 2021-04-02 09-53-37\003-0401.0)

mAU g
50 & §

0 [ 10 15 20 25 30 35 40 min]

DAD1 C, Sig=220.8 Ref=360,100 (GL\GL SU 2021-02-07 20-36-22\THOMAS\JONNY 2021-04-02 09-53-37\004-0501.D)

11971

9,661

0 5 10 15 20 25 30 35 min

Signal 3: DAD1 C, Sig=220,8 Ref=360,100

Peak RetTime Type Width Area Height Area
- [min] [min] [mAU*s] [mAU] %

9 1 BB 68.61773
2 11.971 BB 1.0718 4275.02148
Totals : 4343.63921 57.70650
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2-benzyl 1,1-dimethyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (9b)

MeOZC COzMe

O X

(Chiralpak AS-H, hexane/isopropanol = 90/10, 1 ml/min)

DAD1 B, Sig=210.8 Ref=360,100 (JONNY-3.S\JONNY-3 2020-10-22 15-20-33\001-0101.D)

mAU ; §
1405 ~
120 ]
100 e
80
50-:_
40 :
20—;
Lk, L . .
T T T T T T
[} 4 6 [ ] 10 12 14 16 18 mir|
DAD1 B, Sig=210.8 Ref=360,100 (JONNY-3.S\JONNY-3 2020-11-06 15-01-581002-0101.D)
mAU §
]
200 i
150
100
50 g |
~ |
, A I
: e e , : =
1] 2 4 6 8 10 12 14 16
Crystal sample (95% ee) crystallised MeOH from 88% ee:
-DAD‘ B Slg=2‘U.S_F!=f=BSD 100 (TOM M.S\TOM F,IZUZ‘-\'J-S-(J? 21-23-18 OG-I-U-m\ D) =
mAU 4 H
] :
200 = |
150
TOO—f
4 g
| ~
04— - I
r v T T T T T T T
0 2 el 6 8 10 12 14 ran
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trimethyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (10b)

MeOZC COZMe

(@) NS

(Chiralcel IC, 1500 psi, 1% to 30% MeOH over 5 min, then from 30% to 50% MeOH in 0.5

min, then hold 50% MeOH for 1.5 min, 1.5 mL/min)

2,007

-0.02

-0.04.

-0.06.

-0.08

-0.10

165 170 175 1.80 1.85 1.90 195 2.00 2.05 210 215 2.20 225 2.30 235 2.40 2.45 2
1.7978 Minutes, 0.0487 AU Minutes

Retention
Time
(min}

Purity1
Angle

PDAJFLR Watch1
Spect. Name

Purity1
Threshold

PDAJFLR Matchi
Angle

PDAJFLR Match1
Threshold

PDAJFLR Matchi
Lit. Name

Area
(pVsec)

Height
)

#|Name % Area Int Type | Amount

Units

50 2.55

Peak Type(

il 2.007 48.88 [ 120267 | bb

Unknown

1.65 1.70 1.75 1.80 1.85 1.90 1.85 2.00 205 210 215 2.20 225 230 235 240 245 2.50
Minutes

Retention
E Time
(min)

Purityl | Purtyl | PDA/FLR Match1 | PDAFLR Match1 | PDAFLR Matcht | PDAFLR Matcht [ Area Height | o ot lunis
Angle [Threshold | Spect. Name Angle Threshold Lib. Name  |(uV*sec) (W) b

Peak Typ|

1 1910 119476 147 54699 |bv
69

Unknown
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2-isobutyl 1,1-dimethyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (11b)

MeOZC COzMe

(¢] X

o)
i-Bu”

(Chiralpak AS-H, hexane/isopropanol = 99/1, 1 ml/min)

DAD1 C, Sig=220,8 Ref=360,100 (GUANGLONG-,..3-08 22-41-28\MICHELE\MICHELE 2021-03-12 09-10-38\084-2201.D)

mAU - E

804 g

70 |

604 [

50 \

40 |\

30 IR

20 | ‘\

\ |
12: ! ~ A N . S
— — r —— — T — —
10 20 30 40 50 miny

Signal 3: DAD1 C, Sig=220,8 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min]) [mAU*s] [mAU]
e e————— |===s=——— Issm==r=rr === === |
1 16.263 VB 1.0363 5917.36816¢€ 85.20004
2 27.200 BB 1.6026 4892.93799  41.52795 45.2618
Totals : 1.08103e4 126.72800

DAD1 C, Sig=220,8 Ref=360,100 (GUANGLONG-...3-08 22-41-28\MICHELEWMICHELE 2021-03-12 09-10-36085-2301.D)

23746

£ 15.550

Signal 3: DAD1 C, Sig=220,8 Ref=360,100

Peak RetTime Type Width Height Area
# [min] [min] [mAU] %
mmme | mm——— fmeme | em——— | == | == | === |
1 15.559 BB 0.7287 224.28351 4.28443 2.9005
2 23.746 BB 1.6256 7508.24365 63.03869 97.0995
Totals 7732.52716 67.32312
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2-benzyl 1,1-dimethyl (R,Z)-3-(3-chloropropylidene)cyclopropane-1,1,2-tricarboxylate

(12b)
MeO,C CO,Me
Hl
BnO A
(0]

Cl

(chiralcel OD, hexane/isopropanol = 95/5, 1 ml/min)

DAD G, Sig=220 8 Ref=300,100 (G\CHEM3Z\DATAWANG YUANITAN 2024-11:21

1512560940601 )

# Time Area Height Wwidth AreaZ Symmely
1 16.7 34014 B9.7 07111 43892 076
2 25,893 4161 457 09372 50108 0943
N o @@
# Time Area Height Width Area¥ Symmetry
1 16.047 1992 b2 0 6447 2714 0 466
2 24892 713949 1121 1.0617 97 286 072
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2-benzyl 1,1-dimethyl (R,Z)-3-(3-((tert-
butyldimethylsilyl)oxy)propylidene)cyclopropane-1,1,2-tricarboxylate (13b)

MeO,C. CO,Me
H

4

BnO /X OTBS
0]

(chiralcel OD, hexane/isopropanol = 99/1, 1 ml/min)

DAD1 G, Sig=220 8 ReF=360,100 \TAKANG YUANIT?

.00

i Time Area Height Width AreaX Symmety
1 1a8.201 araza B4.8 07214 49 663 0714
2 26.673 38333 528 0.880a a0.331 0.el
i Time Area Height Width AreaX  Symmety
1 17.393 3827 A9 07734 4036 0.856
2 26.22 90939 1204 09336 95 964 0633
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2-benzyl 1,1-dimethyl (R,Z)-3-(3-phenylpropylidene)cyclopropane-1,1,2-tricarboxylate
(14b)

MeO,C CO,Me
H

4

BnO /X Ph
0]

(chiralpak AD-H, hexane/isopropanol = 95/5, 1 ml/min)

UANITAN 20250405 1 10)
. -

# Time Area Height Wwidth Area¥ Symmeby
1 20,221 97339 121.4 09703 B0, 344 0519
2 26,344 96059 1056 1.0779 49 ERE 0681

DAD G. 5ig=220.8 Rer=360.100 YUANITAN 20250405 17-25-17062.0601.0)
.

. /\\

——

# Time Area Height Wwidth Area¥ Symmely
1 20,299 479 4 a 07082 2063 1.081
2 26.45 15171.7 1429 1.287 96,937 0.757
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2-benzyl 1,1-dimethyl (R,Z)-3-ethylidenecyclopropane-1,1,2-tricarboxylate (15b)

MeO,C, CO,Me

H

7’

BnO A _Me

(chiralcel OD, hexane/isopropanol = 95/5, 1 ml/min)

)

DAD1 G, Sig=220,8 Ret=360,

™ ?\ »@
= //1& { ;;é‘«
/ \ /\

i Time Area Height Width AreaX Symmety
1 11.249 20614 41.4 1.0312 49053 0652

2 18.192 2BE0.3 .7 1.3997 a0.947 0332
i = - //§\}<:«

/ \
)_wh——/é S ——
i Time Area Height Width Area®  Symmetry
11.434 3437 15.1 07432 4945 0604
2 18.04 18265.5 2402 1.2665 35055 0724
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2-benzyl 1,1-dimethyl (R,Z)-3-(2-((tert-butyldimethylsilyl)oxy)ethylidene)cyclopropane-
1,1,2-tricarboxylate (16b)

MeOZC CO2Me
H

BnO_
n X-oTBs

@)

(chiralpak AD-H, hexane/isopropanol = 99/1, 1 ml/min)

DAD1 C. Sig=220.8 Ref-300.

1222 1)

# Time Area Height Width Area%  Symmetry
1 a.703 5359.3 a38 0.9363 B0 7383 0759
2 14 554 51341 g2 1.6032 4917 0632
. _,_‘L__.__/ifﬂ_ﬂg”"’-;ﬂ_,“ \,ﬁﬁ_w
# Time Area Height Width AreaX  Symmety
1 8224 254 3 4 1.0681 7821 0755
2 13611 29597 1 25.4 1.3869 92179 0776
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2-benzyl 1,1-dimethyl (R,Z)-3-(2-phenylethylidene)cyclopropane-1,1,2-tricarboxylate
(17b)

MeO,C. CO,Me
H

4

BnO A
o]

(chiralcel OD, hexane/isopropanol = 95/5, 1 ml/min)

DAD1 C. Sig=220 8 Rel=300,100 (GACHEM3Z\I\DATAWCANG YUANITAN 2024-12.02 18-24-431075-0401 D)

24707

# Time Area Height Width Area¥ Symmety
1 17,008 3495.3 £3.5 07701 54,787 0.49
2 24,707 2884, 4 458 0.8219 45,213 0587
i Time Area Height Wwidth Area¥ Symmety
1 17.079 1143 25.4 05374 4,248 0.EE
2 24751 257ER5 4301 08329 95, 752 0567
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2-benzyl 1,1-diethyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (18b)

EtO,C. CO,Et

BnO g NS Me

(chiralcel OD, hexane/isopropanol = 99/1, 1 ml/min)

DADT G. Sig=220,8 Ret=360. 100 (CIGHEMBZTOATAWANG YUANITAN 20241119 15-32-1 10720901 0)

= A
@ / \\ //-\
. / \\\\ / \
/
0 / \ / \
a R, —_/ _
i Time Area Height Width Area®  Symmetry
1 15101 h432 h2 6 1.3282 51.033 0.333
2 19,903 h263.7 47 5 1.3191 43 967 0573
w 508 30160 MR OATA KNG YO TAN 0 " 5
/ \‘\
ﬂ F
J
| e \% — e
# Time Area Height Wwidth Area¥ Symmeby
1 16.874 7.7 1.5 05863 4.051 1.061
2 20,002 17702 k5 07563 95,949 0729
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2-benzyl 1,1-diisopropyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (19b)
iPrO,C. CO,iPr

BnO. 5 NS Me

(chiralpak AD-H, hexane/isopropanol = 98/2, 1 ml/min)

DAD' G, Sig=220.8 Re=360.100 (G\CHEMIZ\T\DATAVANG YUANITAN 2025-04-14 21-00-061012.0301.0)
w

!

1

s

\
Vo
NN

8

# Time Area Height Width AreaX  Symmety
1 10.806 1503.4 a8.7 02514 R0.076 0El
2 11.691 1498.8 a0.3 02734 43524 0E23

# Time Area Height ‘Width Area%  Symmetry
1 10033 539.3 148 0. 4658 4 BER 1.193
2 12029 105436 avie niaa 95,124 0926
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2-benzyl 1,1-di-tert-butyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (20b)

tBuO,C_ CO,Bu

Hll

BnO NS

o)

Me

(SFC Chiralcel IC, 1500 psi, from 1% to 30% IPA in 5 min, 1.5 ml/min)

3
0.30] < g
|""-_ [42]
0.20] o
0.104
0.004
iy
=
180 180 200 210 220 230 240 250 260 270 280 230 300 310 320 330 340 350 380 370
2.0392 Minutes, 0.1218 AU Minutes
Kl J 2l
Retention | b it | Purity? | PDAFLR Match1 | PDAFLR Match1 | PDAJFLR Match1 | PDAJFLR Match1 | Area Height
] Name ;I'r:-lr:'ll-le Angle |Threshold Spect. Name Angle Threshold Lib. Name (pV*sec) % Area (uv) nt Type | Amount |Units | Peak Tyg
!
1 2720 1250944 | 4232 170689 [bv Unknown
2 3.061 1717301 | 57.68 | 238038 |vb Unknown
i‘ 0.40
] =}
0.30 <
0.204
0.104 2
o
(o]
0.00{ N S
i Fy o T
=
230 240 250 2560 270 280 290 3.00 3.10 3.20 3.30 3.40 3.50 3.60
Minutes
< | 2l
Retention | o itv1 | Purty? | PDA/FLR Match1 | PDAFLR Matchi | PDA/FLR Match1 | PDAFLR Matcht | Acea Height
] Name: ;I'r:-lr:'ll-le‘ Angle |Threshold Spect. Name Angle Threshold Lib. Name (pV*=ec) % Area vy nt Type | Amount [Units Peak Tyl
1
1 2699 54326 | 4.14| 14193 |bb Unknown
2 3.059 1429533 | 95.86 | 398462 [bb Unknown
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tribenzyl (R,Z)-3-butylidenecyclopropane-1,1,2-tricarboxylate (21b)
BnO,C CO,Bn

BnO g NS Me

(chiralpak 1A, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 G, Sig=220.8 ReF-360,100 TAWANG YUANITAN 20250325 10- 0)

i
3

T T T T T d
a2 24 = a8 2 min

1 Time Area Height Width Area®  Symmety
1 24082 3495 2 B0.5 0e106 44 267 0524

2 36,728 440 .2 709 1.0344 A5.733 0.556

# Time Area Height Width Area¥ Symmety
1 3377 13589 26.2 1 EEE1 201 1E2a

2 A5 A7 437749 447 1.1906 96.989 0.3
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benzyl (S)-2,2-dimethyl-3-methylenecyclopropane-1-carboxylate (22b)

Me_ Me

(Chiralpak IA, hexane, 1 ml/min)

“DAD1 C, 5ig=220.8 Ref=360,100 (MICHELE\MI...10 15-54-45JONNY-3.5 JONNY-3 2021-05-13 1144-1410020201.D)

" ie
| i §
\ &
2 | | f
1 | | \
|
ol || .
-1 A
2 T — \
a3 VAN S~ e I
1 T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 min|
Signal 3: DADl C, Sig=220,8 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]
e B [ I====
1 18.405 BB 0.6639 256
2 20.929 BB 0.7404
Totals 510.21089 10.22035
DAD1 C, Sig=220,8 Ref=360,100 (MICHELEWMI...10 15-54-45JONNY-3 SUONNY-3 2021-05-13 15-27-29\001-0201.0})
mAU 2
B
N
80 |
|
&0 |
40 ( g |
20 @ |
~ |
o - S —— -
T T T T T T
] 5 10 15 20 25 min|

298



2-benzyl 1,1-dimethyl (2R,3R)-3-((E)-3-0x0-3-phenylprop-1-en-1-yl)cyclopropane-1,1,2-
tricarboxylate (23b)

M

eOZC COzMe

H, A H
BnO ; S

(chiralcel OD, hexane/isopropanol = 95/5, 1 ml/min)

mAU |

)

DADA1 C, Sig=220,8 Ref=360,100 (ANNAVANNA 2025-04-26 17-40-00%082-0601.0)

i Time Area Height Width Area”Z Symmetry
1 13137 2714.4 102.1 0.3882 47.056 1.011
2 17.97 3054 80.2 0.6348 52.944 0.861
DADY €, Sig=2208 Ref=360,100 (ANNAMANNA 20250427 17.61-070020101.0)
i Time Area Height Width AreaZ Symmeliy
1 12.927 5338.7 212.4 0.3652 98.808 0.961
2 17.927 64.4 1.8 0.5095 1.192 1.13
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trimethyl (R,Z)-3-ethylidenecyclopropane-1,1,2-tricarboxylate (24b)
MeO,C, CO,Me

HI
MeO. 4 _CHj

0]

(chiralpak 1B, hexane/isopropanol = 99.5/0.5-70/30, 1 ml/min)

| DAD1 C, Sig=220,8 Ref=360,100 (ANNAWNNA 2025-04-24 12-11-08Y062-0301.D)

> 19.187

i Time Area Height Width AreaZ Symmetry
1 16.557 1403 104.8 0.223 50.570 0.725
2 19,187 1371.4 75 0.2773 49430 1.024
DAD1 C, Sig=220.8 Ref=360,100 (ANNAWVNNA 2025-04-25 16-03-02051-0201.D)
o— o~~~ . .
# Time Area Height Width AreaZ Symmetry
15.964 422.7 23.4 0.2627 4,857 0.774
18.605 8279.2 335.9 0.314 95.143 0.453
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dimethyl (R,Z)-2-(tert-butylcarbamoyl)-3-butylidenecyclopropane-1,1-dicarboxylate

(25b)

MeO,C CO,Me

(0] NS
>rNH
(chiralpak AD, hexane/isopropanol = 99.5/0.5-70/30, 1 ml/min’)

DAD1 C, Sig=220.8 Ref=360,100 (ANNAVANNA 2025-06-02 19.04-30%062-0101.D)

mAL - 9

3 @ & &
22 : b A —
# Time Area Height Width AreaZ Symmetry
1 23135 1063.4 43.3 0.38 48.605 074
2 25.027 1130.7 44.1 0.4276 51.395 0.897
DAD1 C, Sig=220,8 Ref=360,100 (ANNAVANNA 2025-06-08 19-04-30%061-0201.D)

# Time Area Height Width AreaZ Symmetry

1 22423 2520.2 106.2 0.3683 93159 0.69

2 25.219 21.4 1 0.32 0.841 0.722

| PMP1, PMP1D, Solvent Ratic B
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dimethyl (R,Z)-2-(allylcarbamoyl)-3-butylidenecyclopropane-1,1-dicarboxylate (26b)

MeOZC COzMe
X

0.
%\/NH

(Chiralpak AS-H, hexane/isopropanol = 90/10 to 70/30, 1 ml/min)

DAD1 C, Sig=220.8 Ref=360,100 (MICHELEMI...10 15-54-45JONNY-3.S\JONNY-3 2021-05-16 16-30-301001-0101.D)
Ao

P

&

mALU
120

1310

27m

o—
a3
8-

8-

40 50 mirl

DAD1 C, Sig=220,8 Ref=360,100 (GUANGLONG-...3-08 22-41-28\MICHELE\MICHELE 2021-03-12 09-10-381083-2101.D)

o
&
120 ~
~
100
80
60
40 e
o
» | F [ S W - _
0 N "
I T T T
0 10 20 30 40 50 min
Signal 3: DAD1 C, Sig=220,8 Ref=360,100
Peak RetTime Type Width Height Area
3 [min] [min] 3 [mAU] &
el B e i e e =
1 11.670 VWV 0.3040 97.59658 4.99405 1.3925
2 27.682 BB 0.8621 6911.01953 125.57695 98.6075
Totals : 7008.61611 130.57100
PMP1, PMP1D, Solvent Ratio B
% .
27.5
E -
25
225 e
204 7
175 e
154 T
1259 ‘
104"
——— . — — ——— —
0 10 20 30 40 50 min
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dimethyl (R)-2-(tert-butylcarbamoyl)-3-cyclopentylidenecyclopropane-1,1-

dicarboxylate (27b)

M802C COzMe

O, X

XNH

(Chiralpak AD-H, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 C, Sig=220,8 Ref=360,100 (GUANGLONG-...08 20-34-01\JONNY-3.S\JONNY-3 2021-01-21 14-40-41\003-0301.D)

44124

Signal 3: DAD1l C, Sig=220,8 Ref=360,100

Peak RetTime Type
¥ [min]

Width Area

[min] [mAU* 5] [mAU]

30

Height Area

1 31.496 BB
2 44.124 BB

0.7793 19 88782

7€ 38.06321
1.0248 1918.24524

28.29990
Totals :

3867.13306 66.36311

DAD1 C, Sig=220,8 Ref=360,100 (GUANGLONG-.

mAU
200

175
150
125
100

50
25

Signal 3: DADl1 C, Sig=220 Ref=36(

Peak RetTime Type

50.3962

49,6038

..08 20-34-01\JONNY-3.S\JONNY-3 2021-01-21 14-40-41\005-0401.D)

311489

50

mi




(S)-N-(tert-butyl)-2,2-dimethyl-3-methylenecyclopropane-1-carboxamide (28b)

Me, Me

O

>I/NH

(Chiralpak AS-H, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 B, Sig=210,8 Ref=360,100 (GUANGLONG-...08 20-34-01\JONNY-3,8\JONNY-3 2021-01-21 11-15-181001-0101.0)
mAU & &

-
100 I 9 3

o o

l}
80 v @
60 (| I\
40 I} I

1 \
20 N I I\
0 ’ v . ey

————————————————————————————————————1—
25 5 75 10 125 15 17.5 20

Signal 2: DAD1 B, Sig=210,8 Ref=360,100

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
s R | | === | e \
1 5.722 MM 0.1528 1093.65137 119.27623 49.7836
2 9.434 BB 0.2336 1103.15820 71.66758 50.2164
Totals : 2196.80957 190.94381

DAD1 B, Sig=210,8 Ref=360,100 (GUANGLONG-...08 20-34-01\JONNY-3.5\JONNY-3 2021-01-21 14-40-411004-0501.D)
mAU I

350 i
300
250 il
200

150 @g: ‘.

100 a¥

i

Signal 2: DADl1 B, Sig=210,8 Ref=360,100

etTime Type Width Area Height Area
" [min] [ ] [mAU*s] [mAU]
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dimethyl (R,Z)-2-butylidene-3-((4-methoxyphenyl)carbamoyl)cyclopropane-1,1-
dicarboxylate (29b)

MeOZC COzMe
O, NS

PMP/NH

(Chiralpak AD-H, hexane/isopropanol = 90/10, 1 ml/min)

DAD1 E, Sig=240,8 Ref=360,100 (GUANGLONG-.. 41-28\GUANGLONG-2\GUANGLONG-2 2021-03-13 22-07-04\083-0101.0)

mAuf § §
i a @
40— mn o
30
20
10
e N —
0 5 10 15 20 25 30 35 min|
Signal 5: DAD1 E, Sig=240,8 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min]) [min]) [mAU*s] [mAU] %
mmen | mm——— || mmm——— |=mmmemmees |mmmm————— |mmm———— |
1 19.093 BB 0.5124 1659.32935 50.6695
2 23.090 BB 0.6305 1615.48108 49.3305
Totals : 3274.81042 87.57875
DAD E, Sig=240,8 Ref=360, 100 (GUANGLONG-...3-08 22-41-28 MICHELEWMICHELE 2021-03-14 08-48-401081-1701.0)
mAU
160 §
140
120 |
100
80 |
60
40 g |
20 ] |
0 SR S N
T T T T T T
5 10 15 20 25 30 3s i
Signa E 3=240,8 Ref Jy
eak Ty W
’ ;
=== Sepossane |
1 352 BB
2 23.186 BB
Tota 464
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dimethyl (R,Z)-2-butylidene-3-((4-hydroxyphenyl)carbamoyl)cyclopropane-1,1-

dicarboxylate (29c)

(Chiralpak AS-H, hexane/isopropanol = 90/10 to 70/30, 1 ml/min)

DAD1 D, Sig=230.8 Ref=360,100 (GUANGLONG-...3-08 22-41-28\MICHELEIMICHELE 2021-03-14 08-48-40\086-3401.D)

o @
¥ &
120
b ]
100
80 |
60 | I
40 | !
20
. . .
| T T T T
] 10 20 30 40 50
-
i1 1
DAD1 . Sig=230.8 Ref=360,100 (GUANGLONG-2iGUANGLONG-2 2021-03-17 16-57-191002-1101.0)
mAU &
®
140 f
120
100 I
80
80
40 e
&
20 &
0 oy -
T T —T T T
0 10 20 30 40 50 i
g
eak T I widtt Height
# [m ] m T AU
|
725 BE 1 € 39
10 BE 1
@
PMP1, PMP1D, Solvent Ratio B
275
25
225
20
17.5
15
12.5
10
. ' 1 T
0 10 20 30 40

50

mir
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dimethyl (R,E)-2-butylidene-3-(diphenylphosphoryl)cyclopropane-1,1-dicarboxylate

(30b)

MeO,C, CO,Me

Ph, N

P,
/\\
Ph o)

(Chiralpak AS-H, hexane/isopropanol = 80/20, 1 ml/min)

DAD1 C, Sig=220.8 Ref=360,100 (JONNY-3.S\JONNY-3 2021-03-23 18-30-08\001-0101.0)

mAU 3 -3 &
3 [
703 'b'fP
603 ¥
%03
403 g
3 =
203 £
204 -~
103
03 - = - .
0 5 10 15 20
signal 3: DADl C, Sig=220,8 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e [ B B e [ I
1 7.147 MM 0.70 3635.55€15 85.63195 54.4020
2 15.740 BB 1.8518 3047.20483 22.61794 45.5980

mAUJ
300

2803

200

150

100

50

59 MM

DAD1 C, Sig=220.8 Ref=360.100 (JONNY-3.S\JONNY-3 2021-03-23 18-30-08\002-0201.D)

@
I
o
i
o a¥
g ¢
B,s’?
T — T
10 1% 20
Ref=
\ mA
.42551e4 4 4
4 e 2
4 ed 4
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dimethyl (S,Z)-2-butylidene-3-(3-phenylpropanoyl)cyclopropane-1,1-dicarboxylate (4b)

MeO,C_ CO,Me

O, \\‘A\/\/
Phj

(Chiralpak AS-H, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 8, Sig=210.8 Ref=360,100 (JONNY-3.SUONNY-3 2020-11-06 10-13-081001-0201.D)
mAU "
250 Il 3
l s E
200 | — 5
150 | i
|
100 |
|
50 | I\ \
o ) A - - | .
| T 7 T 7 T T T
o 5 10 15 20 25 30 35 mir|
1 [ B, ig f
eak Wid ight
+ [m1 AU
] I
’ a1 )
)5 49
a
DAD1 B. Sig=210.8 Ref=360.100 (GUANGLONG-...08 20-34-01JONNY-3. SUONNY-3 2021-01-18 12-37-221001-0101.0)
mAU ]
&
500 8
s
400
200
200
g
100 ®
N A PP —
t T T r T
] 5 10 15 20 25 30 min|
.
Total e
Crystal sample (92% ee)
DAD1 B, Sig=210.8 Ref=360.100 (TOM M.S\TOM M 2021-06-07 21-23-15\005-0201.D)
mAU 3 §
1759 ]
150—2
1253
1005 |
75 (1
50 5
i g
L | 2
0d N
T T T T T
0 5 10 15 20 25 30 35 mi

Area
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dimethyl (S)-2-cyclopentylidene-3-(3-phenylpropanoyl)cyclopropane-1,1-dicarboxylate
(31b)

MeO,C. CO,Me

Ph\j

(Chiralpak AD-H, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 C, Sig=220.8 Ref=360,100 (GUANGLONG-2\GUANGLONG-2 2021-03-01 08-59-21\001-0401.D)
mAU

~
2 g
200 8 z
175 | |
150 I |
125 |
100
7%
50
25 | |
o — — u —
T T T T T T T
0 5 10 15 20 25 30 mir
3: DAD1 C, Sig=220,8 Ref=36€0,100
e Type Width Area Height Area
[min] [mAU*=] [mAU] %
e e -]
1 8419
2 1581
Tota 1.34269%e4  4C 3146
DAD1 C, Sig=220,8 Ref=360,100 (GUANGLONG-2\GUANGLONG-2 2021-03-01 08-58-211002-0501.D)
mAU ] 2
1 =
200 -1
150
100}
50 3
| <
1 &
03 —
T T T T
0 5 10 15 20 25 30 min
Signal 3: DAD1 C, Sig=220,8 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min]) [mAU*s] [mAU]

R | e | e | ==
1 20.739 VB 0.4183  44.56236
2 24.469 BB 0.5452 8461.4267¢€

| === -1 reores
1.58361  0.5239
234.35800 99.4761

8505.98912 235.94162
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dimethyl (S,Z)-2-butylidene-3-(4-methoxybenzoyl)cyclopropane-1,1-dicarboxylate (32b)

MeO MeOzC COZMe

X

r\
0]

(Chiralpak AD-H, hexane/isopropanol = 95/5, 1 ml/min)

DAD1 C, Sig=220,8 Ref=360,100 (JONNY-3.S\JONNY-3 2021-03-04 12-54-04\001-0101.D)
mAU

)
140 [
120 ‘
100 -
80
60
40
20 |

— 25923
%

— T —— —— T
10 20 30 40

o —
50 60min

Signal 3: DAD1 C, Sig=220,8 Ref=360,100

Peak RetTime Type Width

Area Height
[mAU]

B [min] [min] [mAU*s]

1 25.923 BB 0.57¢

2 34.828 MM 0

.9231 3079.63135

Totals : 5903.10840 129.17841

DAD1 C, Sig=220.8 Ref=360,100 (C:\CHEM32\1\DATAJONNY-3.S\UONNY-3 2021-06-02 17-12-04001-0101.D)
mAU 1

o

38682

nE
03
20
103

25042

o
o
i
|

20 25
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benzyl (S,Z)-3-(((2-methoxyethoxy)methoxy)methylene)-2,2-dimethylcyclopropane-1-
carboxylate (33b)

(Chiralpak AD-H, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 C, Sig=220,8 Ref=360,100 (JONNY-3.S\JONNY-3 2021-01-07 16-01-321001-0101.D)
mAU |
35 I

2
20
15 )
10 I

15561
¥
323603

25 30 mird

Signal 3: DAD1 C, Sig=220,8 Ref=360,100

Peak RetTime Type Width

Area Height Area
# [min] [min] [mAU*s] [mAU] %

DAD1 C, Sig=220.8 Ref=360.100 (MICHELEWMIL 10 15-5445UONNY-3 SUONNY-3 2021-05-16 16-30-301004-0401 D]
mAU
1603
1403
1204
1003
80
o
403
2n§ ) P

14 769

40 50 i}
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3-phenoxybenzyl (S,Z)-3-(((2-methoxyethoxy)methoxy)methylene)-2,2-

dimethylcyclopropane-1-carboxylate (34b)

Me Me

Os A\ _OMEM

(Chiralpak AS-H, hexane/isopropanol = 95/5, 1 ml/min)

DAD1 C, 5ig=220,8 Ref=360,100 (MICHELE'ML...10 15-54-45\JONNY-3.S\WONNY-3 2021-05-16 16-30-30\002-0201.0)
mAU d
1204 %
100 ‘.
80 | | w
607 § &
8
>
404 ‘ e
20 | VAN
o M A —_— S~
T T T T T T T
5 10 15 20 25 0 35 mir}
Signal 3: DADL C, 220,8 Ref=360,100
Peak RetTime Type Width Height Area
# [min] [min] [mAU] %
) - i
1 135 6
2 21.395 MM 2
Totals 6628.72974 162.47355
DAD1 C, Sig=220.8 Ref=360,100 (MICHELEMI...10 15-54-45UONNY-3.S\JONNY-3 2021-05-16 16-30-30\003-0301.0)
mAU ]
b
600 ff
5003 I\
00 [
300
i &
200 | s
i |\ &
1004 P
ol § A - P
E| - T
T T T T T T T
0 § 10 15 20 25 30 35 mir}
Signal 3: DADl1 C, S8ig=22

Peak RetTime Type
= [min]
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(1R, 3R)-cis-Permethrin (2)

Me Me
OPh Cl

0, /CI

(Chiralpak IB, hexane/isopropanol = 99/1, 1 ml/min)

DAD1 C, Sig=220,8 Ref=360,100 (JONNY-3.S\JONNY-3 2021-02-22 17-51-31\001-0101.D)

ook 3¢
‘I

0 5 10 15 20 25 30 35

mi

Signal 3: DAD1 C, Sig=220,8 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== |====1 | - | | |
1 7.409 VW 0.1761 3.03957e4 2769.14575 47.9883
2 8.162 VvV 0.1928 3.29442e4 2690.62305 52.0117

Totals : 6.33399%9e4 5459.76880

DAD1 D, Sig=230,8 Ref=360,100 (JONNY-3.8\JONNY-3 2021-02-22 17-07-02\001-0101.0)
mAU

800

600 [

Signal 3: DAD1 C, Sig=220,8 Ref=360,100

Peak RetTime Type Width Area Height Area
$ [min] [min] [MAU*s] [mAU] %
i | S esiain | N [Frea |r— |
1 7.511 BV 0.1455 1.39525e4 1486.63171 99.0789
2 8.081 Vv 0.1629 129.71309 11.56458 0.9211

Totals : 1.40822e4 1498.19630
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2,3,5,6-tetrafluoro-4-methylbenzyl (1R,3S)-3-formyl-2,2-dimethylcyclopropane-1-

carboxylate (35b)

F
Me F Me, Me
E
F o} O

(Chiralpak AS-H, hexane/isopropanol = 98/2, 1 ml/min)

DAD1 B, Sig=210.8 Ref=360,100 (JONNY-3.S\JONNY-3 2021-04-28 09-39-21\001-0101.D)

mAU_; 3 B
| =4 o
200 g
150
100
504
ol S — S —
T T T T
0 5 10 15 20 25 30 35 min
ignal DADL B g
ak RetTime Tyy ith Area Height Are.
" [min] mi [mAU*s) [mAU
| | |
1 1 )4 BB 48,98643 4 4
1 BB ]
't 438.7
DAD1 B, Sig=210.8 Ref=360,100 (JONNY-3 SUONNY-3 2021-04-28 11-33-321004-0301.D)
mAL 4 z
E| &
3004 B
2503
2003
1503
1003
: 3
s03 ©
&
0 . -
0 5 10 15 20 25
ef
1k > Wi Are
= AU
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2,3,5,6-tetrafluoro-4-(methoxymethyl)benzyl (1R,3S)-3-formyl-2,2-

dimethylcyclopropane-1-carboxylate (36b)

F
Me\o F Me  Me
0. H
F
F (0] (0]

(Chiralpak AS-H, hexane/isopropanol = 97/3, 1 ml/min)

DAD1 B, Sig=210.8 Ref=360,100 (JONNY-3.S\JONNY-3 2021-04-28 11-33-321002-0101.D)
mAU 2

140 3

— 36.972

=
a

DAD1 B. Sig=210.8 Ref=350,100 (JONNY-3 SUONNY-3 2021-04-28 11-33-321005-0401.D)

mAU 3

300

250§

200

1503 |

1004
50
LE]

—7B458

36973

40 mart
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(2-methyl-[1,1'-biphenyl]-3-yl)methyl (1R,3S)-3-formyl-2,2-dimethylcyclopropane-1-

carboxylate (37b)

Ph
Me Me Me
0 0

(Chiralpak AS-H, hexane/isopropanol = 95/5, 1 ml/min)

DAD1 B, Sig=210.8 Ref=380,100 (JONNY-3.5\JONNY-3 2021-04-28 11-33-32\003-0201.0)
mAU

160 g
140
1203 l
1004
803

24847

Area

DAD1 B. Sig=210.8 Ref=3560,100 (JONNY-3.S\ONNY-3 2021-04-28 11-33-321006-0501.D)
mAU 3

19525

600
500
400
300§
200
100§

LE

| 24.486

min]

2:; DADl B, Sig=210,8 Ref=360,100

29.23572
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benzyl (S,Z)-2-propylidenespiro[2.5]octane-1-carboxylate (38b)

(SFC Chiralcel IG, 1500 psi, from 1% to 30% IPA in 5 min, 1.5 ml/min)

i‘ 1.00
0.80
0.60
2 0.40
0.20
0.00
=l -
T T T T T T T T T T T T T
240 2.50 260 270 2.80 2.80 3.00 3.10 3.20 3.30 3.40 3.50 360
Minutes
Kl _ 2
Retention N N .
X Purity1 Purity1 PDASFLR Match1 | PDA/FLR Match1 | PDA/FLR Match1 | PDA/FLR Match1 Area Height ;
18| Name ;rr:'lT'le‘ Angle |Threshold Spect. Name Angle Threshold Lib. Name (pV*sec) % Area (pv) Int Type | Amount |Units Peak Ty
)
1 2700 2111719 4594 (893305 |bb Unknown
2 3.109 2386859 | 53.06 | 970908 (bb Unknown
i‘ 2.004
o
1.50 o
2 1.00
0.50 .
o
=
= ——
- 0.00
T T i T T \I T T - T T T T T T
2.40 2.50 2560 270 2.80 250 3.00 3.10 3.20 3.30 3.40 3.50 3.60
Minutes
Kl _ 2
Retention y y -
X Purity1 Purity1 PDAJFLR Match1 | PDAJFLR Match1 | PDAJFLR Match1 | PDAJFLR Match1 Area Height .
| Name ;r|-:-|r:-|l-|e‘ Angle |Threshold Spect. Name Angle Threshold Likx. Name (p\=sec) % Area (pVv) nt Type | Amount |Units | - Peak Ty
)
1 2.604 5738078 | 99.49% 1921337 |bb Unknowr
2 3.087 2520 0.51 13545 | bb Unknowr
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benzyl (S,Z)-3-((allyloxy)methylene)-2,2-dimethylcyclopropane-1-carboxylate (39b)

Me Me
H,
BnO A O\/\
(@]

(chiralpak AD, hexane/isopropanol = 95/5, 1 ml/min)

DAD1 D, Sig=230.8 Ref=380,100 (ANNAVANNA 2025-04-00 15-07-11477-0201.D)

mAl - o bsb
e ) <f?
: 3
100 —:
50 t
od M JA
1] 2l 4‘1 EI SI 1IE| min
# Time Area Height Width AreaZ Symmetry
1 5.569 1620.8 194.4 0.1273 48.035 0.763
2 6.226 1753.5 189 0.1546 51.965 0.797
DADA D, 5ig=230,8 Ref=360,100 (ANNAVANNA 2025.04-09 19-56-521078-0101.0)
mAU = I
400 —
300
200 -
100 8
0= ’__‘I'LM ——
2I 4‘ SI E'k 1[0 min
i Time Area Height Width AreaZ Symmetry
1 5.541 45301 532.2 0.1293 98.833 0.735
2 6.203 53.2 4.8 0.1654 1.161 0.805
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(S,2)-(3-((allyloxy)methylene)-2,2-dimethylcyclopropyl)methanol (40)
Me  Me
H,

HO NS O\/\

(chiralpak AD-H, hexane/isopropanol = 99/1, 1 ml/min)

DAD1 B, Sig=210.8 Ref=360.100 (GGHEM3Z\\DATAWANG YUANITAN 2025-05-23 12-51-15066-0101.0)

225 25 275 0 EE] s a7s min

# Time Area Height Width AreaZ Symmely
1 28,273 15557 6 1936 1.0954 48937 0287
2 33,255 162338 170.2 1.5901 51.063 033

DAD1 B, Si 250623

2
2para)

# Time Area Height Width Area¥  Symmetry

1 27379 B4E7.7 1026 0.2658 98.29% 0.341
2 32.31 12 21 0.E255 1.702 0.5

319



benzyl (3R,4S)-5,5-dimethyl-1-oxaspiro[2.2]pentane-4-carboxylate (41)

(chiralpak 1A, hexane/isopropanol = 98/2, 1 ml/min)

A 1.0)

DAD1 G, Sig=220 & Rei-300

# Time Area Height Width Area¥ Symmely
1 G664 38752 207 6 02697 43242 n5a
2 1264 39945 923 05787 B0.758 0625
1 Time Area Height Width AreaX  Symmety
1 B.723 71134 361 03284 95,043 0536
2 12893 a7 106 041393 4 957 1147
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11.Computational Studies

111 Computational Methods

All calculations reported in this study were performed using the Amsterdam Density Functional
(ADF) software.?-? Equilibrium structures and transition structure geometries were optimized
using the BLYP functional®®% and the DZP basis set.*® Solvent effects of Et,O were accounted
for using the conducter-like screen model (COSMO) of solvation.33* Dispersion interactions
were included using Grimme’s DFT-D3 correction with Becke-Johnson damping.®>3¢ The
zeroth-order regular approximation (ZORA) was used to account for scalar relativistic
effects.3’® This level is referred to as COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP. All
stationary points have been verified, through vibrational analysis, to be minima (zero imaginary
frequencies) or transition structures (one imaginary frequency). The character of the normal
mode associated with the imaginary frequency has been analysed to ensure it resembles the
reaction under consideration. Optimized structures were illustrated using CYLview20.%
Potential energies were refined by means of single point calculations using the M06-2X
functional®® and the TZ2P basis set.*® This level is denoted COSMO(Et,0)-ZORA-M06-

2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP.

The intramolecular interaction energies in the transition states were computed by using the
energy decomposition analysis (EDA) at ZORA-MO06-2X/TZ2P.3"¥ For this analysis, the
transition states were fragmented such that the interaction energy between just the interacting
fragments could be quantified. Disconnections were made by capping with a hydrogen atom
followed by an optimization of the X-H bond length at COSMO(Et,0)-ZORA-BLYP-

D3(BJ)/TZ2P.
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11.2 Computational Results

MeO,C, CO,Me MeO,C, CO,Me

MeO,C CO,Me
DBU (50 mol%)
(0] Me O, X _Me + (0] X H
o Et,O (0.05 M), rt, 1 h 5 "
2 2 2 €
Me dr=1.2:1 Me Me’
24a (0.1 mmol) 24b 32% 24c¢ 39%

Scheme S4: Experimental observation for the racemic deconjugation of ester 24a with DBU.

N
! N N
'1' [e] Me - -
o]
; ~ N N N
O H l i
\O Me S 7 ' \ M
\ N7 N 4 4 e
N MeOZC\ CO,Me k/l —0 “, — “, P
AG MeO,C CO,Me TS1-E Z “Me
Et0 TS1-E o o
(kcal mol™) T$1-Z (25.2)

MeO,C CO,Me

TS2-E TS2-Z TS2-E
Int1-Z (15.1)
(14.7)

Me0,C CO,Me

Int1-E

(14.5)
(13.4)
N N MeO,C CO,Me
+ - + .
N N
| | o N
(0.0) o- H o0 " Me
0,C, COM °© Me
Me e
2,? 2 ~o N e ~o N 24c
o M A R MeO,C, CO,Me
- ¢ Me0,C CO,Me Me0,C CO,Me % 24b
o o Me  (82)
° Int1-Z Int1-E ~
O 24b
deprotonation reprotonation

Scheme S5: Computed potential energy surfaces (AG [kcal mol]) for the DBU-catalysed 1,3-

prototropic shift computed at COSMO(Et20)-ZORA-M06-2X/TZ2P//[COSMO(Et,0)-ZORA-
BLYP-D3(BJ)/DZP.
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SPPh,
Ph
Ph

\_VSI
Pho N EJ\
Yy YN
Ph O H H
c1
PPh3

/ C><~// e eay/aaY

Ph

Ph

Figure S7: Catalyst conformations of the left arm and right arm of C11.

S

SPPh,
Ph
PPh3

5 ///L/// /d// Ai/

PPh

Ph Ph

Figure S8: Catalyst conformations of the left arm and right arm of C12.

Since the BIMP catalyst has a rich conformational space, the potential conformations on both
side arms of the molecule were considered. The conformational spaces of both the “left arm —
LA” (side containing the amide moiety with the tert-butyl group) and “right arm — RA” (side
with the iminophosphorane moiety with the tert-butyl group) of the BIMP catalyst were
explored. Regarding the left arm, two conformations are possible which form a hydrogen
bonding between the amide and the thiourea. On the other hand, the right arm of the catalyst
can have the iminophosphorane located either on the bottom or top side of the thiourea plane.
Various conformations of the catalysts are likely accessible, therefore every possible

conformation of the BIMP catalyst were calculated for all key transition states.
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"LA" conformation

"LA" conformation

LA1orLA2 LA1orLA2
— % — 1t
4// G :
v | H < =y :
N H )]\ /_ "RA" conformation Ph N A J\ /_\ RA" conformation
Ph\rN NN RA1 N N RA1 or RA2
or RA2 | |
! | Ph O H
PhoO H ) N=pph, N/ /PP
N\ ! o
o} Ve v/ ~
Nt l? two protons SO stereocentre
[Sh N H,orH, —o — RorS
Me Me0,C"| Me
& CO,Me
L MeO,C CO,Me L ]

TSs for deprotonation AGH AE% TSs for reprotonation AGH AE?*
TS1-depro-LA1-RA1-H, 21.7 2.7 TS2-repro-LA1-RA1-R 10.9 -8.7
TS1-depro-LA1-RA2-H, 22.1 4.8 TS2-repro-LA1-RA2-R 26.5 7.9
TS1-depro-LA2-RA1-H, 36.2 17.9 TS2-repro-LA2-RA1-R 13.7 -4.8
TS1-depro-LA2-RA2-H, 33.1 13.0 TS2-repro-LA2-RA2-R 23.9 2.4
TS1-depro-LA1-RA1-H,, 22.5 4.1 TS2-repro-LA1-RA1-S 15.1 -5.1
TS1-depro-LA1-RA2-H,, 26.6 7.0 TS2-repro-LA1-RA2-S 20.2 5.0
TS1-depro-LA2-RA1-H,, n.d. n.d. TS2-repro-LA2-RA1-S 20.1 0.8
TS1-depro-LA2-RA2-H, 35.5 15.1 TS2-repro-LA2-RA2-S 28.2 7.6

Figure S9: Relative stability of the deprotonation and protonation transition structures of
24a Cl1l1 computed COSMO(Et20)-ZORA-MO06-
2X/TZ2P/ICOSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP. Energies (kcal mol?) are provided in
the insert.

cyclopropene  ester with at

"LA" conformation LA conformation

LA1 orLA2 LA1 orLA2
~ / t +
Ph H |~ "RA" conformation J\ /_\ "RA" conformation
N RA1 or RA2 RAT or RAZ
Ph O L N=pph, \ ,' / \PPh
\ S ! o
U | \ J
3 l? “ | two protons Loy /\\ stereocentre
N H, or Hy, s RorsS
Me Me0,C™ Me
& CO,Me
L MeO,C CO,Me L ]

TSs for deprotonation AGH AE* TSs for reprotonation AGH AE*
TS3-depro-LA1'-RA1-H, 20.0 4.4 TS4-repro-LA1-RA1-R n.d. n.d.
TS3—-depro-LA1'-RA2-H, 33.1 15.4 TS4-repro-LA1'-RA2-R 31.4 14.4
TS3—-depro-LA2-RA1-H, 28.0 12.6 TS4-repro-LA2-RA1-R 25.3 9.0
TS3-depro-LA2-RA2-H, n.d. n.d. TS4-repro-LA2-RA2-R 46.4 23.8
TS3-depro-LA1'-RA1-H, 23.5 9.1 TS4-repro-LA1'-RA1-S 29.8 1.2
TS3-depro-LA1'-RA2-H, n.d. n.d. TS4-repro-LA1'-RA2-S 28.2 11.0
TS3—-depro-LA2-RA1-H, 38.3 20.7 TS4-repro-LA2-RA1-S 23.7 7.0
TS3—-depro-LA2-RA2-H,, 33.5 18.0 TS4-repro-LA2-RA2-S 29.7 134

Figure S10: Relative stability of the deprotonation and protonation transition structures of
24a  with Cl12 COSMO(Et20)-ZORA-MO06-
2X/TZ2P//ICOSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP. Energies (kcal mol™?) are provided in
the insert.

cyclopropene  ester computed at
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Scheme S6: Computed potential energy surfaces (AG [kcal mol]) for the BIMP-catalysed 1,3-
prototropic shift of ketone computed at COSMO(Et20)-ZORA-M06-

2XITZ2P//ICOSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP.
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Figure S11: Transition state structure of TS2-R and the ADFview plot of non-covalent
interaction (NCI) regions materialized by reduced density gradient isosurfaces (all default
settings were used) colored according to the sign of the signed density 12p (red and blue colors
are associated with negatively and positively signed terms). Interaction energies in TS2-R are
shown below with truncated fragments using the energy decomposition analysis (EDA).
Disconnections were made by capping with a hydrogen atom with an optimized X-H bond
length. Computed at ZORA-MO06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP.

326
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Figure S12: Transition state structure of TS2-S and the ADFview plot of non-covalent
interaction (NCI) regions materialized by reduced density gradient isosurfaces (all default
settings were used) colored according to the sign of the signed density A2p (red and blue colors
are associated with negatively and positively signed terms). Interaction energies in TS2-S are
shown below with truncated fragments using the energy decomposition analysis (EDA).
Disconnections were made by capping with a hydrogen atom with an optimized X-H bond
length. Computed at ZORA-MO06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP.
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Figure S13: Transition state structure of TS4-R and the ADFview plot of non-covalent
interaction (NCI) regions materialized by reduced density gradient isosurfaces (all default
settings were used) colored according to the sign of the signed density A2p (red and blue colors
are associated with negatively and positively signed terms). Interaction energies in TS4-R are
shown below with truncated fragments using the energy decomposition analysis (EDA).
Disconnections were made by capping with a hydrogen atom with an optimized X-H bond
length. Computed at ZORA-MO06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP.
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Figure S14: Transition state structure of TS4-S and the ADFview plot of non-covalent
interaction (NCI) regions materialized by reduced density gradient isosurfaces (all default
settings were used) colored according to the sign of the signed density 12p (red and blue colors
are associated with negatively and positively signed terms). Interaction energies in TS4-S are
shown below with truncated fragments using the energy decomposition analysis (EDA).
Disconnections were made by capping with a hydrogen atom with an optimized X-H bond
length. Computed at ZORA-MO06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP.
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11.3 Computational Details

Table S6. Cartesian coordinates (in A), energies (in kcal mol™), and number of imaginary
frequencies of all stationary points, computed at COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP.
Energies (in kcal mol™) at COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-

BLYP-D3(BJ)/DZP are also provided.

24a

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E = -4159.37

G = -4046.40
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E = -6218.59

G =-6105.62

Nimag =0

C -0.24706330 0.46103318 0.50853140
C -0.04171670 1.91516773 0.16056872
C 0.98988053 0.80356164 0.33924935
H -2.11814394 3.05889310 -3.14216978
C -0.16568185 2.91254987 1.29165283
C -0.35914935 2.33366059  -1.25574580
H -2.20278839 4.72874692  -2.46651525
C 2.44875803 0.61876661 0.30652699
C -1.25651960 -0.55555982 0.77729617
O -0.65608645 2.65015600 2.38157421
0 0.40971556 4.09684400 0.96993591
C 0.34844723 5.12383973 2.01602409
H 0.86012732 5.98949074 1.59083588
H 0.85731212 4.76736461 2.91718964
H -0.69706076 5.35627742 2.24268095
@] 0.03334074 1.72811200 -2.24419924
O -1.18018681 3.41128583  -1.28928232
C -156795821 3.85622211  -2.63254575
H -0.67443650 4.12175870 -3.20623348
O -0.99549301 -1.70438593 1.11649532
O -250186412 -0.05305807 0.59270412
C -3.59274459 -1.00627249 0.83276346
H -3.49747893 -1.85490709 0.14836335
H -4.50556357 -0.44082302 0.63706718
H -3.55590935 -1.35223298 1.87048795
C 3.13270305 150162728  -0.75475683
H 2.66766615 -0.44853785 0.15181849
H 2.83303107 0.87588081 1.31012745
H 4.21906814 1.34909058  -0.72410457
H 2.92156190 2.56231592 -0.56219684
H 2.76189214 1.25448640 -1.75693075
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C11

COSMO(Et:0)-ZORA-BLYP-D3(BJ)/DZP
E =-13929.43

G=

-13459.55
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E =-19784.00

G=

-19314.12

Nimag =0

TOOOOIIITOIOIOOOOIIIOIOIOOOOUIZOIIOIZVOIZO

-6.14449954
-4.88946181
-4.13501896
-5.45697443
-5.56140268
-3.31037795
-2.92983236
-2.66617057
-3.40734057
-2.85533406
-2.29482245
-2.03400206
-1.43163953
-1.82293565
-0.10154263

0.94036915

0.19545624

2.27038261

0.69611547

1.52679046
-0.60966980

2.56380812

3.07754571

1.75579858

3.60082335
-2.79441037
-2.47948436
-3.89559747
-3.25704988
-1.61948651
-4.66926113
-4.14466551
-4.35308349
-3.00735200
-5.51744016
-4.95772764
-2.31056089
-3.49143367
-1.58448532
-3.94626544
-4.04559942

-2.61422710
-2.00739685
-1.98512062
-6.17622828
-2.15029597
-1.21709749
-0.68723090
-0.74663486
-0.80115786
-6.61037107
0.75415529
0.95453459
1.01451361
2.36352072
3.00582333
2.06944039
4.37453547
2.49819005
1.01204291
4.79996075
5.10541088
3.86318864
1.76958112
5.86257251
4.19786292
3.75000279
4.18590988
4.30748224
5.16551200
3.76884882
5.29207584
3.98404878
5.71978060
5.49851873
5.72708892
6.48627627
2.22415453
1.52089213
2.83683624
1.44513734
1.04644556

0.97532564
1.42166354
0.73505384
2.16273527
4.04613194
2.84776127
2.04344372
4.07389179
4.88087410
1.46076343
3.82528116
2.39732632
4.45715221
1.72280267
1.72362072
1.81196639
1.62491420
1.79665885
1.89648668
1.60690172
1.56656628
1.69285535
1.86815186
1.53029976
1.68270446
2.42679423
3.72719737
1.75813628
4.34745013
424971812
2.38136528
0.74973977
3.67510319
5.35439922
1.85352106
4.15886009
-0.02751222
-0.32582934
-1.05877952
-1.64254183
0.48075905
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ITITTOOOOOOIITITIITIZOOIIIIIIIITOOOOOIIIOOOOIIIIIIIIIIOIO

-2.03711343
-0.66486231
-3.21855559
-1.46561598
-3.57264316
-3.14301170
-4.86642598
-0.56635675
-5.36297718
-5.17050284
-6.09681526
-6.84765807
-2.29420171
-1.46496949
-0.31265303
-0.96262832
-1.95352767
-0.65694305

0.09698911

0.49810277
-4.53378684
-6.72962215
-7.01371539
-5.75750942
-8.06191353
-7.73475510
-7.43353147
-5.54223347
-6.20600791
-4.80873011
-8.54369400
-7.89714072
-8.75312271
-5.92261124
-5.80729392
-5.83960218
-5.83728154
-1.13586471
-2.79060409
-1.77574490
-0.15547960
-4.24610574
-4.39181081
-3.28270292
-2.01572318
-1.86212738
-2.97411187
-5.38056146
-3.40575658
-1.15045173

2.74596049

3.37386574

2.05657853

3.21463934

1.99277320

1.37273433

0.91190048
-0.22530483
-8.79803425
-6.49821520

0.09157517
-2.47219027
-3.49780034
-1.66841186
-1.56324000
-1.25018961
-3.13083332
-1.82679841
-0.54642993
-2.25328656
-1.76834044
-1.87416053
-0.41307070
-1.88405681
-2.55175176
-0.37562572

0.14762043
-2.91014868
-1.33569999
-1.38453171
-1.98657246
-3.58064701
-2.57067895
-4.14604718
-4.73354618
-4.76790721
-4.17341038
-3.78225373
-3.23723322
-1.31112794
-1.92340627
-6.30015953
-6.18601426
-6.30440167
-6.54725232
-6.65318920
-6.52547261
-6.01851618
-6.20807840
-6.64339374

-2.37951392
-0.83665996
-2.67111593
-3.17995949
-3.69959148
4.16901628
-1.86869952
5.88048515
2.84209469
1.15120298
0.48616424
1.80713174
3.56819349
4.47138338
3.44976169
5.87181785
4.54445885
2.44005252
3.41114290
3.72877822
2.72458774
-0.26305166
0.15782868
-1.46413860
-0.65381666
0.98793337
-0.68961694
-1.78155746
-2.30588405
-1.22224342
-1.46492768
-0.99482888
0.20271442
0.81971717
-0.26719845
2.02742808
2.87164550
4.88080844
5.24653691
6.61138117
6.19670808
3.07948431
4.46878939
5.30767275
4.76539880
3.38068322
2.54114638
4.89487994
6.38603278
5.42072970
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ITITITITOOOOOOIT

Intl

-0.87671213
-6.62227404
-7.92560538
-8.96995559
-8.72019900
-7.41729449
-6.37763326
-8.12535394
-9.97939277
-9.53171655
-7.21145575

-6.83437030
-7.05704278
-6.56315363
-7.40189384
-8.74501785
-9.24680845
-8.40748195
-5.51829650
-7.00075930
-9.39741334
-10.29274372

2.95160848
2.61951505
2.73488173
3.14575765
3.43992182
3.32035714
2.91556930
2.50704766
3.23660729
3.76119358
3.54774838

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E = -18118.00

G=

-17515.04
COSMO(Et20)-ZORA-M06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-26015.04

G=

-25412.08

Nimag = 0

TOOOOIIITOIOIOOOOTIZOIIOIZVOIZO

-5.80922779
-4.56698762
-3.88441549
-4.36403441
-4.91158772
-2.68614627
-2.29543058
-1.94889628
-2.70351878
-2.94324287
-1.29773408
-2.07282628
-0.31654591
-3.21237824
-2.63097969
-1.33395463
-3.43336534
-0.84748562
-0.71556730
-2.94548111
-4.43686811
-1.65433774

0.15990362
-3.57210829
-1.27547150
-4.55723329
-4.24533419
-5.86152017
-5.22821764
-3.23646975

-2.27692253
-1.49178669
-1.67151780
-5.34175501
-1.08713698
-0.83338606
-0.79285040
-0.05603865
0.29196014
-3.83575478
1.18044332
1.67237341
0.88245745
2.75895481
4.47762501
4.80394607
5.46201064
6.10399096
4.02951746
6.76302885
5.21344411
7.08527189
6.35316232
7.52538513
8.09944992
2.54032863
2.63526542
2.20669921
2.39937726
2.90155991

2.54933336
2.65988299
1.91905679
4.29416582
5.31615506
3.79611015
2.85139903
4.80066556
5.51651841
2.46496528
4.09226891
2.95746216
3.69622250
3.06516977
3.38508394
2.95679027
3.98303631
3.11574909
2.50568326
4.13918292
4.32401941
3.70481492
2.78297841
4.60149678
3.82876211
4.29103578
5.65897956
3.90063782
6.61922038
5.97289480
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IITTITZO0OIIITIITITIITOOOOOIITOOOOIIIIIIIIIIOIOIOOOOIIIOIO

-6.84326729
-6.11172478
-6.52938884
-4.98029619
-7.85303012
-7.29509750
-4.00922476
-4.19013260
-4.42328520
-4.77797084
-3.84640245
-5.01232097
-4.27202739
-5.18994060
-5.32568983
-5.65289775
-1.09776276
-4.90318578

0.23181413
-5.64761169
-4.70998977
-6.25417195
-6.39060652
-2.01732130
-0.91225112
0.22967611
-0.33099832
-1.62436337
-0.17384349

0.90832187

0.82338161
-4.00558569
-6.65859795
-7.11519929
-5.86625643
-7.90400154
-7.73790823
-7.70036155
-5.56234848
-6.48999328
-4.97127786
-8.57626946
-7.62268357
-8.45997916
-5.40330224
-5.29877840
-5.07446855
-5.09854546
-0.91158534
-2.46260453

1.97056234
2.13346608
2.06773144
2.47003160
1.70445410
1.87769579
2.81580183
1.61035698
4.02454167
1.61439254
0.68600544
4.02436592
4.96486883
2.81996916
4.96543143
2.82189838
1.94020898
0.68359964
0.78372755
-7.61181394
-6.11370107
0.25716719
-2.02809577
-2.81198148
-0.93235597
-1.42411036
-0.08326769
-2.16744546
-1.88799572
-0.61151676
-2.18908733
-1.13375653
-1.86464624
-0.40496458
-1.96430318
-2.77692391
-0.32506772
-0.05395434
-2.99832402
-1.61705818
-1.33117665
-2.43286060
-3.81737788
-2.74159624
-3.77225128
-4.54698100
-4.10697204
-3.35199413
-2.75837419
-1.86508258

4.86559567
2.84618347
6.22327641
7.67803404
4.55513979
6.97508138
1.42617370
0.73030017
0.84756693
-0.53430214
1.18341515
-0.42078968
1.37361029
-1.10996751
-0.87208084
-2.09532041
4.86680476
-1.08080570
6.36729299
5.12796741
3.59108702
1.66100883
3.44651367
5.38975559
5.58686270
4.66770289
6.73996909
6.18297081
3.76002561
4.37594745
5.18863673
3.86786662
1.31583590
1.53792398
-0.00631988
1.25141371
2.44090440
0.67551529
-0.19900164
-0.84291644
0.01387077
0.45193645
1.04887235
2.20091502
2.64886183
1.68288988
3.92586705
4.62707476
6.77713381
6.82317274
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TITIOIITITOOOIOOOIIITOOOOOIOOIOOOIIIITOOOOOOOIIIIOOOOOOIXT

-1.13501169

0.35405989
-2.84082326
-1.96663899
-0.58109115
-0.04975101
-0.91597228
-2.29705791
-2.36634518

0.08228483

1.02910923
-0.52157515
-4.77435853
-4.49184022
-4.86705330
-5.52080611
-5.80008390
-5.42933194
-3.97260573
-4.64695768
-5.81022030
-6.30656050
-1.74236942
-1.47103409
-1.40221142

1.25944630
-2.65944566
-0.16457726

0.66959439
-1.08247387
-2.08835080
-3.67260230
-2.47025494
-3.55082671
-3.25571227
-4.49407621
-3.63561616

0.85431151
-0.27676068
0.94632988

1.73893564
-2.21274466
-2.25297771
-2.58714610
-1.76753000
-2.70454916
-3.51358637
0.30850599
-1.17611762
-1.85332670

0.28269632
-0.69304944
-5.20658703
-5.91596397
-5.80998367
-5.00145010
-4.30188376
-4.40193404
-6.54036803
-6.35570297
-4.90747733
-3.65453652
-5.72696219
-4.86472446
-5.20794732
-6.42308192
-7.28733680
-6.93698716
-3.92559745
-4.52987728
-6.69260769
-8.23468762
-0.41074020

0.25125506

0.83920488
-1.36571385

0.63397834
-0.07501990
-0.25138316

2.10232364
-1.65918441
-0.03959946

1.85289343

2.30395514

3.30482333

2.32944393

1.62418513
-0.38040192
-0.01567210
-0.34435457
0.36289533
-1.78046557
-2.65826564
-3.97025444
-4.30066953
-4.63084148
-3.90159557
2.63717855

1.95433167

2.83396221

7.39702288
7.34814469
4.13227360
4.96842404
4.80634156
3.79780364
2.95313495
3.12132073
5.76487350
5.47749739
3.67886995
2.17183809
5.70572271
6.77726793
8.07719563
8.32287041
7.26023214
5.95561772
6.59385996
8.90152762
9.33838668
7.44390326
-0.91276160
-2.23384873
-0.82537864
-4.76895064
-3.09159912
-2.91423027
-6.05834171
-0.15417393
-0.26438816
-3.21062578
-3.65685920
-4.53902114
-4.86018279
-3.98780269
-5.39346825
-2.31087303
-4.26454076
-5.00650522
-4.74317273
0.95741200
-1.15050425
-0.56661025
0.07696605
-1.42757990
0.00802589
-0.55785154
0.93321243
-0.44992907
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H
H
H

Int2

0.49398550
0.36536080
1.09509238

3.59038105
2.80845707
1.92458147

-0.04572672
-1.64134207
-0.27945528

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-18114.42

G=

-17509.86
COSMO(Et20)-ZORA-M06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-26013.70

G=

-25409.14

Nimag =0

OOIITOIOIOOOOIIITOIOIOOOOTIZOIIOIZVLVOIZO

-5.91049159
-4.57588332
-3.87805686
-5.25282893
-5.12659299
-2.76926148
-2.30598314
-2.16305982
-2.96540455
-3.76699820
-1.61171681
-2.39886404
-0.59613990
-3.27127878
-2.41608165
-1.05100624
-3.08793176
-0.36741742
-0.53298857
-2.39157826
-4.14123946
-1.03733835

0.68821930
-2.90830031
-0.49817499
-4.97337011
-5.29143928
-5.97123332
-6.60432970
-4.53877126
-7.27893127
-5.73203356
-7.59486849
-6.84968321
-8.05614157
-8.62105501
-3.35502510
-3.61969137

-2.34336371
-1.82324059
-1.80636770
-5.69273029
-1.39444717
-1.23646313
-1.39962593
-0.16234732
0.25133683
-7.38548679
0.94966501
1.15548642
0.69017482
2.47762245
3.93929358
4.09361158
4.90607541
5.22029066
3.33530973
6.03056943
4.78048176
6.18749208
5.34453434
6.78147911
7.06496009
2.51987539
1.90058863
3.16890721
1.93233880
1.36081498
3.20531539
3.62029164
2.58969236
1.42079902
3.69914420
2.60782236
2.54472419
1.36899049

2.19486118
2.50091825
1.74174533
3.82566004
5.11755161
3.77515069
2.87131478
4.57367335
5.19762151
2.28332861
3.62549728
2.39442275
3.30199582
1.99073825
2.61744620
2.30937368
3.38005227
2.76238885
1.72493349
3.83317846
3.62013048
3.52406974
2.52529244
4.42892837
3.87920630
2.60813305
3.82431351
1.85913316
4.29506340
4.38843045
2.34250936
0.89836967
3.55998301
5.22390502
1.76056431
3.92610579
0.18853307
-0.53233367
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-3.15110305
-3.64751486
-3.75221009
-3.19450234
-2.93976077
-3.43222376
-3.02348466
-3.43743855
-1.54548650
-3.80778853

0.10960087
-3.87593192
-5.69080970
-5.66945487
-6.55460781
-2.19881531
-1.05387927

0.06095900
-0.45408016
-1.71107459
-0.35826934

0.64954777

0.75556707
-4.12198189
-6.49517949
-6.63742074
-5.60374713
-7.89418538
-7.30716889
-7.04022558
-5.51131575
-6.04951971
-4.59648571
-8.37425638
-7.82671440
-8.53852281
-5.79889659
-5.66901534
-5.78039337
-5.72788666
-0.95125772
-2.48058658
-1.24496564

0.23894176
-3.73879098
-2.93033665
-1.54133518
-0.94397333
-1.74656923
-3.13941988

3.76159289
1.40797386
0.42269729
3.78920168
4.67139445
2.61365136
4.72794542
2.63781179
1.89533618
0.48741562
1.17146970
-7.07905845
-6.36769803
0.24772285
-2.02694683
-2.50751896
-0.69922170
-1.42455813
0.48011103
-1.68837537
-2.20093318
-0.73641612
-1.90990531
-1.47211522
-1.72615561
-0.20665849
-1.97302198
-2.33958616
0.00810521
0.28122090
-3.04424908
-1.47444501
-1.55962205
-1.85787250
-3.41699429
-2.18144945
-3.88743791
-4.62073944
-4.35087800
-3.64711252
-2.10959234
-1.18694373
1.04759452
0.09849686
-5.72844481
-4.81491880
-4.87920037
-5.84627148
-6.74643676
-6.68525465

-0.48198648
-1.92315633
-0.02155034
-1.87744655
0.07636258
-2.59570681
-2.40271792
-3.68432459
4.17369890
-2.47767392
5.69571227
5.78145193
3.07506731
1.35048761
3.02638375
5.98590621
5.53821309
4.75097136
6.33712345
6.52398309
4.09897892
4.12907868
5.45185767
3.72943227
0.89172485
1.12345113
-0.34762498
0.66139735
1.96728367
0.22484467
-0.55562407
-1.22111534
-0.21443888
-0.20280473
0.46480019
1.53981566
2.24324307
1.25431116
3.52726621
4.27665035
7.19852631
7.12689876
6.85142782
7.10104041
3.65942738
4.34910042
4.23647057
3.41890407
2.71290301
2.83486516
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H -3.39013612 -4.05578313  4.97957383
H -0.92143807 -4.17732977  4.78785937
H  0.14108067 -5.88855518  3.32551652
H -1.29071148  -7.49179034  2.06132602
C -5.73098182 -6.13350814  5.20854684
C -7.04651711 -5.85107299  5.61116381
C -751357209 -6.26654371  6.86070676
C -6.67280590 -6.97696528  7.72597649
C -5.36531592 -7.27076146  7.32755993
C  -4.89746790 -6.85140052  6.07676441
H -7.70299544  -5.29486637  4.94361905
H -8.53546622 -6.03391884  7.15992694
H -7.03486928 -7.29748213  8.70246388
H -4.70181700 -7.82361451  7.99232559
C -0.81152618 -0.72698130  -0.71698259
C 011220749 -0.69093989  -1.89466206
C -0.38774111  0.51886232  -1.08964418
H  3.87508470 -2.14325873  -2.46905444
C -0.47354378 -1.01049487 -3.24168875
C 156415784 -1.04342037 -1.68871978
H 412680019 -0.85584502  -3.70387710
C -0.22351817  1.84711911 -1.08283841
C -1.56500123 -1.57491074  0.04831724
O -0.20492778 -2.01380116  -3.89370560
O -1.39049692 -0.08025141 -3.63612265
C -2.10955091 -0.40935237  -4.86209300
H -2.81073735 0.41518833 -5.01113524
H -2.64372811 -1.35907254  -4.74514227
H -1.41252546 -0.48068640  -5.70460536
O 205858964 -1.41898792  -0.63516908
O 228641792 -0.80804624  -2.82432265
C 371727829 -1.08836753 -2.71808485
H 416843197 -0.45427735 -1.94728947
O -2.33111327 -1.20237637  1.01649326
O -1.47913366 -2.91407904  -0.27815474
C -2.23346328 -3.83060972  0.56927955
H -1.96889269 -3.70748364  1.62411538
H -1.94260714 -4.82939295  0.23386670
H -3.31166211 -3.69973372  0.43896659
C 055437315  2.59434195  -2.13024709
H -2.35695009  0.35843615  1.71169473
H -0.75301755  2.43315555  -0.33494881
H 129752989  3.27821641 -1.68715439
H -0.11688774  3.21118125  -2.75349969
H 108367115 1.89794140 -2.79439889
24b

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E = -4168.12

G =-4053.83
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COSMO(Et20)-ZORA-M06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-6228.12

G=

-6113.83

Nimag =0

IITITITOITIIOOOIOOOIIITOOCOOOOIOOIOONO

SM

-0.11626913
0.12782850
1.21346424

-0.02021137

-0.01819034

-0.33545215

-0.56080897
2.52366349

-0.53027629
0.89989053

-1.30449866

-1.56067943

-2.63306519

-1.28266231

-0.98081529

-0.69615449

-0.27026567

-0.67514431

-1.71527659
0.00977425

-1.60827696

-2.10958082

-1.32755207

-2.96258663

-2.41574625
3.49682179
4.19986285
2.97933573
4.09714164
2.92582239

-0.62492638

0.15285461
1.69540334
0.71133334
2.72478259
2.66764468
2.28119979
1.04869798
0.54562119
-0.24128643
3.32071043
2.71402448
3.61795407
3.53721087
4.64003797
3.28797972
3.44428813
1.38336730
1.89696356
2.23454278
0.13380744
-1.06986992
-1.50582664
-2.05838150
-2.14862222
-0.63368548
1.66249357
1.74056881
2.62268082
1.46673665
-0.46240874
-0.36680733

0.21707659
-0.03915171
-0.01026350
-3.96180184

1.12211894
-1.34939010
-4.35031558
-0.06823232

1.60351749

1.58760958

1.53464826

2.66221602

2.84939963

2.38681375

3.52990029
-1.46761684
-2.35839897
-3.67304067
-3.63333075

2.63314982

1.55249806

2.86203025

3.39229202

2.63668790

3.44809755
-0.30597489

0.53756844
-0.41570187
-1.20795392

0.06778049
-0.59560943

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E=
G=

-4011.02
-3900.42
COSMO(Et20)-ZORA-M06-2X/TZ2P//ICOSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-5946.47

G=

-5835.87

Nimag = 0

OOITOOO0

-0.27477435
-0.05709304

0.96681100
-2.03369004
-0.23272650
-0.33782351

0.45133390
1.91648718
0.80259608
3.16143402
2.89904916
2.35100832

0.43307219
0.10481878
0.29859957
-3.21896153
1.24116856
-1.31125200
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Ci12

-2.06395793
2.42644664
-1.34121973
-0.83766419
0.41834832
0.29599105
0.87185237
0.70953316
-0.75764075
0.03426795
-1.10955971
-1.46086363
-0.54966861
-1.06602352
-2.74368994
2.78672646
4.21561205
2.90520940
2.78547675
3.12917943
2.65252757
-2.88299666
-3.47436652
-2.88698654

4.82894804
0.62417215
-0.52463340
2.64197780
4.06186744
5.07744240
5.93065800
4.69222626
5.34184476
1.73006277
3.46603880
3.93352942
4.16786976
-1.69089367
0.00663259
0.88135016
1.36917330
2.57208614
1.26352292
1.51328829
-0.44199164
0.84503012
-0.78433738
0.40743580

-2.53315853
0.29770088
0.67412443
2.27417191
0.99802960
2.05054474
1.68673911
2.98792129
2.18572029
-2.29826090
-1.34989006
-2.69572096
-3.25495536
0.97227053
0.53509177
1.31041751
-0.68907561
-0.55742459
-1.75720297
0.74590806
0.14594326
1.23352593
0.73319735
-0.48013671

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-13943.78

G=

-13470.87
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E =-19793.29

G=

-19320.38

Nimag =0

OO0 UVIZOIITOIZ0OIZ0

-5.84722758
-4.65456903
-4.16925979
-8.35557542
-5.34285573
-3.32266864
-2.84647983
-2.71928989
-3.40000137
-9.70862635
-2.74451962
-1.77336709
-2.52870776
-2.12531671
-0.53493642

0.65859164
-0.49654927

-2.56253422
-1.95003637
-1.26676617
-0.01070723
-2.78963531
-1.17278187
-0.65055059
-1.08090911
-1.63299776
1.04967193
0.38976771
1.25542725
0.38140485
2.35004180
3.01658143
2.58055134
3.95539864

0.50719489
1.10576656
0.52228757
1.81419284
3.58901650
2.80032237
2.06494344
4.13681501
4.79814013
4.00559480
4.61751024
3.95412763
5.69855333
2.87975159
2.28130551
2.87422305
1.23858944
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1.88413981

0.60449206

0.73036625
-1.41711480

1.92193233

2.81055825

0.75703756

2.87818824
-3.07809766
-3.08551803
-3.70585425
-3.70774350
-2.59739891
-4.32659401
-3.72577527
-4.32544144
-3.71414575
-4.81743120
-4.81318791
-3.00986515
-4.41244136
-2.27719298
-5.06809198
-4.99199114
-2.93932840
-1.19067408
-4.33489019
-2.36583184
-4.85566768
-3.78910224
-6.15219555
-0.33017490
-8.48225679
-8.61276194
-3.89227764
-7.44604388
-2.16090690
-1.33421770
-0.41691599
-0.61938015
-1.60425570
-0.85544925
-0.24106664
0.54682917
-4.38755751
-5.51746705
-4.85465454
-4.55695926
-6.83544877
-5.50970216

3.07831249
1.85309695
4.44761803
4.29265933
4.00959527
2.73633723
5.17102629
4.39423286
3.81547875
4.04115843
4.73491654
5.17739596
3.32203657
5.86997689
4.56275369
6.09470866
5.34536813
6.57703444
6.97960437
1.81973707
1.86390517
1.22909545
1.36422266
2.29110560
0.72598226
1.17576940
0.80700493
0.27990597
0.41921168
0.72405901
1.39367646
-0.44606065
2.65941845
0.36395083
-2.14161403
4.51443523
-3.59027384
-1.81934426
-1.41186462
-1.50410662
-3.33960098
-1.70038969
-0.33213816
-1.93602592
-1.92481575
-3.39518677
-2.55788325
-4.52981872
-4.01391545
-1.73710685

2.42191170
3.68074265
0.78700025
0.76664540
1.37794211
2.88276383
-0.02731657
1.02418809
3.46944254
4.85461447
2.61392917
5.37892893
5.51123686
3.13991790
1.53993164
4.52135302
6.45569143
2.47178076
4.92952151
1.35564524
1.27725732
0.30853958
0.15161783
2.08820859
-0.81553812
0.36596468
-0.90035634
-1.62773264
-1.77189277
4.51483164
0.09552679
5.54850033
1.33502563
0.81244995
-1.54760423
2.62826155
3.16642886
4.16713050
2.98926937
5.49875502
4.07994028
2.02233794
2.98965316
3.07907170
2.44782685
-0.76340425
-1.87741566
-0.33639605
-1.28171314
-2.18667881
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ITTITITOOOOOOIIIITOOOOOOOIIIIIZOOIIIIIITI

Int3

-4.65094488
-5.01688060
-4.31297182
-3.62159427
-6.62388087
-7.33007467
-1.52721468
-6.92858691
-7.23285934
-7.46946158
-7.11914874
-0.65270726
-2.19567191
-1.26521021
0.29088797
-9.64906173
-10.30885271
-11.49974662
-12.04915169
-11.39914281
-10.20573488
-9.87889720
-11.99937938
-12.97587796
-11.81640416
-7.65732551
-6.85836401
-6.29857353
-6.51468757
-7.29300630
-7.86651383
-6.66083786
-5.68243018
-6.06168022
-6.20875456

-3.19962515
-5.16494142
-5.15993620
-4.12248724
-4.69307573
-4.59682858
-3.23677243
-1.45648667
-0.88633270
-1.15372545
-1.67386835
-3.89198590
-3.68562547
-1.73413495
-2.11606859
-0.48527498
-1.61016486
-2.06443779
-1.39994831
-0.27896321
0.17743091
-2.13510536
-2.93930560
-1.75649717
0.24426012
1.10479967
0.82789446
1.87082841
3.20005917
3.48189260
2.43737127
-0.20218264
1.64647078
4.00790969
-3.27087597

-2.74751741
0.43487027
-1.20373930
0.07066474
-2.12012638
-0.48975473
-1.62928894
0.36959478
-0.68872337
1.58101796
2.39707016
4.06517072
4.93981297
6.35985200
5.58546265
2.48764339
1.96599590
2.53561834
3.64004488
4.16267995
3.58826037
1.11401584
2.11993781
4.08878806
5.02283151
2.58218203
3.70020609
4.44234847
4.06680831
2.94093533
2.20750292
3.99456622
5.31172278
4.63447846
1.26372503

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-17971.72

G=

-17371.01
COSMO(Et20)-ZORA-M06-2X/TZ2P//ICOSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-25743.35

G=

-25142.64

Nimag = 0

C

N
H
C
S
N

-5.17766279
-3.84558358
-3.12841097
-7.47228430
-4.51868663
-2.08013845

-2.03193760
-1.48141802
-1.62701184

1.01131241
-0.71091148
-0.86273068

2.52694621
2.78614505
2.07450825
2.29056662
5.28437244
4.10823294
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OOIIIITITIITIIITIOIOIIOOOOIIIOIOIOOOOIIIOIOIIOOOOTUTUIZO0O0IIOX

-1.56138046
-1.40193357
-2.19594779
-8.56296303
-0.57543330
-1.37014150

0.26262209
-2.24786413
-1.36471110
-1.89995556
-0.13594791
-1.21792469
-2.84567544

0.54712434

0.27761176

0.00429843
-1.63683039

1.50320087

0.53618094
-3.08505187
-2.29291881
-4.40785891
-2.82136353
-1.26451922
-4.93599954
-5.01961875
-4.14834153
-2.20347263
-5.96160238
-4.56279765
-3.43277236
-3.89257755
-3.73120097
-4.61144049
-3.63455826
-4.45708032
-3.36173263
-4.88593765
-4.67289937
-5.43875648
-0.12275973
-4.95143552

0.83391440
-6.42663834
-7.12390633
-3.26378294
-0.68129194
-1.98340779
-0.56555033

0.54714331

-0.99516578
-0.03479520
0.46087154
-1.45999862
1.04688782
1.73819588
0.55539856
3.01492952
4.63413431
5.79949252
4.69285431
7.01361793
5.75440470
5.90731409
3.77897086
7.06897116
7.91616584
5.94849766
8.01602014
3.06342744
3.34287424
2.63438361
3.18871737
3.67977972
2.49556164
2.40046215
2.76535598
3.39878778
2.15788977
2.64258010
3.11480964
1.90715160
432777524
1.90939854
0.97028110
4.32746137
5.26799471
3.11930708
5.27052976
3.12706588
1.71037945
0.96513133
0.67409971
3.50322197
1.37365234
-3.24796644
-3.65297473
-2.57339632
-0.90185399
-1.68819814

3.23387359
5.11722562
5.68977631
2.95599395
4.36868359
3.35744461
3.84837053
3.66590068
3.62421866
4.19690321
2.95098356
4.08173303
4.73579354
2.83822241
2.52803198
3.39966974
4.52652826
2.31670725
3.31188180
5.28849779
6.42127103
5.45553384
7.70146457
6.29812572
6.74181975
4.59126313
7.86175107
8.57431346
6.86379753
8.86239154
2.27558223
1.72386817
1.63677319
0.52796409
2.20542191
0.44181928
2.03968487
-0.11819886
-0.06028591
-1.05548568
5.12217214
0.10775370
6.77260353
1.93081684
1.31425820
0.66732199
-0.30921737
6.09302108
6.11820494
5.39053959
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TOOOIITITIITOOOOOOIIITOOOOOOIIIIIZOOIIIIIIIIOOOOOIIIOONO

0.05285805
-1.50604503
0.12346243
1.29119294
1.07385309
-3.42137134
-5.12108485
-4.33915277
-4.42139961
-6.57108041
-4.67134035
-4.47570402
-4.98992071
-4.34239762
-3.40804222
-6.56111060
-7.14879804
-7.08061999
-6.06041268
-6.31764124
-6.54380362
-6.19042051
-0.93325049
-2.30343543
-0.72005570
0.50972339
-8.89947823
-9.84982496
-11.17108101
-11.56041785
-10.61703684
-9.29219048
-9.55366303
-11.89877367
-12.59097211
-10.90906866
-7.45408044
-8.04327233
-8.04900762
-7.46356728
-6.87915986
-6.88070094
-8.51317269
-8.50721425
-7.45684639
-6.41145208
-1.38287697
-1.71823242
-1.36591355
0.32209687

0.02479393
-1.90505985
-2.32708139
-1.02139155
-2.33896420
-1.03453815
-3.41109920
-3.34829170
-4.40549342
-3.88853313
-2.51363415
-4.28939226
-4.51918071
-5.39250656
-4.06595381
-4.91965305
-3.88142900
-3.24789049
-0.95703475
-0.92727471
-0.03885622
-0.06598730
-2.51657808
-1.37912388
0.66395285
-0.57847458
0.48656355
1.33895711
0.92064058
-0.36075231
-1.21277307
0.79055394
2.34207636
1.59295320
-0.68935442
-2.21168644
2.17309244
2.04428641
3.12252014
4.34009767
4.47379574
3.39523228
1.10314209
3.01312427
5.17531669
5.41333861
-0.29970212
0.31769001
1.00122206
-0.75043892

7.19039007
6.82170688
4.60193505
4.93383491
6.10470129
4.00826684
1.80876592
0.47687315
2.76516698
1.56142315
-0.14878849
-0.07696009
3.70023533
2.28646482
3.02020114
1.17897966
2.49861526
0.83280456
1.83506097
0.62302381
2.71644973
3.68567270
7.53558834
7.36299383
7.64317769
7.98930597
2.09775899
1.51636914
1.34591687
1.75944167
2.34081846
2.50673959
1.20808929
0.89161316
1.62823203
2.66480571
3.27437579
4.54082749
5.42788422
5.06061918
3.79887659
2.90971060
4.82503246
6.41065729
5.76017538
3.50589229
-0.41815784
-1.75740139
-0.44189259
-5.09729876
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Int4

-3.17315169
-0.66437694
-0.86323672
-1.05519157
-1.14165968
-3.86615777
-3.61081429
-5.00449766
-5.21854819
-5.66178129
-5.09822092

0.53493064
-1.21208505
-0.25122106

0.42314451
-1.15552892
-0.90497629
-1.93687260

0.34024392
-0.03941356

1.05301140
0.15438766
-0.88608128
-0.07722519
-1.80285251
-5.61878121

0.22160471
0.26889318
0.18417225
2.32762728
-1.60899680
-0.76256872
1.36044256
1.31319499
2.32162204
1.03510164
0.57950511
0.19704777
0.26834919
0.17826486
1.03970328
-1.79412885
-2.71539929
2.97012156
3.96347571
3.10566622
2.35673874
2.97591586
2.21104668
-2.43880347
-2.82845747
-2.20085534

-2.17113551
-2.83221422
-6.08364681
0.09886793
0.16288556
-1.95907857
-2.76018428
-3.21976883
-3.57885235
-2.39078254
-4.02786269
-2.59983946
-4.07388249
-5.17975756
-5.15417400
1.39039018
-0.82802294
-0.04095003
-0.17206438
-1.68714411
-0.49989744
-0.61416231
1.17890412
-1.49833258
-1.45379018
3.51901398

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E=-17971.78

G=

-17371.07
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E =-25744.53

G=

-25143.82

Nimag =0

OUVITZOITIITIOIZ0VLOIZO0

-1.06205047
-2.53695757
-3.01741693
-0.80449326
-2.90964628
-4.51983509
-4.61173774
-5.74639684
-5.47475537
-2.43056174
-6.72286033
-6.15707929
-6.89455064
-6.82470731
-7.90301465

-2.36986707
-2.20826958
-3.06762623
-3.17033399
0.02614592

-2.08971318
-3.04891948
-1.41318965
-0.36337151
-4.40333813
-1.46554131
-0.70528317
-2.49807662
0.62418396

0.26739178

3.97743234
3.89301400
4.22909894
0.24183853
2.34111368
2.78779112
3.17011772
2.37456661
2.20462849
2.12155009
3.56649385
4.69297207
3.89548776
5.37312417
6.78523398
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-7.69545050
-8.86714302
-8.45538671
-6.94550978
-9.62322260
-9.02735468
-9.41670158
-8.29191947
-10.37335285
-10.00853674
-7.79966352
-9.15142330
-7.15077308
-9.84527676
-9.65342108
-7.85398557
-6.10568320
-9.19712948
-10.89079331
-7.35044701
-9.74045699
-5.48370544
-4.31352381
-5.59539919
-3.26400094
-4.19548004
-4.53719020
-6.48438550
-3.37387914
-4.61655943
-2.54663655
-7.68971030
-2.35159441
-8.33671022
1.25085589
0.07610286
-0.41369970
-7.15604268
-4.40162440
-6.33661273
-6.86268447
-7.48428976
-5.22365901
-6.08198938
-7.73129546
-7.17190989
-3.32952190
-0.18153801
0.38872564
-1.02067639

-0.93636920
1.18982487
-1.21011859
-1.64885755
0.90346893
2.12221882
-0.29445171
-2.14136711
1.61437599
-0.51409171
1.42460863
1.08466602
2.26595437
1.58241565
0.42642171
2.75763480
2.53222113
2.41360379
1.31445667
3.40689344
2.79489629
1.69398731
1.77724561
2.40569067
2.58783087
1.18687295
3.21380989
2.31324886
3.30741077
3.75892157
3.93065274
-1.04157790
2.63490531
-1.05252172
-3.04569940
-3.82520655
0.26323239
-5.16277305
-2.61851138
-1.96899074
-3.41005975
-1.03526691
-1.95180409
-4.06735613
-3.44588392
-3.82049990
-1.48667900
-1.19641263
-0.23746880
-0.42445765

7.48051602
7.22720010
8.61928872
7.14596455
8.36551545
6.68789747
9.06088031
9.15746430
8.70950425
9.94896661
4.07464177
3.89290140
3.15494311
2.78842591
4.59899238
2.05466263
3.29340988
1.86923265
2.64325422
1.33995409
1.00550830
5.94618502
5.17488246
7.15102715
5.60499806
4.26777458
7.57176749
7.76985680
6.79952540
8.51154384
7.13820075
3.28575017
5.01255474
1.28076035
-1.55887467
0.30956161
2.94724233
5.64338705
0.24668836
1.04076116
1.21735934
0.58809281
-0.02945369
1.61772354
1.89037189
0.24488608
3.04767250
4.56363830
3.49774127
5.59735022

346



TOOOOOIOOIOOOIIIIOOOOOOIIIIOOOOOOIIIIIZOOIIIIIIIIO

1.01040080

1.02440195

1.00840748
-1.37744986
-0.40122657
-1.88396397

1.68089679

0.65310803

1.58689053
-0.48096784

0.26903222
-0.88891271
-1.49163141
-5.62439509
-4.81588628
-7.13524511
-7.85408201
-2.04274616
-2.48791898
-3.60620080
-4.29345918
-3.84964102
-2.73453269
-1.97337795
-3.94692607
-5.17541529
-4.37486639
-0.59599749
-1.53787374
-1.35978227
-0.24287510
0.69530042
0.51866173
-2.41166092
-2.09476304
-0.10642017

1.56625074
-5.05421703
-3.94622997
-5.33096295
-1.08560532
-3.79004839
-2.71028579
-2.25729976
-6.02348797
-5.14808501
-4.41469662
-2.96306242
-2.88947927
-2.14163850

-1.87700719
-0.77443567
0.52346877
-1.10960872

0.35164668

0.05426049
-1.10924245
-2.51219127
-2.50185477
-3.01411493
-4.00447442
-2.46423216
-1.63350020
-2.28638564
-0.93813566

0.00495275
-1.34847872
-4.05971475
-4.34942550
-5.16454771
-5.70582313
-5.42988507
-4.61429323
-3.91863066
-5.36479716
-6.32590894
-5.81835944
-2.16526548
-1.14761991
-0.22849542
-0.32303254
-1.33895621
-2.25404364
-1.07094600

0.56137009

0.39166858
-1.42001781
-3.81464821
-3.29915612
-3.81502348
-6.03507102
-1.82136041
-4.13654367
-7.32025971
-3.91674494
-4.48815889
-0.97260821
-1.48984975
-0.04819685

0.05366438

5.28516064
2.77919165
3.99649310
6.37418715
6.07203581
5.12477784
5.69891561
6.10749226
458861554
2.69626353
2.76666447
1.52555888
1.56499034
-0.99696298
-0.14512468
0.50886709
-0.39942609
0.01676358
-1.28128016
-1.48630745
-0.39543063
0.90095059
1.10300368
-2.13824290
-2.50237412
-0.55515560
1.77240920
-0.87849513
-1.09483287
-2.13008217
-2.97123214
-2.76454371
-1.71886173
-0.45153647
-2.28524526
-3.78255351
-3.41474930
6.30188946
7.19785754
7.64749216
8.29710614
7.37177880
7.32066446
7.82414280
8.78850527
5.09896064
6.74275598
8.39227746
8.66083149
9.45039789
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P

-3.86930129
-2.59118988
-1.57869178
-2.99547761
-1.85215709
-1.43139845
-4.24667716
-6.41591289
-7.04455163
-5.44883946
-6.09638817
-4.45586463
-5.47605824
-5.41682694
-6.15354234
-6.86188247
-0.97992998

0.31346285

0.48608507
-3.72852438
-5.42784799
-6.33675408
-6.32983809
-4.46410766
-5.28921340
-4.30692284
-4.38728322
-2.75349788
-3.13514048
-3.52966072
-1.15112290
-6.35591175
-4.99294517
-3.16867774

8.98995728
7.75613468
7.08319338
7.64345814
7.57549142
6.56436813
417631767
4.84293527
8.74146951
10.82893762
10.61571016
10.04223637
10.13597301
5.26582884
476371254
3.88301704
4.72235134

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E =-4018.87
G =-3905.88

COSMO(Et20)-ZORA-M06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-5954.64
G =-5841.65
Nimag = 0

ITITITOOIOOOIIITOOO0OOOITIOOIOOONO

-0.50496586
0.08984039
0.89960669

-1.83934553
0.21182374

-0.25745939

-3.10586991
2.10142746

-1.46672489
0.28594844
0.25345306
0.39575333
0.40738315
1.33205844

-0.45480899
0.54752610

-1.58062877

-2.03461936

-1.51034857

-1.14671593

-2.83949291

-2.76191735
4.10449072
3.00819478

0.76249325
2.12436095
0.91401412
2.44378239
3.21924571
2.55816835
3.42612948
0.39109913
0.03745206
3.02813357
4.43359468
5.57634261
6.45244054
5.48566281
5.60408947
2.65368281
2.83332917
3.24767005
4.15953730
-0.29720761
-0.20222330
-0.80195782
1.14742546
2.19419073

0.82496233
0.28180629
0.46931410
-3.27348411
1.31612647
-1.13160337
-2.44650388
0.29842115
-0.08896192
2.52020855
0.71794654
1.63107981
0.98049193
2.19002205
2.31866017
-2.04231335
-1.22415526
-2.55690350
-2.85953649
-1.22764934
0.48706975

1.40656405
0.49958371
-0.45659254
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H
C
H
H
H
H

3.65795228
3.27919907
-3.47762617
-3.28499172
-0.78182624
2.24891974

0.68636722
1.15631121
-0.71192529
0.76361093
0.81567246
-0.66267125

TS1-depro-LA1-RA1-Ha (TS1)
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-18106.04

G =-17504.18
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25999.87

G =-25398.01

Nimag =1,15741i cmt

C -6.28125149 -2.27744247 2.49276532
N  -5.09046372 -1.42342164  2.44103782
H -4.61189622 -1.39451090 1.53055142
C -4.6117/8241 -5.59770467 3.38469091
S -4.79196138  -1.44529507 5.13594075
N -3.07857209 -0.65763519 3.18940412
H -2.99194174  -0.36938957 2.21392212
C -2.08455463 -0.05883115  4.08249243
H -2.60134419 0.18445354 5.01943414
H -2.08380520 -5.59605332 2.34871877
C -1.53544618  1.25423040  3.42333085
N  -2.48444013 1.93205210  2.52747636
H -0.67010784 1.01761794  2.79523850
P -3.66421607 2.90551795  3.04498538
C -3.07703963  4.55276438  3.57115955
C -1.81185067  4.97573237 3.13486405
C -3.86063188  5.39536647  4.37780332
C -1.33846428  6.24041002 3.49239072
H -1.20303378  4.31361787 2.52489746
C -3.38635380  6.66224265  4.72423792
H -4.83049915 5.05956597  4.74064187
C -2.12666173  7.08497096  4.28196779
H -0.35373632  6.56463414  3.15796354
H -3.99578980 7.31726304  5.34589123
H -1.75648562 8.07121245  4.55987676
C -4.64917439 2.31950898  4.45369305
C  -4.07550417 2.32743766  5.73819684
C -5.97506723 1.89942487  4.27953312
C -4.82842871 1.91190977 6.83466148
H -3.05355507 2.67478247 5.88226501
C -6.72260659  1.48689702  5.38367208
H -6.42352269 1.90206516  3.29154033
C -6.15335663  1.49642950  6.65882663
H -4.38222596 1.91276382 7.82846715
H -7.75020935 1.15545273  5.24474393

-1.15014340

-0.22930357

-0.24254230
0.77150361
1.88095880
0.55162182
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-6.73845890
-4.77892110
-4.98076055
-5.46856012
-5.87852979
-4.42863006
-6.36532477
-5.30069741
-6.57332128
-6.89757818
-1.27371293
-1.16612021
-6.03293176

0.75659480
-4.07251339
-4.41960439
-6.96353585
-6.65476268
-2.23896445
-0.92039311
-0.43726311
0.25312731
-1.41946274
-1.21039286
-0.18124214

0.45479480
-4.29810203
-7.40710152
-7.80599522
-6.95907334
-8.62247848
-8.12135032
-8.63752346
-6.67919966
-7.78285086
-6.09986497
-9.46692623
-8.38346710
-8.94406579
-5.82169464
-5.95204539
-5.21202880
-5.06117781
-0.59727723
-1.78296630
-0.09437248

1.00039344
-3.28750379
-3.26639897
-2.05197947

1.17087641
3.11123659
2.02161390
4.31577941
2.14063224
1.09721763
4.42461178
5.16773644
3.33730611
5.36082247
3.42600421
1.91219191
1.29519458
0.37747704
-8.22162186
-5.84276849
0.34041011
-2.20097908
-2.72901075
-1.06581381
-1.77405669
-0.30460836
-2.13947553
-2.44827760
-1.06592672
-2.37816599
-1.15728006
-1.76725368
-0.35089846
-1.69665343
-2.71017689
-0.36025654
0.02977729
-2.68899406
-1.30189411
-1.02622663
-2.32644567
-3.72156860
-2.76973833
-3.74569897
-4.38110516
-4.26089944
-3.63934835
-2.82604695
-1.68216451
0.27616734
-1.02813866
-5.57402988
-5.55930011
-5.55647875

7.51833446
1.62872948
0.76343803
1.42064574
-0.29781947
0.90051410
0.35479726
2.07563896
-0.50165824
0.19068513
-1.33156619
4.22399309
-0.96577329
4.37988404
3.78673800
2.32972394
1.92120684
3.52299532
4.97820157
4.41399797
3.13189363
5.07689166
5.40116702
2.74734760
2.33859797
3.34959774
3.52769544
1.54900927
2.02196232
0.07148533
1.69545208
3.07549125
1.41118668
-0.29785752
-0.54201032
-0.05385647
1.10451025
1.34474370
2.74693385
2.27383055
1.21696036
3.37954009
418760783
5.64246006
6.33211946
5.94556618
5.43497353
4.13638738
5.53798552
6.22668791
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-0.84404084
-0.85739765
-2.07552875
-4.20555026
-2.04712864
0.10341118
0.07869654
-5.56358360
-6.87837885
-7.72001793
-7.25407047
-5.93855633
-5.10067891
-7.24633226
-8.74145197
-7.90803526
-5.56522091
-1.34016183
0.06782299
-1.18857814
2.42499820
0.60589599
1.08410101
3.39532446
-1.60268747
-2.26503821
-0.05492729
1.90253047
2.50599205
3.52909618
1.95253597
2.49481566
1.17697643
1.85317821
2.88753886
3.57931996
-3.47464390
-1.72854932
-2.66760470
-2.94308488
-2.11858116
-3.56817045
-0.61093079
-1.99017695
-2.63129151
-1.02171953
-0.36957091
0.32593626

-5.57482086
-5.57890712
-5.57905312
-5.56811639
-5.54210107
-5.57559119
-5.58118824
-6.66571075
-6.36898991
-7.37275142
-8.68425391
-8.98838532
-7.98479860
-5.35006213
-7.12559891
-9.46529129
-10.00801227
-0.15469696
0.31995091
1.16347856
-1.00608900
0.32971613
0.25616925
-1.92435429
2.47059142
-1.19974655
0.07398969
0.74108872
0.82895014
1.16817178
1.54781297
-0.15594989
1.07573128
-0.85943685
-0.98275091
-0.13621405
-0.98001750
-2.45399239
-3.51138087
-3.39640407
-4.44301969
-3.47635705
3.61301673
2.24415613
2.67939589
4.54846232
3.79196525
3.38895924

TS1-depro-LA1-RA2-Ha

5.52045637
4.12362477
3.43675287
6.09055655
7.31645220
6.05884952
3.56593876
3.93347718
4.30427075
4.80110375
4.92591855
4.55019874
4.06024032
4.20942976
5.09061458
5.31295853
4.64419692
-0.31381546
-0.53602431
-0.28868101
2.51066078
-1.95000225
0.58217849
1.30089899
-0.02186123
-0.08086592
-2.94599960
-1.97345101
-3.30569996
-3.13069167
-3.91839744
-3.78360609
1.48831508
0.48887746
1.52014500
1.45137339
0.14686525
-0.07958831
0.30342044
1.35667865
0.14968606
-0.31605328
-0.20112690
1.33993281
-0.34379668
0.20246480
-1.26198471
0.32720708



COSMO(Et:0)-ZORA-BLYP-D3(BJ)/DZP

E =-18105.44

G =-17505.25
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et;,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25997.80

G =-25397.61

Nimag =1,1627i cmt

C  -4.92449829 -2.37021474  4.51885528
N  -4.26859868 -1.38319343  3.66534320
H -4.34669524 -1.51648542 2.65288536
C -2.17635152 -4.77262230  5.64357638
S -3.01138384 -0.24783932  5.76640916
N -2.73970605  0.17372850  3.06779138
H -3.09883963 -0.11881309  2.15408479
C -1.90012830 1.38155105  2.98690140
H -1.49086444 1.32826387 1.97337137
H 0.47312972  -4.36800782 5.05745185
C -0.69258407  1.37055773  3.93357674
N 0.27182646  0.30207633  3.56803337
H -1.03436621 1.26376564  4.97017502
P 1.66750858  0.20606594  4.37461798
C 1.47029445  -0.11443993 6.15377086
C 0.28686593 -0.73806081 6.57504147
C 2.44232291 0.26943717 7.09343952
C 0.06195958 -0.95081670  7.93392105
H -0.47058394 -1.01888147 5.84944021
C 222244670  0.02439697 8.45074523
H 3.35605064  0.76429703  6.76811899
C 1.02919436  -0.57768502 8.87024480
H -0.86434917 -1.41960305  8.25576181
H 2.97564591  0.31508810 9.18254709
H 0.85745809  -0.75794324  9.93109447
C  2.66551069 1.73373877  4.28799169
C 2.17112800  2.89088628  4.92131790
C  3.85205531 1.80612829  3.54082793
C 283765765  4.10796501  4.77399919
H 1.27887396 2.83781975 5.54190196
C 452026751 3.02576819 3.40618675
H 4.25901381  0.91510771  3.06971955
C 4.00924596 4.17831792 4.01077451
H 2.44644277 5.00071727 5.26048575
H 5.44242851 3.07409583 2.82792771
H 452821317 5.12946892  3.89733811
C  2.63637836 -1.14309358  3.64983379
C 291027766  -1.15400766  2.27045408
C 3.10291732  -2.18226853  4.46777266
C  3.64647186  -2.20352488 1.72058761
H 2.51585564  -0.37348481 1.62560542
C  3.83040500 -3.23536411  3.90745284
H 2.88707784  -2.17124707 5.53181521
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4.10443381
4.18197147
4.67157006
-0.20349572
3.85049758
-1.09926868
-1.20214352
-1.75921376
-6.71909974
-4.90950909
-4.54735913
-2.73901477
-3.38843824
-1.81774874
-3.84127871
-4.07059543
-2.63264265
-3.95991780
-3.34408738
-6.41693093
-1.15672227
-6.59116635
-6.99906482
-7.09826883
-8.21701861
-6.03391340
-7.65823684
-6.24724402
-8.08027998
-6.52659871
-6.84845395
-4.06331190
-4.16441844
-3.14847389
-2.95304545
-4.40768367
-3.39748678
-1.26114355
-2.42874494
-1.03901441
-1.27739935
-0.22174987
1.08975952
1.33312099
0.27376958
-2.29148714
-0.42153321
1.91464585
2.35129662
-2.83776062

-3.24569664
-4.04846810
-4.06800245

2.34596907
-2.21482776

4.13880427
-1.26974414
-4.93758882
-0.42609325
-1.94523958

1.77631922

2.71296017

2.99455152

3.89331361

2.58125829

2.18757714

3.09516635

3.93435152
-0.46914905
-2.57710227
-1.24822740
-2.96021629
-3.68690339
-0.98188383
-1.34279299
-3.87421038
-3.12608959
-2.15722144
-3.78423656
-4.65574036
-3.44299491
-3.65690245
-4.57942837
-3.67384152
-2.78472220

3.52109255

2.36934447

3.66673125

4.79064348
-4.42816932
-4.33406525
-4.12833599
-4.02632567
-4.11282431
-4.30228787
-4.44981945
-4.05257931
-3.86762433
-4.03986595
-6.08309527

2.53618201
4.54115491
2.10114074
3.82584631
0.65039783
3.39683579
5.32052874
4.64033235
3.82151087
5.53015276
2.16087234
2.99826953
4.36662533
2.60297893
1.91915544
4.65857139
5.15758557
4.31680819
4.09536846
4.12572338
4.40419193
2.63857057
5.03012305
5.47006372
4.12850334
2.40527351
2.42746785
1.97060428
4.85489821
4.82473087
6.09303029
4.53866565
3.71940922
5.55422880
6.03094974
1.84681344
0.93531425
1.68341458
2.42469735
6.59796173
7.97778435
8.86759526
8.39025421
7.01877823
6.12557116
8.35800740
9.93633591
9.08348259
6.64353479
6.07868804
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TS1-depro-LA2-RA1-Ha
COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP
E =-18096.02

C -4.06261553 -6.11134967  6.75221131
C -4.60599155 -7.32657410  7.18251702
C -3.92848562 -8.52616776  6.94084173
C -2.70159429 -8.50219868  6.26502093
C -2.16093761 -7.28628435  5.83944911
H -4.59787703 -5.18186010  6.93208494
H -5.56348805 -7.33565491  7.70331331
H -4.35350848 -9.47334189  7.27193628
H -2.16759530 -9.43180189  6.06859208
C -1.75761457 -0.83016894  0.02164327
C -0.35452806 -0.47630019 -0.37969872
C -0.81480496 -1.31603724  0.81962078
H 1.68639252  -3.08759466  -2.75552928
C 0.10145139  0.94236178 -0.08300275
C 0.32580044  -1.12439449  -1.55237399
H  0.23720690 -4.15912406 -2.72882042
C -0.28075335 -1.87632297  1.98090554
C -3.13857791 -0.58353426  -0.19232099
O -0.64790792  1.90723344 -0.03806242
O  1.42538355  1.00152415  0.21793712

C 190651354  2.32356688  0.63368509

H 298761105  2.21420846  0.73348472

H 1.45723721  2.58593895  1.59632472

H 1.65179320  3.07196533  -0.12302797
O 105721500 -0.53006356  -2.33693996
O  0.01238114 -2.44266955 -1.65090285
C  0.59333406 -3.12971867 -2.80566890
H  0.24552654 -2.66198785  -3.73246872
O -4.03478536 -0.87334838  0.62814338
O -3.39827455  0.04688599  -1.37531187
C -4.80077985  0.41066156  -1.57864021
H -5.42641893 -0.48792818 -1.59238155
H -4.82191107  0.91758472  -2.54597913
H -5.13208896  1.07990281  -0.77789387
H  0.75572325 -2.20129106  1.86182850
C -1.13853934 -2.81000846  2.82970466
H -0.05285643 -0.71029764  2.77188723
H -1.37106208 -3.73701150  2.28605947
H -2.08808595 -2.34763777  3.11219284
H -0.61441845 -3.08304178  3.75246791

G =-17494.89
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25984.68

G =-25383.55

Nimag = 1, 1416 i cm™
C  -4.74995684

-1.02220424  0.61455250

354



ITITITITIITITITIOIOITIOOOOIIIOIOIOOOOIIIOIOIOOOO0OIZOIIOIZ0LVOIZ

-4.38370914
-3.57129112
-8.08133989
-6.52595607
-4.33250311
-3.44142854
-5.01404349
-6.07409958
-8.61327645
-4.96226633
-3.64113943
-5.34865975
-3.72717645
-4.20080009
-4.30717635
-4.36962784
-4.61040601
-4.12831436
-4.67028540
-4.24523329
-4.79803688
-4.69281953
-4.79729173
-5.03340755
-4.91084805
-5.99292650
-4.70548343
-6.81793090
-6.20912226
-5.52208947
-3.91801066
-6.57091326
-71.66778411
-5.35385024
-7.21532313
-2.07425682
-1.49787397
-1.33136829
-0.18572506
-2.03086029
-0.02108785
-1.75854654
0.55549979
0.55307466
1.58373889
-5.68233548
0.26247382
-4.98283775
-10.14064968
-1.78852475

-0.84182124
-0.21851698
0.89443533
-1.90792822
-0.69177728
-0.22255867
-0.23363955
-0.47869882
0.29002890
1.31221418
1.93087583
1.64825078
3.47856236
4.65688094
417734323
6.02928439
5.05569589
3.12503690
6.90212991
6.41823003
6.41565892
4.67818389
7.96483001
7.10038382
3.67659361
4.57063558
2.91343998
474441672
5.11773745
3.10690291
2.16767804
4.03136755
5.42115819
2.51977877
4.16989069
4.02236649
3.48898018
4.90465467
3.81553789
2.77655796
5.23395274
5.31424936
4.68588591
5.90904991
4.93106924
1.65423816
3.37257166
0.55852645
2.63204378
1.57592985

2.04060834
2.10829538
0.63462011
3.35790986
4.32558454
4.14570601
5.54759776
5.39644104
-1.96543348
5.59125080
5.28033956
6.56221685
4.77037822
6.08151378
7.39575393
5.82293011
8.43992608
7.60078834
6.86888690
4.81388872
8.17604389
9.45830630
6.66618243
8.99000279
3.39347396
3.45184461
2.22668385
2.33876140
4.36433750
1.11468289
2.18317815
1.16553013
2.40109067
0.21441792
0.29892431
4.22936106
3.06373212
5.03464329
2.72463306
2.44587318
4.68010591
5.94572303
3.53015056
5.31348309
3.26638168
4.83390075
1.83653844
8.32962339
0.65323976
-0.17521135



ITITITOOOOOOIITITITOOOOOOIIIIIZOOIIIIIIIIOOOOOIIIOOOOIIIT

-4.62745987
-3.85257091
-4.59396313
-4.58996388
-3.07865007
-5.34432619
-5.01724281
-2.51052719
-2.76900234
-2.80327910
-5.01736756
-4.95445862
-4.16193933
-6.43803839
-4.37622685
-3.12270607
-4.15073117
-7.00964141
-6.48757451
-6.91805012
-4.55284473
-4.85137878
-3.29194884
-5.85129759
-5.73789275
-6.88326265
-6.97190072
-4.67329157
-6.11053355
-6.42679074
-5.19041560
-9.12879154
-9.90492782
-10.76785782
-10.86707331
-10.09973389
-9.23168995
-9.82850616
-11.36432221
-11.54060031
-10.17337355
-8.57536122
-7.97958689
-8.46105836
-9.54186209
-10.14307800
-9.66521976
-7.12449025
-7.97990690
-9.91069115

-3.59155460
-0.63906860
-2.91017952
-1.01536604
-0.93569948
-0.44158732
-2.48911041
-1.29657015
0.09303032
-1.55446929
-1.10654231
-2.49224466
-3.48515007
-2.92123036
-2.49760613
-3.15591449
-4.47240437
-2.25762715
-3.93700929
-2.92170731
-3.47672074
-1.72289387
-2.31629888
-0.05142169
0.51779796
0.12594725
-0.56003437
-3.08875484
-2.57289411
-0.38089865
-1.09822811
-0.07688969
-0.84451098
-1.82485351
-2.04136304
-1.27141982
-0.29399724
-0.67615953
-2.42125027
-2.80613684
-1.43494071
1.71358535
1.64106582
241747491
3.28065740
3.35868160
2.57558374
0.99373714
2.35832036
3.89336863

1.91427806
0.11821099
5.73298243
6.83299500
7.08690016
8.05421883
6.64959201
6.22313553
7.29327868
7.95345711
3.21137635
0.05612266
0.92800246
-0.03247011
-1.38097411
1.06815113
0.44298309
-0.69558859
-0.45259479
0.95095131
-1.84918544
-1.99741636
-1.37257336
0.12652821
-0.97468882
0.97671572
1.74820997
7.50510024
6.57773906
7.86331783
8.92288215
0.09512199
0.97350714
0.47844405
-0.90184000
-1.78244202
-1.28435683
2.04700856
1.16880686
-1.28815452
-2.85758894
1.82128520
3.08390053
4.14145686
3.94762908
2.68512230
1.63295781
3.24142078
5.11705252
4.76987359
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-10.98444688
-0.72097427
0.03503965
-0.71478726
-2.44753517
1.54150697
-0.56314506
-3.37861355
-0.96930348
-1.11114485
2.14387430
2.14144438
3.60506745
3.90954123
3.99630070
3.93727311
-0.10207069
-1.71142534
-2.38684757
-1.83479923
-2.05769345
-0.35766768
-0.73855813
-1.74475718
-0.00447442
-0.70784692
-0.27678276
-2.43746463
-0.84972644
-0.74513302
0.78827569
-0.32880974

4.03194943
0.04786124
-0.85484201
0.45307960
-3.76507312
-0.74369825
-2.16952659
-3.59862080
1.27710073
0.13387029
0.30873434
-1.93396498
-1.89328123
-2.91930904
-1.56539000
-1.20884467
-2.89811535
-2.43150990
-3.67379327
-4.52459528
0.82018619
-0.68151315
-0.68421708
-1.09479390
-1.32729804
0.33179738
0.92344351
1.47508425
2.33080929
1.44925602
1.20569563
-0.15382709

TS1-depro-LA2-RA2-Ha
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

-3.07290425
-2.15236406
-2.20393060
-0.36303313
-0.69264936
-0.40539184
-0.76587697

0.89725655

E =-18095.87

G =-17492.93

E =-25989.54

G =-25386.60
Nimag =1,16241 cm?t
C  -4.93037947
N  -4.05755583
H -4.25419733
C -7.07054543
S -2.88335844
N -2.82606761
H -3.19347992
C  -2.14954882
H -1.80985723

0.87922326

2.52107506
3.20748974
4.14326810
4.46855796
5.33765098
4.14926203
4.56608041
3.80582027
5.57171573
1.84955844
4.31174604
3.88267585
3.84000906
3.62265609
4.80868861
3.05264480
5.43563067
3.88186355
4.25015951
3.83368705
1.41150564
1.04674552

-0.36301003
-0.47892883
-0.85385121
-0.76993972
6.88428256
5.55329483
5.30882664
7.72910348
6.85627620
7.08695887

4.90874835
4.13966050
3.13591142
6.61267265
6.11164978
3.40237107
2.51595219
3.25312625
2.21255705
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-6.30134294
-0.88407971
0.16870601
-1.14212557
1.52779397
1.33646091
0.33473476
2.17584606
0.17309369
-0.32875970
2.01304962
2.94911050
1.01347653
-0.61778868
2.66204315
0.88658622
2.26586341
1.62058176
3.37239120
2.07111135
0.77451764
3.82031749
3.88758732
3.16788070
1.56660616
4.68238834
3.51749973
2.71788445
2.89700120
3.48226868
3.83501317
2.28003562
4.41959257
3.34063112
459787565
5.00618934
5.32660569
-0.51440215
3.96267463
-1.70520515
-9.43911737
-7.81233715
-5.39617748
-5.32610658
-4.78703662
-3.14505088
-3.82071107
-2.38278140
-4.22968773
-4.42618669

-1.11408857
1.03633570
0.08573334
0.88787568

0.00595283

-0.72622932

-1.69500954

-0.38845338

-2.32739444

-1.92681378

-1.02883524
0.36781341

-1.99795077

-3.06430698

-0.76974817

-2.49086095
1.65192054
2.54719012
2.08537006
3.86348008
2.21492807
3.40358141
1.39629115
4.29444305
4.55288593
3.73400575
5.32260370

-1.01439256

-0.80263822

-1.98445047

-1.55926889

-0.08152977

-2.73893244

-2.16019450

-2.52661070

-3.49682384

-3.11926272
2.06125751

-1.40039788
3.73328874
0.93415893

-1.02568951

-3.49646803

-3.71025094
0.95785124
2.11781623
2.28906091
3.41508112
1.88316218
1.41878119

9.08992910
4.11065972
3.66705438
5.16534907
4.53407429
6.18950925
6.35330771
7.26457561
7.58689417
5.52737133
8.49508513
7.14045823
8.65536245
7.71456432
9.33085091
9.61889312
4.79882549
5.67287902
4.05025817
5.78209960
6.27172669
4.16750460
3.38535813
5.02625616
6.45800569
3.58897943
5.11246561
3.62255665
2.24406690
4.28946301
1.54200808
1.71850021
3.57755916
5.35321943
2.20680339
4.09517542
1.65478643
3.98407646
0.47179186
3.75204430
6.81605212
7.08633629
7.72951199
4.10935484
2.41840225
3.31349707
4.68690769
2.94815267
2.23346829
4.95221260
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-3.08678799
-4.48414340
-3.27598713
-4.26719160
-4.35088192
-5.06482543
-2.79918588
-3.82945114
-3.88936512
-4.95976077
-4.68863907
-6.13308815
-2.38128814
-2.71600788
-2.20124955
-6.20326955
-7.31836391
-5.99880528
-5.02546746
-4.94721214
-3.77477514
-1.80296803
-3.10661231
-6.42653038
-6.08973337
-5.38839160
-5.02236385
-5.36268271
-6.05813501
-6.36416148
-5.12332481
-4.47515372
-5.08125788
-7.78051970
-7.21816743
-7.85666320
-9.06961217
-9.64204100
-8.99941410
-6.27555452
-7.40385004
-9.56866376
-10.58905472
-1.98682247
-0.69298684
-0.90839581
0.47369804
-0.36979962
-0.08477168
1.74313666

2.43382302
3.16685542
-1.07852433
-4.08265022
-3.61537026
-5.40592047
-4.33696189
-2.66501768
-4.37975985
-5.83390661
-6.13930488
-5.23743037
-5.12559556
-4.66531958
-3.42881651
-2.39085941
-2.92899376
-1.20256517
-0.89424141
2.71560399
1.81835103
3.28586822
4.22789845
0.51838633
1.85346092
2.59372679
2.00500503
0.66995459
-0.06808393
2.31458784
3.63026695
2.58111683
0.20430928
0.43856001
0.61588169
1.41394987
2.03902705
1.85859870
1.06271256
0.13226303
1.55003961
2.66064190
2.33923160
-1.06156291
-0.50676255
-1.46644761
-0.98605842
0.93391464
-1.08299903
0.26352299

5.49007613
4.65982189
4.49284845
5.94067847
7.41149278
5.81709014
5.54984655
7.55829491
8.05473634
4.80876712
6.54519418
6.01090093
6.19330846
4.50508883
5.67642234
5.47084566
5.35041704
6.07568446
6.23474489
2.23742496
1.23456514
2.02426680
2.78718564
7.68352427
7.43733230
8.39495564
9.60866796
9.86289654
8.90347620
6.49233373
8.18771823
10.35462509
10.80728150
5.52588183
4.25850830
3.30391898
3.60874998
4.87496867
5.82620859
4.02038973
2.32310686
2.86575435
5.12002334
0.20756751
-0.30836595
0.86852622
-4.18060270
0.04599030
-1.55964092
-3.90244680
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-0.18145761
-3.40426418
-1.19052606
0.93260151
1.29388963
2.37975754
0.81092426
0.98842303
-0.20152051
0.60335320
1.23669611
1.95216691
-4.15969963
-3.86969556
-5.32298653
-5.80824470
-5.51029601
-5.67149919
0.87515163
-0.80900680
-0.06488564
-0.24011688
-0.81836334
-1.83879171

-2.01857607
-1.00364326
1.83955714
1.07994395
2.40328079
2.37912678
2.55428215
3.18299107
-2.24821333
-0.13743247
-0.61180831
-1.40733094
-1.46814808
-0.35074957
-0.19401291
-1.17514898
0.36714224
0.36228647
-2.17468728
-3.13480699
-0.89246543
-3.28678170
-4.09177070
-2.89548937

TS1-depro-LA1-RA1-Hb
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-18107.49

G =-17506.18
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25998.51

G =-25397.20

Nimag =1,16801 cm?t

C -6.11807436  -2.31349277 2.14153568
N  -4.93066190 -1.52811439 2.51820815
H -4.07103809 -1.77518058  2.01249323
C -5.20355367  -5.35297275  4.25978477
S -5.95947357 -0.99664378  4.97101685
N  -3.42761073 -0.73167057  4.05197433
H -2.74716275 -0.93550089  3.31236691
C -297406876 -0.01085620  5.23717520
H -3.89053089  0.21456263  5.79532258
H -3.27164502 -4.16288189 2.71773482
C -2.28070504 1.34020901  4.84240424
N -2.66287194 1.84779269 3.52049539
H -1.19506404 1.18858019  4.79694756
P -3.84777316 2.90514339  3.26953226
C -3.41631844  4.63623860  3.66854998
C -2.07542626  5.02475210  3.51285370
C -4.37765606  5.57943047  4.06696049

1.92461948
0.14546086
0.08239754
0.41378962
0.93009130
1.04532866
1.90016220
0.22577839
-1.91178570
-2.25683766
-3.49066739
-3.25861359
1.02548331
-0.95898821
-1.01427113
-1.04829658
-1.93262890
-0.13840525
1.68567293
2.75335002
2.79709748
3.68075507
2.20684894
3.03147898
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-1.69950449
-1.33389898
-3.99630953
-5.41616166
-2.66007295
-0.65856692
-4.74251168
-2.36606761
-5.39453684
-5.41665605
-6.55321856
-6.59068519
-4.52618083
-7.72726650
-6.54210780
-7.74876405
-6.60435239
-8.62295497
-8.66504158
-4.24618026
-4.05329483
-4.87770980
-4.50477542
-3.57148832
-5.34227732
-5.01456601
-5.16170844
-5.84056591
-5.52332370
-2.45069897
-4.34047298
-1.05737305
-6.50609778
-5.35989011
-6.32645513
-6.88873445
-3.13893739
-2.06824581
-0.79016459
-1.68913654
-2.86591988
-1.03635414
-0.12240040
-0.22811123
-4.71104647
-6.65748786
-7.13737816
-5.58085261
-7.86378553
-71.97133423

6.34832320
4.28950350
6.90358729
5.28166795
7.28828389
6.64657943
7.63455717
8.32081528
2.59277154
2.75238611
2.18186273
2.50330956
3.08463086
1.94312846
2.04998700
2.10494076
2.62340381
1.61968133
1.91172849
2.84190204
1.64347868
3.93347619
1.53657684
0.80434938
3.81008153
4.86841624
2.60968123
4.65250666
2.51512166
2.06777681
0.61701764
0.75601176
-7.69854591
-6.11299587
0.19362783
-2.03691864
-2.76534585
-0.90992979
-1.35716906
-0.11309733
-2.16733598
-1.87095632
-0.51482780
-2.06829465
-1.08341674
-1.92323573
-0.45623609
-2.05277701
-2.82798176
-0.36533780

3.75024429
3.21125845
4.30124375
4.19662805
414343413
3.63074304
4.61073917
4.32928235
4.17443813
5.57183047
3.49967562
6.28020852
6.10283303
4.21529783
2.42240266
5.60216842
7.36298427
3.68714538
6.15924518
1.50289655
0.79845875
0.88430337
-0.51634426
1.28925327
-0.42634865
1.42421933
-1.12272640
-0.90509988
-2.14630739
5.64843409
-1.06958137
7.18368217
4.79396600
3.48041251
1.17227112
2.87264267
5.68295328
6.14567642
5.39969239
7.41418899
6.55824927
4.46247743
5.17330210
6.02186966
3.80183415
0.73807236
0.83187060
-0.36043312
0.40225400
1.54316789

361



TITITOOOOOIOOIOOOIIITITOOOOOOIIIITOOOOOOIIIIIZOOIIIIIIT

-1.47394843
-5.28031433
-5.97659184
-4.69013087
-8.33134492
-7.55356298
-8.62275013
-5.76959834
-5.48047042
-5.73389396
-5.89507045
-2.25564500
-3.78963228
-2.59149426
-1.12947809
-3.69286832
-3.11894798
-1.74010444
-0.91796046
-1.48364842
-2.85741162
-3. 74744677
-1.31349477

0.15300397
-0.86483113
-6.00523531
-6.12343669
-6.83591747
-7.43130163
-7.31083142
-6.60094253
-5.64835433
-6.92342151
-7.98464568
-7.77003296
-1.17231902
-0.46972076
-0.68007684

2.75512990
-1.27761667
0.94113560

2.64580758
-0.35965607
-1.76033114
-2.02371077
-1.06590683
-1.76908576
-1.46789057
-1.46244681
-2.84702340

-0.09911078
-3.09854058
-1.68403262
-1.45790378
-2.49257552
-3.87312459
-2.77387023
-3.80763007
-4.61794840
-4.09800404
-3.31752840
-2.79964442
-1.88921693
0.24299414
-0.75808769
-5.25976256
-5.82297131
-5.73233486
-5.08016925
-4.52317601
-4.61579245
-6.32303515
-6.16342595
-4.99474497
-3.99278597
-5.72278591
-4.81044307
-5.15192798
-6.41548718
-7.33068666
-6.98286619
-3.83228252
-4.43456991
-6.68370030
-8.31596569
-0.46913347
0.51259015
0.59172469
-0.45607585
1.40177214
0.20804472
1.16625886
1.37242773
1.74463408
1.00627515
2.71105579
3.67482917
3.53835519
4.65523338
3.53852350

-0.15205891
-0.48235616
-1.31825940
-0.12337808
-0.53510198
0.28514531
1.19803341
2.37410986
1.47870529
3.70332379
4.35471246
7.21860046
7.08284657
7.93481731
8.10766428
4.53507144
5.68321986
5.90715806
4.98532339
3.83387371
3.60994194
6.41662276
6.81307898
5.16790276
3.11264803
5.49621765
6.55702796
7.70809442
7.81690409
6.76693259
5.61065946
6.48987307
8.52390678
8.71659520
6.84491958
0.44569658
-0.44138788
1.06915907
-2.71806022
-1.36660229
-0.88689279
-3.49722736
2.18784730
0.62988046
-2.24956540
-1.06635913
-1.91590741
-2.96007713
-1.54439399
-1.81267154
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1.71456711
1.24187052
2.59793910
3.33148458
-2.22854530
-1.78692080
-2.30617979
-1.68718591
-2.23681475
-3.34147025
-0.10219953
-1.61337789
0.55925116
1.58454143
0.62439465
0.17485987

-0.51231330
0.84714607
0.61479531
0.99686253
-2.12162659
-2.52416019

-3.88070365
-4.40061028
-4.36368528
-3.84689089
0.74239869
1.74015050
2.57554446
2.27543292
3.16543900
3.22450577

TS1-depro-LA1-RA2-Hb
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-18104.39

G =-17501.96
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25995.55

G =-25393.12

Nimag =1, 1408 i cm?t

C -4.82508125 -2.25784509  4.40341937
N -4.31275252 -1.11111080  3.65554387
H -437617912 -1.16300752 2.63434118
C -1.80428577 -4.43832519 5.25662758
S -3.11053748 -0.10475912 5.85370680
N -2.92139406  0.61701535  3.21146159
H -3.33301303  0.45720276  2.28411508
C -1.89257965 1.67458241 3.19864784
H -1.47029150 1.60020533  2.18701399
H 0.88554576  -3.97981021 5.10257526
C -0.72854505 146014403  4.17427285
N 0.14541703  0.32124568  3.78250248
H -1.11140975 1.33420687 5.19239231
P 1.55519622  0.17512033  4.56491120
C 142918396  -0.23442462 6.33247626
C 0.19976418 -0.71148541 6.80851375
C 250040627 -0.02858603  7.21883389
C 0.03004676  -0.94850391 8.17209313
H -0.62975275 -0.86043264  6.12263271
C 233288197 -0.30243699 8.57755543
H 3.45154532  0.35608857  6.85263054
C 1.09429011 -0.74948985  9.05454268
H -0.92997021 -1.30376698  8.53981795
H 3.16335709  -0.15251792 9.26673542
H 0.96426923  -0.94996217 10.11762715

-0.27296346
-2.04948120
-2.55607079
-1.83869476
1.72517940
-0.48592110
-0.27094728
0.46749239
-1.24825707
0.07686336
3.05141444
2.71270245
1.99228846
1.71940607
2.91751900
1.19436436
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2.48884039
2.12039607
3.43854905
2.68292655
1.40024952
4.00128348
3.74859319
3.61881902
2.38930484
4.74148567
4.05514449
2.52907889
2.62455796
3.19430613
3.37731573
2.07562228
3.93727369
3.11471446
4.03185726
4.43931598
4.60877905
-0.13632672
3.41975269
-0.66081135
-0.55691260
-1.27629859
-6.88367319
-4.84499383
-4.51152740
-2.52757688
-3.05249166
-1.46819910
-3.69949694
-3.78717195
-2.23973124
-3.53217415
-3.44060342
-6.28435333
-7.19378933
-6.44682588
-6.67577781
-7.15009627
-8.23707162
-5.76668255
-7.48347409
-6.24756093
-7.73879800
-6.08193859
-6.52182873
-3.80224588

1.74513239
2.77451940
2.00044812
4.04550408
2.58087425
3.27293104
1.20807962
4.29805520
4.83922031
3.46333090
5.29112799
-1.09800351
-1.05895878
-2.09955236
-2.01597643
-0.31361136
-3.06441580
-2.13464398
-3.02215017
-3.85464577
-3.78100225
2.38157605
-1.98937866
4.25137776
-6.62051017
-4.30678746
-0.51470246
-1.94797226
2.50684661
3.11079044
3.40752195
4.16149726
3.19358453
2.65396906
3.40756213
4.39807751
-0.18185609
-2.62295021
-1.45986767
-2.83523154
-3.91144903
-1.33425549
-1.66195001
-3.61592615
-3.13267407
-1.90945401
-4.13749175
-4.76951078
-3.78855521
-3.41117113

452088436
5.40765678
3.51766474
5.27676563
6.20063863
3.39528018
2.84180587
4.26752617
5.96275804
2.61884956
4.16577075
3.72925487
2.33034535
4.45201945
1.65272457
1.77112872
3.76788332
5.53437225
2.37132522
4.32486454
1.84355606
4.13993479
0.56443318
3.62479632
4.26129057
4.30464645
3.99393013
5.45510884
2.56170982
3.29676859
4.71592280
2.88582693
2.29013481
5.02714854
5.45531048
4.73811259
4.16660798
4.00283450
4.46062578
2.48090008
476174191
5.55287837
417757593
2.12257925
2.26284199
1.92159154
459412581
4.42145322
5.84488386
4.26272805
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-3.75577543
-2.92043441
-2.83501962
-4.10629647
-3.36273576
-1.01935329
-1.94354320
-0.82268538
-1.24969099
-0.32697737

1.03649879

1.46687001
0.54146228
-2.30586430
-0.67159949

1.75593942

2.52479303
-2.29799918
-3.49549415
-3.88421815
-3.07697287
-1.87777126
-1.49217495
-4.13376072
-4.82289055
-3.38191986
-1.24507617
-2.05736643
-0.62015029
-1.32627489

0.22953952

0.17281334
-0.16588044
-1.52904624
-0.95496575
-3.30393678
-0.34060205

1.50183721

2.28648531

3.32499130

2.11994214

2.00251379

0.89043264
-1.09160423
-0.70057798
-0.56085932
-4.27413016
-3.32738433
-4.56942037
-5.40665027

-4.18427899
-3.48160334
-2.64695382
4.21520046
2.94157615
3.90424234
5.14928783
-4.20805151
-4.28020369
-4.19431309
-4.04053219
-3.95784315
-4.03885198
-4.42556384
-4.24874206
-3.96872542
-3.82776455
-5.88625505
-6.23983091
-7.58054149
-8.58173313
-8.23124966
-6.88977914
-5.46327357
-7.84356898
-9.62631493
-9.00259749
-0.72459918
-0.88280517
-1.29421647
-4.63243250
0.40817206
-2.02029636
-4.92347528
-1.83938022
-0.17021154
1.48728102
0.25562800
1.49092562
1.16846259
1.97737369
2.17069422
-2.08552616
-3.02548895
-4.22426218
-3.99025716
-0.04571340
0.24063286
0.88359961
0.18323254

3.29805671
5.30779991
5.90105247
2.27507731
1.27346591
1.91506502
2.79532889
6.39874631
7.73316107
8.77700182
8.50053365
7.17576832
6.13144137
7.95552355
9.80946551
9.31496013
6.9554227?2
5.30340270
5.93328296
6.01120892
5.45938617
4.82709087
4.75238833
6.34840416
6.49884799
5.51613704
4.38836319
0.29964112
-0.10114572
1.23339493
-1.28645063
-0.05956472
-0.97657619
-1.55923991
2.46475136
-0.08216224
0.20914417
-0.29749391
-0.21173344
-0.31812382
0.75479747
-1.02214034
-1.59291921
-0.96398679
-1.70023598
-2.76224510
0.69321634
-1.38386383
-1.80958348
-1.72354370
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-4.39835316
-4.76111162
0.05588181
-1.81808440
-0.36771031
0.62538967
0.77810328
-0.45812383

1.16077480

1.77047585
-2.98636251
-2.04063465
-0.69814753
-3.05336539
-2.85286397
-3.94610949

TS1-depro-LA2-RA2-Hb
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-18093.14

G =-17489.97
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25987.45

G =-25384.28

Nimag =1,17381i cm?t

C -5.84728316  0.93137987  2.20026931
N  -4.54819893 1.08507876  2.89396477
H -4.36991270  2.06705018  3.13940488
C -7.75180003 -1.22375918  4.74765124
S -3.77287696  -1.49229890  3.29881727
N -2.80679807  0.86092408  4.30847484
H -2.99130056  1.86572928  4.38476039
C -1.69263572 0.43144992 5.17733244
H -1.02889232  1.30848965  5.18066940
H -10.06669772 -1.88669739  3.46497343
C -0.87165855 -0.73513757  4.61304217
N -0.06877257 -0.32442031 3.43464552
H -1.53852199 -1.56186247  4.35825202
P 1.40043768 -0.95115798  3.25517279
C 1.44277906 -2.68616340  2.69147800
C 0.21526913 -3.34600570  2.52315416
C 2.64619257  -3.35577551 2.40661712
C  0.19402698 -4.67494879 2.08822576
H -0.71526741 -2.81323482 2.70974110
C 261775270 -4.68164410 1.97178340
H 3.59997380 -2.84002139  2.50855764
C 1.39248364  -5.34271052 1.81703599
H -0.75935423  -5.18491737 1.95492792
H 3.55020104  -5.19826087 1.74717573
H 1.37380940 -6.37763144 1.47678011
C 230750986 -0.88207610  4.84846709
C 2.98027473  -1.98269375  5.40209277
C 223048173  0.32246991 5.57455349
C 359784952 -1.86805569  6.65187352
H 3.00710188  -2.93456983  4.87942872
C  2.85418805  0.43037921  6.81680500
H 1.65437507 1.15962680 5.19113814
C 3.54408657 -0.66133775  7.35616630

-2.85241404
-1.19647857
2.42608029
3.10655440
3.13966420
3.35849633
1.61433491
2.25993974
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4.11509589

2.78499638

4.02553551
2.30051646
2.67246584
2.54983972
3.26713264

247171621
3.16490493

2.25035571
3.51774550

3.35085723

3.97580463
-0.20571865

3.49784481
-0.22258381
-8.20266500
-8.64439097
-7.35666580
-6.10082732
-4.02254220
-2.15403771
-2.91583768
-0.90366434
-3.07305609
-3.77951829
-2.26841690
-3.28262904
-3.70440517
-5.87111017
-6.33875617
-6.87860444
-4.47291019
-5.67052306
-6.34722963
-6.53868740
-6.97196549
-7.86906762
-4.53135422
-4.09388834
-3.75874035
-7.01953032
-8.15682456
-6.71742739
-5.80222506
-3.29802909
-2.58949121
-0.33806381
-1.21239319
-8.06789119

-2.72760973
1.36433802
-0.57654359
0.00644361
1.32850967
-0.51905793
2.12528142
1.73684088
0.27706923
-1.53456783
1.59752996
-0.13186909
2.22222248
-1.07523253
3.16434860
-0.59199255
-3.38139466
-0.58189009
-1.35190297
1.97623793
1.36673499
0.21713584
-1.11139509
0.24627530
1.39308694
-1.17107285
-1.97633673
-1.19204683
0.20883291
0.19944190
-1.27211028
0.97844029
0.27831199
-1.86683657
-1.69992567
2.01300657
0.48884280
1.00894197
-0.06910786
1.31005116
-0.35411924
0.46237735
0.94075529
-0.48495368
-0.95536040
1.33606205
2.36224028
1.17922521
0.18700508
-2.50250094

7.07692360
7.37345936
8.32991755
1.99842117
2.29217200
0.72123261
1.31630604
3.27355138
-0.24848100
0.47460235
0.04495988
-1.24099415
-0.72120846
5.41508202
1.53704374
7.38410416
6.41776565
4.73418703
1.27129673
1.98255855
6.52590455
6.66694714
6.85272853
7.57834988
7.07381749
6.18163793
6.65147543
7.88625088
3.53032451
0.78636213
0.86608223
-0.09563386
0.14338242
1.49543930
-0.14803009
-0.25691727
-1.07602962
0.37742843
-0.89914298
0.14114295
0.68354043
3.09293140
2.93061486
4.00992906
3.91459073
8.14821522
6.87621578
7.43868107
8.63255789
3.98354966
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-7.08577744
-7.33856913
-8.58020960
-9.56469299
-9.30619929
-6.11452186
-6.56608135
-8.77637197
-10.53181962
-7.31484405
-6.59639580
-6.21249925
-6.53670843
-7.25641343
-7.64689339
-6.32431329
-5.64544841
-6.22750270
-7.51436683
-1.60714129
-0.19110167
-1.15875426
-0.48793085
0.83773095
0.14799580
-1.69629800
-1.15171195
-2.60480993
0.65097888
1.96306955
2.94426236
3.74766391
3.31922244
2.48807736
1.22493005
-0.93639910
-0.74019213
0.06236553
-3.67339806
-2.26807827
-3.24594516
-4.19708605
-2.80452171
-3.40014810
-0.33274934
-2.15535962
-0.57917928
-0.03999914
0.57877335
-0.91877982

-3.49065395
-4.61566322
-4.76748649
-3.78875763
-2.65933391
-3.37032869
-5.37429512
-5.64445195
-3.89869815
-1.42516296
-0.41170071
-0.55581368
-1.72122843
-2.73456272
-2.58544898
0.48538120
0.23622035
-1.84084162
-3.64691056
3.69375012
3.87550673
2.68570602
5.41064504
3.70375826
4.69675349
6.60873593
1.42867581
4.25834512
3.01199803
4.43879239
4.36804307
5.04250787
3.34536635
4.69329333
4.68683929
5.40569284
6.12021921
6.85756228
3.68860057
5.49895308
6.11022020
6.25891304
7.06769912
5.47337777
1.23495374
0.99628881
0.57854672
0.18420464
1.84320562
1.51869895

3.82041512
3.03568342
2.40398605
2.56676182
3.35306791
4.29863917
2.90989553
1.78715414
2.07622590
6.19738543
6.84992613
8.18396492
8.88685044
8.24552289
6.90955585
6.29783239
8.67037281
9.92493652
8.78335691
2.96428460
2.49853799
2.23921485
-1.20389281
3.58542684
1.27922538
-0.60895499
1.62763562
3.79394864
4.58103203
3.39034680
4.47588770
4.17152814
4.58271360
5.41647426
0.69964954
0.85308975
-0.40855694
-0.30238195
4.10656605
4.25545795
5.15462569
4.63241452
5.44033209
6.03204924
0.35179469
1.57451108
2.58648272
0.23446448
0.36510640
-0.53739420
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TS2-repro-LA1-RAL-R (TS2-R)
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E=-181144

G =-17511.94
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-26011.26

G =-25408.80

Nimag =1,1436 i cm?t

C -6.04006263 -2.26943344  2.21916818
N -4.71659815 -1.66673329  2.39309618
H -410291439 -1.66125670  1.56669533
C -5.29859469  -5.72350487 3.63870129
S -497353342 -1.51893784  5.08967625
N -2.85672387 -0.93342020  3.48851332
H -2.63668470 -0.63421171 2.53907474
C  -2.14458078 -0.10414042  4.47296987
H -2.87208409  0.14750130  5.25615740
H -3.85687338 -7.21621085 1.86105702
C -1.64615638  1.21510895  3.76529072
N -2.16781071 1.39110152 2.39415328
H -0.55867238  1.19383305  3.66914176
P -3.06884198 2.66074282 1.97700475
C -2.29537184  4.23863270  2.44444246
C -0.90072751  4.33762838  2.28366281
C -3.03043175  5.32325495  2.94603572
C -0.25381550  5.53114231 2.60784475
H -0.33141261  3.47968899  1.92938135
C -2.37280204  6.51441376  3.26774464
H -4.10547160 5.23868942 3.08934774
C -0.98833624  6.61973997 3.09559545
H 0.82580629 5.61147844  2.48646931
H -2.94119798 7.35743688  3.65887224
H -0.47893154  7.54890617 3.34933549
C -4.76799870  2.66754226  2.64450033
C -5.06637320  1.96821357  3.82259060
C -5.78990132 3.34386117 1.95429935
C -6.37304097 1.95124399  4.31275064
H -4.30086951 1.41048984  4.34804480
C -7.09211488  3.33252135  2.45587328
H -557351686  3.85841396 1.01973645
C -7.38367397  2.63931981  3.63615413
H -6.59676350 1.37600445  5.20951580
H -7.88331560  3.85110474 1.91526578
H  -8.40498155 2.61862544  4.01560215
C -3.29327860  2.66120022  0.17896341
C -3.85585616 1.52535470  -0.42308771
C -3.02286283  3.80726020 -0.58314752
C -4.13701378 1.53370733  -1.78811349
H -4.04586393  0.63338678  0.161397/35

369



ITITTOOOOOOIITITIITIZOOIIIIIIIITOOOOOIIIOOOOIIIIIIIIIIOIO

-3.31949345
-2.58838533
-3.87689512
-3.11032140
-4.10342340
-1.89656964
-4.55747285

0.23066926
-4.32483146
-5.74652333
-6.08217996
-6.59007958
-2.08674767
-0.96817232

0.04302788
-0.26916323
-1.54708369
-0.44777242

0.53566615

0.82373819
-4.15195095
-6.83391342
-7.03846892
-6.11429790
-8.21143412
-7.60808377
-7.59049946
-5.97101791
-6.72031201
-5.13266425
-8.84285111
-8.10607344
-8.72889619
-5.84762536
-5.78682433
-5.71620546
-5.60116500
-0.73366977
-2.25189031
-0.99232827

0.49587567
-3.78460152
-2.95190149
-1.56887768
-1.00288741
-1.82662452
-3.21305706
-3.39139890
-0.92980542

0.07716084

3.81231102

4.68853830

2.67897514

4.70092931

2.68536320

2.07204291

0.64473860
0.92038516
-1.74839252
-6.29827159

0.38136077
-2.03427281
-2.73752603
-0.87121884
-1.39367147

0.08399687
-2.06560779
-2.03970134
-0.57956861
-1.98222479
-1.36150212
-1.63398656
-0.13826901
-1.76749642
-2.33195460
-0.01373312

0.35559689
-2.82160697
-1.27997393
-1.28187009
-1.83883803
-3.38920655
-2.27059790
-3.80901693
-4.48728512
-4.33308455
-3.66550662
-2.62844586
-1.72988967

0.49737816
-0.46701040
-5.87672281
-5.21101415
-5.39134546
-6.24655948
-6.90024519
-6.70976159
-4.55443379
-4.86468192
-6.39006571

-1.94905017
-0.11625944
-2.55054220
-2.54355851
-3.61654880
4.40437387
-2.25593750
5.65227832
5.20645045
2.81419075
1.49677737
3.13975887
5.27484877
5.16413012
4.12098506
6.15909623
5.94796293
3.38516991
3.57493567
4.62554986
3.59548252
1.04086120
1.37079399
-0.31980032
0.97409418
2.30172427
0.55843239
-0.58182019
-1.09808085
-0.31151874
0.22079535
0.69946517
1.94384854
2.17361907
1.13879511
3.42623628
4.20299093
6.42993297
6.72053607
6.87943451
6.72566433
3.54704380
4.45690369
4.41165692
3.45807044
2.53758321
2.58009481
5.20676659
5.11766469
3.42606703
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H -1.39167875 -7.55335176  1.78091678
C -5.86655825 -6.25553741  4.95634654
C -7.04226087 -5.72121473  5.50365508
C -7.57750462 -6.24014996  6.68756600
C -6.94970660 -7.30861569  7.33589536
C -5.78107927 -7.85267349  6.79094345
C -5.24261822  -7.32777453  5.61249771
H -7.54197852 -4.89434013  5.00299987
H -8.48780727 -5.80716842  7.10208397
H -7.36499925 -7.71198568  8.25904687
H -5.28145968 -8.68413365  7.28795114
C -0.82357283 -0.09510586  0.56378890
C 0.70812881 -0.00903988  0.34641347
C -0.32449705  0.64689683  -0.53906943
H  3.66955632  1.66418457  2.56659437
C 140691749 -1.25743626 -0.11038422
C 150045377  0.93236028  1.21143456
H  4.60560724  1.90578861  1.04551307
C -0.39909601  1.47683859 -1.57086809
C -1.60268623 -1.32457415  0.52307203
O 229874634 -1.81593099  0.51448612
O 0.87388249 -1.73409103 -1.26907196
C 1.31008262 -3.08030262 -1.63236378
H  0.76990460 -3.31482504  -2.55241448
H 1.04391322  -3.77985115 -0.83277598
H 239236675 -3.09810646 -1.79792082
O 105730308  1.59827965  2.13732140
O  2.78214205  1.03543064  0.76422448
C  3.62193560  1.96855585  1.51580119
H  3.21400171  2.98200923  1.44146575
O -2.80020164 -1.36067139  0.18906828
O -0.96139834 -2.41274270  1.03295595
C -1.78530499 -3.61564167  1.18161498
H -2.45953171 -3.50047272  2.03619034
H -1.07684879  -4.42055652  1.37575637
H -2.36250897 -3.80071196  0.27126505
C 0.80482184  2.05035773  -2.26722790
H -1.46912724  0.76375348  1.52953102
H -1.38289770  1.76265852  -1.94041458
H  0.82100232  3.14954601 -2.17937829
H  0.79391486  1.81659264  -3.34380055
H 1.73507425  1.65756034 -1.83688561

TS2-repro-LA1-RA2-R

COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-18099.17

G =-17497.66
COSMO(Et20)-ZORA-M06-2X/TZ2P//ICOSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25994.70

G =-25393.19
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Nimag =1,1560 i cmt
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-4.81136140
-4.27332592
-4.45472664
-2.16779133
-2.53911730
-3.24862965
-3.84452619
-2.15191678
-2.23612708
0.10680874
-0.76103217
-0.11149653
-0.85414203
1.50244695
2.03249821
2.14300888
2.14418342
2.33221156
2.08525645
2.34087534
2.07793161
2.42543423
2.40504612
2.42820951
2.57019765
2.15513265
1.47019509
3.37726754
2.02109084
0.50848684
3.90972032
3.90886202
3.23612931
1.49206988
4.85124596
3.65588691
2.28559216
1.48536057
3.61202305
2.00068966
0.47177369
4.13437266
4.23014935
3.32659853
5.16670343
3.73161802
-0.13516903
1.36891142
-0.48196625

-1.76481305
-0.69922939
-0.74542932
-4.47530885
0.10610833
1.26256214
1.13853530
2.22981465
2.44011095
-4.57467115
1.60123036
1.23730317
0.73078868
1.34665203
3.04864884
3.43839829
4.01830326
4.78251273
2.69472229
5.35918305
3.72996084
5.74465223
5.07672488
6.10481670
6.79328321
0.96138809
1.42342114
0.28432398
1.22493184
1.91891679
0.07323635
-0.08309039
0.55075575
1.58547510
-0.46371860
0.39001567
0.30581205
-0.66856785
0.49535139
-1.43536399
-0.83816301
-0.30191471
1.26728976
-1.26159808
-0.16389700
-1.87089849
2.31504818
-2.17241092
4.35592960

4.79007141
3.95211852
2.94463729
4.31110883
5.85663434
3.47111792
2.65202142
3.23268244
2.15792305
2.82158695
3.43293115
2.14397379
4.08764983
2.15897476
2.57505978
3.92309896
1.56354663
4.25153567
4.71505289
1.89873582
0.51710700
3.24152128
5.29786053
1.10915137
3.49911970
0.51853133
-0.61673993
0.37613653
-1.88329851
-0.50479376
-0.89604323
1.24957432
-2.02606140
-2.76359032
-1.00469270
-3.01850839
3.43491059
4.05424040
3.85845056
5.09705769
3.70597497
4.87977205
3.40220190
5.50367518
5.19936538
6.31098099
3.97638240
5.58180123
2.99823601
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-1.79517003
-2.17436022
-6.39939632
-4.43858002
-4.44193895
-2.34584357
-1.86145949
-1.53395761
-3.84084182
-2.23111429
-0.76435026
-2.22582934
-3.37655097
-6.37025633
-6.76930835
-7.01387123
-6.84995776
-6.35564673
-7.86451265
-6.76064742
-8.10749166
-6.67716905
-7.94079106
-6.59857151
-6.38678058
-4.19889361
-4.79279178
-2.92370443
-2.44827051
-3.98041392
-4.22640460
-1.95321395
-1.55802137
-0.72694706
-0.44255138
0.87111291

1.91374251

1.63744125

0.32375898
-1.25468201

1.07969456

2.93707639

2.44818211
-2.80033268
-3.64636705
-4.14761946
-3.80686233
-2.95934117
-2.45968846
-3.92404569

-6.91306759
-4.47030442
0.46616665
-1.55987979
3.32099321
3.62665343
3.65612749
4.65202153
4.00692064
2.78402458
3.66300259
4.57218129
0.24442426
-1.72758488
-0.38728133
-1.82070443
-2.89449096
-0.31067415
-0.31257010
-2.77117016
-1.74048753
-0.99811897
-2.84071107
-3.86405959
-2.83524322
-3.10386673
-3.93231708
-3.30360523
-2.54401700
5.02903060
3.97355832
4.75940531
5.63669483
-4.44968121
-4.45203288
-4.60454172
-4.77236246
-4.74922154
-4.58061722
-4.36686044
-4.60923785
-4.90281048
-4.85865303
-5.79524573
-5.87462575
-7.11084814
-8.28096550
-8.20518387
-6.96794375
-4.96727639

3.22133453
3.21119454
4.92961904
5.80240729
4.48932472
3.92605908
5.39324627
3.09671130
3.87792426
5.94572849
5.45819128
5.88182508
4.36562764
4.85430018
5.51429881
3.45310634
5.74694805
6.53074993
5.57964565
2.97187066
3.54347516
2.80528327
5.87798929
5.30169037
6.74423425
4.32835091
3.62928503
4.77243949
5.27155316
4.25845888
2.84715406
2.08489529
3.58594930
4.80309077
6.17749852
6.62761091
5.70775370
4.33856039
3.88794677
6.89847652
7.69739934
6.05806569
3.61980581
4.76946974
5.87931623
6.29924807
5.61147988
4.49915937
4.08379118
6.41120309
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-4.81064526
-4.20070271
-2.68965308
-1.61190572
-1.43515607
-1.05784283

2.44994739
-2.68400993
-0.27908189

2.56181110
-0.59862829
-2.96022019
-3.36098997
-2.99730516
-4.19757674
-4.35123214
-4.02253924
-5.04821479
-0.14803742

0.67660104

1.98495548

1.88109520
-3.96169356
-2.96291512
-4.23045995
-5.06816450
-4.16353761
-4.34554098
-0.12220017
-0.54102496
-0.77052086
-0.25088441

0.94589182
-0.67197690

-7.15927065
-9.24369253
-9.10971970
-0.33627833
-1.86353057
-0.79536238
-2.55343170
-2.65353858
-2.66954728
-1.99469882
-0.67729392

0.23773470
-2.49388947
-3.50559988
-4.31540110
-4.85071579
-4.99361463
-3.66105042
-3.86357213
-1.92487634
-2.57914284
-3.60884825
-0.17910623

1.42918472

2.15449068

1.46244599

2.84147549

2.71997566
-1.83266669

0.32043834

0.42512034
-2.78377710
-1.71631301
-1.89300329

TS2-repro-LA2-RA1-R
COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-18115.39

G =-17513.95
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-26007.43

G =-25405.99

Nimag =1,14461 cm?t

C -3.98185535 -3.29927460  0.93000074
N  -4.46548873 -3.03009481 2.29820126
H -3.88251431 -3.50530190  3.00192221
C -3.51898478  0.28239189  -0.45421972
S -6.57980931  -1.34024490 1.92291977
N  -5.77382475  -2.65834784 4.12287336
H -5.07456074  -3.25422703  4.57569536

7.16307299
5.93637412
3.95409504
0.45041545
0.20918609
-0.78244491
0.42659910
-0.11597701
0.71125932
2.13283293
-2.01841940
0.46053752
-1.12245895
0.88981191
0.66041786
1.59617495
-0.18255480
0.44649587
0.46451574
1.33780041
1.41850746
1.76010132
1.05503533
-0.22799860
-0.24021235
-0.35716721
-1.08718287
0.69199148
-2.85264336
-2.45687903
1.35369995
-2.32054983
-3.10134932
-3.80530885
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-6.55110407
-6.90861018
-1.03434678
-5.58606069
-4.39937522
-5.21953322
-4.24711531
-4.00667674
-3.35712757
-4.39150707
-3.09332825
-3.06129234
-4.11859496
-4.89835046
-3.46921073
-2.59470709
-4.41512076
-3.26068526
-5.66726558
-6.89595883
-5.58572641
-8.03363551
-6.96286796
-6.72386645
-4.64250172
-7.94664383
-8.98608254
-6.65779375
-8.83566997
-2.76496972
-2.52084220
-1.86717501
-1.37696067
-3.21910590
-0.72968536
-2.04249877
-0.48454034
-0.02915073

0.40921994
-6.12283309
-1.19197142
-8.08364162
-3.45550623
-2.86418693
-6.43315809
-3.13585827
-8.13578283
-7.80600632
-7.40566481
-8.61895307

-1.78937022
-0.96872578
1.23871401
-1.21085239
-0.60887544
-2.02581132
0.94310209
2.09874206
1.62628627
3.44737229
2.50339227
0.58529194
4.31952557
3.81310060
3.84856610
2.13267489
5.36549977
4.53090770
1.60196975
1.75408918
1.85125062
2.13217481
1.57849326
2.25390572
1.73013720
2.38320529
2.23823053
2.45019433
2.68178526
1.03286537
0.01002788
2.10583761
0.05928931
-0.81592696
2.15132145
2.88831828
1.12818843
2.97964764
1.16089693
-0.51380897
-0.72979258
-1.18995618
2.98291034
0.76801225
-4.65738476
-3.96504175
-3.71185602
-2.51145453
-3.72025621
-1.49936102

5.01536986
4.38309246
-1.01600787
6.07774869
5.46030752
6.71474599
5.06142703
6.45056040
7.60172523
6.35794528
8.65585809
7.68065411
7.41491030
5.46678220
8.56256813
9.55058757
7.34406189
9.38619003
4.13728098
4.80678914
2.76021551
4.09601069
5.87916690
2.05900599
2.23515285
2.72034965
4.61404260
0.99471383
2.16525712
4.02130272
3.09011005
4.14395577
2.29235911
2.99626354
3.33552017
4.87877509
241277411
3.43559958
1.79002365
6.73353658
1.56834968
7.35054760
-0.41983594
0.28460840
1.45525040
1.13071892
3.79995653
5.60248554
6.47502991
6.44267748
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-8.68523223
-6.80280846
-6.83221272
-8.30642155
-5.56134714
-4.90598646
-5.69268890
-5.88702079
-3.94638534
-5.01924240
-6.22315868
-5.34700188
-6.47223026
-6.57257266
-4.52652287
-3.31000074
-3.29209265
-3.28153329
-2.09177770
-4.03404866
-4.95907810
-9.58492635
-8.99283966
-8.84828311
-9.57119786
-2.69951610
-3.21856150
-2.48240177
-1.22290239
-0.70722350
-1.44456136
-4.19761274
-2.89130696
-0.64834105

0.27269375
-4.66998209
-5.92488598
-6.91706652
-6.66551313
-5.41706513
-4.42814034
-6.13565434
-7.89037186
-7.43936939
-5.21575318
-2.19795744
-1.91742166
-1.25535177
-5.45814961
-1.03104212

-3.00065854
-4.44051914
-3.41306955
-4.24339869
-2.39808585
-4.14685758
-5.16239835
-3.32742172
-4.90289354
-5.74061960
-5.86549479
-2.64629310
-4.01838468
-2.74017467
-5.49342796
-4.20111290
-5.58774486
-2.08277547
-2.17902035
-0.97277730
-0.95585460
-3.49983139
-2.15877464
-0.59987233
-1.95199790
0.06934504
-0.66606841
-0.81512519
-0.21358149
0.53393701
0.67172554
-1.13065913
-1.39860800
-0.32793856
1.00330612

1.23314200
0.76970706

1.67206029

3.04781955

3.51684390

2.61314830
-0.29612393

1.29724419

3.75069029

4.58743686
-2.14120894
-2.51874803
-1.38739673
-2.22019791
-3.70982809

4.43033963
5.90301468
7.35696435
6.82891421
2.79732353
-0.03326005
0.82179720
-0.89883426
-0.98592895
1.47172258
0.16339298
-1.56714407
-1.52447751
-0.28062491
-1.70941284
-1.54289370
-0.42613165
0.27013982
-0.08090224
0.10388459
0.58047163
4.81993273
3.79577712
5.85234774
6.75616623
-1.72569656
-2.79724104
-3.97384341
-4.09625191
-3.03197193
-1.85110978
-2.70940901
-4.79866652
-5.01511989
-3.11761216
-0.76991739
-1.18673827
-1.58211811
-1.56749320
-1.14147995
-0.74460718
-1.20215364
-1.89825656
-1.87483293
-1.11225836
5.71704460
7.19598392
6.46077848
9.21647038
7.45322024
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-2.96898463
-5.51290723
-0.47106276
-1.95855768
-0.33341857
-1.08202583
-0.24872987
-0.42816334

0.80467420
-0.55413146
-3.03058740
-3.87640780
-4.87918475
-4.38395554
-2.71326683
-0.88046128
-0.57436430
-0.80814212

0.49752199
-1.13610203
0.10424755
-3.37499854
-0.26242796
-0.24905788

1.20469677
-0.20247397

-2.24740184
-4.02256108
-0.33318092
-3.07184481
-4.26137563
-4.07650723
-5.22894973
-5.39138085
-4.99995263
-6.10066956
-1.25152359
-3.26481463
-3.13963751
-3.12354733
-4.02078093
-2.72710748
-3.57602398
-4.62016236
-3.44316215
-3.23411190
0.06472534
-1.34930030
0.30537752

1.06930759
0.10808497
-0.63816969

TS2-repro-LA2-RA2-R
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-18104.17

G =-17499.80
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-26000.18

G =-25395.81

Nimag =1,1673i cm?t

C -5.16806683  0.70966516  2.92904677
N  -4.22548881 1.05500789  4.01719325
H -4.28745711 2.04150186 4.27674679
C -6.79930530 -2.42181257  4.41067051
S -2.85691438 -1.27158242  4.40271209
N -2.60749014 1.14592385  5.59710377
H -2.86684001  2.13826873  5.57627697
C -1.37065141 0.93154640  6.36652327
H -1.05534922 1.95904549 6.58647250
H -8.29955215 -3.01768447 2.20739726
C -0.23784383  0.28981121  5.54829042
N  -0.03915866  0.97153948  4.24402376
H -0.48420234 -0.76255303  5.37865554
P 0.85119035 0.16128462  3.16475565
C 0.87553691 1.06334896 1.59490537

8.24175412
9.24779008
6.65053256
4.61958562
6.61465670
8.76557735
9.11834732
10.18316277
8.92745758
8.53055408
8.94813033
8.29162474
9.35118710
10.32841898
4.33550436
3.86765084
2.71619545
2.94278614
2.54323460
1.84142405
7.98065163
5.53973833
5.78849897
8.26632474
7.95241953
8.76537585

377



OO0O0O0O0O0OITITITOOO0OOIIIIIIIIIIOIOIOOOOIIIOIOIOOOOIIIIOIOIZOOONO

-0.10256755
1.80353349
-0.16047281
-0.81619267
1.72952936
2.57562200
0.74221535
-0.91541575
2.44612496
0.68910698
0.19099872
-0.63968212
0.37503949
-1.29678691
-0.78547628
-0.29243139
1.03120745
-1.13486195
-1.95381103
-0.16168698
-1.66155065
2.56763850
3.11077666
3.33557730
4.41676960
2.52181573
4.64444315
2.91044089
5.18410237
5.24006168
6.20283791
0.67526431
4.83746034
0.55079879
-7.72591404
-7.84548465
-5.50038465
-5.68171157
-3.77766576
-1.59391824
-1.68582362
-0.41717684
-2.90361720
-2.47353497
-0.73976117
-1.90785224
-3.23442993
-4.55096277
-4.49853622
-5.46723404

2.02199680
0.68048521
2.58750172
2.32770145
1.23942479
-0.05266403
2.18902888
3.34258440
0.93904617
2.62649764
-1.49900937
-1.69355891
-2.54477782
-2.91118846
-0.89131862
-3.75690772
-2.41185634
-3.93750341
-3.05119573
-4.55792156
-4.88090181
-0.14379826
0.72070312
-1.20812106
0.52193478
1.55650772
-1.39490169
-1.89596406
-0.53250460
-2.21817714
-0.68479294
0.33591002
1.19292514
0.34161420
-4.74968634
-2.09792390
-1.65102626
1.66463702
0.47553177
0.26680048
-1.27419416
0.67913558
0.82484802
-1.60046532
-1.72728227
-1.65713210
0.37001861
0.31951446
-1.20374987
0.95714695

1.30266623
0.60917256
0.02796597
2.05558881
-0.66630125
0.83300727
-0.95985408
-0.18575227
-1.43005866
-1.95664728
2.78850511
1.67314682
3.71072307
1.49577355
0.95544498
3.53252374
4.56854425
2.43054434
0.63961313
4.25925351
2.29908410
3.70971127
4.67368516
3.20667831
5.12663255
5.04141045
3.65679726
2.47821419
4.61896732
3.26403265
4.97443293
6.16110595
5.87490106
8.30061445
5.43312160
4.31785447
1.27529959
2.76670217
7.81631490
7.77885632
7.72895065
8.69647558
8.38106772
7.04115176
7.39917523
8.73690737
4.67667077
1.51085385
1.25869783
0.43822027
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-3.13965062
-3.87823442
-4.06929701
-5.46965252
-5.10489737
-6.49981526
-2.74566332
-3.14553200
-2.45625950
-6.31488798
-7.45504360
-5.96269878
-4.94086468
-3.00595936
-2.90994461
-0.37562204
-0.54628786
-6.49611079
-5.27730807
-4.92701505
-5.79498110
-7.01605838
-7.36317701
-4.59360129
-3.97446185
-5.51849019
-7.69506305
-6.56135390
-5.78445089
-5.57919995
-6.15810135
-6.94174548
-7.13574450
-5.32724550
-4.96087187
-5.99893274
-7.39584945
-0.66079135

0.45126302

0.13690637

2.94302922

0.03114532

1.67146087

2.44706702

0.59086182
-2.06374836
-1.08350530

1.07933439

0.77554146

1.70742523

0.91721829
-1.70976300
-1.38373113

2.05462049

0.69236178

0.59928683

0.73183214

2.00136112

0.46548905
-0.24987290
-0.09274176
-1.24223971
-1.39598228

0.49008514

1.92594732

1.77166509

0.23022755
-3.43675993
-4.13097856
-4.94130885
-5.07383237
-4.39276205
-3.57456620
-4.01659945
-5.46865103
-5.70402069
-4.48912989
-2.97183845
-2.28937703
-2.82961115
-4.05343688
-4.73812207
-4.20252452
-1.33940690
-2.29167667
-4.47480028
-5.69418052

3.62992177
4.66959320
4.13925668

3.08447552
6.10982416
4.20334379

4.35793887
422094791

3.93032861

6.54583005

6.88644111

8.31308083

8.76945158

1.38985256
2.00195410
0.26164071
0.52425616
-0.56616903
0.54491829
0.38058516
1.55301479
2.11476406
3.32436711
2.85111122
4.17054754
4.28528311
9.42356607
8.37209323
8.82043396
9.69245675
3.30927225
3.31089276
2.23102002
1.13931514
1.13838011
2.22009945
4.15084331
2.23545136
0.29400581
0.29108290
5.81401947
6.75908158
8.03378272
8.38189643
7.44322928
6.16817620
6.49850132
8.75159134
9.37420738
7.70360773
4.34024888
4.03619220
5.40491087
1.30761722
3.87937210
3.29145944
0.13783887
6.64923158
4.06002154
413211334
3.48950316
3.35821821
3.01783112
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0.46927927
-0.02366121
2.59389685
1.59522544
2.74161507
3.62002592
-3.00571227
-2.26448267
-3.62595213
-4.32694903
-3.59416926
-3.91695330
1.80816860
0.06741635
-0.30596233
1.54416266
2.31400112
2.52487365

8.72054253
8.45732817
3.56471337
4.55168138
4.14853752
4.73923269
3.83896225
4.21980044
4.60855723
3.79307223
4.82787972
5.49573769
5.01800328
3.68397250
2.25085182
5.86471119
5.40987137
4.39320173

TS2-repro-LA1-RA1-S (TS2-S)
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-18108.09

G =-17504.97
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-26007.71

G =-25404.59

Nimag =1,1024 i cmt

C -5.61044683 -2.47058952  2.60689786
N  -4.43227815 -1.62744976  2.47758851
H -3.99685204 -1.56691296  1.55182870
C -5,52118285 -5.85916308  4.40870421
S -4.21315833 -1.32883485  5.15810812
N  -2.51539088 -0.61989646  3.16215208
H -2.40973922 -0.45056414  2.16307823
C -1.52603665  0.00515364  4.02477129
H -2.01500015  0.12885484  5.00027593
H -3.60481551 -4.00564724  5.23031461
C -1.17449964 1.43324459 3.46439431
N -1.56374741 1.68549955  2.05814226
H -0.09329122 1.59722222 3.54328808
P -2.72169364  2.76445578 1.71472164
C -2.39127144 4.33657715 2.58195417
C -1.05313327  4.70034760  2.80270589
C -3.42697795  5.19028316  2.99377454
C -0.75142936  5.91630531 3.41697054
H -0.26187764 4.02470777 2.49388067
C -3.11937720  6.40840371 3.60607524
H -4.46566061  4.90629322  2.84015136
C -1.78459811 6.77318408  3.81513905
H 0.28770852 6.19549722  3.58758462

432724714
2.62397375
3.77797695
1.98035296
1.16748578
1.45310748
4.86449392
2.74012019
2.39061422
2.59201470
1.32079746
2.96379590
7.03486418
7.44331828
4.18811896
7.68899399
6.14352955
7.59090924
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-3.92335488
-1.54924249
-4.45147360
-4.73501805
-5.50777166
-6.05782949
-3.93807651
-6.83018460
-5.29934990
-7.10557667
-6.26052083
-7.64484646
-8.13828517
-2.75267002
-3.02939921
-2.60635698
-3.13567729
-3.13404219
-2.72855997
-2.40664007
-2.99310767
-2.60919685
-3.07953112
-1.64527313
-3.31935216

0.95920654
-7.81769319
-5.47978632
-6.17028994
-6.17375970
-1.32702380
-0.26566254
0.60395554
0.56344578
-0.73072705

0.05903754

0.95157013

1.49200852
-3.68802537
-6.53872089
-7.01629042
-5.81909606
-7.75554741
-7.58529976
-7.66597772
-5.42458717
-6.53427833
-4.98613524
-8.47128904
-7.45623043

7.07171724
7.72266446
2.37362417
1.82688566
2.74641914
1.65565482
1.52635343
2.59177960
3.16520551
2.05266167
1.19746878
2.88407205
1.92396968
3.11284221
2.07509909
4.43252797
2.36310943
1.05074886
4.70894528
5.23998246
3.67657519
5.73183229
3.89545306
2.17773895
1.55158815
0.74278847
-6.96499260
-6.44088520
-0.19388799
-2.09469362
-2.79976573
-0.89819059
-1.07250742
-0.23934780
-2.28847875
-1.59879663
-0.11563155
-1.67320711
-1.19540472
-2.35020842
-0.88566254
-2.73980835
-3.27743266
-0.60555287
-0.75262245
-3.76084661
-2.67594649
-2.06189346
-3.14841985
-4.33436729

3.92282772
4.29484139
2.16503965
3.42680051
1.31476686
3.83343565
4.09875485
1.73735077
0.33299213
2.99718507
4.79979857
1.07548472
3.31981278
-0.06336776
-0.97056155
-0.52084317
-2.33064335
-0.62011011
-1.88413401
0.17952787
-2.78775828
-2.23904619
-3.85174441
4.11930990
-3.03307571
5.11878965
3.46935357
3.47519549
1.17619888
3.47081133
4.00220385
4.28523867
3.02671091
5.41285338
4.76843374
2.23611764
2.61749312
3.27518308
3.53418077
1.35263710
1.26397092
0.04170003
1.56820132
2.16071636
0.38638321
0.09601540
-0.79212551
-0.18583944
0.74382151
1.59687900
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-8.27127506
-5.18375383
-4.41426532
-5.74526949
-6.26618730

0.14443361
-1.34957389
-0.04603753

1.42092629
-4.19908490
-3.84380639
-2.65184599
-1.79880226
-2.14928673
-3.34464599
-4.51260080
-2.38732640
-0.86752067
-1.49078022
-6.73371074
-6.78008281
-7.93003678
-9.03991694
-8.99641788
-7.84923113
-5.91163335
-7.95657071
-0.93324021
-9.85526080
-0.53995245
-0.05967329
0.79265581
-0.88758199
0.22586868
-0.42725439

0.87533958
2.01308505
-1.54109174

0.07132876

0.72883859

1.10631011

1.52914923

0.22671112

1.85313490
-1.32187271

0.40179057
0.12119253

0.20919644
-2.77150170
-0.98629146

-3.04216733
-3.92983247
-4.56122263
-4.46709043
-3.86106773
-2.91519722
-2.20530850
-0.10681133
-0.87918041
-6.08192475
-7.39656161
-7.65771251
-6.60143986
-5.29211110
-5.03078549
-8.21819080
-8.68316730
-6.80119836
-4.46650931
-6.30863358
-6.13958650
-6.48902781
-7.01836504
-7.19390949
-6.83634389
-5.74322287
-6.35263627
-7.29654224
-7.61067083
0.05036815
0.80738820
-0.11464058
0.39339573
2.28365766
0.21698858
0.55158728
-0.63903789
-1.02338376
3.04919889
2.67484603
4.08287071
4.22548777
4.71744804
4.30438475
-0.59979773
0.65189654
0.10655560
-0.98487830
-0.84969648
-2.26531703

2.51111390
2.88866860
2.15005918
4.00270118
4.63394270
4.99464636
5.67032551
6.31993280
5.66776383
5.14168684
5.48178562
6.16018902
6.50810538
6.16783856
5.48582590
5.22295734
6.41831118
7.03812082
6.42970934
5.21565751
6.60569734
7.32164846
6.65397257
5.26544554
4.55136864
7.12979943
8.40259363
7.21260446
4.73982838
0.10491670
-1.17771253
-0.33710706
-5.14687435
-1.14919968
-2.51870587
-5.48421863
-0.33231473
0.06332027
-2.08821806
0.05997582
0.11564510
1.11254788
-0.03120798
-0.65526974
-2.69226434
-3.50337304
-4.83127487
-4.81522005
0.13515820
0.15083363
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-1.93268298
-2.45886107
-1.31734171
-2.65980993
3.08989518
-1.02118353
2.25780831
3.45239147
3.96319923
2.71830400

-3.36783006
-3.27928564
-4.27116552
-3.37862230
-0.27765863

0.98649335
-1.36659951
-1.16862351
0.16399951
0.44029538

TS2-repro-LA1-RA2-S
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-18100.88

G =-17502.76
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25997.64

G =-25399.52

Nimag =1,11901i cmt

C -4.48111545 -2.25344797 4.60458358
N -4.09059311 -1.00032857 3.96437686
H -4.70298730 -0.65424256  3.22660839
C -2.04026020 -4.93256523  3.40434408
S -190230110 -0.76839515  5.51591845
N  -2.95614841  0.93853519 3.64801264
H -3.63707552  1.05562563  2.88591382
C -2.19101596  2.18087977 3.86638004
H -2.42243158 2.76173708  2.96512937
H 0.02997815  -4.44550852 1.67195050
C -0.67510024 1.96123590  3.87143401
N -0.16732079 1.73139402 2.49535237
H -0.44201008 1.12488043  4.54208678
P 1.43951079 1.66700019 2.33147403
C 1.87610354 1.79798755  0.58210354
C  0.98392682 2.39999353  -0.31764783
C 3.14482840 1.37938168  0.15392141
C 1.36508375  2.56710420 -1.65087692
H -0.00468760  2.71087068  0.01015437
C  3.52420421 157423832  -1.17440819
H 3.82646648  0.89041535  0.84675528
C  2.63468322 2.16790385  -2.07728192
H  0.65796262  2.99733987 -2.35635302
H 4.50810870 1.24689324  -1.50915975
H 2.92758664  2.30417639  -3.11811292
C 217270744  0.21069888  3.14600924
C 1.30060915 -0.83840326  3.48337510
C 351560920 0.17183180  3.55675796
C 1.76515744  -1.90491007  4.25255303
H  0.26388837 -0.80769656  3.16107852
C 3.98189090 -0.91771119  4.29812841

0.33496673
1.28857119
0.32302112
-0.48273240
-1.31990717
1.15848381
0.44638459
-1.85813883
-0.81198144
-2.06201825
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4.18620630
3.10308943
1.07926225
5.02357504
3.46214876
2.25652460
2.38900323
2.63516862
2.89321717
2.11215022
3.14814432
2.54014776
3.27401312
3.45229900
3.67183124
-0.20729148
2.99079266
-1.25542640
-1.80945305
-2.18900642
-6.03414446
-3.94295826
-4.56070286
-2.71333266
-2.10400110
-2.33896574
-4.25177900
-2.35416148
-1.00897912
-2.49394900
-3.02442599
-6.00430515
-6.28587550
-6.88441531
-6.32417674
-5.69714113
-7.35216731
-6.66784966
-7.94569974
-6.73267880
-7.37024066
-6.17569289
-5.68175995
-3.96163192
-4.61501169
-2.68793010
-2.13219228
-4.64371678
-4.71368646
-2.83993689

0.99956333
-1.94920334
-2.69754089
-0.95079913
-2.78705968

3.08526717

3.10023277

4.21508727

4.23173735

2.22546055

5.34128331

4.21153133

5.35293680

6.20917150

6.23321234

2.86423737

4.23762689

4.65855637
-7.26032496
-4.78952472
-0.17210453
-2.26485571

1.95120223

3.06736541

2.67736088

4.53384796

2.95448010

1.64356523

2.76897791

3.34974624
-0.22269300
-2.28567244
-1.15580186
-2.07908738
-3.64983611
-1.29701199
-1.15073913
-2.83988799
-2.14134822
-1.08314106
-3.66540414
-4.47405043
-3.82127849
-3.45328188
-4.03611112
-3.81448474
-3.16833553

3.68087626

3.16178010

4.87119011

3.32920761
4.65521068
4.53863110
4.61639153
5.25201710
3.15049646
455160053
2.40568606
5.19518038
5.13673644
3.05502467
1.32191764
4.44860329
2.47063745
4.95260389
4.28290847
6.28032310
4.59666961
2.05906217
2.32587217
5.53243042
5.56093940
5.45449382
5.05921762
6.42327128
4.73295052
5.13534026
6.68581988
6.41974417
7.20260846
4.33402928
4.93299647
5.95077403
3.67989968
5.58533064
6.86915934
6.21959604
2.92227078
3.96265821
3.23564142
5.92393437
4.87725881
6.46257020
3.77519382
2.89979243
4.10217926
4.67675166
5.86223033
4.15826259
3.81320792
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-2.65134394
-0.54489803
-0.07822442

1.29175833
2.20886023

1.75181920
0.38066757
-0.79094917

1.64265812

3.27640132

2.46166597
-2.67270079
-3.44151998
-3.94927873
-3.69154659
-2.92283048
-2.41652116
-3.65074144
-4.55097761
-4.08906153
-2.71900437
-1.93809946
-1.40499267
-2.25538253
-3.00015482

0.00986179
-2.08978917
-1.34753508
-2.64547953
-2.93725476

0.64759204

0.45867224

1.81013064

2.25674724

1.73827708

2.37820646
-3.17767349
-1.38458045
-2.03087232
-2.17298315
-4.02625785
-2.49700839
-3.41041699
-4.35970346
-2.89890407
-3.59578365
-2.37930157
-3.17842411
-0.94713367
-1.43350587

5.19444350
-4.97364221
-5.32696623
-5.46798791
-5.26958614
-4.89485292
-4.74441083
-5.51971827
-5.74555901
-5.39054514
-4.70536476
-6.27812309
-6.44870955
-7.70910043
-8.81186773
-8.64506028
-7.38507064
-5.59394994
-1.82724791
-9.79320926
-9.49753745

0.66537804
-0.10601506
-0.70821635

2.07670526
-0.60201366

0.23738816

2.36908899
-1.92294603

1.72119494
-0.85184727
-0.82954370
-1.37336921
-0.87614471
-2.45692678
-1.16372563
-0.20522229

1.15822082

1.62518276

0.79201539

1.75850399

2.76504634

3.90051088

3.59007504

4.62888163

4.31452565
-3.15049702
-2.05220999

1.14906569
-3.62915370

5.55456234
3.69120419
4.97009440
5.20628693
4.16196074
2.89241949
2.66087863
5.77550126
6.20317443
4.34321606
2.08357217
3.77692682
4.93200181
5.26545762
4.44463595
3.28522154
2.95647963
5.57056261
6.16684847
4.70234255
2.63736182
0.70415192
-0.55388909
0.53439031
-3.54001796
-0.55079964
-1.85167167
-4.19724232
0.89775028
0.56319659
0.46010080
-1.82115738
-1.94014563
-2.80805168
-2.10948341
-1.03033770
-2.20464761
-2.55769524
-3.77965465
-4.47707594
1.16089723
-0.20682020
-0.29203883
-0.74231205
-0.92579414
0.70521398
0.06443348
1.83517874
1.67870015
0.36773601
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H
H

-2.29196135
-3.17920103

-2.89602118
-3.89307099

TS2-repro-LA2-RA1-S
COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-18106.00

G =-17503.88
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-26001.76

G =-25399.64

Nimag =1,15211i cmt

C -3.05230310 -2.74191325 1.23302962
N  -3.84293305 -2.67105234  2.47816540
H -3.31474374  -3.11288591 3.24125733
C -3.30176348  0.61054046  -0.64565473
S -6.13389178 -1.26846833  1.89075670
N  -5.45695801 -2.65565673  4.07884022
H -4.74877099 -3.18439083  4.58350421
C -6.35782962 -1.90974305  4.97018605
H -6.74183243 -1.06602268  4.38564570
H -0.72957437  0.68868316  -1.51521555
C -550186240 -1.36128806  6.14343566
N -4.27917109 -0.69954152 5.66206611
H -5.17684175 -2.19696349 6.78258287
P -4.24188569  0.88999909  5.37952823
C -4.31645873  1.89858043  6.90197072
C -3.98031008 1.28857309 8.12049315
C -4.71135403  3.24613899  6.87517356
C -4.03017353  2.02793856  9.30343692
H -3.66563321  0.24824556  8.13232331
C -4.74883873  3.98427994  8.06101460
H -5.00319675  3.71349944  5.93629608
C -4.40847030  3.37559345  9.27472071
H -3.76958562 1.55405828  10.24927824
H -5.05149268  5.03070524  8.03903756
H -4.44281776  3.95115602  10.19944693
C -5.62709291 151665951  4.37782231
C -6.90843203  1.62175860  4.94924190
C -5.43679940 1.84049054  3.02618416
C -7.98682289  2.03710180  4.16916540
H -7.06112348 1.38733684  6.00126024
C -6.51278268  2.29293863  2.26154537
H  -4.45401845 1.74545332 2.57165896
C -7.78665406  2.38211420  2.82562007
H -8.98023068 2.10730167  4.61123187
H -6.35617066  2.56103108  1.22339143
H -8.62664857 2.72170027 2.21988698
C -2.73104388 1.24560764  4.44833292
C -2.14112244  0.23090889 3.68123428
C -2.16175091 2.52596541  4.49225251

-1.00079564
0.18723528
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-0.96681159
-2.58523092
-0.99517475
-2.60390818
-0.39551310
-0.54675439

0.52014049
-6.11480913
-0.51768586
-7.97073209
-3.36327694
-2.50625265
-4.48668137
-2.08931104
-1.78975776
-7.57860048
-7.12761715
-8.46287638
-8.40383336
-6.54903927
-6.51275011
-8.00848462
-5.08354777
-3.51894832
-3.66107667
-4.85102667
-2.41102220
-2.73810361
-3.87011254
-4.76235104
-5.11589366
-5.66356347
-2.67140652
-2.30133572
-1.43842296
-2.62584443
-1.41640735
-3.60332443
-4.56069006
-9.26610853
-8.77118630
-8.71274442
-9.40419980
-2.75621013
-3.59254212
-3.06505781
-1.69258975
-0.85442948
-1.38529550
-4.66165796

0.49632808
-0.75889207
2.78716692

3.30568466

1.77159230

3.77969229
1.97564449
-0.70624920
-0.29086434
-1.78200698

3.30835402

1.18548339
-5.11692271
-3.11355810
-3.67000060
-2.77641163
-4.08508423
-1.95237861
-3.12471283
-4.70861683
-3.89786078
-4.66369905
-2.23671901
-3.82666194
-5.16347715
-3.49896309
-3.95682793
-5.40800471
-5.97878637
-2.59225801
-4.33359000
-3.35172910
-4.76737570
-3.03009878
-4.19056546
-1.40321955
-1.19685252
-0.56968916
-0.72759732
-3.75039007
-2.21224108
-0.97459022
-2.48745029
0.16399978
-0.41032814
-0.88645606
-0.78311986
-0.19859280
0.26687333
-0.49015698

2.97586592
3.65330514
3.77254570
5.10809197
3.01861689
3.81170574
2.46331345
6.77745034
2.37664325
7.34454678
-0.73718952
-0.14801690
1.67638760
1.60590471
3.42605162
5.41300361
6.09779118
6.37733187
415478170
5.40323833
6.98872217
6.41330981
2.82377899
0.18931354
0.95290888
-0.51518952
-0.88258146
1.49980947
0.24557387
-1.12593622
-1.18253158
0.20351186
-1.57870020
-1.46164345
-0.42547938
0.58706614
0.38136150
0.17754557
0.54968933
4.43011243
3.66509352
5.93826351
6.57104636
-2.01139283
-2.97747150
-4.18083995
-4.43673050
-3.48154419
-2.27444257
-2.79743716
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H -3.72720539 -1.33590808 -4.92087963
H -1.28036182 -1.15462529  -5.37480801
H 0.21606759 -0.11604534 -3.67023556
C -452863140  1.49382668 -0.80204996
C -5.81565043  0.96226567 -0.97342706
C -6.90385454  1.80094613 -1.22807095
C -6.72295863  3.18543150 -1.30818139
C  -5.44555812  3.72581754  -1.12194124
C -4.35810077  2.88342108 -0.87182000
H -5.98203749 -0.10940976  -0.90040095
H -7.89721033  1.37049341 -1.35228754
H -7.57278972  3.84015181 -1.49896899
H -5.29544681  4.80426606 -1.16763426
C -2.28055373 -2.30102308  6.46862570
C -0.83524823 -1.78131498  6.69837086
C -1.73903992  -2.32259540  7.78115831
H 1.27613260 -3.87739946  4.01513589
C -0.59717855 -0.30321728  6.77196069
C  0.23554454  -2.69076399  6.15676886
H 217197659 -2.38083588  3.55928803
C -1.77539330 -2.45823175  9.10024427
C -2.49674898 -3.47042404  5.62829575
O -1.46921743  0.54780047  6.80880555
O  0.72909413 -0.01912434  6.92849693
C 1.02023598  1.41190484  7.02901726
H 210114961  1.47258168  7.17499826
H 048004131  1.84702209  7.87627295
H 071572370  1.91153310  6.10350653
O  0.45566088 -3.82831894  6.55409844
O  0.84672740 -2.12363782  5.08562794
C  1.79487361 -2.98705909  4.38608471
H  2.60785858 -3.28099069  5.05885422
O -2.09410486 -3.61342762  4.46568051
O -3.34266812  -4.38255672  6.22271960
C -3.62854049  -5.57515757  5.42275138
H -4.07343332 -5.30693365  4.45886567
H -4.33518819 -6.15317401  6.02207894
H -2.70425850 -6.13757398  5.25050311
C -0.63950266 -2.07372371  10.00904019
H -3.23938934 -1.34111017  6.04642202
H -2.67473015 -2.88248227  9.55693657
H -0.30953072 -2.92823128 10.62100081
H -0.94562032 -1.27820865 10.70823549
H  0.22034208 -1.71192179  9.43022161

TS2-repro-LA2-RA2-S

COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-18099.86

G =-17496.39
COSMO(Et20)-ZORA-M06-2X/TZ2P//ICOSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
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E
G

-25995.03
-25391.56

Nimag =1,1707 i cmt
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-4.83493245
-3.75731634
-3.66547655
-7.29012290
-3.08437119
-2.64673801
-2.77664851
-1.66237652
-1.37517441
-8.89949364
-0.40016561
0.13854605
-0.66319427
1.12183483
0.55605710
0.24335124
0.53197403
-0.11076087
0.27830793
0.18037147
0.79478867
-0.14205712
-0.35462398
0.15668494
-0.41970967
1.42476854
0.34518763
2.69978157
0.54526416
-0.64964095
2.89174814
3.53731200
1.81773538
-0.29438174
3.88270339
1.97154236
2.74487017
3.21170097
3.54975295
4.49784333
2.55585768
4.82986080
3.17811780
5.30743337
5.45391008
6.30741780
0.33989022

0.73626015
0.76411813
1.69338615
-1.43884292
-1.86144444
0.21588024
1.21940332
-0.40781279
0.44153988
-2.95595316
-0.86478631
0.23506655
-1.72659432
-0.01667958
0.69093345
2.05983838
-0.05324466
2.67132693
2.65428274
0.56714563
-1.10794606
1.92628528
3.73256103
-0.01751768
2.40496528
-1.78477135
-2.60787119
-2.34162683
-3.97620774
-2.18549045
-3.71401449
-1.70927418
-4.53089198
-4.61020799
-4.14368278
-5.59989958
0.76657916
0.91979164
1.14124810
1.41633701
0.69753416
1.65065140
1.04294488
1.77781275
1.94931940
2.17405316
-1.19586884

2.25521566
3.27058107
3.69517524
4.28313494
3.49786179
5.17689668
5.35272163
6.08137447
6.71488692
2.66784578
5.33178923
450417578
4.71615143
3.25014623
1.66272968
1.63331435
0.47372215
0.43195328
2.53871864
-0.72867774
0.47706608
-0.75226824
0.41997223
-1.64776021
-1.69092655
2.95566611
2.58547103
3.14350341
2.40498691
2.45405013
2.95684505
3.42904542
2.58811806
2.12182328
3.09911788
2.44446234
3.50371731
4.81690021
2.41605954
5.03833195
5.65378583
2.64647019
1.39770733
3.95658999
1.80460159
4.13263940
6.07758971
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4.85980969
-0.45087745
-8.49489445
-8.17608534
-6.09605226
-5.01281460
-4.29204787
-2.23683258
-1.96569974
-1.54560761
-3.75392288
-2.40211197
-0.88958777
-2.41707108
-3.14848910
-4.51326303
-5.00789934
-5.26673183
-3.00058917
-4.52073533
-4.77905173
-4.89180135
-5.11807390
-6.34408187
-2.79679550
-2.62563251
-2.43811524
-6.19523353
-7.25038784
-6.12796895
-5.23279536
-4.13937076
-3.98851909
-1.85506896
-1.81620872
-7.22400023
-6.21958984
-6.10827412
-7.00914858
-8.01646663
-8.11902212
-5.52041458
-5.32041017
-6.92603118
-8.72216392
-7.35927000
-6.77570727
-6.86624135
-7.53996211
-8.13064422

1.53833448
-1.26042306
-2.82700255
-1.01572221
-1.36636234

1.80645334
-1.50878458
-1.50004839
-2.96062144
-1.26322090
-1.29440830
-3.16786894
-3.18195731
-3.63728589
-0.22522251

0.15559004
-1.29499614

1.05843839

0.25084687
-1.97797128
-1.61606817

2.09258498

0.68132190

1.07338026
-0.02060190

1.26994131
-0.42424758

0.24240511

0.82594471
-0.81657117
-1.31984731
-1.96265459
-0.26189845
-0.30041767
-2.05794341
-2.93644296
-3.70665574
-5.06934524
-5.68095242
-4.91964788
-3.55048976
-3.23752448
-5.65684392
-6.74612019
-5.39004748
-1.07525809

0.10827344

0.45986182
-0.37106119
-1.55240230

6.05852940
8.34260421
6.32643528
3.78697496
0.75864952
2.09382060
6.32588757
7.08261945
6.65208202
8.44533532
7.25482655
5.66999193
6.61302555
7.39365748
3.99786150
0.81436235
0.61779621
-0.19507618
0.54527946
1.32019258
-0.40954431
-0.15216852
-1.21731150
0.01970983
-0.50012461
0.70524258
1.19851195
2.80726645
2.49834758
3.64189556
3.71375748
8.03873306
7.54490667
8.87216445
9.15616275
4.02434493
4.63028781
4.35110019
3.46931325
2.86800828
3.14258078
5.31987915
4.82199309
3.25442107
2.18342297
5.77105152
6.24104862
7.59028023
8.49015357
8.02743180
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-8.04344569
-6.22765513
-6.39891972
-7.60163159
-8.65636476
-0.47993753
-0.01439622
0.76019202
-1.55645810
0.44779965
-0.58849694
0.06495152
1.92304233
-1.71675823
1.47069195
-0.44508246
0.02945640
-0.84767217
0.79970175
0.43514620
-1.40469103
-0.00630565
-0.47588793
-0.24171327
-2.86041436
-1.49998948
-2.68633222
-3.07774290
-2.33682086
-3.45070641
2.96231954
2.15875031
-0.23572455
3.89059998
2.61094908
3.21802928

-1.89971810
0.74666253
1.38002589

-0.10341349

-2.20892127
2.84075642
3.35168346
3.52711000
6.25882491
2.35825773
4.65884459
6.42284642
4.00264646
3.33166931
1.69297289
2.28802746
1.57829979
1.47508400
2.18627048
0.60174614
5.34099061
5.02916831
6.30378887
7.11744295
3.05590692
4.01966340
4.29005895
3.34935823
4.92931968
4.79711949
459256873
3.94371134
1.46195629
4.00311299
4.60695201
5.62189307

TS3-depro-LA1’-RA1-Ha (TS3)
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-17969.52

G =-17370.43
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25735.34

G =-25136.25

Nimag =1,16251 cm?t

C -6.05602873  -2.05534187  2.32228086
N -4.70720356 -1.47628079 2.31696397
H -4.10616428 -1.71793179 1.52245737
C -8.51533130  0.80296573  2.97742371
S -4.86109009 -0.68637204  4.90872046

6.67578079
5.55246618
7.94060565
9.54483454
8.72082671
5.04300524
6.43546477
5.15946333
8.82239234
7.46861019
6.93017132
9.59259154
4.73404548
4.43940007
7.40885216
8.49846228
9.68817110
10.33036406
10.17760452
9.41817818
6.32655036
8.10384963
8.65134058
7.95713485
4.84052098
3.28145230
247247317
2.07131498
1.65850099
3.06913108
5.64495867
3.66814468
4.78318901
5.60086506
6.68451511
5.34689734
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-2.70795380
-2.33530529
-1.82324835
-2.44570246
-10.87104878
-1.36273036
-2.51557689
-0.78287149
-3.15992086
-2.12361136
-1.10192141
-2.32877206
-0.29137115
-0.92955292
-1.52273130
-3.10640797
-0.50459071
0.50745502
-1.68230693
0.12717537
-3.45938606
-2.35465592
-4.71314858
-2.50554574
-1.38267430
-4.85788757
-5.56518597
-3.76036125
-1.64916798
-5.82971142
-3.87962047
-4.67638657
-5.35145876
-5.06088110
-6.34853783
-5.06028433
-6.09105629
-4.53119047
-6.71482917
-6.38322275
-7.49103953
-0.69091878
-6.83514476
0.85537746
-7.87069299
-8.44831381
-4.61820618
0.45036613
-2.01664661
-0.67123240

-0.99368478
-1.40050589
-0.13846186
0.27845484
2.05525123
1.02816398
1.72869691
0.61993253
3.05801709
454719192
4.50796162
5.70653323
5.62887957
3.60621945
6.82746519
5.72928679
6.78871824
5.59135972
7.72889218
7.66275272
2.93942305
3.06465268
2.56985778
2.81005803
3.36139942
2.33485506
2.46258638
2.44424401
2.90021112
2.04802025
2.24564094
3.30369406
2.16699085
458322271
2.30856566
1.18092302
4.71882576
5.46594235
3.58155634
5.71153380
3.68869347
1.69826684
1.42010476
0.63597761
3.46007904
1.30983223
-2.86022023
-3.42526142
-2.61107186
-0.95597440

3.30615131
2.43860312
4.09741923
4.89841419
2.57302700
3.18707611
2.61125405
2.35116537
3.24696271
3.04937058
2.08801279
3.81580703
1.89049636
1.50641224
3.60521637
4.57829641
2.64363098
1.15058907
419602011
2.48757854
5.03221544
5.89858882
5.54009076
7.26010299
5.50836602
6.90970576
4.87709137
7.76588782
7.92739883
7.30146666
8.83073085
2.27870932
1.80154643
1.84759361
0.83693566
2.14768113
0.91419009
2.19910481
0.38889574
0.57335127
-0.36872579
3.74003146
0.43841283
4.85406362
2.74105192
2.00752505
-0.06289127
0.99030161
5.25417162
4.75905556
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0.13328744
0.26439128
-1.30742641
-0.49645392
0.54558005
0.97225970
-4.05141143
-6.12196268
-5.68270070
-5.18150027
-1.57172695
-6.28375512
-5.81327069
-5.47604261
-5.23664486
-4.13714101
-7.62065213
-7.90537288
-8.26494664
-7.11528034
-7.61417949
-7.45663196
-6.86773301
-0.52706543
-1.85646114
-0.31188784
0.96989385
-9.91476906
-10.12060928
-11.41952719
-12.52320193
-12.32148941
-11.02488677
-9.26610751
-11.56641762
-13.53402654
-13.17563873
-8.31377053
-8.48002042
-8.33449844
-8.01941485
-7.85388264
-8.00296540
-8.74290795
-8.46830011
-7.89643900
-7.60002777
-1.17248453
-0.38469113
-1.84283271

-1.74867283
0.00333162
-1.94428136
-2.50598557
-1.09974208
-2.27123242
-1.06893638
-3.35799129
-3.12839182
-4.39542032
-3.89307804
-2.33970242
-4.06121475
-4.58186044
-5.34681907
-4.05722240
-4.87349011
-4.02398575
-3.21059829
-0.97061157
-0.82058162
-0.20808251
-0.29200484
-2.55650324
-1.40278621
0.65760599
-0.57681401
0.18389000
-1.15392628
-1.66542015
-0.84201804
0.49953518
1.00717372
-1.80006007
-2.71068520
-1.24033772
1.14909105
1.83219987
1.46250199
2.40809311
3.73577673
4.10968392
3.16149429
0.43470371
2.10981361
4.47083900
5.13828417
-0.81977015
0.33032089
0.32359781

3.70418260
5.52965648
5.76222958
3.21883669
2.92150590
4.18756985
3.44665889
1.47077371
0.00544623
2.13154919
1.51618894
-0.46017082
-0.56334927
3.17523780
1.58263818
2.11946672
1.02072587
2.55715310
1.01088041
1.95970124
0.83316362
3.03156367
3.87804530
6.23809767
6.54562596
6.20055546
6.14250738
3.07052233
3.41779185
3.52809760
3.28789293
2.93624970
2.83132030
3.60201220
3.79988294
3.37129700
2.74580200
4.08366599
5.42669436
6.44315146
6.12934501
4.79354247
3.77617012
5.67515831
7.48279883
6.92411293
4.53840313
-0.13942824
-0.71477250
-0.25639437
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1.65052029
-0.14649242
0.57222327
2.73305547
-2.89799190
-1.14311171
-0.92680143
1.05930085
1.37871526
2.36494845
0.63082283
1.39877903
0.61390367
1.34205098
2.23588487
2.95927734
-2.11988355
0.09068955
-3.86917594
-3.66017982
-3.16652826
-1.93122674
-2.91584165
-2.68237820
0.89025503
-0.17621601
-6.25538045

1.67014076
0.38256611
1.12610757
0.23031532
1.21096085
-2.15550459
-0.04688446
0.94338459
1.03411541
1.50092770
1.65167962
0.03240329
2.34800471
0.31389383
1.01812223
1.61525258
-2.63791987
-2.98620799
0.71399977
3.21671060
2.39963721
3.02237719
2.53963514
1.49928544
-2.39291994
-3.81508950
-2.34361779

TS3-depro-LA1’-RA2-Ha
COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-17954.83

G=

-17353.67
COSMO(Et20)-ZORA-M06-2X/TZ2P//[COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-25724.33

G=

-25123.17

Nimag =1,17311 cmt

VIZOIITOIZ0V0OIZO

-5.33801960
-4.49841717
-4.76529358
-6.92911361
-2.86704230
-2.74809625
-3.14049593
-1.96349388
-1.57644046
-8.61528211
-0.73823274
0.29294423
-1.04651579
1.72611631

-2.37595403
-1.44272407
-1.26359557
0.19422009
-0.92820675
-0.08410516
-0.24806113
1.16562428
1.27166443
0.05898594
1.10597286
0.17486857
0.83487928
0.09649340

2.50716570
-2.20190374
0.15100425
2.42090687
-0.04078530
0.32051430
-3.03944622
-2.49044168
-3.91901603
-3.95795522
-4.42632374
-4.35983889
0.19353565
0.92605564
1.85169734
1.28649848
0.96403728
0.04976736
0.06949438
-0.35396448
-1.85332299
-0.73231957
-0.79017557
1.27514806
-0.40790704
-0.62328005
3.36438210

4.47284124
3.71563565
2.74543080
6.83398817
5.80936165
3.21300381
2.27505550
3.28420798
2.26600277
8.96538170
4.20869342
3.69045502
5.22531398
4.42673513
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1.66248367
0.59696073
2.65509948
0.52710551
-0.18907223
2.58295824
3.47541666
1.52071785
-0.30665579
3.35231148
1.46556671
2.60149514
2.06053794
3.72291646
2.61507576
1.21921253
4.27894226
4.16554050
3.71990045
2.18796049
5.15042830
4.15029131
2.74508783
2.91724899
3.33497363
3.67493684
2.43112969
4.09015784
3.19862186
4.26121802
4.53964879
4.84697405
-0.32232542
3.79528822
-1.29664316
-7.31029416
-7.95026785
-5.99389005
-3.31580961
-4.69154627
-2.87235617
-3.47844146
-2.03091091
-4.01405201
-4.13196214
-2.69872906
-4.08773908
-3.39389798
-5.76340050
-6.57967393

-0.44260462
-1.26809507
-0.07924801
-1.73126342
-1.51616501
-0.55302322
0.56979261
-1.37913032
-2.36217363
-0.27543029
-1.74267911
1.69838452
2.74098518
1.94678490
4.01999640
2.55062397
3.22737990
1.14454690
4.26668211
4.82391387
3.41262188
5.26638920
-1.09420363
-0.93334416
-2.18365633
-1.85742518
-0.11633934
-3.10809862
-2.31856205
-2.94637731
-3.95838298
-3.67151852
2.12027279
-1.73280938
3.88974370
0.78220100
-0.19873643
-2.55495224
-0.29654779
1.54900370
2.43268386
2.49094445
3.70649902
2.39350492
1.63537491
2.50452751
3.39870194
-0.78251558
-3.60319994
-3.19540382

6.16348473
6.55440414
7.08902908
7.87022291
5.84465895
8.40076393
6.78699112
8.79060122
8.17648730
9.12048661
9.81636775
4.45826992
5.23628787
3.65053234
5.17389430
5.89968061
3.60029839
3.06583973
4.35005646
5.77214065
2.97317631
4.30215269
3.51263836
2.12618781
4.17107390
1.40776939
1.60289218
3.44220155
5.24144683
2.06375523
3.95353965
1.49958851
4.22841501
0.33227299
4.04161006
4.21678897
6.72396169
1.68830954
-2.27819015
2.63800814
3.50888826
4.92506355
3.24548725
2.46510920
5.11899325
5.69910727
5.03074929
4.17820478
3.61376300
2.36490201
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-4.48442067
-6.59112515
-7.49450824
-6.85007478
-3.82594637
-4.75915278
-3.91605145
-6.87024406
-5.99992618
-7.50649871
-6.51032089
-7.69849302
-6.06541944
-5.04397670
-4.61022703
-3.60997204
-1.49625639
-2.69575720
-6.56705122
-5.23197287
-4.91298626
-5.92667143
-7.25929230
-7.57541980
-4.43493163
-3.87234853
-5.67806422
-8.05417639
-6.89564373
-6.66727262
-6.66494161
-6.89353360
-7.12546826
-7.12611970
-6.48852595
-6.47776371
-6.88626320
-7.29944702
-1.70569799
-0.28998805
-0.76118931

1.98686939
0.10610581
0.41546915

0.69276781
-0.23986671
-3.05801303
-0.69646649

1.45063319
1.88782297

-4.34099975
-4.55442689
-2.66631406
-4.09783647
-4.56515012
-5.28929601
-3.74443133
-5.45076959
-4.87806353
-4.06862781
-1.57244775
-1.64524481
-0.75743957
-0.71620722
3.31344818
2.31156486
3.63357216
4.58200961
0.21594928
0.34738984
0.40878583
0.34485667
0.21801964
0.15411410
0.41255577
0.51021989
0.39396513
0.16551226
1.58344373
2.75386984
4.00231624
4.09389117
2.92777118
1.68442977
2.69899320
4.90265753
5.06497350
2.98649186
-0.71795549
-0.32152036
-1.24743646
-2.68621060
1.09550172
-0.88975854
-3.93619484
-1.90697229
-0.38040213
1.99103103
1.24396211
2.56785327

3.15599040
4.50865615
2.65176845
1.79641283
4.00799154
2.67129323
2.43385249
3.93605230
5.37922655
4.86509240
5.12800960
4.77638239
6.11755719
6.27004886
2.53304615
1.44558288
2.28763015
3.20502688
8.30937061
8.72210740
10.08090193
11.04503707
10.64044987
9.27821448
7.98224137
10.38832451
12.10497742
11.38428390
6.17851027
6.91218613
6.27727291
4.90265205
4.16405507
4.79611256
7.98342053
6.86280982
4.40795275
3.09025593
0.11702147
-0.23910619
0.88932870
-2.66358046
0.13661986
-1.43755038
-2.55985600
2.00263783
-0.14727562
0.35749086
0.26102275
0.71778976
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2.97838231
1.50929266
1.52507617
1.01164143
0.29154846
0.90739316
0.46503741
-3.98623919
-3.34056308
-0.03293619
-1.04015432
-2.16053055
-0.81230253
0.80198050
-1.11299388
-2.57149186
-4.33264043
-4.70859525

2.51975605
2.74841990
3.33919656
-0.21870846
-2.24317481
-2.87068344
-2.47065905
-0.69683181
0.39110801
-0.82386818
-3.91144842
-2.60145075
-2.96846770
-2.21648257
-2.90411315
1.15711567
0.85362897
-2.74348491

TS3-depro-LA2-RA1-Ha
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-17959.63

G =-17360.72
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25727.20

G =-25128.29

Nimag =1,16281i cmt

C -1.96285243 -1.92128265  0.78932574
N  -2.44226644  -1.45400061 2.11788938
H -1.89639450 -1.90595098  2.87184827
C  -4.84893400 -4.41975414  0.41376783
S -487320974 -0.29319318  1.59037993
N  -3.87195497  -1.27991979 3.87784354
H -3.14056154 -1.82252653  4.34303430
C -496682794  -0.77282549  4.70691951
H -5.69849850 -0.35695282  4.00404021
H -2.99014859 -4.23955513  2.48560896
C -4.44044290  0.37865635  5.59371511
N  -3.94640473 1.50691916  4.79620980
H -3.60107222  0.02428096  6.20286598
P -4.85923805 2.76251279  4.37503325
C -5.28865161  3.82658886  5.78938289
C -4.46369794  3.77451417 6.92458551
C -6.38492095  4.70403926  5.74748359
C -4.73579442  4.60768042 8.01340744
H -3.62343142  3.08377547 6.95363646
C -6.64611791 5.53690586  6.83780022
H -7.02860884  4.73418953  4.86978697
C -5.82176253  5.48944567  7.96930426
H -4.09865524  4.56767672 8.89639950

0.71645015
1.72856897
0.03131059
-2.27257144
-1.49595363
-2.66628588
-3.58448504
0.65033168
-1.41790395
2.84478788
2.31467373
2.72922975
3.80918689
1.87824344
2.75416259
-1.58163313
-1.36217109
5.29618832
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-7.49312822
-6.02987364
-6.46030659
-6.68260948
-7.43133881
-7.84062855
-5.94996021
-8.58577729
-7.28563350
-8.78374731
-7.99405197
-9.33064188
-9.67811866
-3.86360877
-3.49754783
-3.41135129
-2.67509294
-3.83885986
-2.59365620
-3.69053860
-2.22414364
-2.23868068
-1.57814362
-5.21866478
-2.38148425
-6.35569453
-6.13685499
-4.39396272
-3.78697670

0.30095161
-5.57298949
-5.65091801
-4.62289777
-6.76077683
-6.30585142
-3.87779265
-4.09660675
-5.13689878
-3.67309068
-1.71867091
-2.92325452
-1.31540452
-0.53691788
-3.21517901
-2.64155880
-0.45576205
-1.03861070
-2.14872726
-0.32667939

0.37318200

6.22134004
6.13892661
2.35527091
2.50258806
1.71946311
1.97991078
3.00641609
1.19982629
1.63224128
1.31555514
2.07538500
0.70278988
0.89489841
3.72907328
5.05176515
3.10868452
5.75092988
5.52809008
3.81609884
2.07705290
5.13519797
3.33507936
5.68147774
0.69722323
6.77476868
-0.83058174
-5.21568954
-5.11780089
-0.26633834
-2.79931451
-3.24967100
-1.94319169
-2.72662871
-1.39137616
-2.88555179
-3.23089799
-2.07017760
-3.50549477
-1.04096268
-0.86333381
-0.66012488
0.47798998
-1.40640709
-1.60533406
0.04908979
0.35758658
1.19520320
0.89267923
-0.71822955
-1.49853765

6.80688912
8.81915944
3.59673598
2.21889365
4.39199834
1.63850269
1.59528825
3.80760775
5.46672170
2.42636646
0.56430250
4.42780008
1.96812558
3.21235934
3.50247118
2.03440857
2.61434661
4.41890305
1.15357305
1.82243442
1.44235203
0.24420461
0.75551758
6.29959881
2.84310846
7.26759601
-1.87268486
-0.30430562
-0.75711843
7.14987221
3.73367059
5.49041582
6.34071869
6.41422952
4.45784415
5.71428216
7.04878505
6.92293248
2.55612772
-0.35777743
-1.30127940
0.27998053
-1.20092217
-1.78007946
-2.09424739
0.95503796
-0.50666008
0.85392934
-2.03228928
-0.58916289
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-0.77131726
-2.67751170
-2.01821847
-4.02627780
-4.48318221
-6.74745790
-7.09996567
-7.44486223
-7.34985433
-4.85384643
-5.90694115
-5.92180359
-4.87979430
-3.82389310
-3.81302041
-6.73189747
-6.75563679
-4.89813119
-3.00788479
-6.24517153
-7.03608818
-8.30206738
-8.80155587
-8.02189059
-6.74558825
-6.65594772
-8.89892379
-9.79258354
-8.40401770
-0.90723036
-0.46566593
-0.98223622
-3.48780574

0.97777121
-1.39529832
-2.54106869
-1.32759897
-1.00058344

1.35852957

1.80141181

3.22679053

3.72765413

3.55545822

3.40549999
-1.96242860
-1.57223935
-2.50278645
-2.12525494
-1.47772319
-0.56833599

-2.39546310
-3.21145371
-4.18526351
-3.20419691
-2.33149660
-3.75951608
-2.35634806
-0.73639677
-2.22838513
-5.10155319
-5.95920504
-6.59898289
-6.39342979
-5.54678529
-4.90644294
-6.11258202
-7.25130410
-6.88173386
-5.35748722
-4.04680823
-3.17684870
-2.79418611
-3.29259500
-4.16801073
-4.53852147
-2.78391048
-2.10600045
-2.99959847
-4.56067604
-1.02067523
0.08920978
0.20949083
0.17575215
0.36504400
0.56633162
-0.93349008
1.20154220
-2.42322346
1.00190505
-0.16632548
0.10304196
-0.37259486
-0.33465093
1.18322141

1.64868779
-0.40326016
-0.05098962
0.81952246
-2.98600304
-3.24537350

-1.61709871
0.30855361
-0.09729776
0.41295103
0.71404670
4.95635582
3.91144090
5.85836228
6.81705067
1.79487104
2.14642267
3.38952699
4.30043563
3.95467863
2.71262811
1.45238114
3.64951676
5.27459833
4.65029789
-0.06321217
0.70266202
0.25766985
-0.95287963
-1.71586319
-1.27324604
1.64079367
0.85588515
-1.29910373
-2.65804186
5.56363318
6.47630806
5.04119997
9.17374483
6.77535126
7.57839960
10.23617083
4.13043520
5.45663406
7.75319506
5.83666978
6.04258148
5.19685127
6.99078152
6.04931809
7.59856397
8.51626655
9.59446906
10.14090959
4.42346072
6.64995620
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-1.45059058
-1.02767140

0.39729130
-1.00672305
-0.70276094
-2.71392950
-0.34529294
-1.38943660
-0.95895019

0.84536788
3.25776236
2.53872868
3.02482481
2.58631996
1.37525407
-4.27121166
-3.26990911
-2.28387022

TS3-depro-LA1’-RA1-Hb
COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-17967.81

G=

-17369.81
COSMO(Et20)-ZORA-M06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-25730.71

G=

-25132.71

Nimag = 1, 1692 i CI’TT1

TOITIOOOOIIITOIOIOOOOUTIZOIIOIZOVOIZO

-5.96588536
-4.69027824
-3.88194512
-8.49089474
-5.67453406
-3.15910949
-2.50792732
-2.60609414
-3.44558632
-9.55790330
-2.08275865
-2.55187438
-0.98470833
-3.47895045
-2.49533064
-2.44923228
-1.64531948
-1.56718087
-3.08647478
-0.77351739
-1.66123165
-0.73123847
-1.52799521
-0.11871972
-0.04233765
-4.48775753
-4.73697703
-5.06499774
-5.55193834
-4.30249466
-5.86750356
-4.93090224

-2.50061860
-1.85399281
-2.07617187
0.22907763
-0.85288825
-0.74182828
-1.04156419
-0.11840311
-0.05236464
-1.46074452
1.34150067
1.90406818
1.33160779
3.20238966
4.69226741
5.24214928
5.19464630
6.28849657
4.84341118
6.24449583
4.76069680
6.79124644
6.70592421
6.63152505
7.60532661
3.63793569
4.97635555
2.59926443
5.26688550
5.78736570
2.89794893
1.55896676

3.10297450
3.50308382
4.28477822
5.26539691
4.30469667
4.45128786
6.33451007
7.38345435
1.04362605

2.46997521
2.77941306
2.18702384
1.63043003
5.09134245
4.06139640
3.32087831
5.25858421
5.95943977
-0.20422496
4.99172214
3.72607172
495781911
3.51994405
3.12824384
1.84105995
413166524
1.55742731
1.06031926
3.84730450
5.13100774
2.55776959
0.55185460
4.62737472
2.33478383
4.97101408
5.31877693
5.71920225
6.41628156
4.73866132
6.82021489
5.43144939
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-6.11007744
-5.74973297
-6.31417707
-6.74179067
-4.58023583
-4.57175432
-5.46856710
-5.43289065
-3.89497347
-6.32762686
-5.50124563
-6.30624367
-7.02906546
-6.98420019
-2.35848896
-5.43186677
-0.52942683
-10.03143261
-8.19502644
-3.86796648
-0.17102864
-2.52749544
-1.53382375
-0.32813531
-1.05447492
-2.20173733
-0.63632527
0.22314241
0.37469433
-4.43938931
-5.78880744
-4.89707375
-5.14021797
-7.19461560
-5.28638965
-4.86057784
-5.76934096
-5.01213225
-4.15248781
-7.11655174
-7.84758608
-7.66841138
-6.79996031
-6.82740498
-7.48879895
-7.39089889
-1.48988772
-3.08403761
-1.90515968
-0.35876455

4.23027563
6.30521000
2.08535453
4.46206791
2.89506352
1.63150811
3.89074642
1.37462979
0.86655167
3.62364789
4.86091097
2.36806984
4.38589649
2.16135201
1.96450256
0.39522132
0.56039585
2.22940466
0.29971637
-3.75581140
3.48877848
-2.91859423
-1.04690731
-1.29660330
-0.38727232
-2.40062452
-1.74422920
-0.37204564
-1.99209417
-1.16294462
-3.96371967
-4.06067357
-4.77156011
-4.53573668
-3.42928367
-5.10499345
-4.74828076
-5.81986062
-4.36839323
-5.60267676
-4.44155501
-4.01151950
-1.57443531
-1.65271646
-0.63875536
-0.65454436
-3.05084317
-2.25386582
-0.18771801
-1.05884488

7.17290132
6.68050582
7.39253113
8.02992354
2.11355365
1.50487436
1.67111382
0.43801966
1.87375672
0.60774525
2.16425655
-0.00865896
0.27423294
-0.83633729
5.85343044
-0.03324359
7.05359786
0.78247473
0.57561867
0.94007461
1.04066908
5.34609672
5.92238965
4.98749375
7.23568715
6.25742594
4.03246105
4.77048120
5.46991988
3.92478054
1.97075547
0.71467782
3.11992768
1.67715816
-0.09139705
0.36919027
4.02203589
2.81352969
3.38082158
1.42298448
2.55831421
0.83807703
1.54708353
0.30917564
2.25515661
3.27642310
6.78671048
6.89653000
7.90495184
7.75975910
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-9.85108228
-10.69831807
-11.90259412
-12.27295954
-11.43025223
-10.22459089
-10.41984332
-12.55553109
-13.21453083
-11.71333406

-8.53159211

-7.74888881

-7.85858915

-8.73708970

-9.51753552

-9.41694115

-7.02968361

-71.24526765

-8.81029624
-10.20230545

-1.23370422

-0.92950030

-0.73403015

1.58908789
-2.09881675
0.32432224
1.04181297

-0.31827130

-1.72124881

-2.99552326

-2.02402878

-3.07493171

-3.08154634

-2.80906168

-4.04567386

1.34337275
0.17535420
1.34401365
2.19716077

-1.98551553

-1.94575024

0.34961911
1.40550737
0.31303340
-6.50741111
0.13871461

-1.52759803

-1.02736024

-2.72704175

-2.23833932

-0.47145099
-0.32268031
-1.02937661
-1.88897780
-2.03957277
-1.33382165

0.35651651
-0.90589212
-2.43540553
-2.70557648
1.63242141
2.04681784
3.35652691
4.26313017
3.85542718
2.54914810
1.37051627
3.67118004
5.28283776

4.55598653

-0.25739383
0.85923253
0.84646462
0.37071142
1.59033047
0.78256413
1.96663641
1.67241190

-1.57906406
1.04611106
2.93010984
3.72025931
3.51644645
4.76142757
3.47144877
0.19781252
1.44029999
1.40719409
1.88330536

-2.15065274

-2.26906866
3.00121685
2.86564932
3.68093675

-2.56000479
1.11187468
1.85136498

-2.22361768

-1.73774744

-3.31196658

1.68717359
2.79331250
2.86121382
1.81945818
0.71233980
0.64749701
3.59811735
3.72526218
1.86961598

-0.10277614

2.21574454

3.29673459

3.78190545

3.18874001

2.09929688

1.62446268

3.75308234

4.61955492

3.56690091
1.62099034

0.60888072

-0.35286369

1.16026158

-3.50530821
-0.98044074
-1.18520144
-4.14004127
2.20600282
0.66130896
-1.60676296
-0.75624517
-1.40445777
-2.48083012
-1.20973596
-0.97083705
-0.84509712
-2.36801335
-3.25236812
-2.75846730
1.76221719
-0.66726179
1.87380698
1.58943328
2.73463692
3.42239361
3.03323514
2.85205243
-1.27152683
-1.22985184
-0.51559808
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TS3-depro-LA2-RA1-Hb
COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E =-17953.88

G =-17352.76
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25719.11

G =-25117.99

Nimag =1,1698 i cm?t

C -5.09038000 -2.99860200  2.53448100
N  -3.86589100 -2.18342600  2.69996800
H -3.31435300 -2.14491000  1.83142600
C -495613100 -5.29364700  5.59987900
S -4.09530400 -1.21470000  5.24642300
N -2.33109500 -0.60630900  3.30334300
H -2.00911400 -0.73030400  2.33563900
C -1.42365800 0.05647800  4.23530500
H -1.99878800  0.16854600  5.16218600
H -5.02947100 -6.67632400  7.93187400
C -1.01813800  1.48570300  3.73443300
N -1.86830700 2.03557200  2.67010100
H -0.00733500  1.44832000  3.31366900
P -3.17338700 2.93186600 2.97553800
C -2.84073000  4.73037400  3.02954100
C -1.86234300  5.23080400  2.15384200
C -3.56581500  5.61127600  3.84690500
C -1.61650800  6.60274500  2.09157200
H -1.30228400  4.54740300 1.52291500
C -3.31356900  6.98528300  3.78223500
H -4.32035800  5.22880600  4.53156800
C -2.34278900  7.48127400  2.90524700
H -0.85835900  6.98752100  1.41017000
H -3.87467500 7.66816300  4.41917200
H -2.14925000 8.55241900  2.85782700
C -4.03594200  2.53937500  4.52792000
C -3.40271400  2.79253800  5.75910600
C -5.31284600 195955100  4.50781500
C -4.04286000  2.45573700  6.95074300
H -242306600  3.26524600  5.78966000
C -5.95170900  1.63537400  5.70535600
H -5.80619000 1.75614400  3.56319500
C -5.31870200  1.87900400  6.92517700
H -3.54818400 2.64860100  7.90206300
H -6.93667500  1.17211000  5.67963000
H -5.81361000 1.61511400  7.85920100
C -4.37440600  2.71730300  1.63301600
C -4.25986700 162229200  0.76956700
C -5.45477700  3.60752100 1.51007100
C -5.20935700  1.43211200 -0.23461800
H -3.43180400 0.93482900  0.89633800
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-6.42533700
-5.53964400
-6.29781700
-7.27070300
-7.04452600
-0.94605900
-5.10560800

1.11619100
-5.46684400
-5.07489900
-6.57900100
-2.68915300
-1.20438400
-0.16307500
0.67232700
0.70083400
-0.62114700

0.06289500

1.12741400

1.49218100
-3.41317800
-6.49386000
-7.19082500
-6.27557400
-7.41317900
-7.40324300
-8.15226100
-5.78483800
-7.24138100
-5.65124700
-8.40215500
-6.99462000
-7.53776200
-5.14972800
-5.67167400
-4.64341900
-4.45082300

0.25697600
-1.24660500

0.10745300

1.54494800
-3.82639800
-2.56779300
-1.54748900
-1.77368400
-3.02946300
-4.04829400
-2.38651900
-0.57730800
-0.98108700

3.38376700

4.46778200

2.30029800

4.06508900

2.13928600

2.14513100

0.60271300
0.84492700
-3.34546700
-6.22883800
-1.73934400
-2.27997100
-2.74919300
-0.82805300
-1.10982000
-0.09643900
-2.17908300
-1.57544900
-0.19993500
-1.80175800
-1.35004100
-2.24480800
-2.24088800
-0.80646500
-2.98285400
-3.25965600
-1.71238600
-0.80244200
-0.29123200
-0.23597400
-2.50125500
-2.94608500
-4.03536000
-4.30521000
-5.32008900
-4.25074100
-3.29991200
-2.78097600
-2.03620700
0.12960200
-0.73434800
-5.46463000
-4.88533200
-5.06350000
-5.83145900
-6.42083500
-6.23404700
-4.28663600
-4.59610700
-5.96922400

0.53324000
2.17168800
-0.34491000
0.44369100
-1.12188500
4.60894500
-0.92939600
5.22394700
7.44161200
5.03453400
4.68185800
-2.17032000
4.41036100
4.55576700
3.28583100
5.60891300
5.14436100
2.49845500
2.87352400
3.52886100
3.68152200
2.54825200
3.92720600
2.05458400
1.54399300
4.27464700
3.83700100
1.07451500
1.94936200
2.74823300
1.52655400
0.52637800
1.82746500
3.35725600
2.85985400
4.61169700
4.98845500
5.42077500
6.03360600
6.50802500
5.91011800
6.60860200
6.41311100
7.35466300
8.50048300
8.69868400
7.76183700
5.52720200
7.19116300
9.23567200
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-3.21694500
-6.29174400
-7.45994000
-8.70178700
-8.78025000
-7.61090000
-6.37436600
-7.39822000
-9.60768200
-9.74686400
-7.66682600
-1.52463600
-1.32770300
-0.74065900
0.26362000
-2.44952300
-0.36845000
0.25542900
-0.04153900
-2.24273300
-3.34069500
-2.35058900
-3.39526400
-3.27389800
-4.37862600
-3.23868700
0.40805900
-0.44790500
0.46658300
1.50270000
-2.11645500
-3.17149100
0.70701600
0.94717600
0.09666300
1.65586900
0.50206000
-1.09679900
-3.39766800
-4.09825700
-4.97620100

-7.02065700
-4.94514700
-5.61345900
-5.21199600
-4.13452000
-3.46558600
-3.87223800
-6.43452700
-5.73565800
-3.81562200
-2.62337300
0.26316400
1.43912400
1.23236800
1.38753600
2.43418700
1.28038200
3.18999400
1.90305200
-0.92947000
2.30688000
3.47405200
4.49500800
5.12908400
4.02393600
5.06677200
0.34476600
2.33588700
2.28344100
2.27204900
-1.55636300
-1.43506900
3.18777200
3.74385800
3.83133500
2.98277500
1.21366400
2.10851200
-0.65861500
-1.81175600
-3.36089400

TS3-depro-LA2-RA2-Hb
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP
E =-17956.17

G=

COSMO(Et20)-ZORA-M06-2X/TZ2P//ICOSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

-17357.16

E =-25721.78

G=

Nimag =1,1723 i CFTT1

-25122.77

9.58929800
6.25045100
5.86984600
6.37691600
7.26428100
7.65046700
7.14921700
5.15640700
6.07134700
7.65422700
8.34013800
-0.80997800
-1.73378000
-0.34148000
-5.48395000
-1.93777600
-2.89098500
-5.45951700
0.66431800
-0.57366900
-2.76511300
-1.06650200
-1.18427000
-0.30433400
-1.19534400
-2.10624400
-3.01824400
-3.74364700
-4.88884000
-4.53574100
0.51958200
-1.65351000
0.33206600
1.24921700
-0.31452100
-0.18915200
1.32245300
1.55369100
-2.39386700
-1.20088700
1.50505900
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-5.48436351
-4.30430266
-4.20245264
-3.83001805
-3.46863262
-2.81664130
-3.08450452
-1.63224419
-1.03242246
-2.41485135
-0.74488921
-0.01702269
-1.34555342
1.38151377
1.24783113
-0.04064329
2.35775657
-0.21404939
-0.90363077
2.17473149
3.35876734
0.88987869
-1.21495999
3.03362838
0.75086646
2.39301360
3.05948312
2.41916273
3.77159217
3.01109872
3.13033482
1.84873567
3.81362909
4.28552949
3.13766632
4.36495479
2.27931904
2.60922228
2.58947605
3.22331036
2.34961945
3.21718393
2.31658798
3.53185920
3.44231055
4.00245223
-0.02254295
3.42232889
-0.10311306
-4.43753682

0.70805215
0.95300673
1.95019734
-1.36954029
-1.56914253
0.85654554
1.84758674
0.58040244
1.49753579
0.01303413
-0.56364236
-0.20147964
-1.46512733
-0.93264410
-2.64984648
-3.20604139
-3.41057124
-4.51990337
-2.60151384
-4.71850529
-2.98201315
-5.27541587
-4.94827514
-5.30285175
-6.29584968
-0.96489552
-2.10970234
0.21533500
-2.06628893
-3.04034401
0.24994674
1.08632693
-0.88777348
-2.95948669
1.16192644
-0.85927169
0.02708641
1.35971383
-0.49494817
2.16620973
1.76854522
0.31309461
-1.51219923
1.64093542
-0.09163514
2.27373041
-0.76510741
3.21126080
-0.34619216
-2.82878198

2.04321719
2.89038136
3.12738269
-0.75211137
3.49435242
4.57384983
4.59393345
5.41276754
5.32446764
-2.62365092
4.91534326
3.67443942
4.77191289
3.36859163
2.76784634
2.71775757
2.35956877
2.27659269
2.98954411
1.90675533
2.38069871
1.86988310
2.23539841
1.57843052
1.51431106
4.89872384
5.36018524
5.66897030
6.56373313
4.80177811
6.86753871
5.35521442
7.31441825
6.91729863
7.46340535
8.25373889
2.11171667
2.41440772
0.84868480
1.45948349
3.38190669
-0.10243890
0.59246352
0.19901559
-1.08805851
-0.55283233
5.71380110
1.68515901
7.66466190
-2.94566035
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-4.30430550
-8.04603930
-2.07058857
-3.90355333
-2.03413062
-2.78800544
-0.75886520
-2.94633452
-3.66288480
-2.14655500
-3.13113576
-3.53316506
-6.76280778
-8.00926882
-6.88962630
-6.70747265
-7.99200379
-8.92211893
-6.04152229
-7.81856833
-6.93623154
-7.65543043
-5.89246165
-6.56850554
-5.20292992
-5.97980260
-4.09294184
-3.63985847
-3.15870300
-2.46089275
-0.17762464
-1.03925611
-2.33348797
-1.50589982
-0.15037655
0.39386991
-0.42153656
-1.77869269
-1.92792607

0.47788965

1.44902456
-0.00258324
-4.45724139
-4.75831551
-5.27476060
-5.49593772
-5.19685858
-4.67820414
-4.59948546
-5.50828421

-0.76641410
0.64261419
6.25314951
1.59581109
0.44519558

-0.87471871
0.52362719
1.63709263

-0.95649569

-1.74825774

-0.91492779
0.13929448
0.06120209
0.76627612

-1.45515438
0.33171041
1.84326603
0.33602426

-1.99725605

-1.82619061

-1.67225069
0.01279834

-0.22381046
1.40230166
0.10626112
0.36729019

-0.66029577

-1.00239895
1.61873170
2.59618245
1.42662686
0.56746982

-1.44917764

-2.32650555

-2.43621044

-1.67046158

-0.78530399

-0.67615187

-2.94079185

-3.12706476

-1.76308864

-0.17781792

-2.76359998

-3.47160340

-4.76996466

-5.37253469

-4.66732655

-3.37226560

-3.00945825

-5.30899057

-1.53645332
1.06290881
3.71314335
6.76614801
6.92526282
7.18497205
7.79800457
7.30153181
6.52640778
7.00402669
8.22985467
3.67879662
2.74101324
2.15246963
2.47993377
4.25920514
2.37990214
2.59043624
2.90867241
2.93919033
1.40435590
4.71706865
4.73815420
4.46898293
0.64600208
-0.29059013
0.50541055
1.36931149
8.38027059
7.06396593
7.55934253
8.86076224
-1.04125218
-0.32650399
-0.64130844
-1.67863957
-2.38810497
-2.06795462
0.46488804
-0.08453987
-1.93130131
-3.18994681
-0.78752427
0.38093975
0.30822980
-0.93406025
-2.10719532
-2.03145018
1.35104932
1.22656528

407



IITITITOIITIIOOIOOOIIITIOOOOOOITOOIOOOXT

-5.90203546
-5.37104865
-1.70862297
-0.29200146
-1.21212873
-0.70473774
0.75798619
0.00393931
-1.93180319
-1.15840988
-2.73650178
0.62310046
1.84968168
2.85624315
3.61489680
3.28793124
2.40366147
1.06644873
-1.10606852
-0.95821961
-0.17392548
-3.80899752
-2.49353814
-0.58813389
-0.03695855
0.63723260
-0.83182328
-0.28947603
-2.14383209
-1.75991192
-3.42873648
-5.79032188

-6.38224314
-5.12623080
3.63872628
3.88213847
2.66601918
5.55254242
3.72479176
4.74737533
6.68944674
1.43484302
4.21150806
3.00296539
4.50999312
4.44270473
5.17475593
3.43778161
4.69522114
4.78205898
5.44810988
6.22059943
6.97506604
3.58332221
5.59867426
0.63193031
0.24152961
1.86651226
1.64735092
1.29053210
0.96888008
5.54112427
6.01837334
1.73217541

TS4-repro-LA1’-RA2-R
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-17950.85

G =-17350.35
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25725.32

G =-25124.82

Nimag =1,15501 cm?t

C -4.90803771 -1.77498326  5.28436396
N -451175838 -0.68455606  4.39337604
H -5.05165783  -0.58352300  3.53420307
C -6.49372519 0.46823166  7.89607073
S -257234064  0.17910492 6.05827931
N -3.35499448 110633116  3.60744789
H -3.83317648  0.83087574  2.73890439
C -219388213  1.97195603  3.30021512
H -2.27355705 2.09524401 2.21588004

-0.99068261
-3.08036200
3.15836976
2.69068187
2.40767844
-0.94620449
3.75873579
1.49002252
-0.27492536
1.75613821
3.93604372
4.74068933
3.55947370
4.62182073
4.33629210
4.66943766
5.58618744
0.88657787
1.11764355
-0.11632683
0.00520566
4.19131699
4.48733892
2.75012472
0.33491281
0.59760897
-0.37742476
0.51105600
1.65613042
5.30722080
4.87469337
1.79181214

408
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-8.22110378
-0.83526702
-0.09681422
-1.02374926
1.51294788
2.13315025
2.26618216
2.34155639
2.57088870
2.13633141
2.65870403
2.26498525
2.76323519
2.66069239
2.82525838
3.00211693
1.95884008
1.27111840
2.97733624
1.62871526
0.45716379
3.31206693
3.50520163
2.64916608
1.09813008
4.09362500
2.91694980
2.41841945
1.68453524
3.81708101
2.34688692
0.60575757
4.47629387
4.38719289
3.74076723
5.56200640
4.25716781
-0.24632181
1.77510567
-0.18309411
-7.19110667
-7.51599768
-5.89473221
-3.05285451
-4.49517356
-2.32403837
-2.36971474
-1.12423417
-3.62821160
-3.23641517

1.37302355
1.25459969
1.19106313
0.24424358
1.28842444
2.78962952
2.76598261
3.99147652
3.93840352
1.83444628
5.15756896
4.02055252
5.13593845
3.91515374
6.08517782
6.04983991
1.37510470
2.30311044
0.58967411
2.46324862
2.88547388
0.73737417
-0.13797270
1.68086214
3.18665346
0.11381765
1.79708057
-0.03848681
-1.05817347
0.00197676
-2.03773270
-1.09489946
-0.99565945
0.81359217
-2.01286481
-0.97380405
-2.78391578
1.76221405
-2.82668336
3.95409702
1.43664538
0.17007164
-2.24558725
1.62518432
3.42986950
3.43357721
3.51328454
4.25379771
4.02610271
2.97912735

9.75539736
3.51360504
2.22880397
3.88864528
2.18769604
3.02449941
4.42601598
2.32832658
5.11967000
4.97356529
3.02763294
1.24472629
4.42260241
6.20512415
2.48092403
4.96543036
0.43489955
-0.36831143
-0.11986458
-1.70590100
0.05585057
-1.46795195
0.48840558
-2.25710498
-2.32389424
-1.90003151
-3.30673859
3.04853267
3.67260255
3.17781284
441512715
3.55907112
3.89804812
2.72742897
4.51985095
3.98559306
5.09079092
4.28615118
4.90231205
3.78836640
5.47910678
7.62305541
2.61840739
-1.43288638
3.56826625
3.84301637
5.37937439
3.31538361
3.26145103
5.78097819

409
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-1.46690429
-2.44192214
-3.50786959
-5.14826843
-6.21700281
-3.80115303
-5.58582706
-7.16819625
-6.37477865
-3.02177206
-3.91086498
-3.45958357
-5.65747358
-4.84880780
-6.56258155
-6.07620159
-1.27684827
-5.61220950
-4.61585817
-3.77372936
-3.58987630
-1.00813799
-1.28119489
-6.35092126
-5.23387891
-5.11664576
-6.11735835
-7.23992302
-7.35230351
-4.45290570
-4.24114883
-6.02646765
-8.02768707
-6.24777010
-5.56777801
-5.32876838
-5.76971470
-6.44391692
-6.67623152
-5.22456765
-4.79053792
-5.57777832
-6.78584946
-1.48631229
-1.37212691
-0.89403606

2.21780107
-2.68250996
-0.30394890

2.77597585

3.08032609
4.56757839
0.21290150
-3.09857271
-2.94884180
-3.51266096
-4.17693474
-2.60410397
-3.91932783
-3.61877810
-4.48063081
-2.77942620
-5.15297082
-4.26719535
-3.93645090
-1.24879979
-1.46855780
-0.45789870
-0.18918149
5.05379051
4.05102803
4.14075647
5.32011930
0.35309989
-0.23573199
-0.27155756
0.28047954
0.86807878
0.90439898
-0.67556558
-0.73371968
0.25235118
1.29645854
1.88541985
2.85693181
4.12446278
4.43152927
3.46141334
2.19578510
2.62760305
4.86946130
5.41579524
3.69133439
-0.14360181
-1.66023100
-0.53023417
-3.23288394
-2.30333791
-2.58171968
-2.12149890

5.82962366
5.68722616
4.62003447
4.50653247
3.40028974
3.86842454
5.52275332
3.82139816
2.90793308
4.63794794
3.35983130
3.12707146
5.02173283
6.33552274
5.96065389
6.16086493
5.94356104
7.17265068
7.10776833
3.62372042
2.16137974
2.22774953
3.53475657
9.40543749
10.00826565
11.40355044
12.20836889
11.61048862
10.21899108
9.39154942
11.85964359
13.29396673
12.22984234
7.36841315
8.11146053
7.56749228
6.27875200
5.52820256
6.06764021
9.11834779
8.15324936
5.85363857
451970591
0.27573322
-0.06892514
-0.95551432
0.06502782
-0.45969271
0.42933588
1.36659002

410
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-0.29237379
-2.79197922
-3.31067510
-3.11494501
-4.41251912
-4.58371545
-4.38108168
-5.18696001
-0.34531586

0.79956528

1.97544162

1.79099035
-3.75470963
-2.88708845
-0.68655877
-0.08503595

1.25607892
-0.30125409
0.16501542
-0.09542257
-1.94946524
-3.72619085
-4.05025780

-0.35511742
0.50640278
-2.02570910
-3.16780068
-3.78055839
-4.46379286
-4.32138978
-3.00730016
-3.80076719
-1.92054015
-2.77977031
-3.56110757
0.06065596
1.83675134
0.48452304
-2.45508361
-1.43444444
-1.41890461
-1.47847371
0.66263701
2.40260548
2.42918070
-1.93831073

TS4-repro-LA2-RAL-R (TS4-R)
COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-17961.08

G=

-17361.27
COSMO(Et20)-ZORA-M06-2X/TZ2P//[COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-25730.78

G=

-25130.97

Nimag = 1, 1630 i cm™

OO0O0O0O0O0OTTVITIZO0OIITIOIZ0V00OITZ0

-3.96729462
-4.29402677
-3.89355664
-7.49233988
-6.14953492
-5.62848213
-5.02937798
-6.54604530
-6.85509610
-6.15662414
-5.78285698
-4.50943550
-5.52092154
-4.30838702
-5.88566900
-6.79473721
-6.24464550
-8.05025107

-3.34810220
-2.88291994
-3.51498002
-4.67287548
-0.93500428
-2.37285823
-3.04441417
-1.58560351
-0.74529906
-5.67850104
-1.04706000
-0.39546473
-1.88248195
1.15753897
2.05497958
1.81379080
2.90676468
2.42101265

-2.12318125
0.36253479
-1.47362188
0.48986331
0.21587242
1.04862489
-0.73639993
0.18201701
0.30739282
0.88862265
1.03267634
1.77604990
1.02322431
-0.36363031
1.30564836
-2.57662665
-3.16220842
-4.00784792
-3.01114681
-2.46004091
-0.29061373
0.01933011
5.95026029

0.66117807
2.03231293
2.73842850
-0.15408875
1.59184430
3.81403139
4.30753532
4.63705664
4.01111432
2.01132459
5.86468308
5.52912812
6.52323456
5.15614317
5.09732714
4.05051763
6.15635869
4.06948969
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-6.53096371
-7.50716868
-5.54340471
-8.40979879
-8.75099321
-7.78347511
-9.39302559
-3.38810420
-2.10885857
-3.84207970
-1.29417809
-1.74867867
-3.02081864
-4.81931867
-1.74935660
-0.30453198
-3.37827140
-1.11300607
-3.24999776
-3.17995676
-2.50098485
-2.37047102
-3.73858836
-1.69841678
-2.53318101
-1.63311651
-1.11474360
-0.99445530
-6.43810942
-2.30315632
-8.37247442
-8.46829686
-7.12512143
-1.92947612
-0.33785097
-7.94060071
-7.84254648
-7.50679843
-8.76764801
-8.57491894
-6.83834205
-7.02989399
-8.42688760
-5.31635787
-3.41630262
-2.72895609
-2.36365630
-4.49126202
-3.44208163
-2.27673088

1.14543469
3.50629879
3.10027209
3.26422689
2.23116850
4.16401976
3.73355420
1.42494988
0.84609886
2.25449880
1.09522500
0.22277425
2.49653685
2.72573610
1.92380527
0.64347780
3.13902568
2.11723523
1.97479679
1.42189535
3.12004711
2.01072295
0.52186795
3.71104990
3.53829541
3.15691541
4.59850571
3.61447835
-0.37395074
1.55660186
-1.33002866
-5.04132154
-5.46782793
-1.50708283
-2.73712456
-3.36164115
-2.38743245
-3.68336130
-1.48761731
-2.75141092
-4.32856683
-3.47429274
-4.25418686
-2.11618889
-2.31265715
-1.14386893
-3.08419519
-1.78033278
-0.57107481
-0.46713839

3.23222414
6.16819982
6.96519532
5.12735269
3.25705105
6.99145484
5.13997096
3.60608085
3.52732600
2.57250048
2.42591618
4.33960091
1.46647982
2.62967616
1.39386202
2.36963190
0.66258186
0.53125436
6.39572113
7.68010183
6.07978607
8.65246800
7.91040534
7.05771184
5.07526435
8.34292186
6.81502956
9.09820999
6.43151349
9.63948542
6.86425307
-2.67938848
-0.81921201
0.98127199
4.06212435
3.03919917
4.99854677
5.76852568
5.85147706
3.68858922
5.18340812
6.73567591
5.96020632
2.51682548
-0.40405499
0.32346982
-1.24108307
-1.37800088
0.92562123
-0.41572308

412
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-2.80976235
-1.96372671
-1.52538040
-4.01280816
-4.95332443
-5.27776266
-5.04490746
-4.72181734
-6.31833861
-6.48159870
-9.48208586
-8.85709221
-8.90276069
-9.75732055
-8.08576024
-9.46802461
-9.98910988
-9.13297400
-7.75048019
-7.23203177
-10.14563470
-11.06820803
-9.53884573
-7.07339134
-8.48545988
-9.02059600
-9.92874854
-10.32112367
-9.79489554
-8.87855955
-8.72606490
-10.33514986
-11.03292510
-10.09521725
-2.42454973
-2.16606125
-1.36092781
-5.47043521
-1.46849721
-3.09267511
-6.16115284
-0.39975645
-2.37352618
-0.72653875
-1.76162822
-1.11151516
-1.45915188
-0.02398355
-1.41670385
-2.80185674

-3.97034038
-2.43208667
-3.41554403
-1.09583165
-2.59826996
-1.23897903
-4.29956752
-5.39346938
-3.86393339
-2.91494464
-3.33115769
-1.84442607
-0.50300215
-1.95777134
-5.33425505
-5.50127466
-6.10118173
-6.54828373
-6.40279740
-5.80085676
-5.14505307
-6.20804452
-7.00369886
-6.74818774
-3.80727765
-2.65629232
-1.85549508
-2.20153217
-3.34952993
-4.14719673
-2.38369608
-0.96161781
-1.57834127
-3.62526299
-2.09708692
-2.49828487
-1.47876566
-1.25392491
-3.81642198
-2.06808047
-2.90443413
-0.57816684
-3.02714316
-4.35467213
-4.32516041
-5.59983088
-5.84950137
-5.47679377
-6.36203942
-1.28588393

-1.71382235
-2.03102515
-0.60971392
-2.09449516
-1.94847256
-0.84425027
0.08575588
-0.41390341
0.19505638
0.55755031
3.90853328
3.13678617
5.37852401
5.94910299
1.09966217
1.25286718
2.40490988
3.41441719
3.25903752
2.11123364
0.47977561
2.51485865
4.31739442
4.03958830
-0.91131421
-0.31226481
-1.00653245
-2.30640903
-2.90643903
-2.20978134
0.69907147
-0.53337273
-2.84728361
-3.91717799
5.78906613
7.25922111
6.50400794
9.29840716
7.47674315
8.37256743
9.08712082
6.67400910
4.67107706
6.66794573
8.70530497
9.02359159
10.02809037
9.00314947
8.29981910
9.26589552
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-4.30721840
-5.26254371
-4.85674647
-3.21458298
-1.33761236
-0.10138808

0.25797782

1.36954009
-0.16891030
0.30363036
-3.49995926
-1.51704371
-1.38015373
-3.12506186

-2.67327967
-2.32889849
-2.61004398
-3.94952818
-2.75644023

0.03476426
0.75004248
-0.59629248
-0.88376202
-0.32021883
-1.20736782
-1.77221828
-3.52159930
-4.02178198

TS4-repro-LA2-RA2-R
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-17950.03

G =-17343.91
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25716.01

G =-25109.89

Nimag =1,1502 i cmt

C -4.76837087  0.45268992  3.19048228
N  -3.95345581  0.87364732  4.34923974
H -3.90103335  1.89906538  4.40099890
C -2.11056387 -0.95374210  0.78374004
S -2.73465973  -1.44004643 5.08391213
N  -2.47431431 1.10466397 6.03857293
H -2.75367176 2.08100562 5.87967415
C -1.19031683 1.06642324  6.76903182
H -0.90392366  2.12432409  6.80131423
H 0.54811515 -1.26715718  0.34301764
C -0.06187532  0.33923271  6.03579457
N 0.11450977  0.83401567  4.63639510
H -0.27467970 -0.73314507 6.02179645
P 147899482  0.31328216  3.91836622
C 1.51526362 1.03495321 2.25718054
C  0.31139582 1.45466206 1.67324541
C  2.69353320  0.99975142  1.49559211
C  0.28750378 1.83956046  0.33300825
H -0.59718860 1.45846427 2.26470426
C  2.65331483 1.34956558  0.14545271
H 3.63686332  0.70519042  1.95202260
C 1.45135057 1.76823556  -0.43663841
H -0.64729209 2.17657124  -0.11238067
H 3.56564462 1.31456333  -0.44887455
H 1.42636996 2.04792775  -1.48950020
C 159089067 -1.49317999  3.66223239
C 0.50830139 -2.30422706  4.02913936

8.26379721
9.31858708
10.29622306
4.53416448
3.60409100
5.81857770
8.22921128
7.91960992
8.79012279
7.97666004
5.61680722
3.15498104
2.82096946
0.85776300

414
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2.74935225
0.61746680
-0.42382253
2.85683215
3.56782382
1.80010369
-0.23360098
3.76059732
1.88436770
2.95369434
2.86195608
4.06582035
3.87728235
1.98872986
5.08200908
4.13906662
4.99392530
5.93877485
5.78537042
0.85237336
3.78661519
0.80183205
-1.17059030
-1.42163526
-6.61633471
-2.75877659
-3.45677851
-1.34292580
-1.65043276
-0.03935775
-2.49957000
-2.54860562
-0.82144862
-1.81102497
-3.04249198
-5.93487419
-7.02225816
-5.58181192
-6.48948789
-7.41288868
-7.85934777
-4.78815271
-6.48271592
-5.26020982
-7.40471511
-5.75595963
-6.73614265
-3.89382357
-3.97175041
-3.05130389

-2.08423995
-3.69289845
-1.85674869
-3.47304528
-1.47436652
-4.27976932
-4.31286122
-3.92467561
-5.36408900
0.78451133
2.03192054
-0.03612257
2.47032615
2.65628418
0.40739565
-1.02906318
1.66182552
-0.23755468
1.99941704
0.49580611
3.44174657
0.36498585
-0.01018193
-0.10300328
-0.22403249
2.84143106
1.21436024
0.64615772
-0.85452032
1.00046616
1.47336189
-1.13596188
-1.48110824
-1.07923306
0.24231869
-0.59088438
-0.20473231
-2.07627650
-0.40760800
0.80533989
-0.91552472
-2.41164116
-2.68331224
-2.25036365
-1.00550469
-0.73536685
0.64616428
0.27445953
1.10051188
-0.78753755

3.12446727
3.94612078
4.36211160
3.05933242
2.715244763
3.49326269
4.22334360
2.65151489
3.43463628
4.91229025
5.55427515
5.17017153
6.40263593
5.41906739
6.02129566
4.74191100
6.63451043
6.21368607
7.30303291
6.62526111
6.88456724
8.72375247
-1.56950668
0.76808498
1.34421913
2.08036075
8.41048881
8.27432044
8.44405318
9.03040234
8.88135945
7.88166194
8.08700062
9.50964836
5.14752975
3.40316200
2.36639870
3.16997934
4.83066318
2.55970695
2.41581391
3.84281983
3.34669768
2.13644961
4.95130927
5.57874331
5.02675684
1.92753628
1.00030193
1.89738984

415
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-2.87756418
-2.57592111
-2.33040545
0.24617652
-0.18788664
-1.29648806
-1.91112328
-1.19054954
0.14621553
0.77151435
0.05641970
-2.95943727
-1.67596612
0.70715427
1.82268598
-2.81094111
-4.05298590
-4.63291649
-3.96977994
-2.72158973
-2.14669816
-4.57697463
-5.60616804
-4.42330776
-2.19643965
-0.62091684
0.35511828
0.00407233
3.59731925
-0.27662339
1.72696548
2.66293174
0.28833345
-2.01499487
-1.43903375
0.63701268
0.12806000
0.97958159
-0.21871511
-0.69419195
2.78281470
1.63473735
2.91005448
3.34254767
-2.98125873
-2.27459844
-0.20267022
0.81454240
1.80747955
2.05539481

-1.28434630
1.27612397
2.55252951
2.04997650
0.85698763

-2.22964210

-3.44880274

-4.64273157

-4.62665617

-3.40897299

-2.21463241

-3.46909590

-5.58678174

-5.55800962

-3.38743075

-0.99330888

-1.61367330

-1.70023688

-1.17401458

-0.56261516

-0.47620007

-2.01620880

-2.17677613

-1.23824844

-0.15071988
3.53197106
4.69912288
4.25899141
3.69216533
6.03347817
451882117
4.31207414
4.55488626
3.64032048
6.33905427
6.87712108
8.20993151
8.73331097
8.71464765
8.12271929
4.56986798
4.36982876
4.46486133
5.45837169
3.52751015
3.75906748
2.11774267
6.41598433
6.00791721
5.16025914

2.78732413
9.96030962
8.74245158
8.86469886
10.11062453
0.92101897
1.23423154
1.14977459
0.74039887
0.45789403
0.55692745
1.52594637
1.39684261
0.67004777
0.17564181
-0.57673618
-0.74730824
-2.01511402
-3.13076181
-2.96602892
-1.69430753
0.11524070
-2.13306979
-4.11943656
-3.82776957
4.36340839
4.02878516
5.42126897
1.72406005
3.68385444
3.42676873
0.31904334
6.68438615
3.93252070
3.90655412
3.13060021
2.79491259
2.35547145
3.70227341
2.07774090
4.04009936
2.07877171
1.37027667
1.53676008
4.72646441
2.44706582
4.40597277
7.64965459
6.21763115
7.76410579

416



C
H
H
H
H

1.29560220
-0.22923803
-1.35525897
-2.97695961
-5.29622566

5.59414722
4.01803131
3.93214763
4.58622136
1.38631320

TS4-repro-LA1’-RA1-S
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP
E =-17958.47

G=

-17356.32
COSMO(Et20)-ZORA-M06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-25728.57

G=

-25126.42

Nimag = 1, 1335icm™
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-5.66508587
-4.32258847
-3.93561403
-7.62468845
-3.99152435
-2.45732774
-2.46251493
-1.68703736
-2.28881990
-7.73275854
-1.62374318
-1.51542440
-0.79154317
-2.15469661
-1.23491275

0.00515913
-1.72143497

0.74935701

0.39305614
-0.96715105
-2.68391341

0.26562898

1.71137774
-1.34412118

0.84881249
-3.88593847
-4.28841225
-4.84540520
-5.63984965
-3.55651150
-6.18898684
-4.54930884
-6.59012876
-5.94272751
-6.90976347
-7.64079224

-2.36436096
-1.78079013
-1.40437850
0.05328474
-2.33738760
-0.87124802
-0.32519081
-0.21748658
-0.31166231
-1.16846244
1.29424219
1.59973303
1.74808801
3.04073101
4.44248688
4.16834298
5.76244972
5.19848033
3.15384154
6.79123111
5.98934382
6.50988286
4.97819155
7.81292829
7.31452775
3.19258239
4.07865687
2.36411051
4.18202538
4.68374604
2.46888813
1.64003831
3.39385099
4.86542624
1.80614689
3.47705420

7.09477601
7.48243900
1.87859916
2.27696574
2.96194609

2.06711613
2.10455497
1.22799094
4.29988542
4.74093783
3.04879139
2.18555994
4.10882527
5.02425373
6.75412535
3.75348477
2.29183844
4.30470884
1.87906727
2.60030012
3.19741841
2.58303872
3.77542013
3.17804650
3.14921902
2.12953171
3.75020811
4.23667366
3.12531489
4.19660573
2.45738162
3.46783333
1.84183689
3.80995702
3.99555870
2.19041227
1.08784857
3.16145093
4.60061315
1.71635262
3.43356439

417
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-2.22622318
-2.71557325
-1.95122014
-2.93147786
-2.88544028
-2.15881843
-1.56734754
-2.65790745
-1.92576854
-2.82020048
-2.54566909
-3.30178703
0.38286304
-4.87616170
-7.99139705
-4.71083047
-1.10311228
-0.81800892
-0.29441291
0.75783718
0.18813985
-0.45265375
0.48661919
0.88289957
1.73236913
-3.57715794
-5.92003298
-5.74431477
-4.91243669
-7.35675759
-6.41469266
-5.97924860
-5.02274866
-5.08443293
-3.87871987
-7.55135678
-7.49165065
-8.09887184
-6.68617782
-7.28681847
-6.80271592
-6.20329873
0.52203832
-1.16774362
-0.55672934
1.12569892
-8.83113473
-10.07664042
-11.17899865
-11.03856587

3.26930900
2.23318837
4.52685081
246271371
1.23745567
4.73952193
5.33802476
3.71234510
5.71179733
3.88281319
1.75216294
1.65078048
0.82006845
0.31756373
0.63917803
-1.97662926
-2.61674237
-2.86032726
-0.86126685
-0.59519246
-0.25898752
-2.38578027
-1.08986705
0.47400274
-0.99255914
-1.63207726
-3.17618734
-2.33030756
-4.34983140
-3.74078347
-1.46407587
-2.95248521
-4.98036264
-4.97554479
-3.98265310
-4.37381200
-4.35702881
-2.93243065
-1.22589310
-0.56573090
-1.00952103
-1.56745849
-2.82965367
-2.61676692
-0.42066511
-0.74365886
-0.57305193
-0.58245557
-1.19660725
-1.81152895

0.07869131
-0.73452725
-0.48465775
-2.09232032
-0.33477301
-1.84864132

0.12501092
-2.65293189
-2.28081908
-3.71650868

4.13818325
-2.71469443
5.71017587

4.57095681

3.44626279
-0.63007727

1.58134105

3.70656476

4.44270568

3.35112901

5.78429934

4.62591958

2.41659304
3.13540482

3.67107550

3.23301468

0.76708897
-0.51560868

0.74693740

0.83762266
-0.50204630
-1.39243942

1.64195109
-0.14080423

0.71330036
-0.03996493

1.73968483

0.85244893

2.37532786

1.51437585

3.71376434

4.33704456

4.87781937

5.42461681

6.57804842

6.09240262

4.99254417

4.35472868
4.96060859
6.20884838

418



ITTITOIITITIOOIOOOIIITOOOOOIOOIOOOIIIIOOOOOOIIIION

-9.79262718
-8.69619096
-10.18289624
-12.14598459
-11.89503827
-9.67853800
-6.82238602
-7.50929311
-6.81168421
-5.41252073
-4.72453412
-5.42362704
-8.59872422
-7.36152850
-4.86476280
-3.63583194
-0.41318236
0.12218777
0.93299653
-2.00802729
0.53836693
-0.30751136
-1.36941098
2.18516818
-1.43155741
0.71516988
0.83703989
1.50638841
1.87918615
0.79433046
2.32753146
-0.41993531
-0.60501611
-1.12070730
-0.35335543
-2.63236877
-1.03402087
2.44195683
3.72808439
4.10069222
2.90803889
3.28431187
-0.88336330
-0.00608054
-1.73489960
-5.70882391

-1.80668343
-1.18795011
-0.10992765
-1.19433548
-2.29092030
-2.28151748
0.97847154
1.86724243
2.75396438
2.75496556
1.87229646
0.99613861
1.86286990
3.44110692
3.44243714
1.86856971
0.01286938
0.74422701
-0.15692395
-0.28392694
2.18741628
0.07709299
1.14948575
-0.58125765
-1.04312529
2.87663102
2.62571057
3.92202914
4.03234824
4.72013959
3.93699592
-1.14039723
0.94005845
0.31399481
-0.32444733
-0.76894844
-2.46548697
-1.23939212
-1.09770730
0.32157257
0.44864593
-0.20534758
0.88403957
-2.67491814
-3.15507181
-3.07228781

TS4-repro-LA1’-RA2-S
COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP
E =-17958.75

6.85010429
6.24515867
3.37827991
4.45788340
6.68243878
7.82443500
5.21526313
6.05655456
6.87915976
6.88332207
6.04769173
5.21379532
6.06933465
7.52231582
7.52744359
6.04351275
0.30601214
-0.99418690
-0.07578074
-4.26230793
-0.99663153
-2.28040999
-5.15351924
0.03247798
0.17048148
-1.98906076
0.26811517
0.29547677
1.31378522
0.06102618
-0.42870617
-2.38864559
-3.27831031
-4.49533654
-4.94632496
-0.06192070
0.49564274
0.86702079
-1.39330297
-0.40289197
-1.72114601
-0.92338120
1.41098664
0.17859289
0.01137372
2.90579178



G =-17358.04
COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25728.76

G =-25128.05

Nimag =1,17721i cmt

C -5.02307631 -1.96274553  4.31097114
N -4.27703786 -0.79320394  3.81672563
H -4.78559985 -0.14223366  3.21028376
C -5.66548532 -0.26735836  7.67402943
S -2.05963190 -1.28206608  5.28092955
N  -2.97446963 1.03975925  4.17009260
H -3.71499724 1.42985888  3.57104254
C -1.77866198 191493392  4.20178279
H -2.12555836 2.78004758  3.61951310
H -6.19524150 -1.44124923 10.09917607
C -0.59852522  1.33457006  3.38331590
N -0.61220739 1.89662209 2.00693575
H -0.66785782  0.24114371 3.35656988
P 0.77824365 2.36599147 1.33977221
C 0.36776804  3.34757734  -0.13089379
C -0.93358971 3.84656459  -0.29174213
C 1.37988653  3.72661402 -1.02827131
C -1.22049531  4.71193027 -1.34928900
H -1.70878086  3.56760790  0.41396592
C 1.09048009  4.60845645 -2.07034540
H 2.38946265  3.33830018 -0.91993767
C -0.20956315  5.10152975  -2.23185050
H -2.23538893  5.08564563 -1.47838041
H 1.87843177  4.90286762  -2.76257163
H -0.43410176  5.78500380 -3.05012164
C 1.94856166 1.02442425  0.94533603
C 1.47604376  -0.29447883 1.01459038
C  3.29558896 1.27427743  0.62854968
C  2.34519480 -1.35695831  0.75904923
H 0.43261875  -0.48075483 1.24555827
C 415524479  0.20829822  0.35928053
H 3.68129183 2.29184038  0.61749474
C  3.68042077 -1.10808408  0.42583960
H 1.97829199 -2.38048469 0.81347683
H 5.19781969  0.40258369  0.11000896
H 4.35519863 -1.93931795  0.22346548
C 1.73299057 3.47867084  2.42944269
C 264576334  2.95378334  3.36078769
C 1.44529024  4.85402748  2.43329767
C  3.25880287 3.79845403  4.28936483
H 2.87825843  1.89062375  3.36182521
C 206601398  5.69314889 3.35934380
H 0.73965279 5.26642462 1.71441340
C 2.96912210 5.16651594 4.29014135
H 1.84339048 6.75965600 3.35679199

420
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3.44762242

0.34525531

3.95986241

0.42981965
-5.83983680
-6.65707873
-6.28674815
-3.73890217
-3.36855328
-1.40414812
-0.61725215
-0.53351362
-2.70049152
-1.19636426

0.32255138
-0.36408994
-3.13398514
-5.80968798
-6.80819734
-4.80216462
-6.55567857
-7.53161330
-7.35214556
-4.03908825
-5.33336566
-4.29509885
-7.04622869
-5.84788618
-71.31671673
-5.89540661
-7.13177238
-5.13388751
-4.11221526
-2.46546141
-3.25528804
-1.04656607
-0.32643261
-4.74226040
-3.42938691
-2.55891908
-2.99865445
-4.30869120
-5.17580118
-3.08789396
-1.53956305
-2.32292545
-4.65728521
-5.85492268
-5.97086201
-6.15919658

5.82352877
1.57610250
3.38602322
3.52648877
1.90238244
-0.67405229
-0.89200921
2.61597265
2.15714836
2.53957550
1.59741881
3.78873910
2.99773340
0.70375737
1.26110656
2.13542198
-0.28793085
-2.67518420
-1.72213791
-3.19217107
-3.88676546
-1.31480623
-2.27573672
-3.83240247
-3.78722448
-2.36511681
-4.45501095
-4.56085616
-3.56918603
-1.49104803
-1.40649129
-1.08943624
-1.16740432
3.49158099
3.70989796
4.48624734
4.31668718
-0.42357625
0.06593117
-0.08672909
-0.72148952
-1.20513168
-1.05989898
0.57032306
0.29207982
-0.83714670
-1.69817115
1.20727494
1.60390758
2.94672172

5.01565844
3.88539398
5.01418904
4.86037906
9.31779711
7.92242084
1.97620135
-0.89283789
6.49311172
5.59544275
6.52877722
5.30933879
6.29049418
6.77493717
6.06732473
7.45528462
4.38517685
3.17218320
2.47340976
2.12255636
3.77841401
3.18816131
1.69412595
2.58946874
1.36489260
1.61837663
2.97471733
4.28547021
4.49946291
5.52166014
5.51669865
6.57668927
6.49473083
7.24413108
5.66315145
4.63102846
6.25153407
8.87253394
8.80592845
9.88539380
11.05466142
11.13062831
10.04001496
7.90767747
9.81660289
11.90174415
12.03784336
7.27232472
5.93400770
5.59715182
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-6.23768453
-6.12800903
-5.94160384
-5.89895157
-6.22762482
-6.37316622
-6.17945499
-2.83488677
-2.58747238
-2.42107722
-5.73453442
-1.41403772
-3.73405917
-6.82709209
-1.93829481
-4.06349062
-0.27454745
-1.80270601
-0.77390141
-0.58038609

0.14221245
-1.19404577
-3.62511711
-4.87970687
-5.99367749
-6.22257821
-4.73958264
-4.47132911
-1.70347910
-0.39667309
-1.35672653
-2.03946057
-1.40670311
-1.94811028
-4.62153110
-5.43683093
-4.26963704

3.91791555
3.53265891
2.18810020
0.87353412
3.22874905
4.96751760
4.28144017
0.88413918
0.10764741
-0.47965533
-2.29378868
0.48211947
-0.48741133
-1.12891470
-1.57483818
1.63215960
0.05826558
1.40556123
1.77463065
0.92278564
2.06459650
2.61455148
-0.93597312
-0.53509933
-1.23801258
-0.78167069
1.62254097
2.58117531
1.53360806
-3.01531415
-2.52149675
-3.63475090
-2.74487716
-1.65966970
3.58603601
2.24366267
-2.66280185

TS4-repro-LA2-RA1-S (TS4-S)
COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

COSMO(Et20)-ZORA-M06-2X/TZ2P//ICOSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-17962.37

G =-17362.15

E =-25732.77

G =-25132.55

Nimag =1,1714 i CI’TT1
C -1.09136374

N -2.56834780

H -3.03376094

C -0.85665127

-2.02136065
-1.87508712
-2.64814280
-3.09941991

6.59819462
7.93876170
8.27192431
5.13870132
4.54657792
6.33801777
8.72937558
0.80997507
-0.50947733
0.86554260
-1.32189171
-1.37585840
-1.28170100
-0.49304363
1.43605589
1.03466266
-1.26871750
-2.29820723
-3.27058248
-3.93298386
-2.75424057
-3.82652968
-2.41727978
-0.55223253
-1.18788448
-2.15646653
2.09256952
-0.07997178
1.30423523
1.00324046
-0.41483355
0.80743680
0.65777002
2.52322303
0.33950521
-0.48471613
4.69847062

3.93576938
3.86016777
4.35642487
0.26862068
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-2.99862055
-4.57244954
-4.64103038
-5.84178110
-5.63657434
-2.41121271
-6.82805510
-6.35033330
-6.92007858
-6.92368275
-8.16348509
-8.20861704
-9.05021638
-9.13050645
-7.51372386
-9.97064415
-9.02783952
-10.01080325
-9.15803211
-10.65795887
-10.72982409
-7.77522907
-9.10932877
-7.07303363
-9.72862676
-9.66310132
-7.69971358
-6.04285888
-9.02465679
-10.76107236
-7.14887474
-9.50866557
-5.60848146
-4.41145521
-5.79478305
-3.41860253
-4.24591429
-4.79020774
-6.70348763
-3.60562653
-4.93042907
-2.82549200
-7.82809071
-2.49475580
-8.41744546
1.23421593
0.02805373
-0.49368207
-7.44728305
-4.42829340

0.19936620
-1.88353646
-2.80011495
-1.27672143
-0.21115783
-4.23126270
-1.43342752
-0.75469710
-2.50245911
0.69117166
0.66177765
-0.44911617
1.73485000
-0.48429296
-1.26871161
1.69379075
2.59505252
0.58552659
-1.34781640
2.52575009
0.55636049
1.47586051
1.13045859
2.31191534
1.61544231
0.48584106
2.79487056
2.58921502
2.44603954
1.34134367
3.44339096
2.82051559
1.84159087
1.83457337
2.76626161
2.77328895
1.10204526
3.69152947
2.75162804
3.70383883
4.40053576
4.42983266
-1.10963838
2.76355833
-1.01427834
-3.05515437
-3.74207447
0.56534720
-4.41003161
-2.48924389

2.12503664
2.78050789
3.22695873
2.37230207
2.21299415
2.25672991
3.55410236
4.76933551
3.79933402

5.20705065
6.54798116
7.40186024
6.74312970
8.45025502
7.26312116
7.79328949
6.07615252
8.64825825
9.11379133

7.94289078
9.46662409

3.79227745
3.50981929
2.90892320
2.35695927
4.19031328
1.75771928
3.11769905
1.47873072

2.14284307

1.07731565
0.57733013
5.71106584
4.98300797
6.74954678
5.26779208
419761178
7.04058248
7.34526621
6.29447733
7.85603198
6.52303374
3.24797982
4.69195950
1.20929952

-1.49138324
0.38319861
2.75354561
5.43672631
0.26641467
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-6.38530955
-6.87420542
-7.54882831
-5.25757003
-6.08831866
-71.76676829
-1.12945754
-3.38691211
-0.22169675
0.32328261
-1.06974363
0.98340873

0.93821505

0.95697347
-1.45545484
-0.45740740
-1.91890393

1.64901873

0.64072785

1.56077195
-0.51393734

0.25017907
-0.93874145
-1.55029687
-5.64085316
-4.86422448
-7.23251827
-7.87868359
-2.08930596
-2.56009425
-3.66985494
-4.32013640
-3.84888900
-2.74529955
-2.07129611
-4.03116601
-5.19316662
-4.34354846
-0.65526223
-1.61942119
-1.43998113
-0.29845849
0.66298004
0.48378464
-2.51119373
-2.19294157
-0.16083342

1.55330029
-5.46545658
-4.36210800

-1.86445376
-3.31919281
-0.97023406
-1.83796511
-3.94733064
-3.37561933
-3.75370329
-1.24575286
-0.80340750
0.09395588

0.01921099
-1.42153941
-0.48214903
0.87937780
-0.61863093

0.81970201

0.47512857
-0.62168810
-2.00262693
-2.08784575
-2.74784139
-3.72034245
-2.29517762
-1.46942048
-2.19099985
-0.81995099

0.08026372
-1.29506430
-4.01203418
-4.39024579
-5.23300868
-5.71688774
-5.35435631
-4.50852472
-4.00917848
-5.50255082
-6.36159728
-5.71172405
-2.18303992
-1.21365432
-0.37059081
-0.49433059
-1.46195145
-2.30114257
-1.11506936

0.38225617

0.16071346
-1.56504986
-2.85533154
-2.52908646

1.02705274
1.20871797
0.53961575
-0.02737617
1.64592447
1.84739340
0.23108005
2.96619765
4.43946802
3.30921033
5.42428711
5.19263899
2.60289526
3.74868843
6.22729077
5.86634797
4.90814938
5.54893959
6.06112416
4.53643941
2.69954512
2.83877031
1.49428378
1.47337082
-0.99578827
-0.14830173
0.47115407
-0.45850923
0.12682797
-1.13834272
-1.26385602
-0.12510228
1.14030132
1.26322155
-2.03300086
-2.25633493
-0.22324354
2.04282952
-0.92635427
-1.24244636
-2.34053278
-3.14389215
-2.83668124
-1.72974222
-0.62768220
-2.57392457
-4.00392817
-3.45687664
6.23286430
7.30314057
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-5.74297837
-1.57498930
-4.18831088
-3.17700717
-2.91526844
-6.49615079
-5.32064268
-5.09613583
-2.95745760
-2.77698352
-1.72954737
-3.44701320
-2.99171104
-2.07383426
-3.51067654
-2.47631218
-2.24066983
-4.31970738
-6.49876295
-7.51437051
-6.01533774
-6.70754035
-5.02028394
-6.03215521
-5.87391753
-6.36099242
-6.53274221
-0.99834645

-3.05645525
-5.45058860
-1.07879051
-3.45285560
-6.64012991
-3.39754687
-3.97309088
-0.26292092
-0.78508373

0.62775925

0.70966018

0.89424911

1.25458575
-3.16242357
-4.69410439
-5.70973515
-5.77823767
-4.14930309
-4.92101401
-3.75194426
-4.31959157
-2.69464777
-2.90055254
-3.32192221
-1.70096488
-5.68273935
-5.42033562
-2.76747104

TS4-repro-LA2-RA2-S
COSMO(Et20)-ZORA-BLYP-D3(BJ)/DZP

E =-17959.16

G =-17359.30
COSMO(Et;0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-25726.40

G =-25126.54

Nimag =1,1756 i cm?t

C  -4.53458207 0.57561643  2.54758952
N  -3.45465311  0.60528687 3.56192318
H -3.41268804 1.53248069  4.00320477
C -3.09287913 -1.67795613 -0.23125385
S -254761973 -1.97272188  3.82404213
N -2.46060561  0.10771126  5.53801768
H -2.65743945 1.10445717 5.69515107
C -1.47794484  -0.42430879 6.50022054
H -1.29432100  0.45131088  7.13688799
H -0.36806761 -1.71439052 -0.21508779
C -0.13311551 -0.78446060  5.84614881
N 0.36474231 0.31174581 4.98783728
H -0.25195129 -1.70260459  5.26812214

7.61182406
8.08958437
7.65082610
7.28280890
7.89163284
8.64819139
5.30233240
7.57758311
8.13924854
8.49147621
8.78962420
9.31600740
7.62338896
6.84382569
7.73481981
7.52472807
6.45763843
4.57058724
5.22918357
8.46149876
10.54362499
10.67914566
10.13676727
10.07584837
5.57725520
6.01458082
4.25399580
4.73053739
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1.40876699
0.75286468
-0.52218472
1.56439530
-0.96756295
-1.16456827
1.12194516
2.53688493
-0.13863410
-1.96305354
1.75309697
-0.48374007
2.07486054
1.24179890
3.32884332
1.65906279
0.27137907
3.74325728
3.98029902
2.90623670
1.00825407
4.71977460
3.22885909
2.78417848
3.26932452
3.36306055
4.35076611
2.78006515
4.44170097
2.96785508
4.94558011
4.88207595
5.78572640
0.58122341
4.70429615
-0.35717003
-2.81945756
-2.50524737
-6.78838732
-2.39554056
-4.01280203
-2.02471005
-1.60101046
-1.45574639
-3.56524522
-1.94118938
-0.51042836
-2.04797944
-2.85434965
-5.92630361

0.05846713
0.27626520
0.82188867
-0.00641961
1.14066530
0.98538171
0.32750619
-0.47841162
0.91492700
1.55430126
0.11905541
1.17289451
-1.63078822
-2.67585746
-1.91568386
-3.99834258
-2.45701927
-3.24417276
-1.10815454
-4.28471783
-4.80451324
-3.46564495
-5.31958586
1.23986168
1.45392746
1.92328493
2.30653405
0.97886220
2.78307386
1.80808109
2.96261997
3.32037339
3.63632012
-0.99072087
2.48050980
-1.24302930
-2.18149001
-0.88797914
-0.12067486
3.64016032
-1.75958038
-1.55477818
-2.98828145
-1.26071431
-1.48330505
-3.23452511
-3.11765113
-3.70119969
-0.36719605
0.03565267

3.78178184
2.09490502
1.91310510
0.98053751
0.62799248
2.77028874

-0.29963544
1.11501250

-0.47378890
0.48324539

-1.16299348

-1.47477152
3.82612036
3.38658991
4.38974355
3.53357876
2.94536629
4.51944021
4.71617148
4.10017028
3.20283515
4.94873906
4.21040495
3.95328446
5.25436052
2.87314406
5.46681167
6.09986866
3.09396822
1.86824633

4.38600448
2.25458385
4.55241036
6.66006695
6.48143043
8.87081092

-2.86546620

-0.72215067
1.03312983
2.65875128
6.57659310
7.47383938
7.07611647
8.88086180
7.53929350
6.06518935
7.12026989
7.78578198
4.33144915
3.05436918
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-6.98298469
-5.96487636
-6.26245867
-6.99488227
-7.98002948
-5.29313610
-6.99070615
-5.67597867
-7.27088617
-5.55324232
-6.23839080
-4.12963003
-4.32478550
-3.61363966
-3.29918201
-3.93266479
-3.90687349
-1.81494606
-1.77309680
-2.16934367
-2.69933295
-1.84869122
-0.46008148
0.07175105
-0.78203322
-3.77869643
-2.26909571

0.20146671

1.15060759
-4.19258921
-5.51117727
-6.47723596
-6.13038856
-4.80966445
-3.84884885
-5.78412949
-7.50220738
-6.88186995
-4.53001170
-0.29252661
0.12606854
0.81799527
-2.29384935
0.83548125
-0.68946859
-0.95967764
1.80141041
-1.56304146

2.04773393
-0.04816269

0.39355758
-1.48386502
0.77908010
1.47477267
0.09511995
-1.77134563
-1.77217237
-2.05744966
0.49984386
0.51988918
1.86979125
0.09628468
0.84346623
-1.14375229
-1.60175623
-2.18033057
-0.47134458
-0.29087040
-2.03938478
-2.84501632
-4.08108567
-5.13384311
-4.96398060
-3.73173884
-2.67671218
-4.22227527
-6.09103947
-5.79024836
-3.58423552
-2.10217389
-2.31609828
-2.75607530
-2.98600478
-2.77408441
-2.33622798
-2.13711326
-2.91689952
-3.32623180
-2.94979348
2.95624700
3.60584121
3.84430773
6.00051566
2.78441138
477236011
6.15380500
4.56906499
3.22953945
2.72829615
2.11522360

1.98309772
3.31583550
436779770
1.78269782
2.33764257
4.13066530
3.59182466
2.42750508
4.70559752
5.16489472
4.22338887
1.13044874
0.15241987
1.03073718
1.91289496
8.30714230
7.80087491
9.25151117
9.59021932
0.10505915
0.49933370
0.84602901
0.78854695
0.39854580
0.06534537
0.52850149
1.15424560
1.04653142
0.36963351
-1.20138451
-0.79068604
-1.70262552
-3.03765257
-3.45480491
-2.54034928
0.24462071
-1.36838339
-3.74964556
-4.49349173
5.27026267
6.61668705
5.30322896
8.84417714
7.66562141
7.10413692
10.04689607
4.78848387
4.61382467
7.80795078
8.46005483

427



ITTITTOIIITITOOIOOOIIITO

DBU

0.56668633
-0.26632176
1.14426063
1.22234237
-1.40543672
-0.49026333
-1.21749033
-0.89254176
-2.67292515
-1.48750780
0.01727179
3.74314396
2.44887127
2.55690388
2.68170739
1.99736575
-0.59974396
-1.39324848
-4.70639918

1.46082800
1.07243331
2.19509755
0.64882057
5.46503167
4.99454068
6.14038789
7.06146219
2.91687495
3.84870204
1.57208068
5.22279973
5.38783774
6.52835840
5.47559969
4.49903606
3.51453842
4.93801051
1.64530313

9.61747847
10.20382969
10.18941015
9.28782121
6.39481109
8.43446619
8.98574159
8.49107799
5.11229625
3.23659151
5.17447271
5.46097249
6.67039982
5.29875555
5.60167957
3.71576798
2.68808846
3.37634001
2.37069360

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E = -3442.79
G =-3315.91

COSMO(Et20)-ZORA-M06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-4900.72
G=-4773.84

Nimag

ITITITITITOOOIIOIIOIIOZZ000

=0
1.64703963
-0.44418033
0.56919166
-0.49302821
0.51260101
1.88385485
1.46319141
2.54680136
-1.63323975
0.66698683
0.28896174
-1.71739055
2.65752484
2.22292355
-2.91010361
-3.69654267
-2.87840143
-1.89358370
-1.30199819
-1.44523539
-2.01114154
-2.53712139

-0.52856348
-0.81792912
1.42992424
0.49942632
-1.37541204
0.66981888
-0.17101946
-1.16145167
-1.69393739
2.20566915
1.93066650
1.10962336
1.34040268
0.30930856
1.14340894
-0.17731241
-1.40030474
-1.60042474
-2.72528991
2.13490580
0.59582859
1.41427272

-0.75758136
0.34552667
0.34109566
0.76177994
-0.34032794
0.16876272
-1.78722122
-0.80225092
0.69726229
1.11387276
-0.60382668
1.30757056
-0.23380817
1.15344523
0.33035853
0.27356181
-0.17509433
1.76378871
0.52525269
1.58870435
2.23733067
-0.67177529
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ITITTTT

-3.59411257
-4.56051982
-4.10696858
-2.54877828
-3.53457250

TS1-E
COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E=
G=

-7603.95
-7350.28
COSMO(Et20)-ZORA-M06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-11107.91

G=

-10854.24

1.94731176
-0.05579535
-0.37869597
-1.27314106
-2.28473989

Nimag = 1, 1568 i cm™

TOTOOOIOOIIIIIIIIIIOOOIIOIIOIIOZZOOOO

-0.38942116
-2.69329036
-1.21164531
-2.54454034
-1.74254906
-0.10167317
-0.29765022

0.32931129
-4.03636986
-1.13980568
-1.14533150
-3.67594019

0.87015578
-0.08340173
-4.77273488
-5.75666185
-5.11527867
-4.38633629
-3.87959416
-3.24327232
-4.10359013
-4.28761956
-5.33965825
-6.53054892
-6.27562324
-4.66582351
-5.90324806
-3.13516677
-1.90834555
-0.47371425
-0.77483112
-1.12679954
-1.19611696

0.38222560
-1.24726130
-2.13295548

-7.13811302
-7.86265884
-8.83334994
-8.64984684
-7.10405439
-8.49697950
-6.32668002
-6.93946066
-7.80567718
-9.88392362
-8.20321753
-90.37198712
-8.49010653
-9.26206765
-8.45797512
-7.91028571
-7.05567906
-8.82184981
-7.29469439
-9.96980910
-10.08312336
-7.63008572
-9.04288933
-7.31619352
-8.76327403
-6.14602720
-6.72610014
-10.58020278
-10.27677129
-5.20016289
-8.07073798
-10.04094805
-11.40006479
-5.74594601
-11.96752719
-11.59642872

0.64868481
-0.39989328
1.27934718
-1.21998164
-0.15354127

-5.75930602
-5.83664126
-4.12483643
-4.74705120
-6.33755273
-5.11882171
-5.01765634
-6.56447829
-6.52662811
-3.81362799
-3.22207653
-4.13206817
-4.60669648
-5.90480051
-3.55798487
-4.60484001
-5.70914924
-6.75402815
-7.48315551
-3.32203863
-4.85710776
-3.01463417
-2.81609370
-4.09323593
-5.07711030
-5.27830138
-6.40331191
-8.90894317
-8.38846477
-10.08830732
-9.18316116
-10.83551122
-10.88865178
-8.62994252
-12.23772742
-12.76409253
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-0.34318377 -11.69507167 -12.79202276
2.19829243  -8.23660055  -7.84862367
-3.53813487 -12.39604322  -7.93311395
0.22420103  -8.90814848  -8.95185612
-1.44978181  -6.85078476  -9.02457613
1.80328127 -10.46766827  -8.26082332
3.04657414 -10.75876936  -7.55514367
-1.06610815  -9.31974664 -11.82240363
1.48274087  -9.12949230 -8.31924867
-4.10108668 -10.93763093  -7.06830216
3.89328076 -10.27671269  -8.05690416
3.14475263 -11.84672721  -7.58795337
2.98524663 -10.40583011 -6.51952075

TTITOOIITIOOIIIITOOOOOOIOI

-1.05469171  -9.55794084  -9.40586614
-0.61296815  -5.56782140  -9.05937164
-1.73953807  -6.96537411  -7.66728098
-2.40951004  -6.79236660  -9.55189967
-1.58014660 -10.53001347  -7.23899283
-3.98608916 -11.40264513  -8.05079638
-4.94476177 -11.46527284  -8.57030970
-1.09763534  -4.77079663  -8.47543385
-1.30478816 -13.04791578 -12.08872014

TS1-Z

COSMO(E,0)-ZORA-BLYP-D3(BJ)/DZP

E = -7604.59

G =-7350.75

COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-11108.64
G =-10854.80

Nimag =1,1552i cm?t

TTOOOIIOIIOIITOZZ000

-0.41387912
-2.70481518
-1.15335393
-2.50916514
-1.78361365
-0.08544820
-0.31622455

0.27682684
-4.06773649
-1.05619511
-1.06589902
-3.60265299

0.90662479
-0.09450621
-4.71423713
-5.73891364
-5.14811343
-4.39047867
-3.95455987

-7.06588444
-7.83358273
-8.75648150
-8.60016309
-7.05958368
-8.41797216
-6.25319498
-6.85252600
-7.81759231
-9.80175897
-8.11413215
-9.35963484
-8.40076948
-9.18791113
-8.48168297
-7.96602353
-7.09700826
-8.84574181
-7.30690388

-5.80726998
-5.81090568
-4.13541293
-4.71558893
-6.34851672
-5.17282941
-5.06815152
-6.63446116
-6.46194906
-3.81413777
-3.24331793
-4.07570872
-4.70191617
-5.95433205
-3.47544031
-4.49882749
-5.61981081
-6.67483983
-1.42265114
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H -3.13247973 -9.94295786  -3.27624029
H  -4.02054382 -10.08352274  -4.79396738
H -4.24335431 -7.63852069  -2.94328439
H -5.24436556 -9.08435045  -2.72067562
H -6.51702493 -7.39269588  -3.97025319
H -6.24414755 -8.83487100 -4.95675636
H -4.71567137 -6.17309806 -5.20208482
H -5.96122020 -6.79283459  -6.29629002
O -3.15122823 -10.63398123  -9.03220844
C -1.97897168 -10.27188522  -8.43108207
H -3.34700747 -7.69046356  -9.84599050
C -0.77392575 -8.09221425  -9.16606986
C -1.07318094 -10.04030045 -10.84603595
O -1.13104298 -11.39837145 -10.92860555
H -2.60760230 -6.45767760 -10.88649717
C  -1.12271090 -11.93753923 -12.29004359
H -1.98714661 -11.55921338 -12.84583514
H -0.19764643 -11.64993687 -12.80022988
O 2.18763530 -8.31685261 -7.78619065
H -3.59717929 -12.34349774  -7.89286655
C  0.19999299 -8.94478760  -8.89227198
C -1.49171680 -6.89278370  -9.05083498
O 173392463 -10.53943969 -8.18618483
C 297526311 -10.85836690 -7.48948118
O -0.97827223 -9.29945868 -11.81590846
C 144883349 -9.19298483  -8.25201193
H -4.33953352 -10.82863752  -7.30220332
H  3.82907938 -10.39708940  -7.99855539
H  3.04774560 -11.94840876 -7.52106827
H 293048630 -10.50255544  -6.45395660
C -1.06167604 -9.57937789  -9.40838615
H -0.84947621 -6.00046406  -9.03687650
H -1.77308940 -6.97521266 -7.67690690
C -279075892  -6.74243110  -9.83804957
O  -1.74482970 -10.44746258  -7.24399962
C -4.06870043 -11.40129502 -8.19331776
H -4.94516564 -11.58380311 -8.81915081
H -3.43464435 -597210019  -9.38843683
H -1.18117368 -13.02107190 -12.16624206
Int1-E

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E =-7611.15

G =-7355.73

COSMO(Et20)-ZORA-M06-2X/TZ2P//ICOSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP
E=-11119.83

G =-10864.41

Nimag = 0

C -0.24562891 -7.33384802 -5.76925014
C -2.60804302 -8.01092895 -5.76448438
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TOOIITITOOOOOOIOIIOIOOOIOOIIIIIIIIIIOOOIIOIIOIIOZZO

-1.10478744
-2.45413902
-1.61218255
-0.01074512
-0.14200577

0.45690263
-3.94044655
-1.08818371
-0.98457894
-3.60695016

0.97189843
-0.04863975
-4.64429046
-5.62527483
-4.97255523
-4.32723802
-3.76456365
-3.17906033
-4.07009934
-4.10867734
-5.22099565
-6.36101251
-6.18977644
-4.48267378
-5.75617695
-3.20161053
-2.08747307
-0.88427579
-0.92429679
-1.11198070
-0.96010514

0.14102997
-0.87214004
-1.78410908
-0.00239694

2.04834899
-3.60248545
0.09350258
-1.58783389

1.56874638
2.78268802
-1.13657174

1.28939310
-4.59497551

3.65853321

2.86122776

2.71591097
-1.15579581
-0.89963921
-1.72159423

-8.90222814
-8.67443939
-7.32699323
-8.67417641
-6.49495911
-7.19562886
-71.95927674
-9.93995527
-8.23547804
-9.26942280
-8.68787883
-9.46988983
-8.23724497
-7.76880682
-7.07142440
-8.98082736
-7.57510069
-9.78027980
-10.04169643
-1.37674473
-8.70107053
-7.08663102
-8.64503974
-6.13592001
-6.79665290
-10.64499407
-10.18971776
-4.84778848
-7.99303252
-10.01632573
-11.37438205
-5.65787563
-11.98559479
-11.77765863
-11.59332929
-8.20699609
-12.25560918
-8.83819299
-6.81213804
-10.44300553
-10.73536984
-9.33800389
-9.07772936
-10.79341514
-10.29229075
-11.82683647
-10.35260163
-9.49163698
-5.49133266
-7.11157593

-4.03332532
-4.61978990
-6.31629724
-5.07385751
-5.06322367
-6.59748259
-6.45808349
-3.67627183
-3.16547293
-3.90180828
-4.58609214
-5.82892236
-3.43089626
-4.51873028
-5.72246386
-6.55949426
-7.47098758
-3.03289693
-4.53586091
-2.99709472
-2.61545693
-4.06498825
-4.88272932
-5.40792572
-6.44384722
-9.20598945
-8.54968711
-9.95481852
-9.29602700
-10.91979200
-10.92107778
-8.74713312
-12.24648968
-12.81670731
-12.78420836
-7.82565385
-7.91234718
-8.99298746
-9.33775723
-8.18081339
-7.44179078
-11.93896381
-8.30552976
-7.63279074
-7.93216225
-7.43553619
-6.41569042
-0.50471121
-9.05893243
-7.32807874

432



H -2.59808524 -6.79457080 -9.75086994
O -1.92024528 -10.32241879  -7.34471618
C -4.13041473 -11.42639877 -8.39499991
H -4.88388199 -11.79483014 -9.09528163
H -1.40089856 -4.91328874 -8.26257624
H -0.76454443 -13.05670198 -12.06016599
Intl-Z

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E=-7611.87

G =-7356.13
COSMO(E1,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E =-11120.66

G =-10864.92

Nimag =0

C -0.21671162 -7.32325136  -5.69885345
C -258319737 -7.98847859  -5.74312544
C -1.10118816 -8.95133499 -4.03222322
N -2.44381282 -8.69403999 -4.62207745
N  -1.57814140 -7.29046359 -6.25914979
C 0.00354240  -8.69047155  -5.05320254
H -0.11685765 -6.51311782 -4.95958636
H 0.49364403  -7.15560604 -6.51561767
C -3.90955794  -7.90708102 -6.44640126
H -1.09294688 -10.00196316 -3.71541834
H -0.98589762 -8.31883725 -3.13843285
C -3.60264681 -9.33190866  -3.95239701
H 0.98155993  -8.72860574  -4.55746439
H -0.03264432 -9.45725993  -5.83774755
C -4.65675048 -8.33357750  -3.44742654
C -5.62363481 -7.81796463 -4.52600196
C  -4.95459233 -7.05928295 -5.68248892
H -4.28993735 -8.92423492 -6.60112293
H -3.72687299 -7.47624375 -7.43623620
H -3.18403973 -9.88052291 -3.10222641
H -4.04731016 -10.07652334 -4.63124730
H -4.13594956 -7.49199870 -2.96142095
H -5.24229014  -8.84314263 -2.66630398
H -6.37103983 -7.16327431 -4.05145056
H -6.17648332 -8.67816770 -4.94231556
H -4.47250352 -6.13951339 -5.31397846
H -5.72767989 -6.75052436  -6.40144631
O -3.23419182 -10.59693791  -9.17713039
C -2.11577171 -10.17660363 -8.50551270
H -3.48283166 -7.81135980 -10.04739383
C -0.96295820 -7.96911280 -9.24431692
C -1.08278758 -10.00190201 -10.85415575
O -1.00542327 -11.36663918 -10.86063503
H -3.03789581 -6.38571626 -11.00489771
C -0.88878346 -11.97272276 -12.18600155

433



ITITTOOOIIOIIIITOOOOOOIOTITI

-1.76030608
0.02514857
2.04739971

-3.68159640
0.05380631

-1.69114314
1.58728288
2.83507420

-1.02308935
1.28279297

-4.64744755
3.68355092
2.92904944
2.80760263

-1.16515824

-1.19258830

-1.68514657

-3.06351763

-1.96404807

-4.18669514

-4.94000950

-3.76941994

-0.84836356

TS2-E
COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E=
G=

-7609.53
-7356.26
COSMO(Et20)-ZORA-M06-2X/TZ2P//[COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-11119.33

G=

-10866.06

-11.71150951

-11.62493218
-8.13482663

-12.21748384

-8.79651596
-6.83142541
-10.37787043
-10.65347979
-9.31679953
-9.01571646

-10.73985078

-10.19890091
-11.74376876
-10.27176099
-9.47905617
-5.87731223
-7.01026576
-6.79772680

-10.32704797

-11.37051770

-11.71329451

-6.17355866

-13.04941083

Nimag =1,15131i cmt

TOOOIITOIITIOIITOZZ000

9.85023891
7.97895171
7.64437908
7.14717076
9.24149436
8.79467033
10.36239479
10.62486891
7.43722394
6.80493032
7.96984577
5.79769683
9.22626188
8.40740124
5.79488951
5.93890626
7.23363705
6.48954923

3.82256837
3.94226960
4.67589850
4.44120307
3.65774609
3.72002578
4.79644623
3.05292431
3.73206529
4.51333888
5.72513612
4.95324271
3.96571052
2.68996809
6.16749782
5.80175070
5.05724055
3.17378574

-12.79617332
-12.67919207

-7.81664978
-7.91152985
-8.89985382
-9.35022631
-8.15870026
-7.47258085
-11.86720013
-8.26885271
-7.62128470
-7.99943357
-7.47015936
-6.44411493
-9.44145227
-9.15112029
-7.25456679
-9.98020979
-7.30013166
-8.38796700
-9.10143589
-9.40739175

-12.00503108

4.86607162
3.32922628
5.65369805
4.28016064
3.54029826
5.96713975
4.90528965
4.96946233
1.93356749
6.34209148
5.75390817
3.95845548
6.94733228
6.01090965
3.01189240
1.52507825
1.16168597
1.98316413
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H 814787557  3.09582148  1.40120780
H 534986014 523418046  4.91851542

H 518142477 414034139  3.54343252

H 659930520  6.85573402  3.32083633

H  4.84149417 670177305  3.15268863

H 5.86975263  6.72001204  0.92030914

H 507947402 517002454  1.23848952

H 811117174 570257777  1.33078630

H  7.21450138  4.82559105  0.08735080

C 12.85154199 -1.06190528  0.07506322
H 992004231  2.98593590  2.65245132

H 1184477813  3.71615731 -1.14560410
C 1054618793  2.14198084  1.70295534
H  0.62791383  3.23668497 -2.36331664

H 940247290  4.70913250  -1.40522281

H 1230167607 -1.49612352 -0.76300441
H 12.66902935 -1.62454389  0.99696850
H 13.92584859 -1.03107599  -0.13519859
C  12.07904553  2.26963990  1.50399738
O 1241112583  3.92258945  3.26330995
C  9.84554191  0.85988740  1.74547254

C  11.04907899  2.74598244  0.51853236
H 1506764185  4.29298621  3.35830165
O 13.79407047  0.63068066  1.92638334
O 14.01595288  3.59484001  1.67420729
C  14.82924656  4.61344946  2.33846689
H 14.28958237 556599941  2.36464546
H 879544757  3.14656896  -0.79464632

O 880208664  0.60561456  1.14061927

O 10.42025938 -0.01351988  2.64326134
C 973182338 -1.29144193  2.77826824

H 870882046 -1.13864737  3.14105958

H 10.31992515 -1.85836204  3.50453466
H 970286155 -1.81099589  1.81367217

C 961789181  3.63057242  -1.33388966

O 12.32193874  0.29284196  0.21294926
C  12.82277669  3.32714265  2.27906302
C  12.84862057  1.00916689  1.24373617
H 1573503752  4.69323137  1.73322412
C  10.93405240  3.37520716 -0.64607676
TS2-Z

COSMO(Et:0)-ZORA-BLYP-D3(BJ)/DZP

E = -7609.55

G =-7355.95

COSMO(Et,0)-ZORA-M06-2X/TZ2P//COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP
E=-11118.35

G =-10864.75

Nimag = 1, 1490 i cm™
C  9.99553720

4.07286449  4.87691395
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7.99349308
7.99738011
7.33561617
9.22202898
9.06927339

10.59483857
10.70053269

7.28971991
7.22341571
8.43659533
6.00928867
9.63577107
8.58536697
6.01163381
5.98004548
7.15970637
6.29336583
7.85562905
5.69299127
5.28404391
6.89592302
5.12353838
5.94473510
5.04137843
8.10684034
7.03777218
12.78939316
9.83253203
9.70826512
10.44966722

11.73935580
11.89842496
12.15095031

12.83908132

13.79826150

11.96438582

12.66082804

9.77926949
10.89059931

15.13255720

13.85592949
13.63819315
14.52006653
13.92496321
12.82049146
8.71485521
10.42181067
9.78800963
8.76889072
10.41635899

3.87382593
5.47028397
4.81056330
3.48335566
4.55600731
4.91107428
3.31388536
3.26984768
5.69270380
6.42649525
5.33359014
5.09630426
3.68847036
6.12278005
5.23861615
4.26269773
2.91040937
2.39425097
5.98965732
4.50644014
6.78161800
6.77517336
5.88385252
4.65677554
4.81555496
3.67445209
-0.73299382
2.67582870
3.86366135
1.91401102
5.42561755
4.02537851
-1.04772528
-1.50828086
-0.49306135
2.11661524
2.76808201
0.63237600
2.78201953
3.76172562
0.63999910
3.72938990
4.46565725
5.08203624
4.08443880
0.47103777
-0.39304089

-1.69884518
-1.67613184

-2.38477389

3.52363802
5.40126294
4.25345141
3.77502909
5.99199442
4.48393124
5.23170501
2.33100639
6.14727738
5.07078907
3.85801252
6.76290973
6.46703585
2.53631103
1.27857293
1.15010483
2.63244951
2.00420341
4.67696267
3.81212221
2.52289517
2.53288101
0.38634204
1.28486373
1.05035429
0.22815330
-0.54858268
2.95376644

-0.45645333

1.91350615
-0.82635273
-1.89744665
-1.37709603

0.22366946
-0.90051052

1.68519233

3.92854073
1.71793608
0.87417718

3.58806975

1.49452652

2.10707501
3.01459881

3.69631708
-0.37022337
1.11410368

2.37687975
2.23731033
2.63995502

2.81118548
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H
C
@)
C
C
H
C

24c

9.75718098
11.85937889
12.14444203
12.76431019
12.76967644
15.14149297
10.72532263

-1.99319635
4.32991771
0.46140374
2.88229373
1.01590968
5.08695830
3.64799804

1.18193590
-0.83844749
-0.00842661
2.71696107
1.06265767
2.36583629
-0.11994209

COSMO(Et,0)-ZORA-BLYP-D3(BJ)/DZP

E=
G=

-4167.83
-4053.67
COSMO(Et20)-ZORA-M06-2X/TZ2P//COSMO(Et.0)-ZORA-BLYP-D3(BJ)/DZP

E =-6227.83

G=

-6113.67

Nimag = 0

IITITITOITITIOOOIOOOIIITOOCOOOOIOOIOOONO

-0.20725364
0.14573422
1.16230862
0.05930357
0.04826360

-0.28154008

-0.51825101
2.45090314

-0.64802991
1.00016048

-1.23572459

-1.44838818

-2.52520676

-1.10874636

-0.89649188

-0.60799842

-0.23387578

-0.61705454

-1.64928057

-0.10256813

-1.74753656

-2.26487338

-1.50059802

-3.13602006

-2.54582287
2.98936444
3.61425567
2.18008368
3.63125372
3.16879516

-0.73833808

0.15804770
1.68274141
0.63446333
2.79847496
2.64586276
2.31256852
1.14379013
0.33998191
-0.24471443
3.23594832
2.76212092
3.66446181
3.64411956
4.67204271
3.28961195
3.48704064
1.43246773
1.98110928
2.34246927
0.09030428
-1.04380622
-1.49847781
-2.08793363
-2.10943021
-0.63301955
-1.04333254
-1.35492342
-1.77275881
-1.06777496
1.15251961
-0.31314622

0.25812153
0.03005344
0.05774806
-3.87465187
1.20603424
-1.27429476
-4.29968003
0.07991316
1.63257268
1.68739897
1.60980168
2.74751627
2.92523297
2.48851531
3.61518102
-1.37200969
-2.29973666
-3.60652008
-3.56725245
2.67333733
1.55803817
2.85603114
3.37197359
2.61218652
3.46380883
0.29566660
-0.55562770
0.42547407
1.18996498
-0.05867507
-0.56953176
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11. Single Crystal X-Ray Diffraction Data

Single Crystal X-Ray Diffraction Data for Compound 4b

S
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013\

(CCDC 2342557)
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Table S7. Crystal data and structure refinement for 4b.

CCDC

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system / Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

2342557
C20 H24 05
344.41

150 K
154184 A

Monoclinic / P 23

a = 7.83500(10) A

b = 8.68370(10) A

¢ = 14.0099(2) A
931.51(2) A3

2

1.228 Mg/m3

0.716 mm-!

368

0.19 x 0.11 x 0.06 mm3
3.228 to 76.269°.

020 ‘/ C21

5“’ r
el

a=90°.

B=102.2435(17)°.

¥ =90°,
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Index ranges

Reflections collected
Independent reflections
Completeness to theta = 74.744°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

-9<=h<=9, -10<=k<=10, -17<=I<=17

16967

3842 [R(int) = 0.034]

99.7 %

Semi-empirical from equivalents
0.96 and 0.84

Full-matrix least-squares on F2
3842 /1/228

0.9959

R1=0.0312, wR2 = 0.0800
R1=0.0333, wR2 = 0.0823
0.01(7)

19(3)

0.04 and -0.05 e.A3
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Single Crystal X-Ray Diffraction Data for Compound 9b
(CCDC 2342558)

016
( 015
\,//\ //"\\
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O \K[‘? ™
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Table S8. Crystal data and structure refinement for 8b.

CcDC

Empirical formula

Formula weight

Temperature

Wavelength

Crystal system / Space Group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

2342558
C19 H22 06
346.38

150 K
1.54184 A

Monoclinic / P 2;

a=9.2248(2) A

b = 7.94430(10) A
c=12.6771(2) A
917.17(3) A3

2

1.254 Mg/m3

0.773 mmt!

368

0.28 x 0.09 x 0.06 mm3
3.532 to 75.993°.

o=90°.
B=99.1678(16)°.
y =90°.
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Index ranges

Reflections collected
Independent reflections
Completeness to theta = 75.993°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

-9<=h<=11, -9<=k<=9, -15<=I<=14

11542

3789 [R(int) = 0.022]

99.8 %

Semi-empirical from equivalents
0.95 and 0.86

Full-matrix least-squares on F2
3789/9/265

1.0019

R1=0.0277, wR2 = 0.0730
R1=0.0287, wR2 = 0.0744
0.08(5)

26(3)

0.05 and -0.05 e.A3
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Single Crystal X-Ray Diffraction Data for Compound 27b
(CCDC 2456302)

- (20225) 25 Y

3 17:29:10 2025

PLATON-Jun

™~

-84  ke-tdh-012-2_autof 21 21 21

Prob
Temp

R = 0.04

150K

RES= 0 44 X

50%

Table S9. Crystal data and structure refinement for 27b.

Bond precision:
Cell:

Temperature: 150 K

Volume

Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g

C-C=0.0032 A
a=9.2750(1)
alpha=90

Calculated
3631.43(7)
P212121

P 2ac 2ab

C17 H25 N O5
C17 H25 N O5
323.38

1.183

Wavelength=1.54184
b=9.5932(1)
beta=90

c=40.8132(4)

gamma=90

Reported
3631.43(7)
P212121

P 2ac 2ab

C17 H25 N O5
C17 H25 N O5
323.38

1.183
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z

Mu (mm-1)
F000

F000’
h,k,Imax
Nref

Tmin, Tmax

Tmin’

8

0.713
1392.0
1396.50
11,12,51
7655[ 4345]
0.880,0.965
0.752

8
0.713
1392.0

11,12,51
7571
0.855,1.000

Correction method=# Reported T Limits: Tmin=0.855 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 1.74/0.99

R(reflections)= 0.0352( 6962)

S=1.029

Theta(max)= 76.803

wR2(reflections)= 0.0937( 7571)
Npar= 547
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