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General Experimental

Tetrahydrofuran (THF), acetonitrile (CH3CN), and dichloromethane (CH>Cl,) were obtained
by passing the previously degassed solvents through an activated alumina column. All
substrates that were purchased (from cheapest supplier), were used without further purification.
Yields refer to chromatographically and spectroscopically (‘"H NMR/GCMS) homogeneous
material, unless otherwise stated. Reactions were monitored by GC/MS, LC/MS, and thin layer
chromatography (TLC). TLC was performed using 0.25 mm E. Merck silica plates (60F-254),
using short-wave UV light as the visualizing agent, and phosphomolybdic acid and Ce(SO4)2,
acidic ethanolic anisaldehyde, KMnQOs, or iodine absorbed on silica gel was used, and heat as
developing agents (not for iodine staining). NMR spectra were recorded on Bruker DRX-600,
DRX-500, and AMX-400 instruments and are referenced using residual undeuterated solvent
(CHCls at 7.26 ppm 'H NMR, 77.16 ppm '*C NMR; acetone at 2.05 ppm 'H NMR, 29.84 ppm
13C NMR; CH30H at 3.31 ppm 'H NMR, 49.0 ppm *C NMR; DMSO at 2.50 ppm 'H NMR,
39.52 ppm '3C NMR). The following abbreviations were used to explain multiplicities: s =
singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet, br = broad. Column chromatography
was performed using E. Merck silica (60, particle size 0.043—0.063 mm), and pTLC was
performed on Merck silica plates (60F-254). High-resolution mass spectra (HRMS) were
recorded on an Agilent LC/MSD TOF mass spectrometer by electrospray ionization time of
flight reflectron experiments. Gas chromatography-mass spectrometry (GCMS) were recorded

on an Agilent 5975 MSD Series spectrometer



Optimization of Reaction Parameters for the Ni-Catalyzed Decarboxylative

Alkenylation

The coupling of proline derivative was studied by 1% generation dDCC.

NiCly*dme (20 mol%)

L1 (20 mol%)
NHPI D
m Nal (02 M), DMF
NHPI
N o co Me COzMe COzMe COzMe

CO,Me (*)Zn/ —)Ni foam N

\
CO,Me
4 mA, 4 F/imol 2
3 equiv) 23% 41% 10%

15t generation

NiClp=dme (20 mol%)
L1 (20 mol%)

NHPI A\
NHPI NHCb D O_(j
m o con Y Nal (02 M), DMF O\/ * D * sy NN

N © ] > N N } coMe  Co,Me
to,Me (+)Z/ENi foam o,me tome COzMe 2 2
4 mA, 4 F/mol
(3 equiv) 8% 46% 10%

1st generation

Optimization of reaction parameters

NiCly*dme (20 mol%)
L2 (20 mol%)
NBu,*BF (0.2 M)

o) AgNO; (50 mol%)
NHPI NMP, rt f]\
m + NHPI > S
N 0 (+)Mg/(-)RVC N Crf N "{§
c 4 mA, 4.5 F/mol o —N N=

0,Me 0,Me
3 equiv L2

entry deviation from above yield*/%
1 none 70
2 no AgNO; 32
3 Zn instead of Mg 40
4 Fe instead of Mg 16

5 stainless steel instead of Mg trace

6 Ni foam instead of RVC 55
7 C instead of RVC 35
8 DMF instead of NMP 34
9 DMA instead of NMP 57
10 CH3CN instead of NMP 29
11 DMSO instead of NMP 62
12 L1 instead of L2 60
13 L3 instead of L2 44
14 L4 instead of L2 39



15 LS5 instead of L2 10

16 L6 instead of L2 14
17 L7 instead of .2 49
19 NiBr2edme instead of NiClyedme 34
20 NiCl2+6H;0 instead of NiCloedme 58
21 Ni(acac); instead of NiCloedme 31
22 no NBuy*BF4 62
23 Nal instead of NBus*BF4 45
24 NBu4*Br instead of NBuy*BF4 44
25 NBuy*PFs instead of NBus*BF4 63
“The yields are based on GC analysis.
OMe
o L, s,
G PERG AR Y
L3 Pr L4 iPr
]
& NN ()
=N N N N
L6 L7
NiCly*dme (20 mol%)
L2 (20 mol%)
NBu4*BF, (0.2 |2/|) fj\
@\\g NHPI+ CszN/\g/ NHPI AgN?\mg?rTOI %) _ Q\/NHCbz C'ﬂ Sy I N §
e sew  4mA45Emo Coute T
entry deviation from above yield*/%
1 none 67
2 no AgNO:s 29
3 Zn instead of Mg 12
4 Ni foam instead of RVC 40
5 DMF instead of NMP 29
6 L1 instead of .2 41
7 LS instead of L2 30

“Isolated yield.



NiCly*dme (20 mol%)
L2 (30 mol%)

mol% ><
S S P S e § SN ¢ § U
IPHNOC)\/k)LO (+)Mg/(-)RVC T ph Y Ph _ ©
6-RAE 4'mA, 4.5 F/mol trans cis
P~~~ CONHPI
3 equiv.
entry deviation from above yield“/% trans/cis
1 none 49 2:3
2 L1 instead of L2 63 2:3
3 L5 instead of L2 58 <1:20
4 L7 instead of L2 41 1:10
5 L8 instead of L2 34 1:3
6 L9 instead of L2 38 1:4
7 LS instead of L2, add MgCl (2 eq.) 66 (68) <1:20
8 no ligand, add MgCl; (2 eq.) 60 (54) >20:1
NiClaedme (20 mol%), L5 (30 mol%)
9b trace /

MgCl (2 eq.), Zn power (3 eq), NMP
NiBr2edme (10 mol%), L5 (15 mol%)
10° (Ir[dF(CF3)ppy]2(dtbpy))PFs (2 mol%) 0 /
DIPEA (3 eq), NMP, blue LED

“The yields are based on 'H NMR; The results in parentheses are isolated yields. “Comparison with Zn

powder condition. “Comparison with photochemical condition.

OMe
2 |\
/l \l P
o I o Cp N p\:ﬁ |\ N
RS VR
N N
L1 L2 L5
'Bu ‘Bu MeO, OMe
_ \ /) \ \
N N =N N / =N N /
L7 L8 L9

Effect of solvent and ligand in stereochemical control

In the case of ligand free system, diastereoselectivity highly solvent dependent as solvent is the
ligand. For a ligated Ni-complex, solvent plays little to no role. Between similar imine-type
ligands such as L1 and LS, LS5 shows better diastereoselectivity which can be attributed to
more steric encumbrance in the latter case. This is also indicative that stereocontrol in a ligated
Ni complex is dictated by steric effects. Though the change from a 5- to 6-membered ring in

the ligand seems trivial, it is worth pointing out that Ni-catalysis is very sensitive to structural

11



changes particularly around the Ni center (J. Am. Chem. Soc. 2023, /45, 11518. This work

illustrates how a subtle change of ligand structure affects stereochemical outcome).

NiCly*dme (20 mol%)

L (30 mol%)

>< AgNO; (50 mol%) ><

0”0 0 )< MgCl, (2 equiv.), NMP, r.t. - /\/\/\/'\)L J< /\/\)\)\)j\ J<
+
prvoc AN, (+Mg/(-RVC o
6-RAE 4 mA, 4.5 F/imol trans cis
P~ CONHPI
3 equiv.
ligand free terpyridine (L5) (4-OMe)-Pybox (L1)

entry solvent
yield/% (trans/cis) yield/% (trans/cis) yield/% (trans/cis)

1 NMP 60 (>20:1) 66 (<1:20) 63 (1:1.5)
2 DMF 44 (10:1) 57 (<1:20) 55 (1:1.3)
3 DMA 49 (16:1) 47 (<1:20) 47 (1:1.4)
4 DMI 41 (12:1) 36 (1:7) 40 (1:1.5)
5  DMSO 28 (2:1) 58 (<1:20) 37 (1:1.3)
6  CH;CN 14 (1:1) 24 (1:2.5) 11 (1:1.4)
7 THF <5 (/) <5 (/) <5 (/)

Tentative rationale for the selectivity

In the dDCC reaction of 6-RAE, only cis-diol product was obtained when LS was used as the
ligand. In contrast, the omission of the ligand led to the formation of trans-diol product. A
working hypothesis is proposed as follows:

Single electron transfer to 6-RAE gives alkyl radical A, which is thermodynamically more
favorable than B due to the anomeric effect of carbon radicals. If there is no ligand in the
reaction, the less hindered Ni catalyst would rather combine with the radical A, and then
afforded the trans-coupled intermediate C. By contrast, when there is a ligand to coordinate
with Ni, the increased steric hinderance of the catalyst will preferentially generate radical D to

avoid the 1,3-diaxial interactions, leading to cis-coupled intermediate F.

without ligand with ligand L

AR m A e oo £

Bl -~
€O, Bu CO,'Bu ,
A anomeric effect B 2 CO,'Bu

favored disfavored D favored 0,'B

l disfavored
Ni ) . l
)v Anomeric effect of radical
oo Tetrahedron Letters 1984, 25, 1349 )VO ND
o
'CO,'Bu

C
trans

CO,'Bu
F
cis
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Effect of Ag nanoparticles in dDCC

Based on our previous research (Science 2022, 375, 745) on the in situ formation of electrode-
deposited Ag nanoparticles (AgNP), 1) this AgNP layer effectively preventing catalyst
deactivation. To test this hypothesis, we increased the amount of catalyst and ligand to 30%
mol which resulted in a modest 12% increase in yield in the absence of the silver salt (entry 3).
2) The AgNP actively modulates diffusion rate of RAEs at the electrode surface due to the
adsorptive behavior, thus overcoming consumption rate difference between to RAEs. To
investigate this conjecture, we slowly added either of the RAEs to the reaction system to see
how much it will affect coupling yield (entry 4 and 5). The results showed that there was only
marginal increase in yield, meaning that AgNP is unlikely to equalize the consumption rate of
the two RAEs. Interestingly, when both RAEs are slowly-injected, the yield improves to the
extent that higher catalyst loading was employed (entry 6). Since this experiment does not
address consumption rate difference but changes initial ratio of catalyst and RAE, it also

implies that concentration of active catalyst loading is an important factor for the coupling.

NiCly*dme (20 mol%)

)
)
NHP! L2 (20 mol%) Ph | z |
AgNO3 (50 mol%) ; S
v /N N NTN
N o) NBu,*BF4 (0.2 M), NMP P \=p \
i
)
)
)
]

co,Me (+)Mg/(-)RVC, 4 mA, 4.5 F/mol N‘COZMe L2 N
8 b~ CONHP!
11, 3 equiv
entry deviation from above yield*/%

1 none 70
2 no AgNO:s 32
3 no AgNOs, NiClzedme (30 mol%), L2 (30 mol%) 44
4 no AgNOs, 8 was added by syringe pump in 1.5 h 39
5 no AgNOs, 9 was added by syringe pump in 1.5 h 37
6 no AgNO;3, 8 and 9 was added by syringe pump in 1.5 h 45
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Effect of substrate structures in stereochemical control
The diastereoselectivity of gem-nitrogen substituted alkyl radicals in dDCC could be highly

substrate-dependent as shown below:

NiCly*dme (20 mol%)
L2 (20 mol%)
NBu,*BF,4 (0.2 M)
AgNO3 (50 mol%)

Ph
NMP, r.t.
- CONHPI i > _/_/_
R—CONHPI +
L (+)Mg/(-)RVC R
3 equiv. 4 mA, 4.5 F/mol
H Ph
X i Ph Bno,, :an Ph
P Pooo
Cr D i : N
=N N= :>\ Boc Boc Boc
L2 !
)
[]
]

52%, d.r. = 2:1 55%, d.r.=1:1 42%, d.r.> 20:1

Effect of RAES’ ratio in coupling efficiency

To further understand the impact of carboxylic acid molar ratios on the reaction yield, we
investigated seven different substrates (as shown in the figure below). Interestingly, we found
that reducing the ratio from 3:1 to 2:1 only resulted in a modest 6% decrease in the average
yield. Nevertheless, reducing the molar ratio from 3:1 to 1.5:1 led to a 13% decrease in the

average yield.

1= 2_
NiClp*dme (20 mol%) . R’ = OMe, R Aﬁo
L2 (20 mol% J
( o) L1 N

AGNO3 (50 mol%) N
(O')—CONHPI + IPHNOC—{u > O |
NBu4*BF4 (0.2 M), NMP I N

A B (+)Mg/(-)RVC, 4 mA, 4.5 F/mol '/(r}‘§
L2 N=

Me SN
D Ph
XY e O T
Me™ Yo OMe
(o]
o]

b a a
3:1=75% 3:1=60% 3:1=69% 3:1=61% 3:1 = 60%
2:1=66% 2:1=55% 2:1=62% 2:1="55% 2:1 =59
1.5:1 = 59% 1.5:1 = 46% 1.5:1=57% 1.5:1=52% 1.5:1 = 43%
Me,Z Me

O X,
O'Bu
Ph
Me Ratio from 3:1 to 2:1, average yield reduction: 6%
d

a Ratio from 3:1 to 1.5:1, average yield reduction: 13%
3:1=70% 3:1=62%
2:1=65% 2:1=55%
1.5:1=58% 1.5:1 = 48%

@Reactions were performed on 0.1 mmol scale (2° RAEs were used as the limiting reagents), 20 mol% NiClyedme, 20 mol% L2, 50 mol% AgNO3
and NBu4*BF4 (0.2 M) in NMP. bL1 was used as a ligand instead of L2, °Reaction was performed without a ligand, dterpyridine was used as a

ligand instead of L2
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Additional substrates enhanced by Ag nanoparticles

To further explore the potential of this Ag nanoparticles, investigations involving several
different substrate classes were conducted. We have found that, in the presence of AgNP, a-S
and o-F substituted RAEs also exhibit a significant increase in yield compared to the 1st gen.
dDCC (without AgNP). Furthermore, for RAEs containing heterocycles, especially those with
pyridine, the difference between the 1st gen. dDCC and the 2nd gen. dDCC (with AgNP) is
particularly remarkable, resulting in a significant increase in yield from 0% to 42%. In our
previous discussions about the limitations of the 1st gen. dDCC, we pointed out that the
reaction is not applicable to alkyl acids adjacent to acyl or aromatic rings. However, by
introducing in-situ formed AgNP, we observed this reaction can be applied to such substrates.
Finally, we explored more sensitive functional groups, such as bromides and terminal alkynes.
The yield improvements were also substantial compared to the 1st gen. dDCC, demonstrating

that AgNP can enhance the compatibility of functional groups in the reaction.

R1
18t generation 2nd generation
(O)—CONHPI N
A NiCly«dme (20 mol%)  NiCly«dme (20 mol%) |
dDCC L (20 mol%) L (20 mol%) 27N NP N2
D J R N R
+ > O§' g Nal (0.2 M), DMF AgNO; (50 mol%)
IPHNOC—{st (+)Zn/(-)Nifoam  NBugBF4 (0.2 M), NMP L1:R' - OVe. R? = oxazolin-2+y

4mA, 4 F/mol (+*)Mg/(-)RVC 12:R"= H, R = pyrazol-1-y
B 4 mA 4.5 Fimol L3: R' = H, R? = pyridine

1) Other type of a-hetero acids 2) Heterocycle containing acids

(CH,)4Ph
CH,),Ph
PhS__ (CH,)4Ph \)\ /©\ (j/\/ \/( 2)4

15tdDCC (5 %)° 1t dDCC (trace)? 1%tdDCC (0 %)° 1t dDCC (4 %)°
2" dDCC (30 %)° 2" dDCC (36 %)? 2" dDCC (42 %)° 2"4 dDCC (30 %)°
3) Acids with aromatic rings and amides in proximity 4) Other sensitive functional group containing acids
i (CHzlsPh (CH,)sPh
(CH,)4Ph Br _A)S_, (CH2)4Ph /\/\/ 2
18t dDCC (0 %)? 18t dDCC (trace)? 1% dDCC (trace)® 1t dDCC (trace)®
2" dDCC (25 %)? 2" dDCC (13%)? 2" dDCC (31 %)° 2" dDCC (21 %)°

L1 was used as a ligand, ’L2 was used as a ligand, °L3 was used as a ligand
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Electrochemical Doubly Decarboxylative Coupling

General procedure A: isolated RAE for electrocatalytic cross-coupling of a-substituted

carboxylic acids

NiCl,*dme (20 mol%)
L (20 mol%)

AgNO; (50 mol%)
O')—CONHPI + IPHNOC—(-- > O
NBu4+BF, (0.2 M), NMP

+)Mg/(-)RVC, 4 mA, 4.5 F/mol
A B (+)Mg/(-)

General procedure A: An ElectraSyn vial (5 mL) with a stir bar was charged with RAE A (0.1
mmol, 1 equiv.), RAE B (0.3 mmol, 3 equiv.), NiCl,edme (4.4 mg, 0.02 mmol, 0.2 equiv.),
ligand as indicated (L1 (,5.0 mg, 0.02 mol, 0.2 equiv.), L2 (4.3 mg, 0.02 mmol, 0.2 equiv.) or
without ligand), AgNO3 (8.1 mg, 0.05 mmol, 0.5 equiv.), TBABF4 (197.6 mg, 0.6 mmol, 6
equiv.), and anhydrous NMP (3.0 mL) were added, the solution was then stirred for 2 mins. An
ElectraSyn vial cap equipped with anode (Mg) and cathode (RVC) was inserted into the
mixture after which all the contents were degassed via an argon balloon for roughly 60 seconds.
The reaction mixture was electrolyzed under a constant current of 4 mA for 4.5 F/mol. After
electrolysis, the ElectraSyn vial cap was removed and electrodes were rinsed with EtoO, which
was combined with the crude mixture. The crude mixture was further diluted with Et2O (5 ml)
and aqueous 0.1 N HCI (5 mL) was then added [for products containing tertiary amine and
pyridine moiety, washing with 0.1 N HCI was omitted]. The resulting mixture was extracted
with Et2O (3 x 10 mL). The combined organic layers were washed with brine (2 x 20 mL),
dried over anhydrous Na,SOs, filtered, and concentrated under reduced pressure. The crude
material was purified by column chromatography or preparative thin layer chromatography

(pTLC) to furnish the desired product.

General procedure B: in situ generated RAE for electrocatalytic cross-coupling of a-

substituted carboxylic acids (one-pot)

NHPI, DIC then . .
NiCl,+dme (20 mol%) R' = OMe, R Aro
L (20 mol%) L N\J
AgNO; (50 mol%) N
Q9)—cor + Roc—x > Oyl |
NBu,*BF (0.2 M), NMP AP R L
A B (+)Mg/(-)RVC, 4 mA, 4.5 F/mol R® "N” "R ; N §

R = OH or NHPI L2 N
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General procedure B: An ElectraSyn vial (5 mL) with a stir bar was charged with carboxylic
acid A (0.1 mmol, 1 equiv), carboxylic acid B (0.3 mmol, 3 equiv), N-hydroxyphthalimide (68
mg, 0.44 mmol, 4.4 equiv) and DCM (2 mL) was added to the vial followed by the addition of
N,N'-Diisopropylcarbodiimide (72 pL, 0.44 mmol, 4.4 equiv). The mixture was allowed to stir
until the acid was consumed (typically 1-2 h). After consumption of all starting materials, DCM
was removed under a stream of air. NiClhedme (4.4 mg, 0.02 mmol, 0.2 equiv.), ligand as
indicated (L1 (5.0 mg, 0.02 mmol, 0.2 equiv.), L2 (4.3 mg, 0.02 mmol, 0.2 equiv.) or without
ligand)), AgNOs3 (8.1 mg, 0.05 mmol, 0.5 equiv.), TBABF4 (197.6 mg, 0.6 mmol, 5.0 equiv.)
were added (One of the coupling partner can be an isolated RAE, which was added at this
point), the solution was then stirred for 2 mins. An ElectraSyn vial cap equipped with anode
(Mg) and cathode (RVC) was inserted into the mixture after which all the contents were
degassed via an argon balloon for roughly 60 seconds. The reaction mixture was electrolyzed
under a constant current of 4 mA for 4.5 F/mol. After electrolysis, the ElectraSyn vial cap was
removed and electrodes were rinsed with Et,O, which was combined with the crude mixture.
The crude mixture was further diluted with Et:O (5 ml) and aqueous 0.1 N HCI (5 mL) was
then added [for products containing tertiary amine and pyridine moiety, washing with 0.1 N
HCI was omitted]. The resulting mixture was extracted with Et,O (3 x 10 mL). The combined
organic layers were washed with brine (2 x 20 mL), dried over anhydrous Na>SOs, filtered,
and concentrated under reduced pressure. The crude material was purified by column
chromatography or preparative thin layer chromatography (pTLC) to furnish the desired
product.

General procedure C: electrochemical decarboxylative cross-coupling of 6-RAE

NiCl,*dme (20 mol%)

Me, Me terpyridine (30 mol%) Me)(Me Me, Me
0 AgNO; (50 mol%) 0 0 0
- MgCl, (2 equiv. /'\/l\)l\ or )\/l\/lL
NHPI\n)\)\/U\otBu + R—CONHPI oCh Qequv) o B . o8
NMP, rt trans cis
0 6RAE (+) Mg/(-) RVC
4 mA, 4.5 F/mol without terpyridine with terpyridine

General procedure C: An ElectraSyn vial (5 mL) with a stir bar was charged with 6-RAE (0.1
mmol, 1 equiv), coupling partner RAE (0.3 mmol, 3 equiv), NiCl,*dme (4.4 mg, 0.02 mmol,
0.2 equiv.), ligand as indicated (without or with terpyridine (7.5 mg, 0.03 mmol, 0.3 equiv.)),
AgNOs (8.1 mg, 0.05 mmol, 0.5 equiv.), MgCl» (19.1 mg, 0.2 mmol, 2 equiv.), and anhydrous
NMP (3.0 mL) were added, the solution was then stirred for 2 mins. An ElectraSyn vial cap
equipped with anode (Mg) and cathode (RVC) was inserted into the mixture after which all the
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contents were degassed via an argon balloon for roughly 60 seconds. The reaction mixture was
electrolyzed under a constant current of 4 mA for 4.5 F/mol. After electrolysis, the ElectraSyn
vial cap was removed and electrodes were rinsed with EtoO, which was combined with the
crude mixture. The crude mixture was further diluted with Et,O (5 ml) and aqueous 0.1 N HCI
(5 mL) was then added [for products containing tertiary amine and pyridine moiety, washing
with 0.1 N HCI was omitted]. The resulting mixture was extracted with Et2O (3 x 10 mL). The
combined organic layers were washed with brine (2 x 20 mL), dried over anhydrous Na;SOs,
filtered, and concentrated under reduced pressure. The crude material was purified by column
chromatography or preparative thin layer chromatography (pTLC) to furnish the desired
product.

General procedure D: electrochemical decarboxylative cross-coupling of 63

NiCly+«dme (20 mol%)
terpyridine (30 mol%

)
(o) Me
MeO Me \u\ AgNO;3 (50 mol%) MeO aR
j“\ NHPI  + R—CONHMPI MgCl, (2 equiv.) > ‘ ]
o NMP, r.t. MeO™
MeO Me |
Me | 63 Chz
Cbz

(+) Mg/(-) RVC
4 mA, 4.5 F/mol

General procedure D: An ElectraSyn vial (5 mL) with a stir bar was charged with 63 (0.1 mmol,
1 equiv), coupling partner RAE (0.3 mmol, 3 equiv), NiCl,edme (4.4 mg, .0.02 mmol, 0.2
equiv.), terpyridine (7.5 mg, 0.03 mmol, 0.3 equiv.), AgNOs (8.1 mg, 0.05 mmol, 0.5 equiv.),
MgCl (19.1 mg, 0.2 mmol, 2 equiv.), and anhydrous NMP (3.0 mL) were added, the solution
was then stirred for 2 mins. An ElectraSyn vial cap equipped with anode (Mg) and cathode
(RVC) was inserted into the mixture after which all the contents were degassed via an argon
balloon for roughly 60 seconds. The reaction mixture was electrolyzed under a constant current
of 4 mA for 4.5 F/mol. After electrolysis, the ElectraSyn vial cap was removed and electrodes
were rinsed with Et;O, which was combined with the crude mixture. The crude mixture was
further diluted with Et2O (5 ml) and aqueous 0.1 N HCI (5 mL) was then added [for products
containing tertiary amine and pyridine moiety, washing with 0.1 N HCI was omitted]. The
resulting mixture was extracted with Et;O (3 x 10 mL). The combined organic layers were
washed with brine (2 x 20 mL), dried over anhydrous Na>SOys, filtered, and concentrated under
reduced pressure. The crude material was purified by column chromatography or preparative

thin layer chromatography (pTLC) to furnish the desired product.
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Graphical guide: isolated RAE for electrocatalytic cross-coupling of a-substituted
carboxylic acids

Representative example (0.1 mmol scale)

Photos were taken from the coupling between 2-(1,3-dioxoisoindolin-2-yl) 1-methyl

pyrrolidine-1,2-dicarboxylate 8 and 1,3-dioxoisoindolin-2-yl 2-(benzyloxy)acetate 49 (3 equiv.)

Electrasyn Vial Preparation: (Left) Clean 5 mL ElectraSyn 2.0 vial with stir bar. (Center)
White teflon tape. (Right) Teflon tape was wrapped a few times around Electrasyn vial to

ensure a good seal.

(Left) Reagents needed. (Center) All solids were weight out: RAE 8 (0.1 mmol, 31.8 mg),
RAE 49 (0.3 mmol, 93.3 mg), NiCl2edme (20 mol %, 4.4 mg), L2 (20 mol %, 4.3 mg), AgNO;
(50 mol %, 8.1 mg), TBABF4 (0.6 mmol, 197.6 mg). (Right) NMP (3.0 mL) was subsequently

added and stirred for 2 min.
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(Left) ElectraSyn 2.0 cap equipped with Mg anode and RVC cathode (9 mm wide, 40 mm
length). (Center) ElectraSyn cap was tightly screwed into the reaction vial. (Right) An argon
balloon was attached (a second needle on the septum serves as a vent), and the reaction solution

was degassed for roughly 60 seconds.

W

(Left) Select a new experiment. (Center) Select constant current. (Right) Set the current to 4

mA (for a 0.1 mmol scale).

(Left) No need to use a reference electrode. (Center) Select “Total Charge”. (Right) Select

0.1 mmol of substrate at 4.5 F/mol.
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(Left) No need to alternate the polarity. (Center) Saving reaction parameters is optional.

(Right) Ready!

(Left) Complete setup of reaction prior to electrolysis. (Right) Reaction setup during

electrolysis (note: 800 rpm stirring).

(Left) Reaction mixture after electrolysis. (Center) Electrodes were rinsed with Et:O and
entire reaction mixture was transferred to a separatory funnel with Et;O. The organic phase
was washed with 0.IN HCI (aq). (Right) Combined organic layers were washed with brine
(NaCl).
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(Left) Combined organic layers were dried over Na;SOj4. (Center) Filtration to remove Na>SOs.

(Right) Solvent removal under reduced pressure.

(Left) Crude TLC (4:1 Hexanes: EtOAc). (Center) Purification by pTLC (4:1 Hexanes:
EtOAc). (Right) Tared weight of vial containing desired product (16.8 mg, 68% yield).
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Representative example on 5 mmol scale:
Photos were taken from the coupling betweenl,3-dioxoisoindolin-2-yl  2-(3-

chlorophenoxy)propanoate SI-13 and 1,3-dioxoisoindolin-2-yl 2-(benzyloxy)acetate 49 (3

equiv.)

(Left) All reagents required. (Center) Starting materials were weight out: 1,3-dioxoisoindolin-
2-yl 2-(3-chlorophenoxy)propanoate (1.73 g, 5.0 mmol), 1,3-dioxoisoindolin-2-yl 2-
(benzyloxy)acetate (4.67 g, 15.0 mmol), NiCl,*dme (220 mg, 1.0 mmol), (4-OMe)-H-PyBox
L1 (250 mg, 1.0 mmol), AgNOs3 (425 mg, 2.5 mmol) and NBuyBF4 (4.93 g, 15 mmol). (Right)
Hand-made electrochemical cap equipped with Mg anode and RVC cathode (3.2 cm wide, 5.0
cm length).

(Left) NMP (75 mL) was added and hand-made cap was tightly screwed into the reaction vial.
(Center) The reaction solution was degassed for roughly 3 min. (Right) Electrochemical
parameter settings: constant current, 25 mA, 5 mmol, 4.5 F/mol, no reference electrode, no

alternating polarity. The reaction was started under Argon protection.
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(Left) Reaction mixture after electrolysis and the solution eventually turned dark brown. After
completion of electrolysis, the reaction was worked up and purified as described in general

procedure. (Right) Weight of product (886 mg, 64% yield).
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Preliminary Study of Parallel Synthesisin IKA E-Hive

NiCly+«dme (20 mol%) OMe
o L1 (20 mol%) Ph y
m o) AgNO3 (0.5 mol%) |
N /\/\)J\ 0 \N o
\  NHPL + py NHPI NMP (1 mL) N <’, \J
Co:Me 3 equiv. (+)SSi(-)C CO,Me N N
open to air L1

To four stainless stee IKA E-hive vial were each added silver nitrate (4.25 mg, 0.025 mmol,
0.5 equiv.), 2-(1,3-dioxoisoindolin-2-yl) 1-methyl pyrrolidine-1,2-dicarboxylate (15.9 mg,
0.050 mmol, 1.0 equiv.), 1,3-dioxoisoindolin-2-yl 5-phenylpentanoate (48.5 mg, 0.15 mmol, 3
equiv.), L1 (2.5 mg, 0.01 mmol, 0.2 equiv.), and NiCl,*dme (2.2 mg, 0.01 mmol, 0.2 equiv.).
The contents were diluted in NMP (1 mL) and the vials were sealed with an IKA E-hive cap
equipped with a graphite cathode. The vials were placed in a 1X4 IKA e-hive vial holder and
placed in the E-hive. The E-hive was closed, and the 4 vials were allowed to undergo
electrolysis at constant voltage (-6V) for 12 hours. Upon completion, the reaction mixtures
were evaluated by GC-MS using dodecane as an internal standard. The four vials were shown
to give an average yield of 29% with a deviation of 1% (see table in note 3). Work up and
isolation of the products was carried out according to general procedure A.
Notes:
1. The graphite cathode can be cleaned by simply scraping the rod with a razor blade and
rinsing with acetone.
2. The stainless steel casing itselfs acts as a sacrificial material and some discoloration is
observerd on the interior which does not affect subsequent runs.
3. The reaction appears to run much slower in the e-hive and thus 12 hours are needed to

ensure full consumption of starting material (see below).

41O
NiCly*dme (20 mol%)

Ph
B Q 0 o L1 (20 mol%)
/\/\)]\ AgNO; (0.5 mol%)
N —_—
\  NHPL + py NHPI

| O .
CO,Me NMP (1 mL \
2 3 equiv. (+)Sé/(-)C) CO;Me
D O open to air
. GCMS yield )
Entry Scale [rxn] Conditions Time ! A B Cc D Avg. Spread
1 0.025 mmol 0.025 M -6V 35h 1 16% 16% 16% 15% : 15.75% 1%
2 0.025 mmol 0.025 M -6V 12h 1 24% 26% 24% 27% 1 25.25% 3%
3 0.050 mmol 0.050 M -6V 12h | 28% 29% 28% 29% i 28.5% 1%
4 0.050 mmol 0.050 M -8V 12h | 31% 29% 26% 31% 1 29.25%
5

0.100 mmol 0.100 M -6V 12h | 26% 26% 21% 28% . 25.25% 7%
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Troubleshooting: Frequently Asked Questions

Question 1:

How do I monitor the reaction?

Answer:

We use TLC analysis with iodine (absorbed on silica gel) stain or UV visualization (254 nm)
to monitor the reaction. 'H NMR, GCMS, or LCMS can also be used to obtain more

information on the reaction progress.

Question 2:

How do I choose ligand for different substrates?

Answer:

If the newly formed C-C bond does not result in the generation of diastereomers, we
recommend choosing L2 (suitable for a-amino acid-derived RAE) or L1 (suitable for a-
hydroxy acid-derived RAE) as the ligand. When diastereomers are formed after the coupling
(such as 6-RAE and compound 63), using terpyridine or ligand free would afford either of the

diastereomer respectively.

Question 3:

What are the suitable current and voltage values for reactions on different scales?

Answer:

We typically use 4 mA on 0.1 mmol scales in 3.0 mL NMP solvent with ElectraSyn SmL vial.
Normal operational voltage range for this reaction is around 0 V - 8 V, and the voltage slowly

increases as RAE is consumed.

Question 4:

Why does the ligand need to be increased to 0.3 equivalent when 6-RAE is used as a coupling
partner? What role does MgCl; play in the reaction?

Answer:

The diastereoselectivity in the dDCC reaction with 6-RAE is completely different when ligand
is used or not. In the cis-coupling reaction (with ligand), 0.1 more equivalent terpyridine was
requied to ensure that there was enough ligand to coordinate with the nickel, which gave a

better reproducibility of the reaction. The addition of MgCl» can prevent the hydrolysis of RAE.

26



Question 5:

Is this reaction sensitive to air and water?

Answer:

The reaction is not particularly air- and water-sensitive. Acceptable yields (around 10% lower)
can be still obtained by performing electrolysis under air. The yield was not affected when 2

equiv of H>O was added to the reaction.

Question 6:
What is the byproduct of this reaction?
Answer: The major byproduct was the dimer of carboxylic acid which was used in 3 equiv.

Sometimes, alkane and alkenes are also formed from carbon radicals.

Question 7:

How can the electrodes be recycled?

Answer: The Mg electrodes can be washed with 1 N HCI, water, and acetone. The stains and
insoluble salts in the surface can be removed with a razor blade. Since the Ag-deposition on

the RVC might affect the reaction reproducibility, we do not recommend repeated use of RVC.

Question 8:

Can NMP be used as solvent in the RAE synthesis step in in situ protocol?

Answer:

NMP could be used for acid-activation step, but the yield would be slightly lower and the

reaction would be much solwer.

Question 9:
Can the reaction be run more concentrated or diluted?
Answer:

The reaction is not particularly sensitive to concentration.
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Ideality Calculation

The calculation method for ideality is as follows:

[(no. of construction rxn) + (no. of strategic redox rxn)
Y%ideality = x 100
(total no. of steps)

The ideality is determined by the proportion of construction reactions and strategic redox
reactions within the entire synthetic route. Construction reactions, as defined by Hendrickson,
involve the formation of skeletal bonds (C-C and C-heteroatom). Strategic redox reactions,
another type of construction reaction, directly establish the correct functionality found in the
final product, such as asymmetric oxidations and reductions or C-H oxidations. All other types
of reactions fall into the category of concession steps: (1) Nonstrategic redox manipulations
(e.g., reduction of ester to alcohol), (2) functional group interconversions (i.e., alcohol to

mesylate to azide), and (3) protecting group manipulations. (J. Org. Chem. 2010, 75, 4657)

We used green spot to highlight the ideal steps in the following route comparison.
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Summary and Comparison with Previous Routes

Compound 16

(0] .
O'Pr YN’P"
0/__-/:

16

Route from literature (yield is not available)

oL . o .
N'Pr N'Pr op . YN’Pr
yN'Pr ) PhSO,CI Y Y /—/ ' oPr o
2) pOHPHCHO OHPhCHO NaBH4 0/
\ < > d 16
OH <:> <:>

SI-2 (1 step) Patenet: V\g(?jg; (5)061366A1
Route from dDCC
i
HO;C o
OL i > ) YN"Pr
YN’Pr Fe(NO3)3¢ 9H,0 YN’Pr \—Q O'Pr
TEMPO,KCI /_/
_DCE.ar 4 steps, 14% overall yield
OH 64% COH  dDCC-in situ \—©— dbcc
43% in 2 steps
Sl-2 (1 step) SI-3 16
Compound 20
Cl
"\, ~COEt
Cl Cl
Me

Route from literature

cl
OH o ¢ f
CI(CH,),Cl NNCH pen, O NH O -COE
o g — CICO,Et
02% c cl o3 © cl > ci Cl 2
Me 8%  Ppatent CN110092757 Me
3 steps, 75% overall yield
Route from dDCC
cl
~_-CONHPI
1)"PI’NH2, NaHCO; ~ CO.Et cl cl NN /CozEt
- then CICO,Et IPHNOC o2 S1-33
—_—— >
HO,C™ "Cl "5y NHPI, DIC dDCC c
76% in 3 steps R 37%
SI-34  Me 0 4 steps, 25% overall yield

dDCC
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Compound 23

ChbzHN NHBoc
NHCbz

Route from literature

1) MsCl
OMs 2) NaNj
OH 1) CbzCl 3 ﬁ”égoz'* 3) SnCl,
2) MsCl AR
L > CbzHN OH 4) Boc,0 CbzHN NHBoc
NH, NH, 17% CbzHN NHCbz 439 NHCbz 64% NHCbz
Synthesis 1998, 8, 1113
8 steps, 1% overall yield
Route from dDCC
con NP CONHP! IPHNOC” “NHBoc
CbzHN 2 __DIC_ o cbzHN » CbzHN NHBoc
o dDCC NH
NHCbz 76% NHCbz 42% Cbz
1 step 23
3 steps, 30% overall yield
dDCC
Compound 24
(0]
(\NJ\/\(\NHBoc
Csz\) NHBoc
Route from literature
1) MsCl
oH 2) NaNg
1) HCI 1) NHS, DCC 3) Pd/C, Boc,O
CO,H ’ ] 2
)\2/\ 2) Boc,0 )CiZH/\ 2) NaBH, J/\/\ 4) LioH
—_— > —_— —_—
HoN CO,H 76% BocHN CO,Me 79% BocHN CO,Me 30%
/\ (o]
NHBoc CbzN NH,CI
DCC N NHBoc
—_—
BocHN CO.H 87% Csz\) ” NHBoc
European Journal of Medicinal Chemistry 2016, 122, 702
9 steps, 16% overall yield
Route from dDCC
(\NH
Csz\)
(o} A~ (o}
1) HATU CONHPI IPHNOC NHBoc
HO,C CO,Me 2) NaOH N N NHBoc
> aocc N
NHBoc  3) NHPI,DIC Csz\) NHBoc 429, CbzN NHBoc
85% in 3 steps SI-5 24
4 steps, 36% overall yield
dDCC
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Compound 26

Me
Me
o—{

o}
Me><o" ‘
Me .

0" o NHCbz

Route from literature

Me Me Me
Me Me
o—-k 1) Swem 1) Ho,NOH o—-k
o 0 2) CH3OCH2PPh3C| 2) LiAIH,4 O
Me>< RELLEN _3chCl _ we Or.
Me™ o NgNAOH 40% 0“ M o 0 NHCbz
26
Carbohydrate Research 2003, 338, 2375
6 steps, 9% overall yield
Route from dDCC
_MkeMe 0_‘kMe o’kMe
[0} IPNHOC
S 1) TEMPO, DIB S ~"“NHCbz 5
o, 2) NHPI, DIC o, Me. O
Me:>< ' Me:>< ' e:><
. 88% in 2 steps “ dbcc Me “
Ve oo OH o P Me™ o' No NHPL 539, ar > 20:1 0" ~o NHCbz
o
3 steps, 48% overall yield
dDCC
Compound 27
MeMe
o
(] Me
M°><°“' 0 Me
Me™ “gw 1, é/
(o) 4 (o]
o .
OMe
Route from literature
M
eMe eMe
o o—k
Me
otie DTSC o, 0 On, o Me
’ 2) NaN3 Me >< O—[-M
Ho” o 3) PPh, _n Me o _0 Me o ", o°
—_— z
(o] / 4) Ac,0O N/ o 7% > R 0
bMe 5) NaNO, < ° A
6) KOH OMe OMe
45% 1) K-selectride R=0
Tetrahedron 1996, 52, 4757 2) PPh,/CCl,
10 steps, 23% overall yield 3) LiAlH, R=Hy, 27
7%
Route from dDCC
Me
_Me
0 Me

Me Me. °" ° o_kMe
f O—{—Me Me>< “ 0 Me
RJ\/,,,, é}o o 207 “CONHP Me><o"' O0—l-Me
» Me e ‘o,
: ades
0

R=OH 2 dbcC
NHPI 5 steps OMe 61%, dr > 20:1
pic |:>R =NHPI, SI-38

27 2
6 steps, 23% overall yield OMe
dDCC
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Polyrhacitide A
OH OH O=o

(0]
Me
5: Polyrhacitide A

Selected route from literature

1) 03
(8)-BINOL, Ti(OPr), 20 o o on
o OH (EtO)zP\)l\ OH o PhCHO, KO'Bu
] /\/SnBug NMe(OMe) )\/VL THF 0/'\0 o
C7H15) ——@&——> C,Hys X = CyHy5 NMeOMe _‘—>_ )\/'\/u\
91%, 93% ee 87%in 2 steps O onael Cyeg NMeOMe
o
1) AllyiMgCl @ j: " /Ft 8 T
. Homologation 1) DIBAI-H
2) LiAlH, > O” 0 OH and oxa-Michael 0/'\0 o o 09 2) HWE ® O/LO 0/'\0
)\)\/'\/\ e y
)\)\)\)\)l\
85%, 9:1dr - C7Hqg ~ 54% in 3 steps C7H1s NMeOMe 759 in 2 steps C7H‘5)\)\)\M
CO,Et
OH OH 9=—o
AcOH 12 steps, 67% idealit
P o zoi/?ZveralT;i:I:il v We used green spot to highlight the
82% Me Eur. J. Org. Chem. 2011, 6781 ideal step
Polyrhacitide A
1) CH,=CHMgBr ®
2) TBSCI
1) NaNO,, KBr 3) Li, naphthalene
2) BH, 4) DMP
NH, ‘3& gag OT oAl o 5) Pinnick OH
A _COH nBr, 6) TBAF H
Ho, o "0 e INe~omn ) O
62% in 4 steps 47% in 6 steps
L-Aspartic acid [e]
P ntusorre  PH M TTNQ
1) (S)-BINOL, Ti(QiPr),, 2) TBAF
INOL, 2P
2 glaylmbutylhn 30% Lo}
3) AllylSiMes, SnCl, _Ne
4) TBSCI OTBS  OTBS Polyrhacitide A
5) 03 CHO 12 steps, 25% ideality
Ocatnal ———————3  C7Hg 9% overall yield
39% in 5 steps Org. Biomol. Chem., 2016, 14, 8832
Route from dDCC
1) NaOH 2) PITU
3)dDCCO e e
o (e] (o]
Me  Me Me  Me IPHN O'Bu Me Me Me Me
1C;H,5CONHPI (3 e
0" 9 78 Bead oo o O 6RAE 0" 07 o0
R — >
IPHN ) - )\/‘\)L o
OBu  dDCC cis-coupling CrHas OBu 30% in 3 steps CiHys O'Bu
o 52%, dr > 20:1 dr>20:1
6-RAE (1 step) 37 38

1) NaOH 2) PITU

[¢)
3) NiCl,, bpy, AQNO3 Me Me Me Me OH OH ~Y=<-O0
[ X OXO AcOH
o 9 steps, 44% ideality

DMF, (+)Mg/(-)RVC 0~ Yo
5% Il yield
1 . CO;ISEt C;H4s5 X 67% Me b o;eDrécyle
40 CO,Et 5: Polyrhacitide A

62% in 3 steps
Other reference about polyrhacitide A synthesis (9-28 steps, 2-16% overall yield)

a) Org. Lett. 2009, 11, 5634.b) Org. Lett. 2011, 13, 744. c) Tetrahedron Letters 2010, 51, 2154. d) Org.
Lett. 2013, 15, 2282. e) Tetrahedron Letters 2010, 51, 2052. ) Tetrahedron 2012, 68, 3179.
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Solistatin

Me

olll

41: Solistatin OH

Selected route from literature

we  Doen® Me  CHC._NH  Chiral Pd cat. then GH,=CHCH,COH
3) DIBALH Y PhCOOH 2)RCM @
) DIBAL-H P s »
Br 2) HWE.l 92%, 94% ee
5) DIBAL-H First Asymmetric
6) CIsCCN Overman esterification

35% in 6 steps

1) DIBAL-H

1) DIBAL-H, then TESCI

1) NaBHy4 2) 9-BBN, H,0,
2) TESCI, then K,CO3 Chiral Pd cat. OTES (= 3) IBX
3) Cl3CCN PhCOOH , 4) Pinnick oxidation @
—_— > Kz i
JE—
o. _cal 95% dr 16:1 O OBz vk ind steps Solistatin
~~"""%  second Asymmetric Me 17 steps, 35% ideality OH
Overman esterification 4% overall yield
40% in 6 steps Chem. Commun., 2007, 4164
1) [Pd], allyl alcohol @
2) [Cu], LiICI @ OTMS
Me\ Me
o] Z 0 1) MeOH
2) NaBH, o _o

N
Me fsun.<
N Me
Br ___H
59% in 2 steps

Me
BF 3OEt,, DCM

-60 °C e e
Aldol reaction 94%, dr = 2:1

Route from dDCC

Me
O NHPI

Me, Me
Me, Me
X O (o} OXO o
o 0 0o SI1-47 (2 steps)
PS > O'Bu
IPHN
\n)\/'\)]\ofsu dDCC cis-coupling O
Me

o 62%, dr > 20:1
6-RAE (1 step) S48

Other reference about Solistatin 41 synthesis:

Journal of Biotechnology 2017, 258, 171 (11steps, 9%).

36% in 4 steps

o
)TMe 3) TTMSS, AIBN
4) p-TsOH @
_—

Solistatin z
OH

7 steps, 57% ideality
13% overall yield
Org. Biomol. Chem., 2013, 11, 1702

l Me
TFA
——>

84%

0.__0
41: Solistatin OH
4 steps, 50% ideality

41% overall yield
dDCC
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Verbalactone

HO o
CsHq1,,, O CsH11
o
o OH

42: verbalactone

Selected route from literature

Ho, o
1) ()-DIPCI, AllyMgC| @ 1) 2,2-dimethoxypropane Csﬂw',g/\f wCsHys
2) 0sQOy4, NalOy4 OH OH 2) RuClg, NalO4 OH OH O 2,4 6-trichlorobenzoylchloride
3) AllyiSiMe; @ 3) CSA then DMAP o
C4H /\ —_— X — > CH OH ————&————»
1 740, 13:1 r, 98% ee Gt 58% o O OH

verbalactone
7 steps, 43% ideality
21% overall yield
Synlett 2007, 3, 451

1
M HO 0
s __S
CsH 0. \CsH
CsHyy LI @ 2 BBD%C' sH1s, CsHyq
2) CaCOg, I OH OH 3) TEMPO, DIB OH OH 2,4,6-trichlorobenzoylchloride 0.
CIJ>\/\ 3) catecholborane @ 4) TBAF co, then DMAP
OMPM ~————— C.H,, OMPM 3 CgHy; —_— 0 OH
3 steps, 42% 48% in 3 steps 35% in 4 steps verbalactone
11 steps, 27% ideality
4% overall yield
Arkivoc 2018, 50
)( © OBn OTBS
n
HO o 1) 1,3-dithiane @ 0Bn QOTBS 1) Pb(OAC)4
o 2)TBSOTf  HO 2) Witg@
8 steps OBN 3 1FA 3, | Lo
HO" 0 P R 1) HC(OMe)3 .
’ 68% 50% in 3 steps OH S °S  51%in 3 steps 2) PdIC, H, | 83% in 3 steps
HO  ©H o
o
3% | pinnick
1) TMSOTf
HO o 2) Pinnick oo 0Bn OTBS OH OTBS
I G
CsH. (o] CsH 3) Yamaguchi +
sH114, wCsHqq 5) HF CsHyqs,, BnO Y - e | o CH(OMe),
-~
22 steps, 18% ideality o 67% 85%
8% overall yield
Tetrahedron 2009, 65, 289 O  OH o0 OTBS

verbalactone

Route from dDCC

HO. (o]
Me_ Me Me, Me
1)TFA
CsHq14,, O CsH11
oXo o "CsH11CONHP! oXo o 2) NaOH OH OH 0 a;:fg

pn S M g, 2w | L DO Y W
Y ——
CsH OH
0'Bu dDCC cis-coupling CsH OBu 94% sH11 o 39

0o ) in 2 steps o OH
6-RAE (1 step) 53%, dr > 20:1 SI-49 Si-50 42; verbalactone

5 steps, 40% ideality
19% overall yield
dDCC

Other reference about verbalactone 42 synthesis (8-22 steps, 0.6%-13% overall yield)

a) Tetrahedron Letters 2004, 45, 7483. b) Tetrahedron Letters 2004, 45, 5577. c) Synthetic Communications
2008, 38, 3129. d) Tetrahedron Letters 2009, 50, 2048. e) Tetrahedron 2009, 65, 8677. f) Helvetica Chimica
Acta. 2009, 92, 1840. g) Synthesis 2011, 2011, 1954. h) Tetrahedron: Asymmetry 2012, 23, 381. 1) Russ J
Org Chem 2012, 48, 977. j) Monatsh Chem 2014, 145, 2019. k) Monatsh Chem 2016, 147, 1985.
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Avocadene

OH OH

43: Avocadene

Selected route from literature

(e}

;) C11|':123| [ ] 0 EtOJ‘\n/OEt
KH, diaminopropane
OH  Sppg P e ° g ™ Ry o] 7
4 Me ——> = ® 3 //P\)\)I\/kco Et
4 CO,Et = 2

62% in 3 steps BUOK = 68%, 92% ee
1% Noyori asymmetric hydrogenation
1) EtzBOMe, then NaBH, @ OH OH 1) [Ru], MezPhSiH OH OH
2) DIBAL-H 10 2) TBAF WOH 9 steps, 44% ideality
> //H\/'\/'\/OH _— 20% overall yield
77% in 2 steps 7 86% in 2 steps Avocadene J. Org. Chem. 2019, 84, 15718
Route from dDCC
Me M Me, Me
Me_ Me UL CONHPI Y 1) NaOH 2) PITU Y4
o o SI-51 (2 step) " 0" o 0 3) Cu(acac),, ByPing " o” o
———> > BPin
IPHN 4 -
OBu  dDCC cis-coupling OBu 46% in 3 steps
52%, dr > 20:1
O 6-RAE (1 step) ° SI-52 SI-53

NaBO3,

OH OH
then HCI A 10 OH 7st d?ﬁ/c.d lit
——> steps, o ideality
16% overall yield
85% 43: Avocadene

Other reference about avocadene 43 synthesis (8-9 steps, 14%-17% overall yield)
a) Agric. Biol. Chem. 1982, 46, 481, b) Tetrahedron 2008, 64, 9377 (enantiomer);
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Gingerdiol

OH OH
MeO
HO Me
44:Gingerdiol

Selected route from literature

1) Proline-cat. PANO @

1) Proline-cat. PhNO @ 1) BnBr
2) HWE @ OH 2) NiClp, NaBH4 0Bn 2) NaBH,4 OH OBn
3) N-O cleavage 3) DIBAL-H 3) N-O cleavage HO\)\/'\/\/\
Heptanal ———————— > EE— /\/'\/\/\ —_— Me
Et0,07° Me  80%in3steps ©OHC Me  60% in 3 steps

65% in 3 steps

1) PhCH(OMe), OH OH
2) DIBAL-H OBn OBn Moo
3) Swern MeO A e 14 steps, 29% ideality
4) HWE @ Pd(OH),, H, 17% overall yield
—_— e ChemistrySelect 2019, 4, 502
HO Me Ty 4,
55% in 4 steps Bno We 98%
Gingerdiol
)(o HO,
i MeO
Ho )X 1) "BuLi, Cul@ HO / e AN OBn OBn
2) Ac,0 1) I, PhgP MeO
0 7 steps OH 3 AcOH OAc  2)NaOH OH A0 e X
HO" [C . —_— —_— —_———
’ 68% 75% in 3 steps OAc  95%in 2 steps OH  Hoveyda-Grubbs Il AcO Me
HO  ©OH 0 63%
OH OH
1) Pd/C, Hy MeO.
2) KOs > 15 steps, 13% ideality
o i HO Me 31% overall yield
100% in 2 steps Eur. J. Org. Chem. 2014, 2128
Gingerdiol
1) "BuLi @
MeoD///
1) allyltributyltin, @ BnO o oTBs
(R)-BINOL, Ti(OiPr)4 oTBS 1) 0sO4 oTBS 2) IBX MeO
hexanal 218501 o A ~~ 2N o N~ APdCH, =
76% in 2 steps Me 86% in 2 steps Me 72 % in 3 steps HO Me
95% ee
OH OH
1) TBAF MeO
2) Et,BOMe, NaBH @ 9 steps, 33% ideality
33% overall yield
70% in 2 steps HO Me Tetrahedron: Asymmetry 2011, 22, 2124
Gingerdiol
Route from dDCC
MeO CONHPI Mex""e Me_ Me
Me, Me 0" o <o
X BnO MeO 1) NaOH 2) PITU
0" 9 S1-54 (2 step) 0'Bu 3) dDCC, "CsH1;CONHPI® MeO
IPHN OBy ——————> — >
U dDCC cis-coupling BnO 52% in 3 steps BnO Me
O 6.RAE (1 step) 64%, dr > 20:1 SI-55 Sss
OH OH
Pd/C, H, MeO
HCL 7 steps, 29% ideality
24% overall yield
93% HO Me *nec
44: Gingerdiol

Other reference about gingerdiol 44 synthesis (8-11 steps, 8-20%)
a) Tetrahedron Lett. 2001, 42, 6401, b) Eur. J. C. 2013, 4, 191.
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Streptenol B
OH OH OH

X
45: streptenol B

Selected route from literature

1) HCI
2) LiAIH4
3) PBrs
4M A
N LG T o><o OH
AcOH, H;0
. = i
1) LIAH, - M\/\ —_—
Q0 o0 2) (MeO),CMe; X 69% 46%
o 0

0
JJ\/U\)J\ 3)PDC 0 I
A
MeO OMe 2904 in 3 steps W

Route from dDCC

o]
NHPI LiAIH,
0 o] o™ o
- 0 /k SI-41 (1 step) /\/\/—\)\)J\ then HCI
(0] AN O'Bu >
70%

dDCC trans-couplin:
O  6-RAE (1 step) 61%, dr>20ﬂ 9 SI-57

Other reference about streptenol B 45 synthesis:

Tetrahedron, 1991, 47, 3335 (5 steps, 60%, start from streptenol A).

OH OH OH

12%
OH OH OH

(£) streptenol B
34%
6 steps, 17% ideality
9% overall yield
Liebigs Ann. 1996, 2135

OH OH OH

X
45: streptenol B
3 steps, 33% ideality

33% overall yield
dDCC
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Exserolide F

46: exserolide F

Selected route from literature

o "R RBINOL TP, oH 0Bn 1) 050, NalOy, 2,6-lutidine OBn OH
/\)J\ allyltri-n-butyltin H NaH, BnBr H 2) TiCly, allyltrimethylsilane @ H TBSCI
/\/\/\
H 82% N 94% N 78% N 91%
in two steps dr=98:2
1) 0SO,, NalO,, 2,6- oXo
lutidine o o
N
~,
)I\f OMe OBn OTBS
OBn OTBS 2)® N /\;\/[\/ BnO oTf (¢]
Z 7 e Ph3PAUCI, AgSbFg
N 60% LIHMDS, B-OMe-9BBN - OTBSOBn .
dr=98:2 intwo steps (Ph3P)4Pd, Cs,CO3 XX 5
70%
OH 0 OH 0
0 OTBSOBn TiCly 0 OH OH 10 steps, 50% ideality
H —_— H 15% overall yield
BnoO Z 74% HO Z Org. Lett. 2017, 19, 2074
1) Red-Al 1) DMP
Ti(O'Pr)4, (+)-DET 2) PhCH(OMe), OBn 2) HCECCH,ZnBr@® 0Bn OBn
PN BUOOH o9 3) DIBAL-H /\/'\/\ 3) BnBr : =z
OH NN N0H —_— OH 77% 23 dr
85%, 94% ee 74% in 3 steps ’
OXO V4
0" o
0
(]
OH 0
BnO oTf Bro 0Bn OBn 1) TIOH @
n H i
[P [Cul N 2 TiCly 0 OH OH 10 steps, 40% ideality
. — X 17% overall yield
70% 86% in 2 steps HO Synth. Commun ., 2018, 48, 2403
Route from dDCC
Y4 : X X
0N o CaH7CONHPI 0" o 1) NaOH o o
3 equiv. H 2) PITU =
IPHN o'Bu 0'Bu /\/\/'\)J\
I dDggo/tra;rs;cggﬁhng 70% in 2 steps NHPI
0, .
6-RAE (1 step) S1-60 Si-61
O OMe
o OH
(o}
X OH OH O
Cl OMe z
SI-59 AICl3 N
o oMe T > OH
76% 46: exserolide F

NiCl,, bpy, AQNO3, DMF
(+)Mg/(-)RVC, 4 mA, 3 F/mol

45%

Other reference about exserolide F 46 synthesis:

Note: Exserolide F had been synthesized only twice.

6 steps, 33% ideality
12% overall yield
dDCC
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PF1163 A

o
(

Me

OH Me

OH
47: PF1163 A

Selected route from literature

BuO BuO. \
1) O, PhyP 1) Hy, PIC N wger
Me Me _ . Me 2, 1) MeOCH,PPh4CI
e~ DECRCOBe - apcepcona - € 2) CLCHCOOH 0° e
e e
HO Me 75% HO" NN o, Bu 74% [N 63% { 729%
in two steps in two steps Ve in two steps Me 8
. BuO. S ‘Buo Oy—{ C 4
Buo 1) DEIPSOT N"wger —
2 I 1) TBSOTY, Py HO BocN—Me oTBS
0 20 ODEIPS il 2) Ha, Pd(OH),
OH e °
49% 66% 70% Me 2-naphthoyl chloride
M in two steps N Me Me 88%
e
N o 0TBS
Boc CO;Bu Ve
SOt iy
o} o ]

OTBS

15 steps, 31% ideality
3% overall yield

Me Antibiotics 1999, 52, 1146
OH
47: PF1163 A
1) NiCl,, NaBH,
2) LioH [o]
1) BnBr, NaH
2) BHz then H,0: HN
oH 3; Swem 0 o OBn OPMB O o
QH OPMB  4) Ph;P=CHCO.EL @ 9Bn OPMB Q5 g A L
— > : —_ H -
oz OH /\/\/'\/ /\/\)\/\)I\OE' 48% N o
21% 10 st 52% . 2 S
OH OH o 10 steps in four steps in three steps Bn'
Boc
°> f_Q° N
1) (COClI),, DMSO, EtsN \ | Ve
OPMB 2.  El OH HO BocN—M:
1) NaHMDS, Mel @ OH  2) CH4PPh3l, LIHMDS ® — ocN—Me otBs o
2) LiBHy Me 31009 Me °
Me 35% Me 246 M
- 65% OBn in three steps 0Bn trichlorobenzoylg 7o,
in two steps

H .
Me
Chloride OBn K/fo:n/\(
Me Me
e o
1) TFA .
2) pent-4-enoic acid, EDCI ® o 0% ° ;;ﬁ;“gz,sc“‘a'ys'. o oo
2) pent-4-encic acid, EDCI® - ‘
- =
7% H Ve
) 56%
tw
s 1 M
OBn

M 27 steps, 26% ideality
. e Me 0.4% overall yield
in two steps OH OH Tetrahedron Lett 2014, 55, 1519
PF1163 A
Route from dDCC
n,
X C3H;CONHPI X 1) HCI
9 i 3 equiv. o o o 2) TBSOTf QTBS OH O 1) NaOH
IPHN B /\/\/k)]\ - = ) 2) PITU
. —_—
OBu 4pcc trans-coupling O'Bu  83% in 2 steps OBu 75% in 2 steps
O 6-RAE (1 step) 63%, dr > 20:1 SI-60 SI67 o p
Me
o  Me BuO N
X O'Bu

OTBS OH O IPHN o

z S1-66 o) 3 steps
Me NHPI = > -—0—>

1stdDCC Me ref 30 Me
43% Me
SI-68

OH
SI-69

OH 10 steps, 40% ideality
47 PF1163A 7% overall yield

dDCC
Other reference about PF1163A 47 synthesis:(13-17 stesp, 2-3% overall yield)
a) Synlett 2010, 08, 1255. b) Tetrahedron Asymmetry 2012, 23, 769.
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cis-Solamin intermediate

52: cis-Solamin intermediate

Selected route from literature

1) CHa=CHMgBr @ 1) NaOH, NaHCO3 -
2) CH3C(OEt)3 2) (COCl), — KMnOs. ACOH
S DAL — = 3) (2S)-10,2-camphorsultam, n-BuLi ) Adogen 464
N 4)HWE @ 10 d N\
10 CHO 63% 10 OEt o T8% N 55%
in 4 steps o in three steps o

10

NaBH, \M’\/_\'AOH 9 steps, 33% ideality
14% overall yield

T Org. Lett. 2002, 4, 3715

(,,_z

OH
0”

crs-SoIamln mtermedrate

(o2

1) D-(-)-DIPT, Ti(O'Pr)s,

then Mitsunobu @ 1siclPr,  © \ BAF EtO,C. ;) E«ng
/\(\ 2) NaOH @ /V\OH 2)RCM @ DMP then HWE @ =N\ OMOM  2) °
—_— e —_— ' —_—
OH o 40% in 4 steps 0~g;-0 76% in 5 steps °c o0 84%
iPry

1)
2) Wittig .
3 1M 15 steps, 40% ideali
ps, 40% ideality
OMOM ) Hel \‘\/(\/—\(\ 21% overall yield
82% in 4 steps Org. Biomol. Chem., 2018, 16, 3018

cis-Solamin intermediate

Route from dDCC
10
MeO,C BnO” “CONHPI MeO,C tyNaoH  IPHNOC = CONHPI
J (1 step) R 2) PITU 8
o H/CONHPI o obn 2 o oBn 50 o _
dDCC-in situ o i dDCC
(o] " (o] 82% in 2 steps )VO
)\' 51%, dr > 20:1 )V 43%, dr > 201
(1 step) 15 SI-70

1) K20s0,4, PNO @
Citric acid, Zn(OTf),
OBn 2) Pd/C, Hy

DY oY Now i s ey
. Vi 1
88% 74% in 2 steps OH OH *boc
SI-73 52: cis-Solamin intermediate

Other reference about cis-solamin 52 intermediate synthesis (6-10 steps, 15-52% overall
yield)

a)J. Org. Chem. 2004, 69, 3368. b) Angew. Chem. Int. Ed. 2005, 44, 4766. ¢) Org. Lett. 2020,
22,1618.
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Aphanorphine

HO
Me

\

N~Me
57: Aphanorphine

Selected route from literature

0 1) EtMgBr, ==—CH,NHTs ® NHTs
2) PIvCI, Et;N, DMAP AuClPPhg /©/\®»OPW 2) MeMgB, °
MeO H 59% OPiv — e
in two steps in two steps
AICI Me ) Red-Al
3 2) HCHO, HCOOH @ ® BBy
OH 7% 64% 3% 9 steps, 44% ideality
in two steps 15% overall yield
\ Adv. Synth. Catal. 2015, 357, 2082
(+)-Aphanorphine
H,N_ _Bu OMe
i
Al O
H © H ¢ ) HCl
i
3 POy NI\ gy _PA(PPha, CICOzMe
Meo os% Meo ﬁ 39% n N?O‘Zute S N\
0 SO'Bu in two step CO,Me
MeO, MeO, HO
cat. Co Me LiAlH, Me BB Me
83% C 88% W 7 steps, 43% overall yield
N kN kN 7% overall yield
‘co,Me \ \ Synlett 2021, 32 913
(+)-Aphanorphine
Route from dDCC
)
_NC N=
{e]
f o Bu
AcO OAc BUY rB° -
u u
\©\/CONHPI AcO HO
N-fluoropyridinium M ) Me
64 (1 step) TMDSQ, PhCF; e LiAlH,
CONHP| —8M8M8M8M @—>» —530/—> 7»
N dDCC-in situ N o \ o
Boc 44% Boc N\ N~me
53 (1 step) 55 56 Boc

57: (#)-Aphanorphine
4 steps, 60% ideality
16% overall yield
dDCC

Other reference about aphanorphine 57 synthesis (8-21 steps, 0.5-25% overall yield)

Note: Other aphanorphine synthesis routes, more than 20, can be found in the reference of
Synlett 2021, 32, 913.
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Indolizidine 195B and monomorine I

H

(X1 =

=

61: (-)-Indolizidine 1958  62: (+)-monomorine |
Selected route from literature

‘4,
1) anodic methoxylation 3 -?angEtC er|2 \/( "PryCuLi
2) CH,=CH(CH5)3Cu, sCl, Et3 roCuli
Cbz"Q AL o), u.= X ChzN = X ChzN .

60% 70%

i two st 75%
CO,Me in two steps CO,Me [N two steps TsO
4,
Pd/C, H
\/((;sz Me PdC|2 CuCl, Oz Me CbzN Me @ °5 7 steps, 43% ideality
— 81% 20% overall yield
: o] Tetrahedron 1998, 54, 10457
(-)-Indolizidine 1958
o 1) TsCl, EtsN ~ ©. 1) Pd/C, Ha ) 5-pentenylMgBr @
2) allyl MgCl @ _2) LiHMDS, CbzCl_ Ph3S|H BF3eOEt, Me
—— » HN CbzN
HN 50% VN 7T e oM a0
in two steps in two steps

HO

Pd/C, 8 steps, 38% overall yield
[PdClz CuCl 02 CbzN % 18% overall yield
6% J. Org. Chem. 2008, 73, 4575

(+)-monomorine |

Route from dDCC
(o]
LIHMDS, CbzCl 1) BF3Et,0, PhySiH M~ conmr
MeO then "BuMgCI e 2) NaOH HO ;9 3eqU|v)
HN
2% 4% in 2 steps dDCC-in situ
(o] o,
commerical SI-8 sI-9 66 /°dr|f122 ssteps

H SI1-9 RAE
N

ChzN + 6 steps, 67% ideality

o) 25% overall yield
60 61: ()-Indolizidine 1958  62: (+)-monomorine dbce
51% 37%

Other reference about indolizidine 195B 61 (7-18 steps, 2-20% overall yield) and
monomorine I 62 (7-25 steps, 1-26% overall yield) synthesis:

Indolizidine 195B: Curr. Org. Synth. 2020, 17, 82 (review).

Monomorine I: a) Eur. J. Org. Chem. 2021, 3850. b) Other monomorine synthesis routes can

be found in the reference of Tetrahedron Asymmetry 2017, 28, 1582.
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SF2768

67: SF2768

Selected route from literature

1) TFA

CH2 CH(CH2)2|. Ph 2) Pd/C Hy

Ph o 2 m-CPBA I T 3) (Boo)0
I T 3) NaN; @ 4)PPTS @
—_—
BOC
BOC

28% in 3 steps H 33% in 4 steps
dr=1:1

NC O

1) DIBAL-H

(o) O
D‘ “NHBoo 2) T
“ _—
BocHN'

7 steps, 43% ideality
5% overall yield
Org. Lett. 2019, 21, 8731

[o] NC
N R
HO O~ Me/k)J\o’ HO O _,\\\NJj\/\Me
H

S hann SN I ve
HNY - > Me)\)LN“‘

Y o

50% in 3 steps H SF2768
Route from dDCC
BnO,C CONHPI
HO \\”\ 2,2,3,3-tetramethoxybutane MeO ‘\\ ) NaOH MeO ‘\\ NHCbz
j OMe BFeOEt, DCM - j Me _2PTU_ j NHPI 64(3 equw)
HN 80% Meo“ 77% in 2 steps Meo“ chc
|
Cbz Cbz 42% dr > 20:1
1 step Sl-42 63
NHCbz QO NC
M O, O _Boc
MeO [ O 1) FeCl, ACOH @ N Ho. .o L
COzB" 2) Pd/C Hy, (Boc),0 H 3 steps NC O N Me
L — 3 BocHN — /\)]\ H
MeO Me’i‘ 65 62% in 2 steps - ggo/ deatit ref 35 Me :
bz S o 67 SF2768

16% overall yield
dDCC

Other reference about SF2768 67 synthesis:
Note: SF2768 had been synthesized only once.
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Complanine

+
MesN/\/\n/ OH

Complanine
Selected route from literature

1) C;H;C=CCH,Br@

OHC
2) Lindlar \ e W 3) s
\/\/\ 3) Swern _ p 2) Cu(OAc)2
OH > —_—
78% in 3 steps 56% in 3 steps
N b
OH 4

1) MsClI Me;N -

2) NaN: @ HN
HO N 3) PPhs z

JEE—— - > Me;N
OH = 74% in 3 steps 62%
9 steps, 33% ideality
32% overall yield Complanine
Beilstein J. Org. Chem. 2012, 8, 1695
Route from dDCC
IPHN X Me

"l oo Me0 7% in 2 steps dDCC then TFA
Cbz 0%
1 step SI-42
=z X
HO
1 ste
j \/U NaOH j \/I)/ p e )
Cbz . N
b o
Toon HaN MesN/\/\n/ OH
6 steps, 14% ideality )
22 % overall yield 71: Complanine
dbCC

Other reference about complanine 71 synthesis:

Beilstein J. Org. Chem. 2009, 5 (10 steps, 2%).

\\\J\ 2,2,3,3-tetramethoxybutane  MeO. ‘\\ 1) NaOH o _
j BF200Ft;, DCM \': j Me 2PTU j S 68 (3 oquiv)
> . A .
™ MeO‘
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Experimental Procedures and Characterization Data for Non-Commercially
Carboxylic acids

oPr O'Pr

— BrCH,CO,H ~—/  HO,C
o Cs,CO; DMF O >
OH ————>» o
93%
SI-1

Compound SI-1

OPr
HO,C

A

2-(4-((2-isopropoxyethoxy)methyl)phenoxy)acetic acid (SI-1)

To a solution of 4-((2-isopropoxyethoxy)methyl)phenol (525 mg, 2.5 mmol, 1.0 equiv.) in
DMF (10 mL) was added Cs>CO3 (4.07 g; 12.5 mmol, 5.0 equiv.) and BrCH,CO>H (345 mg,
2.5 mmol, 1.0 equiv.). The reaction mixture was stirred at room temperature for 12 h. The
reaction mixture was diluted with additional H,O (20 mL) and washed with Et,O (3 x 10 mL).
The aqueous layer was then acidified to pH = 1 by 1N HCI and extracted with DCM (3 % 10
mL). The combined organic layers were washed with brine (2 X 30 mL), dried over anhydrous
NayS0s, filtered, and concentrated under reduced pressure to give acid SI-1 623 mg (93%)
which can be used without further purification.

Physical State: colorless oil.

TH NMR (600 MHz, CDCls): 8 7.28 (d,J=9.0 Hz, 2H), 6.88 (d, J=9.0 Hz, 2H), 4.62 (s, 2H),
4.51 (s, 2H), 3.69-3.53 (m, 5H), 1.17 (d, /= 6.2 Hz, 6H).

I3C NMR (151 MHz, CDCl3): § 172.8,157.0, 131.7, 129.4, 114.5,72.7, 72.2, 69.4, 67.3, 64.8,
21.9.

HRMS (ESI-TOF): calc’d for C14H200sNa [M+Na]": 291.1208, found 291.1218

TLC: Ry=0.3 (20:1 DCM:MeOH)

NPr  Fe(NO,);#9H,0 YN’Pr
(0]

j TEMPO, KCI
0 PrNH, K2C03 O\C DCE, air
Br 5% OH 64% CO.H
sl-2 sI-3
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Compound SI-2
0] .
YNIPI'
(o)

OH
5-(hydroxymethyl)-3-isopropyloxazolidin-2-one (SI-2)
To a suspension of KoCO3 (1.38 g, 10 mmol, 1.0 equiv.) in anhydrous methanol (10 ml) was
added epibromohydrin (0.99 mL, 10 mmol, 1.0 equiv.), EiN (1.4 mL, 10 mmol, 1.0 equiv.)
and 'PrNHz (0.21 mL, 2 mmol, 0.2 equiv.). The reaction was stirred in an oil bath at 70 °C for
12 h. The reaction mixture was then filtered, and the organic solvent was removed under
reduced pressure. The residue was purified by column chromatography with acetone/hexane
(1:2) as the eluent to give SI-2 (165 mg, 52%).
Physical State: white solid.
m.p.: 56-58 °C.
'"H NMR (600 MHz, CDCl3):5 4.64-4.53 (m, 1H), 4.08 (td, J = 6.8, 2.7 Hz, 1H), 3.91-3.78
(m, 1H), 3.71-3.58 (m, 1H), 3.50 (dd, /= 8.8, 1.4 Hz, 1H), 3.41 (dd, J=8.4, 6.7 Hz, 1H), 2.77
(br, 1H), 1.17 (ddd, /= 6.6, 4.7, 1.6 Hz, 6H).
13C NMR (151 MHz, CDCls): 6 157.1, 73.4, 63.1, 44.8, 40.7, 19.8, 19.5.
HRMS (ESI-TOF): calc’d for C;H14NO; [M+H]": 160.0974, found 160.0975.
TLC: Ry= 0.3 (2:1 hexanes:acetone)

Compound SI-3

(0} .
YN'Pr
52
CO,H
3-isopropyl-2-oxooxazolidine-5-carboxylic acid (SI-3)

To a solution of 5-(hydroxymethyl)-3-isopropyloxazolidin-2-one SI-2 (159 mg, 1.0 mmol, 1.0
equiv.) in DMF (10 mL) was added Fe(NO3)3¢9H20 (40.5 mg, 0.1 mmol, 0.1 equiv.), TEMPO
(15.6 mg, 0.1 mmol, 0.1 equiv.) and KCI (7.5 mg, 0.1 mmol, 0.1 equiv.) under air. The reaction
mixture was stirred at room temperature for 24 h. The solvent was removed under reduced

pressure. The residue was purified by column chromatography with acetone/hexane (1:2—1:0)

as the eluent to give SI-3 (111 mg, 64%).
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Physical State: colorless oil.

TH NMR (500 MHz, CDCls): § 9.23 (br, 1H), 4.96 (dd, J = 9.8, 5.5 Hz, 1H), 4.10 (p, /= 6.8
Hz, 1H), 3.82 (t, J=9.5 Hz, 1H), 3.66 (dd, /J=9.1, 5.4 Hz, 1H), 1.19 (d, /= 3.8 Hz, 3H), 1.18
(d, J=3.8 Hz, 3H).

13C NMR (126 MHz, CDCls): 5 171.6, 156.4, 69.9, 45.3,42.9, 19.8, 19.6.

HRMS (ESI-TOF): calc’d for C7H12NO4 [M+H]™: 174.0766, found 174.0770.

TLC: Rr= 0.2 (acetone)

Compound SI-4

~_.CO,Et
"PrNH,, NaHCO; HO.C™ ~N”7

____then CICOAE
=
HO,C™ "Cl ™"899% in 2 steps e

Sl-4

N-(ethoxycarbonyl)-N-propylglycine (SI-4)

To a solution of 2-chloroacetic acid (945 mg, 10 mmol, 1 equiv.) in H,O (8 mL) was added
NaHCOs3 (840mg, 10 mmol, 1.0 equiv.) and "PrNH> (8.2 mL, 100 mmol, 10.0 equiv.) at room
temperature. The reaction mixture was stirred at room temperature for 6 h. The solvent of the
mixture was removed under vacuum. The residue was dissolved in THF/H>O (10 mL/20 mL),
K>COs3 (2.1 g, 15 mmol, 1.5 equiv.) and CICOzEt (1.1 mL, 11 mmol, 1.1 equiv.) were then
added. The reaction mixture was stirred at room temperature for another 6 h. The reaction was
quenched with 1 N HCI (40 mL). The resulting mixture was extracted with EtOAc (3 x 40 mL).
The combined organic layers were washed with brine (2 x 30 mL), dried over anhydrous
NazS0q, filtered, and concentrated under reduced pressure to give acid SI-4 1.68 g (89%) which
can be used without further purification.

Physical State: Colorless oil.

'"H NMR (600 MHz, CDCls): 6 11.20 (s, 1H), 4.22-4.08 (m, 2H), 4.06-2.94 (m, 2H), 3.34—
3.18 (m, 2H), 1.62—1.45 (m, 2H), 1.24 (dt, J=31.3, 7.3 Hz, 3H), 0.89 (dt, /=9.7, 5.1 Hz, 3H).
13C NMR (151 MHz, CDCl): 6 175.3, 174.9, 157.1, 156.1, 62.0, 61.7, 50.2, 49.9, 48.9, 48.4,
21.5,21.1, 14.5, 11.1.

HRMS (ESI-TOF): calc’d for CsH16NOs [M+H]": 190.1079, found 190.1077.

TLC: Rs=0.3 (20:1 DCM:MeOH)
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Compound SI-5

o
1) HATU
NH  HOC CO,Me  2) NaOH N COH
\) *
CbzN NHBoc  92% in 2 steps CbZN\) NHBoc
SI-5

(5)-5-(4-((benzyloxy)carbonyl)piperazin-1-yl)-2-((tert-butoxycarbonyl)amino)-5-

oxopentanoic acid (SI-5)

To a solution of ($)-4-((tert-butoxycarbonyl)amino)-5-methoxy-5-oxopentanoic acid (261 mg,
1 mmol, 1.0 equiv.) in CH3CN (5 mL) was added benzyl piperazine-1-carboxylate (0.22 mL,
1.1 mmol, 1.1 equiv.), DIPEA (0.25 mL, 1.4 mmol, 1.4 equiv.), HATU (418 mg, 1.1 mmol,
1.1 equiv.) at room temperature and stirred at room temperature for 2 h. At this time, the
reaction mixture was added 1 M NaOH (3 mL), MeOH (3 mL) and stirred at room temperature
for 12 h. The reaction was transferred to a separatory funnel, diluted with H>O (10 mL) and
washed with CH>Cl> (3 x 10 mL). The aqueous layer was adjusted to pH 1 via the addition of
aqueous 1 N HCI. The aqueous layer was extracted with CH2Clz (3 x 20 mL). The combined
organic layers were washed with brine (2 x 30 mL), dried over anhydrous Na>SOs, filtered,
and concentrated under reduced pressure to give acid SI-5 413 mg (92%) which can be used
without further purification.

Physical State: White foam.

'TH NMR (600 MHz, CDCls):  7.41-7.29 (m, 5H), 5.73 (d, /= 6.6 Hz, 1H), 5.14 (s, 2H), 4.14
(g, /= 5.8 Hz, 1H), 3.70-3.30 (m, 8H), 2.70-2.60 (m, 1H), 2.49-2.38 (m, 1H), 2.26-2.18 (m,
1H), 2.00-1.89 (m, 1H), 1.40 (s, 9H).

I3C NMR (151 MHz, CDCl3): & 175.4,172.1, 155.9, 155.1, 136.3, 128.5, 128.2, 128.0, 79.7,
67.5,53.7,45.3, 43.5, 41.6, 29.8, 28.8, 28.3.

HRMS (ESI-TOF): calc’d for C2xH3N307 [M+H]": 450.2240, found 450.2253.

TLC: Ry=0.3 (10:1 DCM:MeO)

Compound SI-6

Z OEt

Me OEt Me
O Herrmann's palladacycle O
then NaOH
Br e COzH
60%
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3-(2-methylnaphthalen-1-yl)propanoic acid (SI-6)

To a solution of 1-bromo-2-methylnaphthalene (266 mg, 1.2 mmol, 1.0 equiv.) in NMP (4 mL)
was added NaOAc (148 mg, 1.8 mmol, 1.5 equiv.), Herrmann's palladacycle (114 mg, 0.12 ,
0.1 equiv.mmol) and acrolein diethyl acetal (0.56 mL, 3.6 mmol, 3.0 equiv.) at room
temperature. The reaction mixture was stirred at 160 °C for 48 h and then cool to 50 °C. The
solution was diluted with 2 M NaOH (4 mL), and then stirred at 50 °C for another 2 h. The
mixture was acidified with 1 N HCI (pH 1-2). The resulting mixture was extracted with EtOAc
(3 x 10 mL). The combined organic layers were washed with brine (2 x 30 mL), dried over
anhydrous Na>SOg, filtered, and concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel with acetone/hexane (1:2) as the eluent to give

SI-6 160 mg (60%) as a white solid. The spectroscopic data matched the literature’.

Compound SI-7

MeOD/\/COZH "BuhHEO, MeoD/\/cozH
HO 78% BnO

3-(4-(benzyloxy)-3-methoxyphenyl)propanoic acid (SI-7)

To a solution of 3-(4-hydroxy-3-methoxyphenyl)propanoic acid (196 mg, 1 mmol, 1.0 equiv.)
in 1 N NaOH/THF (2.5/1.25 mL) was added BusNHSO4 (13.6 mg, 0.04 mmol, 0.04 equiv.)
and BnBr (0.18 mL, 1.5 mol, 1.5 equiv.) at room temperature. The reaction mixture was stirred
at room temperature for 16 h and 80 °C for 1 h. The reaction was quenched with 1 N HCI (5
mL). The resulting mixture was extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with brine (2 x 30 mL), dried over anhydrous Na,SOs, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel with acetone/hexane (1:3) as the eluent to give SI-7 223 mg (78%)

as a white solid. The spectroscopic data matched the literature?.

o o) o)
LIHMDS, CbzCl 1) BF3Et,0, Ph3SiH
MeO then "BuMgCl ~ MeO 2) NaOH HO
HN - NH Ll —————— N M8
52% Cbz 84% in 2 steps Cbz
o
SI-8 sl-9
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Compound SI-8
O

MeO
Me
NH 0

e

Cbhz

Methyl (R)-2-(((benzyloxy)carbonyl)amino)-5-oxononanoate (SI-8)
To a solution of methyl (R)-5-oxopyrrolidine-2-carboxylate (143 mg, 1 mmol, 1.0 equiv.) in
THF (4 mL) was added LiHMDS (1.1 mL, 1.0 M in THF, 1.1 equiv.) at —78 °C under argon,

and the reaction mixture was stirred at the same temperature for 30 min. The reaction mixture

then was added CbzCl1 (0.16 mL, 1.1 mmol, 1.1 equiv.) at —78 °C, and the reaction mixture was
stirred at —78 °C ~0 °C for 1 h. To the reaction mixture was then added TMEDA (0.45 mL, 3.3
mmol, 3.3 equiv.) and "BuMgCl (0.17 mL, 2.0 M in THF, 3.4 equiv.) at —78 °C, and the reaction

mixture was stirred at the same temperature for 1.5 h. The reaction was quenched with ‘PrOH
(0.35 mL) and 10% HCI (3 mL), and the aqueous mixture was extracted with Et20 (3 x 10 mL).
The combined organic layers were washed with brine (2 x 10 mL), dried over anhydrous
NaxSOq, filtered, and concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel with acetone/hexane (1:4) as the eluent to give SI-8 174
mg (52%).

Physical State: white solid.

m.p.: 45-47 °C.

'"H NMR (600 MHz, CDCls):5 7.39-7.28 (m, 5H), 5.40 (br, 1H), 5.23-5.01 (m, 2H), 4.39—
4.27 (m, 1H), 3.74 (s, 3H), 2.58-2.42 (m, 2H), 2.37 (t, J = 7.5 Hz, 2H), 2.21-2.07 (m, 1H),
1.99-1.84 (m, 1H), 1.53 (p, /= 7.5 Hz, 2H), 1.29 (h, J= 7.4 Hz, 2H), 0.89 (t, /= 7.3 Hz, 3H).
13C NMR (151 MHz, Chloroform-d): 5 209.8, 172.5, 155.9, 136.2, 128.5, 128.2, 128.1, 67.0,
53.4,52.5,42.6,38.3,26.3,25.8,22.3, 13.8.

HRMS (ESI-TOF): calc’d for Ci1sH26NOs [M+H]": 336.1811, found 336.1813.

TLC: Rr= 0.3 (4:1 hexanes: acetone)

[a]p?® =-7.9 (c = 0.73, CHCl3)
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Compound SI-9
O

HO
N Me

e

Cbz

(2R,5R)-1-((benzyloxy)carbonyl)-5-butylpyrrolidine-2-carboxylic acid (SI-9)

To a solution of Ph3SiH (140 mg, 0.54 mmol, 2.0 equiv.) in DCM (0.8 mL) was added
BF3Et;0 (0.14 mL, 1.08 mmol, 4.0 equiv.) at room temperature under argon. The solution was
stirred for 10 min at the same temperature, and then transferred via a cannula to a stirred

solution of SI-8 (90 mg, 0.27 mmol, 1.0 equiv.) in DCM (1 mL) at—78 °C. The reaction mixture
was stirred at —78 °C for 30 min, and then at room temperature for 2 h. The solvent of the

mixture was removed under vacuum. The residue was dissolved in 4 M NaOH (1.2 mL)/MeOH
(2.4 mL)/THF (1.2 mL) at room temperature, and the reaction mixture was stirred at the same
temperature for 12 h. The reaction was quenched with 1 N HCI (5 mL). The resulting mixture
was extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine
(2 x 30 mL), dried over anhydrous Na>SOs, filtered, and concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel with MeOH/DCM
(1:20) as the eluent to give SI-9 69 mg (84%).

Physical State: colorless oil.

'"H NMR (600 MHz, CDCl3): § 7.57-7.26 (m, 5H), 5.56-5.05 (m, 2H), 4.41 (q, J = 7.6 Hz,
1H), 4.13-3.81 (m, 1H), 2.36-2.09 (m, 2H), 2.03—1.93 (m, 1H), 1.83-1.59 (m, 1H), 1.45-1.14
(m, 6H), 0.94-0.76 (m, 3H).

13C NMR (151 MHz, CDCl3): § 174.5, 157.1, 135.9, 128.5, 128.3, 128.1, 68.0, 67.0, 60.3,
59.5,59.1, 34.0, 29.7, 28.2, 26.7, 22.5, 14.0.

HRMS (ESI-TOF): calc’d for Ci17H24NO4 [M+H]": 306.1705, found 306.1706.

TLC: Ry=0.4 (20:1 DCM:MeOH)

[a]p?® = +35.8 (¢ = 0.40, CHCl3)

Me, Me (o] )
[o) ———CH,Br Ni(OAc),, NaBH,4 Me OH
cul N OMe  then NaOH Z
F OMe > T 0
85% 81%

SI-10 SI-11
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Compound SI-10
Me 0

% 4 OMe

Methyl deca-4,7-diynoate (SI-10)

To a solution of methyl pent-4-ynoate (0.28 mL, 2.4 mmol, 1.3 equiv.) in DMF (3 mL) was
added Cul (458 mg, 2.4 mmol, 1.3 equiv.), Nal (360 mg, 2.4 mmol, 1.3 equiv.), Cs2CO;3 (784
mg, 2.4 mmol, 1.3 equiv.) and 1-bromopent-2-yne (0.19 mL, 1.9 mmol, 1.0 equiv.) at room
temperature, and the solution was stirred for 18 h at the same temperature. The reaction was
quenched with saturated aqueous NH4CI (5 mL). The resulting mixture was extracted with Et,O
(3 x 10 mL). The combined organic layers were washed with brine (2 x 30 mL), dried over
anhydrous Na>SOg, filtered, and concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel with EtOAc/hexane (1:20) as the eluent to give
SI-10 280 mg (85%).

Physical State: colorless oil.

TH NMR (600 MHz, CDCl3): § 3.67 (s, 3H), 3.08 (t,J=2.3 Hz, 2H), 2.55-2.37 (m, 4H), 2.22—
2.04 (m, 2H), 1.09 (t, J= 7.5 Hz, 3H).

13C NMR (151 MHz, CDCl3): 5 172.4,81.9, 78.3, 75.4,73.4,51.7, 33.3, 14.6, 13.8, 12.3, 9.6.
HRMS (ESI-TOF): calc’d for C11Hi502 [M+H]": 179.1072, found 179.1077.

TLC: Ry= 0.3 (20:1 hexanes:EtOAc)

Compound SI-11
Me = OH

™ o
(4Z,7Z)-deca-4,7-dienoic acid (SI-11)
To a solution of Ni(OAc)2°4H>0 (283 mg, 1.14 mmol, 1.0 equiv.) in EtOH (5 mL) was added
and NaBH4 (48 mg, 1.14 mmol) at 0 °C. The mixture was stirred under a hydrogen atmosphere
at ambient temperature for 30 min. Ethylene diamine (305 pL, 4.56 mmol, 4.0 equiv.) and SI-
10 (203 mg, 1.14 mmol, 1.0 equiv.) were added, and stirring under a hydrogen atmosphere at
room temperature was continued for 3 h. The solution was diluted with 2 M NaOH (2 mL), and
then stirred at room temperature for another 12 h. The reaction was quenched with saturated

aqueous NH4Cl (5 mL). The resulting mixture was extracted with Et2O (3 x 10 mL). The

combined organic layers were washed with brine (2 x 30 mL), dried over anhydrous Na;SOs,
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filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel with EtOAc/hexane (1:3) as the eluent to give SI-11 155 mg
(81%).

Physical State: colorless oil.

'"H NMR (600 MHz, CDCls): 6 5.49-5.23 (m, 4H), 2.80 (t, J = 7.1 Hz, 2H), 2.47-2.34 (m,
4H), 2.11-1.93 (m, 2H), 0.97 (t, /= 7.5 Hz, 3H).

I3C NMR (151 MHz, CDCl3): § 179.4, 132.2, 130.0, 127.2, 126.8, 34.0, 25.5, 22.5, 20.5, 14.2.
HRMS (ESI-TOF): calc’d for C11H140; [M-H]": 167.1077, found 167.1077.

TLC: Ry= 0.3 (3:1 hexanes:EtOAc)

Compound SI-12

CiHas o~
Grubbs' catalyst

CaoHas A OH
/\/\H/OH 12 25\/\/\"/

o) o
(E)-heptadec-4-enoic acid (SI-12)
To a solution of tetradec-1-ene (9.8 g, 50 mmol) and 4-pentenoic acid (1.0 g, 10 mmol, 1.0
equiv.) in dry CH2Cl> (1000 mL) was added Grubbs' second generation catalyst (424.5 mg, 0.5
mmol, 0.05 equiv.). The mixture was stirred at 40 °C for 12 h under argon atmosphere. The
solvent was evaporated under reduced pressure and the residue was purified by flash column
chromatography on silica gel (10:1 hexanes:EtOAc) to give the title compound SI-12 1.62 g

(62%) as a white solid. The spectroscopic data matched the literature?.
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Experimental Procedures and Characterization Data for Redox Active
Esters

General procedure E: synthesis of redox active esters

NHPI (1.1 equiv.)
DIC (1.1 equiv.)
DMAP (0.1 equiv.)
1. _CONHPI

R _CO,H DCM, r.t R
R?I/ R?I/
R3

To a stirring solution of carboxylic acid (1.0 equiv.) in anhydrous DCM (0.2 M) was added N-
hydroxyphthalimide (1.1 equiv.), 4-dimethylaminopyridine (0.1 equiv.) and DIC (1.1 equiv.)
was added via syringe. The reaction mixture was vigorously stirred until complete (monitored
by TLC, 0.5 h— 2 h). Upon completion, the mixture was filtered over Celite® and rinsed with
additional CH2Cl2/Et20. The solvent was removed under reduced pressure, and and purification
by column chromatography afforded the desired redox-activated ester. Redox-active esters
shown below 94, 11°, S-13°, S-1427, S-158, S-16°, S-17 10, S-18'!, S-19'2, S-20'3, S-21"3, S-22'4,
S-23'58-2416 §-25'0 S-26'7, S-27'7, S-28'7, S§-29!7, 59!! have previously been reported in the
literature. Please see these references for characterization. For newly reported redox active

esters, HRMS usually failed to detect the target mass due to instability of the NHPI ester motif.
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Known redox active esters

Me\rCONHPI
cl o] A~ O__CONHPI
CbzHN” “NCONHPI (_\_CONHP, \©/ BnO” “CONHPI Q/
Ph
9 1 SI-13 49 SI-15
o On, ~COMe
e " CONHPI
Me>< 1 Ph/Y CONHPI S CONHPI N
O™ “CoNHPI NHBoc | N\ Jhgec  BOcHN” “CONHPI
N NHBoc
Bod
SI-16 SI-17 SI-18 SI-19 S1-20

Me
Me
o
(0]
o]}
Me " CONHPI CO,Me O—-CONHPI

CONHPI 4 d N~ kz/ y
\

l:r M
e N0 N g CONHP! CONHPI
NBoc Boc
sl-21 sl-22 Si-23 sl-24 S1-25
o}
ONHP! ONHPI ONHPI
ONHPI C3H7/\H/ONHPI CGH13/\H/ Csz/\n/ Me
c"H*’/\ﬂ/ o o} o o
o
SI-26 Si-27 SI-28 sl-29 59
Compound 8
D—CONHPI
N
\
CO,Me

2-(1,3-dioxoisoindolin-2-yl) 1-methyl (S)-pyrrolidine-1,2-dicarboxylate (8)

Prepared according to general procedure E from (methoxycarbonyl)-L-proline on 20 mmol
scale. Purification by column chromatography (3:1 hexanes:EtOAc) afforded 5.0 g (79%) of
the title compound 8.

Physical State: white solid.

m.p.: 126-128 °C.

TH NMR (600 MHz, CDCls): 5 7.88-7.84 (m, 2H), 7.80-7.74 (m, 2H), 4.75/4.63 (2dd, J =
7.8,4.5 Hz/J=8.7,4.0 Hz, 1H), 3.77/3.73 (2s, 3H), 3.69-3.62/3.49-3.43 (2m, 1H), 3.61-3.51
(m, 1H) 2.53-2.29 (m, 2H), 2.13-2.04 (m, 1H), 2.03-1.93 (m, 1H).

13C NMR (151 MHz, CDCls3): 6 169.3, 169.1, 161.6, 155.2, 154.6, 134.8, 134.7, 128.8 (2C),
123.9, 57.3 (2C), 57.0, 56.9, 52.9, 52.8, 52.7, 46.8, 46.3, 31.3, 30.2, 24.4, 23.6.

TLC: Ry= 0.3 (2:1 hexanes:EtOAc)

[a]p?® =-72.6 (c = 1.0, CHCl5)
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Compound SI-31

O'Pr
CONHPI

-4

1,3-dioxoisoindolin-2-yl 2-(4-((2-isopropoxyethoxy)methyl)phenoxy)acetate (SI-31)
Prepared according to general general procedure E from SI-1 on 2.5 mmol scale. Purification
by column chromatography (5:1 hexanes:EtOAc) afforded 708 mg (67%) of the title compound
SI-31.

Physical State: white solid.

m.p.: 73-75 °C.

TH NMR (600 MHz, CDCl3): 6 7.90 (dd, J = 5.5, 3.1 Hz, 2H), 7.80 (dd, J = 5.5, 3.1 Hz, 2H),
7.32 (d, J=8.5 Hz, 2H), 6.96 (d, J= 8.6 Hz, 2H), 5.03 (s, 2H), 4.52 (s, 2H), 3.79-3.39 (m, 5H),
1.17 (d, J= 6.1 Hz, 6H).

I3C NMR (151 MHz, CDCl3): § 165.5, 161.5, 156.8, 134.9, 132.4, 129.4, 128.8, 124.1, 114.7,
72.6,71.9,69.6, 67.4, 63.5, 22.0.

TLC: Ry= 0.3 (3:1 hexanes:EtOAc)

Compound SI-32

BocHN
*1CONHPI
NHCbz
1,3-dioxoisoindolin-2-yl (5)-5-(((benzyloxy)carbonyl)amino)-2-((zert-

butoxycarbonyl)amino)pentanoate (SI-32)

Prepared according to general procedure E from (S)-5-(((benzyloxy)carbonyl)amino)-2-
((tert-butoxycarbonyl)amino)pentanoic acid on 5.0 mmol scale. Purification by column

chromatography (3:1 hexanes:EtOAc) afforded 2.02 g (79%) of the title compound SI-32.

Physical State: white solid.

m.p.: 130-132 °C.

'TH NMR (600 MHz, CDCl3):5 7.87 (dd, J= 5.5, 3.1 Hz, 2H), 7.79 (dd, J = 5.5, 3.1 Hz, 2H),
7.38-7.27 (m, 5H), 5.22-4.93 (m, 4H), 4.76/4.47 (2br, 1H), 3.35-3.20 (m, 2H), 2.09-1.99 (m,
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1H), 1.99-1.86 (m, 1H), 1.80-1.65 (m, 2H), 1.51/1.46 (2s, 9H).

13C NMR (151 MHz, CDCls): § 169.2, 161.5, 156.5, 154.8, 136.6, 134.8, 128.7, 128.4, 128.0,
124.0, 80.6, 66.6, 51.6, 40.3, 30.0, 28.2, 25.3.

TLC: Ry= 0.3 (2:1 hexanes:acetone)

[a]p?® =—4.9 (c = 1.0, CHCl3)

Compound SI-33

Cl
/@iOVCONHPI
Cl Cl

1,3-dioxoisoindolin-2-yl 2-(2,4,6-trichlorophenoxy)acetate (SI-33)
Prepared according to general procedure E from 2-(2,4,6-trichlorophenoxy)acetic acid on 2.0

mmol scale. Purification by column chromatography (5:1 hexanes:EtOAc) afforded 709 mg
(89%) of the title compound SI-33.

Physical State: white solid.

m.p.: 156-158 °C.

'TH NMR (600 MHz, CDCl3): 6 7.92 (dd, J = 5.5, 3.1 Hz, 2H), 7.82 (dd, J = 5.5, 3.1 Hz, 2H),
7.35 (s, 2H), 5.04 (s, 2H).

13C NMR (151 MHz, CDCls): § 164.2, 161.4, 149.1, 135.0, 130.9, 129.8, 129.0, 128.7, 124.1,
67.2.

TLC: Rr=0.4 (4:1 hexanes:EtOAc)

Compound SI-34

Et0,C
2*>N“"NCONHPI

Me
1,3-dioxoisoindolin-2-yl N-(ethoxycarbonyl)-N-propylglycinate (SI-34)
Prepared according to general procedure E from SI-4 on 5.0 mmol scale. Purification by

column chromatography (5:1 hexanes:EtOAc) afforded 1.29 g (77%) of the title compound SI-
34.
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Physical State: colorless oil.

'"H NMR (600 MHz, CDCls): § 7.9-7.85 (m, 2H), 7.82-7.75 (m, 2H), 4.43/4.32 (2s, 2H), 4.19
(q,/=7.1 Hz, 2H), 3.36/3.32 (2t,J=7.4 Hz, 1H), 1.59 (qd, J= 7.7, 2.7 Hz, 2H), 1.28 (dt, J =
14.8, 7.1 Hz, 3H), 1.03-0.85 (m, 3H).

13C NMR (151 MHz, CDCl): § 166.6, 161.5, 156.5, 155.7, 134.8 (2C), 128.8, 124.0, 62.1,
62.0,50.4,49.7,46.8,21.4,21.2,14.5, 14.3, 11.0.

TLC: Rr= 0.3 (4:1 hexanes:EtOAc)

Compound SI-35
CbzHN CONHPI
NHCbz

1,3-dioxoisoindolin-2-yl 2,3-bis(((benzyloxy)carbonyl)amino)propanoate (SI-35)
Prepared according to general procedure E from 2,3-

bis(((benzyloxy)carbonyl)amino)propanoic acid'® on 3 mmol scale. Purification by column

chromatography (5:1 hexanes:EtOAc) afforded 1.15 g (74%) of the title compound SI-35.
Physical State: white solid.

m.p.: 150-152 °C.

TH NMR (600 MHz, CDCl3): 6 7.90 (dd, J = 5.5, 3.1 Hz, 2H), 7.81 (dd, J = 5.5, 3.1 Hz, 2H),
7.42-7.28 (m, 10H), 6.20 (d, J = 7.6 Hz, 1H), 5.79 (t, J = 6.6 Hz, 1H), 5.23-5.03 (m, 4H),
4.94-4.86 (m, 1H), 3.98 (ddd, J=14.9, 7.6, 3.3 Hz, 1H), 3.75 (dt,J=14.7, 5.4 Hz, 1H).

13C NMR (151 MHz, CDCh): § 167.3, 161.8, 157.7, 155.7, 136.1, 136.0, 135.0, 128.7, 128.5
(two peaks), 128.2(three peaks) 128.0, 124.2, 67.4, 67.3, 54.4, 43.1.

TLC: Ry= 0.3 (2:1 hexanes:acetone)

Compound SI-36

o
(\N J\/\(CONHPI
Csz\) NHBoc
benzyl (S)-4-(4-((tert-butoxycarbonyl)amino)-5-((1,3-dioxoisoindolin-2-yl)oxy)-5-

oxopentanoyl)piperazine-1-carboxylate(SI-36)
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Prepared according to general procedure E from SI-5 on 1.0 mmol scale. Purification by
column chromatography (2:1 hexanes:EtOAc) afforded 547 mg (92%) of the title compound
SI-36.

Physical State: white foam.

'"H NMR (600 MHz, CDCl3): 6 7.87 (dd, J = 5.5, 3.1 Hz, 2H), 7.79 (dd, J = 5.5, 3.1 Hz, 2H),
7.39-7.30 (m, 5H), 5.65 (d, /= 7.9 Hz, 1H), 5.15 (s, 2H), 4.77/4.58 (2br, 1H), 3.74-3.38 (m,
8H), 2.73-2.57 (m, 2H), 2.38-2.28 (m, 2H), 1.51/145 (2s, 9H).

I3C NMR (151 MHz, CDCls3): 6 170.2, 169.1, 161.5, 155.1, 154.9, 136.3, 134.8, 128.7, 128.5,
128.1, 128.0, 124.0, 81.5, 80.4, 67.4, 53.1, 51.8, 45.1,43.7, 41.5, 28.6, 28.2, 28.0, 27.5, 26.6.
TLC: Ry=0.2 (2:1 hexanes:acetone)

[a]p*® =—4.4 (¢ = 1.0, CHCl3)

Compound SI-37
CbzN

CONHPI
1-benzyl 3-(1,3-dioxoisoindolin-2-yl) azetidine-1,3-dicarboxylate (SI-37)
Prepared according to general procedure E from 1-((benzyloxy)carbonyl)azetidine-3-
carboxylic acid on 2.0 mmol scale. Purification by column chromatography (3:1
hexanes:EtOAc) afforded 669 mg (88%) of the title compound SI-37.
Physical State: white solid.
m.p.: 107-109 °C.
TH NMR (600 MHz, CDCl3): 6 7.90 (dd, J = 5.4, 3.1 Hz, 2H), 7.81 (dd, J = 5.5, 3.1 Hz, 2H),
7.41-7.29 (m, 5SH), 5.12 (s, 2H), 4.44-4.28 (m, 4H), 3.77 (tt, /= 8.8, 6.1 Hz, 1H).
13C NMR (151 MHz, CDCls): 5 168.8, 161.6, 158.0, 155.9, 136.2, 134.9, 128.7, 128.5, 128.2,
128.0, 124.1, 67.0, 51.4, 30.0 (2C)
TLC: Ry= 0.4 (2:1 hexanes:EtOAc)
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Compound SI-38

Me
Me+q

O, CONHPI
O

MeO

1,3-dioxoisoindolin-2-yl 3-((3aR,4R,6R,6aR)-6-methoxy-2,2-dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)propanoate (SI-38)

Prepared according to general procedure E from 3-((3aR,4R,6R,6aR)-6-methoxy-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)propanoic acid'® on 4.0 mmol scale.
Purification by column chromatography (3:1 hexanes:EtOAc) afforded 1.14 g (73%) of the title
compound SI-38.

Physical State: white solid.

m.p.: 88-90 °C

'"H NMR (600 MHz, CDCl3): 6 7.88 (dd, J = 5.4, 3.1 Hz, 2H), 7.79 (dd, J = 5.5, 3.0 Hz, 2H),
4.98 (s, 1H), 4.63 (d, J=5.9 Hz, 1H), 4.58 (d, /= 5.9 Hz, 1H), 4.25 (t, /= 7.8 Hz, 1H), 3.38
(s, 3H), 2.94-2.83 (m, 1H), 2.78 (dt, J = 16.5, 8.0 Hz, 1H), 2.02 (q, J = 7.7 Hz, 2H), 1.48 (s,
3H), 1.32 (s, 3H).

13C NMR (151 MHz, CDCl): § 169.1, 161.8, 134.7, 128.9, 124.0, 112.5, 109.9, 109.8, 88.6,
88.4, 83.9, 55.3 (two peaks), 30.0, 27.9, 26.5, 25.0.

TLC: Ry=0.2 (4:1 hexanes:EtOAc)

[a]p*® =-10.3 (c = 1.0, CHCl5)

Compound SI-39

o

Cbz

CONHPI

4-benzyl 1-(tert-butyl) 2-(1,3-dioxoisoindolin-2-yl) piperazine-1,2,4-tricarboxylate (SI-39)
Prepared according to general procedure E from 4-((benzyloxy)carbonyl)-1-(tert-

butoxycarbonyl)piperazine-2-carboxylic acid on 2.0 mmol scale. Purification by column

chromatography (3:1 hexanes:EtOAc) afforded 672 mg (66%) of the title compound SI-39.

Physical State: white foam.
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'TH NMR (600 MHz, CDCl3): 6 7.88 (dd, J = 5.9, 3.2 Hz, 2H), 7.79 (dd, J = 6.0, 3.1 Hz, 2H),
7.43-7.26 (m, 5H), 5.41-5.12 (m, 2H), 5.11-4.92 (m, 1H), 4.90-4.60 (m, 1H), 4.30-4.03 (m,
1H), 4.02-3.78 (m, 1H), 3.47-3.22 (m, 2H), 3.15-2.88 (m, 1H), 1.51/1.49 (2s, 9H).

I3C NMR (151 MHz, CDCls): 8 167.0, 161.3, 154.9, 154.5, 136.5, 134.8, 128.9, 128.4, 128.0,
124.0, 82.0, 81.5, 67.6, 53.7, 52.3, 44.0, 42.8, 41.4, 40.1, 28.2, 28.0.

TLC: Ry=0.4 (2:1 hexanes:EtOAc)

Compound SI-40
/—CONHPI
Me
1,3-dioxoisoindolin-2-yl 2-(3-methyl-2-oxopyridin-1(2H)-yl)acetate (SI-40)
Prepared according to general procedure E from 2-(3-methyl-2-oxopyridin-1(2H)-yl)acetic

acid on 1.0 mmol scale. Purification by column chromatography (2:1 hexanes:EtOAc) afforded

243 mg (66%) of the title compound SI-39.

Physical State: white solid.

m.p.: 176-178 °C.

'"H NMR (600 MHz, CDCl3): 6 7.89 (dd, J = 5.4, 2.3 Hz, 1H), 7.79 (dd, J = 5.5, 3.2 Hz, 2H),
7.23 (d, J=6.8 Hz, 1H), 7.19 (d, J = 7.0 Hz, 1H), 6.16 (t, J = 6.8 Hz, 1H), 5.07 (s, 2H), 2.17
(s, 3H).

13C NMR (151 MHz, CDCls): 6 164.7, 162.6, 161.3, 137.4, 134.9, 134.5, 130.4, 128.7, 124.1,
106.4,47.8,17.1.

TLC: Ry=0.2 (2:1 hexanes:EtOAc)

Compound 6-RAE

One step procedure:

Me Me Me Me
NHPI, PhI(OAc)
(o) (o] (o) CH3CN (o) (o} (o)
" .
II)\)\)J\OtBu 74% NHPI MotBu
o o 6-RAE

1,3-dioxoisoindolin-2-yl (4S5,6R)-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxane-
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4-carboxylate (6-RAE).

The following procedure was modified from the literature*’.To a solution of tert-butyl 2-
((4R,65)-6-formyl-2,2-dimethyl-1,3-dioxan-4-yl)acetate (1.29 g, 5.0 mmol, 1.0 equiv.) and
NHPI (927 mg, 6.0 mmol, 1.2 equiv.) in CH3CN (20 ml) was added PhI(OAc) (1.93 g, 6.0
mmol, 1.2 equiv.) at 0 °C under argon, and then the mixture was stirred at 0 °C for 2 h. The
reaction was quenched with saturated aqueous NaHCO3 (20 mL). The resulting mixture was
extracted with CH2Cl> (3 x 20 mL). The combined organic layers were washed with brine (30
mL), dried over anhydrous Na;SOs, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (4:1 hexanes:EtOAc) to

give 6-RAE (1.55 g, 74%).

One pot procedure:

Me  Me Me Me
NaCIOz,_ NaH2P04
o o o] then NHPI, EDCI o o o
_——
('\/'\)Lofsu e NHPl\n)\)\)LOtBu
© O  6RrAE

1,3-dioxoisoindolin-2-yl (45,6 R)-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxane-
4-carboxylate (6-RAE).

To a solution of tert-butyl 2-((4R,6S)-6-formyl-2,2-dimethyl-1,3-dioxan-4-yl)acetate (1.0 g,
3.9 mmol, 1.0 equiv.) in ‘BuOH/H>0 (5 ml/2.5 ml) was added 2-methyl-2-butene (2.1 ml, 19.5
mmol, 5.0 equiv.), NaH,PO4 (1.40 g, 11.7 mmol, 3.0 equiv.) and NaClO; (1.05 g, 11.7 mmol,
3.0 equiv.) at 0 °C. The mixture was stirred at room temperature for 2 h and the solvent of the
mixture was removed under vacuum. At this time, the reaction mixture was dissolved in DCM
(20 ml) and NHPI (694 mg, 4.3 mmol, 1.1 equiv.), EDCI (816 mg, 4.3 mmol, 1.1 equiv.) were
added. The mixture was then stirred at room temperature for 2 h. The reaction was quenched
with 1IN HCI (10 mL). The resulting mixture was extracted with CH>Cl> (3 x 10 mL). The
combined organic layers were washed with brine (2 x 30 mL), dried over anhydrous Na>SOs,
filtered, and concentrated under reduced pressure. The residue was purified by column
chromatography with EtOAc/hexane (3:7) as the eluent to give 6-RAE (1.26 g, 78%).
Physical State: white solid.

m.p.: 116-118 °C.

'"H NMR (600 MHz, CDCl3): 6 7.88 (dd, J = 5.5, 3.1 Hz, 2H), 7.79 (dd, J = 5.5, 3.1 Hz, 2H),
4.94 (dd, J=12.1,2.8 Hz, 1H), 4.46-4.36 (m, 1H), 2.50 (dd, J=15.5, 7.1 Hz, 1H), 2.40 (dd, J
=15.6, 5.8 Hz, 1H), 2.13 (dt, J = 12.8, 2.6 Hz, 1H), 1.79 (q, J = 12.2 Hz, 1H), 1.53 (s, 3H),
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1.48 (s, 3H), 1.45 (s, 9H).

13C NMR (151 MHz, CDCls): 6 169.7, 167.0, 161.5, 134.8, 128.8, 124.0, 100.0, 81.0, 67.4,
65.6,42.2,33.0, 29.6, 28.1, 19.3.

TLC: Rr= 0.4 (7:3 hexanes:EtOAc)

[a]p?® =+16.2 (¢ = 1.0, CHCl3)

Compound SI-41
1,3-dioxoisoindolin-2-yl (E)-hex-4-enoate (SI-41)
FE(NO3)3L 02

then NHPI, DIC o
60% NHPI
Sl-41

To a solution of (E)-hex-4-en-1-ol (1 g, 10 mmol, 1.0 equiv.) in DCE (40 mL) was added
Fe(NO3)3-9H>0 (404 mg, 1 mmol, 0.1 equiv.), TEMPO (155 mg, 1 mmol, 0.1 equiv.), KCI (75

mg, 1 mmol, 0.1 equiv.), and sequentially under the atmosphere of oxygen from a gas bag. The
mixture was then stirred at room temperature for 12 h. At this time, the crude reaction mixture
was added N-hydroxyphthalimide (1.8 g, 11 mmol, 1.1 equiv.) and DIC (1.7 mL, 11 mmol, 1.1
equiv.). After stirred at room temperature for further 2 hours, the mixture was filtered through
a pad of Celite, washed with dichloromethane. The solution was then concentrated in vacuum
and purified by flash column chromatography on silica gel (10:1 hexanes: EtOAc) to give the
title compound SI-41 1.6g (60%).

Physical State: white solid.

m.p.: 75-77 °C

'TH NMR (600 MHz, CDCl3): & 7.89-7.86 (m, 2H), 7.80-7.76 (m, 2H), 5.63-5.54 (m, 1H),
5.52-5.44 (m, 1H), 2.72 (t,J= 7.4 Hz, 2H), 2.50-2.41 (m, 2H), 1.68 (d, /= 6.3 Hz, 3H).

13C NMR (151 MHz, CDCl): § 169.1, 161.9, 134.7, 128.9, 127.7, 127.5, 123.9, 31.1, 27.51,
17.9.

TLC: Rr= 0.3 (6:1 hexanes:EtOAc)

Compound 50

C12H25\/\/\"/NHP|

(o)

1,3-dioxoisoindolin-2-yl (E)-heptadec-4-enoate (50)
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Prepared according to general procedure E from SI-12

Physical State: faint yellow solid.

m.p.: 48-50 °C.

'TH NMR (500 MHz, CDCl3): 5 7.94-7.84 (m, 2H), 7.82-7.71 (m, 2H), 5.56 (dt, J = 14.2, 6.7
Hz, 1H), 5.46 (dt, J=14.8, 6.5 Hz, 1H), 2.72 (t,J= 7.5 Hz, 2H), 2.46 (q, J= 7.2 Hz, 2H), 2.01
(q,J=7.1 Hz, 2H), 1.44-1.13 (m, 20H), 0.88 (t, /= 6.8 Hz, 3H).

I3C NMR (126 MHz, CDCls): 6 169.1, 161.9, 134.7, 133.1, 129.0, 126.4, 123.9, 32.5, 31.9,
31.2,29.7,29.6 (2C), 29.5,29.4,29.3,29.2,27.5,22.7, 14.1.

TLC: Ry= 0.3 (6:1 hexanes:EtOAc)

(o}
HO ‘“\”\OM 2,2,3,3-tetramethoxybutane MeO \\ NaOH NHPI
j e BF;OEt, DCM j ) PITU j
|-||;| 80% MeO‘\ 77% in 2 steps o™

Cbz
Sl-42 63

Compound SI-42

(o]
Me
Meo\’:o ‘\\”\
j‘ OMe
Meo™ >N
Me |
Chz

4-benzyl 2-methyl (25,5R,65)-5,6-dimethoxy-5,6-dimethylmorpholine-2,4-dicarboxylate
(S1-42)

To a solution of methyl (S)-3-(((benzyloxy)carbonyl)amino)-2-hydroxypropanoate° (1.01 g, 4
mmol, 1.0 equiv.) in DCM (12 mL) was added 2,2,3,3-tetramethoxybutane (3.56 g, 20 mmol,
5.0 equiv.) and BF3+OEt; (56 pL, 0.48 mol), at room temperature. After 4 h, triethylamine (0.3
mL) was added to quench the reaction and the resulting solution was stirred for 1 h. The
solution was then diluted with CH>Cl, (50 mL), washed with saturated NaHCO3 (50 mL), brine
(50 mL), dried over anhydrous Na>SOs, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel with EtOAc/hexane (1:4)
as the eluent to give SI-42 1.18 g (80%).

Physical State: colorless oil.

TH NMR (600 MHz, CDCl3): 8 7.39-7.29 (m, 5H), 5.22-5.07 (m, 2H), 4.44 (dd, J=11.5,3.2
Hz, 1H), 4.22 (dd, J=13.5, 3.2 Hz, 1H), 3.75 (s, 3H), 3.33 (dd, J=13.5, 11.5 Hz, 1H), 3.25 (s,
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3H), 3.18 (s, 3H), 1.71 (s, 3H), 1.40 (s, 3H).

I3C NMR (151 MHz, CDCls): 6 169.5, 156.1, 136.5, 128.5, 127.9, 127.7, 101.4, 90.1, 67.6,
67.1,52.2,48.5,48.4,42.3,18.9, 17.7.

HRMS (ESI-TOF): calc’d for Ci1sH2sNO7Na [M+Na]": 390.1529, found 390.1537.

TLC: Rr=0.2 (4:1 hexanes:EtOAc)

[a]p?® = +46.0 (c = 0.8, CHCl3)

Compound 63

o)
Me
Meo\lioj\JLNle
MeO“ [N

Me |
Chz

4-benzyl 2-(1,3-dioxoisoindolin-2-yl) (25,5R,6S5)-5,6-dimethoxy-5,6-dimethylmorpholine-
2,4-dicarboxylate (63)

To a solution of SI-42 (734 mg, 2 mmol) in MeOH (6 mL) was 2M NaOH (2 mL) and the
mixture was then stirred at room temperature for 12 h. 1 N HCI (1.8 mL) was added, and the
solvent of the mixture was removed under vacuum. At this time, the reaction mixture was
dissolved in CH3CN (10 ml) and PITU (1.22 g, 3.0 mmol, 1.5 equiv.), DIPEA (0.18 mL, 1.0
mmol, 1.5 equiv.) were added. The mixture was then stirred at room temperature for 4 h. The
mixture was filtered over Celite® and rinsed with additional CH>Cl, (10 ml) and Et2O (10 ml).
The solvent was removed under reduced pressure, and and purification by column
chromatography with EtOAc/hexane (1:2) as the eluent to give 63 767 mg (77%).

Physical State: white solid.

m.p.: 53-55 °C.

TH NMR (600 MHz, CDCl3): & 7.89 (dt, J = 5.5, 2.5 Hz, 2H), 7.80 (ddd, J= 5.5, 3.1, 1.6 Hz,
2H), 7.41-7.29 (m, 5H), 5.30-5.08 (m, 2H), 4.86 (dd, J=11.1, 3.1 Hz, 1H), 4.40 (dd, J=13.4,
3.1 Hz, 1H), 3.59 (dd, J = 13.4, 11.2 Hz, 1H), 3.29 (s, 3H), 3.22 (s, 3H), 1.73 (s, 3H), 1.42 (s,
3H).

I3C NMR (151 MHz, CDCl3): §165.6,161.4,156.1, 136.4, 134.8, 128.8, 128.5, 128.0, 127.8,
124.0, 101.8, 90.3, 67.3, 66.4, 48.8, 48.7, 42.4, 19.0, 17.6.

TLC: Ry=0.3 (2:1 hexanes:EtOAc)

[a]p?® = +58.5 (¢ = 1.0, CHCl3)
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Compound SI-43
BnO,C CONHPI

NHCbz
1-benzyl 5-(1,3-dioxoisoindolin-2-yl) ((benzyloxy)carbonyl)-D-glutamate (SI-43)
Prepared according to general procedure E from (R)-5-(benzyloxy)-4-
(((benzyloxy)carbonyl)amino)-5-oxopentanoic acid on 5.0 mmol scale. Purification by column
chromatography (4:1 hexanes:EtOAc) afforded 2.17 g (84%) of the title compound SI-43.
Physical State: white foam.
TH NMR (500 MHz, CDCls): 5 7.86 (dd, J = 5.5, 3.0 Hz, 2H), 7.78 (dt, J = 5.5, 2.6 Hz, 2H),
7.41-7.27 (m, 10H), 5.67-5.52 (m, 1H), 5.20 (s, 2H), 5.13 (s, 2H), 4.74—4.33 (m, 1H), 2.88—
2.58 (m, 2H), 2.46-2.33 (m, 1H), 2.27-2.09 (m, 1H).
13C NMR (126 MHz, CDCl3): 6 171.1, 168.7, 161.7, 155.9, 136.0, 134.9, 134.7, 128.8,
128.6 (2C), 128.5, 128.3, 128.1 (2C), 123.9, 67.6, 67.2, 53.1, 27.5, 27.2.
TLC: Rr= 0.3 (3:1 hexanes:EtOAc)
[a]p? =—4.4 (c = 1.0, CHCl5)

Compound 68

Me Z NHPI

X (0]
1,3-dioxoisoindolin-2-yl (4Z,7Z)-deca-4,7-dienoate (68)
Prepared according to general procedure E from SI-11 on 1.2 mmol scale. Purification by
column chromatography (10:1 hexanes:EtOAc) afforded 289 mg (77%) of the title compound
68.
Physical State: colorless oil
TH NMR (500 MHz, CDCl): & 7.91-7.85 (m, 2H), 7.83-7.75 (m, 2H), 5.54-5.37 (m, 3H),
5.34-5.26 (m, 1H), 2.83 (td, J= 7.2, 1.7 Hz, 2H), 2.73 (t, J = 7.5 Hz, 2H), 2.58-2.47 (m, 2H),
2.13-2.01 (m, 2H), 0.97 (t,J= 7.5 Hz, 3H).
13C NMR (126 MHz, CDCl3): 6 169.0, 161.9, 134.7, 132.3, 130.7, 128.9, 126.6, 126.2,
123.9,31.0, 25.5, 22.4, 20.5, 14.2.
TLC: Rr= 0.3 (6:1 hexanes:EtOAc)
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Experimental Procedures and Characterization Data for Doubly

Decarboxylative Coupling Product
Compound 10

()

Methyl (S)-2-((((benzyloxy)carbonyl)amino)methyl)pyrrolidine-1-carboxylate (10).
Following the general procedure A (with L2) on 0.1 mmol scale RAE 8 with RAE 49 (3.0
equiv). Purification by PTLC (3:1 hexanes:EtOAc) afforded 19.5 mg (67%) of the title
compound 10.

Physical State: colorless oil.

'"H NMR (600 MHz, CDCl3): § 7.39-7.27 (m, 5H), 5.92/4.94 (2br, 1H), 5.09 (s, 2H), 4.03—
3.86 (m, 1H), 3.69 (s, 3H), 3.52-3.08 (m, 4H), 2.02—1.69 (m, 4H).

13C NMR (151 MHz, CDCl3): § 157.0, 156.7, 136.8, 128.4, 128.1, 127.9, 66.8, 66.5, 57.7,
57.0,52.5,46.9, 45.6, 44.0, 29.2, 23.9, 23.0.

HRMS (ESI-TOF): calc’d for C1sH21N204 [M+H]": 293.1501, found 293.1510.

TLC: Rr= 0.3 (3:1 hexanes:EtOAc)

Compound 12-(6R)
Me  Me
o

Ph/\/\)\/'\)l\O‘Bu

Tert-butyl 2-((4R,6R)-2,2-dimethyl-6-(4-phenylbutyl)-1,3-dioxan-4-yl)acetate (12-(6R)).
Following the General Procedure C (with terpyridine) on 0.1 mmol scale 6-RAE with RAE
11 (3.0 equiv). Purification by PTLC (16:1 hexanes:EtOAc) afforded 24.6 mg (68%) of the title
compound 12-(6R).

Physical State: colorless oil.

'TH NMR (600 MHz, CDCl3): 6 7.31-7.23 (m, 2H), 7.20-7.14 (m, 3H), 4.31-4.17 (m, 1H),
3.86-3.78 (m, 1H), 2.61 (t,J=12.0 Hz, 2H), 2.43 (dd, J=15.1, 7.0 Hz, 1H), 2.29 (dd, J=15.1,
6.2 Hz, 1H), 1.68-1.49 (m, 4H), 1.45 (s, 9H), 1.44 (s, 3H), 1.43-1.38 (m, 3H), 1.37 (s, 3H),
1.15 (dt,J=12.7, 11.5 Hz, 1H).

I3C NMR (151 MHz, CDCl3): § 170.4, 142.6, 128.4, 128.2, 125.6, 98.6, 80.5, 68.8, 66.3, 42.8,
36.5,36.2,35.9,31.4,30.1, 28.1, 24.6, 19.7.
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HRMS (ESI-TOF): calc’d for C2xH3404Na [M+Na]": 385.2355, found 385.2352.
TLC: Ry=0.3 (16:1 hexanes:EtOAc)
[a]p? =+3.4 (¢ = 1.0, CHCl5)

Compound 12-(6S5)
Me, Me
(o]

Ph/\/\/\/'\)l\O‘Bu

Tert-butyl 2-((4R,6S5)-2,2-dimethyl-6-(4-phenylbutyl)-1,3-dioxan-4-yl)acetate (12-(6S5)).
Following the general procedure C (without ligand) on 0.1 mmol scale 6-RAE with RAE 11
(3.0 equiv). Purification by PTLC (16:1 hexanes:EtOAc) afforded 19.5 mg (54%) of the title
compound 12-(6.S).

Physical State: colorless oil.

"H NMR (600 MHz, CDCl3): § 7.31-7.24 (m, 2H), 7.21-7.08 (m, 3H), 4.33-4.12 (m, 1H),
3.83-3.63 (m, 1H), 2.61 (t,J=12.0 Hz, 2H), 2.41 (dd, J=15.0, 8.2 Hz, 1H), 2.35 (dd, /= 15.0,
5.5 Hz, 1H), 1.67-1.52 (m, 4H), 1.50-1.40 (m, 12H), 1.39-1.33 (m, 4H), 1.32 (s, 3H).

13C NMR (151 MHz, CDCl3): § 170.3, 142.6, 128.3, 128.2, 125.6, 100.4, 80.5, 66.4, 63.8,
42.3,38.0, 35.9, 35.6, 31.4, 28.1, 25.0, 24.8, 24.5.

HRMS (ESI-TOF): calc’d for C2,H3404Na [M+H]": 385.2355 , found 385.2343.

TLC: Ry=0.3 (16:1 hexanes:EtOAc)

[a]p?® = +23.5 (¢ = 1.0, CHCl3)

Compound 13
Me
1-((1-(benzyloxy)propan-2-yl)oxy)-3-chlorobenzene (13).
Following the general procedure A (with L1) on 0.1 mmol scale RAE SI-13 with RAE 49
(3.0 equiv). Purification by PTLC (20:1 hexanes:EtOAc) afforded 20.7 mg (75%) of the title

compound 13.

Physical State: colorless oil.
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'TH NMR (600 MHz, CDCls): § 7.38-7.27 (m, 5H), 7.18 (t, J = 8.1 Hz, 1H), 6.94 (t, J = 2.2
Hz, 1H), 6.92 (ddd, /J=7.9, 2.1, 0.9 Hz, 1H), 6.82 (ddd, J= 8.4, 2.5, 0.9 Hz, 1H), 4.59 (s, 2H),
4.58-4.52 (m, 1H), 3.65 (dd, J=10.2, 5.9 Hz, 1H), 3.56 (dd, J=10.2, 4.5 Hz, 1H), 1.33 (d, J
= 6.3 Hz, 3H).

13C NMR (151 MHz, CDCl3): § 158.7, 138.0, 134.8, 130.2, 128.4, 127.7, 127.6, 121.0, 116 4,
114.3,73.6,73.4, 73.1, 17.0.

TLC: Ry= 0.4 (20:1 hexanes:EtOAc)

Compound 14

o

2-((benzyloxy)methyl)tetrahydrofuran (14).

Following the general procedure A (with L2) on 0.1 mmol scale RAE SI-15 with RAE 49
(3.0 equiv). Purification by PTLC (16:1 hexanes:EtOAc) afforded 13.1 mg (68%) of the title
compound 14.

Physical State: colorless oil.

'TH NMR (600 MHz, CDCls): & 7.37-7.31 (m, 4H), 7.30-7.26 (m, 1H), 4.61 (d, J = 12.2 Hz,
1H), 4.56 (d,J=12.2 Hz, 1H), 4.14-4.04 (m, 1H), 3.89 (dt, /= 8.4, 6.5 Hz, 1H), 3.84-3.74 (m,
1H), 3.51-3.44 (m, 2H), 1.99-1.82 (m, 3H), 1.68-1.61 (m, 1H).

13C NMR (151 MHz, CDCls): 6 138.3, 128.3, 127.7, 127.5,77.9, 73.3, 72.7, 68.3, 28.1, 25.6.
HRMS (ESI-TOF): calc’d for C12Hi60>Na [M+Na]™: 215.1048, found 215.1051.

TLC: Ry= 0.3 (16:1 hexanes:EtOAc)

Compound 15
Me><
Me

Methyl (4S5,5R)-5-((benzyloxy)methyl)-2,2-dimethyl-1,3-dioxolane-4-carboxylate.

,,, ~CO2Me

OBn

Following the general procedure A (without ligand) on 0.1 mmol scale RAE SI-16 with RAE
49 (3.0 equiv). Purification by flash column chromatography on silica gel (10:1 hexanes:EtOAc)
afforded 16.9 mg (60%) of the title compound 15. (The reacton was also examined by in situ

generated RAE, 51% yield in 1 mmol scale) The spectroscopic data matched the literature®®.
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Physical State: colorless oil.

TH NMR (600 MHz, CDCl3): § 7.35 (d, ] = 4.4 Hz, 4H), 7.29 (ddd, J = 8.7, 4.9, 3.9 Hz, 1H),
4.67-4.59 (m, 2H), 4.40 (d, J = 7.6 Hz, 1H), 4.36 (ddd, J = 7.8, 5.3, 3.2 Hz, 1H), 3.79-3.75 (m,
4H), 3.68 (dd, J =10.7, 5.3 Hz, 1H), 1.49 (s, 3H), 1.46 (s, 3H).

13C NMR (151 MHz, CDCls): 6 171.1, 137.8, 128.4, 127.7 (2C), 111.7, 78.3, 75.6, 73.6, 69.8,
52.4,26.9,25.7.

GC/MS (ED: m/z 280 (1%), 265 (11%), 159 (3%), 117 (12%), 91 (100%).

TLC: Ry=0.35 (10:1 hexanes:EtOAc)

[a]p?® = 19.1 (c = 0.67, CHCl;) (lit. [o]p?! = 19.0 (¢ = 1.3, CHCl5))

Compound 17

o

Methyl 2-((benzyloxy)methyl)pyrrolidine-1-carboxylate (17).

Following the general procedure A (with L2) on 0.1 mmol scale RAE 8 with RAE 49 (3.0
equiv). Purification by PTLC (85:15 hexanes:acetone) afforded 16.9 mg (68%) of the title
compound 17.

Physical State: colorless oil.

'"H NMR (600 MHz, CDCls): § 7.40-7.26 (m, 5H), 4.54 (d, J=12.0 Hz, 1H), 4.50 (d, J=12.1
Hz, 1H), 4.16-3.89 (m, 1H), 3.67 (s, 3H), 3.67-3.22 (m, 4H), 2.08-1.72 (m, 4H).

13C NMR (151 MHz, CDCl): 8 155.6, 138.5, 128.3, 127.5, 73.2, 70.9, 70.5, 57.1, 56.4, 52.2,
46.9, 46.6, 28.8, 28.0, 23.9, 22.9.

HRMS (ESI-TOF): calc’d for C14H20NOs [M+H]": 250.1443, found 250.1453.

TLC: Ry=0.4 (4:1 hexanes: EtOAc)

Compound 18
Ph/\(\

Tert-butyl-(1-(benzyloxy)-3-phenylpropan-2-yl)carbamate (18).
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Following the general procedure A (with L2) on 0.1 mmol scale RAE SI-17 with RAE 49
(3.0 equiv). Purification by PTLC (6:1 hexanes:EtOAc) afforded 23.2 mg (68%) of the title
compound 18.

Physical State: colorless oil.

'TH NMR (600 MHz, CDCls): 6 7.40-7.29 (m, 5H), 7.28-7.23 (m, 2H), 7.23-7.15 (m, 3H),
4.89 (br, 1H), 4.52 (d,J=11.8 Hz, 1H), 4.47 (d, /= 11.8 Hz, 1H), 3.96 (br, 1H), 3.45-3.35 (m,
2H), 2.96-2.82 (m, 2H), 1.42 (s, 9H).

I3C NMR (151 MHz, CDCl3): § 155.3, 138.2, 138.1, 129.4, 128.4, 128.3, 127.7, 126.3, 79.2,
73.2,70.1, 51.6, 37.9, 28.4.

HRMS (ESI-TOF): calc’d for C21H27NO3Na [M+Na]": 364.1889, found 364.1897.

TLC: Rr= 0.3 (6:1 hexanes:EtOAc)

Compound 19

{ NHCbz

Benzyl tert-butyl (5-(benzyloxy)pentane-1,4-diyl)dicarbamate (19).

Following the general procedure A (with L2) on 0.1 mmol scale RAE SI-32 with RAE 49
(3.0 equiv). Purification by PTLC 0.3 (3:1 hexanes:EtOAc) afforded 25.6 mg (58%) of the title
compound 19.

Physical State: colorless oil.

TH NMR (600 MHz, CDCl3): § 7.39-7.27 (m, 10H), 5.09 (s, 2H), 4.88 (br, 1H), 4.76 (d, J =
9.3 Hz, 1H), 4.52 (d,J=12.0 Hz, 1H), 4.47 (d, /= 12.0 Hz, 1H), 3.73 (br, 1H), 3.50-3.38 (m,
2H), 3.26-3.14 (m, 2H), 1.61-1.47 (m, 4H), 1.43 (s, 9H).

13C NMR (151 MHz, CDCls): 8 156.4, 155.7, 138.0, 136.6, 128.5, 128.4, 128.1, 128.0, 127.7,
127.6,79.3, 73.2, 71.9, 66.6, 50.0, 40.9, 29.5, 28.4, 26.5.

HRMS (ESI-TOF): calc’d for C2sH3sN>Os [M+H]": 443.2546, found 443.2545.

TLC: Ry= 0.3 (3:1 hexanes:EtOAc)
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Compound 21

Loy

/
Boc

Tert-butyl-3-(3-(((benzyloxy)carbonyl)amino)-2-((fert-butoxycarbonyl)amino)propyl)-
1H-indole-1-carboxylate (21).

Following the general procedure A (with L2) on 0.1 mmol scale RAE SI-18 with RAE 9 (3.0
equiv). Purification by PTLC (3:1 hexanes:EtOAc) afforded 32.4 mg (62%) of the title
compound 21.

Physical State: colorless oil.

'"H NMR (600 MHz, CDCl3): § 8.13 (br, 1H), 7.58 (d, J = 7.7 Hz, 1H), 7.47-7.40 (m, 1H),
7.39-7.29 (m, 6H), 7.26-7.23 (m, 1H), 5.21-4.99 (m, 3H), 4.85 (br, 1H), 4.02 (br, 1H), 3.38
(d, J=13.9 Hz, 1H), 3.26 (br, 1H), 2.96 (br, 1H), 2.84 (dd, J=14.6, 7.2 Hz, 1H), 1.66 (s, 9H),
1.41 (s, 9H).

13C NMR (151 MHz, CDCls): & 157.0, 155.9, 149.6, 136.4, 135.5, 130.4, 128.5, 128.1 (2C),
124.5, 123.8, 122.6, 119.1, 116.2, 115.3, 83.6, 79.6, 66.9, 51.2, 44.6, 28.3, 28.2.

HRMS (ESI-TOF): calc’d for C20H3sN306 [M+H]": 524.2761, found 524.2756.

TLC: Ry= 0.4 (3:1 hexanes:EtOAc)

Compound 22

S
T
Benzyl tert-butyl (3-(thiophen-2-yl)propane-1,2-diyl)dicarbamate (22).
Following the general procedure A (with L2) on 0.1 mmol scale RAE SI-19 with RAE 9 (3.0
equiv). Purification by PTLC (3:1 hexanes:EtOAc) afforded 21.8 mg (56%) of the title
compound 22.
Physical State: colorless oil.
'"H NMR (600 MHz, CDCl3): § 7.39-7.28 (m, 5H), 7.16 (dd, J = 5.1, 1.2 Hz, 1H), 6.96-6.91
(m, 1H), 6.84 (d, J = 3.4 Hz, 1H), 5.23-4.97 (m, 3H), 4.83 (br, 1H), 3.90 (br, 1H), 3.45-3.28
(m, 1H), 3.25 (br, 1H), 3.10-2.96 (m, 2H), 1.42 (s, 9H).
13C NMR (151 MHz, CDCls): & 157.0, 155.8, 139.1, 136.4, 128.5, 128.1 (2C), 127.0, 126.2,
124.3,79.7, 66.9, 52.2, 44.3, 32.6, 28.3.
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HRMS (ESI-TOF): calc’d for C20H26N204SNa [M+Na]": 413.1511, found 413.1514.
TLC: Rr=0.4 (3:1 hexanes:EtOAc)

Compound 23
CszN/Y\

Dibenzyl tert-butyl propane-1,2,3-triyltricarbamate (23).

Following the general procedure A (with L2) on 0.1 mmol scale RAE SI-35 with RAE SI-20
(3.0 equiv). Purification by PTLC (3:1 hexanes:acetone) afforded 19.2 mg (42%) of the title
compound 23.

Physical State: colorless oil.

'"H NMR (600 MHz, CDCls): 6 7.43-7.30 (m, 10H), 5.80 (br, 1H), 5.64 (br, 1H), 5.23-4.96
(m, 5H), 3.74-3.61 (m, 1H), 3.52-3.42 (m, 1H), 3.41-3.31 (m, 1H), 3.31-3.15 (m, 2H).1.45 (s,
9H).

13C NMR (151 MHz, CDCh): & 157.6, 157.2, 156.4, 136.4, 136.3, 128.5 (2C), 128.2, 128.1
(20), 80.0, 67.0, 66.7, 53.2, 41.5, 40.8, 28.3.

HRMS (ESI-TOF): calc’d for C24H31N306Na [M+Na]": 480.2111, found 480.2115.

TLC: Rr= 0.3 (3:1 hexanes:acetone)

Compound 24
o]

N

N
ChzN. ]

Benzyl 4-(4,5-bis((tert-butoxycarbonyl)amino)pentanoyl)piperazine-1-carboxylate (24).
Following the general procedure A (with L.2) on 0.1 mmol scale RAE SI-36 with RAE SI-20
(3.0 equiv). Purification by PTLC (3:1 hexanes:acetone) afforded 25.1 mg (47%) of the title
compound 24.

Physical State: colorless oil.

'TH NMR (600 MHz, CDCls): § 7.41-7.29 (m, 5H), 5.15 (s, 2H), 4.88 (br, 2H), 3.67-3.55 (m,
3H), 3.56-3.38 (m, 6H), 3.25-3.10 (m, 2H), 2.53-2.31 (m, 2H), 1.86 (dtt,J=13.8, 6.6, 3.5 Hz,
1H), 1.78-1.64 (m, 1H), 1.43 (s, 9H), 1.41 (s, 9H).

13C NMR (151 MHz, CDCl): § 171.1, 156.6, 156.4, 155.1, 136.3, 128.6, 128.2, 128.0, 79.5,
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79.3,67.5,51.5,45.2,44.6,43.7,41.5, 29.6, 28.4, 27.9.
HRMS (ESI-TOF): calc’d for C27H43N407 [M+H]": 535.3132, found 535.3146.
TLC: Rr=0.2 (3:1 hexanes:acetone)

Compound 25

O=C

1'-benzyl 1-(tert-butyl) [2,3'-biazetidine]-1,1'-dicarboxylate (25).

Following the general procedure A (with L2) on 0.1 mmol scale RAE SI-21 with RAE SI-37
(3.0 equiv). Purification by PTLC (3:1 hexanes:EtOAc) afforded 14.9 mg (43%) of the title
compound 25.

Physical State: colorless oil.

'TH NMR (600 MHz, CDCl3): § 7.37-7.27 (m, 5H), 5.08 (s, 2H), 4.39 (dt, J= 8.6, 6.4 Hz, 1H),
4.07 (t,J=8.6 Hz, 1H), 4.03 (t, /= 8.8 Hz, 1H), 3.96-3.82 (m, 3H), 3.77 (td, /= 9.0, 5.4 Hz,
1H), 3.02-2.76 (m, 1H), 2.28 (ddt, J=12.2, 8.9, 3.8 Hz, 1H), 1.94-1.83 (m, 1H), 1.42 (s, 9H).
13C NMR (151 MHz, CDCl3): § 156.6, 156.3, 136.7, 128.4, 127.9, 127.9, 79.8, 66.5, 62.8,
52.1,50.5,49.9, 46.1, 33.0, 28.3, 18.8.

HRMS (ESI-TOF): calc’d for C19H26N20OsNa [M+Na]": 369.1790, found 369.1798.

TLC: Ry=0.3 (3:1 hexanes:EtOAc)

Compound 26

Me
Me
(0]
(0]
OIn
Me '
Mexo\\'(i/\

Benzyl (2-((3aR,5R,5a5,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-SH-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)ethyl)carbamate (26).

Following the general procedure A (with 1) on 0.1 mmol scale RAE SI-22 with RAE SI-23
(3.0 equiv). Purification by PTLC (3:1 hexanes:EtOAc) afforded 21.6 mg (53%) of the title
compound 26.

Physical State: colorless oil.

74



'"H NMR (600 MHz, CDCl3): § 7.39-7.28 (m, 5H), 5.51 (d, J = 4.8 Hz, 1H), 5.16-5.04 (m,
3H),4.58 (d,J="7.7 Hz, 1H), 4.29 (dd, J=5.4,2.5 Hz, 1H), 4.11 (d,J= 7.9 Hz, 1H), 3.81 (dd,
J=9.7,3.7 Hz, 1H), 3.44-3.36 (m, 1H), 3.35-3.26 (m, 1H), 1.95-1.69 (m, 2H), 1.47 (s, 3H),
1.44 (s, 3H), 1.33 (s, 3H), 1.31 (s, 3H).

13C NMR (151 MHz, CDCl) 6 156.4, 136.7, 128.4, 128.1, 128.0, 109.2, 108.4, 96.5, 72.8,
70.9, 70.4, 66.5, 65.5, 37.9, 29.4, 26.0, 25.9, 24.9, 24.3.

HRMS (ESI-TOF): calc’d for C21H30NO7 [M+H]": 408.2022, found 408.2028.

TLC: Rr= 0.3 (3:1 hexanes:EtOAc)

[a]p?® =-20.0 (c = 0.4, CHCl5)

Compound 27
O’MkeMe

Mexo..,(k/(o/ O\#eMe
Me” g l,,,é/o

ome
(3aR,5R,5a8,8aS,8bR)-5-(2-((3aR,4R,6R,6aR)-6-methoxy-2,2dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)ethyl)-2,2,7,7-tetramethyltetrahydro-SH-bis([1,3]dioxolo)[4,5-b:4',5'-
d]pyran (27).
Following the general procedure A (with L.1) on 0.1 mmol scale RAE SI-22 with RAE SI-
38 (3.0 equiv). Purification by PTLC (6:1 hexanes:EtOAc) afforded 26.2 mg (61%) of the
title compound 27.
Physical State: white solid
m.p.: 94-96 °C.
'"H NMR (600 MHz, CDCls): 6 5.52 (d, J=5.1 Hz, 1H), 4.93 (s, 1H), 4.60-4.57 (m, 2H), 4.54
(dd, /=6.0, 1.1 Hz, 1H), 4.29 (dd, J= 5.1, 2.3 Hz, 1H), 4.21 (ddd, /= 9.5, 5.5, 1.0 Hz, 1H),
4.12(dd,J=7.9, 1.9 Hz, 1H), 3.76 (ddd, J=9.1, 4.5, 1.8 Hz, 1H), 3.34 (s, 3H), 1.89—1.80 (m,
1H), 1.78-1.69 (m, 1H), 1.68-1.57 (m, 2H), 1.51 (s, 3H), 1.46 (s, 3H), 1.45 (s, 3H), 1.34 (s,
3H), 1.32 (s, 3H), 1.30 (s, 3H).
13C NMR (151 MHz, CDCls):  112.1, 109.5, 109.0, 108.3, 96.6, 86.4, 85.6, 84.2, 72.8, 71.0,
70.5, 66.3, 55.0, 30.5, 26.5, 26.4, 26.0 (2C), 25.1, 24.9, 24.5.
HRMS (ESI-TOF): calc’d for C21H3409Na [M+Na]": 453.2101, found 453.2105.
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TLC: Ry=0.2 (6:1 hexanes:EtOAc)
[a]p?® =-53.2 (c = 1.0, CHCl5)

Compound 28

CO,Me

_Ncebz

4-benzyl 1-(tert-butyl) 2-(3-methoxy-3-oxopropyl)piperazine-1,4-dicarboxylate (28).
Following the general procedure A (with L2) on 0.1 mmol scale RAE SI-39 with RAE SI-24
(3.0 equiv). Purification by PTLC (4:1 hexanes:EtOAc) afforded 13.8 mg (34%) of the title
compound 28.

Physical State: colorless oil.

'"H NMR (600 MHz, CDCls): § 7.41-7.29 (m, 5H), 5.16 (d, J=12.6 Hz, 1H), 5.12 (d, J=12.5
Hz, 1H), 4.36-3.81 (m, 4H), 3.66 (s, 3H), 3.16-2.67 (m, 3H), 2.42-2.15 (m, 2H), 2.04—1.88
(m, 1H), 1.87-1.68 (m, 1H), 1.45 (s, 9H).

13C NMR (151 MHz, CDCls): 6 173.3, 155.5, 154.5, 136.4, 128.5, 128.1, 128.0, 80.3, 67.4,
51.6,50.4,49.6, 46.8,46.4, 43.7,43.5, 38.8, 37.6, 30.3, 28.3, 24.1.

HRMS (ESI-TOF): calc’d for C21H31N206 [M+H]": 407.2182, found 407.2180.

TLC: Rr= 0.3 (4:1 hexanes:EtOAc)

Compound 29

</;2=o

Me
3-methyl-1-(5-phenylpentyl)pyridin-2(1H)-one (29).
Following the general procedure A (with L2) on 0.1 mmol scale RAE SI-40 with RAE 11
(3.0 equiv). Purification by PTLC (3:1 hexanes:EtOAc) afforded 10.2 mg (40%) of the title
compound 29.

Physical State: colorless oil.
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'TH NMR (600 MHz, CDCl3): 8 7.26 (t,J = 7.5 Hz, 2H), 7.19-7.13 (m, 4H), 7.08 (dd, /= 6.9,
1.9 Hz, 1H), 6.05 (t, J= 6.7 Hz, 1H), 3.90 (t,J="7.2 Hz, 2H), 2.61 (t,J=7.7 Hz, 2H), 2.14 (s,
3H), 1.77 (p, J = 7.6 Hz, 2H), 1.66 (p, J = 7.7 Hz, 2H), 1.39 (p, J = 7.8 Hz, 2H).

13C NMR (151 MHz, CDCl): § 162.8, 142.3, 136.4, 134.8, 129.9, 128.3, 128.2, 125.7, 105 4,
50.0, 35.7, 31.0, 29.0, 26.3, 17.2.

HRMS (ESI-TOF): calc’d for C17H2iNONa [M+H]": 278.1521, found 278.1526.

TLC: Ry=0.2 (3:1 hexanes:EtOAc)

Compound 30

Br

Me
Tert-butyl  2-(2-(4-bromo-1-methyl-1H-pyrrolo[2,3-b]pyridin-2-yl)ethyl)pyrrolidine-1-
carboxylate (30).
Following the general procedure A (with L2) on 0.1 mmol scale RAE derived from 3-(4-
bromo-1-methyl-1H-pyrrolo[2,3-b]pyridin-2-yl)propanoic acid with RAE SI-25 (3.0 equiv).
Purification by PTLC (3:1 hexanes:acetone) afforded 15.0 mg (37%) of the title compound 30.
Physical State: colorless oil.
'TH NMR (600 MHz, CDCl3): & 8.03 (d, J = 5.2 Hz, 1H), 7.21-7.16 (m, 1H), 6.26 (s, 1H),
4.09-3.87 (m, 1H), 3.79 (s, 3H), 3.55-3.30 (m, 2H), 2.86-2.68 (m, 2H), 2.30-2.09 (m, 1H),
2.08-1.98 (m, 1H), 1.97-1.67 (m, 4H), 1.45 (s, 9H).
I3C NMR (151 MHz, CDCl3): 5 154.7, 148.2, 142.8, 142.3, 141.6, 141.4, 123.6, 122.0, 118.8,
118.6, 96.8, 79.4, 79.1, 56.9 , 56.7 , 46.6, 46.2, 33.0, 32.8, 30.8, 30.3, 28.5, 28.4, 24.1, 24.0,
23.9,23.1.
HRMS (ESI-TOF): calc’d for C19H27BrN3O, [M+H]": 408.1287, found 408.1283.
TLC: Rr= 0.5 (3:1 hexanes:acetone)
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Complex Molecules Synthesis

Synthesis of bisoprolol

O'Pr
IPHNOC o
q > NN _ PrHN
o. \—< >_ o'Pr O'Pr
N'Pr — —
D SI-31 fo] KOH fo]
- —_—
dbcc \—Q— 92% \—Q—
CONHPI 43%
Sl-44 16 S1-45: Bisoprolol

Compound 16

(0] .
. YN’PI’
O'Pr
} C

5-((4-((2-isopropoxyethoxy)methyl)phenoxy)methyl)-3-isopropyloxazolidin-2-one (16).
Following the general procedure A (with L1) on 0.1 mmol RAE SI-44 RAE (prepared in situ
from SI-3, 3.0 equiv) with RAE SI-31 (3.0 equiv). Purification by PTLC (3:1 hexanes:acetone)
afforded 15.1 mg (43%) of the title compound 16.

Physical State: colorless oil.

'"H NMR (500 MHz, CDCl:): § 7.27 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 4.87-4.71
(m, 1H), 4.50 (s, 2H), 4.24-3.99 (m, 3H), 3.72-3.53 (m, 6H), 3.48 (dd, J = 8.7, 5.7 Hz, 1H),
1.20 (d,J=6.8 Hz, 6H), 1.17 (d, J= 6.1 Hz, 6H).

I3C NMR (126 MHz, CDCl3): § 157.7,156.7, 131.5,129.4, 114.4,72.7,71.9,70.7, 69.5, 68.2,
67.4,44.8,41.9,22.0,19.8, 19.7.

HRMS (ESI-TOF): calc’d for C19H20NOsNa [M+Na]": 374.1943, found 374.1950

TLC: Ry= 0.3 (3:1 hexanes:acetone)

Compound SI-45

~ 'PrHN
O'Pr

O

Bisoprolol (SI-45)
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A solution of 16 (10 mg, 0.028 mmol, 1.0 equiv.) in EtOH/4N KOH (0.25 mL/0.25 mL) was
refluxed for 12 h. The reaction was quenched with H>O (5 mL). The resulting mixture was
extracted with CH2Clz (3 x 10 mL). The combined organic layers were washed with brine (2 x
30 mL), dried over anhydrous Na>SOg, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (DCM:MeOH:Et;N 40:1)
to give SI-45 (8.5 mg, 92%).

Physical State: colorless oil.

"H NMR (600 MHz, (CD3)2S0): 8 7.23 (d, J= 8.6 Hz, 2H), 6.90 (d, J = 8.6 Hz, 2H), 4.39 (s,
2H), 3.96-3.91 (m, 1H), 3.89-3.83 (m, 2H), 3.54 (p, /= 6.1 Hz, 1H), 3.50-3.45 (m, 4H), 2.77
(p,J=6.2 Hz, 1H), 2.72 (dd, J=11.8, 3.9 Hz, 1H), 2.60 (dt, /= 13.9, 5.1 Hz, 1H), 1.07 (d, J
=6.1 Hz, 6H), 1.00 (dd, J= 6.3, 1.7 Hz, 6H).

13C NMR (126 MHz, (CD3)2S0): & 158.1, 130.4, 129.2, 114.2, 71.7, 70.8, 70.7, 69.1, 68.0,
66.7,49.6,48.4,22.4,22.0.

HRMS (ESI-TOF): calc’d for Ci1sH3:NO4 [M +H]": 326.2331 , found 326.2340.

TLC: Ry=0.3 (20:1 DCM:MeOH)

Comparison of NMR data of synthetic bisoprolol (SI-45) with literature

~ PrHN
O'Pr

/___/

S

'"H NMR Data
Literature SI-45°! Synthetic SI-45 s
(CDCly) (600 MHz, CDCl3)

7.23 (d, J = 8.6 Hz, 2H)

7.06 (m, 4H); -
6.90 (d, J = 8.6 Hz, 2H)

4.50 (s, 2H), 439 (s, 2H) 0.11

429 (m, TH), 3.96-3.91 (m, 1H) ;

3.99 (m, 2H) 3.89-3.83 (m, 2H) ;
3.54 (p, J= 6.1 Hz, 1H)

3.61 (m, 5H) ;

3.50-3.45 (m, 4H)
3.05 (m, 3H) 2.77 (p, J = 6.2 Hz, 1H) -
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2.72 (dd,J=11.8, 3.9 Hz, 1H)
2.60 (dt, J=13.9, 5.1 Hz, 1H)

1.28 (d, 6H, J = 2.3 Hz), 1.07 (d, J = 6.1 Hz, 6H) -0.19

1.17 (d, 6H, J = 6.3 Hz), 1.00 (dd, J = 6.3, 1.7 Hz, 6H) -0.17

The 3C NMR of SI-45 bisoprolol is not available in the Literature.

Formal synthesis of prochloraz

Cl

~_-CONHPI o
cl o}
_~_ _COsEt CI cl o, ~COE <~ J\N A
IPHNOC - SI-33 1 step \\/N
> Cl Cl — > cl \ =
Me ref
20 M

dbcc
B 37%
SI-34  Me SI-46:Proch/oraze
Compound 20
Cl
t N, COE
Cl Cl H

Me
Ethyl propyl(2-(2,4,6-trichlorophenoxy)ethyl)carbamate (20).
Following the general procedure A (with L1) on 0.1 mmol RAE SI-34 with RAE SI-33 (3.0
equiv). Purification by PTLC (6:1 hexanes:EtOAc) afforded 13.1 mg (37%) of the title
compound 20.
Physical State: colorless oil.
'"H NMR (600 MHz, CDCl3): 8 7.30 (d, J = 5.9 Hz, 2H), 4.25-4.00 (m, 4H), 3.73-3.60 (m,
2H), 3.36 (t, J="7.5 Hz, 2H), 1.66—1.54 (m, 2H), 1.32—1.15 (m, 3H), 0.90 (t, /= 7.7 Hz, 3H).
13C NMR (151 MHz, CDCl): § 156.6, 156.2, 150.4, 150.2, 130.0, 129.7, 129.6, 128.8, 72.1,
72.0, 61.2,50.5, 50.3,47.6, 46.7,21.8,21.4,14.7, 11.2.
HRMS (ESI-TOF): calc’d for Ci14sH9CI3NOs [M +H]": 354.0431, found 354.0438.
TLC: Ry= 0.3 (6:1 hexanes:EtOAc)

Note: The! H NMR and ">C NMR of 20 is not available in the Literature.
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Synthesis of polyrhacitide A

1) NaOH 2) PITU
3)dDCC e Me

(o] o O

Me_ Me Me, Me IPHN 4 Me. Me Me Me
X " X o X, X
C7H15CONHPI (3 eq)

o” "o 0 oM o0 O  6-RAE 0" O

o
- e >
IPHN 8y dDCC cis-couplin )\/!\/U\ 30% in 3 /k/'\)\/'\/u\
0'Bu is-coupling ¢ 1, O'Bu b in 3 steps CyHys O'Bu
o

52%, dr > 20:1 dr > 20:1
6-RAE 37 38

1) NaOH 2) PITU

O
2) NiClz, bpy, AQNO3 Me)i‘"e Me)a"e T i
DMF, (+)Mg/(-)RVC 0N o0 o AcOH
—_— 0
| CO,E C_,Hﬁ)\)\)\)\/\‘ 67% Me
\—/" 39 40 CO3Et 5: Polyrhacitide A
62% in 3 steps
Compound 37
Me Me
(0} (o] (o)

c7H15)\/‘\/u\o‘Bu

Tert-butyl 2-((4R,6R)-6-heptyl-2,2-dimethyl-1,3-dioxan-4-yl)acetate (37).

Following the general procedure C (with terpyridine) on 0.1 mmol scale 6-RAE with SI-28

(3.0 equiv). Purification by flash column chromatography on silica gel (16:1 hexanes:EtOAc)

afforded 19.0 mg (58%) of the title compound 37.

Physical State: colorless oil.

H NMR (600 MHz, CDCl3): § 4.29-4.15 (m, 1H), 3.89-3.73 (m, 1H), 2.42 (dd, J=15.1, 7.0
Hz, 1H), 2.29 (dd, J = 15.0, 6.2 Hz, 1H), 1.62-1.53 (m, 1H), 1.53—1.47 (m, 1H), 1.47-1.41 (m,
12H), 1.36 (s, 3H), 1.35-1.32 (m, 1H), 1.31-1.20 (m, 10H), 1.14 (q, /= 11.9 Hz, 1H), 0.87 (t,

J= 6.8 Hz, 3H).

13C NMR (151 MHz, CDCls3): 6 170.4, 98.5, 80.5, 68.9, 66.3, 42.8, 36.5, 36.4, 31.8, 30.2, 29.5,

29.2,28.1,24.9,22.6,19.7, 14.1.

HRMS (ESI-TOF): calc’d for C19H3604Na [M+Na]": 351.2511, found 351.2512.
TLC: Ry=0.4 (16:1 hexanes:EtOAc).

[a]p?® = +5.4 (¢ = 1.0, CHCL).

Compound 38
Me Me Me Me
(o) o o (0] o)

C7H15)\A)\)\/U\OtBu
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Tert-butyl 2-((4R,6R)-6-(((4R,6R)-6-heptyl-2,2-dimethyl-1,3-dioxan-4-yl)methyl)-2,2-
dimethyl-1,3-dioxan-4-yl)acetate (38).

To a solution of 37 (32.8 mg, 0.1 mmol, 1.0 equiv) in MeOH (0.3 mL) was 2 M NaOH (0.1
mL) and the mixture was then stirred at 60 °C for 12 h. 1 N HCI (90 puL) was added, and the
solvent of the mixture was removed under vacuum. Traces of MeOH and H>O were removed
azeotropically with toluene. At this time, the reaction mixture was dissolved in CH3CN (0.5
ml), PITU (44.8 mg, 0.11 mmol, 1.1 equiv) and DIPEA (8.7 uL, 0.05 mmol, 0.5 equiv) were
added. The mixture was then stirred at room temperature for 12 h. The reaction was quenched
with saturated aqueous NH4ClI (10 mL). The resulting mixture was extracted with CH>Cl, (3 x
10 mL). The combined organic layers were washed with brine (2 x 30 mL), dried over
anhydrous Na>SOs, filtered, and concentrated under reduced pressure to give crude RAE as a
colorless oil and directly used for the next reaction.

Following the general procedure C (with terpyridine) on the crude RAE (from last step) with
6-RAE (3.0 equiv). Purification by flash column chromatography on silica gel (9:1
hexanes:EtOAc) afforded 13.7 mg (30% in 2 steps) of the title compound 38.

Physical State: colorless oil.

'H NMR (600 MHz, CDCls): 6 4.34-4.18 (m, 1H), 4.10-3.89 (m, 2H), 3.85-3.72 (m, 1H),
2.43 (dd,J=15.0,7.1 Hz, 1H), 2.30 (dd, J=14.9, 6.0 Hz, 1H), 1.80 (dt, J = 14.0, 7.1 Hz, 1H),
1.61-1.57 (m, 1H), 1.53-1.42 (m, 15H), 1.41 (s, 3H), 1.37 (s, 3H), 1.37-1.33 (m, 4H), 1.34—
1.05 (m, 12H), 0.88 (t, J = 6.6 Hz, 3H).

13C NMR (151 MHz, CDCl3): 6 170.3, 98.6, 98.3, 80.6, 69.0, 66.3, 65.2 (2C), 42.8,42.7, 36.8,
36.5,36.2,31.8,30.3, 30.1, 29.6, 29.2, 28.1, 25.0, 22.6, 19.8, 19.7, 14.1.

HRMS (ESI-TOF): calc’d for C26HasO¢Na [M+Na]™: 479.3349, found 479.3355.

TLC: Rr= 0.3 (9:1 hexanes:EtOAc).

[a]p?® = +2.0 (¢ = 0.28, CHCIl3).

Compound 40
Me, Me Me, Me
0 o 0° "o

C7H¢s N
CO,Et

Ethyl (Z2)-4-((45,65)-6-(((4R,6R)-6-heptyl-2,2-dimethyl-1,3-dioxan-4-yl)methyl)-2,2-
dimethyl-1,3-dioxan-4-yl)but-2-enoate (40).
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To a solution of 38 (9.1 mg, 0.02 mmol, 1.0 equiv) in MeOH (0.4 mL) was 1 M NaOH (0.3
mL) and the mixture was then stirred at 60 °C for 12 h. 1 N HCI (0.275 mL) was added, and
the solvent of the mixture was removed under vacuum. At this time, the reaction mixture was
dissolved in CH3CN (0.25 ml), PITU (12.2 mg, 0.03 mmol, 1.5 equiv) and DIPEA (1.8 uL,
0.01 mmol, 0.5 equiv) were added. The mixture was then stirred at room temperature for 12 h.
The reaction was quenched with saturated aqueous NH4ClI (10 mL). The resulting mixture was
extracted with CH2Clz (3 % 10 mL). The combined organic layers were washed with brine (2 x
30 mL), dried over anhydrous Na>SOg, filtered, and concentrated under reduced pressure to
give crude RAE as a colorless oil and directly used for the next reaction.
An ElectraSyn vial (5 mL) with a stir bar was charged with the crude RAE (from last step) and
AgNO3 (0.01 mmol, 1.7 mg, 0.5 equiv), NiCl,-6H>0 (0.004 mmol, 0.95 mg, 0.2 equiv) and
bpy (0.004 mmol, 0.63 mg, 0.2 equiv) in DMF (0.3 mL), anhydrous DMF (2.7 mL) were added.
An ElectraSyn vial cap equipped with anode (Mg) and cathode (RVC) were inserted into the
mixture after which all the contents were degassed via an argon balloon for roughly 60 seconds.
The reaction mixture was electrolyzed under a constant current of 4 mA for 6 F/mol. After
electrolysis, the ElectraSyn vial cap was removed and electrodes were rinsed with EtoO, which
was combined with the crude mixture. The crude mixture was further diluted with Et2O and
aqueous HCI (0.1 N) was then added The organic layers were further washed with brine, dried
over anhydrous Na>;SO4 and concentrated in vacuo. The crude material was purified by flash
column chromatography on silica gel (9:1 hexanes:EtOAc) to give 40 (6.2 mg, 62% in 2 steps).
Physical State: colorless oil.

'TH NMR (500 MHz, CDCl3): § 6.36 (dt,J=11.6, 7.1 Hz, 1H), 5.84 (d, J=11.6 Hz, 1H), 4.16
(q, /=7.1 Hz, 2H), 4.06-3.91 (m, 3H), 3.84-3.68 (m, 1H), 2.98-2.88 (m, 1H), 2.82— 2.58(m,
1H), 1.79 (dt,J=14.0, 7.1 Hz, 1H), 1.52—-1.44 (m, 3H), 1.42 (s, 3H), 1.41 (s, 3H), 1.37 (s, 3H),
1.36 (s, 3H), 1.36-1.33 (m, 1H), 1.32-1.19 (m, 12H), 1.18-1.07 (m, 1H), 0.87 (t, J = 6.8 Hz,
3H).

13C NMR (126 MHz, CDCl3): 5 166.4, 145.8, 121.0, 98.5, 98.3, 69.0, 68.4, 65.2, 59.8, 42.7,
36.8, 36.5, 36.3, 35.6, 31.8, 30.3, 30.2, 29.5, 29.2, 25.0, 22.6, 19.8, 14.3.

HRMS (ESI-TOF): calc’d for C26HasOsNa [M+Na]": 477.3192, found 477.3200.

TLC: Ry=0.5 (9:1 hexanes:EtOAc)

[a]p® =—16.1 (c = 0.36, CHCI3).
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Compound 5

OH OH o\ji
(i\;v

Me
Polyrhacitide A (5).
A solution of 40 (8.0 mg, 0.018 mmol, 1.0 equiv) in AcOH/H>0 (0.4 mL/0.1 mL) was heated
at 100 °C and stirred overnight. The reaction was quenched with saturated aqueous NaHCO3
(10 mL). The resulting mixture was extracted with CH>Cl> (3 x 10 mL). The combined organic
layers were washed with brine (2 x 30 mL), dried over anhydrous Na;SOg, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (DCM:MeOH 40:1) to give 5 (3.9 mg, 67%).
Physical State: white solid.
m.p.: 70-72 °C.
'TH NMR (500 MHz, CDCls): 6 4.90-4.86 (m, 1H), 4.41 (br, 1H), 4.12-4.01 (m, 2H), 3.88—
3.79 (m, 1H), 2.91 (d, J = 19.3 Hz, 1H), 2.81 (dd, J = 19.0, 5.5 Hz, 1H), 2.07-1.92 (m, 3H),
1.77-1.36 (m, 8H), 1.35-1.20 (m, 9H), 0.87 (t, /= 7.0 Hz, 3H).
I3C NMR (151 MHz, CDCls): 6 169.2,72.7,72.5,72.2,67.0, 66.0,43.3,43.0,37.8,37.2, 36.4,
31.8,29.6,29.5,29.3,25.4,22.6, 14.1.
HRMS (ESI-TOF): calc’d for C1sH3305 [M+H]": 329.2328, found 329.2334.
TLC: Rr=0.3 (DCM:MeOH 40:1).
[@]p? = +7.0 (c = 0.2, MeOH). (lit. [a]p*° = +7.8 (c = 0.4, MeOH))*.

Comparison of NMR data of synthetic polyrhacitide A (5) with literature

OH OH 0\?1
C)JV

Me
'"H NMR Data
Literature 5% Synthetic 5 A5
(300 MHz, CDCls) (600 MHz, CDCl3)
4.864.83 (m, 1H) 4.90-4.86 (m, 1H) -
438 (br, 1H) 4.41 (br, 1H) 0.03

4.07-4.00 (m, 2H) 4.12-4.01 (m, 2H) _
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3.82-3.76 (m, 1H)

3.88-3.79 (m, 1H)

2.88 (d,J=19.2 Hz, 1H) 2.91 (d,J=19.3 Hz, 1H) 0.03
2.77 (d,J=19.2 Hz, 1H) 2.81(dd, J=19.0, 5.5 Hz, 1H) 0.04
2.07-1.99 (m, 3H) 2.07-1.92 (m, 3H) ;
1.76-1.44 (m, 8H) 1.77-1.36 (m, 8H) ;
1.42-1.24 (m, 9H) 1.35-1.20 (m, 9H) ;
0.88 (t,J=6.7 Hz, 3 H) 0.87 (t,J=7.0 Hz, 3H) -0.01
13C NMR Data
Literature 5% Synthetic 5 s
(75 MHz, CDCl3) (151 MHz, CDCl3)
168.2 169.2 1.0
72.6 72.7 0.1
72.1 72.5, 0.4
72.0 72.2 0.2
67.0 67.0 0
66.1 66.0 -0.1
43.5 43.3 -0.2
43.1 43.0 -0.1
37.9 37.8 -0.1
37.4 37.2 -0.2
36.5 36.4 -0.1
31.9 31.8 -0.1
29.7 29.6 -0.1
29.7 29.5 -0.2
29.4 29.3 -0.1
25.5 25.4 -0.1
22.8 22.6 -0.2
14.3 14.1. -0.2
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Synthesis of solistatin

Me
O NHPI Me  Me

Me, Me X e

X o (o] (o] (o]

o 0o O S1-47 (3 equiv.) TFA O °

IPHN o OBU —
O'Bu dDCC cis-coupling 84%
o]

62%, dr > 20:1 Me :
6-RAE S148 41: Solistatin OH

Compound SI-48
Me  Me

X

O o o©
O O'Bu
Me

Tert-butyl  2-((4R,6R)-2,2-dimethyl-6-(2-(2-methylnaphthalen-1-yl)ethyl)-1,3-dioxan-4-
yl)acetate (SI-48).

Following the general procedure C (with terpyridine) on 0.1 mmol scale 6-RAE with SI-47
(prepared in situ from SI-6, 3.0 equiv). Purification by PTLC (9:1 hexanes:EtOAc) afforded
24.6 mg (62%) of the title compound SI-48.

Physical State: colorless oil.

TH NMR (600 MHz, CDCl3): 6 8.06 (d, /= 8.4 Hz, 1H), 7.79 (d, J= 8.1 Hz, 1H), 7.62 (d, J =
8.3 Hz, 1H), 7.48 (t, J=17.7 Hz, 1H), 7.40 (t,J = 7.6 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 4.33—
4.17 (m, 1H), 4.00-3.85 (m, 1H), 3.26-3.16 (m, 1H), 3.15-3.05 (m, 1H), 2.50 (s, 3H), 2.45 (dd,
J=15.2,7.0 Hz, 1H), 2.31 (dd, J=15.2, 6.3 Hz, 1H), 1.87-1.67 (m, 2H), 1.59 (d, J=11.0 Hz,
1H), 1.48 (s, 3H), 1.48-1.41 (m, 12H), 1.32-1.21 (m, 1H)..

13C NMR (151 MHz, CDCl3): 6 170.3, 135.3, 132.9, 132.5, 132.1, 129.2, 128.5, 126.0, 125.8,
124.4, 123.8, 98.7, 80.6, 68.4, 66.2,42.7, 36.5 (2C), 30.2, 28.1, 23.8, 20.1, 19.8.

HRMS (ESI-TOF): calc’d for C2sH3404Na [M+Na]™: 421.2355, found 421.2351.

TLC: Rr= 0.5 (9:1 hexanes:EtOAc).

[a]p?® = +6.8 (¢ = 0.5, CHCI3).

Compound 41

Me
l oo

86



Solistatin (41).

To a solution of SI-48 (11 mg, 0.028 mmol, 1.0 equiv) in DCM (2 mL) was added TFA (0.4
mL) at 0 °C. The mixture was then stirred at room temperature for 4 h. The reaction was
quenched with saturated aqueous NaHCO3 (10 mL). The resulting mixture was extracted with
CHCl; (3 x 10 mL). The combined organic layers were washed with brine (2 x 30 mL), dried
over anhydrous Na>SQOs, filtered, and concentrated under reduced pressure. The residue was
purified by PTLC with acetone/hexane (1:3) as the eluent to give 41 (6.5 mg, 84%).

Physical State: colorless oil.

TH NMR (600 MHz, CDCl:): 5 8.03 (d, J= 8.5 Hz, 1H), 7.80 (dd, J = 8.1, 1.3 Hz, 1H), 7.64
(d, J=8.3 Hz, 1H), 7.50 (td, J = 8.4, 1.4 Hz, 1H), 7.41 (td, J= 8.0, 1.1 Hz, 1H), 7.30 (d, J =
8.4 Hz, 1H), 4.88-4.81 (m, 1H), 4.45-4.38 (m, 1H), 3.45-3.35 (m, 1H), 3.23-3.12 (m, 1H),
2.79 (dd, J=17.6, 5.0 Hz, 1H), 2.68 (ddd, J=17.6, 3.7, 1.7 Hz, 1H), 2.52 (s, 3H), 2.05-1.97
(m, 2H), 1.96-1.88 (m, 1H), 1.88—1.80 (m, 1H).

13C NMR (151 MHz, CDCls): § 170.3, 134.2, 133.1, 132.6, 131.9, 129.2, 128.6, 126.4, 126.1,
124.6, 123.3,75.5, 62.9, 38.7, 36.1, 35.6, 24.0, 20.1.

HRMS (ESI-TOF): calc’d for C1sH2003Na [M+Na]": 307.1310, found 307.1313.

TLC: Ry= 0.3 (3:1 hexanes:acetone).

[a]p?5 = +26.0 (c = 0.35, CHCl). (lit. [0]p*® = +29.1 (¢ = 0.17, CHCl3))*

Comparison of NMR data of synthetic solistatin (41) with literature

Me
l oo

Solistatin OH

'"H NMR Data
Literature 41% Synthetic 41 A
(400 MHz, CDCl3) (600 MHz, CDCl3)
8.04 (d, /= 8.6 Hz, 1H) 8.03 (d, /= 8.5 Hz, 1H) -0.01
7.81 (d,J="7.9 Hz, 1H) 7.80 (dd, J=8.1, 1.3 Hz, 1H) -0.01
7.64 (d, J=8.3 Hz, 1H) 7.64 (d, J= 8.3 Hz, 1H) 0

7.5 (dt, J=7.6, 1.3 Hz, 1H) 7.50 (td, J = 8.4, 1.4 Hz, 1H) 0
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7.41 (t,J="7.6 Hz, 1H) 7.41 (td, J=8.0, 1.1 Hz, 1H) 0
730 (d, J=8.3 Hz, 1H) 730 (d, J= 8.4 Hz, 1H) 0
4.85 (m, 1H) 4.88-4.81 (m, 1H) ;
4.42 (m, 1H) 4.45-4.38 (m, 1H) -
3.41 (m, 1H) 3.45-3.35 (m, 1H) ;
3.19 (m, 1H) 3.23-3.12 (m, 1H) ;
2.80 (dd, J=17.0, 5.0 Hz, 1H) 279 (dd,J=17.6,5.0 Hz 1H)  -0.01
2.67(ddd, J=17.0,3.6, 1.6 Hz,1H) 2.68 (ddd, J=17.6,3.7, 1.7 Hz, 1H)  -0.01
2.52 (s, 3H) 2.52 (s, 3H) 0
2.03-1.98 (m, 2H) 2.05-1.97 (m, 2H) ;
1.93 (m, 1H) 1.96-1.88 (m, 1H) ;
1.86 (dt, J=12.9, 3.3 Hz, 1H) 1.88-1.80 (m, 1H) ;
13C NMR Data
Literature 41%° Synthetic 41 A5
(101 MHz, CDCl3) (151 MHz, CDCls)
170.1 170.3 0.2
134.2 134.2 0
133.2 133.1 -0.1
132.6 132.6 0
132.0 131.9 -0.1
129.3 129.2 -0.1
128.7 128.6 -0.1
126.5 126.4 -0.1-
126.2 126.1 -0.1
124.6 124.6 -0
1234 123.3 -0.1
75.5 75.5 0
63.0 62.9 -0.1
38.8 38.7 -0.1
36.2 36.1 -0.1
35.7 35.6 -0.1

24.1 24.0 -0.1



20.2 20.1 -0.1

Formal synthesis of verbalactone

HO. (o}
Me  Me Me  Me
Y4 1) TFA CsH O CsH
"CsH44CONHPI X 5 11':,2/\f wCsHq
o9 " Sz oo 0 2) NaOH ™o \'(\g

IPHN — = )\/'\/u\ )\)\)l\ 1step o
—_—
O'BU  dDCC cis-coupling ~ CsHii O'BU 949 1n 2 steps  OoHri OH ———>

53%, dr > 20:1 O OH
6-RAE Sl-49 SI-60 42: verbalactone
Compound SI-49
Me Me

O 0o O
CsH11)\/'\/u\O‘Bu
Tert-butyl 2-((4R,6R)-2,2-dimethyl-6-pentyl-1,3-dioxan-4-yl)acetate (SI-49).
Following the general procedure C (with terpyridine) on 0.1 mmol scale 6-RAE with RAE
SI-26 (3.0 equiv). Purification by flash column chromatography on silica gel (16:1
hexanes:EtOAc) afforded 15.9 mg (53%) of the title compound SI-49.
Physical State: colorless oil.
'"H NMR (600 MHz, CDCl3): 6 4.29-4.16 (m, 1H), 3.87-3.74 (m, 1H), 2.42 (dd, J=15.0, 7.1
Hz, 1H), 2.29 (dd, J = 15.1, 6.2 Hz, 1H), 1.56 (dt, J = 12.9, 2.6 Hz, 1H), 1.52-1.47 (m, 1H),
1.46-1.42 (m, 12H), 1.40-1.32 (m, 5H), 1.34-1.22 (m, 5H), 1.19-1.10 (m, 1H), 0.88 (t,J=7.0
Hz, 3H).
I3C NMR (151 MHz, CDCls): 6 170.4, 98.6, 80.5, 68.9, 66.3,42.8, 36.5,36.4, 31.8,30.2, 28.1,
24.6,22.6,19.7, 14.0.
HRMS (ESI-TOF): calc’d for C17H3,04Na [M+Na]": 323.2198, found 323.2204.
TLC: Ry=0.4 (16:1 hexanes:EtOAc)
[a]p?® =+7.1 (¢ = 1.0, CHCI3).

Compound SI-50
OH OH O

CsHyq OH
(3R,5R)-3,5-dihydroxydecanoic acid (SI-50).
To a solution of SI-49 (30.0 mg, 0.1 mmol, 1.0 equiv) in DCM (0.25 mL) was added TFA (50

uL) at 0 °C. The mixture was then stirred at room temperature for 4 h. The solvent was removed
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under vacuum. At this time, the reaction mixture was dissolved in THF/H>O (0.4 ml/0.1mL)
and NaOH (13uL, 8 M in MeOH) was added. The mixture was then stirred at room temperature
for 12 h. A citric acid—sodium hydroxide buffer (pH 6, 1 ml) was added, and the mixture was
extracted with DCM (3 x 10 mL). The combined organic layers were dried over anhydrous
NazS0s, filtered, and concentrated under reduced pressure to give SI-50 (19.2 mg, 94%).
(Since SI-50 was found to be unstable, the NMR was done in CD30D with NaxCO3)
Physical State: colorless oil.

'"H NMR (600 MHz, CD30D): § 4.13-4.06 (m, 1H), 3.80-3.71 (m, 1H), 2.36 (dd, J = 15.0,
4.9 Hz, 1H), 2.28 (dd, J=15.0, 7.7 Hz, 1H), 1.59 (t,J= 6.5 Hz, 2H), 1.51-1.39 (m, 3H), 1.38—
1.25 (m, 5H), 0.91 (t, J= 7.0 Hz, 3H).

13C NMR (151 MHz, CD30D): 5 180.5, 71.2, 69.4, 45.5, 44.8, 38.5, 33.1, 26.3, 23.7, 14.4.
HRMS (ESI-TOF): calc’d for CioH2004Na [M+Na]": 227.1259, found 227.1261.

[@]p? =+13.3 (c = 0.15, CHCl). (lit. [o]p?® = +15.0 (c = 0.23, CHCl3))**.

Comparison of NMR data of synthetic SI-50 with literature

OH OH O
CsH OH
'"H NMR Data
Literature SI-50** Synthetic SI-50 A5
(CD;0D, 300 MHz) (CD30D, 600 MHz)
4.19-4.06 (m, 1H) 4.13-4.06 (m, 1H) -
3.81-3.69 (m, 1H) 3.80-3.71 (m, 1H) -
238 (dd, J=15.0, 6.0 Hz, IH)  2.36(dd,J=15.0,49 Hz, 1H)  -0.02
228(dd, J=15.0,9.0 Hz, IH)  2.28 (dd,J=15.0, 7.7 Hz, 1H) 0
1.59 (t, J = 6.0 Hz, 2H) 1.59 (t, J = 6.5 Hz, 2H) 0
1.52-1.38 (m, 3H) 1.51-1.39 (m, 3H) ;
1.40-1.20 (m, 5H) 1.38-1.25 (m, 5H) ]
0.91 (t, J= 6.0 Hz, 3H) 0.91 (t, J= 7.0 Hz, 3H) 0
13C NMR Data
Literature SI-50%* Synthetic SI-50 AS
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(400 MHz) (600 MHz)

180.1 180.5 0.4
71.3 71.2 -0.1
69.4 69.4 0
453 45.5 0.2
44.8 44.8 0
38.6 38.5 -0.1
33.1 33.1 0
26.2 26.3 0.1
23.7 23.7 0
14.3 14.4 0.1

Synthesis of avocadene

Me, M
Me, Me AL CONHPI Me)iwe 1) NaOH; 2) PITU SV
o M o SI-51 “ o "o 9 3) Cu(acac),, B2Pin, v o~ "o
- —> w —_— BPin
IPHNMO’Bu dDCC cis-coupling O'Bu 46% in 3 steps
52%, dr > 20:1
O  6RAE SI-52 SI-53
NaBO3,
hen HCI ™o
then 10
N OH
85% in 2 steps 43: Avocadene

Compound SI-52
Me, Me

o o O
10

X 0'Bu

Tert-butyl 2-((4R,6R)-2,2-dimethyl-6-(tridec-12-en-1-yl)-1,3-dioxan-4-yl)acetate (SI-52).
Following the general procedure C (with terpyridine) on 0.1 mmol scale 6-RAE with SI-51
(prepared in situ from tetradec-13-enoic acid®’, 3.0 equiv) Purification by flash column
chromatography on silica gel (16:1 hexanes:EtOAc) afforded 21.3 mg (52%) of the title
compound SI-52.

Physical State: colorless oil.

'"H NMR (600 MHz, CDCl3): § 5.95-5.65 (m, 1H), 4.95 (dd, J = 38.6, 13.7 Hz, 2H), 4.38-
4.06 (m, 1H), 3.92-3.69 (m, 1H), 2.42 (dd, J = 15.7, 7.2 Hz, 1H), 2.29 (dd, J = 15.1, 6.2 Hz,
1H), 2.03 (q, J = 7.3 Hz, 2H), 1.56 (dd, J=12.9, 2.4 Hz, 1H), 1.47-1.41 (m, 12H), 1.40-1.31
(m, 7H), 1.30-1.21 (m, 18H), 1.14 (q, J = 11.6 Hz, 1H).

91



13C NMR (151 MHz, CDCl3): § 170.4, 139.2, 114.1, 98.6, 80.5, 68.9, 66.3, 42.8, 36.5, 36.4,
33.8, 30.2, 29.6 (three peaks), 29.5, 29.1, 28.9, 28.1, 24.9, 19.7.

HRMS (ESI-TOF): not found

TLC: Ry=0.4 (16:1 hexanes:EtOAc)

[a]p? =-0.6 (¢ = 0.67, CHCI3).

Compound SI-53
Me Me

0" o

\/(A)y\)\/BPin

2-(((4S,6R)-2,2-dimethyl-6-(tridec-12-en-1-yl)-1,3-dioxan-4-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (SI-53).

To a solution of SI-52 (39.5 mg, 0.1 mmol, 1.0 equiv) in MeOH (0.3 mL) was 2 M NaOH (0.1
mL) and the mixture was then stirred at 60 °C for 12 h. 1 N HCI (90 puL) was added, and the
solvent of the mixture was removed under vacuum. At this time, the reaction mixture was
dissolved in CH3CN (0.5 ml), PITU (44.8 mg, 0.11 mmol, 1.1 equiv) and DIPEA (8.7 uL, 0.05
mmol, 0.5 equiv) were added The mixture was then stirred at room temperature for 12 h. The
reaction was quenched with saturated aqueous NH4Cl (10 mL). The resulting mixture was
extracted with CH2Clz (3 % 10 mL). The combined organic layers were washed with brine (2 x
30 mL), dried over anhydrous Na,SOs, filtered, and concentrated under reduced pressure to
give crude RAE as a colorless oil and directly used for the next reaction.

To a 5 mL culture tube equipped with a stir bar were added crude RAE (from last step), Bopin,
(77 mg, 0.3 mmol, 3.0 equiv), LiOH*H>O (60 mg, 1.5 mmol, 15.0 equiv), Cu(acac) (8.0 mg,
0.03 mol, 0.3 equiv) and MgCl> (14.5 mg, 0.15 mmol, 1.5 equiv). The tube was evacuated and
backfilled with argon for 3 times. Degassed dioxane/DMF (4/1, 0.7 ml) was added, and the
resulting mixture was stirred at RT until dark brown color was observed. The reaction was
quenched with saturated aqueous NH4ClI (5 mL). The resulting mixture was extracted with Et,O
(3 x 10 mL). The combined organic layers were washed with brine (2 x 30 mL), dried over
anhydrous Na>SOs, filtered, and concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel with (9:1 hexanes:EtOAc) as the eluent to give SI-53
(20.5 mg, 46%).

Physical State: colorless oil.
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'H NMR (600 MHz, CDCl3): 6 5.81 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.08-4.83 (m, 2H),
4.09-3.98 (m, 1H), 3.86-3.69 (m, 1H), 2.08-1.98 (m, 2H), 1.57-1.53 (m, 1H), 1.42 (s, 3H),
1.39-1.33 (m, 6H), 1.30-1.22 (m, 30H), 1.11-1.08 (m, 1H), 1.01 (dd, J=15.1, 8.1 Hz, 1H).
13C NMR (151 MHz, CDCl): 6 139.3, 114.1, 98.3, 83.1, 69.2, 66.9, 38.9, 36.4, 33.8, 30.4,
29.6 (four peaks), 29.5, 29.2, 28.9, 25.0, 24.8, 24.7, 19.9.

HRMS (ESI-TOF): calc’d for C26H490BOsNa [M+Na]": 459.3616, found 459.3597.

TLC: Rr= 0.5 (9:1 hexanes:EtOAc)

[a]p?® = +4.6 (¢ = 0.9, CHCI3).

Compound 43
OH OH

10

\/"‘)\/'\)\/OH

Avocadene (43).

To a solution of SI-53 (10 mg, 0.024 mmol, 1.0 equiv) in THF/H20 (1:1, 1 mL) was added
NaBO3-4H20 (22 mg, 0.144 mmol, 6.0 equiv) at room temperature. The mixture was stirred
for 10 min before 1 N HCI (0.1 mL) was added. The resulting solution was stirred for another
10 min. The reaction was quenched with H,O (5 mL). The resulting mixture was extracted with
DCM (3 x 10 mL). The combined organic layers were washed with brine (2 x 30 mL), dried
over anhydrous Na>SOys, filtered, and concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel with (20:1 DCM:MeOH) as the eluent to give 43 (5.6 mg,
85%).

Physical State: white solid.

m.p.: 61-63 °C.

'"H NMR (600 MHz, CD30D): § 5.93-5.72 (m, 1H), 4.98 (d, J = 17.1 Hz, 1H), 4.91 (d, J =
10.3 Hz, 1H), 3.86-3.70 (m, 2H), 3.50 (dd, J = 11.2, 4.1 Hz, 1H), 3.46 (dd, J=11.2, 5.7 Hz,
1H), 2.14-1.97 (m, 2H), 1.66 (dt, J=13.9, 4.1 Hz, 1H), 1.57-1.22 (m, 21H).

13C NMR (151 MHz, CD30D): § 140.1, 114.7, 72.1, 71.2, 67.2, 41.2, 38.6, 34.9, 30.9, 30.8,
30.7 (two peaks), 30.6, 30.2, 30.1, 26.6.

HRMS (ESI-TOF): calc’d for C17H3403Na [M+Na]": 309.2406, found 309.2418.

TLC: Ry=0.3 (20:1 DCM:MeOH)

[a]p? = 2.4 (c = 0.3, CHCI5). (lit. [a]p = -5.4 (c = 1.1, CHCl3))*.
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Comparison of NMR data of synthetic avocadene (43) with literature

OH OH
A OH
Avocadene
'"H NMR Data
Literature 43%° Synthetic 43 A8
(700 MHz, CD;0D) (600 MHz, CD;OD)
5.80 (ddt, J=17.0, 10.2, 6.8 Hz, 1H) 5.93-5.72 (m, 1H) -
4.99-4.95 (m, 1H) 4.98 (d,J=17.1 Hz, 1H) ;
4.90 (ddt, J=10.2, 2.0, 1.2 Hz, 1H) 491 (d,J=10.3 Hz, 1H) 0.01
3.83-3.72 (m, 2H) 3.86-3.70 (m, 2H) ;
349 (dd,J=11.2,4.6 Hz, 1H) 3.50 (dd,/=11.2, 4.1 Hz, 1H) 0.01
3.45(dd,J=11.2,6.0 Hz, 1H) 3.46 (dd,J=11.2, 5.7 Hz, 1H) 0.01
2.07-2.00 (m, 2H) 2.14-1.97 (m, 2H) ;
1.65 (app dt, J= 14.1, 4.5 Hz, 1H) 1.66 (dt, J=13.9, 4.1 Hz, 1H) 0.01

1.56-1.20 (m, 21H)

1.57-1.22 (m, 21H)

13C NMR Data
Literature 43%° Synthetic 43

(176 MHz, CD;OD) (151 MHz, CD;0D) Ao
140.2 140.1 -0.1

114.7 114.7 0
72.2 72.1 -0.1

71.2 71.2 0
67.3 67.2 -0.1

41.2 41.2 0
38.7 38.6 -0.1

349 34.9 0

30.8 (3C) 209 '

30.7 208 .

30.7 (20) ;

30.6 30.6 0

30.2 30.2 0
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30.1 30.1 0
26.6 26.6 0

Synthesis of gingerdiol

Me_ Me Me. Me
Me_ Me Meo oM oXo o 1) NaOH 2) PITU oxo
% weo P
e 0 B0 Siee O'Bu  C,Hy;CONHPI (SI-27)  MeO
dDCC cis-coupling n0o 52% in 3 steps BnO Me
(o} o > 20:
6-RAE 64%, dr > 20:1 S1-55 Sss

OH OH
Pd/C, Hy MeO.

HCI
93% HO Me'

44: Gingerdiol

Compound SI-55
Me><Me
o] (o] o]

MeO
OBu
BnO

Tert-butyl 2-((4R,6R)-6-(4-(benzyloxy)-3-methoxyphenethyl)-2,2-dimethyl-1,3-dioxan-4-
yDacetate (SI-55).

Following the general procedure C (with terpyridine) on 0.1 mmol scale 6-RAE with SI-54
(prepared in situ from SI-7, 3.0 equiv). Purification by PTLC (9:1 hexanes:EtOAc) afforded
30.1 mg (64%) of the title compound SI-55.

Physical State: white solid.

m.p.: 53-55 °C.

TH NMR (600 MHz, CDCl3): § 7.44 (d, J= 8.6 Hz, 2H), 7.36 (t,J = 7.5 Hz, 2H), 7.29 (t, J =
7.3 Hz, 1H), 6.79 (d, J= 8.1 Hz, 1H), 6.73 (d, /= 1.9 Hz, 1H), 6.64 (dd, J= 8.1, 1.9 Hz, 1H),
5.12 (s, 2H), 4.25-4.16 (m, 1H), 3.87 (s, 3H), 3.85-3.77 (m, 1H), 2.71-2.63 (m, 1H), 2.62—
2.54 (m, 1H), 2.43 (dd, J=15.1, 7.0 Hz, 1H), 2.29 (dd, J = 15.1, 6.2 Hz, 1H), 1.85-1.75 (m,
1H), 1.70-1.61 (m, 1H), 1.54 (dt, J=12.7, 2.5 Hz, 1H), 1.44 (s, 9H), 1.43 (s, 3H), 1.40 (s, 3H),
1.21 (q,J=11.9 Hz, 1H).

13C NMR (151 MHz, CDCls): 6 170.3, 149.5, 146.3, 137.4, 135.3, 128.5, 127.7, 127.3, 120.3,
114.2,112.4,98.7, 80.6, 71.2, 67.7, 66.2, 56.0, 42.7, 38.0, 36.6, 30.7, 30.2, 28.1, 19.8.
HRMS (ESI-TOF): calc’d for C2gH3s06Na [M+Na]": xx 493.2566, found 493.2569.

TLC: Ry=+0.3 (9:1 hexanes:EtOAc)
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[a]p?® = +17.6 (c = 1.0, CHCl;).

Compound SI-56

Me_ Me

X

o o
Me0:©/\)\/i')
BnO Me
(4R,65)-4-(4-(benzyloxy)-3-methoxyphenethyl)-2,2-dimethyl-6-pentyl-1,3-dioxane  (SI-
56).
To a solution of SI-55 (47.0 mg, 0.1 mmol, 1.0 equiv) in MeOH (0.3 mL) was 2 M NaOH (0.1
mL) and the mixture was then stirred at 60 °C for 12 h. 1 N HCI (90 puL) was added, and the
solvent of the mixture was removed under vacuum. Traces of MeOH and H>O were removed
azeotropically with toluene. At this time, the reaction mixture was dissolved in CH3CN (0.5
ml), PITU (44.8 mg, 0.11 mmol, 1.1 equiv) and DIPEA (8.7 uL, 0.05 mmol, 0.5 equiv) were
added. The mixture was then stirred at room temperature for 12 h. The reaction was quenched
with saturated aqueous NH4Cl (10 mL). The resulting mixture was extracted with CH>Cl» (3 x
10 mL). The combined organic layers were washed with brine (2 x 30 mL), dried over
anhydrous Na,SOg, filtered, and concentrated under reduced pressure to give crude RAE as a
white foam and directly used for the next reaction.
An ElectraSyn vial (5 mL) with a stir bar was charged with the crude RAE (from last step),
RAE SI-27 (74.1 mg, 0.3 mmol, 3.0 equiv), NiCl.dme (4.4 mg, 0.02 mmol, 0.2 equiv.),
terpyridine (4.7 mg, 0.02 mmol, 0.2 equiv.), Nal (89.9 mg, 0.6 mmol, 6 equiv.), and anhydrous
DMF (3.0 mL) were added. An ElectraSyn vial cap equipped with anode (Zn) and cathode (Ni
foam) were inserted into the mixture after which all the contents were degassed via an argon
balloon for roughly 60 seconds. The reaction mixture was electrolyzed under a constant current
of 4 mA for 4 F/mol. After electrolysis, the ElectraSyn vial cap was removed and electrodes
were rinsed with Et;O, which was combined with the crude mixture. The crude mixture was
further diluted with Et2O and aqueous HCI (0.1 N) was then added. The organic layers were
further washed with brine, dried over anhydrous Na>SO4 and concentrated in vacuo. The crude
material was purified by PTLC EtOAc/hexane (1:20) as the eluent to give SI-56 (22.1 mg,
52%).

Physical State: colorless oil.
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TH NMR (600 MHz, CDCl3): 6 7.44 (d, J = 6.8 Hz, 2H), 7.36 (t,J = 7.6 Hz, 2H), 7.29 (t, J =
7.4 Hz, 1H), 6.80 (d, J = 8.2 Hz, 1H), 6.74 (d, /= 2.0 Hz, 1H), 6.65 (dd, J = 8.1, 2.0 Hz, 1H),
5.12 (s, 2H), 3.87 (s, 3H), 3.83-3.72 (m, 2H), 2.71-2.63 (m, 1H), 2.63-2.55 (m, 1H), 1.85—
1.76 (m, 1H), 1.71-1.61 (m, 1H), 1.53—1.44 (m, 2H), 1.42 (s, 3H), 1.41 (s, 3H), 1.39-1.33 (m,
2H), 1.33-1.23 (m, 5H), 1.19-1.11 (m, 1H), 0.88 (t,J= 7.0 Hz, 3H).

13C NMR (151 MHz, CDCls): 8 149.5, 146.2, 137.4, 135.4, 128.5, 127.7,127.3, 120.3, 114.2,
112.4,98.4,71.2, 69.0, 67.9, 55.9, 38.1, 37.0, 36.4, 31.8, 30.7, 30.3, 24.6, 22.6, 19.9, 14.0.
HRMS (ESI-TOF): calc’d for C27H3304Na [M+Na]": 449.2668, found 449.2659.

TLC: Ry= 0.5 (9:1 hexanes:EtOAc)

[a]p?® = +15.0 (¢ = 1.0, CHCI5).

Compound 44
OH OH
MeO
HO Me
Gingerdiol (44).

To a solution of SI-56 (10.0 mg, 0.023 mmol, 1.0 equiv) in MeOH (0.8 mL) was added 3 N
HCI (0.4 ml). The mixture was then stirred at room temperature for 1 h. At this time, 10% Pd/C
(2 mg) was added. The resulting heterogeneous suspension was flushed with hydrogen for 5
minutes and then left under a hydrogen atmosphere for 5 h. The resulting suspension was
diluted with ethyl acetate (5 mL) and filtered through a short pad of celite which was then
washed with ethyl acetate (5 mL). The filtrate was concentrated under reduced pressure. The
residue was purified by PTLC with (1:1 hexanes:EtOAc) as the eluent to give 44 (8.4 mg, 93%).
Physical State: colorless oil.

TH NMR (600 MHz, CDCl3): 6 6.83 (d, J = 8.0 Hz, 1H), 6.71 (d, J= 2.0 Hz, 1H), 6.69 (dd, J
=8.0, 1.9 Hz, 1H), 5.47 (br, 1H), 3.88 (s, 3H), 3.92-3.81 (m, 2H), 2.70 (ddd, /= 14.8, 9.6, 5.9
Hz, 1H), 2.62 (ddd, /= 13.9, 9.3, 6.8 Hz, 1H), 2.41 (br, 2H), 1.84-1.69 (m, 2H), 1.62 (dt, J =
14.5, 2.3 Hz, 1H), 1.56-1.23 (m, 9H), 0.89 (t, J = 6.6 Hz, 3H).

13C NMR (126 MHz, CDCl3): § 146.4, 143.7, 133.9, 120.9, 114.2, 111.0, 73.3, 72.3, 55.9,
43.0, 40.0, 38.3, 31.8, 31.4, 25.0, 22.6, 14.0.

HRMS (ESI-TOF): calc’d for C17H2304Na [M+Na]": 319.1885, found 319.1897.

TLC: Ry=0.3 (1:1 hexanes:EtOAc)

[a]p? =+7.1 (¢ = 0.28, CHCl5). (lit. [a]p*® = +8.2 (¢ = 2.0, CHCl3))*¢
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Comparison of NMR data of synthetic gingerdiol (44) with literature

OH OH
MeO
HO Me'
Gingerdiol
'"H NMR Data
Literature 44°° Synthetic 44
(400 MHz, CDCl3) (600 MHz, CDCl3) Ao
6.82 (4, /= 8.0 Hz, 1 H) 6.83 (d, /= 8.0 Hz, TH) 0.01
6.71 (d, J=2.0 Hz, 1H) ]
6.69 (dd, /= 11.3, 3.3 Hz, 2H)
6.69 (dd, /=18.0, 1.9 Hz, 1H) -
5.62 (s, 1H) 5.47 (br, 1H) 20.15
3.86 (s, 3H) 3.88 (s, 3H) 0.02
3.90-3.81 (m, 2H), 3.92-3.81 (m, 2H) ;
3.24 (s, 2H) 2.41 (br, 2H) 0.83
270 (ddd, J=15.2,9.5, 6.0 Hz, 1H),  2.70 (ddd,J=14.8,9.6, 5.9 Hz, IH) 0
2.61 (ddd,J=13.9,10.9,6.3 Hz, IH) 2.62(ddd,J=13.9,9.3, 6.8 Hz, 1H) 0.1
1.83-1.66 (m, 2H) 1.84-1.69 (m, 2H) ;
1.51(d,J=17.3 Hz, 1H) 1.62 (dt, J= 14.5, 2.3 Hz, 1H) 0.11
1.46-1.25 (m, 9H) 1.56-1.23 (m, 9H) ;
0.89 (t, /= 6.7 Hz, 3H) 0.89 (t, J = 6.6 Hz, 3H) 0

13C NMR Data

Literature 44°° Synthetic 44 A5
(101 MHz, CDCls) (126 MHz, CDCl5)

146.4 146.4
143.7 143.7
133.9 133.9
120.8 120.9 0.1
114.3 114.2 -0.1
111.0 111.0
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73.2 73.3 0.1

72.3 72.3 0
55.8 55.9 0.1
42.9 43.0 0.1
40.0 40.0 0
38.2 38.3 0.1
31.8 31.8 0
31.4 314 0
25.0 25.0 0
22.6 22.6 0
14.0 14.0 0

Synthesis of streptenol B

0
NHPI LiAIH,
0" o )< Siat 9" o then Hel OH OH OH
IPHN ‘/\/\/-\/k)']\ > /\/\/-\)\)
Mo > SN OtBu — e N
- i (]
O  6RAE dboe trans couping SI-57 45: streptenol B

Compound SI-57
Lo o
/\/\/\/'\)I\OtBu

Tert-butyl 2-((4R,65)-2,2-dimethyl-6-((E)-pent-3-en-1-yl)-1,3-dioxan-4-yl)acetate (SI-57).
Following the general procedure C (without ligand) on 0.1 mmol scale 6-RAE with RAE SI-
41. Purification by flash column chromatography on silica gel (30:1 hexanes:EtOAc) afforded
18.2 mg (61%) of the title compound SI-57.

Physical State: colorless oil.

TH NMR (500 MHz, CDCl3): 8 5.50-5.29 (m, 2H), 4.25-4.15 (m, 1H), 3.84-3.73 (m, 1H),
2.41(dd,J=14.9, 8.2 Hz, 1H), 2.34 (dd, /= 15.0, 5.4 Hz, 1H), 2.13—1.96 (m, 2H), 1.67-1.54
(m, 7H), 1.44 (s, 9H), 1.35 (s, 3H), 1.31 (s, 3H).

13C NMR (126 MHz, CDCl3): 6 170.3, 130.6, 125.3, 100.5, 80.5, 65.7, 63.8, 42.3, 38.0, 35.5,
28.4,28.1,24.7,24.6,17.9.

GC/MS (EI): m/z 283 (30%), 241 (5%), 225 (10%), 184 (25%), 167 (35%), 149 (30%), 125
(40%), 107 (65%), 98 (20%), 81 (35%), 69 (20%), 57 (100%).

TLC: Ry=0.45 (10:1 hexanes:EtOAc)
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[a]p?® = +19.6 (c = 1.0, CHCl3)

Compound 45

9H OH OH
Me” X :
Streptenol B (45)
To a solution of SI-57 (30 mg, 0.1 mmol, 1.0 equiv) in THF (1 mL) was added LiAlIH4 (60 pL,
2 M in THF, 1.2 equiv) at 0 °C under argon. The reaction was then stirred at room temperature
for 8 hours. After the mixture was cooled to 0 °C, the reaction was quenched by carefully
adding IN HCI (0.5 mL). The mixture was stirred at room temperature for 3 hours. Then the
resulting mixture was extracted with ethyl acetate (5 x 3 mL) and the separated organic layer
was washed with water (1 x 15 mL) and brine (1 x 15 mL) and dried over Na;SO4. Removal
of the solvent in vacuo and then the residue was purified by PTLC (1:2 hexanes:actone) to
afforded 13.2 mg (70%) of the title compound 45.
Physical State: colorless oil.
'TH NMR (600 MHz, CDCls): 6 5.54-5.37 (m, 2H), 4.29-4.19 (m, 1H), 4.04-3.96 (m, 1H),
3.95-3.83 (m, 2H), 2.15-2.04 (m, 2H), 1.88-1.69 (m, 2H), 1.69-1.63 (m, 3H), 1.64-1.49 (m,
4H).
13C NMR (126 MHz, CDCls): 6 130.7, 125.6, 69.7, 69.1, 61.9, 42.6, 38.2, 37.0, 29.0, 17.9.
HRMS (ESI-TOF): calc’d for: Ci1oH1902 [M - OH]": 171.1385, found 171.1384.
TLC: Ry=0.40 (1:2 hexanes:acetone)
[a]p?® = +5.6 (¢ = 0.7, CH2CL) (lit. [a]p*® =+9.5 (¢ = 1.0, CH2Clb))*’

Comparison of NMR data of synthetic streptenol B (45) with literature

QH OH OH
Me” X :
'"H NMR Data
Literature 45%" Synthetic 45
(unknown) (600 MHz, CDCl3) Ao
5.44, 5.48 (m, 2H) 5.54—5.37 (m, 2H) -
422 (m, 1H) 429-4.19 (m, 1H) ;
3.98 (m, 1H) 4.04-3.96 (m, 1H) ;
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3.86, 3.91 (m, 2H)
2.09,2.11 (m, 2H)
1.68, 1.82 (m, 2H)
1.66 (m, 3H)
1.64 (m, 2H)
1.54, 1.62 (m, 2H)

3.95-3.83 (m, 2H)
2.15-2.04 (m, 2H)
1.88-1.69 (m, 2H)
1.69-1.63 (m, 3H)

1.64-1.49 (m, 4H)

13C NMR Data
Literature 45" Synthetic 45
(unknown) (126 MHz, CDCl3) A0
130.7 130.7 0
125.6 125.6 0
69.8 69.7 -0.1
69.1 69.1 0
61.9 61.9 0
42.6 42.6 0
38.3 38.2 -0.1
37.0 37.0 0
29.0 29.0 0
17.9 17.9 0
Synthesis of exserolide F
OMe
Hoocj@\ _loaco, HOO\C;©\ PooC|3 )\)t@\
oMe T 2% wooc 40%
S1-58 SI-59
X X

C3H,CONHPI

0 ) NaOH

0
IPHN /\/_\)\)J\ ) PITU
- o I
MO'B“ dDCC trans-coupling O'Bu NHPI

O 4 RAE 63%, dr > 20:1 S1-60

cl )3t©\om
SI-59
NiCl,, bpy, AgNO3, DMF
(+)Mg/(ORVC, 4 mA, 3 F/mol 162
45%

70% in 2 steps

AICI3 OH OH O
76% Me

46: exserolide F



Compound SI-58
OMe

HOOC
OMe

2-(carboxymethyl)-4,6-dimethoxybenzoic acid (SI-58)

To a stirring solution of 2-methyl-4,6-dimethoxybenzoic acid (1.96 g, 10 mmol, 1.0 equiv) in
THF (20 mL) at —78 °C was added LDA (2 M, 11 mL, 22 mmol, 2.0 equiv) dropwise. After
the mixture was stirred at —78 °C for 1 h, CO> was bubbled into the mixture for 10 mins. The
reaction mixture was allowed to reach room temperature, and the reaction was quenched with
a saturated solution of NH4Cl (20 mL) and acidified with 1 N HCI to pH = 2. The resulting
mixture was extracted with ethyl acetate (3 x 50 mL) and the separated organic layer was
washed with water (50 mL) and brine (2 x 50 mL) and dried over NaxSO4. Removal of the
solvent in vacuo and then the residue was purified by recrystallization with methanol to give

the title compound SI-58 (1.7 g, 72%). The spectroscopic data matched the literature?®.

Compound SI-59
o] OMe

o)

Cl A OMe

3-chloro-6,8-dimethoxy-1H-isochromen-1-one (SI-59)

A mixture of SI-58 (1.2 g, 5 mmol, 1.0 equiv) and phosphorus oxychloride (5 mL) is taken in
a round bottom flask. The reaction mixture was stirred at 80 °C and monitored by TLC once
an hour until it was completed (3 h) and then the mixture was cooled to room temperature. The
phosphorus oxychloride was removed in vacuum. The residue was then purified by flash
column chromatography on silica gel (5:1 hexanes:EtOAc) afforded (480 mg, 40%) of the title
compound SI-59.

Physical State: faint yellow solid.

m.p.: 180-182 °C.

TH NMR (600 MHz, CDCl): 5 6.44 (s, 1H), 6.32 (s, 2H), 3.96 (s, 3H), 3.89 (s, 3H).

13C NMR (151 MHz, CDCl3): § 165.9, 163.6, 157.2, 143.7, 141.9, 104.4, 101.8, 100.0, 98.7,
56.3,55.7.

HRMS (ESI-TOF): calc’d for : C11H;oClO4 [M + H]": 241,0268, found 241.0269.
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TLC: Ry=0.5 (1:1 hexanes:EtOAc)

Compound SI-60

X

0" o
/\/-\/'\)]\otBu

Tert-butyl 2-((4R,65)-2,2-dimethyl-6-propyl-1,3-dioxan-4-yl)acetate (SI-60)

Following the general procedure C (without ligand) on 1 mmol scale 6-RAE with RAE SI-
29 (3 equiv.) Purification by flash column chromatography on silica gel (30:1 hexanes:EtOAc)
afforded (170.4 mg, 63%) of the title compound SI-60

Physical State: colorless oil.

'"H NMR (600 MHz, CDCl3): 6 4.24-4.17 (m, 1H), 3.84-3.74 (m, 1H), 2.41 (dd, J = 15.0, 8.3
Hz, 1H), 2.34 (dd, /= 15.0, 5.4 Hz, 1H), 1.66—1.58 (m, 2H), 1.56—1.47 (m, 1H), 1.48—-1.41 (m,
10H), 1.41-1.37 (m, 1H), 1.35 (s, 3H), 1.34-1.27 (m, 4H), 0.90 (t, J = 7.1 Hz, 3H).

13C NMR (151 MHz, CDCl3): § 170.3, 100.4, 80.5, 66.2, 63.8, 42.3, 38.0, 37.9, 28.1, 24.8,
24.6, 18.6, 13.9.

GC/MS (ED): m/z 257 (48%), 201 (18%), 173 (10%), 159 (20%), 141 (100%), 123 (60%), 99
(40%), 81 (45%), 57 (95%).

TLC: Ry=0.4 (15:1 hexanes:EtOAc)

[a]p?® = +28.5 (¢ = 1.0, CHCI3).

Compound SI-61
X,
/\/\/'\)LNHH

1,3-dioxoisoindolin-2-yl 2-((4R,6S5)-2,2-dimethyl-6-propyl-1,3-dioxan-4-yl)acetate (SI-61)
To a solution of SI-60 (136.1 mg, 0.5 mmol, 1.0 equiv) in MeOH (1.5 mL) was 2 M NaOH
(0.5 mL) and the mixture was then stirred at 60 °C for 12 h. 1 N HCI (450 uL) was added, and
the solvent of the mixture was removed under vacuum. Traces of MeOH and H>O were
removed azeotropically with toluene. At this time, the reaction mixture was dissolved in
CH3CN (2.5 ml), PITU (306 mg, 0.75 mmol, 1.5 equiv) and DIPEA (43.5 pL, 0.25 mmol, 0.5

equiv) were added. The mixture was then stirred at room temperature for 12 h. The reaction
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was quenched with saturated aqueous NH4Cl (10 mL). The resulting mixture was extracted
with CH2Cl> (3 x 10 mL). The combined organic layers were washed with brine (2 x 30 mL),
dried over anhydrous Na>SOg, filtered. The filtrate was then concentrated under reduced
pressure and purified by flash column chromatography on silica gel (5:1 hexanes:EtOAc) to
give the title compound SI-61 (126.2 mg, 70%).

Physical State: white solid.

m.p.: 120-122 °C.

'"H NMR (500 MHz, CDCl3): 6 7.88 (dd, J = 5.5, 3.1 Hz, 2H), 7.78 (dd, J = 5.5, 3.1 Hz, 2H),
4.40-4.30 (m, 1H), 3.93-3.79 (m, 1H), 2.88 (dd, /= 15.5, 8.1 Hz, 1H), 2.79 (dd, J=15.5, 5.3
Hz, 1H), 1.75 (td, /= 9.0, 6.3 Hz, 2H), 1.59—-1.50 (m, 1H), 1.45-1.34 (m, 9H), 0.92 (t, /= 7.1
Hz, 3H).

I3C NMR (126 MHz, CDCl3): $167.0, 161.8, 134.7, 128.9, 124.0, 100.9, 66.2, 63.2,37.8,37.7,
24.6,24.4,18.5,13.9.

TLC: Ry= 0.3 (5:1 hexanes:EtOAc)

[a]p?® = +28.5 (¢ = 1.0, CHCI5).

Compound SI-62

X O OMe

OMe
3-(((4R,6S)-2,2-dimethyl-6-propyl-1,3-dioxan-4-yl)methyl)-6,8-dimethoxy-1H-
isochromen-1-one (SI-62)

An ElectraSyn vial (5 mL) with a stir bar was charged with SI-61 (36.1 mg, 0.1 mmol, 1.0
equiv), SI-59 (36.0 mg, 0.15 mmol, 1.5 equiv), AgNOs (8.5 mg, 0.05 mmol, 0.05 equiv),
NiCl2*6H>0 (4.8 mg, 0.02 mol, 0.2 equiv.), 2,2"-Bipyridine (3.1 mg, 0.02 mol, 0.2 equiv.) and
anhydrous DMF (3 mL). An ElectraSyn vial cap equipped with anode (Mg) and cathode (RVC)
was inserted into the mixture after which all the contents were degassed via an argon balloon
for roughly 60 seconds. The reaction mixture was electrolyzed under a constant current of 4
mA for 3 F/mol. After electrolysis, the ElectraSyn vial cap was removed and electrodes were
rinsed with Et,O, which was combined with the crude mixture. The crude mixture was further
diluted with Et,O and aqueous HCI (0.1 N) was then added. The organic layers were further

washed with brine, dried over anhydrous Na>SOs4 and concentrated in vacuo. The crude
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material was purified by PTLC (1:1 hexanes:EtOAc) to furnish the title compound SI-62 (16.8
mg, 45%).

Physical State: colorless oil.

TH NMR (600 MHz, CDCls): 6 6.43 (d,J=2.3 Hz, 1H), 6.32 (d, J=2.3 Hz, 1H), 6.18 (s, 1H),
4.30-4.23 (m, 1H), 3.96 (s, 3H), 3.89 (s, 3H), 3.85-3.77 (m, 1H), 2.68 (dd, J = 14.8, 8.2 Hz,
1H), 2.57 (dd, J=14.8, 5.3 Hz, 1H), 1.69—1.58 (m, 2H), 1.54-1.46 (m, 1H), 1.45-1.36 (m, 3H),
1.33 (s, 6H), 0.90 (t, /= 7.1 Hz, 3H).

13C NMR (151 MHz, CDCl3): 8 165.4, 163.3, 159.5, 155.4, 142.2, 104.8, 103.1, 100.5, 99.7,
98.3, 66.3, 64.0, 56.3, 55.6, 39.6, 38.1, 37.9, 24.8, 24.6, 18.5, 13.9.

HRMS (ESI-TOF): calc’d for : C21H206 [M + H]": 377.1964, 377.1958.

TLC: Ry=0.4 (1:1 hexanes:EtOAc)

[a]p?® =—4.6 (c = 1.0, CHCl3)

Compound 46

o OH
Me : X OH
Exserolide F (46)

To a stirring mixture of AICI3 (60 mg, 0.45 mmol, 1.5 equiv) in benzene (0.2 mL) at 0 °C was
added a solution of SI-62 (11.3 mg, 0.03 mmol, 1.0 equiv) in benzene (0.4 mL) dropwise. The
reaction mixture was allowed to reach room temperature and stirred for a further 12 h. After
the mixture was cooled to 0 °C, the reaction was quenched with saturated aqueous NH4ClI (2
mL). The resulting mixture was extracted with ethyl acetate (3 x 5 mL) and the separated
organic layer was washed with water (5 mL) and brine (2 x 5 mL) and dried over Na>SOs.
Removal of the solvent in vacuo and then the residue was purified by PTLC (1:3
hexanes:EtOAc) to afforded 7.1 mg (76%) of the title compound 46. The spectroscopic data
matched the literature.

Physical State: white solid.

m.p.: 85-87 °C.

TH NMR (600 MHz, (CD3)2CO): 5 11.17 (s, 1H), 9.59 (br, 1H), 6.44 (s, 1H), 6.42 (d, J=2.2
Hz, 1H), 6.37 (d, J = 2.3 Hz, 1H), 4.32 (tt, J = 8.5, 4.4 Hz, 1H), 4.13 (s, 1H), 3.95-3.86 (m,
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1H), 3.63 (s, 1H), 2.67 (dd, J = 14.3, 4.6 Hz, 1H), 2.60 (dd, J = 14.5, 8.3 Hz, 1H), 1.65-1.55
(m, 2H), 1.51-1.34 (m, 4H), 0.90 (t, J = 7.1 Hz, 3H).
13C NMR (151 MHz, (CD3)2CO): § 167.1, 166.3, 164.5, 156.5, 141.0, 106.4, 103.3, 102.2,
99.9, 68.3, 66.7, 44.9, 42.8, 41.2, 19.6, 14.4.

HRMS (ESI-TOF): calc’d for: Ci6H2006 [M +H]": 309.1338, found 309.1349.

TLC: Ry= 0.3 (1:3 hexanes:EtOAc)

[@]p?5 =—10.0 (c = 0.15, MeOH) (lit. [o]p>® = —15.6 (c = 0.09, MeOH))*

Comparison of NMR data of synthetic exserolide F (46) with literature

O OH

OH OH O
Me X OH

'"H NMR Data
Literature 46 Synthetic 46 s
(600 MHz, (CD3),CO) (600 MHz, (CD3),CO)
11.16 (s, TH) 11.17 (s, TH) 0.01
9.63 (s, 1H) 9.59 (br, 1H) 0.04
6.44 (s, 1H) 6.44 (s, 1H) 0
6.41 (d,J= 1.8 Hz, 1H) 6.42 (d,J=2.2 Hz, 1H) 0.01
6.37(d, J= 1.8 Hz, 1H) 6.37 (d, J=2.3 Hz, 1H) 0
432 (m, 1H) 432 (tt, J=8.5, 4.4 Hz, 1H) ;
4.12 (d,J =48, 1H) 4.13 (s, 1H) ;
3.90 (m, 1H) 3.95-3.86 (m, 1H) -
3.63 (d, 7= 5.4 Hz, 1H) 3.63 (s, 1H) i
267 (dd, J=14.4,48 Hz, IH)  2.67 (dd,J=14.3, 4.6 Hz, 1H) 0
2.60 (dd, J=14.4,8.4 Hz, IH)  2.60 (dd,J=14.5, 8.3 Hz, 1H) 0
1.60 (m, 2H) 1.65-1.55 (m, 2H) ;
1.45 (m, 4H) 1.51-1.34 (m, 4H) ;
0.90 (t, /= 7.2 Hz, 3H) 0.90 (t, /="7.1 Hz, 3H) 0

13C NMR Data
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Literature 46% Synthetic 46

Ad
(151 MHz, (CD3),CO) (151 MHz, (CD3)2CO)
167.0 167.1 0.1
166.3 166.3 0
164.3 164.5 0.2
156.5 156.5 0
140.9 141.0 0.1
106.4 106.4 0
103.2 103.3 0.1
102.1 102.2 0.1
99.8 99.9 0.1
68.2 68.3 0.1
66.6 66.7 0.1
44.8 44.9 0.1
42.8 42.8 0
41.2 41.2 0
19.5 19.6 0.1
14.4 14.4 0
Formal synthesis of PF1163
HO. 0'Bu o m o m
Me 1) NaOH Me
o Y 8 O sie4 O ~o H 0'Bu 2; PITy PHN A OBu
MeO OH dDCC 80% in 2 steps
SI1-63 51% SI-65 o SI-66 0
X "C3H;CONHPI X 1) HCI
0" o 29 70 o 2 TBSOTH QTBSOH O o haoH
IPHN\[])\/'\)I\O'B” dDCC trans-coupling /\/\/k)l\ O'Bu  83%in 2 steps /\/\/UI\O'BU ﬂ>
O 6-RAE 63%, dr > 20:1 SI-60 SI-67
Me
o] |\E/|e BuO. m, N
oTBS OH © IPHNJ\/\/\/\“/ OB 0 o/©/o£
: S1-66 fo) OH 3 steps
Me NHPI > =
dbce Me ref 30 H Me Me
43% in 3 steps Me OH
SI-68 OT8S si69 47; PF7O7';3A
Compound SI-65
o Me
~ OJI\/:\/\/\H/O’BU
(0]

107



8-(tert-butyl) 1-methyl (R)-3-methyloctanedioate (SI-65)

An ElectraSyn vial (30 mL) with a stir bar were charged with SI-63 (160 mg, 1 mmol, 1.0
equiv), SI-64 (564 mg, 3 mmol, 3.0 equiv), N-hydroxyphthalimide (718 mg, 4.4 mmol, 4.4
equiv) and 4-dimethylaminopyridine (49 mg, 0.4 mmol, 0.4 equiv). Dichloromethane was
added (15 mL). Then N,N’-Diisopropylcarbodiimide (0.68 mL, 4.4 mmol, 4.4 equiv) was added
dropwise via syringe, and the mixture was allowed to stir until the acid was consumed. After
consumption of all starting materials, Nal (450 mg, 3 mmol, 3.0 equiv), NiClr»dme (44 mg, 0.2
mmol, 0.2 equiv.), (4-OMe)-H-PyBox (50 mg, 0.2 mmol, 0.2 equiv.) and anhydrous DMF (15
mL) were added. An ElectraSyn vial cap equipped with anode (Zn) and cathode (Ni foam) was
inserted into the mixture after which all the contents were degassed via an argon balloon for
roughly 60 seconds. The reaction mixture was electrolyzed under a constant current of 8 mA
for 4 F/mol. After electrolysis, the ElectraSyn vial cap was removed and electrodes were rinsed
with Et,O, which was combined with the crude mixture. The crude mixture was further diluted
with Et2O and aqueous HCI (0.1 N) was then added. The organic layers were further washed
with brine, dried over anhydrous Na>SO4 and concentrated in vacuo. The crude material was
purified by column chromatography (50:1 hexanes:EtOAc) to furnish the title compound SI-
65 (131.8 mg, 51%)).

Physical State: colorless oil.

'TH NMR (600 MHz, CDCls): & 3.66 (s, 3H), 2.29 (dd, J = 14.8, 6.0 Hz, 1H), 2.20 (t, /= 7.5
Hz, 2H), 2.11 (dd, J = 14.8, 8.1 Hz, 1H), 1.98-1.90 (m, 1H), 1.61-1.53 (m, 2H), 1.43 (s, 9H),
1.36-1.26 (m, 3H), 1.23-1.16 (m, 1H), 0.92 (d, J = 6.7 Hz, 3H).

13C NMR (151 MHz, CDCls): § 173.7, 173.1, 80.0, 51.3, 41.6, 36.3, 35.5, 30.2, 28.1, 26.3,
25.2,19.6.

GC/MS (EI): m/z 227 (2%), 185 (50%), 171 (23%), 152, (17%), 143 (15%), 125 (23%), 101
(25%), 83 (20%), 69 (15%), 57 (100%).

TLC: Ry=0.4 (10:1 hexanes:EtOAc)

[a]p? =+4.1 (¢ = 1.0, CHCI5).

Compound SI-66
o Me

OBu
IPHN

o

8-(tert-butyl) 1-(1,3-dioxoisoindolin-2-yl) (R)-3-methyloctanedioate (SI-66)
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To a solution of SI-65 (129.6 mg, 0.5 mmol, 1.0 equiv) in MeOH (1.5 mL) was 2 M NaOH
(0.5 mL) and the mixture was then stirred at 60 °C for 12 h. 1 N HCI (450 uL) was added, and
the solvent of the mixture was removed under vacuum. Traces of MeOH and H>O were
removed azeotropically with toluene. At this time, the reaction mixture was dissolved in
CH3CN (2.5 ml), PITU (306 mg, 0.75 mmol, 1.5 equiv) and DIPEA (43.5 pL, 0.25 mmol, 0.5
equiv) were added. The mixture was then stirred at room temperature for 12 h. The reaction
was quenched with saturated aqueous NH4Cl (10 mL). The resulting mixture was extracted
with CH2CL (3 x 10 mL). The combined organic layers were washed with brine (2 x 30 mL),
dried over anhydrous NaSOs, filtered. The filtrate was then concentrated under reduced
pressure and purified by flash column chromatography on silica gel (10:1 hexanes: EtOAc) to
give the title compound SI-66 (155.6 mg, 80%).

Physical State: colorless oil.

'"H NMR (600 MHz, CDCl3): 6 7.88 (dd, J = 5.5, 3.1 Hz, 2H), 7.78 (dd, J = 5.5, 3.0 Hz, 2H),
2.64 (dd, J=15.0, 6.0 Hz, 1H), 2.53-2.45 (m, 1H), 2.23 (t, /= 7.4 Hz, 2H), 2.10 (h, /= 6.4
Hz, 1H), 1.66—-1.55 (m, 2H), 1.51-1.45 (m, 1H), 1.44 (s, 9H), 1.41-1.29 (m, 3H), 1.08 (d, J =
6.7 Hz, 3H).

13C NMR (126 MHz, CDCl3): & 173.1, 168.9, 162.0, 134.7, 129.0, 123.9, 80.0, 38.2, 36.1,
35.5,30.5,28.1, 26.3,25.1, 19.4.

TLC: Ry=0.2 (10:1 hexanes:EtOAc)

Compound SI-67

QTBSOH (0]

: O'Bu
Tert-butyl (3R,55)-5-((tert-butyldimethylsilyl)oxy)-3-hydroxyoctanoate (SI-67)
To a solution of SI-60 (136 mg, 0.5 mmol, 1.0 equiv) in acetonitrile (2 mL) at 0 °C, 0.02 M
HCI (0.5 mL) was added dropwise. The mixture was then stirred at room temperature for 6 h.
The solvent was concentrated, and the residue was dried in vacuo for 1 h. Then CH>Cl, (5 mL)
and 2,6-lutidine (174 pL, 1.5 mmol, 3.0 equiv) were added to the residue. After the mixture
cooling to -78 °C, TBSOT{ (118 pL, 0.525 mmol, 1.05 equiv) was added to the solution over
5 min. The reaction mixture was stirred at this temperature for 4 h before it was quenched with
a saturated aqueous KHSO4 solution (3 mL). The mixture was then diluted with diethyl ether

(5 mL), warmed to room temperature, and extracted with diethyl ether (3 x 5 mL). The
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combined organic layers were washed sequentially with H>O (5 mL), a saturated aqueous
NaHCOs solution (5 mL), and brine (5 mL). The washed organic phase was then dried over
NaxSOq, filtered, and evaporated to provide crude material, which was purified by flash
chromatography (20:1 hexanes:EtOAc) on silica gel to afford title compound SI-67 (144.3 mg,
83%)

Physical State: colorless oil.

"H NMR (600 MHz, CDCl3): § 4.29-4.22 (m, 1H), 4.00-3.96 (m, 1H), 3.57 (d, J = 2.5 Hz,
1H), 2.41 (dd, J=15.8, 7.9 Hz, 1H), 2.34 (dd, J=15.8, 4.8 Hz, 1H), 1.66—1.56 (m, 2H), 1.55—
1.50 (m, 2H), 1.45 (s, 9H), 1.35-1.26 (m, 2H), 0.93-0.87 (m, 12H), 0.09 (s, 3H), 0.07 (s, 3H).
I3C NMR (151 MHz, CDCls): 6 171.7, 80.8, 70.3, 65.2, 43.4,41.7,39.1,28.1, 25.9, 18.6, 18.0,
14.2,-4.5, -4.7.

HRMS (ESI-TOF): calc’d for: Ci1sH3304SiNa [M +Na]": 369.2437, found 69.2440.

TLC: Ry=0.3 (10:1 hexanes:EtOAc)

[a]p?® = +3.4 (¢ = 0.5, CHCL).

Compound SI-69

BuO

Me
Me

OoTBS
Tert-butyl (6R,95,115)-11-((tert-butyldimethylsilyl)oxy)-9-hydroxy-6-
methyltetradecanoate (SI-69)

To a solution of SI-67 (34.6 mg, 0.1 mmol, 1.0 equiv) in MeOH (0.3 mL) was 2 M NaOH (0.1
mL) and the mixture was then stirred at 60 °C for 12 h. 1 N HCI (90 puL) was added and the
solvent of the mixture was removed under vacuum. Traces of MeOH and H>O were removed
azeotropically with toluene. At this time, the reaction mixture was dissolved in CH3CN (0.5
ml), PITU (44.8 mg, 0.11 mmol, 1.1 equiv) and DIPEA (8.7 pL, 0.05 mmol, 0.05 equiv) were
added. The mixture was then stirred at room temperature for 12 h. The reaction was quenched
with saturated aqueous NH4Cl (10 mL). The resulting mixture was extracted with CH>Cl> (3 x
10 mL). The combined organic layers were washed with brine (2 x 30 mL), dried over
anhydrous Na>SOs, filtered, and concentrated under reduced pressure to give crude RAE as a

colorless oil and directly used for the next reaction.
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An ElectraSyn vial (5 mL) with a stir bar was charged with crude RAE (from last step), SI-66
(117.1 mg, 0.3 mmol, 3.0 equiv), Nal (89.9 mg, 0.6 mmol, 6.0 equiv), NiCloedme (4.4 mg, 0.02
mmol, 0.2 equiv.), (4-OMe)-H-PyBox (5.0 mg, 0.02 mmol, 0.2 equiv.) and anhydrous DMF (3
mL). An ElectraSyn vial cap equipped with anode (Zn) and cathode (Ni foam) was inserted
into the mixture after which all the contents were degassed via an argon balloon for roughly 60
seconds. The reaction mixture was electrolyzed under a constant current of 4 mA for 4 F/mol.
After electrolysis, the ElectraSyn vial cap was removed and electrodes were rinsed with Et:O,
which was combined with the crude mixture. The crude mixture was further diluted with Et,O
and aqueous HCI (0.1 N) was then added. The organic layers were further washed with brine,
dried over anhydrous Na>SO4 and concentrated in vacuo. The crude material was purified by
PTLC (15:1 hexanes:EtOAc) to furnish the title compound SI-69 (19.1 mg, 43% in two steps).
Physical State: colorless oil.

'TH NMR (600 MHz, CDCl3): & 4.02-3.96 (m, 1H), 3.96-3.87 (m, 1H), 3.49 (br, 1H), 2.20 (t,
J=17.5 Hz, 2H), 1.62-1.51 (m, 6H), 1.48-1.41 (m, 11H)., 1.34-1.25 (m, 8H), 1.14-1.07 (m,
1H), 0.92 (t, /= 7.3 Hz, 3H), 0.89 (s, 9H), 0.86 (d, J = 6.5 Hz, 3H), 0.10 (s, 3H), 0.08 (s, 3H).
I3C NMR (151 MHz, CDCl3): 6 173.3,79.9,71.8, 68.7,41.2, 38.3, 36.6, 35.6, 35.5, 32.8, 32.7,
28.1,26.5,25.8,25.4,19.6,19.1,17.9, 14.2, -4.6, -4.7.

HRMS (ESI-TOF): calc’d for : C25Hs304Si [M + H]": 445.3713, 445.3708.

TLC: Ry= 0.4 (15:1 hexanes:EtOAc)

[a]p?® = +13.3 (c = 0.15, MeOH). (lit. [a]p* = +18 (c = 1.2, MeOH))**

Comparison of NMR data of synthetic SI-69 with literature

Buo

Me

Me
OTBS
'"H NMR Data
Literature SI-69°° Synthetic SI-69 s
(unknown, CDCl5) (600 MHz, CDCls)
3.99 (m, 1H) 4.02-3.96 (m, 1H) -

3.86-3.93 (m, 1H) 3.96-3.87 (m, 1H) -
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3.40-3.60 (br, 1H) 3.49 (br, 1H) -

2.20 (t, J = 7.5 Hz, 2H) 2.20 (t, J= 7.5 Hz, 2H) 0
1.44 (s, 9H) 1.44 (s, 9H) -
1.62-1.51 (m, 8H)
1.00-1.64 (m, 17H) 1.34-1.25 (m, 8H) -
1.14-1.07 (m, 1H)
0.93 (t, /= 7.0Hz, 3H) 0.92 (t,J=17.3 Hz, 3H) -0.01
0.89 (s, 9H) 0.89 (s, 9H) 0
0.85 (d,J=7.0 Hz, 3 H) 0.86 (d, J= 6.5 Hz, 3H) 0.01
0.10 (s, 3H) 0.10 (s, 3H) 0
0.07 (s, 3H) 0.08 (s, 3H) 0.01

Note: the 3C NMR of SI-69 is not available in the Literature.

Formal synthesis of cis-solamin intermediate

10
Me0,C 1)NaoH  IPHNOC y-’_\_\_/CONHPl
o“JY\OBn& o\‘"H/\OBn L - Z q OBn  Hel_ ZHo" 0oBn
)VO 82% in 2 steps )VO 2nd dDCC (s %’0 88% (g HO

43%, dr > 20:1
15 SI-70 51 SI-73

K20504, PNO

Citric acid, Zn(OTf), 3 Pd/C, H KR OH
_— 10 ‘o OBn _2> 1 OH Y OH
7% OH OH 91%
SI-74 52: cis-Solamin intermediate

Compound SI-70
IPHNOC

o OBn
)TO
1,3-dioxoisoindolin-2-yl (4S5,5R)-5-((benzyloxy)methyl)-2,2-dimethyl-1,3-dioxolane-4-
carboxylate (SI-70)
To a solution of 15 (140 mg, 0.5 mmol, 1.0 equiv) in MeOH (1.5 mL) was added 2 M NaOH
(0.5 mL) and the mixture was then stirred at 60 °C for 12 h. 1 N HCI (450 uL) was added, and
the solvent of the mixture was removed under vacuum. Traces of MeOH and H>O were

removed azeotropically with toluene. At this time, the reaction mixture was dissolved in

CH3CN (2.5 ml), PITU (306 mg, 0.75 mmol, 1.5 equiv) and DIPEA (43.5 uL, 0.25 mmol, 0.5
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equiv) were added. The mixture was then stirred at room temperature for 12 h. The reaction
was quenched with saturated aqueous NH4Cl (5 mL). The resulting mixture was extracted with
CH2Cl> (3 x 5 mL). The combined organic layers were washed with brine (2 x 10 mL), dried
over anhydrous Na>SOg, filtered. The filtrate was then concentrated under reduced pressure
and purified by flash column chromatography on silica gel (5:1 hexanes:EtOAc) to give the
title compound SI-70 (160.7 mg, 78%).

Physical State: white solid.

m.p.: 220 °C (decomposed).

'"H NMR (500 MHz, CDCl3): 6 7.89 (dd, J = 5.5, 3.1 Hz, 2H), 7.80 (dd, J = 5.5, 3.1 Hz, 2H),
7.39-7.31 (m, 4H), 7.30-7.26 (m, 1H), 4.86 (d, /= 7.2 Hz, 1H), 4.73—4.61 (m, 3H), 3.86 (dd,
J=11.1,3.3 Hz, 1H), 3.79 (dd, J=11.1, 4.7 Hz, 1H), 1.55 (s, 3H), 1.51 (s, 3H).

I3C NMR (126 MHz, CDCl3): 6 167.9, 161.4, 137.7, 134.9, 128.8, 128.4, 127.7, 127.6, 124.1,
112.8, 78.8, 73.8, 73.6, 68.8, 26.8, 25.3.

HRMS (ESI-TOF): calc’d for: C22H22NO7 [M + H]"™: 412.1396, found 412.1388.

TLC: Ry= 0.4 (3:1 hexanes:EtOAc).

[a]p?® = +39.5 (¢ =1.0, CHCI;).

Compound 51

(4R,5R)-4-((benzyloxy)methyl)-5-((E)-hexadec-3-en-1-yl)-2,2-dimethyl-1,3-dioxolane (51)
Following the general procedure A (with L1) on 0.1 mmol scale RAE 70 with RAE 50
Purification by PTLC (25:1 hexanes:EtOAc) afforded 19.2 mg (43%) of the title compound 51.
Physical State: colorless oil.

'H NMR (400 MHz, CDCls): 6 7.37-7.31 (m, 4H), 7.31-7.27 (m, 1H), 5.48-5.32 (m, 2H),
4.64—4.54 (m, 2H), 3.89-3.77 (m, 2H), 3.56 (d, /= 5.1 Hz, 2H), 2.22-2.01 (m, 2H), 1.96 (q, J
= 6.6 Hz, 2H), 1.68-1.58 (m, 2H), 1.41 (s, 3H), 1.39 (s, 3H), 1.33-1.20 (m, 20H), 0.89 (t, J =
6.5 Hz, 3H).

13C NMR (151 MHz, CDCl3): § 138.0, 131.2, 129.0, 128.4, 127.6, 108.7, 80.0, 77.8, 73.5,
70.7,33.2,32.6,31.9, 29.7, 29.6 (2C), 29.5, 29.4, 29.2, 28.9, 27.3, 27.0, 22.7, 14.1.

GC/MS (EI): m/z 444 (3%), 429 (3%), 386 (3%), 369 (3%), 281 (10%), 207 (45%), 91 (100%).
TLC: Ry=0.5 (10:1 hexanes:EtOAc)
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[a]p?® = +4.8 (c = 1.0, CHCL:).

Compound SI-73

OBn

(2R,3R,E)-1-(benzyloxy)nonadec-6-ene-2,3-diol (SI-73)

To a solution of SI-72 (44.5 mg, 0.1 mmol) in acetonitrile (1 mL) at 0 °C, 0.2 M HCI (0.1 mL)
was added dropwise. The mixture was then stirred at room temperature for 6 h. The solvent
was concentrated in vacuo and the residue was purified by PTLC (3:1 hexanes:EtOAc) to give

the title compound SI-73 (35.6 mg, 88%).

Physical State: colorless oil.

'H NMR (600 MHz, CDCl3): 6 7.38-7.29 (m, 5H), 5.42 (dtd, J = 21.8, 15.3, 6.4 Hz, 2H),
4.61-4.50 (m, 2H), 3.68-3.55 (m, 4H), 2.21-2.12 (m, 1H), 2.12-2.03 (m, 1H), 1.97 (q, J=6.9
Hz, 2H), 1.67-1.58 (m, 1H), 1.57-1.49 (m, 1H), 1.35-1.30 (m, 20H), 0.88 (t,J= 7.0 Hz, 3H).
13C NMR (151 MHz, CDCl3): § 137.6, 131.3, 129.3, 128.5, 127.9, 127.8, 73.6, 72.8, 72.3,
71.7,33.3,32.6,31.9,29.7,29.6 (3C), 29.5, 29.3, 29.2, 28.6, 22.7, 14.1.

HRMS (ESI-TOF): calc’d for: C2sHasO3 [M + H]™: 405.3369, found 405.3362.

TLC: Ry=0.2 (3:1 hexanes:EtOAc)

[a]p?® =+9.2 (¢ = 1.0, CHCI3).

Compound SI-74

10 o™ OBn
OH OH

(9)-1-((2S5,5R)-5-((R)-2-(benzyloxy)-1-hydroxyethyl)tetrahydrofuran-2-yl)tridecan-1-ol
(SI1-74)

To a solution of SI-73 (20.2 mg, 0.05 mmol, 1.0 equiv) in acetonitrile (0.6 mL) and water (0.4
mL) was added pyridine N-oxide (9.5 mg, 0.1 mmol, 2.0 equiv), citric acid (7.2 mg, 0.0375
mmol, 0.75 equiv), potassium osmate dihydrate (0.15 mg, 0.0005 mmol, 0.01 equiv.) and the

zinc trifluoromethansulfonate (9.1 mg, 0.025 mmol). The resulting solution was warmed to 60
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°C and the mixture was left to stir at same temperature for 12 h. Sodium sulfite (1 mg) and
water (0.5 mL) were added, and the reaction was cooled to room temperature. The mixture was
extracted with ethyl acetate (3 x 2 mL) and the combined organic layers were washed with 2
M HCI (2 mL), 3 M NaOH (2 mL), and brine (2 mL), dried over sodium sulfate, and filtered,
then the solvent was removed in vacuo. The residue was purified by PTLC (2:1 hexanes:EtOAc)

to give the title compound SI-74 (16.2 mg, 77%).

Physical State: colorless oil.

'"H NMR (600 MHz, CDCl3): § 7.38-7.27 (m, 5H), 4.57 (s, 2H), 4.03-3.98 (m, 1H), 3.89—
3.84 (m, 1H), 3.76-3.71 (m, 1H), 3.57 (d, J = 5.0 Hz, 2H), 3.44-3.38 (m, 1H), 2.05-1.71 (m,
br, 6H), 1.52—-1.41 (m, 2H), 1.36-1.20 (m, 20H), 0.88 (t, J= 7.0 Hz, 3H).

I3C NMR (151 MHz, CDCl3): 6 137.9, 128.4, 127.8, 82.6, 79.4, 74.3, 73.4, 72.7, 72.3, 34.5,
31.9,29.7 (2C), 29.6, 29.3, 28.2, 27.9, 25.8, 22.7, 14.1.

HRMS (ESI-TOF): calc’d for: C26HasO4 [M + H]": 421.3318, found 421.3317.

TLC: Ry= 0.3 (2:1 hexanes:EtOAc)

[a]p?® =-5.7 (c = 1.0, CHCl5)

Compound 52

OH
OH OH

(R)-1-((2R,55)-5-((S)-1-hydroxytridecyl)tetrahydrofuran-2-yl)ethane-1,2-diol (52)

To a solution of SI-74 (10.5 mg, 0.025 mmol) in anhydrous methanol (1.5 mL) was added 20%
Pd/C (2 mg). The resultant mixture was stirred under 1 atm of hydrogen for 8 h at room
temperature. The mixture was filtered over Celite and rinsed with methanol. The solvent was
then evaporated in vacuo. The crude product was purified by PTLC (1:1 hexanes:acetone) to
afford 7.5 mg (91%) of title compound 52.

Physical State: colorless oil.

'"H NMR (400 MHz, CD30D): 6 3.97 (td, J = 6.9, 3.8 Hz, 1H), 3.80 (td, J = 6.6, 3.8 Hz, 1H),
3.62(dd,J=11.1,5.4 Hz, 1H), 3.57 (dd, J=11.1, 6.2 Hz, 1H), 3.50 (ddd, /= 6.2, 5.3, 3.9 Hz,
1H), 3.45-3.36 (m, 1H), 1.99-1.76 (m, 4H), 1.52-1.44 (m, 3H), 1.39-1.21 (m, 19H), 0.90 (t, J
=6.9 Hz, 3H).

13C NMR (151 MHz, CD30D): § 83.8, 80.8, 75.3, 74.9, 65.1, 35.2, 33.1, 30.8 (5C), 30.7, 30.5,
28.9,28.6,26.9,23.7, 14.4.
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HRMS (ESI-TOF): calc’d for: Ci9H3304Na [M + Na]™: 353.2668, found 353.2661.

TLC: Ry=0.3 (1:1 hexanes:acetone)

[a]p25 =—14.4 (c = 0.25, CHCL). (lit. [o]p* = —12.9 (¢ = 0.70, CHCI3))*!

Comparison of NMR data of synthetic 52 with literature

“o" OH
OH OH
'"H NMR Data
Literature 52°! Synthetic 52
(400 MHz, CD;OD) (400 MHz, CD;OD) Ao
3.96 (a1, /= 3.8, 7.1 Hz, 1H) 3.97 (1d, /= 6.9, 3.8 Hz, 1H) 0.0
3.80 (dt, J = 4.5, 7.1 Hz, 1H) 3.80 (td, J = 6.6, 3.8 Hz, 1H) 0
3.62(dd,J=55,11.1 Hz, 1H)  3.62(dd,J=11.1, 5.4 Hz, 1H) 0
3.57(dd, J=62, 11.1 Hz, 1H)  3.57 (dd,J=11.1, 6.2 Hz, 1H) 0
3.50 (dt,J=45,55Hz, 1H)  3.50 (ddd,J=62,53,39HzIH) 0

3.40 (dt, J=7.1, 4.5 Hz, 1H)

3.45-3.36 (m, 1H)

1.97-1.74 (m, 4H) 1.99-1.76 (m, 4H) 0
1.54-1.43 (m, 3H) 1.52-1.44 (m, 3H) 0
1.41-1.20 (m, 19H) 1.39-1.21 (m, 19H) -
0.90 (t,J=7.1 Hz, 3H) 0.90 (t, /= 6.9 Hz, 3H) 0
13C NMR Data
Literature 523! Synthetic 52 A
(101 MHz, CD30D) (151 MHz, CD30D)

83.8 83.8 0

80.8 80.8 0

75.3 75.3 0

74.9 74.9 0

65.1 65.1 0

35.2 35.2 0

33.1 33.1 0
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30.8 (3C) 30.8 (5C) -

30.7 (3C) 30.7 -
30.5 30.5 0
28.8 28.9 0.1
28.6 28.6 0
26.9 26.9 0
23.7 23.7 0
14.4 14.4 0

Synthesis of aphanorphine
A
OAc tsu'docoob@“

AcO i
‘Bu 'Bu AcO HO
CONHPI Sdini ©
N-fluoropyridinium M . M
54 TMDSO, PhCF; s _LiAlHa 7
CONHPI > T
52% g 72% \

N dbce N
Boc 44% Boc N\ N-me
53 55 56  Boc 57: (+)-Aphanorphine
Compound 55
OAc
N
Boc

Tert-butyl 2-(4-acetoxybenzyl)-4-methylenepyrrolidine-1-carboxylate (55)

Following the general procedure A (without ligand) on 0.1 mmol scale 53 (prepared in situ
from (S)-1-(tert-butoxycarbonyl)-4-methylenepyrrolidine-2-carboxylic acid) with 54
(prepared in situ from 2-(4-acetoxyphenyl)acetic acid, 3.0 equiv), set the temperature at 60 °C.
Purification by flash column chromatography on silica gel (20:1 hexanes:EtOAc) afforded
146.7 mg (44%) of the title compound 55.

Physical State: colorless oil

'"H NMR (600 MHz, CDCl3): 6 7.16 (d, J = 30.7 Hz, 2H), 6.99 (d, J = 7.8 Hz, 2H), 5.05-4.89
(m, 2H), 4.27-3.96 (m, 2H), 3.90-3.77 (m, 1H), 3.15-2.86 (m, 1H), 2.58 (br, 1H), 2.49 (dd, J
=13.1, 9.5 Hz, 1H), 2.31-2.24 (m, 4H), 1.47 (s, 9H).
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13C NMR (151 MHz, CDCls): § 169.5, 154.0, 149.1, 144.9, 144.0, 136.2, 130.4, 130.2, 121.5,
107.9, 107.5, 79.5, 58.7, 58.2, 50.5, 49.9, 39.8, 38.8, 36.8, 35.8, 28.5, 21.1.
HRMS (ESI-TOF): calc’d for Ci14Hi1sNO> [M — Boc + 2H]": 232.1338, found 232.1349.

TLC: Ry=0.4 (10:1 hexanes:EtOAc)

Compound 56
AcO
Me
\
N
\
Boc

Tert-butyl 8-acetoxy-1-methyl-1,2,4,5-tetrahydro-3H-1,4-methanobenzo[d]azepine-3-
carboxylate (56)

A 4 mL vial was charged with 55 (33 mg, 0.1 mmol, 1.0 equiv), Co catalyst (2.8 mg, 0.005
mmol, 0.05 equiv) and 1-fluoro-2,4,6-trimethylpyridinium tetrafluoroborate (45 mg, 0.2 mmol,
2.0 equiv). After being dried in vacuo for 0.5 h, PhCF; (1 mL) was added. The solution was
bubbled with Ar for 10 min before poly(methylhydrosiloxane) (44 puL, 0.2 mmol, 2.0 equiv)
was added. The resulting mixture was stirred at room temperature for 20 hours before diluted
with ethyl acetate (4 mL). The solution was washed with water (1 mL) and brine (3 X 1 mL),
dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was purified by

PTLC (10:1 hexanes:EtOAc) to give the title compound 56 (17.4 mg, 52%).

Physical State: White solid.

m.p.: 125-127 °C.

'TH NMR (600 MHz, CDCl3): § 7.10 (dd, J = 12.6, 8.3 Hz, 1H), 6.96 (t, J = 2.4 Hz, 1H), 6.89
(dt,J=8.2,2.4 Hz, 1H), 4.44 (dt,J=5.7,2.7 Hz, 0.5H), 4.31 (dt,J = 5.8, 2.8 Hz, 0.5H), 3.35
(ddd, J=29.8,10.0, 1.5 Hz, 1H), 3.24-3.16 (m, 1.5H), 3.08 (d, /= 16.9 Hz, 0.5H), 2.92 (dt, J
=16.9, 3.1 Hz, 1H), 2.29/2.30 (2s, 3H), 2.02-1.91 (m, 1H), 1.88 (t,/=10.1 Hz, 1H), 1.50/1.49
(2s, 3H), 1.46/1.40 (2s, 9H).

13C NMR (151 MHz, CDCl): 5 169.9, 169.8, 153.9 (2C), 148.8, 148.7, 146.3, 146.1, 131.7,
131.3, 130.6, 130.3, 119.8, 119.7, 116.8, 116.6, 79.2 (2C), 61.3, 60.9, 54.4, 54.0, 41.9, 41.7,
41.3,40.8, 36.8, 36.3, 28.6, 28.5, 21.1, 20.9, 20.8.

HRMS (ESI-TOF): calc’d for C14HisNO2 [M - Boc + 2H]": 232.1338, found 232.1340.

TLC: Rr=0.3 (10:1 hexanes:EtOAc)
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Compound 57

HO
Me

\

N~Me
1,3-dimethyl-2,3,4,5-tetrahydro-1H-1,4-methanobenzo|[d]azepin-8-ol (57)
To a solution of SI-78 (16.5 mg, 0.05 mmol, 1.0 equiv) in THF (0.5 mL) was added 2 M LiAlH4
in THF (0.15 mL, 0.3 mmol, 6.0 equiv) at 0 °C. The reaction was then heated at 60 °C for 18
hours. After the mixture was cooled to 0 °C, the reaction was quenched by carefully adding 1
mL 15% potassium sodium tartrate solution. The aqueous layer was extracted with ethyl acetate
(2 mL x 3). The combined organic layers were passed through a plug of celite, which was then
washed with ethyl acetate (5 ml). The filtrate dried over sodium sulfate and concentrated in
vacuo. The crude product was placed on a filter and then rinsed with Et,O (0.5 mL x 2) to give
the titled compound 57 (7.4 mg, 72%).
Physical State: white solid.
m.p.: 210-212 °C.
'TH NMR (500 MHz, CD30D): 6 6.91 (d, /= 8.2 Hz, 1H), 6.68 (d, J=2.6 Hz, 1H), 6.57 (dd,
J=28.2,2.6 Hz, 1H), 3.41 (dt, /= 6.0, 3.0 Hz, 1H), 2.98 (d, J = 16.3 Hz, 1H), 2.91-2.82 (m,
1H), 2.65 (d, J= 9.5 Hz, 1H), 2.43 (s, 3H), 2.04 (ddd, /=112, 5.9, 1.2 Hz, 1H), 1.85 (d, J =
11.1 Hz, 1H), 1.46 (s, 3H).
13C NMR (151 MHz, CD30D): 5 156.7, 148.6, 131.2, 125.2, 114.5, 110.9, 72.7, 63.4, 44.3,
42.8,42.1,36.7,21.7.
HRMS (ESI-TOF): calc’d for : Ci3H;7NO [M +H]": 204.1388, found 204,1391.
TLC: Ry=0.3 (100:2:1 CH2Cl.:MeOH:Et3N)

Comparison of NMR data of synthetic aphanorphine (57) with literature

HO
Me

\

N‘Me

I'H NMR Data
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Literature 57°2 Synthetic 57 A5
(200 MHz, CD;0D) (500 MHz, CD;0D)
6.90 (d, /= 8.2 Hz, TH) 6.91 (d, /=82 Hz, TH) 0.01
6.68 (d, J=2.5 Hz, 1H) 6.68 (d, J = 2.6 Hz, 1H) 0
6.56 (dd, /= 2.5, 8.2 Hz, 1H) 6.57 (dd, J=18.2,2.6 Hz, 1H) 0.01
3.42 (quin, J = 2.7 Hz, 1H) 3.41 (dt, J = 6.0, 3.0 Hz, 1H) 20.01
3.00 (br d, J = 16.5 Hz, 1H) 2.98 (d,J=16.3 Hz, 1H) 20.02
2.84-2.89 (m, 2H) 2.91-2.82 (m, 1H) ;
2.65 (d, J=9.5 Hz, 1H) 2.65 (d,J=9.5 Hz, 1H) 0
2.43 (s, 3H) 2.43 (s, 3H) 0
2.04 (ddd,J=1.1,5.8,11.0 Hz, 2.04(ddd,J=11.2,5.9,1.2 Hz, 0
1H) 1H)
1.85(d, J=11.0 Hz,1H) 1.85(d,J=11.1 Hz, 1H) 0
1.45 (s, 3H) 1.46 (s, 3H). 0.01
13C NMR Data
Literature’? Synthetic 57 A8
(50 MHz, CD3;0D) (151 MHz, CD3;0D)
156.6 156.7 0.1
148.4 148.6 0.2
131.3 131.2 -.01
125.2 125.2 0
114.6 114.5 -0.1
110.9 110.9 0
72.7 72.7 0
63.7 63.4 -0.3
443 443 0
42.8 42.8 0
42.0 42.1 0.1
36.6 36.1 -0.5
21.6 21.7 0.1
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Synthesis of indolizidine 195B and monomorine

IPHNOC CONHPI
Pd/C, H2
CbzN CbzN
dDCC

66%, dr = 2:3 61: (-)-Indolizidine 1958  62: (+)-monomorine
51% 37%

Compound 60

CbzN

o
Benzyl (2R)-2-butyl-5-(4-oxopentyl)pyrrolidine-1-carboxylate (60).
Following the general procedure A (with L2) on 1 mmol scale 58 ((prepared in situ from SI-
9) with 59 (3 equiv.). Purification by flash column chromatography on silica gel (30:1
hexanes:acetone) afforded 227.4 mg (66%) of the title compound 60.
Physical State: colorless oil.
'"H NMR (600 MHz, CDCls): 6 7.37-7.32 (m, 4H), 7.32-7.28 (m, 1H), 5.20-5.03 (m, 2H),
3.87-3.68 (m, 2H), 2.56-2.21 (m, 2H), 2.13/2.03 (s, 3H), 2.00-1.78 (m, 3H), 1.71-1.46 (m,
5H), 1.36-1.12 (m, 6H), 0.92—0.79 (m, 3H).
13C NMR (151 MHz, CDCls): § 209.0, 208.6, 154.3, 154.1, 137.0 (2C), 128.4 (3C), 128.1,
127.9, 127.8, 66.5, 66.4 (2C), 58.2, 57.7, 57.2, 43.4, 43.2, 33.6, 33.5, 32.2, 32.0, 29.8, 29.7,
28.8,28.7, 28.5, 27.6, 26.6 (2C), 22.6, 22.5, 20.6, 20.4, 14.1, 14.0 (2C).
HRMS (ESI-TOF): calc’d for C21H3,NOs3 [M + H]": 346.2382, found 346.2377.
TLC: Ry=0.4 (15:1 hexanes:acetone)

CbzN

60 61: (-)-Indolizidine 1958  62: (+)-monomorine

51% 37%
To a solution of 60 (104 mg, 0.3 mmol, 1.0 equiv.) in anhydrous methanol (15 mL) was added
20% Pd/C (10 mg). The resultant mixture was stirred under 1 atm of hydrogen for 5 h at room
temperature. The mixture was filtered over Celite and rinsed with methanol. The solvent was

then evaporated in vacuo. The crude product was purified by flash chromatography on Al,O3
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(200:1 hexanes:EtOAc) to afford 29.7 mg (51%) 61 indolizidine 195B and 21.5 mg (37%) 62
monomorine.

Compound 61

H

Indolizidine 195B

Physical State: colorless oil.

'TH NMR (600 MHz, CDCls): 6 3.30-3.25 (m, 1H), 2.56-2.47 (m, 1H), 2.43-2.34 (m, 1H),
1.92-1.84 (m, 2H), 1.81-1.75 (m, 1H), 1.73-1.67 (m, 1H), 1.62—1.57 (m, 1H), 1.55-1.49 (m,
1H), 1.48-1.41 (m, 2H), 1.37-1.16 (m, 5H), 1.14-0.99 (m, 3H), 1.09 (d, J = 6.2 Hz, 1H), 0.89
(t,J=7.2 Hz, 3H).

13C NMR (151 MHz, CDCl3): § 58.9, 58.8, 52.0, 34.5, 32.4, 30.0, 29.1, 26.3, 24.9, 24.7, 23.0,
20.4,14.2.

HRMS (ESI-TOF): calc’d for Ci3Ha6N [M + H]": 196.2065, found 196.2060.

TLC: Ry= 0.4 (10:1 hexanes:EtOAc on Al203)

[a]p?® =-96.4 (c = 0.14, MeOH) (lit. [a]p** = —96 (¢ = 0.19, MeOH))**

Comparison of NMR data of synthetic indolizidine 195B (61) with literature
H

'"H NMR Data
Literature 61°° Synthetic 61 A
(300 MHz, CDCl3) (600 MHz, CDCl5)
3.37-3.25 (m, 1H) 3.30-3.25 (m, 1H) -

2.56-2.47 (m, 1H), -
2.43-2.34 (m, 1H) -
1.92-1.84 (m, 2H) -
1.81-1.75 (m, 1H) -
1.73-1.67 (m, 1H) -
1.62-1.57 (m, 1H) -

2.61-2.36 (m, 2H)

1.94-1.02 (m, 16H)
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1.55-1.49 (m, 1H)
1.48-1.41 (m, 2H)
1.37-1.16 (m, 5H)
1.14-0.99 (m, 3H)

1.12 (d, J=5.7 Hz, 3H) 1.09 (d,/J=6.2 Hz, 1H) -0.3
0.90 (t, J=17.0 Hz, 3H) 0.89 (t,J=7.2 Hz, 3H) -0.1
13C NMR Data
Literature 61°° Synthetic 61
(75 MHz, CDCl3) (151 MHz, CDCl3) A0
60.2 58.9 -1.3
58.9 58.8 0.1
51.9 52 0
34.5 34.5 0
324 324 0
30.0 30.0 0
29.4 29.1 0
26.3 26.3 -0.1
24.9 24.9 0
24.8 24.7 0
23.0 23.0 0
20.4 20.4 0
14.2 14.2 0.1

Compound 62
H

Monomorin (62)

Physical State: colorless oil.
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'TH NMR (600 MHz, CDCl3): 6 2.50-2.42 (m, 1H), 2.24-2.15 (m, 1H), 2.10-2.02 (m, 1H),
1.86-1.77 (m, 1H), 1.76-1.60 (m, 4H), 1.55-1.48 (m, 1H), 1.47-1.36 (m, 2H), 1.36-1.16 (m,
8H), 1.12 (d, J = 6.4 Hz, 3H), 0.88 (t, /= 7.1 Hz, 3H).

3C NMR (151 MHz, CDCh): § 67.1, 62.9, 60.2, 39.7, 35.8, 30.9, 30.3, 29.7, 29.4, 24.9, 22.9
(20), 14.1.

HRMS (ESI-TOF): calc’d for Ci3Ha6N [M + H]": 196.2065, found 196.2068.

TLC: Ry= 0.5 (10:1 hexanes:EtOAc on Al20O3)

[a]p?® = +26 (c = 0.1, n-hexane) (lit. [a]p?® = +32 (¢ = 0.14, n-hexane))**

Comparison of NMR data of synthetic monomorin (62) with literature

H
N
'"H NMR Data
Literature 62 Synthetic 62 s
(500 MHz, CDCl5) (600 MHz, CDCl;)

2.48 (brt, J = 8.3 Hz, 1H) 2.502.42 (m, 1H) -
2.29-2.17 (m, 1H), 2.24-2.15 (m, 1H) ]
2.11-2.05 (m, 1H) 2.10-2.02 (m, 1H) ;
1.901.50 (m, 6H) 1.86-1.77 (m, 1H) i

1.76-1.60 (m, 4H) ;
1.49-1.15 (m, 10H) 1:55-1.48 (m, 1H) )
1.47-1.36 (m, 2H) ;
1.36-1.16 (m, 8H) ;
1.14 (d, J = 6.0 Hz, 3H) 1.12 (d, J = 6.4 Hz, 3H) 20.02
0.89 (t, /= 7.0 Hz, 3H); 0.88 (t,/="7.1 Hz, 3H) 20.01
13C NMR Data
Literature 623+ Synthetic 62 A

(126 MHz, CDCls)

(151 MHz, CDCls)

67.1

67.1 0
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62.9 62.9 0
60.2 60.2 0
39.7 39.7 0
35.8 35.8 0
30.9 30.9 0
30.3 30.3 0
29.8 29.7 0.1
29.4 29.4 0
24.9 24.9 0

22.9 (2C) 22.9 (2C) -
14.0 14.1 0.1

Formal synthesis of SF2768

BnO,C CONHPI NHCbz

0 (o] Boc
meo 1o L Y\/ 1) FeCla, ACOH
T j“ NHPI NHCbZ T j COan 2) Pd/C H, (Boc),0 BochN
. L. K —_— 3 BocC
MeO" dbce MeO 62% in 2 steps 66
42%, dr > 20: 1

Y osaet

ref 35

67: SF2768

Compound 65
NHCbz

Me
M O A\
e \t j“ \/'\COZBn
MeO"

Me |
Chz

Benzyl (28,3R,6R)-6-((R)-4-(benzyloxy)-3-(((benzyloxy)carbonyl)amino)-4-oxobutyl)-2,3-
dimethoxy-2,3-dimethylmorpholine-4-carboxylate (65).

Following the general procedure D on 0.1 mmol scale RAE 63 with RAE 64 (3.0 equiv)
Purification by PTLC (4:1 hexanes:acetone) afforded 26.6 mg (42%) of the title compound 65.
Physical State: colorless oil.

'TH NMR (500 MHz, CDCls): & 7.39-7.28 (m, 15H), 5.38 (d, J = 8.2 Hz, 1H), 5.25-4.98 (m,
6H), 4.41 (td, /=8.0, 5.2 Hz, 1H), 3.83 (dd, J=13.3, 2.7 Hz, 1H), 3.76-3.65 (m, 1H), 3.16 (s,
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3H), 3.14 (s, 3H), 2.93 (dd, J=13.3, 11.1 Hz, 1H), 1.96-1.81 (m, 2H), 1.71 (s, 3H), 1.50-1.40
(m, 2H), 1.30 (s, 3H).

I3C NMR (126 MHz, CDCls3): § 172.1, 155.9, 155.8, 136.6, 136.2, 135.2, 128.5 (2C), 128.4
(20), 128.1 (30), 127.9, 127.7, 100.7, 90.2, 67.1 (2C), 67.0, 53.7, 48.4, 47.9, 45.3, 28.5, 28.0,
18.9, 18.0.

HRMS (ESI-TOF): calc’d for C3sH4N>0O9Na [M+Na]": 657.2788, found 657.2805.

TLC: Rr=0.2 (4:1 hexanes:acetone)

[a]p*® =+ 17.9 (¢ = 1.0, CHCI5).

Compound 66

OIJ/\ _Boc
BocHN

Tert-butyl ((3R,6R)-6-(((tert-butoxycarbonyl)amino)methyl)-2-oxotetrahydro-2H-pyran-
3-yl)carbamate (66)

To a solution of 65 (10 mg, 0.016 mmol, 1.0 equiv) in toluene/AcOH/H>0 (2.5 mL/0.25 mL/
12.5 uL) was added FeClz (50 pL, 0.02 M in AcOH) at room temperature. The mixture was
stirred at 80 °C for 10 h. The solvent was then removed under reduced pressure and traces of
acetic acid were removed azeotropically with toluene. At this time, the reaction mixture was
dissolved in EtOAc (1.5 ml), 10% Pd/C (5 mg) and Boc20O (20.9 mg, 0.096 mmol, 6 equiv)
were added. The resulting heterogeneous suspension was flushed with hydrogen for 5 minutes
and then left under a hydrogen atmosphere for 48 h. The resulting suspension was filtered
through a short pad of celite with the aid of ethyl acetate (10 mL). The filtrate was concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica
gel with (3:1 hexanes:acetone) as the eluent to give 66 (3.4 mg, 62%).

Physical State: white solid.

m.p.: 77-79 °C.

'"H NMR (600 MHz, CDCls): 6 5.31 (br, 1H), 4.97 (br, 1H), 4.54-4.34 (m, 2H), 3.65-3.44 (m,
1H), 3.19 (td, J=14.4, 6.6 Hz, 1H), 2.67-2.48 (m, 1H), 2.01 (ddt, /= 14.8, 10.8, 4.6 Hz, 1H),
1.75 (dtd, J=14.1, 11.3, 5.5 Hz, 1H), 1.59-1.51 (m, 1H), 1.45 (s, 9H), 1.44 (s, 9H).

I3C NMR (151 MHz, CDCls): 6 172.7, 155.9, 155.2, 80.3, 79.9, 48.5, 43.9, 28.3 (2C), 24.6,
23.2.

HRMS (ESI-TOF): calc’d for CisH2sN20¢Na [M+H]": 367.1845, found 367.1844.
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TLC: Ry= 0.3 (3:1 hexanes:acetone)

[@]p? =—65.7 (c = 0.3, CHCl5). (enantiomer, lit. [a]p** = +70.6 (¢ = 1.0, CHCl3))*

Comparison of NMR data of synthetic 66 with literature

OIJ/\
BocHN

_Boc

'"H NMR Data
Literature (+) 66% Synthetic (-) 66 A8
(600 MHz, CDCl:) (600 MHz, CDCl:)
533 (d, /= 6.6 Hz, TH) 5.31 (br, 1H) 20.02
4.99 (t,J= 6.1 Hz, 1H) 4.97 (br, 1H) 20.02
4.53-4.35 (m, 2H) 4.54-4.34 (m, 2H) ]
3.54-3.45 (m, 1H) 3.65-3.44 (m, 1H) ;
3.18 (dt, J=13.9, 6.3 Hz, 1H) 3.19 (td, J=14.4, 6.6 Hz, 1H) 0.01
2.67-2.50 (m, 1H) 2.67-2.48 (m, 1H) ;
2.00 (ddt, J=15.0, 10.2, 43 Hz, 1H)  2.01 (ddt, J=14.8, 10.8, 4.6 Hz, 1H)  0.01
1.74 (dtd, J=16.5,11.6, 5.4 Hz, 1H)  1.75 (dtd,J=14.1,11.3,5.5 Hz, 1H)  0.01
1.55 (ddt, J = 16.8, 12.0, 5.0 Hz, 1H) 1.59-1.51 (m, 1H) ;
1.43 (s, 9H) 1.45 (s, 9H) 0.02
1.42 (s, 9H) 1.44 (s, 9H) 0.02
13C NMR Data
Literature (+) 66 Synthetic (-) 66
(151 MHz, CDCl;) (151 MHz, CDCl;) A0
172.9 172.7 202
156.0 155.9 0.1
155.3 155.2 0.1
80.4 80.3 0.1
80.0 79.9 0.1
76.9 obscured by CDCl3 -
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48.6 48.5 -0.1

44.0 43.9 0.1
28.5

28.3 (20) _
28.4
24.7 24.6 0.1
23.3 23.2 0.1

Formal synthesis of complanine

IPHN Me
o]
meo oo JLL h M M
o] ) 68 N e e
j NHPI j NaOH j A
Moo » Cbz. P —_ P
€O Mel 63 dDCC then TFA 69 90% 70

Cbz 40%

=z A
1 step Me'
+
ref 36 MesN /\/\n/

71: Complanine

Compound 69

j“‘\ N Me
Cbhz_ Z

Benzyl ((R,5Z,87)-2-hydroxyundeca-5,8-dien-1-yl)carbamate (69).

Following the general procedure D on 0.1 mmol scale 63 with 68 (3.0 equiv). After
completion of electrolysis, TFA (1.5 mL) was added, and then the reaction was stirred at rt for
another 12 h. Purification by PTLC (3:1 hexanes:acetone) afforded 12.7 mg (40%) of the title
compound 69.

Physical State: colorless oil.

TH NMR (600 MHz, CDCls): 6 7.39-7.29 (m, 5H), 5.47-5.26 (m, 4H), 5.19 (br, 1H), 5.10 (s,
2H), 3.75-3.68 (m, 1H), 3.42-3.33 (m, 1H), 3.14-3.03 (m, 1H), 2.85-2.69 (m, 2H), 2.26—1.90
(m, 4H), 1.58-1.46 (m, 2H), 0.97 (t, J = 7.5 Hz, 3H).

13C NMR (126 MHz, Chloroform-d) & 157.1, 136.4, 132.1, 129.2, 128.9, 128.5, 128.1 (2C),
127.0, 70.9, 66.9, 47.0, 34.4, 25.5, 23.3, 20.5, 14.2.

HRMS (ESI-TOF): calc’d for C19H2sNOs3 [M+H]": 318.2069, found 318.2079.

TLC: Ry= 0.4 (3:1 hexanes:acetone)

[a]p?® =-9.1 (c = 1.0, CHCI3).
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Compound 70

j\o\/\ije

=

(R,5Z,87)-1-aminoundeca-5,8-dien-2-ol (70)

A solution of 69 (10 mg, 0.03 mmol, 1.0 equiv) in MeOH/2 M KOH (0.25 mL/0.25 mL) was
heated at 100 °C and stirred for 12 h. The reaction was quenched with H>O (5 mL). The
resulting mixture was extracted with CH>Cl> (3 x 10 mL). The combined organic layers were
washed with brine (2 x 30 mL), dried over anhydrous Na>SOs, filtered, and concentrated under
reduced pressure. The residue was purified by flash column chromatography on silica gel
(DCM:MeOH:Et3N 200:5:1) to give 70 (5.2 mg, 90%).

Physical State: colorless oil.

'TH NMR (600 MHz, CD30D): 5.45-5.21 (m, 4H), 3.76 (br, 1H), 3.01 (d, J = 12.2 Hz, 1H),
2.81 (t,J=6.3 Hz, 2H), 2.76 (t,J=11.0 Hz, 1H), 2.30-2.22 (m, 1H), 2.21-2.13 (m, 1H), 2.12—
2.04 (m, 2H), 1.57-1.47 (m, 2H), 0.96 (t, J = 7.4 Hz, 3H). (‘H NMR of 70 matched with the
literature®)

I3C NMR (151 MHz, CD30D) § 131.4, 129.0, 128.4, 127.1, 71.1, 46.8, 34.6, 25.1, 23.1, 20.2,
13.4. (3C NMR of 70HCI matched with the literature’®)

HRMS (ESI-TOF): calc’d for C11H22NO [M+H]": 184.1701, found 184.1702.

TLC: Ry=0.2 (40:1 DCM:MeOH)

[a]p?® =-2.3 (¢ = 0.25, MeOH).

Comparison of NMR data of synthetic 70 with literature

]‘\\\ N Me
4

'"H NMR Data
Literature 70°° Synthetic 70
(600 MHz, CD;OD) (600 MHz, CD;OD) Ao
5.37-5.25 (m, 4H) 545521 (m, 4H) -

3.75 (br, 1H) 3.76 (br, 1H) 0.01
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2.96 (dd, J=12.4, 3.1 Hz, 1H) 3.01(d, J=12.2 Hz, 1H) 0.05
2.79 (t, J = 6.6 Hz, 2H) 2.81 (t, /= 6.3 Hz, 2H) 0.02
2.73 (dd,J=12.4,9.6 Hz, 1H) 2.76 (t,J=11.0 Hz, 1H) 0.03
2.23 (m, 1H) 2.30-2.22 (m, 1H) ;
2.16 (m, 1H) 2.21-2.13 (m, 1H) ;
2.06 (m, 2H) 2.12-2.04 (m, 2H) ;
1.49 (m, 2H) 1.57-1.47 (m, 2H) ;
0.95 (t,J=17.6 Hz, 3H) 0.96 (t,J=7.4 Hz, 3H) 0.01
13C NMR Data
Literature (+) 70 (not clarified)*® Synthetic (-) 70eHCI A5
(600 MHz, CD;0D) (600 MHz, CD;0D)
131.4 131.4 0
129.0 129.0 0
128.3 128.4 0.1
127.0 127.1 0.1
71.4 71.1 -0.3
46.9 46.8 -0.1
34.5 34.6 0.1
25.0 25.1 0.1
23.0 23.1 0.1
20.1 20.2 0.1
13.3 13.4 0.1
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NMR Spectra

H NMR of Compound SI-1 (600 MHz, CDCl):
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'"H NMR of Compound SI-2 (600 MHz, CDCl:)
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'"H NMR of Compound SI-3 (500 MHz, CDCl):
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'"H NMR of Compound SI-4 (600 MHz, CDCl:)
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'"H NMR of Compound SI-5 (600 MHz, CDCls)
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'"H NMR of Compound SI-8 (600 MHz, CDCls)
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"H NMR of Compound SI-9 (600 MHz, CDCl:)
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'"H NMR of Compound SI-10 (600 MHz, CDCl5)
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'"H NMR of Compound SI-11 (600 MHz, CDCl5)
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'"H NMR of Compound 8 (600 MHz, CDCls)
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'"H NMR of Compound SI-31 (600 MHz, CDCl5)
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'"H NMR of Compound SI-32 (600 MHz, CDCl5)
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'"H NMR of Compound SI-33 (600 MHz, CDCl5)
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'"H NMR of Compound SI-34 (600 MHz, CDCl5)
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'"H NMR of Compound SI-35 (600 MHz, CDCl5)
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'"H NMR of Compound SI-36 (600 MHz, CDCls)
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'"H NMR of Compound SI-37 (600 MHz, CDCl5)
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'"H NMR of Compound SI-38 (600 MHz, CDCl5)
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'"H NMR of Compound SI-39 (600 MHz, CDCl5)
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'"H NMR of Compound SI-40 (600 MHz, CDCl5)
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'"H NMR of Compound 6-RAE (600 MHz, CDCl3)
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'"H NMR of Compound SI-41 (600 MHz, CDCl5)
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'"H NMR of Compound 50 (600 MHz, CDCl5)
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'"H NMR of Compound SI-42 (600 MHz, CDCl5)
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'"H NMR of Compound 63 (600 MHz, CDCl5)
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'"H NMR of Compound SI1-43 (500 MHz, CDCl5)
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'"H NMR of Compound 68 (500 MHz, CDCls)
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'"H NMR of Compound 10 (600 MHz, CDCl5)
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'"H NMR of Compound 12-(6R) (600 MHz, CDCls)
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'"H NMR of Compound 12-(6S) (600 MHz, CDCl3)
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'"H NMR of Compound 13 (600 MHz, CDCls)
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'"H NMR of Compound 14 (600 MHz, CDCls)
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'"H NMR of Compound 15 (600 MHz, CDCl5)
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'"H NMR of Compound 17 (600 MHz, CDCls)
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'"H NMR of Compound 18 (600 MHz, CDCls)
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'"H NMR of Compound 21 (600 MHz, CDCl5)
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'"H NMR of Compound 22 (600 MHz, CDCls)
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'"H NMR of Compound 23 (600 MHz, CDCls)
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'"H NMR of Compound 24 (600 MHz, CDCls)
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'"H NMR of Compound 25 (600 MHz, CDCl5)
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'"H NMR of Compound 26 (600 MHz, CDCl5)
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'"H NMR of Compound 27 (600 MHz, CDCl5)
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'"H NMR of Compound 28 (600 MHz, CDCls)
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'"H NMR of Compound 29 (600 MHz, CDCls)
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'"H NMR of Compound 30 (600 MHz, CDCl5)
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'"H NMR of Compound 16 (500 MHz, CDCl5)
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IH NMR of Compound SI-45 (600 MHz, (CD3):SO)
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'"H NMR of Compound 20 (600 MHz, CDCls)
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'"H NMR of Compound 37 (600 MHz, CDCl5)
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'"H NMR of Compound 38 (600 MHz, CDCl5)
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'"H NMR of Compound SI-48 (600 MHz, CDCl5)

)
b
oL

=

Ty

f 07

i

Me

)<Me

O'Bu

Me

A

ik

P

06’
96’

96’
00’

o
66
66
86’
16
86’

-5

2.0

4.5
f1 (ppm)

13C NMR of Compound SI-48 (151 MHz, CDCIls)

2.0

2.9

.
.

864~
L'oz”
g€z
'8z
zoe!
g9

vz’

99~
P89~

9'08—

1'86—

€0LL—

Me

)<Me

OBu

Me

20 10

30

180 170 160 150 140 130 120 110 100 90 30
f1 (ppm)

190

184



'"H NMR of Compound 41 (600 MHz, CDCls)
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'"H NMR of Compound SI-49 (600 MHz, CDCl5)
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'"H NMR of Compound SI-50 (600 MHz, CD30OD)
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'"H NMR of Compound SI-52 (600 MHz, CDCls)
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'"H NMR of Compound SI-53 (600 MHz, CDCl5)
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'"H NMR of Compound 43 (600 MHz, CD30D)
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'"H NMR of Compound SI-55 (600 MHz, CDCls)
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'"H NMR of Compound SI-56 (600 MHz, CDCl5)
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'"H NMR of Compound 44 (600 MHz, CDCl5)
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'"H NMR of Compound SI-57 (500 MHz, CDCl5)
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'"H NMR of Compound 45 (600 MHz, CDCl5)
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'"H NMR of Compound SI-59 (600 MHz, CDCl:):
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'"H NMR of Compound SI-60 (600 MHz, CDCl5)
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'"H NMR of Compound SI-61 (600 MHz, CDCl5)
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'"H NMR of Compound SI-62 (600 MHz, CDCls)
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IH NMR of Compound 46 (600 MHz, (CD3)2CO)
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'"H NMR of Compound SI-65 (600 MHz, CDCl5)
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'"H NMR of Compound SI-66 (600 MHz, CDCls)
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'"H NMR of Compound SI-69 (600 MHz, CDCl5)
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'"H NMR of Compound SI-70 (500 MHz, CDCls)
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'"H NMR of Compound 51 (400 MHz, CDCl3)
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'"H NMR of Compound SI-73 (600 MHz, CDCl5)
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'"H NMR of Compound SI-74 (600 MHz, CDCl5)
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'"H NMR of Compound 52 (400 MHz, CD30D)
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'"H NMR of Compound 55 (600 MHz, CDCl5)
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'"H NMR of Compound 56 (600 MHz, CDCl5)
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'"H NMR of Compound 57 (500 MHz, CD30D)
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'"H NMR of Compound 60 (600 MHz, CDCl5)
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'"H NMR of Compound 61 (600 MHz, CDCl5)
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'"H NMR of Compound 62 (600 MHz, CDCl5)
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'"H NMR of Compound 65 (600 MHz, CDCl5)
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'"H NMR of Compound 66 (600 MHz, CDCl5)
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'"H NMR of Compound 69 (600 MHz, CDCls)
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'"H NMR of Compound 70 (600 MHz, CD30OD)
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