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1. General information

All the chemicals were purchased commercially and used without further purification. General
reagents were obtained from Adamas, Leyan, Innochem, Laajoo and Bidepharm. Anhydrous solvents
were obtained from Adamas. The lights and their wavelength: 45 W and 85 W white light (~ 437.2-
616.2 nm) (high power energy saving lamps), 10 W white LED (450-465 nm), 10 W, 24 W, and 35
W blue LED (450-455 nm). All of the oligonucleotides were custom synthesized by the Suzhou
Biosyntech Co., Ltd. Analytical thin layer chromatography (TLC) was carried out on 0.25 mm SiO>
(silica gel 60 F254, Leyan), and the spots were visualized under ultraviolet light (254 and 365 nm).
'H and *C NMR spectra were recorded on Bruker-400 spectrometer (400 MHz for 'H, 101 MHz for
13C) and Bruker-500 spectrometer (500 MHz for 'H, 126 MHz for 13C), and were fully decoupled by
broad band proton decoupling; DMSO-ds and D,O were used as a solvent. The chemical shifts were
reported in ppm downfield (3) relative to the residual solvent peak (DMSO-ds: 'H, 2.50; 13C, 39.52),
and (D20: 'H, 4.79). The peak patterns are indicated as follows: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; dd, doublet of doublets; dt, doublet of triplet; br, broad. Coupling constants, J,
were reported in Hertz unit (Hz). Reverse-phase column chromatography was performed on
SepaBean® machine T from Santai Technologies in Changzhou, China, using ODS 45- 60 mm C18
Spherical silica. The high-resolution mass spectrometry (HRMS) was recorded on an Agilent Mass
spectrometer using Electrospray lonization Time-of-Flight (ESI-TOF). The MALDI-FTMS use the
Bruker 7.0T SolariX Fourier transform ion cyclotron resonance mass spectrometry (Bruker Daltonics,
Germany), equipped with Matrix-assisted laser desorption/ionization (MALDI) ion source. This
MALDI source has a pulsed smartbeam-II UV laser with an attenuator that allows fine adjustment of
laser fluency (355 nm, Azura Laser AG, Berlin, Germany). The LTQ-XL use the Thermo Scientific
LTQ XL™ Linear lon Trap Mass Spectrometer of Suzhou Biosyntech Co., Ltd. Optical rotations were
measured on an Anton Paar MCP100 automatic polarimeter using a 100 mm path-length cell at 589
nm. Melting points were measured with microscope WRX-4 (Shanghai Yice). The instruments used
for photoreaction of dinucleotide are multi-channel parallel photocatalytic reaction system (ROGER)

and low temperature coolant circulation pump (BiLon).




Analytical LC-MS methods

For nucleosides

Analytical LC-MS was performed on Eclipse Plus C18 Column (3.5 um, 4.6 mm x 100 mm);

UV detection was performed at 254 nm.

Analytical method: Flow rate: 0.4 mL/min; Temperature of column temperature oven: 40 °C.
Elution was done with a gradient starting with 1 % B and staying for 3 minutes. Then, rising to
50 % B within 4 minutes. Rising to 90 % B within 2 minute and staying for 2 minutes. Followed
by reducing to 1 % B within 2 minutes and maintaining for 2 minutes. Solvent A = water + 0.1 %

formic acid, and B = acetonitrile.

For microscale reactions of nucleosides/tides and oligonucleotides ™

Analytical LC-MS was performed on XBridge Premier Peptide BEH C18 Column (3004, 2.5
um, 4.6 mm X 100 mm); UV detection was performed at 260 nm. The mass data of

oligonucleotides is often observed in the form of [M-2H]* in the negative ion mode.
For ethylation of nucleosides and dinucleotides

Analytical method A: Flow rate: 0.4 mL/min; Temperature of column temperature oven: 40 °C.
Elution was done with a gradient starting with 0 % B and staying for 3 minutes. Then, rising to
30 % B within 4 minutes and keeping for 4.5 minutes. Followed by reducing to 0 % B within 2
minutes and maintaining for 1.5 minutes. Solvent A = water + 0.1 % formic acid, and B =

acetonitrile.
For ethylation of oligonucleotides

Analytical method B: Flow rate: 0.8 mL/min; Temperature of column temperature oven: 60 °C.
Elution was done with a gradient starting with 0 % B and going to 13.75 % A in 11 minutes.

Then, rising to 30% B within 0.5 minutes and keeping for 1.5 minutes. Followed by reducing to
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0 % B within 0.5 minutes and maintaining for 1.5 minutes. Solvent A= 0.1 M TEAA buffer (pH

=17.0), and B = acetonitrile.
For secondary and tertiary carbon alkylation of oligonucleotides

Analytical method C: Flow rate: 0.8 mL/min; Temperature of column temperature oven: 60 °C.
Elution was done with a gradient starting with 0 % B and going to 25 % A in 12 minutes. Then,
rising to 50 % B within 1 minute and keeping for 1 minute. Followed by reducing to 0 % B
within 1 minute and maintaining for 1 minute. Solvent A= 0.1 M TEAA buffer (pH = 7.0), and

B = acetonitrile.




Purification method:

For the nucleosides

The compound was purified via SepaBean® machine (Santai Technology Inc., China) equipped with
the C18-bonded SepaFlash™ columns.

The type of column: SepaFlash™ Bonded Series, SW012, C18, 40-60 pm. 120 A, max operating
pressure 400 psi (27.5 bar), showed as Supplementary Figure 4.

Eluent: A: H,0O, B: MeOH, gradient elution;

For the dinucleotides and cyclic dinucleotides.

The compound was purified via SepaBean® machine (Santai Technology Inc., China) equipped with
the C18-bonded SepaFlash™ columns.

The type of column: SepaFlash™ Bonded Series, SW025, C18, 20-45 pm. 100 A, max operating
pressure 400 psi (27.5 bar), showed as Supplementary Figure 5. Compared to the columns of SW012,
they have the same diameter, but this column is longer, which is conducive to separation.

Eluent: 0.1 M TEAA buffer (pH = 7.0), B: MeCN, gradient elution;

For gram-scale nucleosides and nucleotides.

The compound was purified via SepaBean® machine (Santai Technology Inc., China) equipped with
the C18-bonded SepaFlash™ columns.

The type of column: SepaFlash™ Bonded Series, SW120, C18, 20-45 um. 100 A, max operating
pressure 400 psi (27.5 bar), showed as Supplementary Figure 6.

Eluent: A: H,0O, B: MeOH, gradient elution;




For oligonucleotides

The type of column: Bridge Premier Peptide BEH C18 Column, 2.5 um, 4.6 mm x 100 mm, 300A.
Machine: HPLC-20AT

Flow rate: 0.8 mL/min.

Temperature of column temperature oven: 60 °C.

Eluent: 0.1 M TEAA bufter (pH = 7.0), B: MeCN.

Gradients of the elution:

Time Concentration of B (%)

0 0

1.0 0
3.0 10
6.0 15
6.2 50
7.5 50

7.9 0

9.0 0
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Supplementary Figure 1. SepaBean™ machine flash chromatography system for separating milligram scale

reactions.
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Supplementary Figure 2. SepaBean™ machine flash chromatography system for separating gram scale reactions.
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Supplementary Figure 3. Shimadzu™ HPLC for separating microscale oligonucleotides.
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Size: SW012

Supplementary Figure 4. SepaFlash™ Bonded Series, column for separating nucleosides (0.1 and 0.2 mmol scale).

11



SEPAFLASH

j Santai Technologies, Inc.

A WARNING
Pic

Column

SepaBean™ Bonded Series
Size: SW025

Supplementary Figure 5. SepaFlash™ Bonded Series, column for separating dinucleotides (0.06 mmol scale) and

cyclic dinucleotides (0.04 mmol scale).

SEPAFLASH swi20 Bonded
Spherical C18, 20-45um, 100A
Max operating pressure 300psi (20.7bar)

[ j Santai Technologies, Inc.

A WARNING

Please don't use it under
L extraotdinarily hiogh back pressure.

Column

SepaBean™ Bonded Series
Size: SW120

Supplementary Figure 6. SepaFlash™ Bonded Series, column for separating nucleosides and dinucleotides (gram

scale).
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Supplementary Table 1. Abbreviation table

Abbreviation Definition
DNA Deoxyribonucleic Acid
RNA Ribonucleic acid
ON oligonucleotide
TEAA Triethylammonium acetate
TMEDA Tetramethylethylenediamine
DME 1,2-dimethoxy-ethan
DMF N, N-Dimethylformamide
DCM Dichloromethane
DIC N, N'-Diisopropylcarbodiimide
DMSO Dimethyl sulfoxide
TLC Thin layer chromatography
LC-MS Liquid chromatography—mass spectrometry
HRMS High-resolution mass spectrometry
ESI Electrospray ionization
R Matrix-assisted laser desorption ionization-Fourier transform mass
spectrometry
LTQ-XL Linear Ion Trap Mass Spectrometer
MS Mass spectrometry
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Supplementary Table 2. Oligonucleotide sequences used

Oligonucleotides Sequence
ON1 5'-GUUUCC-3'
ON 2 5'-UUUGCC-3'
ON 3 5'-UUUCCG-3'
ON 4 5'-GUUACC-3'
ON 5 5'-AUUGCC-3'
ON 6 5'-GCUAUCU-3'
ON 7 5'-GUUACCUU-3'
ON 8 5'-GUUACCUCU-3'
ON9 5’-dGTTCC-3’
ON 10 5’-dTTCCG-3’
ON 11 5’-dCGTT-3’
ON 12 5’-dTTGCC-3’
ON 13 5’-dCATGT-3’
ON 14 5’-dCCCGTTT-3’
ON 15 5’-dCACGTTT-3’
ON 16 5’-dCCTTGTTCC-3'
ON 17 5-dCACTTGTTC-3'
ON 18 5’-dTGTCGC-3’
ON 19 5-CGAUGU-3'

5-d(GAT CTATTA CGC T)-3'
3'-d(CTA GAT AAT GCG A)-5'
ON 20-1 5-d(GAT CTATTACGC T)-3
ON 20-2 3'-d(CTA GAT AAT GCG A)-5'

ON 20
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2. Reported examples and our approaches

2.1. Selected examples of C8 alkylation of purine

1) cross-couping approach
1992, Hirota Group (ref. 2)

2008, Hocek Group (ref.3)
[e} o
N NH MeB(OH),
1) HMDS Alkyl— N/)\NH Pd(OAc), (10 mol %) N
2) Al-Alkyl, Pd-Cat HO 2 Cs,C04 (5.0 equiv.) RO
3) NH,CI P(CgH4-3-S03Na); (0.5 equiv.)
On X 13%-95% p v H,0/CH4CN (2:1v), 120 °C on
X =O0HH R = H, Monophosphate group, 40%
Triphosphate group
Prefunctionalized with Br Protection and deprotection Prefunctionalized with Br Limited substrate scope
HMDS: hexamethyldisilazane
2) radical reaction approach
1974, Kawazoe Group (ref. 4) 2018, Zard Group (ref. 7)
3 o
o] o Bt g B
FeS0,47H,0 (4.0 equiv.) NH
[ i A, DLP
BUOOH (3.1 equiv.) Ao CSA, o NH,
He H,S0, o] 1,2-dichloroethane o.
2S04 43%
OAc OAc OAc OAc
OH OH OH OH Protected nucleosides Limited source of alkanes
8% . .
CSA, Camphorsulfonic acid;
1978, Pless Group (ref. 5) DLP, Dilauroyl peroxide
° 2020, Jemielity Group (ref. 8)
Fe(NH4)2(S04),®H,0 (7.9 equiv.) X
K3S,04 (7.9 equiv.) )\ X
H—( SN N— Ny
Ho CH;COOH, H,S0;4 HO N A Fac—
NTY N PN
. RO. Ny
37 equiv. RO.
OH OH 0}
o
21% OR OR OR OR
R=HorAc
three steps phosphorylation X=NH, Y =H
S o CF380,),2n 37-95%
—_— OH or —_— or
rt
o
2012, Qu and Guo Group (ref. 6) 2 )\ (‘? cm{
N
o% o b% o
o M _o R
n NH,
n=0,1,23 Ny OH OH OH OH
1 | =
‘BUOO'Bu @—{ | J n=1213 n=1,23
=) N
AcO. 140°C,24h  AcO. n=0,65% 15-35%
o n=1,79%
n=2,72%
OAc OAc OAc OAc n=3,59%
Protected nucleosides  Large excess alkanes

High temperature

Supplementary Figure 7. Advances in purine nucleoside alkylation via Pd-mediated coupling reaction and free

radical chemistry [2-8]
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2.2. Previous methods of U-C5-alkylation

1978, Bergstrom group (ref. 9)

o R" o R" o
ClPa)Hg R_F Rz RZ
‘ /'E = , 2 N " [ NH
6 R s > s
N R N/&O —_— R N/&O
HO. HO HO.
o o o
OH OH OH OH OH OH
57%-60%
1986, Hassan group (ref. 10)
OR, o o
NZ HN C2H,0H . CH,0AC
PN | A | By |
ro. N ———— o O T a0, N @R(=R;=R;=H,R,=OH
o o © o b:Ry=R;=R3=R,=H )
c: Ry =R, = R3 = Me;Si, Ry = OSiMe,
d: Ry =R, =Ry =MesSi, Ry = H
OR3 R OR3 R, 1 2 3 39l Ry
s 3T OAc Ac o R, =Me, R, =Ry =H, Ry =OH
45%-51%
2005, Larock (ref. 11)
%) o o
I\ﬁNH RN ‘ NH
| 5% Pd(dba)
N/&O + o~~~ + NRR #, N/&O
HO HO
o o
o OH
NRR' = N(CH3)CH,Ph (67%)
N(n-Pr), (45%)
2)

° 0
'\fk i ﬁNWNH
NH | ‘

N 5% Pd(dba
(X oweawn 5 o

HO
’ oy
OH

31%

2016, Qu and Guo group (ref. 12)

o 0
NH NH
[ Py ‘BUOO'Bu (2.0 equiv.) |
N 0 + _—
AcO.

N (o]
140°C, 24 h AcO
o o

OAc OAc OAc OAc

79%

Supplementary Figure 8. Advances in pyrimidine nucleoside alkylation [*-12]
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2.3. Selected examples of late-stage functionalization of purine of DNA/RNA oligonucleotide

2000, Basu group (ref. 13)

2020, Balasubramanian and Gaunt group (ref. 19)

o

quinuclidine (2 M)
[Ru(phen)3]Cl, (1 mM)

o
N
NH  HOHN p)
ST B = v ﬁx ]
NT N NH, o S NH, NTN
pH5.055,rt. Nz, . 5-10 min
a(Ry,Ry=H) CFL(60 W)
DNA oligonucleotides

b (Ry=NO,,R; = H)
¢ (Ry= H,R; = NO,)

DNA oligonucleotides

2020, Saraogi group (ref. 20)

2010, Suzuki group (ref. 14)
(o}
? 0 N NH NﬁNH
RCHO, NaBH;CN 4
</N 8L SN NSy O < i <N ‘ Ay
gy <N L J N NH, H0, rit. MH
EtOH/TEAA buffer (pH 8.6) = 1:1 M )\/\
70 °C, 15 or 30 min
RNA oligonucleotides DNA and RNA oligonucleotides
2010, Manderville group (ref. 15)
B(OH),
2020, Zhang, Zhou, and He group (ref. 21)
o 9 Nj
N NH Pd(OAc),, TPPTS N NH I
o A . O~ X 0
N NH, N N7 NTNH, o o
Na,C03, 70 °C H o
H,O/MeCN = 2/1, 24 h </ka),\‘5 </ka),\‘\ on
N ~ 7z o]
Pref lized DNA oli leotid. N” "NH, N7\ u \/\N
TPPTS: P(CeHy-3-SONa); M )\/\ :
RNA oligonucleotides
2017, Gillingham group (ref. 16)
o}
o N \)k or OEt o NR;
2"0Et NR2 i 0-g-©!
N /
¢ fﬂ CuS0y, sodium ascorbate ¢ f\)\ \N Borate )\
Pz
N NH, 20% DMSO T Lok H V\
N\ in MES buffer (pH 6.0) N\ N\
25 °C, 15-180 min
RNA oligonucleotides
2019, Wang and Cheng group (ref. 17) 2021, Seo group (ref. 22)
R
N__N_0O
z
HiCo H :@iN/L(\,ﬁ HoH NH, NHAr
N
</N &) S </N : \)N Jq ArF, KPO, ¢ \)N
Z N “
N N) phosphate tgjffer (pH 7.0) N7 DMSO or o
i
)\/\ : )\/\ ) DMSOM;0 = 7:3 °"5”°N/J\/
.1h 37°C,24h o
RNA oligonucleotides blue LED (470 nm) DNA and RNA oligonucleotides
2019, Vanderwal and Spitale group (ref. 18) 2021, Park group (ref. 23)
TCN o]
o o N. R
N NN Q on M 2§)\R O/W
" Ve </”fBN/\[ e [Rh(COD)Cll,, Mg(OAC), </ij\0
N" SN P N P
N N NTONTNH, 10% THF/H,0 N7 NH,
Ve /500(\ or 20% DMSO/H,0 /XX)Z\
MES buffer (pH 6.0)

tris-EDTA buffer, CE buffer
70 °C, 15 or 30 min

AN

RNA oligonucleotides

DNA and RNA oligonucleotides rt,05-2h
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2021, Hocek group (ref. 24)

R-B(OH), 5

R

A ALY :
TRIS buffer, pH 8.5 o

| 1 - 2
VaVa [PA(OAC),Lo]
® °
O.
N=AG,C U
X
NH,
X =-OH L= Sy
K _f’?H {
o< 3 Nao)\/\ONa

DNA oligonucleotides

2022, Zhou group (ref. 25)
Amine (1.0 equiv.)

|
N Et3N (1.0 equiv.)
¢ ‘\N DMSO/H,0, 14h
Ny

or

Amines/Hydrazines/
Phenols/Thiols (3.0equiv.)
Base (3.0equiv.)

1:1 DMSO/H,0
37 or 60 °C, 14h

RNA oligonucleotides

Supplementary Figure 9. examples of late-stage functionalization of purine of DNA/RNA [

X
Ry= = Ry= =~
O\L H
o]

CHy /nggd
NR; SR OAr R
<;f;; «;fp eI

ININ NN NI\ NN\

13-25]
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2.4. Our methods of G-C8-alkylation and U-C5-alkylation

‘_710
Alkyl--B(OH
o Y i (OH), o
€]
N or Alkyl--BFsK N %~ o
NH NH -

7 i ; )

H=< ] Py . Akyl—¢ | oy via o
RO N™ SN NH, or Alkyl--Bpin RO N7 >N"NH,
o : o Reduced Eox
LED, catechol, oxidant
OH R’ OH R’
Unprotected nucleosids ® Unprotected nucleoside and nucleotide analogues

o - o
N A N ® Various alkyl RB(OH),/RBF;K/RBPin
% NH Alkyl--B(OH 4 NH

H A yl-B(OH), Akyi—<¢ | Py
NT >N NH, . NN NH, ® Primary, secondary and tertiary alkyl radical precusors
LED, catgczhol'\,/loxidant ® | ate-stage alkylation of DNA/RNA oligonucleotides
2m
DNA and RNA oligonucleotides up to 99% yield
o Al o
i NH Alkyl-FB(OH), Alkyl -
‘ PS Radical reaction ‘ PN
N @] C N o
Ry Y Ry
0 C-H bond functionalization o

OH R4 OH R4

R1=H, OH, F, and OMe
R, = OH, and monophosphate group

Supplementary Figure 10. Our strategy for the synthesis of C-8 alkylated nucleosides with unprotected
nucleotides, RNA, and DNA oligonucleotides, as well as the C-5 alkylated uridine and their analogues.
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3. List of substrates and preparation methods

3.1. Preparation of boron-containing radical precursors

\_g(oH), gk \gpin " \goH),

2

o

e

&

{

o

=

=2

g
N{h,
Q o

§ B(OH),
: 2c 2¢’ 2¢
‘\_\_¥ >_\—B OH ‘\_\—B(OH)
B(OH), B(OH), (OH), 2
2e 2f 2g 2h
Oer Oer O | >
BF3K | BF3K Bpin | \—BFK
20 2% 2% 3 %
o \\_¥ Ny
O>_\—Bpin Bpin \_\—Bpm
21 2m" 2n
§7B(OH)2 <} (OH),
2p 2q
E>7B(OH)Z QBpwn : QBFaK 0/\:>78F3K
2r 2r" : 2s’ 2t
BocND*B&K [>—s(oH),
2u’ 2v
4-MeOPh
B
‘>L PN \}BaK @BF3K
2x" 2y 2z
o
cl
- N - {-som,
\—BF,K
21 2-2 2-3 24

Supplementary Figure 11. List of boron-containing radical precursors

2a-2Kk’, 20-25°, 2v, 2w”, 2-1-2-4’ are commercially available reagents. Compounds in the red frame

were prepared followed the reported literatures (&7 8% 10,
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3.1.1. Catalytic borylation and conversion of alkyl pinacolboronate to alkyl trifluoroborate for

the preparation 2t’, 2u’, 2w, 2y’ and 2z’ [26-28]

B,pin, (1.3 equiv.)
EtMgBr (1.3 equiv.) R R,
Rs MnBr, (1 mol%) 1Ry KHF, XRB
—_— > ——— Ry

X TMEDA (1mol%) "2 Bpin  MeOH/H,0 BF 5K
DME

Ry

2t', 2u', 2w',
2y' and 22'

General procedure A-1:

A flame-dried vial was charged with MnBr> (1 mol %) and Bzpin; (1.3 equiv.) before evacuating and
back-filling with N>. DME (0.2 M) was added, followed by 1 mol % TMEDA (0.9 mol%, 4% (v/v)
solution of TMEDA in DME). Next, EtMgBr (3M in Et;0, 1.3 equiv.) was added dropwise to the
reaction mixture at a rate of two drops/sec (approximately 20 secs total addition time). Finally, the
substrate (1.0 equiv.) was added to the reaction mixture. The reaction mixture was stirred at room
temperature for 4 hours. The reaction was quenched with 2 mL HCI (1M), extracted with Et,O, dried
over MgSO4, concentrated under reduced pressure, and purified by using silica gel column

chromatograph. 127}

After that, the magneton, the alkylpinacolyl boronate esters (1.0 equiv.) and sat. aq KHF> (5.0 equiv.)
were added in a round bottom flask, dissolved in 1: 1 mixture of methanol and water as solvent. The
flask was closed with a septum, and the reaction mixture was allowed to stir at room temperature for
about 2 to 10 hours. The reaction mixture was evaporated to dryness, and the resulting salt was
extracted several times with hot acetone. The filtrate was concentrated to about 5 mL, and
precipitation was achieved by dropwise addition of the filtrate to Et2O (100 mL) at 0 °C. The resulting
product was collected by gravity filtration on a fritted funnel and dried to afford the corresponding

potassium heterocyclic trifluoroborate as a white solid 1261,

Trifluoro(tetrahydro-2H-pyran-4-yl)-14-borane, potassium salt (2t’) [2°!

Bopin; (1.3 equiv.)
EtMgBr (1.3 equiv.)

MnBr; (1 mol%) KHF,
(o} Br ——MM@M = OD*Bpin —_— OC>7BF3K
TMEDA (1 mol%) MeOH/H,0
DME

2t 21% over 2 steps 2t

The reaction starts from the 2r’-1, following the General procedure A-1, to afford the 2r’ (white
solid, 743.4 mg, 21%). 'H NMR (DMSO-ds, 400 MHz): & 3.75-3.72 (m, 2H), 3.15-3.09 (m, 2H),
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1.28-1.15 (m, 4H), 0.22-0.17 (m, 1H). Analytical data are consistent with the previously reported
methods. 1261

Tert-butyl 4-(trifluoro-14-boraneyl)piperidine-1-carboxylate, potassium salt (2u’) 26

Bopin, (1.3 equiv.)
EtMgB (1.3 equiv.)

MnBr, (1 mol KHF
BUCNC>78r _ MnBrp (1 mol%) _ BocNQBpin 2 . BocN/\:>73F3K
TMEDA (1 mol%) MeOH/H,0

DME
2u'1 78 % over 2 steps 2u'

The reaction starts from the 2u’-1, following the General procedure A-1, to afford the 2u’ (white
solid, 1.0245 g, 78%). *H NMR (400 MHz, DMSO-ds) & 3.84 (d, J = 12.4 Hz, 2H), 2.49 (s, 2H),1.37
(s, 11H), 1.05-0.94 (m, 2H), 0.13-0.06 (m, 1H). Analytical data are consistent with those previously
reported 1261

Tert-butyltrifluoro-l4-borane, potassium salt (2w”) [27- 28I

KHF,
Voon — 0\ oy
MeOH/H,0

2w" 87% 2w'

The reaction starts from the 2w’’ (0.4 M in MeOH, 1.0 equiv.), following the General procedure A-
1, to afford the 2w? (white solid, 3.9 g, 87%). - H NMR (400 MHz, DMSO-ds) 0.60 (s, 9H). Analytical
data are consistent with those previously reported 2%

Trifluoro(4-(4-methoxyphenyl)-2-methylbutan-2-yl)-l4-borane, potassium salt (2y’) [?7]
B,pingy 13equw)

MeMgCI LiCI (2. 5 equ 1) EtMgBr (1.3 equiv.)
(3M in THF) nBr, 1mo|/ KR
THF 0°Ctort, 2hr 0°Ctort, 12h TMEDA (1 mol%) MeOH/Hzo

step a step b step c step d

2y" 65% over 4 steps

Step a

A flame-dried flask equipped with a stir bar was charged with 2y’-1 (891.0 mg, 850 uL, 5.0 mmol)
and dry THF (25 mL, 0.2 M) and placed in an ice bath. Methylmagnesium chloride (3M in THF, 2.5
mL, 7.5 mmol) was added dropwise. Once the MeMgCl was added the ice bath was removed and the
reaction stirred at room temperature for 2 hours. The reaction was quenched with saturated NH4Cl
(25 mL), extracted with Et2O (3 < 25 mL), dried with MgSOa, and concentrated under reduced
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pressure. The reaction was purified by silica gel chromatography to afford 2y’-2 (873.3 mg, 65%) as
a colorless oil 1271,

Step b

A flask equipped with a stir bar was charged with LiCl (1.1 g, 2.5 equiv.). HCI (20 mL, 5M) was
added and the mixture was placed in an ice bath and stirred for about 5 minutes at 0 <C. 2y’-2 (1.9 g,
1 equiv.), neat or dissolved in a minimal amount of DCM, was added dropwise at 0 <C. Upon addition
of the 2y’-2, the ice bath was removed and the reaction stirred for about 12 hours at room temperature.
The reaction was concentrated under reduced pressure and extracted by DCM. The organic phase was
washed with sat. aqg NaHCO3 and sat. aq NaCl, and then dried with anhydrous NaSO4. After being
filtered, the filtrate was concentrated under reduced pressure and purified by silica gel
chromatography to afford 2y’-3 (1.1643 g, 55%) as a colorless oil 7],

Step cand step d

The reaction starts from the 2y’-3, following the General procedure A-1, to afford the 2y’ (white
solid, 368.0 mg, 47 %). *H NMR (400 MHz, DMSO-dg) & 7.00 (d, J = 8.4 Hz, 2H), 6.77 (d, J = 8.8
Hz, 2H), 3.69 (s, 3H), 2.44-2.40 (m, 2H), 1.26-1.21 (m, 2H), 0.64 (s, 6H). 6.09 (Internal standard,
1,3,5-Trimethoxybenzene), 3.70 (Internal standard, 1,3,5-Trimethoxybenzene), 3.34 (grease).
Analytical data are consistent with those previously reported 271,

((3r,5r,7r)-adamantan-1-yl)trifluoro-l4-borane, potassium salt (2z’) 1?71

B,pin, (1.3 equiv.)
EtMgBr (1.3 equiv.

)
MnBr, (1 mol% KHF.
@01 _ MnBr; (1 mol%) _ @-Bpin — . @B&K
TMEDA (1 mol%) MeOH/H,0
DME

2z'1 27% over 2 steps 22'

The reaction starts from the 2x’-1, following the General procedure A-1, to afford the 2x’ (white
solid, 332.9 mg, 27%). '"H NMR (400 MHz, DMSO-ds): 5 1.71-1.70 (m, 3H), 1.64-1.58 (m, 6H),
1.46-1.45 (m, 6H). Analytical data are consistent with those previously reported 7]
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3.1.2. Copper-catalyzed conjugate addition for preparation of 21 I

CuCl (3.0 mol%),
NaOtBu (9.0 mol%)

DPEphos (3.0 mol%),
\~O B,pin, (1.0 equiv.) \—o o
et .
o) A MeOH/THF Othm PPh, PPh,

1.01 equiv. 97% 21" DPEphos

CuCl (297.0 mg, 3.0 mmol), NaO#-Bu (865.0 mg, 9.0 mmol) and DPEphos ligand (1.62 g, 3.0 mmol)
were placed in an oven-dried Schlenk tube and THF (80 mL) was added under nitrogen. The reaction
mixture was stirred for 30 min at r.t. and then, bis(pinacolato)diboron and THF (60 mL) were added.
The reaction mixture was stirred for 10 min and ethyl acrylate (11.1 mL, 102 mmol) was added,
followed by MeOH (16.2 mL, 400 mmol). The reaction tube was washed with THF (60 mL), sealed,
and stirred until no starting material was detected by TLC. The reaction mixture was filtered through

a pad of Celite and concentrated. The product 21” was purified by silica gel chromatography and was
isolated in 97% (22.2 g) yield 1.

21”: '"H NMR (400 MHz, CDCl3) § 4.10 (q, J = 7.1 Hz, 2H), 2.41 (t, J = 7.5 Hz, 2H), 1.25-1.21 (m,
15H), 1.01 (t,J = 7.5 Hz, 2H). Analytical data are consistent with those previously reported 21,

3.1.3. Decarboxylative borylation for the preparation of 2m” 3931l

DIC (1.0 equiv.) o] Q [Ir(ppy).dtbpy]PFs (1.0 mol%)

o ! S . :
NHPI (1.0 equiv. \\A)J\ Bypin; (4.0 equiv.
w —>( quiv) 0N e BAea) 2 (40 equiv) \/\/Bpin
OH DCM DMF/MeCN/H,0 = 1:1:1

76% ° 31%

2m"1 2m"

A 50 mL Schlenk tube equipped with a stir bar was charged with 5-Hexynoic acid (560.2 mg, 551
nL,1.0 equiv), N-hydroxy-phthalimide (NHPI) (815.6 mg, 1.0 equiv). Dichloromethane was added
(25mL, 0.2 M) followed by DIC (631.0 mg, 1.0 equiv), and the mixture was allowed to stir vigorously
at room temperature for 45 minutes. The mixture was filtered (over Celite, SiO, or through a fritted
funnel) and rinsed with additional CH>Cl/Et,O. The solvent was removed under reduced pressure,
and purification by flash-column chromatography (eluents: DCM/ petroleum ether = 1/1) afforded

the corresponding redox-active ester 2m”-1 as a white solid (983.0 mg, 76%). 3%

A solution of the 2m”-1 (257.1 mg, 1.0 equiv), [Ir(ppy)2dtbpy]PFs (9.1 mg, 1 mol%), and Bpinz (1.0
g, 4.0 equiv.) in DMF/MeCN/H,O (1/1/1, 5 mL) was added into a flame-dried Schlenk tube
containing a magnetic stirring bar under N> environment. The reaction mixture was irradiated using
a 45 W white light for 14h. After completion of the reaction as monitored by TLC, the reaction

mixture was diluted by H>0 and then extracted with diethyl ether (3x). The combined organic layers
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were dried over anhydrous MgSQO4. After the filtrate was condensed under the reduced pressure, the
crude product was purified by flash-column chromatography using petroleum ether (boiling range
30-60 °C): diethyl ether (30: 1) as eluents to afford 2m” as a colorless oil (147.5 mg, 31%) 1],

2m”-1: '"H NMR (400 MHz, CDCl3) 8 7.90-7.88 (m, 2H), 7.81-7.78 (m, 2H), 2.84 (t, J=7.6 Hz, 2H),
2.38 (td,J=6.8, 2.6 Hz, 2H), 2.05-1.98 (m, 3H). Analytical data are consistent with those previously
reported B,

2m”: '"H NMR (400 MHz, CDCl3) & 2.19 (td, J = 7.2, 2.8 Hz, 2H), 1.93 (t, J=2.7 Hz, 1H), 1.64 (p,
J=17.3 Hz, 2H), 1.23 (s, 12H), 0.88 (t, J = 7.9 Hz, 2H). Analytical data are consistent with those
previously reported B!,
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3.1.4. SN2 reaction for preparation of 2n” 132

NaNj (5.0 equiv.),
Br, TBAB (50 mol%) N

5
\_\~Bpin EA/H,0, reflex, 1h \_\*B

93% 2n"

pin

A mixture of 2-(3-bromopropyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (338.4 uL, 1.6 mmol, 1.0
equiv), NaN3 (520 mg, 8.0 mmol, 5.0 equiv), tetrabutylammonium bromide (250 mg, 0.8 mmol, 50
mol%), EtOAc (4 mL) and water (4 mL) was heated at reflux (about 60 °C) for 1 h. The aqueous
phase was separated and extracted three times with EtOAc (3 x 1 mL). The combined organic phases
were dried over MgSQOys, filtered, and the solvent was removed under reduced pressure. Flash S20
column chromatography on silica gel (Et2O:pentane = 5:95) afforded the product 2n” as a colorless
liquid in 96% (315 mg). 3%

2n”: 'H NMR (400 MHz, CDCl3) & 3.23 (t, J = 7.0 Hz, 2H), 1.70 (p, J = 7.3 Hz, 2H), 1.23 (s, 12H),
0.82 (t,J = 7.7 Hz, 2H). Analytical data are consistent with those previously reported 21,

3.1.5. Deoxygenative borylation method for preparation of 2x” 3334l

methyl 2-ch\$rEoA2-oxoacelale (1.2 equiv.) 1) faclr(ppy); (1 mol%)

(1.2 equiv.), [e] &
DMAP (0.1 equiv.) oL B,Cat; (3 equiv.), DMF
OH O ‘>LBpln
DCM o 2)pinacol (4 equiv.), TEA
Y 9,
91% — 90% o

The fert-amyl alcohol (176.3 mg, 219 pL, 1.0 equiv.), DMAP (22.4 mg, 0.1 equiv.) and Et;N (242.4
mg, 333 uL, 1.2 equiv.) were dissolved in CH2Cl> (20 mL, 0.1 M), and methyl 2-chloro-2-oxoacetate
(292.8 mg, 220uL, 1.2 equiv.) was added slowly at 0 °C. The mixture was allowed to warm to room
temperature over 18 hours. Et2O was added and the precipitate was filtered off over a plug of silica.
Concentration in vacuo and subsequent purification by flash chromatography delivered the pure

methyl oxalates 2x”-1 as colorless oil (319.0 mg, 91%) [*3,

In a Schlenk tube equipped with a stir bar, 2x”’-1 (69.6 mg, 1.0 equiv.), Bocaty (285.4 mg, 3.0 equiv.)
and fac. Ir(ppy)s (2.6 mg, 1.0 mol%) were dissolved in DMF (1.2 mL, 3.3 M). The solution was
degassed by three freeze-pump-thaw cycles. Then, the mixture was irradiated for 15 h using a 24 W
blue LED (the distance between the tube and the light source was about 1.0 cm). The setup was
simultaneously cooled by a fan to keep the reaction mixture at room temperature. After completion

of the reaction, Pinacol (189.0 mg, 4.0 equiv.) and Et3N (1.9g, 2.6 mL, 47.0 equiv.) were added and
26




stirring was continued for 2 hours. A half saturated NH4Cl solution was added and the aqueous layer
was extracted with EtOAc (3x). The combined organic layers were washed with brine and dried over
MgSO4. Concentration in vacuo and subsequent purification by flash chromatography delivered the

pure 2x” as colorless oil (143.0 mg, 90%) 331,

2x”-1: '"H NMR (400 MHz, CDCl3) 5 3.86 (s, 3H), 1.86 (q, J = 7.6 Hz, 2H), 1.52 (s, 6H), 0.93 (t, J =
7.2 Hz, 3H). Analytical data are consistent with those previously reported 331,

2x”: 'H NMR (400 MHz, CDCl3) & 1.30 (q, J = 7.6 Hz, 2H), 1.22 (s, 12H), 0.90 (s, 6H), 0.84 (t, J =
7.6 Hz, 3H). Analytical data are consistent with those previously reported P41,
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3.2. List of nucleoside and nucleotide substrates

Guanosine analogues

o o o o
Nf N NﬁNH NﬁNH N NH
<1 < ] <
N NH2 Ho NTONH o N NH2 Ho. N N/)\NHQ ACO N N/)\NHQ o N N/)\NHQ
: - : : : - :o: :o: :o:

OH OH OH OMe OH CH,CH,OMe OAc OAc o._0

1a 1b 1c 1d 1e 1f

o 9 0 0 o .

NH
NﬁNH N:\HkNH N NH N NH N NH (f
]l < ] < < |l WG
<N A N N/)\NH N N/)\NH N N/)\NH; <N N/)\ N7 NH,

o N"ONH, a0 2 2 ( { NH, o
o o o] o)
k ; k J HO, HO, Ho_J o //g HCl
o
OH OAc \/g Me. HO
HO HO NH,

Penciclovir (anti-HSV) i ir (anti-HSV) Acy ir (anti-HSV) Valganciclovir (anti-HIV)
19 h i 1j 1K 1

Adenosine analogues

NH, NH, NH,
N NN NN
N N
¢ y p 4
N NP NP )\ "
HO. HO. HO HO
o o
OH OH OH OH OH OH OH OH
1m in 10 1p
other analogues
NH, OH OMe NH, OH NH
N N N N— Sy
N N N Z NNZEN
4 4 4 Ph— f\ | N
<N ‘N/)\F <N ‘N/)\OH <N ‘N/)\CI —~ J <N N/) </N ! .
HO HO HO HO HO HO. N™ “NH,
09 o o o Lo
OH OH OH OH OH OH OH
1q r 1s 1t 1u v
Uridine analogues
o o o o o
ﬁNH ﬁNH ﬁNH ﬁNH kaH
N/&O N)%O N/&O N/&O Q N)%O
HO HO. HO HO HO-P-0
o o o o OH o
OH OH OH OH F OH OMe OH OH
5a 5b 5c 5d 5e

Supplementary Figure 12. List of nucleoside substrates
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Supplementary Figure 13. List of complex nucleotide substrates

3.2.1. Preparation of compound 1e 13!

o o]
N N
NH NH
4 4
<N:\ﬁl:\NH . o O\fo DMAP, EtN <N\Aﬁ>\w
HO : j/ AcO. 2
o MeCN, r.t. °
OH 76% OAc

Procedure: 2’-Deoxyguanosine (500.0 mg, 1.9 mmol, 1.0 equiv.), DMAP (23.0 mg, 0.19 mmol, 0.1

equiv.) and triethylamine (0.8 mL, 5.7 mmol, 3.0 equiv.) were dissolved in acetonitrile (10 mL).

Acetic anhydride (0.55 mL, 5.7 mmol, 3.0 equiv.) was added and the reaction mixture was stirred for

3 h at room temperature. The reaction was stopped by addition of 1 mL methanol and the solution

was concentrated to dryness. The remaining white solid was co-evaporated using acetonitrile and

washed with a mixture of ethanol and diethyl ether (1: 1) to yield a white solid (504.5 mg, 76%). 'H
NMR (400 MHz, DMSO-ds) 6 10.67 (s, 1H), 7.91 (s, 1H), 6.49 (s, 2H), 6.13 (dd, /= 8.6, 5.9 Hz, 1H),
5.29 (d, 6.1 Hz, 1H), 4.28-4.23 (m, 1H), 4.22-4.15 (m, 2H), 2.91 (ddd, J = 14.6, 8.6, 6.5 Hz, 1H),
2.45 (ddd, J=14.0, 5.9, 1.7 Hz, 1H), 2.08 (s, 3H), 2.03 (s, 3H). Analytical data are consistent with

those previously reported 1,

29



3.2.2. Preparation of dinucleotides

Preparation of RNA dinucleotides 36-38]

General procedure of RNA oligonucleotides:

o
LT S
N7 NJ\i-Pr
DMTIO— o H
+ HO. base
o
(PN, O OTBS
i o_0
)/O P
NC
0
ET g,
P
DMTrO NTONTNT P
o
HCOOH
o otes
0=P~q base
SR
NC o0
Ta-4 - 754 o
Nﬁ
NH
[
HO N N/)\NHZ
MeNH, o
e
o oS
0=P-0o base
o o
OH OH

base =

0 o NH, NH,
ﬁNH \ﬁNH ﬁN </wa o <}“ka»—<
n‘l’&o r;l/&o T’&o 7‘ N/) N N/)\NHZ

Tc 7d

(GpC)

7b
(GpT)
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Supplementary Figure 14. Preparation of RNA dinucleotides
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GpU

o
o N N
N NH O o ¢ ﬁNH i ¢ ﬁNH i
¢l DMTrO N NT P i
N i- o
tBUOOH

N

/)\N)J\lpr ‘ NH o
DMTrO. o H . Ho N/&O1H-Tetrazo\e (1.2 eq)

o
:o: — o OTBS kaH Q otes || PS
I

(PON.O  STBS MeCN, 12h b rt, 1h o0=t-0 N"So
b — NC_~o"0 N So I o.
! 87% over 2 steps o
IS PaS ° J
o_ 0
NC O)<O " S
7a1 7a-2 7a-3 7a-4
fﬁ o] o o]
N
NH O N
i b NH O N NH N NH
4
Wy e AL A, AL G
NTENTN Py
N HO N7 iPr HO. NTSNTONH, HO. NTONTONH,
HCOOH o {BUNH, o MeNH o it TEQ-:?\‘HF ° i
- NH — ————— NH N
o omss f:/go o oms [ I o oms [ I pyidine o oH | X‘
o=po 0=P-0 NTo 0=p-0 N o 0=p-0 No
o i ﬁ OH ioﬁ 5H 0 ‘ o
J/ o 88% over 4 steps O
. OH OH OH OH OH OH OH OH

A flame-dried 25 mL Schlenk tube equipped with magnetic stir bar was charged with 7a-1 (384.0 mg,
0.4 mmol, 1.0 equiv.), compound 7a-2 (113.6 mg, 0.4 mmol, 1.0 equiv.), | H-Tetrazole (33.6 mg, 0.48
mmol, 1.2 equiv.), and flame-dried 3 A MS (powder, about 100 mg). Nitrogen was substituted for
three times. The solids were suspended in anhydrous acetonitrile (2 mL, 0.2 M). TLC could be utilized
to monitor the process of the reaction. After vigorous stirring at room temperature for about 12 hours,
a solution of zert-butyl hydroperoxide (70 % in H20, 0.19 mL, 2.0 mmol, 5.0 equiv.) was added and
the reaction mixture was stirred for about an additional 1 hour. The reaction mixture was filtered
through a plug of Celite and the filter cake washed with dichloromethane. The filtrate was
concentrated under reduced pressure. Then the crude material was purified by the SepaBean machine
(Santai Technology Inc., China) equipped with the C18-bonded SepaFlash column to afford the
desired intermediate 7a-4 (410.0 mg, 87%) as a white solid.

To a 100 mL round bottom flask equipped with magnetic stir bar, charged with compound 7a-4 (410.0
mg, 0.35 mmol), and closed tightly with rubber septum and a balloon, the formic acid (88 % in HzO,
8 mL, 0.05 M) was added at room temperature under continuous stirring. TLC could be utilized to
monitor the process of the reaction. Then the mixture was concentrated, and the residue was dissolved
ina 7 mL (0.05 M) fert-butyl amine. After 15 minutes, the mixture was concentrated again. The 3.5
mL the methylamine (solution in methanol) (0.1 M) was added and stirred for about 2 hours. LC-MS
could be utilized to monitor the process of the reaction. The solvent of this mixture was removed and
the triethylamine trihydrofluoride (2.1 mL, 0.17 M), triethylamine (2.5 mL, 0.14 M), and pyridine
(1.3 mL, 0.26 M) were added. Then the round bottom flask was placed in oil bath and heated at 50 °C
overnight. The mixture was concentrated to a small volume and purified by the above mentioned

SepaBean machine to afford the final product 7a (181.9 mg, 88%).
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(2R,3S,4R,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl (((2R,3S,4R,5R)-5-(2,4-diox0-3,4-dihydropyrimidin-
1(2H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl) hydrogen phosphate (Compound 7a)

o

N NH
<
HO. N N/)\NHQ
o

0 OH
o=p-on [ "
5 M
o

OH OH

After purification by column chromatography (C18 Spherical silica) using MeOH/H»O as the eluents,
Compound 7a was obtained as a white solid (181.9 mg, 77%). mp 224.2-226.0 °C. [a]5 18.82 (c
0.170, H20). This was followed by exchange of the counterions [Amberlite IR120 (Na")], in order to
improve the solubility of the product in D,O and simplify the NMR spectrum. 'H NMR (500 MHz,
D>0) 6 7.95 (s, 1H), 7.82 (d, J = 8.1 Hz, 1H), 5.89-5.83 (m, 2H), 5.70 (d, J = 8.0 Hz, 1H), 4.67 (dt, J
=8.0,4.9 Hz, 1H), 4.39 (q, J = 3.9 Hz, 1H), 4.34-4.22 (m, 4H), 4.14-4.11 (m, 1H), 3.95-3.92 (dd, J
= 13.0, 2.7 Hz, 1H), 3.84 (dd, J = 12.9, 3.9 Hz, 1H). Analytical data are consistent with those
previously reported 1. *C NMR (126 MHz, D20) § 165.7, 158.6, 153.6, 151.4, 150.8, 141.0, 137.5,
116.6, 102.0, 89.1, 88.4, 83.9 (d, Jc.r = 4.7 Hz), 82.5 (d, Jc.,=9.1 Hz), 73.8, 73.6 (d, Jc.r = 5.7 Hz),
72.7 (d, Je-p = 4.0 Hz), 69.0, 64.2 (d, Jc-r = 5.3 Hz), 60.7.*'P NMR (202 MHz, D,0) § -0.74. HRMS-
ESI m/z calcd. for C19H24N13012P [M+H]" 590.1248. found 590.1240.
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A flame-dried 25 mL Schlenk tube equipped with magnetic stir bar was charged with 7b-1 (481.5 mg,
0.5 mmol, 1.0 equiv.), compound 7b-2 (149.0 mg, 0.5 mmol, 1.0 equiv.), 1 H-Tetrazole (42.0 mg, 0.6
mmol, 1.2 equiv.), and flame-dried 3 A MS (powder, about 125 mg). Nitrogen was substituted for
three times. The solids were suspended in anhydrous acetonitrile (2.5 mL, 0.2 M). TLC could be
utilized to monitor the process of the reaction. After vigorous stirring at room temperature for about
12 hours, a solution of tert-butyl hydroperoxide (70 % in H20O, 0.24 mL, 2.5 mmol, 5.0 equiv.) was
added and the reaction mixture was stirred for about an additional 1 hour. The reaction mixture was
filtered through a plug of Celite and the filter cake washed with dichloromethane. The filtrate was
concentrated under reduced pressure. Then the crude material was purified by the SepaBean machine
(Santai Technology Inc., China) equipped with the C18-bonded SepaFlash column to afford the
desired intermediate 7b-4 (490.5 mg, 83%) as a white solid.

To a 100 mL round bottom flask equipped with magnetic stir bar, charged with compound 7b-4 (480.0
mg, 0.41 mmol), and closed tightly with rubber septum and a balloon, the formic acid (88 % in HzO,
9.3 mL, 0.05 M) was added at room temperature under continuous stirring. TLC could be utilized to
monitor the process of the reaction. Then the mixture was concentrated, and the residue was dissolved
in an 8.2 mL (0.05 M) fert-butyl amine. After 15 minutes, the mixture was concentrated again. The
4.1 mL the methylamine (solution in methanol) (0.1 M) was added and stirred for about 2 hours. LC-
MS could be utilized to monitor the process of the reaction. The solvent of this mixture was removed
and the triethylamine trihydrofluoride (2.4 mL, 0.17 M), triethylamine (2.9 mL, 0.14 M), and pyridine
(1.6 mL, 0.26 M) were added. Then the round bottom flask was placed in oil bath and heated at 50 °C
overnight. The mixture was concentrated to a small volume and purified by the above mentioned
SepaBean machine to afford the final product 7b (213.1 mg, 87%).
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(2R,3S,4R,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl (((2R,3S,4R,5R)-3,4-dihydroxy-5-(5-methyl-2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)tetrahydrofuran-2-yl)methyl) hydrogen phosphate
(Compound 7b)

N

After purification by column chromatography (C18 Spherical silica) using MeOH/H2O as eluents,
compound 7b was obtained as a white solid (213.1 mg, 72%). mp 198.0-204.4 °C. [a]5 37.02 (c 0.235,
H>0). This was followed by exchange of the counterions [Amberlite IR120 (Na")], in order to
improve the solubility of the product in D,O and simplify the NMR spectrum. 'H NMR (400 MHz,
D»0) 6 7.96 (s, 1H), 7.60 (d, /= 1.4 Hz, 1H), 5.83 (d, /J=3.3 Hz, 1H), 5.79 (d, /= 2.8 Hz, 1H), 4.77-
4.75 (m, 1H), 4.63-4.58 (m, 1H), 4.40-4.36 (m, 2H), 4.31-4.18 (m, 3H), 4.12-4.08 (m, 1H), 3.99 (dd,
J=13.1, 2.5 Hz, 1H), 3.84 (dd, J = 13.1, 3.8 Hz, 1H), 1.59 (s, 3H). '3C NMR (126 MHz, D;0) §
165.6, 158.2, 153.4, 151.3, 150.4, 136.9, 136.0, 116.6, 111.0, 89.5, 89.1, 83.1 (d, Jc.r = 6.4 Hz), 82.1
(d, Jcr=9.6 Hz), 74.1, 72.7, 72.5 (d, Jc.r = 4.0 Hz), 68.6, 63.7 (d, Jc.r = 4.3 Hz), 63.7, 60.1, 11.3.
3'PNMR (202 MHz, D20) § -1.01. HRMS-ESI m/z calcd. for C20H26N7013P [M+H]" 604.1404. found
604.1401.
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A flame-dried 25 mL Schlenk tube equipped with magnetic stir bar was charged with 7¢-1 (481.5 mg,
0.5 mmol, 1.0 equiv.), compound 7¢-2 (193.6 mg, 0.5 mmol, 1.0 equiv.), 1 H-Tetrazole (42.0 mg, 0.6
mmol, 1.2 equiv.), and flame-dried 3 A MS (powder, about 125 mg). Nitrogen was substituted for
three times. The solids were suspended in anhydrous acetonitrile (2.5 mL, 0.2 M). TLC could be
utilized to monitor the process of the reaction. After vigorous stirring at room temperature for about
12 hours, a solution of tert-butyl hydroperoxide (70 % in H20, 0.24 mL, 2.5 mmol, 5.0 equiv.) was
added and the reaction mixture was stirred for about an additional 1 hour. The reaction mixture was
filtered through a plug of Celite and the filter cake washed with dichloromethane. The filtrate was
concentrated under reduced pressure. Then the crude material was purified by the SepaBean machine
(Santai Technology Inc., China) equipped with the C18-bonded SepaFlash column to afford the
desired intermediate 7c-4 (508.0 mg, 80%) as a white solid.

To a 100 mL round bottom flask equipped with magnetic stir bar, charged with compound 7¢-4 (500.0
mg, 0.39 mmol), and closed tightly with rubber septum and a balloon, the formic acid (88 % in H2O,
8.9 mL, 0.05 M) was added at room temperature under continuous stirring. TLC could be utilized to
monitor the process of the reaction. Then the mixture was concentrated, and the residue was dissolved
ina 7.8 mL (0.05 M) tert-butyl amine. After 15 minutes, the mixture was concentrated again. The 3.9
mL the methylamine (solution in methanol) (0.1 M) was added and stirred for about 2 hours. LC-MS
could be utilized to monitor the process of the reaction. The solvent of this mixture was removed and
the triethylamine trihydrofluoride (2.3 mL, 0.17 M), triethylamine (2.8 mL, 0.14 M), and pyridine
(1.5mL, 0.26 M) were added. Then the round bottom flask was placed in oil bath and heated at 50 °C
overnight. The mixture was concentrated to a small volume and purified by the above mentioned

SepaBean machine to afford the final product 7¢ (196.6 mg, 85%).
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(2R,3S.,4R,5R)-5-(4-amino-2-oxopyrimidin-1(2H)-yl)-3,4-dihydroxytetrahydrofuran-2-
yDmethyl ((2R,3S,4R,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-

(hydroxymethyl)tetrahydrofuran-3-yl) hydrogen phosphate (Compound 7c¢)
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After purification by column chromatography (C18 Spherical silica) using MeOH/H-O as the eluent,
compound 7¢ was obtained as a white solid (196.6 mg, 68%). mp 221.7-232.7 °C. [a]5 31.03 (c
0.0870, H,0). This was followed by exchange of the counterions [Amberlite IR120 (Na")], in order
to improve the solubility of the product in D,O and simplify the NMR spectrum. 'H NMR (400 MHz,
D0) 6 8.01 (s, 1H), 7.87 (d, J="7.7 Hz, 1H), 5.86 (d, J=2.5 Hz, 1H), 5.82 (d, /= 3.1 Hz, 1H), 5.75
(d, J=17.7 Hz, 1H), 4.77-4.72 (m, 1H), 4.64-4.59 (m, 1H), 4.42-4.37 (m, 2H), 4.30-4.25 (m, 2H),
4.22-4.20 (m, 1H), 4.17-4.11 (m, 1H), 4.00 (dd, J=13.1, 2.6 Hz, 1H), 3.87 (dd, J=13.0, 3.9 Hz, 1H).
13C NMR (126 MHz, D;0) § 163.5, 158.5, 154.2, 153.5, 150.3, 140.8, 136.7, 116.3, 94.7, 90.2, 89.6,
82.8 (d, Jcr = 5.0 Hz), 81.6 (d, J = 9.1 Hz), 74.4, 72.5, 72.2, 67.8, 63.2, 60.0. *'P NMR (202 MHz,
D,0) 8 -1.10. HRMS-ESI m/z calcd. for C19H25NgO12P [M+H]" 589.1408. found 589.1393.
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A flame-dried 50 mL Schlenk tube equipped with magnetic stir bar was charged with 7d-1 (1.94 g,
2.0 mmol, 1.0 equiv.), compound 7d-2 (822.3 mg, 2.0 mmol, 1.0 equiv.), 1H-Tetrazole (168.0 mg,
2.4 mmol, 1.2 equiv.), and flame-dried 3 A MS (powder, about 625 mg). Nitrogen was substituted for
three times. The solids were suspended in anhydrous acetonitrile (10 mL, 0.2 M). TLC could be
utilized to monitor the process of the reaction. After vigorous stirring at room temperature for about
12 hours, a solution of tert-butyl hydroperoxide (70 % in H20, 0.96 mL, 10 mmol, 5.0 equiv.) was
added and the reaction mixture was stirred for about an additional 1 hour. The reaction mixture was
filtered through a plug of Celite and the filter cake washed with dichloromethane. The filtrate was
concentrated under reduced pressure. Then the crude material was purified by the SepaBean machine
(Santai Technology Inc., China) equipped with the C18-bonded SepaFlash column to afford the
desired intermediate 7d-4 (2.22 mg, 86%) as a white solid.

To a 100 mL round bottom flask equipped with magnetic stir bar, charged with compound 7d-4 (1.53
g, 1.18 mmol), and closed tightly with rubber septum and a balloon, the formic acid (88 % in H2O,
27 mL, 0.05 M) was added at room temperature under continuous stirring. TLC could be utilized to
monitor the process of the reaction. Then the mixture was concentrated, and the residue was dissolved
in a 24 mL (0.05 M) tert-butyl amine. After 15 minutes, the mixture was concentrated again. The 12
mL the methylamine (solution in methanol) (0.1 M) was added and stirred for about 2 hours. LC-MS
could be utilized to monitor the process of the reaction. The solvent of this mixture was removed and
the triethylamine trihydrofluoride (6.9 mL, 0.17 M), triethylamine (8.4 mL, 0.14 M), and pyridine
(4.5 mL, 0.26 M) were added. Then the round bottom flask was placed in oil bath and heated at 50 °C
overnight. The mixture was concentrated to a small volume and purified by the above mentioned
SepaBean machine to afford the final product 7d (514.1 mg, 55%).
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(2R,3S,4R,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-

(hydroxymethyl)tetrahydrofuran-3-yl ((2R,3S,4R,5R)-5-(6-amino-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl) hydrogen phosphate (compound 7d)
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After purification by column chromatography (C18 Spherical silica) using MeOH/H»O as the eluents,
compound 7d was obtained as a white solid (514.1 mg, 47 %). mp 235.7-245.7 °C. [a]5 -38.10 (c
0.0420, H,0). This was followed by exchange of the counterions [Amberlite IR120 (Na")], in order
to improve the solubility of the product in D>O and simplify the NMR spectrum. '"H NMR (400 MHz,
D,0) 6 8.30 (s, 1H), 8.11 (s, 1H), 7.87 (s, 1H), 6.04 (d, J = 4.4 Hz, 1H), 5.67 (d, J = 4.4 Hz, 1H),
4.68-4.63 (m, 2H), 4.59 (t,J=4.7 Hz, 1H), 4.52 (t,J = 5.2 Hz, 1H), 4.40-4.25 (m, 3H), 4.19-4.14 (m,
1H), 3.85-3.75 (m, 2H). *C NMR (126 MHz, DMSO-ds) & 156.8, 155.6, 153.9, 152.1, 151.6, 149.5,
139.7, 135.3, 119.0, 116.6, 87.1, 85.8, 84.6, 83.6, 75.0, 73.5, 73.3, 70.8, 65.4, 61.4. *'P NMR (202
MHz, D>0) 8 -0.74. HRMS-ESIm/z calcd. for C20H25sN 10011 NaP [M+Na]" 635.1344. found 635.1344.
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A flame-dried 25 mL Schlenk tube equipped with magnetic stir bar was charged with 7e-1 (384.0 mg,
0.4 mmol, 1.0 equiv.), compound 7e-2 (157.2 mg, 0.4 mmol, 1.0 equiv.), | H-Tetrazole (33.6 mg, 0.48
mmol, 1.2 equiv.), and flame-dried 3 A MS (powder, about 100 mg). Nitrogen was substituted for
three times. The solids were suspended in anhydrous acetonitrile (2 mL, 0.2 M). TLC could be utilized
to monitor the process of the reaction. After vigorous stirring at room temperature for about 12 hours,
a solution of zert-butyl hydroperoxide (70 % in H20, 0.19 mL, 2.0 mmol, 5.0 equiv.) was added and
the reaction mixture was stirred for about an additional 1 hour. The reaction mixture was filtered
through a plug of Celite and the filter cake washed with dichloromethane. The filtrate was
concentrated under reduced pressure. Then the crude material was purified by the SepaBean machine

(Santai Technology Inc., China) equipped with the C18-bonded SepaFlash column to afford the
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desired intermediate 7e-4 (410.0 mg, 80%) as a white solid.

To a 100 mL round bottom flask equipped with magnetic stir bar, charged with compound 7e-4 (410.0
mg, 0.32 mmol), and closed tightly with rubber septum and a balloon, the formic acid (88 % in Hz2O,
7.3 mL, 0.05 M) was added at room temperature under continuous stirring. TLC could be utilized to
monitor the process of the reaction. Then the mixture was concentrated, and the residue was dissolved
in a 6.4 mL (0.05 M) tert-butyl amine. After 15 minutes, the mixture was concentrated again. The 3.2
mL the methylamine (solution in methanol) (0.1 M) was added and stirred for about 2 hours. LC-MS

could be utilized to monitor the process of the reaction. The solvent of this mixture was removed and
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the triethylamine trihydrofluoride (1.9 mL, 0.17 M), triethylamine (2.3 mL, 0.14 M), and pyridine
(1.2 mL, 0.26 M) were added. Then the round bottom flask was placed in oil bath and heated at 50 °C
overnight. The mixture was concentrated to a small volume and purified by the above mentioned

SepaBean machine to afford the final product 7e (200.0 mg, 85%).

((2R,3S,4R,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-
2-yl)methyl ((2R,3S,4R,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl) hydrogen phosphate (Compound 7e)
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After purification by column chromatography (C18 Spherical silica) using MeOH/HO as the eluents,
compound 7e was obtained as a white solid (200.0 mg, 72%). mp >280 °C. [a]5 25.81 (¢ 0.310, H,0).
'H NMR (400 MHz, DMSO-ds) § 10.69 (s, 2H), 7.98-7.96 (m, 2H), 6.53 (s, 4H), 5.77-5.71 (m, 2H),
4.66-4.59 (m, 2H), 4.49-4.40 (m, 2H), 4.17-4.10 (m, 4H), 4.08-4.04 (m, 3H), 3.61-3.50 (m, 2H). 13C
NMR (126 MHz, DMSO-ds) 6 156.6, 156.6, 153.9, 153.9, 151.5, 151.4, 135.5, 135.4, 116.3, 116.2,
86.5, 85.4, 84.4, 82.9 (d, Jc.r= 8.3 Hz), 76.3 (d, Jc.r= 4.8 Hz), 73.3, 72.6, 70.4, 66.0 (d, Jc.r=5.5
Hz), 61.2. 3'P NMR (202 MHz, DMSO-d6) & -0.137. HRMS-ESI m/z caled. for C20H25N;0O12P
[M+H]" 629.1469. found 629.1468.
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A flame-dried 50 mL Schlenk tube equipped with magnetic stir bar was charged with 7f-1 (1.94 g,
2.0 mmol, 1.0 equiv.), compound 7f-2 (568.0 mg, 2.0 mmol, 1.0 equiv.), | H-Tetrazole (140.0 mg, 2.4
mmol, 1.2 equiv.), and flame-dried 3 A MS (powder, about 500 mg). Nitrogen was substituted for
three times. The solids were suspended in anhydrous acetonitrile (10 mL, 0.2 M). TLC could be
utilized to monitor the process of the reaction. After vigorous stirring at room temperature for about
12 hours, 5-Amino-3H-1,2,4-dithiazole-3-thione (915.0 mg, 6.1mmol, 1.54 equiv.) was added and
the reaction mixture was stirred for about an additional 6 hours. The reaction mixture was filtered
through a plug of Celite and the filter cake washed with dichloromethane. The filtrate was
concentrated under reduced pressure. Then the crude material was purified by the SepaBean machine
(Santai Technology Inc., China) equipped with the C18-bonded SepaFlash column to afford the
diastereoisomer 7f-4 and 7’-4 (1.7 g, 95%).

To a 100 mL round bottom flask equipped with magnetic stir bar, charged with diastereoisomer 7f-4
and 7f’-4 (1.6 g, 1.37 mmol), and closed tightly with rubber septum and a balloon, the formic acid
(88 % in H20O, 31 mL, 0.05 M) was added at room temperature under continuous stirring. TLC could
be utilized to monitor the process of the reaction. Then the mixture was concentrated, and the residue

was dissolved in a 27.4 mL (0.05 M) tert-butyl amine. After 15 minutes, the mixture was concentrated
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again. The 13.7 mL the methylamine (solution in methanol) (0.1 M) was added and stirred for about
2 hours. LC-MS could be utilized to monitor the process of the reaction. The solvent of this mixture
was removed and the triethylamine trihydrofluoride (8.1 mL, 0.17 M), triethylamine (9.8 mL, 0.14
M), and pyridine (5.3 mL, 0.26 M) were added. Then the round bottom flask was placed in oil bath
and heated at 50 °C overnight. The mixture was concentrated to a small volume and purified by the

above mentioned SepaBean machine to afford the final products 7f (488.0 mg) and 7f (160.0 mg).

After purification by column chromatography (C18 Spherical silica) using MeOH/H»O as the eluents,
7f was obtained as a white solid (488.0 mg). mp 144.5-149.5 °C. [a]; -3.98 (c 0.176, H0). 7f was
obtained as a white solid (160.0 mg). mp 221.7-230.2 °C. [a]5 -1.72 (c 0.116, H,0). The total yield
was 44%.

Sodium 0-((2R,3S,4R,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl) O-(((2R,3S,4R,5R)-5-(2,4-diox0-3,4-dihydropyrimidin-
1(2H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl) (R)-phosphorothioate (Compound 7f)
(Gp(SRp)U)

This was followed by exchange of the counterions [Amberlite IR120 (Na*)], in order to improve the
solubility of the product in D20 and simplify the NMR spectrum. The sodium salt of 7f was obtained
as a white solid. "H NMR (400 MHz, D,0) & 7.94 (s, 1H), 7.91 (d, /= 8.2 Hz, 1H), 5.83 (d, J=1.8
Hz, 1H), 5.82 (d, J = 1.3 Hz, 1H), 5.67 (d, J = 8.1 Hz, 1H), 4.89-4.84 (m, 1H), 4.78-4.77 (m, 1H),
4.43-4.40 (m, 1H), 4.34 (ddd, /=11.8, 5.4, 2.2 Hz, 1H), 4.30-4.23 (m, 3H), 4.15 (ddd, /=11.7, 5.2,
2.5 Hz, 1H), 3.97 (dd, J = 13.0, 2.6 Hz, 1H), 3.87 (dd, J = 13.0, 3.9 Hz, 1H). *C NMR (126 MHz,
D»0) 6 165.6, 158.4, 153.5, 151.3, 150.7, 141.2, 137.4, 116.6, 102.0, 89.1, 88.8, 83.6 (d, Jc.r = 5.0
Hz), 82.4 (d, Jc.r=9.4 Hz), 74.0, 73.9 (d, Jc.» = 5.2 Hz), 72.6 (d, Jc.r = 4.2 Hz), 69.0, 64.0 (d, Jc.r =
7.0 Hz), 60.6. *'P NMR (202 MHz, D,0) § 56.70. HRMS-ESI m/z calcd. for C19H24N701,PS [M+H]"
606.1019. found 606.1008.

Sodium 0-((2R,3S,4R,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl) O-(((2R,3S,4R,5R)-5-(2,4-diox0-3,4-dihydropyrimidin-
1(2H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl) (S)-phosphorothioate (Compound 7f’)
(Gp(SSp)L)

42



OH OH

This was followed by exchange of the counterions [Amberlite IR120 (Na")], in order to improve the
solubility of the product in D20 and simplify the NMR spectrum. The sodium salt of 7f* was obtained
as a white solid. '"H NMR (400 MHz, D,0) & 7.94 (s, 1H), 7.88 (d, J = 8.1 Hz, 1H), 5.86 (d, J=3.9
Hz, 1H), 5.83 (d, /= 5.1 Hz, 1H), 5.73 (d, /= 8.1 Hz, 1H), 4.88-4.83 (m, 1H), 4.81(m, 1H), 4.40 (q,
J=3.6 Hz, 1H), 4.31-4.25 (m, 4H), 4.21-4.17 (m, 1H), 3.90 (dd, /= 13.0, 2.7 Hz, 1H), 3.82 (dd, J =
12.9, 3.8 Hz, 1H). BC NMR (126 MHz, D20) § 165.8, 158.7, 153.6, 151.5,151.0, 141.3, 137.6, 116.6,
102.1, 89.0, 88.2, 94.0 (d, Jc.r = 4.3 Hz), 82.6 (d, Jc.r = 9.4 Hz), 74.0, 74.0 (d, Jc.r = 6.3 Hz), 72.6
(d, Je.r = 4.4 Hz), 69.2, 64.8 (d, Jc.p = 5.7 Hz), 60.8.3'P NMR (202 MHz, D20) § 55.98. HRMS-ESI
m/z caled. for C19H24N7012PS [M+H]" 606.1019. found 606.1008.
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Preparation of DNA dinucleotides 3°-41]

o
N
NH O
4
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</N [ N oo DMTrO N .
v A A NH A
DMTrOW N H HPr ‘ Tetrazole (5.0 eq) °© o
o + HO. N-To 4>. d \fj\NH
0. o ‘
. MeCN, 1h
(PPN, -0 w NG e N/&O
| OAc ~"0" 7o
o o.
NC OAc
791 79-2 79-3
o o
% NH O <NﬁNH
DMTrO, N N/)\NJ\ P o N N/)\NH
o o 1) NHa, EtOH, r.t., 24h o. o]
BUOOH N
_— o ‘ NH > o ‘
rt, 0.5h oo o 2) K,CO3, MeOH, rt. 24h oo o
i
o o OH o
74 % over 2 steps J/ 53 % over 2 steps
NC OAc OH

79-4 79

A flame-dried 50 mL Schlenk tube equipped with magnetic stir bar was charged with 7g-1 (2.52 g,
3.0 mmol, 1.0 equiv.), compound 7b-2 (852.0 mg, 3.0 mmol, 1.0 equiv.), | H-Tetrazole (840.0 mg,
12.0 mmol, 4.0 equiv.), and flame-dried 3 A MS (powder, about 750 mg). Nitrogen was substituted
for three times. The solids were suspended in anhydrous acetonitrile (25 mL, 0.12 M). TLC could be
utilized to monitor the process of the reaction. After vigorous stirring at room temperature for about
1 hour, a solution of fert-butyl hydroperoxide (70 % in H20, 1.44 mL, 15 mmol, 5.0 equiv.) was added
and the reaction mixture was stirred for about an additional 0.5 hour. The reaction mixture was filtered
through a plug of Celite and the filter cake washed with dichloromethane. The filtrate was
concentrated under reduced pressure. Then the crude material was purified by the SepaBean machine
(Santai Technology Inc., China) equipped with the C18-bonded SepaFlash column to afford the
desired intermediate 7g-4 (2.30 g, 74 %) as a white solid.

To a 100 mL round bottom flask equipped with magnetic stir bar, charged with compound 7g-4 (2.30
g, 2.25 mmol), and closed tightly with rubber septum and a balloon, 25 mL ammonia (7.0 M solution
in MeOH) was added at room temperature under continuous stirring for 24 hours. LC-MS and TLC
could be utilized to monitor the process of the reaction. The mixture was concentrated, K2COs (828.0
mg) was added and the residue was dissolved in 25 mL methanol stirring for 24 hours. This step is to
remove the acetyl protecting group. The mixture then was concentrated again. Finally, the acetic acid
(80 % in H20O, 25 mL) was added at room temperature under continuous stirring. LC-MS could be
utilized to monitor the process of the reaction. The mixture was concentrated and purified by the

above mentioned SepaBean machine to afford the final product 7g (905.4 mg, 53 %).
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(2R,3S,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-2-(hydroxymethyl)tetrahydrofuran-
3-yl (((2R,3S,5R)-3-hydroxy-5-(5-methyl-2,4-dioxo0-3,4-dihydropyrimidin-1(2H)-

yDhtetrahydrofuran-2-yl)methyl) hydrogen phosphate (Compound 7g)

OH

After purification by column chromatography (C18 Spherical silica) using MeOH/H>O as the eluents,
compound 7g was obtained as a white solid (905.4 mg, 39 %). mp 178.7-182.4 °C. [a]5 15.96 (c
0.0940, MeOH). This was followed by exchange of the counterions [Amberlite IR120 (Na*)], in order
to improve the solubility of the product in D20 and simplify the NMR spectrum. '"H NMR (400 MHz,
D20) 6 7.94 (s, 1H), 7.55 (s, 1H), 6.24 (t,J= 6.8 Hz, 1H), 6.18-6.15 (m, 1H), 4.93-4.85 (m, 1H), 4.58
(q, J=5.2 Hz, 1H), 4.26 (q, J = 3.6 Hz, 1H), 4.20-4.16 (m, 1H), 4.12-4.07 (m, 2H), 3.87-3.77 (m,
2H), 2.78-2.66 (m, 2H), 2.37-2.28 (m, 2H), 1.70 (s, 3H). Analytical data are consistent with those
previously reported 2. 13C NMR (126 MHz, D,0) § 165.6, 158.4, 153.5, 151.3, 150.6, 137.6, 137.0,
116.4, 111.1, 86.1 (d, Jc.r = 8.3 Hz), 84.6, 84.6, 84.4, 75.5 (d, Jc-p = 5.3 Hz), 69.8, 64.4 (d, Jc.p=5.3
Hz), 61.3, 38.5, 37.5, 11.3. *'P NMR (202 MHz, D,0O) & -1.04. HRMS-ESI m/z calcd. for
C20H26N7NaO1 1P [M+Na]" 594.1320. found 594.1317.

45



dTpG

| N™ "0
DMTrO. \ﬁ:/go </N | J\T 9 Tetrazole (5.0 eq) k ° J o
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A flame-dried 50 mL Schlenk tube equipped with magnetic stir bar was charged with 7h-1 (2.23 g,
3.0 mmol, 1.0 equiv.), compound 7h-2 (1.14 g, 3.0 mmol, 1.0 equiv.), 1 H-Tetrazole (840.0 mg, 12.0
mmol, 4.0 equiv.), and flame-dried 3 A MS (powder, about 750 mg). Nitrogen was substituted for
three times. The solids were suspended in anhydrous acetonitrile (25 mL, 0.12 M). TLC could be
utilized to monitor the process of the reaction. After vigorous stirring at room temperature for about
1 hour, a solution of fert-butyl hydroperoxide (70 % in H20, 1.44 mL, 15 mmol, 5.0 equiv.) was added
and the reaction mixture was stirred for about an additional 0.5 hour. The reaction mixture was filtered
through a plug of Celite and the filter cake washed with dichloromethane. The filtrate was
concentrated under reduced pressure. Then the crude material was purified by the SepaBean machine
(Santai Technology Inc., China) equipped with the C18-bonded SepaFlash column to afford the
desired intermediate 7h-4 (2.63 g, 84 %) as a white solid.

To a 100 mL round bottom flask equipped with magnetic stir bar, charged with compound 7h-4 (2.63
g, 2.53 mmol), and closed tightly with rubber septum and a balloon, 25 mL ammonia (7.0 M solution
in MeOH) was added at room temperature under continuous stirring for 24 hours. LC-MS and TLC
could be utilized to monitor the process of the reaction. The mixture was concentrated, K»COs3 (828.0
mg) was added and the residue was dissolved in 25 mL methanol stirring for 24 hours. This step is to
remove the acetyl protecting group. The mixture then was concentrated again. Finally, the acetic acid
(80 % in H>0, 25 mL) was added at room temperature under continuous stirring. LC-MS could be
utilized to monitor the process of the reaction. The mixture was concentrated and purified by the

above mentioned SepaBean machine to afford the final product 7h (1.02 g, 59 %).

((2R,3S,5R)-5-(2-amino-6-0x0-1,6-dihydro-9H-purin-9-yl)-3-hydroxytetrahydrofuran-2-
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yl)methyl ((2R,3S,5R)-2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-

yDtetrahydrofuran-3-yl) hydrogen phosphate (Compound 7h)

NH
o N7 >NTNH,

OH

After purification by column chromatography (C18 Spherical silica) using MeOH/HO as the eluents,
compound 7h was obtained as a white solid (1.017 g, 50 %). mp 177.0-177.1 °C. [a]5 20.00 (c 0.110,
MeOH). This was followed by exchange of the counterions [Amberlite IR120 (Na")], in order to
improve the solubility of the product in D,O and simplify the NMR spectrum. 'H NMR (400 MHz,
D;0) 6 8.10 (s, 1H), 7.41 (s, 1H), 6.16 (t, J = 6.7 Hz, 1H), 6.06-6.02 (m, 1H), 4.75-4.71 (m, 1H),
4.63-4.59 (m, 1H), 4.19-4.16 (m, 1H), 4.05-4.02 (m, 3H), 3.66-3.61 (m, 2H), 2.83-2.76 (m, 1H), 2.55-
2.48 (m, 1H), 2.29-2.21 (m, 1H), 1.81 (s, 3H), 1.77-1.70 (m, 1H). 3*C NMR (126 MHz, D,0) § 166.0,
157.9, 153.8, 151.2, 137.0, 136.8, 115.0, 111.5, 85.8 (d, Jc.r = 7.8 Hz), 85.4 (d, Jc.r = 9.2 Hz), 84.8,
83.1,75.8 (d, Je.p = 5.6 Hz), 70.6, 64.8 (d, Jc.r = 5.3 Hz), 61.14, 38.33, 36.75, 11.54. 3'P NMR (202
MHz, D>0)  -1.09. HRMS-ESI m/z calcd. for C20H26N7NaO1P [M+Na]* 594.1320. found 594.1311.
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3.2.3. Preparation of cyclic dinucleotides c-di-GMP 136, 42-44]

c-di-GMP
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Preparation of a dry solution of 7i-1 in CH3CN.

One portion of guanosine phosphoramidite, 7i-1 (1.75 g, 1.8 mmol, 1.2 equiv.), was dried three times

by concentration from 12 mL portions of CH3CN, the last time

sieves were added, getting the first portion of 7i-1.

Hydrolysis, p-elimination, and detritylation.

To a second portion of 7i-1 (1.46 g, 1.5 mmol) dissolved in CH3CN (7.5 mL) and H,O (0.054 mL,
3.0 mmol, 2.0 equiv.) was added pyridinium trifluoroacetate (0.348 g, 1.8 mmol, 1.2 equiv.), getting
7i-2. After 1 min a 7.5 mL portion of -BuNH; was added. After 10 min the mixture was concentrated

to a foam, getting 7i-3, the residue was dissolved in a 15 mL portion of CH3CN, and concentrated

7i

leaving 6 mL. The 3A molecular
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again to a foam. This addition of CH3CN and concentration was repeated one more time. To the
residue dissolved in a 18 mL portion of CH>Cl, was added H>O (0.27 mL, 15 mmol, 10 equiv.),
followed by a 18 mL portion of 6% dichloroacetic acid in CH2Cl> (13.2 mmol). After 10 min the
reaction was quenched by addition of pyridine (2.1 mL, 26.1 mmol, 2.0 equiv. rel to DCA), getting
7i-4. The mixture was then concentrated, and the residue 7i-4 was dissolved in a 12 mL portion of
dry CH3CN and concentrated again. This process was repeated two more times, the last time leaving
3.6 mL.

Linear coupling, oxidation, and detritylation.

To the above solution was added the dried solution of 7i-1 (the first portion) using a Schlenk tube and
nitrogen pressure, followed by two 1 mL rinses of dry CH3CN, to get 7i-5. After 2 minutes, anhydrous
tert-butyl hydroperoxide (70 % in H>O) (0.819 mL, 1.35 mmol, 3.0 equiv.) was added, to get the 7i-
6. After 30 min the solution was cooled in an ice bath, and 0.375 g NaHSO3 dissolved in 0.75 mL
H>O was added. The ice bath was removed, the mixture was stirred 5 min, and then concentrated to
a small volume. The residual oil was dissolved in an 24 mL portion of CH>Cla, followed by H>O (0.27
mL, 15 mmol, 10 equiv.) and then 24 mL 6% dichloroacetic acid in CH2Cl> (17.4 mmol), to getting
7i-7. After 10 min the reaction was quenched with a 15 mL portion of pyridine. The mixture was
concentrated to a small volume, a 45 mL portion of pyridine was added, and the solution was

concentrated to 25 mL.

Cyclization and oxidation.

To the above solution was added 50 mL DCM. The diphenyl chlorophosphate (DPCP, 17.5 mmol, 3.5
equiv.) was dissolved in in 25mL of pyridine. Cool the above two solution to -40 °C. The solution of
DPCP was dropwise added to the solution of 7i-7 within 10 min. After 20 min, the reaction was
quenched by addition of H>O (3.6 mL), and > (390.0 mg, 1.5 mmol) was added immediately, to get
7i-9. After 5 min the mixture was poured into 25 mL H>O containing 300 mg NaHSO3. The mixture
was filtered and concentrated. Then the crude material was purified by the SepaBean machine (Santai
Technology Inc., China) equipped with the C18-bonded SepaFlash column to afford the desired

intermediate 7i-9 as a white solid.

Remove protective groups.

To the above pure 7i-9 dissolved in a 100 mL round bottom flask equipped with magnetic stir bar,
and closed tightly with rubber septum and a balloon, a 10 mL portion of ~-BuNH> was added. After
10 min the mixture was concentrated to a foam, getting 7i-10. a 10 mL ammonia (7.0 M solution in

MeOH) was added at room temperature under continuous stirring for 12 hours, to get 7i-11. LC-MS
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and TLC could be utilized to monitor the process of the reaction. If the isobutyryl group (-COiPr) is
not completely removed, concentrate the reaction solution, then add the 25 mL ammonia (7.0 M
solution in MeOH) again. Finally, the mixture was concentrated and the triethylamine
trihydrofluoride (2.5 mL), triethylamine (1.0 mL), and pyridine (1.0 mL) were added. Then the round
bottom flask was placed in oil bath and heated at 50 °C overnight. The mixture was concentrated to
a small volume and purified by the above mentioned SepaBean machine to afford the final product
7e (48 mg, total yield = 3.2%).

9,9'-((2R,3R,3aS,7aR,9R,10R,10aS,14aR)-3,5,10,12-tetrahydroxy-5,12-dioxidooctahydro-
2H,7H-difuro[3,2-d:3',2'-j][1,3,7,9] tetraoxa|2,8]diphosphacyclododecine-2,9-diyl)bis(2-amino-
1,9-dihydro-6H-purin-6-one) (Compound 7i)

o

0.

P
N NH,

O OH o
. |o=P-Or N
HNEt; (\) ¢l /NH
N o NTONTUONH,
HNEty
o
o

O OH

IH NMR (400 MHz, D20) 55<C, § 8.34 (s, 2H), 6.26 (s, 2H), 5.35 (br, 2H), 5.15 (br, 2H), 4.46-4.44
(m, 2H). Analytical data are consistent with those previously reported > HRMS-ESI m/z calcd. for
C20H23N10014P2 [M-H] 689.0876. found 689.0876.
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4. Reaction screening and proposed mechanism

4.1. Reaction setup for nucleosides and dinucleotides

Supplementary Figure 15. Standard reaction setup for nucleosides

(@ 10 mL Schlenk tube was used (LH LABWARE). The tube was plugged with a rubber plug and sealed
with tape to maintain the satisfactory air tightness.
(b) The vial was irradiated with one 85W white light and was placed about 1-2 cm away from the light.

Cooling fan was utilized to maintain the reaction temperature at room temperature.
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Supplementary Figure 16. Reaction setup of dinucleotides
(@) 10 mL Schlenk tube was used (LH LABWARE). The tube was plugged with a rubber plug and sealed
with tape to maintain the satisfactory air tightness.
(b) The vial was irradiated with one 10W blue LED (ROGER, Multi-channel parallel photocatalytic
reaction system). Low temperature coolant circulation pump (BiLon) was utilized to maintain the

reaction temperature at about 10 degrees Celsius.
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4.2. Optimization of C—H alkylation of guanosine

4.2.1. Initial trial

2012 Qu and Guo group (ref. 3c)
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Supplementary Figure 17. Different approach of radical C-8 ethylation 6 45-47]
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4.2.2. Reaction condition screening

Supplementary Table 3. Photocatalyst screening *°

(o] o
N Photocatalyst (5 mol%) N
</N:fmjfwz . - K2S,08 (yz.o equiv.) Et%N:fNj\HNHQ
HoN o TFA (1.0 equiv.) HoN o
MeCN:H,0, 85 W white light,16 h
OH OH OH OH
1.0 equiv. 2.0 equiv.
1a 2a' 3a
Entry Photocatalyst Yield of 3 (%)
1 MesAcr 23
2 Ir[dF(CF3)ppy]2(dtbpy)PFs 12
3 Ru(pr)3(PF6)2 15
4 Ru(DMB)3(PFs), 14
5 Eosin Y 19

2 Condition: Guanosine (0.1 mmol), ethylboric acids (0.4 mmol, 4.0 equiv.), photocatalyst (0.005 mmol, 0.05
equiv.), (NH4)2S>0s (0.2 mmol, 2.0 equiv.), TFA (0.1 mmol, 1.0 equiv.), MeCN (0.5 mL), H>O (0.5 mL), 85

W white light. ® Yields were determined by LC-MS.
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Supplementary Table 4. Solvent screening **

o o

SO NN vt «lT X
HO. o TFA (1.0 equiv.) HO o
Solvent, 85 W white light,16 h
OH OH OH OH
1.0 equiv. 2.0 equiv.
1a 2a’ 3a
Entry Solvent Yield of 3 (%)
1 MeCN:H,O(1:1) 22
2 DMSO:H,0(1:1) 2
3 Acetone:H,O(1:1) 6
4 THF:H>O(1:1) 6

2 Condition: Guanosine (0.1 mmol), ethylboric acids (0.4 mmol, 4.0 equiv.), MesAcr (0.005 mmol, 0.05
equiv.), (NH4)2S20s (0.2 mmol, 2.0 equiv.), solvent (1.0 mL), TFA (0.1 mmol, 1.0 equiv.), 85 W white light.

b Yields were determined by LC-MS.
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Supplementary Table 5. Ethylboric acid equivalent screening **

[o] o

N NH MesAcr (5 mol%) N NH
< Py K»S,0g (2.0 equiv.) e L
N“SNTSNH, + EtTBRK NTONTONH,
N TFA (1.0 equiv.) NN
MeCN:H,0, 85 W white light, 16 h
OH OH OH OH
1.0 equiv. X equiv.
1a 2a' 3a
Entry Equivalent of Et-BF;K Yield of 3 (%)
1 2 23
2 3 34
3 4 37
4 6 36

2 Condition: Guanosine (0.1 mmol), ethylboric acid (x equiv.), MesAcr (0.005 mmol, 0.05 equiv.), (NH4)2S203
(0.2 mmol, 2.0 equiv.), MeCN (0.5 mL), H,O (0.5 mL), TFA (0.1 mmol, 1.0 equiv.), 85 W white light. ? Yields

were determined by LC-MS.
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Supplementary Table 6. Additive screening »b [16]

o o

ST s, T
Ho o N ’ TFA (1.0 equiv.), Ho o o
. Additive (1.0 equiv.)
OH OH 4.0equiv.  \6GN:H,0, 85 W white light,16 h OH OH
1a 2a' 3a
Entry Additive Yield of 3 (%)
1 none 37
2 AgNO; 9
3 PhI(TFA), 0
4 Catechol (2.0 equiv.) 90
5 Catechol (1.0 equiv.) 90
6 Catechol (0.5 equiv.) 88
7°¢ Catechol (1.0 equiv.) 92
8¢ EtB(OH), Catechol (1.0 equiv.) 87
9¢ EtB(OH), 18

2 Condition: Guanosine (0.1 mmol), ethylboric acids (0.4 mmol, 4.0 equiv.), MesAcr (0.005 mmol,0.05 equiv.),
(NH4)2S205 (0.2 mmol, 2.0 equiv.), catechol (x equiv.), TFA (0.1 mmol, 1.0 equiv.), MeCN (0.5 mL), H,O

(0.5 mL), 85 W white light. ? Yields were determined by LC-MS. ¢ (NH),S,0s is oxidant instead of K2S;0s.
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Supplementary Table 7. Catechol analogues screening P [48, 491

[o} (o}
NH MesAcr (5 mol%)

H
(NH,),8,04 (2.0 equiv.)

/N N
Et%N \N A

<
N N/)\NHZ . Et=B(OH),

NH,

o

OH OH
1.0 equiv.

1a

Cr,
OH

LC-yield: 90 %

LC-recovery: 9 %

O,
"

LC-yield: 0 %

LC-recovery: 100 %

2 Condition: Guanosine (0.1 mmol), ethylboric acids (0.4 mmol, 4.0 equiv.), MesAcr (0.005 mmol,0.05 equiv.),

(NH4)28,05 (0.2 mmol, 2.0 equiv.), Additive (1.0 equiv.), TFA (0.1 mmol, 1.0 equiv.), MeCN (0.5 mL), H,O

TFA (1.0 equiv.), HO.
Additive (1.0 equiv.)
MeCN:H,0, 85 W white light,16 h
4.0 equiv.

2a

-Bi H
OH
OH OH tBu

LC-yield: 90 % LC-yield: 89 % LC-yield: 88 %

Lc y: 8 % Lc y:9% LC y: 10 %
OH
OH
o > O
OH
OH
LC-yield: 86 % LC-yield: 1 % LC-yield: 32 %

LC-recovery: 11 %  LC-recovery: 99 % LC-recovery: 68 %

(0.5 mL), 85 W white light. ? Yields were determined by LC-MS.

o

OH OH

OQN\©iOH

OH
LC-yield: 49 %

LC-recovery: 50 %

HO L~y

LC-yield: 27 %
LC-recovery: 73 %
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Supplementary Table 8. Alkylpinacolyl boronate esters screening *> 51

N i NH MesAcr (5 mol%) N i NH
</N \N/)\NH R (NH4),S,05 (2.0 equiv.) Et%N \N/)\NH
foN o ’ TFA (1.0 equiv.), Additive foN o ’
MeCN:H,0, 85 W white light,16 h
OH OH OH OH
1a 2a" 3a
Entry Additive Yield of 3 (%)

1 TFA (1.0 equiv.), Catechol (1.0 equiv.) 49
2 MeB(OH); (8.0 eq), TFA (3.0 equiv.), Catechol (1.0 equiv.) 81
3 MeB(OH); (5.0 eq), TFA (3.0 equiv.), Catechol (1.0 equiv.) 73
4°¢ MeB(OH); (5.0 eq), TFA (1.0 equiv.), Catechol (1.0 equiv.) 73
5¢ MeB(OH); (5.0 eq), TFA (3.0 equiv.), Catechol (1.0 equiv.) 75
6° MeB(OH), (5.0 equiv.), TFA (3.0 equiv.) 0

2 Condition: Guanosine (0.1 mmol), EtBPin (0.4 mmol, 4.0 equiv.), MesAcr (0.005 mmol, 0.05 equiv.), (NH4)2S20s
(0.2 mmol, 2.0 equiv.), Catechol (1.0 equiv.), TFA (x equiv.), methylboronic acid (y equiv.), MeCN (0.5 mL), H.O
(0.5 mL), 85 W white light. ® Yields were determined by LC-MS. ¢ The equivalent of ethyl pinacol borate is 2.5

equiv.
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4.3. Optimization of C—H alkylation of uridine

Supplementary Table 9. The amount and type of solvent. Type and equivalent of additives. The

requirement of light and photocatalyst.

o o e R LN
v on on
1.0 equiv. 4.0 equiv.
5a-5d 2a-2c, 2m éa
Entry Solvent (mL/mL) Additive LC Yield % LC recovery %
1¢ MeCN:H,O (0.5/0.5) TFA 3 97
2 MeCN:HO (0.5/0.5) TFA 12 88
3 DMA:H0 (0.5/0.5) TFA 4 96
4 DMF:H,0 (0.5/0.5) TFA 7 93
5 DMSO:H;0 (0.5/0.5) TFA 31 69
6 DMSO0:H;0 (0.2/0.2) TFA 42 58
7 DMSO:H:0 (0.2/0.2) TFA 40 60
8 DMSO:H>0 (0.2/0.2) - 40 60
9 DMSO:H>0 (0.2/0.2) MgCly 42 58
10 DMSO:H>0 (0.2/0.2) AgNO; 40 60
1 DMSO:H>0 (0.2/0.2) LiF 25 75
12 DMSO0:H;0 (0.2/0.2) Na;COs 13 87
13 DMSO0:H;0 (0.2/0.2) K>HPO, 33 67
144 DMSO:H:0 (0.2/0.2) MgCl, 47 46
15¢ DMSO:H;0 (0.2/0.2) MgCl, 45 52
16f DMSO:H:0 (0.2/0.2) MgCly 20 80

2 General condition: Uridine (1.0 equiv.), alkylboronic acid (4.0 equiv.), (NH4)2S:203 (4.0 equiv.), MgCl, (2.0
equiv.) and catechol (1.0 equiv.) in DMSO: H>O (1: 1, 0.1 M) on 0.2 mmol scale; irradiated by 36 W blue
LED atr.t. for 24 h.? Yields were determined by LC-MS. ¢ Irradiated by white 85 W light for 16h. 42.0 equiv.
MgCl, was used. ¢ The reaction was carried out without MesAcr. T The reaction was carried out without

MesAcr and light.
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4.4. Optimization of C—H isopropylation of guanosine triphosphate and investigation of the pH

value of reaction mixture in various conditions

Supplementary Table 10. Stability experiments of guanosine triphosphate under acidic

conditions »P

o

/N NH - /N NH /N NH
Hofﬁ—ofgfofﬁfo <N | . Deviation Hoﬁfoj—o—g—o <N { N/)\NHz . HO*E*O*&*O <N | N/)\NHZ
OH OH OH o solvent OH OH OH o OH OH o
OH OH OH OH OH OH
2 3
pH value ¢
Entry -R Solvent Deviation Yield of 2 (%)?  Yield of 3 (%)°
Before After
reaction reaction
1 H MeCN:H,O=1:1 TFA (3.0 equiv.) 84 16 2.5 1.0
2 H H,O TFA (3.0 equiv.) 80 20 2.5 1.0

a Reaction condition: GTP (0.05 mmol, 1.0 equiv.) MeCN (0.25 mL), total volume of solvent (0.5 mL). ? Yields
were determined by HPLC. ¢ pH values were determined by pH test paper.

mAU
250 (A) o PDA Ch1 260nm,4nm x 1.00
"|
- |
0 - T. T.";.41/\ . o
500—‘ (B) GDP
I‘IIII‘I‘
0 A |\ 4 |
250 (C) Entry 1 -
TFA, MeCN/H,0O GDP |
i
| L
of T .
1000-{ (D) Entry 2 GTP
TFA, H,O |'|
GDP i
ol— e e
0.0 ' 25 50 75 " 100 " 125

min
Supplementary Figure 18. Reverse-phase HPLC traces of (A) the standard sample of GTP, (B) the standard sample
of GDP, (C) reaction mixture following the treatment of 3.0 equiv. TFA in MeCN/H,O (specific conditions are
shown in Entry 1 in Supplementary Table 10), and (D) reaction mixture following the treatment of 3.0 equiv. TFA

in H,O (specific conditions are shown in Entry 2 in Supplementary Table 10).
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Supplementary Table 11. Buffer screening *"

Additive

o MesAcr (5.0 mol%) [o] o]
N NH Catechol (1.0 ezuil:/i.‘)/. o /N NH o /N NH
HO*E‘?‘*O*@*O*@*O </N:f:/)\NHZ + IPr=B(OH) %HOE,OE,OE,O %Nf:/)\r\mz + HO*“;*O*ELO %N | N/)\NHQ
OH OH OH o 85 W white light OH OH OH o. OH OH 0
3 4
Entry Solvent Additive  Yieldof3® Yieldof4»  PHvalue
(after reaction)
1 MeCN:H,0=1:1 TFA (1 equiv.) 65% 27% 0.5
2 MeCN:H,O=1:1 - 70% 24% 1.0
3 MeCN:10 mM Tris-HCI (pH7.0)=1:1 - 73% 17% 1.5
4 MeCN:10 mM PBS (pH7.2)=1:1 - 73% 20% 1.5
5 MeCN:10 mM NH,HCO3=1:1 - 71% (43% 9) 14% 1.5
6 MeCN:20 mM NH4HCO3=1:1 - 70% 14% 1.5

2 Reaction condition: GTP (0.05 mmol, 1.0 equiv.), isopropylboronic acid (4.0 equiv.), MesAcr (0.0025 mmol,0.05
equiv.), (NH4)2S,0s (0.1 mmol, 2.0 equiv.), catechol (0.05 mmol, 1.0 equiv.), MeCN (0.25 mL), aqueous phase
(0.5 mL), irradiated by 85 W white light at r.t. for 16 h. ® Yields were determined by HPLC. ¢ pH values were

determined by pH test paper. 9 Isolated yield.

mAU
! PDA Ch1 260nm,4nm x 1.00
250 ’
(A) GTP
|
I
Il
7 |
0 p . J\s
500
| (B) GDP
] ﬂ,
/ |
\
0 - ‘Fr\_,la — \_ _
250 ||
| © “ C8-iPr-GTP
|
. [
[ 1 U — — r_-————____,m_,ri‘ l'u'-_ - |
| T T T | T
0.0 25 5.0 7.5 10.0 12.5

min

Supplementary Figure 19. Reverse-phase HPLC traces of (A) the standard sample of GTP, (B) the standard
sample of GDP, and (C) the standard sample of C8-isopropylated GTP.

62



mAU

250 PDA Ch1 260nm,4nm x 1.00
{ (A) GTP

250 () | AJK C8-iPr-GTP
v

0
500 (C) Entry 1, MeCN:H,0=1:1
with TFA (1.0 equiv.) C8PLGTP

1 C8-iPr-GDP
| L
. TJ\_T\ "

5004 (D) Entry 1, MeCN :H,0=1:1

1 without TFA Cs8-ipr-GDp | C8-iPr-GTP
0 — Q: L o

500-{ (E) Entry 3,
' MeCN:10mM Tris-HCI (pH7.0)=1:1

] C8-iPr-GTP
1 C8-iPr-GDP {LF
0 &
.

s00.| (F) Entry 4,
1 MeCN:10mM PBS (pH7.2)=1:1

] C8-Pr-GTP
| C8-iPr-GDP

0

%007 (G) Entry 5,
1 MeCN:NH,HCO; (10mM)=1:1 C8-iPr-GTP
C8-iPr-GDP
0' AN
T L I

5004 (H) Entry 6,

| MeCN:NH,HCO; (20mM)=1:1 C8-iPr-GTP
0

T
| — T s e ) B S B
0.0 25 5.0 75 10.0 12,5
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Supplementary Figure 20. Reverse-phase HPLC traces of (A) the standard sample of GTP, (B) the standard sample
of C8-isopropylated GTP, (C) reaction mixture following catechol-promoted photoredox C—H alkylation of GTP
with isopropyl boronic acid (specific conditions are shown in Entry 1 in Supplementary Table 11), (D) reaction
mixture following catechol-promoted photoredox C—H alkylation of GTP with isopropyl boronic acid (specific
conditions are shown in Entry 2 in Supplementary Table 11), (E) reaction mixture following catechol-promoted
photoredox C—H alkylation of GTP with isopropyl boronic acid (specific conditions are shown in Entry 3 in
Supplementary Table 11), (F) reaction mixture following catechol-promoted photoredox C—H alkylation of GTP

with isopropyl boronic acid (specific conditions are shown in Entry 4 in Supplementary Table 11), (G) reaction
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mixture following catechol-promoted photoredox C—H alkylation of GTP with isopropyl boronic acid (specific
conditions are shown in Entry 5 in Supplementary Table 11), and (H) reaction mixture following catechol-
promoted photoredox C—H alkylation of GTP with isopropyl boronic acid (specific conditions are shown in Entry

6 in Supplementary Table 11)
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Supplementary Table 12. Investigation of the pH value of reaction mixture on various

conditions.

(1) pH value of various reagents ?

Entry Solution Reagents (0.1 M) pH value *
1 MeCN/H.0 None 6.85
2 MeCN/H,O iPrB(OH); 5.02
3 MeCN/H,O Catechol 5.59
4 MeCN/H,O (NH4)2S:03 2.94
5 MeCN/H,O iPrB(OH), & Catechol 3.77
6 MeCN/H,O iPrB(OH),, Catechol & (NH4),S,03 3.11
7 MeCN/10mM NH4HCO:3 None 8.33
8 MeCN/10mM NH4HCO:s iPrB(OH); 8.33
9 MeCN/10mM NH4HCO:3 Catechol 8.35
10  MeCN/10mM NH4HCO3 (NH4)2S,0s 7.58
11 MeCN/10mM NH4HCOs3 iPrB(OH), & Catechol 6.13

12 MeCN/10mM NH4HCO3  iPrB(OH),, Catechol & (NH4)2S,0s 5.79

2 The measurement of pH value needs to be completed within 2 minutes, since prolonged exposure of solution to

the air will result in a decrease in pH value.

(2) pH value of reactions using guanosine as starting material

pH value

Entry TFA
Before reaction After reaction

1 + 1.16 1.05
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2 - 2.13 1.57

* General condition: Guanosine (1.0 equiv.), ethylboronic acid (4.0 equiv.), MesAcr (5 mol%), (NH4)>S205 (2.0
equiv.), TFA (1.0 equiv.) and catechol (1.0 equiv.) in MeCN: H,O (1: 1, 0.1M); irradiated by 85 W white light at r.t.
for 16 h.

(3) pH value of reactions using GTP as starting material

pH value
Entry Solution
Before reaction After reaction
1 MeCN/H,O 3.21 1.97
2 MeCN/10mM NHsHCO; 453 2.72

2 General condition: Guanosine-5'-triphosphate disodium salt (1.0 equiv.), isopropylboronic acid (4.0 equiv.),
MesAcr (5 mol%), (NH4)2S,05 (2.0 equiv.), and catechol (1.0 equiv.) in MeCN: H,O (1: 1, 0.1M); irradiated by 85
W white light at r.t. for 16 h. ® The measurement of pH value needs to be completed within 2 minutes, since

prolonged exposure of solution to the air will result in a decrease in pH value.
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4.5. Proposed mechanism

The phenethylboronic acid was chosen, as the products generated by the capture of ethylboronic acid by TEMPO

are relatively difficult to separate. [48]
“BF;K
2j
(4.0 equiv.)
MesAcr (5 mol%),
o (NH,),5,05 (2.0 equiv.), . 0
N TFA (1.0 equiv.), catechol (1.0 equiv.) NH
</f:"\H MeCN:H,0, 85 W white light E‘%N | o
o NTSNTNH, - T HO N™ "NH, N
o TEMPO -o-

\d (8.0 equiv.) N
OH OH OH OH 2j-1

N.D. yield: 44%

Supplementary Figure 21. Investigations of mechanism.

OH [Et—B(OH),
- +{Et—BF3K &H,0

MesAcr*
h Eox reduced OH  LEt—Bpin & H,0, MeB(OH),, TFA |
O\

MesAcr*
- " o o
8047450, SET N NH N NH
4 4
AL A A
NTSNTONH, NTSNTONH,
MesAcr +H HO.
S,06% o - o
OH OH OH OH
s1 1a

o o v 9
N N Kz)‘.fkw
NH I~ ONH Et
e~ 1L H el I HAT N N/)\NH
NTSNTON E—. N7 >N" “NH, «<———— HO. 2
o o M °

OH OH OH OH HSO, SO, OH OH

3a 83 S2

Supplementary Figure 22. Alkylation mechanism
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5. Substrate scope study

5.1. Substrate scope of C—H alkylation of guanosine with diverse boron radical precursors

Supplementary Table 13. Substrate scope of alkylboronic acids and derivatives

o
NﬁNH
<]
N
o N” O NH,
o
OH OH
1a

o]
a. R-B(OH), N NH
b ’ R L
Condition B ®: R-BF3K NTNTNH
2
Condition C ¢: R-BPin HO o
OH OH
3

o o
NﬁNH NﬁNH
T T
N N/)\NH N N/)\NH;

HO 2 Ho
o o

Primary alkyl radical precursors
o o o
N 7~ N 7 N Z
NTONH o NTONH N7 NH,
o o

o
\_(_\)i</NfNH
W
o N NH,
o

HO.
o

OH OH OH OH OH OH OH OH OH OH OH OH
3a, 3b, 3c, 3d, 3e, 3f,
83%, w/o catechol: 18% 80%2 70%, wio catechol: 12% 60% 50% 54%
B: 82%, B: 69%,
C: 68% C:64%
o _ o o a o \ o Q
N N N NH BuQ N NH N
NH NH
mfi\ j_\_</fi\ N A @Mfi\ oS & C
NTNTNH NN NH <l o N7 N7 NH, NTONTNH, NN NH
HO. 2 Ho. 2 N N7 NH, HO. Ho HO
o o HO. o o o
o
OH OH OH OH OH OH OH OH OH OH
OH OH
3g, 3h, 3i, 3j, 3K, 31,
71% 64% B: 39% B: 52%, B: 50% C:56%
C:43%
Secondary alkyl radical precursors
o \\_\_< o N o
N N NH \—\_<N
NH 4 NH
H/ﬁ ¢ ﬁ <HfL O%f L oy
NTONTONH, o HO NTONTONH
o o o. o.
OH OH OH OH OH OH OH OH OH OH OH OH
3o, 3m, 3n,
80% 72% (dr =1:1) 80% 75%, C: 45% (36h) C:52%
C: 70%
— Unsuccessful examples —
o o o o o o
N N N N N N
NH NH NH NH NH NH
O%Nfrv:\w 0C>—</N\AKN:\NH BOCNC>—</N:\KN;\NH >_</N | Me%/N\Aﬁ:\NH ©—</Nfi\
HO 2 Ho 2 HO 2 Ho HO. 2 HO NN
o. o. o. o o o.
OH OH OH OH OH OH OH OH OH OH OH OH
3s, 3t, 3u, 3v, 34 3.2,
B: 58% B: 72% i N.R. -
o o B: 50%"° trace trace
Tertiary alkyl radical precursors
o}
o O Q
N NH NH MeO NH ) NN NH o N NH
LA < AL AL
NN NT N7 NH NN ONH,
HO. HO. 2 HO
o o o
OH OH OH OH OH OH OH OH OH OH OH OH
3w, 3x,
B: 82%°, C: 56%° B: 76@ B: 75/0 33, , 3;‘4’R
C: 73%° wlo catechol: 26% wlo catechol: 45% B: N.R. :

2 Condition A: Guanosine (1.0 equiv.), alkylboronic acid (4.0 equiv.), MesAcr (5 mol%), (NH4)2S20s (2.0 equiv.),
TFA (1.0 equiv.) and catechol (1.0 equiv.) in MeCN: H,O (1: 1, 0.1 M) on 0.2 mmol scale; irradiated by 85 W
white light at r.t. for 16 h; isolated yield. ® Condition B: Alkyltrifluoroborate (2.0 equiv.) was used instead of
alkylboronic acid. ¢ Condition C: Alkylpinacolyl boronate esters (2.5 equiv.) was used instead of alkylboronic

acid, adding methylboronic acid (5.0 equiv.).
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General procedure of alkylation for the guanosine

kaNH MesAcr (5 mol%) kaNH
4 NH,4),S,0g (2.0 equiv. 4
<N‘N/)\ (NH4)25205 (2.0 equiv.) R{N\N/)\

NH, * R—B(OH),
catechol (1.0 equiv.) TFA (1.0 equiv.) HO
MeCN:H,0, 85 W white light, 16 h
OH OH OH OH
1a 2 3

Method A General Procedure A (0.2 mmol scale): To a 10 mL Schlenk tube containing a Teflon
stir bar was charged with nucleoside substrate (0.2 mmol, 1.0 equiv.), alkylboronic acid (0.8 mmol,
4.0 equiv.), MesAcr (0.01 mmol, 0.05 equiv.), (NH4)2S20s (0.4 mmol, 2.0 equiv.), catechol (0.2 mmol,
1.0 equiv.), 1.0 mL CH3CN and 1.0 mL H;O, and trifluoroacetic acid (0.2 mmol, 1.0 equiv.)
sequentially. The Schlenk tube was sealed with a rubber plug and taped, utilizing the freeze-pump-
thaw (FPT) method for deaeration. The reaction system was exposed to 85 W white light for 16 h,
monitoring the progress of the reaction by thin layer chromatography (TLC) (DCM/MeOH = 5/1 or
10/1) or the liquid chromatography-mass spectrometry (LC-MS). The mixture was concentrated
under reduced pressure, and the crude product was purified by silica gel flash column chromatography

(C18 Spherical silica) using MeOH/H»O as eluents to give the pure product.

o o
N MesAcr (5 mol%) N
¢ /NH (NH4)28,04 (2.0 equiv.) R~ ] /NH
NTOSNTSNH, + R—BF3K NTONTONH,
HO. o catechol (1.0 equiv.) TFA (1.0 equiv.)  HO
MeCN:H,0, 85 W white light, 16 h
OH OH OH OH

1a 2 3

0.

Method B General Procedure B (0.2 mmol scale): To a 10 mL Schlenk tube containing a Teflon
stir bar was charged with nucleoside substrate (0.2 mmol, 1.0 equiv.), alkylboronic acid (0.4 mmol,
2.0 equiv.), MesAcr (0.01 mmol, 0.05 equiv.), (NH4)2S205 (0.4 mmol, 2.0 equiv.), 1.0 mL CH3CN
and 1.0 mL H>O, and trifluoroacetic acid (0.1 mmol, 1.0 equiv.) sequentially. The Schlenk tube was
sealed with a rubber plug and taped, utilizing the freeze-pump-thaw (FPT) method for deaeration.
The reaction system was exposed to 85 W white light for 16 h, monitoring the progress of the reaction
by thin layer chromatography (TLC) (DCM/MeOH = 5/1) or the liquid chromatography-mass
spectrometry (LC-MS). The mixture was concentrated under reduced pressure, and the crude product
was purified by silica gel flash column chromatography (C18 Spherical silica) using MeOH/H20O as

eluents to give the pure product.

o o

N NH MesAcr (5 mo\%)‘ N NH
¢l L (NHy4)2S,05 (2.0 equiv.) R~ || e
o NTOSNTONH, + R-Bpin o N7 NTNH,
o catechol (1.0 equiv.) TFA (1.0 equiv.) o
Me-B(OH); (5 equiv.)
OH OH MeCN:H,0, 85 W white light,16 h OH OH

Method C General Procedure C (0.1 mmol scale): To a 10 mL Schlenk tube containing a Teflon

stir bar was charged with nucleoside substrate (0.1 mmol, 1.0 equiv.), alkylpinacolyl boronate esters
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(0.4 mmol, 4.0 equiv.), MesAcr (0.005 mmol, 0.05 equiv.), (NH4)>S20s (0.2 mmol, 2.0 equiv.),
catechol (0.1 mmol, 1.0 equiv.), methylboronic acid (0.5 mmol, 5.0 equiv.), 0.5 mL CH3CN and 0.5
mL H>O, and trifluoroacetic acid (0.5 mmol, 5.0 equiv.) sequentially. The Schlenk tube was sealed
with a rubber plug and taped, utilizing the freeze-pump-thaw (FPT) method for deaeration. The
reaction system was exposed to 85 W white light for 16 h, monitoring the progress of the reaction by
thin layer chromatography (TLC) (DCM/MeOH = 5/1) or the liquid chromatography-mass
spectrometry (LC-MS). The mixture was concentrated under reduced pressure, and the crude product
was purified by silica gel flash column chromatography (C18 Spherical silica) using MeOH/H>O as

eluents to give the pure product.
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Characterization data for compounds of alkylated guanosine

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-ethyl-
1,9-dihydro-6H-purin-6-one (Compound 3a)
S

N/ NH.
H 2

OH OH

3a was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3a was obtained as a white solid (51.3 mg,
83%). mp 177.4-181.6 °C. [a]5 -49.35 (c 0.310, MeOH). 'H NMR (400 MHz, DMSO-dc) & 10.61 (s,
1H), 6.27 (s, 2H), 5.63 (d, J= 6.8 Hz, 1H), 5.33 (d, /= 6.8 Hz, 1H), 5.15-5.12 (m, 1H), 5.08-5.07 (m,
1H), 4.76 (q, J = 6.4 Hz, 1H), 4.11-4.07 (m, 1H), 3.86 (q, /= 4.0 Hz, 1H), 3.66-3.61 (m, 1H), 3.55-
3.49 (m, 1H), 2.75-2.69 (m, 2H), 1.22 (t, J = 7.6 Hz, 3H). >*C NMR (101 MHz, DMSO-ds) & 156.4,
152.9, 151.8, 149.6, 115.6, 87.7, 85.7, 71.2, 70.6, 62.1, 20.8, 11.8. HRMS-ESI m/z calcd. for
C12H18N505 [M+H]™ 312.1308. found 312.13009.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-propyl-
1,9-dihydro-6H-purin-6-one (Compound 3b)

OH OH

3b was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3b was obtained as a white solid (51.8 mg,
80%). mp 166.0-168.3 °C. [a]5 -49.64 (c 0.235, MeOH). 'H NMR (400 MHz, DMSO-ds) 5 10.64 (s,
1H), 6.29 (s, 2H), 5.63 (d, J=7.2 Hz, 1H), 5.33 (d, /J=4.4 Hz, 1H), 5.16-5.14 (m, 1H), 5.09 (s, 1H),
4.80-4.79 (m, 1H), 4.10 (s, 1H), 3.88-3.85 (m, 1H), 3.66-3.63 (m, 1H), 3.56-3.50 (m, 5.2 Hz, 1H),
2.68 (t,J=17.2 Hz, 2H), 1.74-1.65 (m, 2H), 0.95 (t, J= 7.2 Hz, 3H). *C NMR (101 MHz, DMSO-ds)
0 156.4, 152.9, 151.5, 148.3, 115.7, 87.7, 85.7, 71.1, 70.6, 62.0, 29.2, 20.6, 13.8. HRMS-ESI m/z
calcd. for C13H20NsOs [M+H]* 326.1464. found 326.1456.

2-amino-8-butyl-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-
1,9-dihydro-6H-purin-6-one (Compound 3c)

OH OH

3¢ was obtained following the general procedure A. After purification by column chromatography

(C18 Spherical silica) using MeOH/H>O as the eluents, 3¢ was obtained as a white solid (47.5 mg,
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70%). mp 181.2-183.5 °C. [a]Z -42.48 (¢ 0.175, MeOH). "H NMR (400 MHz, DMSO-de) & 10.61 (s,
1H), 6.26 (s, 2H), 5.63 (d, J = 6.8 Hz, 1H), 5.32 (d, J = 6.8 Hz, 1H), 5.15-5.12 (m, 1H), 5.08 (d, J =
4.8 Hz, 1H), 4.78 (q, J= 6.5 Hz, 1H), 4.10 (q, J= 4.0 Hz, 1H), 3.86(q, J = 4.0 Hz, 1H), 3.67-3.62 (m,
1H), 3.56-3.50 (m, 1H), 2.72-3.68 (m, 2H), 1.70-1.62 (m, 2H), 1.41-1.32 (m, 2H), 0.90 (t, /= 7.2 Hz,
3H). '3C NMR (101 MHz, DMSO-de) § 156.3, 152.8, 151.5, 148.4, 115.7,87.7, 85.7, 71.1, 70.6, 62.0,
29.2,26.9,21.8, 13.7. HRMS-ESI m/z calcd. for C14H22NsOs [M+H]* 340.1621. found 340.1615.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-hexyl-
1,9-dihydro-6H-purin-6-one (Compound 3d)
a0y

NTNTNH
HO. 2
o

3d was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3d was obtained as a white solid (44.0 mg,
60%). mp 174.5-178.3 °C. [a]5 -13.54 (c 0.0517, MeOH). 'H NMR (400 MHz, DMSO-ds) & 10.65
(s, 1H), 6.30 (s, 2H), 5.62 (d, /= 6.8 Hz, 1H), 5.33 (d, /= 6.4 Hz, 1H), 5.16-5.14 (m, 1H), 5.09 (d, J
= 4.8 Hz, 1H), 4.80-4.76 (m, 1H), 4.11-4.08 (m, 1H), 3.86 (q, J = 4.0 Hz, 1H), 3.67-3.62 (m, 1H),
3.55-3.49 (m, 1H), 2.71-2.67 (m, 2H), 1.71-1.63 (m, 2H), 1.36-1.23 (m, 6H), 0.87 (t, /= 6.8 Hz, 3H).
3C NMR (101 MHz, DMSO-ds) & 156.3, 152.8, 151.5, 148.4, 115.7, 87.7, 85.7, 71.1, 70.6, 62.0,
31.0, 28.3, 27.2, 27.0, 22.1, 14.0. HRMS-ESI m/z calcd for C16H26NsOs [M+H]" 368.1934. found
368.1924.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-heptyl-
1,9-dihydro-6H-purin-6-one (Compound 3e)

P
N7 N7 NH,

wﬁ
3e was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/HO as the eluents, 3e was obtained as a white solid (38.0 mg,
50%). mp 135.4-139.1 °C. [a]5 -13.01 (c 0.123, MeOH). 'H NMR (400 MHz, DMSO-ds) 5 10.63 (s,
1H), 6.28 (s, 2H), 5.62 (d, /= 6.8 Hz, 1H), 5.32 (d, /= 6.8 Hz, 1H), 5.15-5.12 (m, 1H), 5.09 (d, J =
4.8 Hz, 1H), 4.80-4.76 (m, 1H), 4.11-4.08 (m, 1H), 3.88-3.85 (m, 1H), 3.66-3.62 (m, 1H), 3.55-3.49
(m, 1H), 2.71-3.67 (m, 2H), 1.71-1.64 (m, 2H), 1.34-1.23 (m, 8H), 0.86 (t,J= 7.2 Hz, 3H). 3C NMR
(101 MHz, DMSO-ds) 6 156.3, 152.8, 151.5, 148.4, 115.7, 87.7, 85.7, 71.1, 70.6, 62.0, 31.2, 28.6,
28.5,27.2,27.0,22.1, 14.0. HRMS-ESI m/z calcd for C17H28NsOs [M+H]" 382.2090. found 382.2090.
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2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-octyl-1,9-
dihydro-6H-purin-6-one (Compound 3f)

How N"NH,
3f was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3f was obtained as a white solid (42.7 mg,
54%). mp 138.7-141.9 °C. [a]5 -40.97 (c 0.240, MeOH). 'H NMR (400 MHz, DMSO-ds) § 10.63 (s,
1H), 6.26 (s, 2H), 5.63 (d, J = 6.8 Hz, 1H), 5.32 (d, /= 6.8 Hz, 1H), 5.16-5.13 (m, 1H), 5.08 (d, J =
4.4 Hz, 1H), 4.80-4.76 (m, 1H), 4.11-4.08 (m, 1H), 3.88-3.85 (m, 1H), 3.67-3.62 (m, 1H), 3.55-3.50
(m, 1H), 2.71-2.67 (m, 2H), 1.70-1.63 (m, 2H), 1.33-1.25 (m, 10H), 0.87-0.84 (m, 3H). 3*C NMR
(101 MHz, DMSO-ds) 6 156.4, 152.8, 151.6, 148.5, 115.7, 87.7, 85.7, 71.1, 70.6, 62.1, 31.3, 28.8,
28.7,28.7,27.2,27.1,22.2, 14.0. HRMS-ESI m/z calcd for C1gsH29NsNaOs [M+Na]*418.2061. found

418.2068.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-
isopentyl-1,9-dihydro-6H-purin-6-one (Compound 3g)

o}
a9
Ho N7 NH,
o}

OH OH

3g was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3g was obtained as a white solid (50.2 mg,
71%). mp 175.1-178.9 °C. [a]5 -44.08 (c 0.245, MeOH). 'H NMR (400 MHz, DMSO-ds) § 10.63 (s,
1H), 6.27 (s, 2H), 5.64 (d, /= 6.8 Hz, 1H), 5.33 (d, /= 4.8 Hz, 1H), 5.15-5.12 (m, 1H), 5.08 (s, 1H),
4.78 (d,J=5.2 Hz, 1H), 4.10 (s, 1H), 3.88-3.86 (m, 1H), 3.67-3.64 (m, 1H), 3.56-3.50 (m, 1H), 2.73-
2.64 (m, 2H), 1.64-1.56 (m, 3H), 0.91 (d, J = 6.4 Hz, 6H). >*C NMR (101 MHz, DMSO-ds) § 156.3,
152.8, 151.6, 148.5, 115.6, 87.7, 85.7, 71.1, 70.6, 62.0, 36.0, 27.1, 25.2, 22.3, 22.3. HRMS-ESI m/z
calcd for C15H23sNsNaOs [M+Na]*™ 376.1591. found 376.1597.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-(pent-4-
en-1-yl)-1,9-dihydro-6H-purin-6-one (Compound 3h)

_ o

‘\_\—QN:KBN\H
N 7

o N7 NH,

o

OH OH

3h was obtained following the general procedure A. After purification by column chromatography

(C18 Spherical silica) using MeOH/H»O as the eluents, 3h was obtained as a white solid (44.9 mg,
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64%). mp 87.0-89.1 °C. [o]% -8.00 (c 0.0500, MeOH). 'H NMR (400 MHz, DMSO-ds) § 10.62 (s,
1H), 6.28 (d, J = 7.2 Hz, 2H), 5.88-5.81 (m, 1H), 5.63 (d, J = 6.8 Hz, 1H), 5.34-5.31 (m, 1H), 5.13-
5.10 (m, 1H), 5.08-4.98 (m, 3H), 4.80-4.75 (m, 1H), 4.11-4.08 (m, 1H), 3.88-3.85 (m, 1H), 3.67-3.62
(m, 1H), 3.55-3.49 (m, 1H), 2.73-2.68 (m, 2H), 2.15-2.09 (m, 2H), 1.82-1.74 (m, 2H). *C NMR (101
MHz, DMSO-ds) § 156.3, 152.9, 151.6, 148.2, 138.2, 115.7, 115.2, 87.7, 85.7, 71.1, 70.6, 62.0, 32.6,
26.6,26.2. HRMS-ESI m/z calcd. for C1sH22NsOs [M+H]* 352.1621. found 352.1621.

3-amino-8-benzyl-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-
1,9-dihydro-6H-purin-6-one (Compound 3i)

OH OH

3i was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3i was obtained as a white solid (29.1 mg,
39%). mp 166.4-168.9 °C. [a]; -64.98 (c 0.375, MeOH). 'H NMR (400 MHz, DMSO-ds) 5 10.68 (s,
1H), 7.32-7.28 (m, 2H), 7.24-7.20 (m, 3H), 6.31 (s, 2H), 5.70 (d, /= 6.8 Hz, 1H), 5.26 (d, /= 6.8 Hz,
1H), 5.19-5.16 (m, 1H), 5.07 (d, /= 4.8 Hz, 1H), 4.70-4.65 (m, 1H), 4.15 (s, 2H), 4.11-4.08 (m, 1H),
3.85-3.82 (m, 1H), 3.68-3.62 (m, 1H), 3.56-3.50 (m, 1H). *C NMR (101 MHz, DMSO-ds) § 156.3,
153.0, 151.6, 146.8, 137.1, 128.6, 128.4, 126.4, 116.0, 88.0, 85.7, 71.6, 70.4, 61.9, 33.2. HRMS-ESI
m/z calcd for C17H19NsNaOs [M+Na]™ 396.1278. found 396.1288.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-
phenethyl-1,9-dihydro-6H-purin-6-one (Compound 3j)

o
©_\_<N NH
¢ fx
HO.
0.

P
NTSNTNH,

OH OH

3j was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3j was obtained as a white solid (40.2 mg,
52%). mp >280 °C. [a]5 -25.37 (c 0.0513, MeOH: H,O=1:1). '"H NMR (400 MHz, DMSO-ds) &
10.64 (s, 1H), 7.29 (d, J=4.4 Hz, 4H), 7.23-7.16 (m, 1H), 6.30 (s, 2H), 5.71 (d, /= 6.8 Hz, 1H), 5.34
(d, J = 6.8 Hz, 1H), 5.16-5.10 (m, 2H), 4.81-4.76 (m, 1H), 4.11-4.08 (m, 1H), 3.90-3.87 (m, 1H),
3.68-3.62 (m, 1H), 3.56-3.50 (m, 1H), 3.09-3.01 (m, 4H). 3*C NMR (101 MHz, DMSO-ds) & 156.3,
152.9, 151.7, 147.6, 141.1, 128.3, 126.0, 115.7, 87.6, 85.7, 71.2, 70.5, 61.9, 32.7, 29.1. HRMS-ESI
m/z calcd for C1gH2:NsNaOs [M+Na] ™ 410.1435. found 410.1437.

2-amino-8-(tert-butoxymethyl)-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-

(hydroxymethyl)tetrahydrofuran-2-yl)-1,9-dihydro-6 H-purin-6-one (Compound 3k)
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3k was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H»O as the eluents, 3k was obtained as a white solid (36.9 mg,
50%). mp 198.5-201.2 °C. [a]5 -22.55 (c 0.235, MeOH). 'H NMR (400 MHz, DMSO-de) § 10.77 (s,
1H), 6.38 (s, 2H), 5.79 (d, /= 6.4 Hz, 1H), 5.25-4.85 (m, 3H), 4.76 (t,J = 6.0 Hz, 1H), 4.55-4.36 (m,
2H), 4.16-4.14 (m, 1H), 3.86-3.83 (m, 1H), 3.69-3.65 (m, 1H), 3.55-3.51 (m, 1H), 1.20 (s, 9H). *C
NMR (101 MHz, DMSO-ds) 6 156.8, 153.4, 151.8, 145.5, 115.9, 88.5, 85.4, 73.9, 71.6, 70.4, 62.0,
57.2,27.3. HRMS-ESI m/z calcd for C15H23NsNaOs [M+Na]* 392.1541. found 392.1547.

ethyl 3-(2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-6-

0x0-6,9-dihydro-1H-purin-8-yl)propanoate (Compound 31)
o q
Hgm::fwj‘:‘w

OH OH

31 was obtained following the general procedure C (0.2 mmol). After purification by column
chromatography (C18 Spherical silica) using MeOH/H>O as the eluents, 31 was obtained as a white
solid (43 mg, 56%). mp 119.3-119.9 °C. [a]; -37.000 (c 0.1, MeOH). 'H NMR (400 MHz, DMSO)
6 10.60 (s, 1H), 6.29 (s, 2H), 5.67 (d, J = 6.8 Hz, 1H), 5.34 (d, J = 6.6 Hz, 1H), 5.11-5.08 (m, 2H),
4.75 (g, J = 6.7 Hz, 1H), 4.07 (g, J = 7.2 Hz, 3H), 3.89-3.83 (m, 1H), 3.67-3.62 (m, 1H), 3.55-3.50
(m, 1H), 2.98 (q, J = 7.0, 6.6 Hz, 2H), 2.77 (t, J = 7.0 Hz, 2H), 1.19 (t, J = 7.1 Hz, 3H). ’C NMR
(101 MHz, DMSO) 6 172.0, 156.3, 152.9,151.9, 146.9, 115.5, 87.5, 85.6, 71.2, 70.5, 61.9, 60.0, 30.5,
22.6, 14.1. HRMS-ESI m/z calcd for C13H1sNsNaOs [M+Na]* 389.1295. found 389.1292.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-(pent-4-
yn-1-yl)-1,9-dihydro-6H-purin-6-one (Compound 3m)

\\ o
3m was obtained following the general procedure C, while the reaction was irradiated for 36 hours.
After purification by column chromatography (C18 Spherical silica) using MeOH/H»O as the eluents,
3m was obtained as a white solid (7.8 mg, 45%). mp 239.6-240.6 °C. [a]s -31.62 (¢ 0.0917, MeOH).
'H NMR (400 MHz, DMSO-ds) § 10.63 (s, 1H), 6.30 (s, 2H), 5.64 (d, J = 6.7 Hz, 1H), 5.36 (d, J =
6.5 Hz, 1H), 5.17-5.11 (m, 1H), 5.09 (d, J = 4.7 Hz, 1H), 4.77 (q, J = 6.3 Hz, 1H), 4.09 (9, J = 4.2
Hz, 1H), 3.86 (q, J = 3.9 Hz, 1H), 3.67-3.61 (m, 4.6 Hz, 1H), 3.56-4.50 (m, 5.6 Hz, 1H), 2.30-2.26

(m, 2.4 Hz, 2H), 1.87 (p, J = 7.4 Hz, 2H). 3C NMR (126 MHz, DMSO-ds) § 156.3, 152.9, 151.7,
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147.7, 115.7, 87.6, 85.7, 84.2, 71.7, 71.1, 70.6, 62.0, 26.2, 26.0, 17.4. HRMS-ESI m/z calcd. for
Ci1sH1sNsNaOs [M+Na]* 372.1278. found 372.1285.

2-amino-8-(3-azidopropyl)-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-
(hydroxymethyl)tetrahydrofuran-2-yl)-1,9-dihydro-6H-purin-6-one (Compound 3n)

Ny o
\_\_<NfLNH
]l
HO. N N/)\NHZ
o

OH OH

3n was obtained following the general procedure C. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3n was obtained as a white solid (19 mg,
52%). mp 139.0-139.8 °C. [a]; -43.000 (c 0.1, MeOH). '"H NMR (400 MHz, DMSO-ds) & 10.66 (s,
1H), 6.32 (s, 2H), 5.65 (d, J = 6.8 Hz, 1H), 5.34 (s, 1H), 5.14-5.08 (m, 2H), 4.77-4.74 (m, 1H), 4.11-
4.08 (m, 1H), 3.91-3.83 (m, 1H), 3.67-3.62 (m, 1H), 3.56-3.50 (m, 1H), 3.46 (t, /= 6.8 Hz, 2H), 2.86-
2.73 (m, 2H), 1.96 (p, J= 7.1 Hz, 2H). *C NMR (126 MHz, DMSO-ds) & 156.4, 153.0, 151.8, 147.4,
115.7, 87.5, 85.7, 71.1, 70.5, 61.9, 50.1, 26.1, 24.4. HRMS-ESI m/z calcd for CisH2:NsNaOy
[M+Na]* 406.1336. found 406.1333.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-
isopropyl-1,9-dihydro-6H-purin-6-one (Compound 30)

S
o]

N/ NH.
HO 2

OH OH

30 was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 30 was obtained as a white solid (52.1 mg,
80%). mp 185.7-187.1 °C. [a]5 -36.52 (c 0.345, MeOH). 'H NMR (400 MHz, DMSO-dc) § 10.76 (s,
1H), 6.37 (s, 2H), 5.64 (d, /= 6.8 Hz, 1H), 5.39-5.37 (m, 1H), 5.19-5.16 (m, 1H), 5.11 (s, 1H), 4.90-
4.87 (m, 1H), 4.13-4.11 (m, 1H), 3.90-3.87 (m, 1H), 3.68-3.63 (m, 1H), 3.55-3.47 (m, 1H), 3.15-3.08
(m, 1H), 1.24 (d, J = 6.8 Hz, 6H). 3*C NMR (101 MHz, DMSO-ds) & 156.4, 153.2, 152.9, 151.4,
115.7, 87.8, 85.9, 71.0, 70.8, 62.2, 26.0, 21.8, 21.5. HRMS-ESI m/z calcd. for C13H19NsNaOs
[M+Na]* 348.1278. found 348.1285.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-
isopentyl-1,9-dihydro-6H-purin-6-one (Compound 3p)
SRy

NTNH
HO. 2

OH OH

3p was obtained following the general procedure A. After purification by column chromatography

(C18 Spherical silica) using MeOH/H»O as the eluents, 3p was obtained as a white solid (48.8 mg,
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72%). mp 246.5.7-247.1 °C. [a]% -16.28 (c 0.0430, MeOH). 'H NMR (400 MHz, DMSO-dy) 5 10.68
(s, 1H), 6.28 (d, J = 10.0 Hz, 2H), 5.64 (t, J = 6.8 Hz, 1H), 5.34 (s, 1H), 5.21-5.07 (m, 2H), 4.85 (s,
1H), 4.11 (s, 1H), 3.98 (s, 1H), 3.65 (s, 1H), 3.54 (s, 1H), 2.95-2.89 (m, 1H), 1.84-1.77 (m, 1H), 1.57-
1.50 (m, 1H), 1.21 (d, J = 6.4 Hz, 3H), 0.84 (q, J = 7.2 Hz, 3H). 13C NMR (101 MHz, DMSO-d6, dr
=1:1)5 156.6, 152.9, 152.4, 152.3, 151.4, 115.9, 115.8, 87.7, 87.5, 85.9, 85.7, 71.1, 70.8, 70.7, 62.2,
32.6, 32.5, 28.4, 28.0, 19.5, 19.2, 11.7, 11.6. HRMS-ESI m/z calcd. for C1sH2:NsNaOs [M+H]*
340.1621 found 340.1621.

2-amino-8-cyclobutyl-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-
yl)-1,9-dihydro-6H-purin-6-one (Compound 3q)

o
oL
1
N N/)\NHZ
o

HO.

OH OH

3q was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3q was obtained as a white solid (53.9 mg,
80%). mp 202.1-203.2 °C. [a]5 -32.00 (c 0.425, MeOH). '"H NMR (400 MHz, DMSO-ds) § 10.63 (s,
1H), 6.28 (s, 2H), 5.52 (d, J = 6.8 Hz, 1H), 5.30 (d, /= 6.8 Hz, 1H), 5.17-5.14 (m, 1H), 5.07 (d, J =
4.8 Hz, 1H), 4.71 (q, J = 6.4 Hz, 1H), 4.11-4.08 (m, 1H), 3.87-3.84 (m, 1H), 3.70-3.62 (m, 2H), 3.56-
3.50 (m, 1H), 2.43-2.36 (m, 1H), 2.34-2.21 (m, 3H), 2.03-1.94 (m, 1H), 1.89-1.80 (m, 1H). 3*C NMR
(101 MHz, DMSO-ds) 6 156.4, 152.9, 151.7, 151.0, 115.8, 87.7, 85.7, 71.3, 70.6, 62.1, 31.8, 26.9,
26.7,17.9. HRMS-ESI m/z calcd for C14H19NsNaOs [M+Na]* 360.1278. found 360.1281.

2-amino-8-cyclopentyl-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-
yl)-1,9-dihydro-6H-purin-6-one (Compound 3r)

o
NﬁNH
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O« X
HO.
o

P
N” " NH,

OH OH

3r was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/HO as the eluents, 3r was obtained as a white solid (52.1 mg,
80%). mp 262.1-264.2 °C. [a]5 -14.00 (c 0.0500, MeOH). 'H NMR (400 MHz, DMSO-ds) & 10.64
(s, 1H), 6.26 (s, 2H), 5.67 (d, J = 6.8 Hz, 1H), 5.32 (s, 1H), 5.17-5.14 (m, 1H), 5.07 (s, 1H), 4.87 (s,
1H), 4.12 (s, 1H), 3.89-3.86 (, 1H), 3.68-3.64 (m, 1H), 3.56-3.50 (m, 1H), 3.28-3.20 (m, 1H), 1.96-
1.81 (m, 4H), 1.73-1.58 (m, 4H). 3C NMR (101 MHz, DMSO-ds) § 156.4,152.8, 151.9, 151.6, 115.6,
87.8, 85.8, 71.1, 70.7, 62.2, 36.6, 31.7, 31.4, 25.1. HRMS-ESI m/z calcd for C1sH22NsO0s5 [M+H]*
352.1621. found 352.1612.
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2-amino-8-cyclohexyl-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-
yl)-1,9-dihydro-6H-purin-6-one (Compound 3s)

o)
O
HO.

P
N7 NH,

OH OH

3s was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H2O as the eluents, 3s was obtained as a white solid (42.0 mg,
58%). mp >280 °C. [a]5 -43.08 (c 0.0650, MeOH). "H NMR (400 MHz, DMSO-ds) & 10.59 (s, 1H),
6.23 (s, 2H), 5.63 (d, J = 6.8 Hz, 1H), 5.34 (d, J = 6.8 Hz, 1H), 5.14-5.11 (m, 1H), 5.07 (d, J = 4.8
Hz, 1H), 4.88-4.83 (m, 1H), 4.13-4.10 (m, 1H), 3.89-3.87 (m, 1H), 3.68-3.63 (m, 1H), 3.56-3.50 (m,
1H), 2.82-2.76 (m, 1H), 1.88 (t, J = 14.4 Hz, 2H), 1.76-1,67 (m, 3H), 1.57-1.45 (m, 2H), 1.40-1.31
(m, 2H), 1.27-1.19 (m, 2H). *C NMR (101 MHz, DMSO-ds) & 156.4, 152.7, 152.4, 151.3, 115.8,
87.6,85.8,71.1,70.7,62.2,35.3,31.8,31.5, 25.6. HRMS-ESI m/z calcd for C16H23NsNaOs [M+Na]*
388.1591. found 388.1597.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-
(tetrahydro-2H-pyran-4-yl)-1,9-dihydro-6 H-purin-6-one (Compound 3t)

q
N
NH
T,
NS N
HO.

P
N7 NH,

OH OH

3t was obtained following the general procedure B. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3t was obtained as a white solid (53.3 mg,
72%). mp 257.1-258.0 °C. [a]5 -40.00 (c 0.0400, MeOH). 'H NMR (400 MHz, DMSO-ds) & 10.61
(s, 1H), 6.26 (s, 2H), 5.68 (d, /= 6.8 Hz, 1H), 5.34 (d, /= 6.8 Hz, 1H), 5.15-5.12 (m, 1H), 5.08 (d, J
= 4.8 Hz, 1H), 4.86-4.81 (m, 1H), 4.13-4.10 (m, 1H), 3.94-3.87 (m, 3H), 3.69-3.63 (m, 1H), 3.57-
3.51 (m, 1H), 3.48-3.42 (m, 2H), 3.17-3.09 (m, 1H), 1.87-1.67(m, 4H). 1*C NMR (101 MHz, DMSO-
ds) 6 156.4, 152.8, 151.4, 151.1, 115.8, 87.5, 85.9, 71.2, 70.7, 66.6, 62.0, 32.7, 31.8, 31.1. HRMS-
ESI m/z calcd for C1sH2:NsNaOs [M+Na]*™ 390.1384. found 390.1387.

tert-butyl-4-(2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-
yl)-6-0x0-6,9-dihydro-1H-purin-8-yl)piperidine-1-carboxylate (Compound 3u)
BOCNQ_«Z:\K:/J\HNHZ

OH OH

3u was obtained following the general procedure B. After purification by column chromatography
(C18 Spherical silica) using MeOH/H»O as the eluents, 3u was obtained as a white solid (46.6 mg,
50%). mp 265.2-267.9 °C. [a]5 -26.67 (c 0.0300, MeOH). 'H NMR (400 MHz, DMSO-ds) & 10.64
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(s, 1H), 6.29 (s, 2H), 5.69 (d, J= 7.2 Hz, 1H), 5.34 (d, J = 6.8 Hz, 1H), 5.14-5.12 (m, 1H), 5.08-5.07
(m, 1H), 4.83-4.78 (m, 1H), 4.14-4.10 (m, 1H), 4.02-3.95 (m, 2H), 3.90-3,87 (m, 1H), 3.69-3.63 (m,
1H), 3.57-3.52 (m, 1H), 3.14-3.07 (m, 1H), 2.94-2.78 (s, 2H), 1.88-1.79 (m, 2H), 1.65-1.49 (m, 2H),
1.41 (s, 9H). '3C NMR (101 MHz, DMSO-de) & 156.4, 153.9, 152.9, 151.4, 151.0, 115.8, 87.4, 85.9,
78.6, 71.3, 70.6, 62.0, 33.3, 31.1, 30.3, 28.1. HRMS-ESI m/z calcd for CaoH30NsNaO7 [M+Na]*
489.2068. found 489.2076.

2-amino-8-(tert-butyl)-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-
y)-1,9-dihydro-6H-purin-6-one (Compound 3w)
2y

N/ NH.
Hi 2

OH OH

3w was obtained following the general procedure B. After purification by column chromatography
(C18 Spherical silica) using MeOH/H»O as the eluents, 3w was obtained as a white solid (56.2 mg,
82%). mp 203.1-205.8 °C. [a]5 -35.49 (c 0.170, MeOH). 'H NMR (400 MHz, DMSO-dc) § 10.58 (s,
1H), 6.20 (s, 2H), 5.95 (d, J = 6.0 Hz, 1H), 5.34 (d, J = 6.4 Hz, 1H), 5.09-5.06 (m, 2H), 4.99 (d, J =
5.6 Hz, 1H), 4.18-4.15 (m, 1H), 3.88-3.85 (m, 1H), 3.71-3.66 (m, 1H), 3.57-3.51 (m, 1H), 1.39 (s,
9H). Analytical data are consistent with those previously reported 31,

2-amino-8-(tert-amyl)-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-
yl)-1,9-dihydro-6H-purin-6-one (Compound 3x)
I

N/ NH.
HO 2

OH OH

3x was obtained following the general procedure C. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3x was obtained as a white solid (19.6 mg,
56%). mp 202.4-213.5 °C. [a]5 -14.71 (c 0.170, MeOH). 'H NMR (400 MHz, DMSO-dc) & 10.89 (s,
1H), 6.29 (s, 2H), 5.91 (d, J=4.0 Hz, 1H), 5.33 (s, 1H), 5.22 (s, 1H), 5.05 (t, /= 12.0 Hz, 1H), 5.03
(s, 1H), 4.15 (m, 1H), 3.87 (m, 1H), 3.71-3.68 (m, 1H), 3.55-3.52 (m, 1H), 1.81-1.69 (m, 2H), 1.35
(d,J=4.0 Hz, 6H), 0.69 (t,J= 12.0 Hz, 3H). *C NMR (101 MHz, DMSO-ds) § 153.0, 152.9, 152.3,
115.4, 89.2, 85.8, 70.9, 70.7, 62.4, 37.6, 33.8, 28.0, 27.7, 9.3. HRMS-ESI m/z calcd for
C15H23NsNaOs [M+Na]* 376.1591. found 376.1592.

2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-8-(4-(4-
methoxyphenyl)-2-methylbutan-2-yl)-1,9-dihydro-6H-purin-6-one (Compound 3y)
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P
NT N7 NH,

3y was obtained following the general procedure B. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3y was obtained as a white solid (34.8 mg,
76%). mp 170.4-172.5 °C. [a]5 -13.35 (c 0.130, MeOH). 'H NMR (400 MHz, DMSO-ds) § 10.66 (s,
1H), 7.14-7.12 (m, 2H), 6.79-6.77 (m, 2H), 6.33 (s, 2H), 5.97 (d, /= 6.0 Hz, 1H), 5.39 (d, /= 6.4 Hz,
1H), 5.18-5.13 (m, 1H), 5.11-5.07 (m, 1H), 5.01 (d, /= 5.2 Hz, 1H), 4.19-4.15 (m, 1H), 3.90-3.87 (m,
1H), 3.74-3.69 (m, 4H), 3.59-3.52 (m, 1H), 2.30-2.22 (m, 2H), 2.01-1.90 (m, 3H), 1.44 (s, 6H). 1*C
NMR (126 MHz, DMSO-ds) 6 157.3,156.4,152.7,152.4,134.1,129.3,115.4, 113.6, 89.3, 85.7, 70.8,
70.4,62.3,54.9,44.3,37.4,30.0, 28.6, 28.2. HRMS-ESI m/z calcd for C22H30NsOs [M+H]" 460.2196.
found 460.2196.

8-((3R,5R,7R)-adamantan-1-yl)-2-amino-9-((2R,3R,4S,5R)-3,4-dihydroxy-5-
(hydroxymethyl)tetrahydrofuran-2-yl)-1,9-dihydro-6 H-purin-6-one (Compound 3z)

o
NﬁNH
<l
@ﬁ Y
HO.
o

P
N” " NH,

OH OH

3z was obtained following the general procedure B. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 3z was obtained as a white solid (31.6 mg,
76%). mp >280 °C. [a]5 -21.58 (c 0.190, MeOH). '"H NMR (400 MHz, DMSO-ds) & 10.99 (s, 1H),
6.45 (s, 2H), 6.09 (d, J = 6.0 Hz, 1H), 5.40 (s, 1H), 5.24 (s, 1H), 5.04 (t, J= 5.6 Hz, 2H), 4.19-4.17
(m, 1H), 3.90-3.87 (m, 1H), 3.71-3.68 (m, 1H), 3.54-3.53 (m, 1H), 2.11-2.00 (m, 9H), 1.72 (s, 6H).
3C NMR (101 MHz, DMSO-ds) & 157.1, 153.5, 153.1, 152.2, 115.4, 89.3, 85.7, 70.9, 62.4, 40.6,
36.1, 36.0, 27.8. HRMS-ESI m/z calcd for C20H27NsNaOs [M+Na]* 440.1904. found 440.1905.
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5.2. Substrate scope of C—H ethylation of guanosine analogues

Supplementary Table 14. Substrate scope of C—H ethylation of guanosine analogues ?

R
1 MesAcr (5 mol%) Ry
</ka),\‘\'_| . E‘:*OB(Oﬂ)z (NHy4)2S,05 (2.0 equiv.), catechol (1.0 equiv.) E|—</kaNH
N" N7 R, -0 equiv. TFA (1.0 equiv.) N N/)\R2
Ry MeCN:H,0, 85 W white light,16 h Ry
Guanosine analogues
o o o o o
N N N N N N
NH NH NH NH NH NH
a1 A Al a1 A T X a1 A
NN NH, NN NH, NN NH, NN NH, NN NH, NN NH,
HO. HO. Ho. HO. AcO Ho
o o o o o °
OH OH OH F OH OMe OH OCH,CH,0Me OAc OAc >
4a(3a), 83% 4b, 82% 4c, 82% 4d, 87% 4e, 72% 4f°, 64%
o o o o o o
N N N N N N
S2G TS S JEESS S S S WSS §y a {1
N7 >NTNH, N7 N7 NH, N7 N7 NH, N7 >NTNH, N7 >N NH, NTSNTNH,
HO AcO. o
° ° HO, Ho_ Ho_ f
OH OAc \/g ~ Q OKS
HO HO Meg Ho
Me M2
4gP, trace® (71%) 4hb, 65% 4i, 89% 4j, 90% 4k, 80% 41,52%
From Penciclovir From Ganciclovir From Acyclovir From Valganciclovir
(anti-HSV) (anti-HSV) (anti-HSV) (anti-HIV)
Adenosine analogues
NH, NH, NH, NH,
NN NN NN N
N N N N
Et—( f\ Et— f\ Et—< et— ||
{N ‘ N/)\EI %N ‘ N/)\F %N : N/)\CI %N N/)\ Hy
HO HO HO. HO. o
o o} O.
OH OH OH OH OH OH OH OH
4m, 15% 4n, 52% 40, 61% 4p, trace
Unst Il examples
NH, OH OMe NH, A
NSy /NfN /NfN /NfsN OH NH
Et Et Et Ph
%N : N/)\ %N : N/)\OH %N : N/)\C\ %N : N/)\Et </N Py (NfN
HO HO. HO. HO N N/J N N/)\NH
0.0 o o o. HO. HO. 2
:0: io:
OH OH OH OH OH OH OH —
ar 4s, 23% 4t, N. D. 4u, N. D. 4v, N. D.

4q
LC-yield: 34%

LC-yield: 13%

2 General condition: Guanosine (1.0 equiv.), alkylboronic acid (4.0 equiv.), MesAcr (5 mol%), (NH4)2S20sg (2.0

equiv.), TFA (1.0 equiv.) and catechol (1.0 equiv.) in MeCN: H,O (1: 1, 0.1 M) on 0.2 mmol scale; irradiated by 85

W white light at r.t. for 16 h; isolated yield. ® No TFA was used. ¢ Ribose cleaved byproduct 4g’ was obtained in

71% yield.
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General procedure of alkylation of guanosine analogues

Ry MesAcr (5 mol%) R
N (NH4)»S,0g (2.0 equiv.), catechol (1.0 equiv.) N
< fj\H +  R4B(OH), e R || /)N\H
NTSNTOR, TFA (1.0 equiv.) N“SNTOR,
Rs MeCN:H,0, 85 W white light,16 h Rs

General procedure D (0.1 mmol scale): To a 10 mL Schlenk tube containing a Teflon stir bar was
charged with nucleoside substrate (0.1 mmol, 1.0 equiv.), alkylboronic acid (0.4 mmol, 4.0 equiv.),
MesAcr (0.005 mmol, 0.05 equiv.), (NH4)2S20g (0.2 mmol, 2.0 equiv.), catechol (0.1 mmol, 1.0
equiv.), 0.5 mL CH3CN and 0.5 mL H»O, and trifluoroacetic acid (0.1 mmol, 1.0 equiv.) sequentially.
The Schlenk tube was sealed with a rubber plug and taped, utilizing the freeze-pump-thaw (FPT)
method for deaeration. The reaction system was exposed to 85 W white light for 16 h, monitoring the
progress of the reaction by thin layer chromatography (TLC) (DCM/MeOH = 10/1) or the liquid
chromatography-mass spectrometry (LC-MS). The mixture was concentrated under reduced pressure,
and the crude product was purified by silica gel flash column chromatography (C18 Spherical silica)
using MeOH/H,O as eluents to give the pure product.
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Characterization data for compounds of alkylated guanosine analogues

2-amino-8-ethyl-9-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-
yl)-1,9-dihydro-6H-purin-6-one (Compound 4b)

NP
Ho N” " NH,
o

OH F

4b was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H;O as the eluents, 4b was obtained as a white solid (51.3 mg,
82%). mp 273.3-275.4 °C. [a]5 -12.73 (c 0.0550, MeOH). 'H NMR (400 MHz, DMSO-ds) & 10.67
(s, 1H), 6.44 (s, 2H), 5.93 (dd, J = 21.2, 3.2 Hz, 1H), 5.66-5.50 (m, 2H), 4.96 (s, 1H), 4.52-4.45 (m,
1H), 3.88-3.84 (m, 1H), 3.68 (d, /= 12.0 Hz, 1H), 3.55-3.50 (m, 1H), 2.79-2.70 (m, 2H), 1.22 (t, J =
7.6 Hz, 3H). 3C NMR (101 MHz, DMSO-ds) § 156.4, 153.3, 151.7, 148.9, 115.3, 92.0 (Jc.r = 186.1
Hz), 85.7 (Jc.r=34.5 Hz), 83.9, 68.6 (Jc.r = 15.9 Hz), 61.2, 20.4, 11.5. ’F NMR (377 MHz, DMSO-
ds) 8 -201.29. HRMS-ESI m/z calcd for C1oH17FNsO4 [M+H]" 314.1265. found 314.1258.

2-amino-8-ethyl-9-((2R,3R,4R,5R)-4-hydroxy-5-(hydroxymethyl)-3-methoxytetrahydrofuran-
2-yD)-1,9-dihydro-6H-purin-6-one (Compound 4c)

N2
o N” " NH,
o

OH OMe

4c was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 4c was obtained as a white solid (53.3 mg,
82%). mp 144.3-147.0 °C. [a]; -45.85 (c 0.103, MeOH). 'H NMR (400 MHz, DMSO-ds) 5 10.95 (s,
1H), 6.38 (s, 2H), 5.75 (d, J= 6.8 Hz, 1H), 5.17 (s, 2H), 4.50 (dd, /= 6.8, 5.3 Hz, 1H), 4.30-4.28 (m,
1H), 3.89-3.86 (m, 1H), 3.66-3.62 (m, 1H), 3.55-3.51 (m, 1H), 3.28 (s, 3H), 2.76-2.71 (m, 2H), 1.22
(t,J=7.2 Hz, 3H). *C NMR (101 MHz, DMSO-ds) § 156.6, 153.2, 151.8, 149.2, 115.5, 86.0, 85.6,
80.1, 68.8, 61.7, 57.5, 20.8, 11.7. HRMS-ESI m/z calcd for C13H20NsOs [M+H]" 326.1464. found
326.1455.

2-amino-8-ethyl-9-((2R,3R,4R,5R)-4-hydroxy-5-(hydroxymethyl)-3-(2-
methoxyethoxy)tetrahydrofuran-2-yl)-1,9-dihydro-6H-purin-6-one (Compound 4d)

o
N NH
g
N N/)\NHZ
o

OH OCH,CH,0Me

HO.

4d was obtained following the general procedure A. After purification by column chromatography

(C18 Spherical silica) using MeOH/H>O as the eluents, 4d was obtained as a white solid (64.2 mg,
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87%). mp 128.9-131.4 °C. [a]5 -53.67 (¢ 0.127, MeOH). '"H NMR (400 MHz, DMSO-ds) § 10.77 (s,
1H), 6.40 (s, 2H), 5.75 (d, J = 6.8 Hz, 1H), 5.19 (s, 1H), 5.03 (s, 1H), 4.67 (dd, J = 6.9, 5.3 Hz, 1H),
4.28-4.26 (m, 1H), 3.88 (q, J = 4.0 Hz, 1H), 3.68-3.62 (m, 2H), 3.54-3.45 (m, 2H), 3.37 (s, 2H), 3.13
(s, 3H), 2.76-2.70 (m, 2H), 1.23 (t, J = 7.2 Hz, 3H). *C NMR (101 MHz, DMSO-de) & 156.6, 153.2,
151.8, 149.2, 115.5, 85.9, 85.8, 79.0, 71.2, 69.1, 69.0, 61.8, 58.0, 20.8, 11.7. HRMS-ESI m/z calcd
for C1sH24N506 [M+H]* 370.1727. found 370.1722.

(2R,3R,4R,5R)-2-(acetoxymethyl)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-
yltetrahydrofuran-3,4-diyl diacetate (Compound 4e)

o
0.

N P
ACO. N NH,

OAc OAc

4e was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 4e was obtained as a white solid (62.9 mg,
72%). mp 128.5-130.1 °C. [a]p -7.27 (c 0.385, MeOH). 'H NMR (400 MHz, DMSO-ds) § 10.73 (s,
1H), 6.45 (s, 2H), 5.91 (d, J = 4.4 Hz, 1H), 5.84 (dd, J = 6.4, 4.5 Hz, 1H), 5.65 (t, J = 6.4 Hz, 1H),
4.40 (dd, J=11.7,3.2 Hz, 1H), 4.31-4.27 (m, 1H), 4.24-4.20 (m, 1H), 2.71 (q, J = 7.6 Hz, 2H), 2.11
(s, 3H), 2.05 (s, 3H), 2.00 (s, 3H), 1.21 (t,J = 7.2 Hz, 3H). '*C NMR (101 MHz, DMSO-ds) 6 170.2,
169.6, 169.5, 156.4, 153.3, 151.7, 148.7, 115.4, 85.9, 79.0, 71.8, 70.1, 63.1, 20.5, 20.4, 20.4, 20.3,
11.5. HRMS-ESI m/z calcd for C1gH24NsOg [M+Na]+ 438.1625. found 438.1613.

2-amino-8-ethyl-9-((3aR,4R,6R,6aR)-6-(hydroxymethyl)-2,2-dimethyltetrahydrofuro[3,4-
d][1,3]dioxol-4-yl)-1,9-dihydro-6H-purin-6-one (Compound 4f)
T 1

NN NH,
HO.

0._0

oS

4f was obtained following the general procedure A, while the reaction was performed without the
TFA. After purification by column chromatography (C18 Spherical silica) using MeOH/H>O as the
eluents, 4f was obtained as a white solid (45.1 mg, 64%). mp 175.1-177.9 °C. [a]5 -21.94 (c 0.155,
MeOH). '"H NMR (400 MHz, DMSO-de) § 10.71 (s, 1H), 6.50 (s, 2H), 5.88 (d, /= 2.4 Hz, 1H), 5.37-
5.35 (m, 1H), 5.08-5.06 (m, 1H), 4.94 (s, 1H), 4.04-4.00 (m, 1H), 3.57-3.52 (m, 1H), 3.48-3.44 (m,
1H), 2.82-2.66 (m, 2H), 1.51 (s, 3H), 1.31 (s, 3H), 1.22 (t, J = 7.6 Hz, 3H). 3C NMR (101 MHz,
DMSO-ds) 6 156.5, 153.2, 151.3, 148.7, 115.2, 113.2, 88.1, 87.1, 82.9, 81.2, 61.6, 27.1, 25.3, 20.4,
11.5. HRMS-ESI m/z calcd for C1sH22Ns0s [M+H]+ 352.1621. found 352.1617.

2-amino-8-ethyl-1,9-dihydro-6H-purin-6-one (Compound 4g”)
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o

N
< /NH
m NH,

4g’> was obtained following the general procedure D, while the reaction was performed without
the TFA. After purification by column chromatography (C18 Spherical silica) using MeOH/H>O as
the eluents, 4g> was obtained as a white solid (12.7 mg, 71%). mp >280 °C. '"H NMR (400 MHz,
DMSO-ds) 6 12.27 (d, J=176.7 Hz, 1H), 10.59 (s, 1H), 6.27 (d, J = 38.9 Hz, 2H), 2.59 (dd, J=15.1,
7.8 Hz, 2H), 1.20 (t, J = 7.7 Hz, 3H). 1*C NMR (176 MHz, DMSO-ds) § 156.6, 153.2, 152.6, 149.0,
115.7,21.8, 12.2. HRMS-ESI m/z calcd. for C7HgNsNaO [M+Na]* 202.0699. found 202.0697

((2R,3S,5R)-3-acetoxy-5-(2-amino-8-ethyl-6-0xo0-1,6-dihydro-9H-purin-9-yl)tetrahydrofuran-
2-yl)methyl acetate (Compound 4h)

o
N NH
Et—( f
N N/)\NHQ
o

OAc

AcO.

4h was obtained following the general procedure D, while the reaction was performed without
TFA and irradiated for 8 hours. After purification by column chromatography (C18 Spherical silica)
using MeOH/H»O as the eluents, 4h was obtained as a white solid (26.5 mg, 65%). mp 125.4-127.8 °C.
[o]5 -97.56 (c 0.410, MeOH). *H NMR (400 MHz, DMSO-ds) § 10.63 (s, 1H), 6.39 (s, 2H), 6.16 (t,
J = 7.3 Hz, 1H), 5.37-5.33 (m, 3.3 Hz, 1H), 4.39-4.35 (m, 4.3 Hz, 1H), 4.24-4.20 (m, 6.3 Hz, 1H),
4.18-4.13 (m, 1H), 3.31-3.24 (m, 7.6 Hz, 1H), 2.84-2.69 (m, 4.8 Hz, 2H), 2.36-2.30 (m, 6.8, 2.6 Hz,
1H), 2.07 (s, 3H), 2.01 (s, 3H), 1.23 (t, J = 7.4 Hz, 3H). *C NMR (101 MHz, DMSO-ds) & 170.2,
170.2, 156.4, 152.9, 151.8, 149.0, 115.4, 83.2, 81.3, 74.5, 63.6, 34.3, 20.8, 20.8, 20.6, 11.5. HRMS-
ESI m/z calcd. for C16H2:Ns0s [M+H]* 380.1570. found 380.1565.

2-amino-8-ethyl-9-(4-hydroxy-3-(hydroxymethyl)butyl)-1,9-dihydro-6 H-purin-6-one
(Compound 4i)

[o]

N NH
4
Et%NfN:\

NH,

HO,

4i was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 4i was obtained as a white solid (50.3 mg,
89%). mp 259.7-263.1 °C. 'H NMR (400 MHz, DMSO-ds) § 10.47 (s, 1H), 6.41 (s, 2H), 4.46 (s, 2H),
3.96-3.92 (m, 2H), 3.46-3.42 (m, 2H), 3.37 (s, 2H), 2.68 (q, /= 7.2 Hz, 2H), 1.63-1.58 (m, 2H), 152-
1.46 (m, 1H), 1.24 (t,J= 7.6 Hz, 3H). >*C NMR (101 MHz, DMSO-ds) § 156.5, 153.2, 152.0, 148.7,
115.0, 61.4, 41.0, 40.1, 28.7, 19.9, 11.3. HRMS-ESI m/z calcd for C12H20NsO3 [M+H]" 282.1566.
found 282.1559.
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2-amino-9-(((1,3-dihydroxypropan-2-yl)oxy)methyl)-8-ethyl-1,9-dihydro-6 H-purin-6-one
(Compound 4j)

4j was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 4j was obtained as a white solid (51.0 mg,
90%). mp 235.9-340.1 °C. "H NMR (400 MHz, DMSO-ds) & 10.55 (s, 1H), 6.46 (s, 2H), 5.41 (s, 2H),
4.61 (s, 2H), 3.49-3.38 (m, 4H), 3.29 (d, /= 5.9 Hz, 1H), 2.75 (q, J= 7.6 Hz, 2H), 1.24 (t,J= 7.2 Hz,
3H). *C NMR (101 MHz, DMSO-ds) 6 156.6, 153.5, 152.3,149.7, 114.7,79.8, 70.2, 60.8, 19.9, 11.0.
HRMS-ESI m/z calcd for C11H17NsNaO4 [M+Na]* 284.1359. found 284.1353.

2-amino-8-ethyl-9-((2-hydroxyethoxy)methyl)-1,9-dihydro-6 H-purin-6-one (Compound 4k)

o
N NH
Et—( ﬁ
2‘ N/)\NHZ

o

Ho_
4k was obtained following the general procedure A. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 4k was obtained as a white solid (45.5 mg,
80%). mp 208.6-209.4 °C. '"H NMR (400 MHz, DMSO-ds) & 10.56 (s, 1H), 6.48 (s, 2H), 5.32 (s, 2H),
4.67-4.66 (m, 1H), 3.46-3.42 (m, 4H), 2.72 (q, J = 7.6 Hz, 2H), 1.24 (t, J = 7.6 Hz, 3H). *C NMR
(101 MHz, DMSO-ds) 6 156.5, 153.6, 152.4, 149.5, 114.7, 70.7, 70.1, 59.9, 19.9, 11.2. HRMS-ESI
m/z calcd for C10H16NsO3 [M+H]" 254.1253. found 254.1248.

2-((2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-yl)methoxy)-3-hydroxypropyl L-valinate
(Compound 41)

o
N
NH
e
JN N7 NH,
o
o, f%
o
Meg HO
NH,

Me

41 was obtained following the general procedure D. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 41 was obtained as a white solid (20.0 mg,
52%). mp 208.6-209.4 °C. [a]p -4.80 (c 0.167, MeOH), 'H NMR (400 MHz, DMSO-ds) § 10.57 (s,
1H), 8.32 (s, 3H), 6.45 (s, 2H), 5.48-5.33 (m, 2H), 4.94 (s, 1H), 4.32 (dd, J=11.8, 3.1 Hz, 1H), 4.02
(dd, J=11.7,6.2 Hz, 1H), 3.83-3.65 (m, 2H), 3.47 (t, J=7.0 Hz, 3H), 2.72 (qd, J= 7.7, 3.7 Hz, 2H),
1.24 (t, J= 7.4 Hz, 3H), 0.86 (d, J = 6.9 Hz, 6H). *C NMR (126 MHz, DMSO-ds) 5 169.0, 156.4,

153.6, 152.3, 149.5, 114.6, 76.3, 69.8, 64.8, 59.9, 57.2,29.4, 19.9, 17.8, 17.5, 11.0. HRMS-ESI m/z
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calcd for C1sH26N¢NaOs [M+Na]" 405.1857. found 405.1856.

(2R,3R,4S,5R)-2-(6-amino-2,8-diisopropyl-9H-purin-9-yl)-5-(hydroxymethyl)tetrahydrofuran-
3,4-diol (Compound 4m)

NH,
Ly
Et
N N/)\Ei
o

OH OH

HO.

4m was obtained following the general procedure D. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 4m was obtained as a white solid (18.1 mg,
26%). mp 127.2-132.3 °C. [a]5 -50.65 (c 0.310, MeOH). *H NMR (400 MHz, DMSO-ds) & 7.18 (s,
2H), 6.25 (d, J = 9.9 Hz, 1H), 5.74 (d, J = 7.3 Hz, 1H), 5.39 (s, 1H), 5.24 (s, 1H), 4.90 (t, J = 6.1 Hz,
1H), 4.16 (d, J =5.1 Hz, 1H), 4.03 (s, 1H), 3.71 (d, J = 12.2 Hz, 1H), 3.56 (t, J = 11.0 Hz, 1H), 3.37
(d,J=6.7 Hz, 3H), 2.87 (p, J = 7.5 Hz, 2H), 2.61 (q, J = 7.6 Hz, 2H), 1.29 (t, J = 7.5 Hz, 3H), 1.20
(t, J=7.7 Hz, 3H). 1*C NMR (126 MHz, DMSO-ds) § 164.6, 155.4, 152.9, 150.3, 116.5, 88.4, 86.9,
71.9, 71.3, 62.5, 31.5, 20.8, 13.4, 12.2. HRMS-ESI m/z calcd. for C14H22NsO4 [M+H]" 324.1666.
found 324.1665

(2R,3R,4S,5R)-2-(6-amino-8-ethyl-2-fluoro-9H-purin-9-yl)-5-
(hydroxymethyl)tetrahydrofuran-3,4-diol (Compound 4n)

NH,
/N <N
B AL A

F
HO.

0.

OH OH

4n was obtained following the general procedure D. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 4n was obtained as a white solid (32.3 mg,
52%). mp 248.4-249.0 <T. [a]y -61.13 (c 0.265, MeOH). *H NMR (400 MHz, DMSO-ds) & 7.73 (s,
2H), 5.71 (d, J = 6.8 Hz, 1H), 5.36 (d, J = 6.6 Hz, 1H), 5.21 (d, J = 4.5 Hz, 1H), 5.09-5.06 (m, 4.3
Hz, 1H), 4.84 (g, J = 6.1 Hz, 1H), 4.16-4.13 (m, 3.6 Hz, 1H), 3.94 (q, J = 3.8 Hz, 1H), 3.75-3.65 (m,
4.3 Hz, 1H), 3.56-3.50 (M, 4.4 Hz, 1H), 2.88 (g, J = 7.5 Hz, 2H), 1.30 (t, 3H). '*C NMR (101 MHz,
DMSO-ds) & 157.603 (Je-r = 204.6 Hz), 157.391 (Jcr = 21.0 Hz), 153.851 (Jcr = 2.8 Hz), 151.074
(Jcr=19.7 Hz), 116.391 (Jcr = 4.0 Hz), 88.073, 86.129, 71.335, 70.591, 61.938, 20.870, 11.984.
YF NMR (376 MHz, DMSO-ds) § -52.67. HRMS-ESI m/z calcd. for C12H16FNsNaOs [M+Na]*
336.1079. found 336.1079.

(2R,3R,4S,5R)-2-(6-amino-2-chloro-8-ethyl-9H-purin-9-yl)-5-
(hydroxymethyl)tetrahydrofuran-3,4-diol (Compound 40)
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NH,
e
Et
N N/)\CI
{0}
OH OH

40 was obtained following the general procedure D, while the reaction was irradiated for 20 hours.

HO.

After purification by column chromatography (C18 Spherical silica) using MeOH/H2O as the eluents,
40 was obtained as a white solid (20.0 mg, 61%). mp 116.0-120.9 °C. [o]5 -50.29 (¢ 0.350, MeOH).
"H NMR (400 MHz, DMSO-ds) § 7.74 (s, 2H), 5.73 (d, J = 7.0 Hz, 1H), 5.40 (d, J = 6.4 Hz, 1H),
5.31-5.20 (m, 1H), 5.11-5.01 (m, 4.2 Hz, 1H), 4.83 (t, J = 5.8 Hz, 1H), 4.15-4.13 (m, 2.8 Hz, 1H),
3.97-3.94 (m, 2.2 Hz, 1H), 3.72-3.64 (m, 1H), 3.57-3.52 (m, 3.9 Hz, 1H), 2.89 (q, J = 7.5 Hz, 2H),
1.30 (t, J = 7.5 Hz, 3H). 3C NMR (126 MHz, DMSO-ds) § 156.1, 154.1, 151.8, 151.0, 117.2, 88.1,
86.4, 71.6, 70.8, 62.0, 20.9, 12.0. HRMS-ESI m/z calcd for C12H16CINsNaO4 [M+Na]™ 352.0783.
found 352.0788.
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5.3. Substrate scope of C—H alkylation of uridine

Supplementary Table 15. Substrate scope of C—H alkylation of uridine

(NH4),5,05 (4.0 equiv.),
o MgCl, (2.0 equi.) o
catechol (1.0 equiv.) R3.
NH NH
fk/& +  RyB(OH), Y
N (¢] MeCN:H,0, 36 W blue LED, 24 h N [¢]
R R
1.0 equiv. 4.0 equiv.
5a-5d 2a-2c, 2m 6a
Uridine analogue
o o o
Etm\)kNH Et o Et Mo EQTJ\NH
N/&O N/&O N/&O N/&O
HO. HO. HO. HO.
o o o o
OH OH OH OH F OH OMe
6a°, 45% 6b°, 40% 6cc, 35% 6d°, 49%
o o o o
E‘\fj\NH NH
i | ‘ NH ‘ NH
Q N/&O N/&O N/&O N/&O
HO-P-0 HO. HO HO.
OH o o o o
OH OH OH OH OH OH OH OH
6e°, 42% 6f°, 43% 6g°, 32% 6h°, 40%

¢ General condition: Uridine (1.0 equiv.), alkylboronic acid (4.0 equiv.), (NH4)2S205s (4.0 equiv.), MgCl, (2.0 equiv.)

and catechol (1.0 equiv.) in DMSO: H>O (1: 1, 0.1 M) on 0.2 mmol scale; irradiated by 36 W blue LED at r.t. for

24 h.
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General procedure of alkylation of uridine, deoxyuridine, uridine monophosphate and its

analogues

o (NH4)2S,04 (2.0 e»quw.). Ro- "

Cro . i 18

e L s k@j

General procedure E (0.2 mmol scale): Nucleoside or Nucleotide substrate (0.2 mmol),
alkylboronic acid (0.8 mmol, 4.0 equiv.), (NH4)2S205s (0.4 mmol, 2.0 equiv.), MgCl, (0.2 mmol, 1.0
equiv.), and catechol (0.4 mmol, 2.0 equiv.) were dissolved in 0.4 mL DMSO and 0.4 mL H>O. The
reaction system was exposed to 36 W blue LED for 24 h under nitrogen (or argon) environment. The

solvent was concentrated under reduced pressure and the residue was purified by column

chromatography (C18 Spherical silica) to give the pure product.
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Characterization data for compounds of alkylated wuridine, deoxyuridine, uridine
monophosphate and its analogues

1-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-5-ethylpyrimidine-
2,4(1H,3H)-dione (Compound 6a)

o}

Cr

N o
HO.
O

OH OH

6a was obtained following the general procedure E. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 6a was obtained as a green solid (24.5 mg,
45%). mp >300 °C. [a]5> -13.28 (¢ 0.620, MeOH). *H NMR (400 MHz, CD30D-ds) & 7.86 (s, 1H),
5.92 (d, J=4.4 Hz, 1H), 4.23-4.15 (m, 2H), 4.04-3.98 (m, 1H), 3.86 (dd, J = 12.2, 2.6 Hz, 1H), 3.74
(dd, J=12.4, 2.8 Hz, 1H), 2.33 (q, J = 7.4 Hz, 2H), 1.12 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz,
CD30D-ds) 6 166.0, 152.6, 137.8, 117.4, 90.5, 86.3, 75.7, 71.4, 62.2, 21.0, 13.3. HRMS-ESI m/z
calcd for C11H16N2NaOg [M+Na]*™ 295.0901. found 295.0902.

S-ethyl-1-((2R,3R,4S5,5R)-4-hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)pyrimidine-
2,4(1H,3H)-dione (Compound 6b)

“Cr

N o
HO.
o

OH

6b was obtained following the general procedure E. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>0O as the eluents, 6b was obtained as a yellow brown solid
(21.0 mg, 40%). mp >300 °C. [a]> 5.67 (c 0.617, DMSO). *H NMR (400 MHz, DMSO-ds) & 11.27
(s, 1H), 7.69 (s, 1H), 6.17 (t, J = 6.8 Hz, 1H), 4.30-4.20 (m, 1H), 3.77 (dd, J = 6.2, 3.4 Hz, 1H), 3.59
(dd, J = 11.8, 3.4 Hz, 1H), 3.55 (dd, J = 11.8, 3.4 Hz, 1H), 2.24-2.16 (m, 2H), 2.11-2.03 (m, 2H),
1.02 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, DMSO-ds) & 163.4, 150.4, 135.6, 115.2, 87.4, 83.9,
70.5,61.3, 19.7, 12.9. HRMS-ESI m/z calcd for C11H16N2NaOs [M+Na]* 279.0951. found 279.0952.

5-ethyl-1-((2R,3R,4S,5R)-3-fluoro-4-hydroxy-5-(hydroxymethyl)tetrahydrofuran-2-
yD)pyrimidine-2,4(1H,3H)-dione (Compound 6¢)

L

N o
HO.
O

OH F

6c was obtained following the general procedure E. After purification by column chromatography

(C18 Spherical silica) using MeOH/H>O as the eluents, 6¢ was obtained as light green oily (19.2 mg,

35%). [a]5 -3.79 (c 0.299, DMSO). *H NMR (400 MHz, DMSO-ds) § 7.77 (s, 1H), 5.91 (dd, J = 17.6,

2.0 Hz, 1H), 5.10-5.05 (m, 1H), 4.97-4.92 (m, 1H), 4.23-4.11 (m, 2H), 3.89-3.84 (m, 1H), 3.78 (d, J
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= 2.4 Hz, 1H), 3.75 (d, J = 2.4 Hz, 1H), 2.18 (g, J = 7.6 Hz, 2H), 1.01 (t, J = 7.6 Hz, 3H). 3C NMR
(101 MHz, CDsOD -d,) 8 163.7, 150.4, 135.7, 115.2, 93.8 (Jc.r = 185.9 Hz), 87.2 (Jc-r = 33.8 H2),
83.3, 67.5 (Jc-r = 15.8 Hz), 59.4, 19.8, 12.9. *F NMR (376 MHz, DMSO-d;) & -202.3. HRMS-ESI
m/z calcd for C11H1sFN2NaOs [M+Na]* 297.0857. found 297.0859.

5-ethyl-1-((2R,3R,4R,5R)-4-hydroxy-5-(hydroxymethyl)-3-methoxytetrahydrofuran-2-yl)
pyrimidine-2,4(1H,3H)-dione (Compound 6d)

o

Ly

N (]
HO.
0.

OH OMe

6d was obtained following the general procedure E. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 6d was obtained as a brown solid (27.8 mg,
49%). mp 186.5-189.7 °C. [a]5 -4.08 (c 0.695, DMSO).'H NMR (400 MHz, DMSO-ds) § 11.31 (s,
1H), 7.79 (s, 1H), 5.86 (d, J = 5.2 Hz, 1H), 5.30-5.09 (m, 2H), 4.18-4.12 (m, 1H), 3.84 (dd, J = 7.0,
3.0 Hz, 1H), 3.79 (t, J = 5.0 Hz, 1H), 3.66 (dd, J = 11.8, 1.8 Hz, 1H), 3.57 (dd, J = 12.0, 2.0 Hz, 1H),
3.31 (s, 1H), 3.25-3.07 (m, 1H), 2.20 (g, J = 7.2 Hz, 2H), 1.03 (t, J = 7.6 Hz, 3H). *C NMR (101
MHz, DMSO-ds) 6 163.4, 150.4, 135.5, 115.2, 85.9, 85.1, 82.7, 68.3, 60.4, 57.5, 19.7, 12.8. HRMS-
ESI m/z calcd for C12H1sN2NaOs [M+Na]* 309.1057. found 309.1060.

(2R,3S,4R,5R)-5-(5-ethyl-2,4-diox0-3,4-dihydropyrimidin-1(2H)-yl)-3.4-
dihydroxytetrahydrofuran-2-yl)methyl phosphate (Compound 6e)

o

ooy

I N~ O
HO-P-0
OH o.

OH OH

6e was obtained following the general procedure E. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 6e was obtained as brown oily (29.4 mg,
42%). [a]s -14.01 (c 0.483, H,0). 'H NMR (400 MHz, D,0) 7.64 (s, 1H), 5.95 (d, J= 5.2 Hz, 1H),
4.34 (t, J=5.4 Hz, 1H), 4.32-4.28 (m, 1H), 4.26-4.22 (m, 1H), 4.17-4.06 (m, 2H), 2.31 (q, J = 7.6
Hz, 2H), 1.05 (t,J = 7.6 Hz, 3H). *C NMR (101 MHz, D20)  166.0, 151.8, 136.6, 117.6, 88.0, 83.5
(d, J=8.9 Hz), 73.5, 69.9, 64.3, 38.6, 19.7, 12.5.3'P NMR (162 MHz, D;0) & -0.2. HRMS-ESI m/z
calcd for C11H17N2NaOgP [M+Na]* 375.0564. found 375.0563.

1-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-5-propyl
pyrimidine-2,4(1H,3H)-dione (Compound 6f)
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6f was obtained following the general procedure E. After purification by column chromatography
(C18 Spherical silica) using MeOH/H-O as the eluents, 6f was obtained as a yellow brown solid (24.7
mg, 43 %). mp 214.5-216.6 °C. [a]; -12.32 (c 1.055, DMSO). '"H NMR (400 MHz, DMSO-ds) §
11.27 (s, 1H), 7.75 (s, 1H), 5.77 (d, J=5.2 Hz, 1H), 5.24-5.09 (m, 2H), 4.06-4.01 (m, 1H), 4.00-3.95
(m, 1H), 3.85-3.81 (m, 1H), 3.65-3.59 (m, 1H), 3.58-3.52 (m, 2H), 2.20-2.10 (m, 2H), 1.46-1.39 (m,
2H), 0.85 (t, J = 7.4 Hz, 4H). ®C NMR (101 MHz, DMSO-d;) & 163.5, 150.7, 136.5, 113.3, 87.7,
84.8, 73.6, 69.9, 60.8, 28.3, 21.2, 13.6. HRMS-ESI m/z calcd for C12H1sN2NaOg [M+Na]*™ 309.1057.
found 309.1051.

5-butyl-1-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)pyrimidine-
2,4(1H,3H)-dione (Compound 6g)

o

OH OH

6g was obtained following the general procedure E. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 6g was obtained as yellow brown oily (19.2
mg, 32%). [a]s -16.79 (c 0.980, DMSO). *H NMR (400 MHz, DMSO-ds) § 11.26 (s, 1H), 7.74 (s,
1H), 5.77 (d, J = 5.6 Hz, 1H), 5.25-5.02 (m, 2H), 4.05-4.01 (m, 1H), 4.00-3.95 (m, 1H), 3.85-3.81
(m, 1H), 3.63 (dd, J = 12.0, 3.2 Hz, 1H), 3.55 (dd, J = 12.2, 3.0 Hz, 1H), 2.25-2.11 (m, 2H), 1.44-
1.35 (m, 2H), 1.31-1.21 (m, 3H), 0.87 (t, J = 7.3 Hz, 3H). *C NMR (101 MHz, DMSO-ds) § 163.5,
150.7, 136.4, 113.5, 87.6, 84.8, 73.6, 69.9, 60.9, 30.1, 25.9, 21.7, 13.8. HRMS-ESI m/z calcd for
C13H20N2NaOs [M+Na]* 323.1214. found 323.1213.

1-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-yl)-5-
isopropylpyrimidine-2,4(1H,3H)-dione (Compound 6h)

g

N o
HO.
O

OH OH

6h was obtained following the general procedure E. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 6h was obtained as light brown oily (22.9 mg,
40%). [a]5> -12.52 (c 1.265, DMSO). 'H NMR (400 MHz, DMSO-ds) & 11.24 (s, 1H), 7.76 (s, 1H),
5.80 (d, J=5.2 Hz, 1H), 5.36 (d, J= 5.6 Hz, 1H), 5.19 (t, /= 4.4 Hz, 1H), 5.08 (d, /= 4.8 Hz, 1H),
4.04 (dd, J=10.4,5.2 Hz, 1H), 3.98 (dd, J = 8.6, 4.6 Hz, 1H), 3.88-3.83 (m, 1H), 3.69-3.62 (m, 1H),
3.61-3.53 (m, 1H), 2.77-2.68 (m, 1H), 1.09-1.03 (m, 6H). 3*C NMR (101 MHz, DMSO-ds) § 163.1,
150.5, 134.9, 119.5, 87.9, 84.8, 73.9, 70.0, 60.7, 25.5, 21.5, 21.5. HRMS-ESI m/z calcd for
C12H18N2NaOs [M+Na]* 309.1057. found 309.1058.
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5.4. Substrate scope of C—H alkylation of complex nucleotide substates

Supplementary Table 16. Substrate scope of C—H alkylation of complex nucleotide substates *

o

MesAcr (0.05 equiv.)
N NH,),S,04 (2.0 equiv. N
¢ fr . Eeom, ( 4).2 208 (2.0 equiv.) : e )N\H
N N/ NH, TFA (1.0 equiv.), catechol (1.0 equiv.) N N/ NH,
Ry MeCN:H,0, light Ry
1.0 equiv. 4.0 equiv.
7a-7k 8
o o o 9 o
N N N N NH N
NH NH NH NH
B A A B AL A H/f/ = AL AL
HO NTSNTSNH, HO. NTSNTONH, HO. N7 SNTNH, HO. N” "NH, HO N7 N7 NH,
o o o ;03 o
o o NH, NH; o
o OH o OH O OH o OH Ny 0 OH
_h o NH o NH L =N 0=pP-0 4 —b.0o 2 NH
oo [ " o=p-on " Lo [ 0 <N\/) +07?OE1%N\/)\
HNEt; O N0 0. N" Yo HNE, © NS0 - N HNEL, © N7 NH,
o o o HNEt; :0: s o
OH OH OH OH OH OH OH OH OH OH
8a, 44% 8b, 80% 8¢, 61% 8d, 58% 8e, 41%
o o o o
N N N
NH NH NH NH
e A e~ A \ﬁ)% e~ 1L
HO NTSNTSNH, HO NN ONH, HO NS0 o o NTSNTSNH,
o o o
o o o
e o NH 3 \kaH . N NH o o i
=p-0r =p-0 =p-0 % . |0=P-0 N
. s | Lo=e-o [ o , oo I HNEL | | Et%fw
HNEt; O, N” 0 HNEt; O. N™ 70 HNEt; O. N™ "NHy o N P
0. 0. :o: N o N™ "NH,
HNEt;
OH OH OH OH O-P——0O  OH
Il
o
8f/8f (Gp(SR,)U)/(Gp(SS,)U), N b e
61%/ 64% 8g°, 60% 8h", 60% 8i, 53%
o o o
N N N
NH NH NH
4 4 4
Q Et%N | N/)\NH g 9 E|%N ‘ N/)\NH ﬁ g 9 IPr%N:\ﬁN:\NH
T
Ho-P-0 2 HO—P—0-P—0 ?  HOP—0—P-0-P-0 ?
OH o OH  OH o OH OH OH o
OH OH OH OH OH OH
8j°, 52%(LC-yield: 91%) 8kY, 51%(LC-yield: 85%) 819, 43%(LC-yield: 71%)

* General condition: Dinucleotides or nucleotides (1.0 equiv.), alkylboronic acid (4.0 equiv.), MesAcr (5 mol%),
(NHa4)2S205 (2.0 equiv.), TFA (1.0 equiv.) and catechol (1.0 equiv.) in MeCN: H>O (1: 1, 0.1M) on 0.06 mmol scale;
irradiated by 10 W blue LED at about 10 °C for 24 h; isolated yield. » No TFA was used and shortened the reaction
time to 5 hours. ¢ Irradiated by 36 W blue LED at r.t. for 16 h. 9 Irradiated by 85 W white light at r.t. for 16 h. 10
mM NH4HCO;3 (aqg.) was used instead of H>O, and No TFA was used. ¢ i-PrB(OH), was used instead of EtB(OH)
as C8-Et-GTP cannot be separated from GTP.
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General procedure of alkylation of complex nucleotide substrates

Ho NN NH, (NH,);8,04 (2.0 equiv.), Ho.
o catechol (1.0 equiv.),
TFA (1.0 equiv.),
+  Et—B(OH), 6 R
MeCN:H,0 (1:1),

° o]
N N
NH NH
¢ ﬁ\ MesAcr (5 mol%), Et— </Nf;\
N7 NH,
o]

ase 10 W white or blue LED light P Base
o 10 °C, 24 hours o.

7a-7f 2a 8a-8f

General procedure F (0.06 mmol scale): To a 10 mL Schlenk tube containing a Teflon stir bar was
charged with dinucleotide (0.06 mmol, 1.0 equiv.), ethylboronic acid (0.24 mmol, 4.0 equiv.),
MesAcr (0.0003 mmol, 0.05 equiv.), (NH4)2S205g (0.12 mmol, 2.0 equiv.), catechol (0.06 mmol, 1.0
equiv.), 0.3 mL CH3CN and 0.3 mL H>O, and trifluoroacetic acid (0.06 mmol, 1.0 equiv.) sequentially.
The Schlenk tube was sealed with a rubber plug and taped, utilizing the freeze-pump-thaw (FPT)
method for deaeration. The reaction system was exposed to 10 W white or blue LED at 10 °C for 24
h, monitoring the progress of the reaction by the liquid chromatography-mass spectrometry (LC-MS).
The mixture was concentrated under reduced pressure, and the crude product was purified by silica
gel flash column chromatography (C18 Spherical silica) using MeCN/TEAA buffer as eluents to give
the pure product.

General procedure G (0.06 mmol scale): To a 10 mL Schlenk tube containing a Teflon stir bar was
charged with deoxy-dinucleotide (0.06 mmol, 1.0 equiv.), ethylboronic acid (0.24 mmol, 4.0 equiv.),
MesAcr (0.0003 mmol, 0.05 equiv.), (NH4)2S>0sg (0.12 mmol, 2.0 equiv.), catechol (0.06 mmol, 1.0
equiv.), and 0.3 mL CH3CN and 0.3 mL H>O sequentially. The Schlenk tube was sealed with a rubber
plug and taped, utilizing the freeze-pump-thaw (FPT) method for deaeration. The reaction system
was exposed to 10 W blue LED at 10 °C for 5 h, monitoring the progress of the reaction by the liquid
chromatography-mass spectrometry (LC-MS). About 4.5 mL TEAA buffer (pH = 7.0) was added to
the reaction solution for dilution (ensure that the concentration of CH3CN was less than 10%), and
the mixture was directly purified by silica gel flash column chromatography (C18 Spherical silica),

without concentration, using MeCN/TEAA buffer as eluents to give the pure product.
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Characterization data for compounds of alkylated complex nucleotide substates

Dinucleotides

2R,3S,4R,5R)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl(((2R,3S,4R,5R)-5-(2,4-dioxo0-3,4-dihydropyrimidin-
1(2H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl)hydrogen-phosphate (Compound 8a)

N
&< /NH
HO. NTSNTONH,
o

o
o OH

b - NH

<o LA

HNEt; O NS0
O.

OH OH

8a was obtained following the general procedure F. After purification by column chromatography
(C18 Spherical silica) using MeOH/H>O as the eluents, 8a was obtained as a white solid (18.9 mg,
44%). mp 251.6-252.7 °C. [a]y -8.39 (¢ 0.143, H>O). "H NMR (400 MHz, DMSO-ds) § 11.32 (s, 1H),
10.77 (s, 1H), 7.87 (d, J= 8.1 Hz, 1H), 6.58 (s, 1H), 6.45 (s, 2H), 5.81 (d, J= 5.8 Hz, 1H), 5.71 (d, J
=7.7Hz, 1H), 5.62 (d, J= 8.0 Hz, 1H), 5.46 (s, 1H), 5.35 (s, 1H), 4.74 (t, J= 6.6 Hz, 1H), 4.50 (d, J
= 6.6 Hz, 1H), 4.08 (t, J=5.5 Hz, 1H), 4.02 (d, J=4.7 Hz, 2H), 3.96 (d, /= 10.4 Hz, 2H), 3.88-3.84
(m, 2H), 3.63-3.54 (m, 3H), 2.94 (q, /= 7.4 Hz, 6H), 2.78-2.70 (m, 2H), 1.21 (t,J="7.3 Hz, 3H), 1.13
(t,J=7.2Hz, 9H). 3C NMR (126 MHz, DMSO-de) § 163.2, 156.4, 153.1, 152.0, 150.9, 149.3, 140.9,
115.4,102.0, 87.6, 87.2, 84.6, 83.4, 74.2,73.2,71.0, 70.4, 64.8, 61.8, 45.6, 21.0, 11.7, 8.7. *'P NMR
(202 MHz, DMSO-ds) 6 -0.50. HRMS-ESI m/z calcd. for C21H27N7013P [M-H] 616.1410. found
616.1400.

(2R,3S,4R,5R)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl (((2R,3S,4R,5R)-3,4-dihydroxy-5-(5-methyl-2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)tetrahydrofuran-2-yl)methyl) hydrogen phosphate (Compound
8b)
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8b was obtained following the general procedure F, while the scale was 0.04 mmol. After
purification by column chromatography (C18 Spherical silica) using MeCN/H2O as the eluents, 8b
was obtained as a white solid (20.2 mg, 80%). mp 218.0-218.7 °C. [a]5 -8.33 (c 0.0600, H>0). 'H
NMR (400 MHz, D,0) 6 7.67 (d, J= 0.8 Hz, 1H), 5.91 (s, 1H), 5.90 (d, /=2.0 Hz, 1H), 5.04 (t,J =

5.8 Hz, 1H), 4.92-4.88 (m, 1H), 4.40 (dd, J = 6.4, 3.6 Hz, 1H), 4.38-4.3 (m, 2H), 4.29-4.21 (m, 2H),
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4.18-4.12 (m, 1H), 3.88 (qd, J = 12.7, 3.5 Hz, 2H), 3.03-2.96 (m, 2H), 1.87 (s, 3H), 1.35 (t, J=7.5
Hz, 3H). 3C NMR (101 MHz, D,0) § 166.2, 153.1, 152.9, 151.7, 151.6, 137.1, 115.3, 111.6, 88.7,
88.4, 84.8, 82.7 (d, Jor = 8.6 Hz), 74.7 (d, Je.r = 6.9 Hz), 73.3, 71.4, 69.5, 64.7 (d, Jc.r = 5.9 Hz),
61.6, 38.6, 20.5, 11.5, 11.1. 3P NMR (162 MHz, D;0) & -0.68. HRMS-ESI m/z calcd. for
C22H31N7013P [M+H]" 632.1717. found 632.1733.

(2R,3S,4R,5R)-5-(4-amino-2-oxopyrimidin-1(2H)-yl)-3,4-dihydroxytetrahydrofuran-2-
yDmethyl ((2R,3S,4R,5R)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl) hydrogen phosphate (Compound 8c)
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8c was obtained following the general procedure F. After purification by column chromatography
(C18 Spherical silica) using MeCN/TEAA buffer (pH = 7.0) as the eluents. 8¢ was obtained as a white
solid (26.1 mg, 61%). mp 234.3-239.4 °C. [a]5 -1.09 (c 0.0920, H,0). This was followed by exchange
of the counterions [Amberlite IR120 (Na")], in order to improve the solubility of the product in D>O
and simplify the NMR spectrum. '"H NMR (400 MHz, D>0) § 7.86 (d, J = 7.6 Hz, 1H), 5.99 (d, J =
7.5 Hz, 1H), 5.92 (d,J=3.6 Hz, 1H), 5.81 (d, /= 6.6 Hz, 1H), 5.01 (t,J= 6.1 Hz, 1H), 4.89-4.84 (m,
1H), 4.39 (q, /= 3.1 Hz, 1H), 4.37-4.22 (m, 4H), 4.16 (dt, J = 11.8, 4.1 Hz, 1H), 3.86 (qd, /= 12.8,
3.1 Hz, 2H), 2.86-2.74 (m, 2H), 1.27 (t, J= 7.5 Hz, 3H). 1*C NMR (126 MHz, D-0) § 165.8, 158.0,
157.3, 153.1, 152.8, 151.5, 141.4, 115.2, 96.2, 89.8, 88.3, 84.8, 82.3 (d, Jc.r = 8.6 Hz), 74.8 (d, Jc.r
= 4.3 Hz), 74.0, 71.3 (d, Jc.r = 4.8 Hz), 69.2, 64.4, 61.7, 20.5, 11.1. *'P NMR (202 MHz, D,0) § -
0.39. HRMS-ESI m/z calcd. for C21H2sNgO12P [M-H] 615.1570. found 615.1554.

(2R,3S,4R,5R)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl ((2R,3S,4R,5R)-5-(6-amino-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl) phosphate (Compound 8d)
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8d was obtained following the general procedure F. After purification by column chromatography
(C18 Spherical silica) using MeCN/TEAA buffer (pH = 7.0) as the eluents. 8d was obtained as a
white solid (22.1 mg, 58%). mp 223.5-227.1 °C. [a]5 -50.00 (¢ 0.0620, H>0). This was followed by
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exchange of the counterions [Amberlite IR120 (Na")], in order to improve the solubility of the product
in D,0 and simplify the NMR spectrum. '"H NMR (400 MHz, D>0) & 8.30 (s, 1H), 8.06 (s, 1H), 5.98
(d,/J=5.0 Hz, 1H), 5.60 (d, /= 5.4 Hz, 1H), 4.77-4.73 (m, 2H), 4.62 (t, J= 5.5 Hz, 1H), 4.51 (t,J =
5.2 Hz, 1H), 4.36-4.33 (m, 1H), 4.28-4.24 (m, 1H), 4.19 (q, /= 3.8 Hz, 1H), 4.17-4.10 (m, 1H), 3.70
(qd, J=12.8, 3.4 Hz, 2H), 2.76-2.70 (m, 2H), 1.22 (t, J = 7.5 Hz, 3H). *C NMR (126 MHz, D,0) §
158.2,155.2,152.9, 152.7,152.6, 151.6, 149.2,139.5, 118.6, 115.7, 88.4, 87.2, 83.6, 83.1, 74.1, 73.5,
71.5, 69.7, 64.9, 61.3, 20.4, 11.2. 3'P NMR (202 MHz, D,0) § -0.53. HRMS-ESI m/z calcd. for
C22H29N19NaO 1P [M+Na]" 663.1647. found 663.1656.

(2R,3S,4R,5R)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl((2R,3S,4R,5R)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-
9H-purin-9-yl)-4-hydroxy-2-(hydroxymethyl)tetrahydrofuran-3-yl) = hydrogen  phosphate
(Compound 8e)
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8e was obtained following the general procedure F. After purification by column chromatography
(C18 Spherical silica) using MeOH/HO as the eluents, 8e was obtained as a white solid (19.3 mg,
41%). mp >280 °C. [a]5 -10.00 (c 0.15, H,0). '"H NMR (400 MHz, D>0) § 5.81 (d, J= 5.1 Hz, 1H),
5.72 (d,J=6.0 Hz, 1H), 5.17 (t, J= 5.5 Hz, 1H), 4.75-4.72 (m, 1H), 4.67 (t, J= 5.3 Hz, 2H), 4.33-
4.17 (m, 4H), 3.60 (qd, J = 12.6, 3.1 Hz, 2H), 2.89-2.73 (m, 4H), 1.27 (dt, J=11.5, 7.5 Hz, 6H). 1*C
NMR (176 MHz, D20) 6 158.9, 158.2, 153.4, 153.2, 153.0, 153.0, 152.4, 151.6, 115.3, 114.9, 88.3,
88.2,84.2 (d, Jc.r = 3.4 Hz), 82.6 (d, Jc.r = 8.6 Hz), 74.4 (d, Jc.r = 5.5 Hz), 71.5 (d, Jc.r = 4.9 Hz),
71.1, 69.4, 65.2 (d, Je.r = 5.1 Hz), 61.4, 20.5, 20.5, 11.3, 11.2. *'P NMR (202 MHz, D-0) & -0.61.
HRMS-ESI m/z calcd. for C24H32N10012 P [M-H] 683.1944. found 683.1948.

0-((2R,3S,4R,5R)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl) O-(((2R,3S,4R,5R)-5-(2,4-diox0-3,4-dihydropyrimidin-
1(2H)-yl)-3.,4-dihydroxytetrahydrofuran-2-yl)methyl) phosphorothioate (Compound 8f,
Gp(SRpr)U)
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8f was obtained following the general procedure F, while the scale was 0.04 mmol. After purification
by column chromatography (C18 Spherical silica) using MeCN/ TEAA buffer (pH = 7.0) as the
cluents, 8f was obtained as a white solid (27.0 mg, 61%). mp 208.7-216.5 °C. [a]5 -14.24 (c 0.148,
H>0). This was followed by exchange of the counterions [Amberlite IR120 (Na")], in order to
improve the solubility of the product in D,O and simplify the NMR spectrum. '"H NMR (400 MHz,
D;0) 6 7.97 (d,J=8.1 Hz, 1H), 5.92 (d, /= 3.7 Hz, 1H), 5.88 (d, /= 8.1 Hz, 1H), 5.83 (d, /= 6.2
Hz, 1H), 5.11-4.99 (m, 2H), 4.48 (q, J = 2.8 Hz, 1H), 4.41-4.20 (m, 5H), 3.92-3.91 (m, 2H), 2.90-
2.70 (m, 2H), 1.27 (t,J="7.5 Hz, 3H). 3C NMR (126 MHz, D;0) § 165.9, 157.9, 153.0, 152.7, 151.6,
151.4,141.7,115.2, 102.4, 88.9, 88.4, 85.0, 83.0 (d, Jc.r=9.3 Hz), 75.4, 73.8, 71.3 (d, Jc.r = 5.8 Hz),
69.7, 64.8 (d, Jc.r = 6.0 Hz), 61.8, 20.6, 11.1.3'P NMR (202 MHz, D,0) § 56.32. HRMS-ESI m/z
calcd. for C21H27N7012PS [M-H] 632.1182. found 632.1176.

0-((2R,3S,4R,5R)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-yl)-4-hydroxy-2-
(hydroxymethyl)tetrahydrofuran-3-yl) O-(((2R,3S,4R,5R)-5-(2,4-diox0-3,4-dihydropyrimidin-
1(2H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl) phosphorothioate (Compound 8f’,
Gp(SSp)U)
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8f” was obtained following the general procedure F. After purification by column chromatography
(C18 Spherical silica) using MeCN/TEAA buffer (pH = 7.0) as the eluents. 8f” was obtained as a
white solid (28.2 mg, 64%). mp 199.4-206.2 °C. [a]5 -40.48 (c 0.0840, H,0). This was followed by
exchange of the counterions [Amberlite IR120 (Na")], in order to improve the solubility of the product
in D>0 and simplify the NMR spectrum. 'H NMR (400 MHz, D;0) § 7.97 (d, J = 8.1 Hz, 1H), 5.93
(d, J=3.4 Hz, 1H), 5.85-5.83 (m, 2H), 5.87-5.80 (m, 1H), 5.08-5.02 (qt, J = 8.2, 3.7 Hz, 2H), 4.46
(q,J/=2.8 Hz, 1H), 4.38-4.35 (m, 2H), 4.35-4.18 (m, 3H), 3.98-3.82 (m, 2H), 2.91-2.72 (m, 2H), 1.28
(t, J = 7.5 Hz, 3H). 3*C NMR (101 MHz, D,0) § 166.0, 158.0, 153.1, 152.8, 151.6, 151.5, 141.7,
115.3, 102.4, 88.9, 88.3, 84.8, 82.9 (d, Jc.r=9.4 Hz), 75.2 (d, Jc.r = 5.7 Hz), 73.8, 71.2 (d, Jc.p = 5.1
Hz), 69.6, 64.9 (d, Jc.r = 5.4 Hz), 61.8, 20.6, 11.1. *'P NMR (202 MHz, D-0) § 56.25. HRMS-ESI
m/z calcd. for C21H27N7012PS [M-H] 632.1182. found 632.1186.

(2R,3S,5R)-5-(2-amino-8-ethyl-6-0x0-1,6-dihydro-9H-purin-9-yl)-2-
(hydroxymethyl)tetrahydrofuran-3-yl (((2R,3S,5R)-3-hydroxy-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)tetrahydrofuran-2-yl)methyl) phosphate (Compound 8g)
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8g was obtained following the general procedure G. After purification by column chromatography
(C18 Spherical silica) using MeCN/TEAA buffer (pH = 7.0) as the eluents. 8¢ was obtained as a white
solid (25.3 mg, 60 %). mp 238.5-239.0 °C. [a]5 21.33 (c 0.0375, MeOH). '"H NMR (400 MHz, D,0)
07.51 (s, 1H), 6.22 (q,J=9.7, 8.4 Hz, 2H), 5.00-4.99 (m, 1H), 4.67-4.62 (m, 1H), 4.30-4.29 (m, 1H),
4.25-4.17 (m, 1H), 4.12-4.06 (m, 2H), 3.90-3.84 (m, 2H), 2.97 (ddd, J = 14.4, 9.0, 5.8 Hz, 1H), 2.83
(qd, J=17.7, 3.6 Hz, 2H), 2.69 (dd, J = 13.6, 6.3 Hz, 1H), 2.40 (dt, J = 14.5, 7.3 Hz, 1H), 2.32-2.26
(m, 1H), 1.77 (s, 3H), 1.28 (t, J = 7.5 Hz, 3H). 3C NMR (176 MHz, D;0) § 165.5, 158.3, 152.9,
152.8, 151.6, 151.3, 137.5, 115.5, 111.1, 86.4 (d, Jc.r = 9.9 Hz), 84.9, 84.1 (d, Jc.r = 9.7 Hz), 83.8,
77.0 (d, Jc.r = 6.2 Hz), 69.2, 64.0 (d, Jc.r = 5.1 Hz), 62.1, 38.7, 37.9, 20.4, 11.2, 11.0. *'P NMR (202
MHz, D20) & -0.95. HRMS-ESI m/z calced. for C22H31N701,P [M+H]" 600.1814. found 600.1807.

((2R,3S,5R)-5-(2-amino-8-ethyl-6-0xo0-1,6-dihydro-9H-purin-9-yl)-3-hydroxytetrahydrofuran-
2-y)methyl (2R,3S,5R)-2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-
1(2H)-yl)tetrahydrofuran-3-yl) phosphate (Compound 8h)

o

T

HO. N" 70
o
o

0 N
¥ NH
, oo e |
HNEt; O NTONT O NH,
o

OH

8h was obtained following the general procedure G. After purification by column chromatography
(C18 Spherical silica) using MeCN/ TEAA buffer (pH = 7.0) as the eluents. 8h was obtained as a
white solid (25.0 mg, 60 %). mp 217.4-222.1 °C. [a]5 5.87 (¢ 0.375, H,0). '"H NMR (400 MHz, D-0)
0 7.49 (s, 1H), 6.27 (t, J = 7.1 Hz, 1H), 6.15-6.11 (m, 1H), 4.73-4.66 (m, 2H), 4.24-4.09 (m, 3H),
4.00-3.99 (m, 1H), 3.59-3.45 (m, 2H), 3.24-3.17 (m, 1H), 2.86 (q, /= 7.6 Hz, 2H), 2.47 (dd, J=13.9,
5.9 Hz, 1H), 2.41-2.32 (m, 1H), 2.05-1.98 (m, 1H), 1.87 (s, 3H), 1.29 (t, J= 7.5 Hz, 3H). *C NMR
(176 MHz, D>0) & 166.3, 158.2, 153.0, 152.8, 152.4, 151.4, 136.9, 115.0, 111.6, 85.6 (d, Jc-r = 6.3
Hz), 84.9 (d, Jc.r = 9.3 Hz), 84.8, 83.4, 75.8 (d, Jc.r = 6.0 Hz), 70.3, 65.2 (d, Jc.r = 5.3 Hz), 61.0,
37.3, 36.6, 20.7, 11.6, 11.2. 3'P NMR (202 MHz, D;0) & -0.92. HRMS-ESI m/z calcd. for
C22H20N7Na,O 1P [M+2Na]" 644.1453. found 644.1451.
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c-di-GMP
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General procedure H (0.04 mmol scale): To a 10 mL Schlenk tube containing a Teflon stir bar was
charged with cyclic-dinucleotides (0.04 mmol, 1.0 equiv.), ethylboronic acid (0.16 mmol, 4.0 equiv.),
MesAcr (0.0002 mmol, 0.05 equiv.), (NH4)2S205g (0.08 mmol, 2.0 equiv.), catechol (0.04 mmol, 1.0
equiv.), 0.2 mL CH3CN and 0.2 mL H>O, and trifluoroacetic acid (0.04 mmol, 1.0 equiv.) sequentially.
The Schlenk tube was sealed with a rubber plug and taped, utilizing the freeze-pump-thaw (FPT)
method for deaeration. The reaction system was exposed to 10 W white or blue LED at 10 °C for 24
h, monitoring the progress of the reaction by the liquid chromatography-mass spectrometry (LC-MS).
The mixture was concentrated under reduced pressure, and the crude product was purified by silica
gel flash column chromatography (C18 Spherical silica) using MeCN/TEAA buffer as eluents to give
the pure product.

9,9'-(2R,3R,3aS,7aR,9R,10R,10aS,14aR)-3,5,10,12-tetrahydroxy-5,12-dioxidooctahydro-
2H,7H-difuro[3,2-d:3',2'-j][1,3,7,9] tetraoxa[2,8]diphosphacyclododecine-2,9-diyl)bis(2-amino-
8-ethyl-1,9-dihydro-6H-purin-6-one) (Compound 8i)
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8i was obtained following the general procedure H. After purification by column chromatography
(C18 Spherical silica) using TEAA buffer (pH=7.0)/MeCN as the eluents, 8i was obtained as a white
solid (15.8 mg, 53%). mp >300 °C. [a]> 21.429 (c 0.056, MeOH). *H NMR (700 MHz, D,0) 55<C,
3 6.16 (s, 2H), 5.50-5.43 (m, 4H), 4.62-4.57 (m, 4H), 4.43-4.40 (m, 2H), 3.47 (q, J = 7.3 Hz, 4H),
1.60 (t, J = 6.9 Hz, 6H). 3C NMR (176 MHz, D,0) § 158.8, 153.7, 153.6, 152.9, 115.4, 89.1, 75.8
(dd, Je-r = 9.5, 7.6 Hz), 72.6 (d, Jc.p = 5.3 Hz), 71.3, 63.1 (d, Jc.r = 5.3 Hz), 47.1, 20.9. 3'P NMR
(283 MHz, D20) 6 -0.26. HRMS-ESI m/z caled. for C2sH31N10014P2 [M-H]" 745.1502. found
745.1513.
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Guanosine monophosphate, guanosine diphosphate, and guanosine triphosphate

((2R,3S,4R,5R)-5-(2-amino-8-ethyl-6-0xo0-1,6-dihydro-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl tetrahydrogen mono-phosphate (Compound 8j)

>
8j was obtained following the general procedure D, while the reaction was irradiated by the 36 W
blue LED. After purification by column chromatography (C18 Spherical silica) using 10 mM
NH4HCOs (aq.)/MeCN as the eluents, 8j was obtained as a white solid (20.3 mg, 52%). '"H NMR
(400 MHz, D20O) 6 5.77 (d, J = 6.4 Hz, 1H), 5.14 (t, /= 6.1 Hz, 1H), 4.50 (dd, /= 5.8, 3.6 Hz, 1H),
4.20 (q, J = 4.5 Hz, 1H), 4.16-4.05 (m, 2H), 2.79 (q, J = 7.5 Hz, 2H), 1.24 (t, J = 7.5 Hz, 3H). 13C
NMR (101 MHz, D20) § 156.5, 153.9, 153.3, 151.6, 110.7, 88.1, 84.0 (d, Jc.r = 8.7 Hz), 70.9, 69.9,
64.5 (d, Je.r = 4.9 Hz), 20.2, 10.9.*'P NMR (162 MHz, D,0) & 0.52 (s, 1P). HRMS-ESI m/z calcd.
for C12H17NsOgP [M-H] 390.0820. found 390.0832.

[o]

N NH MesAcr (5 mol%), o
0 < (NH,),8,05 (2.0 equiv.), N NH
704 o NTNTNH, catechol (1.0 equiv.),
o /nl_o +  Et—B(OH), ’o%':\'?o NTSNT O NH,
MeCN:10 mM NH4HCOj3 (1:1),
OH OH 36 W blue LED light
rt., 16 hours OH OH

General procedure I (0.025 mmol scale): To a 10 mL Schlenk tube containing a Teflon stir bar was
charged with guanosine diphosphate disodium salt or guanosine triphosphate disodium salt (0.025
mmol), alkylboronic acid (0.1 mmol, 4.0 equiv.), MesAcr (0.00125 mmol, 0.05 equiv.), (NH4)2S20s
(0.05 mmol, 2.0 equiv.), catechol (0.025 mmol, 1.0 equiv.), and 0.125 mL CH3CN and 0.125 mL
aqueous 10 mM NH4HCOjs sequentially. The Schlenk tube was sealed with a rubber plug and taped,
utilizing the freeze-pump-thaw (FPT) method for deaeration. The reaction system was exposed to 85
W white light for 16 h, monitoring the progress of the reaction by the liquid chromatography-mass
spectrometry (LC-MS). The mixture was concentrated under reduced pressure, and the crude product
was purified by Semi-PrepHPLC using 0.1M TEAB/ 0.1M TEAB as eluents to give the pure product.

(2R,3S,4R,5R)-5-(2-amino-8-isopropyl-6-oxo-1,6-dihydro-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl tetrahydrogen diphosphate (Compound 8Kk)
o o Et%}‘ [N

i T N 7
HO—p—0-P-0 N7 ONH,
OH OH o

OH OH

8k was obtained following the general procedure I. After purification by column chromatography
(Semi-PrepHPLC) using 0.1M TEAB/ 0.1M TEAB in 20% MeCN as the eluents, 8k was obtained as
a white solid (6.0 mg, 51%). '"H NMR (400 MHz, D,0) 6 5.92 (d, J= 6.2 Hz, 1H), 5.17 (t,J=5.9 Hz,
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1H), 4.67-4.56 (m, 1H), 4.34-4.27 (m, 1H), 4.26-4.19 (m, 2H), 3.10 (q, J = 7.6 Hz, 2H), 1.37 (t, J =
7.5 Hz, 3H). 3C NMR (101 MHz, D,0) & 158.4, 153.4, 153.1, 152.8, 114.9, 87.8, 83.3 (d, Jc.r = 8.3
Hz), 70.8, 69.9, 64.6 (d, Je.p = 4.5 Hz), 20.6, 11.3.'P NMR (162 MHz, D,0). >'P NMR (162 MHz,
D,0) § -10.87 (d, J = 20.5 Hz), -11.39 (d, J = 20.4 Hz). HRMS-ESI m/z calcd. for C12H1sNsO11P2
[M-H] 470.0484. found 470.0468.

((2R,3S,4R,5R)-5-(2-amino-8-isopropyl-6-oxo-1,6-dihydro-9H-purin-9-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)methyl tetrahydrogen triphosphate (Compound 81)

OH OH

81 was obtained following the general procedure I. After purification by column chromatography
(Semi-PrepHPLC) using 0.1M TEAB/ 0.1M TEAB in 20% MeCN as the eluents, 81 was obtained as
a white solid (6.0 mg, 43%). 'H NMR (400 MHz, D,0) 6 5.89 (d, J= 6.5 Hz, 1H), 5.26 (t,J= 6.0 Hz,
1H), 4.62 (s, 1H), 4.29 (s, 3H), 3.28-3.22 (m, 1H), 1.48-1.28 (m, 6H). *C NMR (101 MHz, D,0) &
160.9, 159.6, 155.6, 155.2, 117.5, 90.0, 85.9, 73.1, 72.4, 67.7, 28.8, 23.2, 22.4.3'P NMR (162 MHz,
D»0) 6 -5.69 (d, J = 19.5 Hz, 1P), -10.76 (d, J = 18.7 Hz, 1P), -21.29 (t, J = 19.1 Hz, 1P). HRMS-
ESI m/z calcd. for C13H2:1NsO14P3 [M-H] 564.0287. found 564.0276.
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6. Applications of the methodology regarding nucleosides

Gram-scale synthesis of alkylated nucleoside

o o

N MesAcr (5 mol%) N
NH NH
< P (NHy4)2S,0g (2.0 equiv.) et— || L
NTSNTONH, + Et—B(OH), N7 >N NH,
TFA (1.0 equiv.), catechol (1.0 equiv.) HO
MeCN:H,0, 85 W white light, 24 h
OH OH OH OH

1.0 equiv.
6.0 mmol

HO.
)

4.0 equiv.
1a 2a 3a

1.6 g (90%)

To verify the practicability of the current protocol for the synthesis of nucleobase-functionalized

nucleosides, the reaction was scale up to 1.0 g (6.0 mmol). The desired product (3a) was obtained in
90% yield (1.6 g, 5.2 mmol).

To a 10 mL Schlenk tube containing a Teflon stir bar was charged with Guanosine (6.0 mmol, 1.0
equiv.), ethylboronic acid (24.0 mmol, 4.0 equiv.), MesAcr (0.3 mmol, 0.05 equiv.), (NH4)2S205 (12.0
mmol, 2.0 equiv.), catechol (6.0 mmol, 1.0 equiv.), 30 mL CH3CN and 30 mL H>O, and trifluoroacetic
acid (6.0 mmol, 1.0 equiv.) sequentially. The Schlenk tube was sealed with a rubber plug and taped,
utilizing the freeze-pump-thaw (FPT) method for deaeration. The reaction system was exposed to 85
W white light for 24 h, monitoring the progress of the reaction by thin layer chromatography (TLC)
(DCM/MeOH = 5/1) or the liquid chromatography-mass spectrometry (LC-MS). The mixture was
concentrated under reduced pressure, and the crude product was purified by silica gel flash column

chromatography (C18 Spherical silica) using MeOH/H»O as eluents to give the pure product.
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Sequential functionalization of G with radical alkylation and reductive amination reaction '8!

Pathway A

Et—B(OH), o
o N 0.
NHMQSSAE)r (52n;ol/o)_ B ﬁf Noos
(NH,),S204 (2.0 equiv.) NN NH, NaBH,CN (6.0 equiv.)
HO.
) TFA (1.0 equiv.), o H,0 (0.1 M), r.t.
N catechol (1.0 equiv.)
h) NH g 81%
< . MeCN:H,0, 85 W white light, 24 h OH OH o
HO NTNTNH, Gram-scale 3a
o} ] 90%
OH OH o] Et—B(OH),
[o)
1a SN /N NH MesAcr (5 mol%)
6.0 mmol NaBH;CN (6.0 equiv.) <N ‘ N/)\N/\/ (NH,),S,04 (2.0 equiv.)
H,0 (0.1 M), rt. HO. o H TFA (1.0 equiv.),
catechol (1.0 equiv.)
85% o OH MeCN:H,0, 85 W white light, 24 h

9 61%
Pathway B

Supplementary Figure 23. Sequential functionalization of G

Pathway A

The method of synthesis compound 3a have mentioned before. Next, the compound 3a (0.06 mmol,
1.0 equiv.) was dissolved in water (0.6 mL, 0.1 M), and to these were added propionaldehyde (0.21
mL, 3.0 mmol, 50.0 equiv.) and sodium cyanoborohydride (22.0 mg, 0.36 mmol, 6.0 equiv.). This
solution was stirred vigorously at room temperature in a tightly capped vial, and the progress of the
reaction was monitored by TLC or LC-MS. The solvent was concentrated under the reduced pressure,
and the crude product was purified by silica gel flash column chromatography (C18 Spherical silica)
using MeOH/H>O as eluents to give the pure product. The desired product (10) was obtained in 81%
yield (17.1 mg).

Compound 10. mp 189.2-193.2 °C. [a]5 -4.06 (c 0.320, MeOH). '"H NMR (400 MHz, DMSO-ds) &
10.48 (s, 1H), 6.43 (t,J= 5.6 Hz, 1H), 5.58 (d, J= 5.8 Hz, 1H), 5.33 (d, J= 6.3 Hz, 1H), 5.10 (d, J =
5.3 Hz, 1H), 4.94-4.91 (m, 1H), 4.78 (t,J=5.8 Hz, 1H), 4.14 (d, J= 5.8 Hz, 1H), 3.82 (q, J=4.9 Hz,
1H), 3.64 (dt, J=10.6, 5.1 Hz, 1H), 3.50 (dt,J=11.7, 5.9 Hz, 1H), 3.19 (q, J = 6.6 Hz, 2H), 2.72 (qd,
J=17.,2.7Hz, 2H), 1.53 (h, J= 7.3 Hz, 2H), 1.22 (t, J = 7.4 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H). 1’C
NMR (126 MHz, DMSO-ds) & 156.5, 152.0, 151.5, 149.4, 115.6, 88.2, 85.0, 70.8, 70.4, 62.1, 42.3,
22.1,20.6, 11.9, 11.3. HRMS-ESI m/z calcd. for C15sH24N50s [M+H]" 354.1772. found 354.1774.

Pathway B
The guanosine (1.132 g, 4.0 mmol, 1.0 equiv.) was dissolved in water (40 mL, 150 mM), and to these

were added 50 equiv. of aldehyde and sodium cyanoborohydride (1.4976g, 24.0 mmol, 6.0 equiv.).

This solution was stirred vigorously at room temperature in a tightly capped glass bottle for the
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indicated time and then analyzed by TCL or LC-MS to monitor consumption of the starting material.
The solvent was concentrated under the reduced pressure, and the crude product was purified by flash
column chromatography (C18 Spherical silica) using MeOH/H»O as eluents to give the pure product.
The desired product (9) was obtained in 85% yield (1.1102 g).

Next, the compound 9 (0.1 mmol, 1.0 equiv.), ethylboronic acid (0.4 mmol, 4.0 equiv.), MesAcr
(0.005 mmol, 0.05 equiv.), (NH4)2S20s (0.2 mmol, 2.0 equiv.), catechol (0.1 mmol, 1.0 equiv.), and
trifluoroacetic acid (0.1 mmol, 1.0 equiv.) were dissolved in 0.5 mL CH3CN and 0.5 mL H>O and
under the protection of nitrogen (or argon). The reaction system was exposed to 85 W white light for
24 hours. The solvent was concentrated and the residue was purified by column chromatography (C18

Spherical silica) to give the pure products. The desired product (10) was obtained in 61 % yield (21.6
mg).

Compound 9. mp 130.8-145.8 °C. [a] -11.67 (c 0.360, MeOH). 'H NMR (400 MHz, DMSO-ds) &
10.66 (s, 1H), 7.93 (s, 1H), 6.58 (t, J= 5.6 Hz, 1H), 5.72 (d, /= 5.8 Hz, 1H), 5.45 (s, 1H), 5.29-5.11
(m, 1H), 4.96 (s, 1H), 4.54 (t, J=5.4 Hz, 1H), 4.13 (t, /J=4.2 Hz, 1H), 3.89 (q, /=4.1 Hz, 1H), 3.62
(dd, J=11.8,4.3 Hz, 1H), 3.58-3.47 (m, 1H), 3.24 (q, J = 6.6 Hz, 2H), 1.54 (q, J = 7.2 Hz, 2H), 0.90
(t,J=7.5Hz, 3H). 3C NMR (101 MHz, DMSO-ds) § 157.1, 152.8, 151.1, 136.4, 116.9, 87.0, 85.4,
73.4,70.7,61.8,42.3,22.1, 11.4. HRMS-ESI m/z calcd. for C13H19NsNaOs [M+Na]" 348.1278. found
348.1278
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Bioconjugate with Zidovudine and fluorescent molecular 12 via click reaction 345!

9 i
JI SUONH
H TH U A Ns o
ZN N0 N>
N HO_ “ ‘ ‘ O"S /
HO\ o Zidovudine, 2.0 equiv. ‘ o / ~
12 )
A
N3 2.0 equiv. 7
CuS04+5H,0 (0.16 equiv), CuS0,4+5H,0 (0.16 equiv), N
Sodium ascorbate (0.2 eugqiv.) Sodium ascorbate (0.2 eugqiv.) N // o
TBTA (O 1 equiv.) TBTA (0.1 equiv.) N
B — N NH
1
H,0:tBUOH = 1:1 H,0:BUOH = 1:1 N N/)\NH
N N NH, 87% 81% HO.
O.
OH OH
OH OH Pathway C Pathway D

11 13

Supplementary Figure 24. Bioconjugation of 3m

Pathway C

Zidovudine (26.7 mg, 0.1 mmol, 2.0 equiv.), compound 3m (17.5 mg, 0.05 mmol, 1.0 equiv.), copper
(IT) sulfate pentahydrate (2.0 mg, 0.008 mmol, 0.16 equiv.), sodium ascorbate (2.0 mg, 0.01 mmol,
0.2 equiv.), and the tris-(benzyltriazolylmethyl)amine (2.6 mg, 0.005, 0.1 equiv.) were dissolved in
0.5 mL rBuOH and 0.5 mL H>O. The solution was stirred vigorously at room temperature, and the
progress of the reaction was monitored by TLC or LC-MS. The solvent was concentrated under the
reduced pressure, and the crude product was purified by flash column chromatography (C18 Spherical
silica) using MeOH/H>O as eluents to give the pure product. The desired product (11) was obtained
in 87% yield (26.7 mg).

Compound 11. mp 194.8-195.0 °C. [a] -10.87 (c 0.0460, MeOH). '"H NMR (400 MHz, DMSO-dj)
5 11.33 (s, 1H), 10.65 (s, 1H), 8.09 (s, 1H), 7.91-7.78 (m, 1H), 6.41 (t, J = 6.6 Hz, 1H), 6.28 (s, 2H),
5.64 (d, J = 6.8 Hz, 1H), 5.43-5.29 (m, 2H), 5.27 (q, J = 5.3, 4.3 Hz, 1H), 5.14 (dd, J = 7.0, 4.7 Hz,
1H), 5.08 (d, J = 4.8 Hz, 1H), 4.77 (d, J = 6.2 Hz, 1H), 4.19 (dt, J = 5.8, 3.6 Hz, 1H), 4.09 (dt, J =
7.4,3.5 Hz, 1H), 3.86 (q, J = 4.0 Hz, 1H), 3.69 (dt, J = 12.8, 4.8 Hz, 1H), 3.66-3.58 (m, 2H), 3.51
(ddd, J=11.8,7.0,4.6 Hz, 1H), 2.77 (dt, J=18.7, 7.5 Hz, 5H), 2.62 (ddd, J = 14.2, 8.7, 6.4 Hz, 1H),
2.04 (p, J =7.4 Hz, 2H), 1.81 (s, 3H). 3C NMR (126 MHz, DMSO-ds) 5 163.8, 156.4, 152.9, 151.6,
150.5, 148.0, 146.8, 136.3, 121.6, 115.7, 109.6, 87.6, 85.7, 84.5, 83.9, 71.1, 70.6, 62.0, 60.8, 59.0,
37.1, 26.7, 26.7, 24.6, 12.3. HRMS-ESI m/z calcd. for CasH33Nj0O9 [M+H]" 617.2426. found
617.2427.

Pathway D

Compound 12 (20.1 mg, 0.1 mmol, 2.0 equiv.), compound 3m (17.5 mg, 0.05 mmol, 1.0 equiv.),
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copper (II) sulfate pentahydrate (2.0 mg, 0.008 mmol, 0.16 equiv.), sodium ascorbate (2.0 mg, 0.01
mmol, 0.2 equiv.), and the tris-(benzyltriazolylmethyl)amine (2.6 mg, 0.005 mmol, 0.1 equiv.) were
dissolved in 0.5 mL rfBuOH and 0.5 mL H>O. The solution was stirred vigorously at room temperature,
and the progress of the reaction was monitored by TLC or LC-MS. The solvent was concentrated
under the reduced pressure, and the crude product was purified by flash column chromatography (C18
Spherical silica) using MeOH/H-O as eluents to give the pure product. The desired product (13) was
obtained in 81% yield (22.2 mg).

Compound 13. mp 219.9-224.5 °C. [a]5 -6.58 (¢ 0.0760, MeOH). '"H NMR (400 MHz, DMSO-ds) &
10.64 (s, 1H), 8.79 (s, 1H), 7.97 (s, 3H), 6.47 (s, 1H), 6.30 (s, 2H), 5.67 (d, J = 6.8 Hz, 1H), 5.34 (d,
J=6.5Hz, 1H), 5.14 (t, /= 5.9 Hz, 1H), 5.09 (d, /=4.8 Hz, 1H), 4.78 (q, J = 6.1 Hz, 1H), 4.09 (s,
1H), 3.86 (q, /=3.9 Hz, 1H), 3.64 (dt, J=12.5, 4.4 Hz, 1H), 3.52 (dt, J=11.9, 5.5 Hz, 1H), 2.84 (d,
J =7.8 Hz, 4H), 2.48 (s, 3H), 2.14 (p, J = 7.5 Hz, 2H). 3C NMR (126 MHz, DMSO-d;) § 159.5,
156.4,153.7,152.9,152.8,151.6, 148.2,147.9, 138.7,127.2, 120.5, 119.2, 115.7, 115.3, 114.5, 107.2,
87.6,85.7,71.2,70.5,62.0,26.7,26.3,24.6, 18.1. HRMS-ESI m/z calcd. for C25sH26NsNaO7 [M+Na]"
573.1817. found 573.1815.
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Bioconjugate with the biotin alkyne via click reaction 5% 53!

o= HH
HN—~_ S o (Nﬁ!——'\
H HN—~ S
H
07 NH |
o7 NH
14 o LN
N
N o 2.0 equiv. LN o
N N CuS0,4+5H,0 (0.16 equiv), N NH
\_\_</ ‘ )N\H Sodium ascorbate (0.2 euqiv.) ¢ Py
Z TBTA (0.1 equiv. N7 N7 ONH
HO. NTNTONH, (01 equiv) HO. :
o H,0:BUOH = 1:1 o
OH OH isolated yield: 85% OH OH
(LC yield: 99%)
3n Pathway E 15

Supplementary Figure 25. Bioconjugation of 3n

Pathway E

Biotin alkyne (2.81 mg, 0.01 mmol, 2.0 equiv.), compound 3n (1.94 mg, 0.005 mmol, 1.0 equiv.),
copper (II) sulfate pentahydrate (0.2 mg, 0.0008 mmol, 0.16 equiv.), sodium ascorbate (0.2 mg, 0.001
mmol, 0.2 equiv.), and the tris-(benzyltriazolylmethyl)amine (0.26 mg, 0.0005, 0.1 equiv.) were
dissolved in 0.05 mL /BuOH and 0.05 mL H2O. The solution was stirred vigorously at room
temperature, and the progress of the reaction was monitored by LC-MS. The desired product (15) was
obtained in 99% LC-yield and 85% isolated yield. HRMS-ESI m/z calcd. for C2sH3sN1:07S [M+H]*
648.2671. found 648.2672.
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Supplementary Figure 26. HPLC-MS analysis of compound 15. (A) reverse-phase HPLC traces of compound 15
(C18 Spherical silica), and (B) mass spectrogram of compound 15 (MS-ESI).
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7. Microscale reactions with nucleosides/tides and oligonucleotide as substrate

7.1. Reaction setup for nucleosides and dinucleotides

Supplementary Figure 27. Reaction setup of oligonucleotides

(@) 5 mL Schlenk tube was used (LH LABWARE). The tube was plugged with a rubber plug and sealed

with tape to maintain the satisfactory air tightness.
(b) The vial was irradiated with one 85W white light and was placed about 1-2 cm away from the light.
Cooling fan was utilized to maintain the reaction temperature at room temperature.

(c) This device is designed for oligonucleotide reactions that are relatively stable to temperature.
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Supplementary Figure 28. Reaction setup of oligonucleotides
(@ 10 mL Schlenk tube was used (LH LABWARE). The tube was plugged with a rubber plug and sealed
with tape to maintain the satisfactory air tightness.
(b) The vial was irradiated with one 10W white LED (ROGER, Multi-channel parallel photocatalytic
reaction system). Low temperature coolant circulation pump (BiLon) was utilized to maintain the
reaction temperature at about 10 degrees Celsius.
(c) These empty tubes are designed to minimize the accumulation of condensed water in the photoreactor.

(d) This device is designed for oligonucleotide reactions that are relatively NOT stable to temperature.
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7.2. Optimization of microscale reaction conditions

Supplementary Table 17. Equivalent of the ethylboric acid, catechol, (NH4)2S20s, TFA, and
MesAcr screening. »b

o o

Nﬁ MesAcr, (NHy4),S,0, Nﬁ
NH " 4)292Y8 NH
! e |

hol, TFA
<N A A Et—B(OH), catechol, " Py

P
N~ "NH, N™ "NH;
MeCN:H,0, HO.
85 W white light,16 h
OH OH OH OH
1a 2a 3a

1.0 equiv.
100 nmol

HO.

) )

Entry Et-B(OH): Catechol [O] TFA MesAcr Recovery (%) Yield (%)

1 4 1 2 1 0.05 100 0
2 40 10 20 10 0.5 100 0
3 200 50 100 50 2.5 51 49
4 400 100 200 100 5 11 89
5 400 100 200 100 2.5 4 96
6 400 100 200 100 1 8 92
7 400 100 200 100 0.5 5 95
8 400 100 200 100 0.1 26 74
9 400 100 200 100 / 65 35
10 400 100 200 50 0.5 12 88
11 400 100 200 25 0.5 22 78
12 400 100 200 / 0.5 53 47
13 400 100 100 50 0.5 16 84
14 400 100 50 50 0.5 66 34
15 400 100 10 50 0.5 86 14
16 400 100 / 50 0.5 / /
17 400 50 200 50 0.5 45 55
18 400 0 200 50 0.5 0 0
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19 200 100 200 50 0.5 45 55

20 100 100 200 50 0.5 100 0

21 4 100 200 50 0.5 100 0

2 Condition: Guanosine (100 nmol), MeCN (0.25 mL), H,O (0.25 mL), 85 W white light. ® Yields were

determined by LC-MS.
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8. Substrate scope study for microscale reactions with nucleosides/tides and oligonucleotide as
substrate

General procedure of C8-H alkylation of nucleoside/tide substrates and RNA/DNA

oligonucleotide

SM A B [ D E

catechol MesAcr trifluoroacetic acid (NHy4)2S,0¢
(27.5mgin 1 mL MeCN, (1.0 mgin1mLMeCN, (7.7 uLin 200 uL H,0,  (45.6 mgin 100 uL H,0,
1.0 M) 0.005 M) 0.5 M) 2.0 M)

alkylboronic acids

Step 1 and points: Solution preparation:

A: ethylboronic acid (4.0 M).

B: catechol (27.5 mg in 1.0 mL MeCN, 1.0 M).

C: MesAcr (1.0 mg in 1.0 mL MeCN, 0.005 M).

D: trifluoroacetic acid (7.7 puL in 200 pL H>0, 0.5 M).
E: (NH4)2S205 (45.6 mg in 100 uL. H20, 2.0 M).

System (1): SM: guanosine
SM: 28.6 mg guanosine in 20 mL H>O (0.005 M)
System (2): SM: oligonucleotides
DEPC water (RNA enzyme and DNA enzyme free) was used instead of H>O;
SM: dissolving the sub packed RNA/DNA Oligonucleotide (100 nmol) with 90 p L (30 p

L*3 times) DEPC water.

\ .
2 | g ’
\ ’
Sequence: 1 2 3 4 5 6 7 8 \ \

H,0 MeCN SM A B Cc D E

Pipette volume: x pL y uL zpL 10 pL 40 pL 20 pL 10 pL 10 pL

Step 2 and points: the way of adding reagents solution
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Sequence: 1) Water for constant volume (x pL); 2) MeCN for constant volume (y pL); 3) A ; 4)
B;5)C;6)D;7)E.

Device: 5 mL Schlenk tube containing a Teflon stir bar, seal with rubber plugs, and wrap with
tape to prevent air leakage.

Ensuring the total amount of H>O (or DEPC water) and acetonitrile is 250 mL respectively in
the end.

The time from adding various solvents to freezing and vacuuming the reaction system should
not exceed about 10 minutes.

System (1): SM: guanosine

x =200
y=190
z=20

System (2): SM: oligonucleotides

x =130
y =190
z=90

Step 3 and points:

After this, use liquid nitrogen to freeze the reaction solution, use Schlenk Line and oil pump to
vacuum the Schlenk tube, and then replace it with inert gas. The time from adding various
solvents to freezing and vacuuming the reaction system should not exceed about 10 minutes.
The reaction system was exposed to 85 W white light after thawing (as shown in

Supplementary Figure 27). The yield and recovery of the reaction was detected by LC-MS.
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8.1. Substrate scope of C—H alkylation of guanosine and RNA oligonucleotides

Supplementary Table 18. Substrate scope of C—H ethylation of the guanosine and RNA
oligonucleotides ?

Et—B(OH),

o o
MesAcr, (NH4),S,0,
esAcr, (NH4),S20g NH

N NH Catechol, TFA N
< . E‘%N Py

P
NTONTONH, MeCN:H,0, %
)\/\ 85W white light, 16 h )\/\

Oligonucleotides Caled
alca.
Entry & Yield [%] ° Exptl. m/z (MALDI-FTMS)
Exact mass
Sequence
G -
1 “a'g’sme 99 ¢ 311.1230 [M-H] = 312.1309 ¢
GpA
2 P 71°¢ 640.1755 [M-+Na]" = 663.1656 ¢
5-GA-3'
GpG i d
3 59¢ 684.2017 [M-H] = 683.1948
5'-GG-3'
GpC i p
4 66 © 616.1643 [M-H] = 615.1554
5-GC-3'
ON1
5 78 1839.2814 [M+H]* = 1840.31214
5-GUUUCC-3'
ON2
6 71 1839.2814 [M+H]* = 1840.28383
5-UUUGCC-3'
ON3
7 80 1839.2814 [M+H]" = 1840.29030
5-UUUCCG-3'
ON 4
8 78 1862.3087 [M+H]" = 1863.31278
5-GUUACC-3'
ON 5
69 1862.3087 [M+H]* = 1863.31867
5-AUUGCC-3'
ON 6
10 63 2168.3340 [M+H]* =2169.36146
5-GCUAUCU-3'
ON 7
11 73 2474.3593 [M+H]* = 2475.35981
5-GUUACCUU-3'
ON 8
12 74 2779.4006 [M+H]" =2780.42431

5-GUUACCUCU-3'

? Condition: Oligonucleotide (100 nmol), ethylboronic acid (400.0 equiv.), MesAcr (50 mol%), (NH4)2S20s (200.0
equiv.), TFA (50.0 equiv.), and catechol (100.0 equiv.) in MeCN (0.25 mL), H,O (0.25 mL), irradiated by 85 W
white light at r.t. for 16 h. P Yields were determined by LC-MS and used the analytical method B. © Yields were
determined by LC-MS and used the analytical method A. 9 The mass data was collected by using HRMS.
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RP-HPLC profiles of RNA oligonucleotides

mV
5007 Detector A Ch1
| sMm
1 (A) || Guanosine
250 “
] |
(|
0 J\
| ® p | oo
100—, [\Imermcdiat |
- |
] i ‘
n; — g_jj u L/J B A
] (C
1000-| © ﬂ P
| /l
0] J L
(D) |{\ Catechol
] \ \5
N- _} kJ__»—-——
- |
100 § ( ) ||\| Catechol
: Intermediate HI
0t . S Y I\QL_,‘ATAI,{\L__I_ —
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min

Supplementary Figure 29. Reverse-phase HPLC traces of (A) the starting material (Guanosine), (B) the reaction

mixture following catechol-promoted photoredox C—H alkylation of Guanosine with ethyl boronic acid, (C) the

corresponding ethylated product was used as a standard sample, (D) the catechol, and (E) the reaction system is the

absence of the starting material.
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Detector A Ch1
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Supplementary Figure 30. Reverse-phase HPLC traces of (A) the starting material (GpA), (B) the reaction mixture
following catechol-promoted photoredox C—H alkylation of GpA with ethyl boronic acid, (C) the corresponding

ethylated product was used as a standard sample, and (D) the catechol.
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Supplementary Figure 31. Reverse-phase HPLC traces of (A) the starting material (GpC), (B) the reaction mixture

following catechol-promoted photoredox C—H alkylation of GpC with ethyl boronic acid, (C) the corresponding

ethylated product was used as a standard sample, (D) the catechol, (E) the catechol and the intermediate that

prepared by mixing the catechol and ethyl boronic acid, and (F) the reaction system is the absence of the starting

material.
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Supplementary Figure 32. Reverse-phase HPLC traces of (A) the starting material (GpG), (B) the reaction mixture

following catechol-promoted photoredox C—H alkylation of GpG with ethyl boronic acid, (C) the corresponding

ethylated product was used as a standard sample, (D) the catechol, (E) the catechol and the intermediate that

prepared by mixing the catechol and ethyl boronic acid, and (F) the reaction system is the absence of the staringt

material.
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Supplementary Figure 33. Reverse-phase HPLC traces of (A) ON 1_a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 1 with ethyl boronic acids, (C)

the catechol, and (E) the catechol and the intermediate that prepared by mixing the catechol and ethyl boronic acid.
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Supplementary Figure 34. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 1. Mass spectrum (MS) of desire product after ethylation of ON 1.
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Supplementary Figure 35. Reverse-phase HPLC traces of (A) ON 2_a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 2 with ethyl boronic acids,
and (C) the catechol.
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Supplementary Figure 36. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 2. Mass spectrum (MS) of desire product after ethylation of ON 2.
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Supplementary Figure 37. Reverse-phase HPLC traces of (A) ON 3_a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 3 with ethyl boronic acids,
and (C) the catechol.
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Supplementary Figure 38. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 3. Mass spectrum (MS) of desire product after ethylation of ON 3.
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Supplementary Figure 39. Reverse-phase HPLC traces of (A) ON 4_a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 4 with ethyl boronic acids,
and (C) the catechol.
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Supplementary Figure 40. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 4. Mass spectrum (MS) of desire product after ethylation of ON 4.
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Supplementary Figure 41. Reverse-phase HPLC traces of (A) ON 5_a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 5 with ethyl boronic acids, (C)

the catechol, and (D) the catechol and the intermediates that prepared by mixing the catechol and ethyl boronic acid.
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Supplementary Figure 42. Identification of G modification by MALDI-FTMS analysis of the reaction system of

ON 5. Mass spectrum (MS) of desire product after ethylation of ON 5.
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Supplementary Figure 43. Reverse-phase HPLC traces of (A) ON 6_a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 6 with ethyl boronic acids, (C)

the catechol, and (D) the catechol and the intermediate that prepared by mixing the catechol and ethyl boronic acid.
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Supplementary Figure 44. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 6. Mass spectrum (MS) of desire product after ethylation of ON 6.
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Supplementary Figure 45. Reverse-phase HPLC traces of (A) ON 7_a prepared by solid-phase RNA synthesis,

(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 7 with ethyl boronic acids, (C)

the catechol, and (D) the catechol and the intermediate that prepared by mixing the catechol and ethyl boronic acid.
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Supplementary Figure 46. Identification of G modification by MALDI-FTMS analysis of the reaction system of

ON 7. Mass spectrum (MS) of desire product after ethylation of ON 7.
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Supplementary Figure 47. Reverse-phase HPLC traces of (A) ON 8 a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 8 with ethyl boronic acids, (C)

the catechol, and (D) the catechol and the intermediate that prepared by mixing the catechol and ethyl boronic acid.
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Supplementary Figure 48. Identification of G modification by MALDI-FTMS analysis of the reaction system of

ON 8. Mass spectrum (MS) of desire product after ethylation of ON 8.
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Supplementary Table 19. Substrate scope of C—H alkylation of the RNA oligonucleotides with

diverse types of free radical precursors

R—B(OH),

R—Bpin
[e} o
MesAcr, (NH,4),S,0g

N N
NH it NH
H— </ | catechol, TFA, additive R </ ‘
N N N N

_ P
)\/N\NHZ MeCN:H,0, light )\/N\NHZ

Oligonucleotides Caled
alca.
Entry & Yield [%] Free radical precursors Exptl. m/z (MALDI-FTMS)
Exact mass
Sequence
ON5
a ® - =
1 5 AUUGCC-3' 59 nPr-B(OH); 1876.3243 [M+H]* = 1877.31866
ON5 .
b e - + =
2 5-AUUGCC-3' 31 N3(CH2)s-Bpin 1917.3257 [M+H]* = 1918.30266
ON 5
C e - + =
3 5 AUUGCC-3' 57 Cyclobutyl-B(OH). 1888.3243 [M+H]* = 1889.30149
49 ON 5 63" Cyclopentyl-B(OH 1902.3400 M-+H]* = 1903.33673
5. AUUGCC-3" yclopentyl-B(OH). [ ]

2 Condition: Oligonucleotide (100 nmol), alkylboronic acid (400.0 equiv.), MesAcr (50 mol%), (NH4)>S20s (200.0
equiv.), TFA (50.0 equiv.), and catechol (100.0 equiv.) in MeCN (0.25 mL), H,O (0.25 mL), irradiated by 85 W
white light at r.t. for 24 h. » Condition: Oligonucleotide (100 nmol), alkylpinacolyl boronate esters (400.0 equiv.),
MesAcr (50 mol%), (NH4)2S,05 (200.0 equiv.), TFA (50.0 equiv.), catechol (100.0 equiv.), and methylboronic acid
(400.0 equiv.) in MeCN (0.25 mL), H>O (0.25 mL), irradiated by 85 W white light at r.t. for 16 h. ¢ Condition:
Oligonucleotide (100 nmol), alkylboronic acid (200.0 equiv.), MesAcr (50 mol%), (NH4)>S>0s (200.0 equiv.), TFA
(50.0 equiv.), and catechol (50.0 equiv.) in MeCN (0.25 mL), H,O (0.25 mL), irradiated by 10 W white LED at
10°C for 16 h. 4 Condition: Oligonucleotide (100 nmol), alkylboronic acid (400.0 equiv.), MesAcr (50 mol%),
(NH4)2S205 (200.0 equiv.), TFA (50.0 equiv.), and catechol (100.0 equiv.) in MeCN (0.25 mL), H,O (0.25 mL),
irradiated by 10 W white LED at 4°C for 16 h. ¢ Yields were determined by LC-MS and used the analytical method
B. f'Yields were determined by LC-MS and used the analytical method C.
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RP-HPLC profiles of RNA oligonucleotides with diverse types of free radical precursors
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Supplementary Figure 49. Reverse-phase HPLC traces of (A) ON 5_a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 5 with N-propyl boronic acids,
and (C) the catechol.
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Supplementary Figure 50. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 5. Mass spectrum (MS) of desire product after N-propylization of ON 5.
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Supplementary Figure 51. Reverse-phase HPLC traces of (A) ON 5_a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 5 with compound 2n” (P:
compound 18), and (C) the catechol.
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Supplementary Figure 52. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 5. Mass spectrum (MS) of desire product after alkylation of ON 5.
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Supplementary Figure 53. Reverse-phase HPLC traces of (A) ON 5_a prepared by solid-phase RNA synthesis,

(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 5 with cyclobutyl boronic
acids, and (C) the catechol.
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Supplementary Figure 54. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 5. Mass spectrum (MS) of desire product after cyclobutylation of ON 5.
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Supplementary Figure 55. Reverse-phase HPLC traces of (A) ON 5_a prepared by solid-phase RNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 5 with cyclopentyl boronic
acids, and (C) the catechol.
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Supplementary Figure 56. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 5. Mass spectrum (MS) of desire product after cyclopentanylation of ON 5.
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8.2. Substrate scope of C—H ethylation of ssDNA oligonucleotides

Supplementary Table 20. Substrate scope of C—H ethylation of the ssDNA oligonucleotides ?

Et—B(OH),

o

[o}

Yoo G e
NTONTNH, MeCN:H,0, NTONT N,
lighet,16 h
Oligonucleotides
. Calcd.
Entry & Yield [%] © Exptl. m/z (MALDI-FTMS)
Exact mass
Sequence
dGpT
1P P 7049 599.1741 [M+H]" = 600.1807 ©
5'-dGT-3'
dTpG
20 o 654 599.1741 [M+2Na]" = 644.1451 ©
5'-dTG-3'
ONY9
3 43 1481.3129 [M+H]" = 1482.32446
5'-dGTTCC-3'
ON 10
4 33 1481.3129 [M+H]" = 1482.32241
5'-dTTCCG-3'
ON 11
5 63 1192.2665 [M+H]" = 1193.27804
5'-dCGTT-3'
ON 12
6 80 1481.3129 [M+H]" = 1482.32368
5'-dTTGCC-3'
ON 13
7 64 1505.3241 [M+H]" = 1506.34015
5'-dCATGT-3'
ON 14
8 62 2074.4053 [M+H]" =2075.40114
5'-dCCCGTTT-3'
ON 15
9 69 2098.4165 [M+H]" =2099.43403
5'-dCACGTTT-3'
ON 16
10 51 2667.4977 [M+H]" = 2668.47158
5'-dCCTTGTTCC-3'
ON 17
11 59 2691.5089 [M+H]" = 2692.49906

5'-dCACTTGTTC-3'

? Condition: Oligonucleotide (100 nmol), ethylboronic acid (400.0 equiv.), MesAcr (50 mol%), (NH4)2S20s (200.0
equiv.), TFA (50.0 equiv.), and catechol (100.0 equiv.) in MeCN (0.25 mL), H,O (0.25 mL), irradiated by 85 W
white light at r.t. for 16 h.? The reaction was irradiated by 10 W blue LED and carried out at 0 °C for 5 h. ¢ Yields
were determined by LC-MS and used the analytical method B. ¢ Yields were determined by LC-MS and used the
analytical method A. ¢ The mass data was collected by using HRMS.
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RP-HPLC profiles of ssDNA oligonucleotides
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Supplementary Figure 57. Reverse-phase HPLC traces of (A) the starting material (dGpT), (B) the reaction
mixture following catechol-promoted photoredox C—H alkylation of dGpT with ethyl boronic acid, (C) the

corresponding ethylated product was used as a standard sample, and (D) the catechol.
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Supplementary Figure 58. Reverse-phase HPLC traces of (A) the starting material (dTpG), (B) the reaction

mixture following catechol-promoted photoredox C-H alkylation of dTpG with ethyl boronic acid, (C) the

corresponding ethylated product was used as a standard sample, and (D) the catechol.
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Supplementary Figure 59. Reverse-phase HPLC traces of (A) ON 9 _a prepared by solid-phase DNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 9 with ethyl boronic acids, (C)

the catechol, and (D) the catechol and the intermediate that prepared by mixing the catechol and ethyl boronic acid.
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Supplementary Figure 60. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 9. Mass spectrum (MS) of desired product after ethylation of ON 9.
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Supplementary Figure 61. Reverse-phase HPLC traces of (A) ON 10 _a prepared by solid-phase DNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 10 with ethyl boronic acids,

(C) the catechol, and (D) the catechol and the intermediate that prepared by mixing the catechol and ethyl boronic

acid.
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Supplementary Figure 62. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 10. Mass spectrum (MS) of desire product after ethylation of ON 10.
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Supplementary Figure 63. Reverse-phase HPLC traces of (A) ON 11_a prepared by solid-phase DNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 11 with ethyl boronic acids,
and (C) the catechol.
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Supplementary Figure 64. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 11. Mass spectrum (MS) of desired product after ethylation of ON 11.
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Supplementary Figure 65. Reverse-phase HPLC traces of (A) ON 12_a prepared by solid-phase DNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 12 with ethyl boronic acids,
(C) the catechol, and (D) the catechol and the intermediate that prepared by mixing the catechol and ethyl boronic

acid.
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Supplementary Figure 66. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 12. Mass spectrum (MS) of desired product after ethylation of ON 12.
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Supplementary Figure 67. Reverse-phase HPLC traces of (A) ON 13_a prepared by solid-phase DNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 13 with ethyl boronic acids,
(C) the catechol, and (D) the catechol and the intermediate that prepared by mixing the catechol and ethyl boronic

acid.
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Supplementary Figure 68. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 13. Mass spectrum (MS) of desired product after ethylation of ON 13.
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Supplementary Figure 69. Reverse-phase HPLC traces of (A) ON 14 a prepared by solid-phase DNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 14 with ethyl boronic acids,
and (C) the catechol.
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Supplementary Figure 70. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 14. Mass spectrum (MS) of desired product after ethylation of ON 14.
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Supplementary Figure 71. Reverse-phase HPLC traces of (A) ON 15 _a prepared by solid-phase DNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 15 with ethyl boronic acids,
and (C) the catechol.

162



htens.
x108 ] o e
1 2099.43403

3 .

2 .

14

0 | ] 1 1 0

T T T T I T T T T L] T L] L] I T T T T I T T T T I T T T T I
1000 2000 3000 4000 5000 mz

Supplementary Figure 72. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 15. Mass spectrum (MS) of desired product after ethylation of ON 15.
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Supplementary Figure 73. Reverse-phase HPLC traces of (A) ON 16 _a prepared by solid-phase DNA synthesis,

(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 16 with ethyl boronic acids,
and (C) the catechol.
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Supplementary Figure 74. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 16. Mass spectrum (MS) of desired product after ethylation of ON 16.
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Supplementary Figure 75. Reverse-phase HPLC traces of (A) ON 17 _a prepared by solid-phase DNA synthesis,

(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 17 with ethyl boronic acids,
and (C) the catechol.
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Supplementary Figure 76. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 17. Mass spectrum (MS) of desired product after ethylation of ON 17.
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8.3. Substrate scope of C—H ethylation of oligonucleotides containing two guanines

Supplementary Table 21. Substrate scope of C—H ethylation of the oligonucleotides containing

two guanines ?

BT Feem el N ek
N™ "NH, MesAcr, (NH,),S,05 NTONTNH, NTONT K,
Catechol, TFA
Z 85 W white light, r.t.,16 h z -
o L@ L 4 L@ e Lo
o
16a, 16b 17a,17b
Oligonucleotides
. b Calcd.
Entry & Yield [%] Exptl. m/z (MALDI-FTMS)
Exact mass
Sequence
ON 18 o d
33967 ¢ 1810.3654°/1838.3967 ¢  [M+H]" =1811.37688%/1839.41817
5’-dTGTCGC-3’
ON 19
2 33956 ¢ 1902.3148%/1930.346 ¢ [M+H]" = 1903.31515%1931.34806 ¢
5'-CGAUGU-3'

2 Condition: Oligonucleotide (100 nmol), ethylboronic acid (400.0 equiv.), MesAcr (50 mol%), (NH4)>S20s (200.0
equiv.), TFA (50.0 equiv.), and catechol (100.0 equiv.) in MeCN (0.25 mL), H,O (0.25 mL), irradiated by 85 W
white light at r.t. for 16 h. * Yields were determined by LC-MS and used the analytical method B. ¢ Data of

monosubstituted product(s). 9 Data of disubstituted product.
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RP-HPLC profiles of oligonucleotides containing two guanines
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Supplementary Figure 77. Reverse-phase HPLC traces of (A) ON 18 a prepared by solid-phase DNA synthesis,
(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 18 with ethyl boronic acids,
and (C) the catechol.
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Supplementary Figure 78. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 18. Mass spectrum (MS) of desired product after ethylation of ON 18.
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Supplementary Figure 79. Reverse-phase HPLC traces of (A) ON 19 a prepared by solid-phase RNA synthesis,

(B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 19 with ethyl boronic acids,
and (C) the catechol.

171



Intens. 1+ YP202357420XRQ3_0_E19_000001.d: +MS

x107 1931.34806
6 -
4 -
1+
. 1903.31515

2_
1+
14 1961.39094 "
i 1875.28445
2029.31060
1808.22446
0 a A i i

1800 1825 1850 1875 1900 1925 1950 1975 2000 2025  m/iz
[— YP202357420XRQ3_0_E19_000001.d: +MS |

Supplementary Figure 80. Identification of G modification by MALDI-FTMS analysis of the reaction system of
ON 19. Mass spectrum (MS) of desired product after ethylation of ON 19.
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8.4. Substrate scope of C—H ethylation of dsDNA oligonucleotides

Supplementary Table 22. Substrate scope of C—H ethylation of the dsDNA oligonucleotides *

[e] [e]
N Et—B(OH), N N
YN AR
NTONTNH, MesAcr, (NHy);S;05 NTONTTNH,
Catechol, TFA
MeCN:H,0,
HN NN ue o HoN NS N
HN/ ‘ N/>7H 10 W blue LED, 10 °C,16 h H\N( ‘ N/}E(
[e] o
Oligonucleotides
Ent & Calcd. Exptl. m/z
ntr
y molecular weight (LTQ-XL)
Sequence &
3952.6621° 39529
ON 20 3980.7161 ¢ N.D.
1¢ 5'-d(GAT CTA TTA CGC T)-3' 4010.7171" 4011.2 [M+H]"
3'-d(CTA GAT AAT GCG A)-5' 4038.7711°¢ N.D.
4066.82514 N.D.
5 ON 20-1 3952.6621° 3952.8
5'-d(GAT CTA TTA CGC T)-3' 3980.7161 ¢ 3982.1 [M+2H]*
ON 20-2 4010.7171° 4009.0 [M-2H]-

3 i 4038.7711° N.D.

3-d(CTA GAT AAT GCG A)-5'
4066.8251 ¢ N.D.

2 Condition: Oligonucleotide (100 nmol), ethylboronic acid (400.0 equiv.), MesAcr (50 mol%), (NH4)2S205g (200.0
equiv.), TFA (50.0 equiv.), and catechol (100.0 equiv.) in MeCN (0.25 mL), H>O (0.25 mL), irradiated by 10 W blue
LED at 4 °C for 16 h. ® Data of monosubstituted product(s). ¢ Data of disubstituted product. ¢ Data of trisubstituted
product. LTQ-XL, Linear lon Trap Mass Spectrometer. ¢ The cosolvent and lack of salts may not support double-

stranded hybridization, and it is possible that the strands are reacting in single-stranded form.
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RP-HPLC profiles of dsDNA oligonucleotides
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Supplementary Figure 81. Reverse-phase HPLC traces of (A) ON 20 a prepared by solid-phase DNA synthesis,
(B) ON 20-1_a prepared by solid-phase DNA synthesis, (C) ON 20-2_a prepared by solid-phase DNA synthesis,
and (D) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 20 with ethyl boronic

acids.
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Supplementary Figure 82. Identification of G modification by LTQ XL analysis of the reaction system of ON 20.
Mass spectrum (MS) of desired product after ethylation of ON 20.
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Supplementary Figure 83. Reverse-phase HPLC traces of (A) ON 20-1_a prepared by solid-phase DNA synthesis,
and (B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 20-1 with ethyl boronic

acids.
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Supplementary Figure 84. Identification of G modification by LTQ XL analysis of the reaction system of ON 20-
1. Mass spectrum (MS) of desired product after ethylation of ON 20-1.
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Supplementary Figure 85. Reverse-phase HPLC traces of (A) ON 20-2_a prepared by solid-phase DNA synthesis,
and (B) reaction mixture following catechol-promoted photoredox C—H alkylation of ON 20-2 with ethyl boronic

acids.
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Supplementary Figure 86. Identification of G modification by LTQ XL analysis of the reaction system of ON 20-
2. Mass spectrum (MS) of desired product after ethylation of ON 20-2.
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8.5. Analysis of modification site of alkylated oligonucleotides

8.5.1. Tandem mass spectrometry on ethylated oligonucleotides

Alkylation of oligonucleotides ON 1 with ethylboronic acid

o o
N N
NH NH
4
AL B AL
NN ONH N NH,
HO HO.
o. o
o
QoM A D o
o=p-oH | b 0=P-OH || A
o N"So o N So
oy e
? 1, © Et—B(OH), c‘> p ]
0=P-OH fﬁ'ﬁ MesAcr (50 mol%) 0=P-OH fﬁ'ﬁ
IS N So (NH4),S,05 (200.0 equiv.) o NS0
o TFA (50.0 equiv.) o
° Catechol (100 equiv.) °
c‘> OH c‘> OH
o=p-o | /’]‘\\H MeCN : H,0 =1 1 o=p-oH || /’]‘\\H
I N"So 85 W white light, 16 h, r.t. o NS0
I o
¢ on ¢ oH
S S
o=p-o /1 o=p-oH || /'L
N"So NS0
I o
? OH ? OH
X N
o=p-oH || l 0=P-OH || /l
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oy -
OH OH OH OH
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o
N NH
A) Fragment 1 [M +1] et—¢ | L
NTSNTNH,
HO.
o
OH
Q NH
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o
(‘) OH
0=P-OH || /’E
o N So
fl
o on §
O*FL*OH | NH
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O*F"—OH | N
IR
oy
OH OH

Chemical Formula: C4gHgoN14036P4
Exact Mass: 1534.2402
observed mass: 1535.14818

Supplementary Figure 87. Alkylation of oligonucleotides ON 1 with ethylboronic acid, and fragment of

ethylated ON 1
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Supplementary Figure 88. Mass spectrometric analysis of modified oligonucleotide ON 1 after reaction with the

ethylboronic acid, analysis by MALDI-FTMS.

Alkylation of oligonucleotides ON 11 with ethylboronic acid
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Supplementary Figure 89. Mass spectrum (MS) of ethylated ON 11, analysis by MALDI-FTMS.
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Supplementary Figure 90. MS/MS fragmentation of ethylated ON 11, analysis by MALDI-FTMS.
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Chemical Formula: C3,H;4NgO21P3 Chemical Formula: CyoHpgN;O15P, Chemical Formula: CyoH,gN4015P2
Exact Mass: 983.1865 Exact Mass: 626.1026 Exact Mass: 949.1679
Observed Mass: 984.18784 Observed Mass: 627.10652 Observed Mass: 949.121002

Supplementary Figure 91. Fragment of ethylated ON 11

8.5.2. Enzyme digestion of C8-ethylated ON 11

Steps of using Nucleoside Digestion Mix (NEB #M0649) to digest ethylated ON 11.

1. After the ethylation of ON 11 is completed, the mixture was directly purified by HPLC without
concentration. The column XBridge Premier Peptide BEH C18 Column (3004, 2.5 um, 4.6 mm x
100mm) and eluents MeCN/TEAA buffer (pH=7.0) were used to separate the pure product. Finally,

utilizing a freeze dryer to concentrate the product solution, ensuring that TEAA is completely
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removed to avoid affecting the pH value of subsequent enzymatic digestion reaction.
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Supplementary Figure 92. Reverse-phase HPLC traces of (A) reaction mixture following catechol-promoted

photoredox C—H alkylation of ON 11 with ethyl boronic acids, and (B) the isolated product of ON 11 with ethylation.

2. Set up the following reaction.

Reagents and Substrate Amount
Double Distilled Water up to 20 pl
Nucleoside Digestion Mix Reaction Buffer (10X) 2 ul

DNA or RNA Substrate uptol pg
Nucleoside Digestion Mix 1l
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3. Incubate at 37°C for 1 hour.

4. Use HPLC to directly analyze the reaction mixture solution. The following HPLC analysis showed
the reaction mixture, standard samples of C8-ethylated dexoyguanosine, 2’-deoxycytidine, and
thymidine.
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Supplementary Figure 93. Reverse-phase HPLC traces of (A) reaction mixture following nuclease digestion

(M0649S) of the isolated product of ON 11 with ethylation, (B) the standard sample of C8-Et deoxyguanosine, (C)
the standard sample of 2’-deoxycytidine, and (D) the standard sample of thymidine.
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9. Applications of the methodology regarding oligonucleotides

Bioconjugate with the biotin alkyne via click reaction 54 55

H
SANH ’—{N -
H g )
\AANH
iH
HN"So
14 N "o
(80.0 equiv.) N
N3 sodium ascorbate (320.0 equiv.) N
CuS04°5H,0 (8.0 equiv.)
quinuclidine (200.0 equiv.)
5-AUU GCC-3' 5-AUU GCC-3'
18 H,0 (100 mL), 19

250 mM
25.0 nmol

Supplementary Figure 94. Bioconjugation of 18

Separation of compound 18

The method of synthesis compound 18 (see Supplementary Table 19, Entry 2). Next, the compound
19 was separated by utilizing the purification method for oligonucleotides (see General Information
and Supplementary Figure 3).

Calculated and found MS data (see Supplementary Figure 95 (B) & Supplementary Figure 96):
MS-ESI m/z calculated exact mass: 1917.33; calculated [M-2H]?* 957.66; found [M-2H]?> 957.85.
MALDI-FTMS m/z calcd. for [M+H]* 1918.3325 (Exact Mass); found 1918.30266.
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Supplementary Figure 95. HPLC-MS analysis of compound 18 (A) reverse-phase HPLC traces of compound
18 separated by HPLC, and (B) mass spectrogram of compound 18.
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Supplementary Figure 96. Identification of G modification by MALDI-FTMS analysis of the reaction system of

ON 5. Mass spectrum (MS) of desired product after alkylation of ON 5.

Pathway F

Biotin alkyne (0.56 mg, 2.0 umol, 80.0 equiv.), compound 18 (0.048 mg, 25 nmol, 1.0 equiv.), copper
(IT) sulfate pentahydrate (0.05 mg, 0.2 pmol, 8.0 equiv.), sodium ascorbate (1.584 mg, 8.0 umol, 320.0
equiv.), and the quinuclidine (0.56 mg, 5.0 pmol, 200.0 equiv.) were dissolved in 0.01 mL H>O. The

solution was stirred vigorously at room temperature, and the progress of the reaction was monitored

by LC-MS, using the analytical method A. The desired product (compound 19) was obtained in 44%
LC-yield. MALDI-FTMS m/z calcd. for [M+H]* 2199.4523. found 2199.41382.
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Supplementary Figure 97. Reverse-phase HPLC traces of (A) compound 18 separated by HPLC, (B) the sodium

ascorbate, and (C) reaction mixture following click reaction of compound 18 with biotin alkyne (compound 14).
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Supplementary Figure 98. Identification of G modification by MALDI-FTMS analysis of the reaction system of

compound 18. Mass spectrum (MS) of desired product compound 19 after click reaction of compound 18.
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10. NMR spectrum
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G/6°L
£€66°L
200°¢C

LLoec
620°¢C
9€0'¢C
€v0'C
L¥0'C
€9€'¢C
0le¢C
08e'¢C
18¢€'¢C
16€°¢C
vov'e
618'¢C
1€8'¢C
968'¢

09¢’L
28L°L
061,
96/1°L
08°L
v18°L
088°L
188°L
€68°L
106°L

e |

—

0 @]
O-N

X

O

2m"-1
TH NMR (400 MHz, GDCl3)

R
L'z
20L'Z

/50T
ooz

LN

1 (ppm)

Supplementary Figure 100. 'H NMR spectra of compound 2m''-1
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Supplementary Figure 104. '"H NMR spectra of compound 2u'
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Supplementary Figure 106. '"H NMR spectra of compound 2x"'-1
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Supplementary Figure 121. '3C NMR spectra of compound 7d
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Supplementary Figure 127. 3C NMR spectra of compound 7f
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Supplementary Figure 133. '3C NMR spectra of compound 7g
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Supplementary Figure 136. '3C NMR spectra of compound 7h
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Supplementary Figure 184. 'H NMR spectra of compound 3y
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