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Structures of YMN-OTP monomers
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Structures of TN-OTP monomers
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Separation of the P-diastereomers of VN-OTP and TN-OTP monomers.
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Figure Sla. HPLC profiles recorded for semi-preparative separation of the P-diastereomers of YA-OTP, MC-O0TP, MG-OTP, and MuU-
OTP. The conditions were determined using a Phenomenex Luna 5 pym Silica column (100A; 250x10 mm; flow rate 5
mL/min). The UV detector was set at 275 nm. For each run, the column was loaded with 100-150 mg "N-OTP.
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Figure S1b. HPLC profiles recorded for semi-preparative separation of the P-diastereomers of 'A-OTP, 'C-OTP, 'G-OTP, and "U-
OTP. The conditions were determined using a Phenomenex Luna 5 pym Silica column (100A; 250x10 mm; flow rate 5
mL/min). The UV detector was set at 275 nm. For each run, the column was loaded with 100-150 mg "N-OTP.



HR MS spectra for separated P-diastereomers of MN-OTP and TN-OTP.

Figures S2a-h. HR MS spectra for separated P-diastereomers of “N-OTP (2a-d) recorded with a SYNAPT G2-Si High
Definition Mass Spectrometer (qTOF, Electro Spray lonization; Waters)
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Figure S3a-h. HR MS spectra for separated P-diastereomers of '"N-OTP (3a-d) recorded with a SYNAPT G2-Si High
Definition Mass Spectrometer (QqTOF, Electro Spray lonization; Waters)
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1042 formula(e) evaluated with 6 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-50 H:0-65 N:0-5 0:0-9 Si:0-1 P:0-1 S:0-2

200429_KJ_UsA 38 (0.916) Cm (6:39) TOF MS ES-
2 38e+007
100 8652775
: 866 2804
%_
: 867 2704
] 868.2802 8832861
17802185 1872034796 2187 8172670 8333053  849.2994 864.9445 8 s002805 152767 3222958

O e T T T e T T T T T T e e e A e M2

780 790 800 810 820 830 840 850 860 870 880 890 900 910 920 930

Minimum: -1.5

Maximum: 5.0 5.0 T0.0

Mass Calc. Mass mDa PEM DBE i-FIT Norm

B6ES.277T5 -0.3 -0.3 15. 614 NZ 0% 52
1.4 1.¢ 24 134 N4 08
-2.6 -3 28 10.121 NZ 06 S
2.9 3.4 24 0.110 N2 08 2
3.1 3.¢€ z4 3 N2 09 S1 P S
-4 .3 -3 23 7 07 si p s2

3h: slow-eluting "U-OTP



1H NMR spectra for separated P-diastereomers of MN-OTP and TN-OTP monomers.

Figure S4. *H NMR spectra for separated P-diastereomers of “N-OTP and "N-OTP monomers, recorded with a Bruker AV-
500 spectrometer (500 MHz)
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Fast-eluting YA-OTP in CDsCN; & (ppm)

'H NMR: 9.50 (1H, NHCO), 8.51 (1H, C8-H), 8.23 (1H, C2-H), 7.58-6.79 (18H, DMT, Bz), 6.09-6.08 (1H, C1-H), 5.51-5.47 (1H, C3'-
H), 4.89-4.87 (1H, C2-H), 4.40-4.39 (1H, C4-H), 4.24-4.20 (2H, P-O-CH,C-S), 3.71 (6H, 2xOCHjs), 3.39 (3H, 2'OCHs), 3.45-3.34
(2H, 5'CHy), 1.96-1.17 (10H, -(CH,)s-,spiro”)
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Slow-eluting MA-OTP in CDsCN; & (ppm)
IH NMR: 9.51 (1H, NHCO), 8.53 (1H, C8-H), 8.24 (1H, C2-H), 7.59-6.78 (18H, DMT, Bz), 6.09-6.08 (1H, C1'-H), 5.63-5.59 (1H, C3'-
H), 4.84-4.82 (1H, C2'-H), 4.41-4.38 (1H, C4"-H), 4.28-4.20 (2H, P-O-CH,C-S), 3.70 (6H, 2xOCH3), 3.41 (3H, 2'OCHs), 3.50-3.34
(2H, 5'CH,), 1.96-1.17 (10H, -(CH,)s-,Spiro”)
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k. jastrzebska = 1lH.stan CD3CN {C:\NME_Data\Service\CBEMM} nmrsu 1
KJ-0OTP C2'OMe_fast
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o
L
—1.924
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/
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295.0 K
1.00000000 sec

——===—— CHANNEL fl =—=====

SFOL 500.1330008 MHz

NUCI 1H

rl 5 usec

FLW

F2 - Pr, g P rs
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SF oo 3E MH=z

WOW EM

SEB

LE 0.30

GB

PC 1.00 J i
— WAL I

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.

Fast-eluting MC-OTP in CDsCN; 5 (ppm)

IH NMR: 9.25 (1H, NHCO), 8.37-8.35 (LH, C6-H), 7.62-7.60 (1H, C5-H), 7,52-6,88 (18H, DMT, Bz), 5,94 (1H, C1-H), 5,29-5,24
(1H, C3'-H), 4,30-4.29 (1H, C2'-H), 4.20-4.19 (1H, C4-H), 4,15-4.08 (2H, P-O-CH,C-S), 3,77 (6H, 2xOCHs), 3.55 (3H, 2'OCHy),
3,48-3.46 (2H, 5'CH,), 1,92-1,19 (10H, -(CH2)s- ,spiro”)

i)
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1H.stan CD3CN {C:\NME_] Dat \Service\CEMM} nmrsu 2
}"J OTF C2'OMe_slo e
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S
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PLW1 5.6993% 931 W
Fz - ng pa r ne _ers
SI
SF 500.132 CC23 MHz
WDW
SSB
LE I\_h_lJNL_.J 1
e
- s "

Slow-eluting MC-OTP in CDsCN; d (ppm)

IH NMR: 9.24 (1H, NHCO), 8.40-8.39 (1H, C6-H), 7.63-7.60 (1H, C5-H), 7,50-6,88 (18H, DMT, Bz), 5,94 (1H, C1-H), 5,32-5,27
(1H, C3'-H), 4,32-4.30 (1H, C2'-H), 4.26-4.25 (1H, C4-H), 4,21-3.99 (2H, P-O-CH,C-S), 3,77 (6H, 2xOCHs), 3.55 (3H, 2'OCHy),
3,59-3.44 (2H, 5'CH,), 1,93-1,19 (10H, ~(CHy)s- ,Spiro”)
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k. Jjastrzebska =kj-321008f= 1H.stan

4

b OTP G2'CMe_fast

o - - < ™ — 3 T 0 O oW oF = = o 7 a0 0 o o PRI Iy = W W B et

. — 0 = ™~ @ w0 W = U R RS e R T - o O =p <p =p < O/
— . P T N L T I T T

— @ r~ ol e ¥ Y] N U= LT FTOOCOOOMMONNAAA A AAA

ANV VNSV VNN O o

F2 - Acguisition Parameters

Date 20120220 O
Time 11.4
INSTRUM ' I o
PROBHD 5 mm Multi 1
COACH o

2 9.95 usec
PLW1 9.65999381 W

F2 - Processing parameters
SI 65536

5F 500.1300236 MH=z
WOW EM
5EB [i]

LB 0.30 Hz
GB 0

LCRTREY:

Fast-eluting G-OTP in CDsCN; & (ppm)

IH NMR: 11.93 (1H, N1-H), 9.10 (1H, N2-H), 7.83 (LH, C8-H), 7.40-6.77 (13H, DMT), 5.88-5.87 (1H, C1’-H), 5.40-5.36 (1H, C3"-H),
4.79-4.77 (1H, C2-H), 4.34-4.33 (1H, C4'-H), 4.22-4.17 (2H, P-O-CH,C-S), 3.73 (6H, 2xOCHs), 3.41 (3H, 2'0OCHj), 3.40-3.30 (2H,
C5'CH,), 2.51-2.46 (1H, CH, iBu), 2.02-1.40 (10H, -(CHy)s- ,Spiro”), 1.12-1.08 (6H, 2xCHs, iBu)

27



k. jastrzebska =kj-321008s= 1H.stan
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FZ - Processing parameters

51 65536

SF 500.1300236 MHz

WOW EM

5S5B 0

LE 0.30 Hz

@ o ‘
l i_ I S VL T | _J;_,Hl_ _J.__JIML_LJL.JL_ NS J-JJL_

L L L B B I B L L L B B LR B B B

12 11 10 g 8 7 6 5 4 2 ppm

. A AR

3
B’ 8 A
Slow-eluting "G-OTP in CDsCN; & (ppm)
IH NMR: 11.92 (1H, N1-H), 9.12 (1H, N2-H), 7.84 (1H, C8-H), 7.40-6.78 (13H, DMT), 5.89-5.88 (1H, C1'-H), 5.50-5.46 (1H, C3"-H),
4.72-4.70 (1H, C2-H), 4.32-4.30 (1H, C4'-H), 4.26-4.20 (2H, P-O-CH,C-S), 3.73 (6H, 2xOCHs), 3.42 (3H, 2'0OCHj), 3.39-3.37 (2H,
C5'CH,), 2.53-2.48 (1H, CH, iBu), 1.96-1.36 (10H, -(CHy)s- ,Spiro”), 1.12-1.09 (6H, 2xCHs, iBu)
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Fast-eluting MU-OTP in CDsCN; & (ppm)
IH NMR: 9.27 (1H, N3-H), 7,65-7.63 (1H, C6-H), 7,43-6,86 (13H, DMT), 5,89-5.88 (1H, C1-H), 5,33-5.31 (1H, C3"-H), 4,26-4.22
(1H, C2'-H), 4.20-4.16 (1H, C4'-H), 4.07-4.02 (2H, P-O-CH,C-S), 3.75 (6H, 2xOCHs), 3.45 (3H, 2'OCHs), 3.40-3.39 (2H, 5'CH.),
1.96-1.17 (10H, -(CHy)s-,Spiro”)
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f1 (ppm)

Slow-eluting MU-OTP in CDsCN; & (ppm)

IH NMR: 9.01 (1H, N3-H), 7,65-7.63 (LH, C6-H), 7,43-6,86 (13H, DMT), 5,85 (1H, C1*-H), 5,31-5.28 (1H, C3'-H), 4,27-4.25 (1H,
C2'-H), 4.20-4.18 (1H, C4-H), 4.05-4.01 (2H, P-O-CH,C-S), 3.76 (6H, 2xOCHs), 3.45 (3H, 2'0OCHj), 3.44-3.37 (2H, 5°CH,), 1.92-
1.17 (10H, -(CHy)s5-,spiro”)
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NAME jas10915_2017
EXPN 2
PROC 1
Date] 20170815
Time 11.42
INSTRUM AV-200
PROBED 5 mm QNE 1H/13

PULPROG zg30

TD 16384
SOLVENT cDcl3

NS 32 O’P S I
Ds o

SWH 4139.073 Hz
FIDRES 0J252629 Hz
AQ 1.9792372 sec
RG 1824.6

oW 0.800 usec
DE 7.00 usec
TE 8.0 K
D1 1 00000 sec
TDO 1

NUC1 1H

P1 00 use
PL1 -1.00 dB
SFO1 200.3617014 MH=z
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WowW EM
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Fast-eluting "TA-OTP in CDsCN; & (ppm)

'H NMR: 8.97 (1H, NHCO), 8.73 (1H, C8-H), 8.24 (1H, C2-H), 7.54-6.79 (18H, DMT, Bz), 6.14-6.11 (1H, C1’-H), 5.52-5.45 (1H, C3'-
H), 5.08-5.03 (1H, C2’-H), 4.45-4.44 (1H, C4’-H), 4.23-4.10 (2H, P-O-CH,C-S), 3.76 (6H, 2xOCHs), 3.58-3.41 (2H, 5°CH,), 2.11-
1.63 (10H, -(CH,)s-,spiro”), 0.73 (9H, 3xCHs, tert-Butyl), 0.02 (6H, 2xCHs, -(CHs),Si)
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Slow-eluting TA-OTP in CDsCN; & (ppm)
IH NMR: 8.94 (1H, NHCO), 8.72 (1H, C8-H), 8.22 (1H, C2-H), 7.57-6.78 (18H, DMT, Bz), 6.13-6.10 (1H, C1"-H), 5.49-5.40 (1H, C3'-
H), 5.13 (1H, C2'-H), 4.42 (1H, C4'-H), 4.18-4.07 (2H, P-O-CH,C-S), 3.76 (6H, 2xOCHs), 3.47-3.45 (2H, 5'CH,), 2.02-1.59 (10H, -
(CHy)s-,spiro”), 0.73 (9H, 3xCHg, tert-Butyl), 0.02 (6H, 2xCHg, -(CH3),Si)
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k. jastrzebska =KJ-Cf= 1H.stan
KJ-0TP C 2'0thdms_fast
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e S
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Fast-eluting "C-OTP in CDsCN; 3 (ppm)

'H NMR: 9.28 (1H, NHCO), 8.50-8.45 (1H, C6-H), 7.61 (1H, C5-H), 7,52-6,88 (18H, DMT, Bz), 5,87 (1H, C1'-H), 5,27-5,21 (1H, C3'-
H), 4,40-4.38 (2H, C2'-H, C4’-H), 4,24-4.03 (2H, P-O-CH,C-S), 3,77 (6H, 2xOCHj3), 3,76-3.50 (2H, 5'CH), 1,95-1,17 (10H, -(CH,)s-
»Spiro”, 0.89 (9H, 3xCHg, tert-Butyl), 0.15-0.12 (6H, 2xCHg, -(CHj3),Si)
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Current Data Parameters
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FZ - Acquisition Parameters

Date_ 20200301
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1 ppm

'H NMR: 9.26 (1H, NHCO), 8.32-8.30 (1H, C6-H), 7.61 (1H, C5-H), 7.62-6.88 (18H, DMT, Bz), 5.90-5.89 (1H, C1’-H), 5.27-5,22
(1H, C3'-H), 4.47-4.45 (1H, C2"-H), 4.35-4.34 (1H, C4’-H), 4.14-3.98 (2H, P-O-CH,C-S), 3,77 (6H, 2xOCH3), 3,56-3.44 (2H, 5°CHy),

1,91-1,36 (10H, -(CHy)s- ,Spiro”), 0.89 (9H, 3xCHs, tert-Butyl), 0.13-0.12 (6H, 2xCHs, -(CHs),Si)
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k. jastrzebska =kj-gf=

1d.stan CD3CHN {C:\NMR Data‘Service)\CBMM) nmrsu 1
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Fast-eluting "G-OTP in CDsCN; & (ppm)
'H NMR: (1H, N1-H), (1H, N2-H), 7.86-7.82 (1H, C8-H), 7.44-6.71 (13H, DMT), 5.81-5.77 (1H, C1’-H), 5.37-5.14 (1H, C3"-H), 5.09-

4.91 (1H, C2"-H), 4.62-4.47 (1H, C4’-H), 4.34-3.76 (2H, P-O-CH,C-S), 3.73 (6H, 2xOCHs), 3.53-3.49 (1H, CH, iBu), 3.38-3.30 (2H,
C5'CHy,), 1.93-1.50 (10H, -(CH,)s- ,spiro”), 1.13-1.10 (15H, 5xCHg, iBu; tert-Butyl), 0.08- (-0.15) (6H, 2xCHg, -(CH3),Si
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Slow-eluting 'G-OTP in CDsCN; & (ppm)

'H NMR: (1H, N1-H), (1H, N2-H), 7.88-7.82 (1H, C8-H), 7.41-6.75 (13H, DMT), 6.00-5.70 (1H, C1’-H), 5.30-4.92 (1H, C3'-H), 4.82-
4.54(1H, C2’-H), 4.39-4.10 (1H, C4’-H), (2H, P-O-CH2C-S), 3.71 (6H, 2xOCH3), 3.40-3.20 (2H, C5'CH2), 2.62-2.54 (1H, CH, iBu),
1.83-1.18 (10H, -(CH2)5- ,spiro”), 1.07-1.04 (15H, 5xCH3, iBu; tert-Butyl), 0.06-(-0.11) (6H, 2xCH3, -(CH3)2Si)

36



k. jastrzebska =kj-uf=
KJ-OTP_U_2'OTBDMS_fast O

1 D3CN NMR_D e\CBMM} nmrsu
oo - - -
o ™ - o O~
@ @ o o — o
o 54 O
] L
|
v ‘ \/
1] I

|
O o

40 ec O O
1 cc:gn':lanj; fee /O / \ .
======— CHANNEL fl ======= \ ~
sFO1 500. 1330008 MHz
NUC1 1
0 1H S
PLH1
z-v
e
B
= | |
B
- A e § i LJ_Jl S A J‘u“‘up L
I I I R R D R | TTTTTTTTTTTTT T R R R
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 . 1. 0.5 ppm
| AN A Jj )T )_'--'--'j r\fllk N A m
i -+ < (=1 o~ s ] e o [ of r~| r~| | o o
(?l o~ (?l - (=" - -K_" '-? ) uy || o o | y [=
o |Sle = o == =| o o e B b= S o
— - jw - - i .—]‘j_-} I .—]L e el @ o)

Fast-eluting "U-OTP in CDsCN; 3 (ppm)
IH NMR: 8.99 (1H, N3-H), 7,72-7.70 (LH, C6-H), 7,40-6,86 (13H, DMT), 5,83-5.82 (1H, C1'-H), 5,25-5.23 (2H, C3'-H, C2"-H), 4.41-
4.39 (1H, C4-H), 4.38-4.15 (2H, P-O-CH,C-S), 3.76 (6H, 2xOCHs), 3.53-3.41 (2H, 5'CHy), 1.93-1.51 (10H, -(CH,)s-,Spiro’), 0.86

(9H, 3xCHs, tert-Butyl), 0.10-0.08 (6H, 2xCHa, ~(CH3)»Si)
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Slow-eluting "U-OTP in CDsCN; & (ppm)

'H NMR: 9.03 (1H, N3-H), 7.66-7.65 (1H, C6-H), 7.41-6.88 (13H, DMT), 5.88-5.86 (1H, C1’-H), 5.36-5.35 (1H, C3’-H), 5.28-5.24
(1H, C2’-H), 4.44-4.42 (1H, C4’-H), 4.25-4.11 (2H, P-O-CH,C-S), 3.76 (6H, 2xOCH3), 3