Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2019

Supporting Information S1

Metal- and Chloride Reagent-Free Synthesis of Mixed Thiophosphates

Jeffrey Ash,2Hai Huang,2? and Jun Yong Kang*-2

a Department of Chemistry and Biochemistry, University of Nevada Las Vegas, 4505 S.

Maryland Parkway, Las Vegas, Nevada, 89154-4003, United States

b Department of Applied Chemistry, College of Chemistry and Molecular Engineering, Nanjing

Tech University, No. 30 Puzhu Road (S), Nanjing 211816, People’s Republic of China

E-mail: junyong.kang@unlv.edu.

Supporting Information

TH,13C, and 3P NIMR SPECIIA. .. . e it e e e e e e e e e S2-S45
QU S L. e e e e a0 D460



Supporting Information

'H NMR (400 MHz) in CDCls

Sample: ja-1-16%-h-fr1
Sasole ID: s_20180483_01
File: /home/Jykang/3a-1-163-h-fri1.fid

Pelse Seguence: sZpul
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3C NMR (100.5 MHz) in CDCls
Sample: ja-1-169-c-fri
Sample ID: s_20180403_o2
File: shome. ykang/ja-1-168-c-fri.fid
Palse Sequence: s2pul
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Supporting Information
*P NMR (162 MHz) in CDCls

Ja-1-163-3-1r1
Some/ fykany/ja-1-183-p-1r1.fid

Pulse Sequence: s2ps)

T
Operator: jyrang
Fia =

e: ja-1-1
VANRS-300 “var fa

Relax. delay 1.008 sec
Pulse 45.0 degrees
Ce. time 1.630 sec
Vidth 21185.4 Hz
scan
GSSERVE P31, 161.7923737 ez
SecouPLe W1, 393.6s0331¢ ez
a

continuossly on
WALTZ-16 mogulates
DATA PROCESS!

Line Broadening 1.9 Az
FT size 131072

Total time © min, 3 sec

19,529
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Supporting Information

'H NMR (400 MHz) in CDCls

Sample: Ja-2-11-A-frl
Sample 10z s_20130386_81
File: /home/Jykang/Ja-2-11-3-fr1 fig

Pulse Seguence: sZpul

12 10

13C NMR (100.5 MHz) in CDCls

Sample: Ja-2-11-c-fri
Sample 10: s_28188305_03
File: /home/Jykang/Ja~z-11-c-fri.fid

Pulse Sequence: sZpul
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Supporting Information

P NMR (162 MHz) in CDCls

Samle:
file

Ja-2-11-p-fri
/home/jykang/ja-2-11-p-fr1.1g

Pulse Sequence: sZpul

Acq. time 1.

Vidth 21185.4 Hz

Single scas

OBSERVE P31, 161.7923737 WMz

DECOUPLE M1, 399.6583314 WNZ
o8

cont inscusly on
WALTZ-15 modulated
DATA PROCE

Line broasening 1.0 Mz

S5



Supporting Information

'H NMR (400 MHz) in CDCls

Sample: ja-i-182-h-fri
Sample 10: s_20186227_01
File: /home/Jykang/ja~1-182-n-fri.fid

Pulse Seguence: sZpul
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C NMR (100.5 MHz) in CDCls;
Sample: ja-i-182-c-frl
Sample 10: s_20180227_02
File: /home;jykang/ja~i-182-c~fri.fig
Pulse Sequence: s2pul
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Supporting Information

P NMR (162 MHz) in CDCls

Sample: ja-1-182-p-fr1
File: /home;fyxang/ja-1-182-3-frl.fid

Psise Sequesce: s2ps)

Solvent: cecl3

Temp. 2S.0 C ; 238.1 K
¥

e: 5a 82-p-Tri
VANRS-388  “Var lan-NMR"

!

Single scam
oss. P31, 161.7323737 Wz
DECOUPLE ™1, 395.§30331¢ Mez

Line broagening 1.9 Mz
FT size 131872
Total time 4 min, 3 sec
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Jykang/ja=1-183-h-fr1.f1d

5_20180227_03

Sample: Ja-i-183-h-fri
File: /home/
Pulse Sequence: s2pul

Sample 1D:

'H NMR (400 MHz) in CDCls

Supporting Information
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Supporting Information

P NMR (162 MHz) in CDCls

Sample: Sa-1-183-p-fri
File: /mome/jykang/sa-1-183-p-1r1.fid

Pulse Sequence: sZpul
Solvest: coci3
T 25.0

C /2381 K

fr1
an-tom

080 sec
s

Acqg. time 1.689 sec
Vidth 21185.4 Mz

$|nzlc scan

08SE P31, 161.7323737 WMz
DECOUPLE M1, 395_688331¢& Mz
Power 40 o

cont inscus 1y on

WALTZ-15 modulated

DATA PROCESST

Line broasening 1.9 Mz
FT size 131872
Total time § min, 3 sec
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S10

: ja=1=177-h-Tri
~1-127-h-fri.f1d
= szpul

: /home/Jykangsda

'H NMR (400 MHz) in CDCls

Supporting Information
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13C NMR (100.5 MHz) in CDCls



Supporting Information S11

31p NMR (162 MHz) in CDCls

Sample: ja-1-177-p-fr1
File: /

home/jykang, ja-1-177-p-1r1.fid
Pulse Sequence: sZpel
Solveat: ceci3
Temp. 25.0 C / 238.1 K
¥

a0
177-p-1r1
“Var lan-anR

Relax. delay 1.090 sec
Pulse 45.0 degre

. time 1.640 sec
Vidth 21185.4 HZ
Single scan
o8SE P31, 161.7923737 mmz
DECOUPLE M1, 333_6893314 Waz
ot

19,199

Power ¢
continecusly on
VALTZ-18 modulated
DATA PRICESSING

Uine broasening 1.8 Mz
T size 131972
Total time  ain, 3 sec

100 se 80 70 60 se a0 30 28 1 L} -10



S12

_02
1-178-h-fr1.f1d

20180223
Jykang/Ja=

Sample: ja-i-178-h-fri
File: /home/
Pulse Sequence: s2pul

Sample ID: s

'H NMR (400 MHz) in CDCls
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Supporting Information S13

P NMR (162 MHz) in CDCls

Sample: ja-1-178-p-fri

File: /home/jyxang/ja-1-178-p-fr1.fig

Paise Sequence: s2psl

Solvent:
2

Temp. 25
Sperator:
File:

1-178-p~1r1
~300  “varian-weR~

24.001

Relax. Selay 1.009 sec

Pslse 45.0 degrees

ime 1.689 sec
85.4 HZz

3
OISERVE P31, 161.7323737 sz
DECOUPLE M1, 393 624331¢ Wez
Fower 43 e8
cont inwous Iy on
WALT2-16 modslates
DATA PROCESSING
Line broadening 1.9 Mz
FT size 131072
Total time 0 min, 3 sec

100 -1 70 60 S0 40 30

10 L} -10 =20 ppm




Supporting Information S14

'H NMR (400 MHz) in CDCls

Sample: ja-i-181-h-fri
Sample ID: s_20180223_05
File: /mome/Jyvang/Ja-1-181-h-fri1.f1d

Pulse Sequence: s2pul

0.002
=0.000

x

4.18 1.2 2.27
z.80 2.08 s.25

13C NMR (100.5 MHz) in CDCls

Sasple: Ja-i-181-c-frl
Sample I0: 5_20180226_8S
File: /mome/Jykang/ja~i-181-c-fr1.11d

Pulse Sequence: sZpal
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Supporting Information S15

31p NMR (162 MHz) in CDCls

Sample: ja-1-181-p-fri
File: /home/jykang/sa-1-181-p-ri.fid

Pulse Seguence: sZpul

Solvest: coclis
Temp. 25.0 C 7 298.1 K
or: Sy

tpe
File -1 frl ~
WVNIRS-400 “Varian-NeR™ s
Relax. delay 1.008 sec 2
Pulse 45.0 degrees
603 sec

can
S8SIRVE  $31, 151.7323737 mHz
TECOUPLE  H1. 3336383314 Wz
Power 40 o
contiswously on
VALTZ-16 sodulated
DATA PROCESSING
Line Sroadeaing 1.0 Hz
T size 131072
Total time O min, 3 sec
100 a8 70 60 se 40 30 z0 19 e -10 -20 ppm
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Supporting Information

'H NMR (400 MHz) in CDCls

Pulse Sequeace:

3.13

R S

2.81

S

6.78

Cl

13C NMR (100.5 MHz) in CDCls
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Supporting Information S17

P NMR (162 MHz) in CDCls

Sample: ja-1-1
File: /mome/Jyl

-1r1

ng/Ja-1-188-p-fr1.7id

Pulse Sequence: sZpul

Solvent: c#ci3
emp. 25.0 C 7 298.1 K

ykang
File: ja-1-188-p-fri
VNMES-330 “Varlan-WeR

Relax. delay 1.008 sec
Pulse 45.0 fegrees
Acq. time 1.683 sec
Width 21186.4 Hz

23,608

1617923737 mhz
399.6883314 MMz

Total time 0 min, 3 sec

100 se -1 70 68

se 40 30 20 19



Supporting Information S18

'H NMR (400 MHz) in CDCls

Sasple: ja-1-179-m-fri
Sample 1D: s_20180223_03
File: /mome/Jyrang/da~-1-173-h-fri.fig

Pulse Sequence: s2pul

Cl
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£ 5 -
BC NMR (100.5 MHz) in CDCls;
Te: Ja-1-17%-c-frl
Sample 10: s_20130226_03
File: /mome/Jykang/ja-1-178-c-fri.fie
Palse Sequence: s2pul
i3z i iz iz
5 3 * |
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Supporting Information S19

31p NMR (162 MHz) in CDCls

Sample: ja-1-178-p-frl
File: /home/jykang/ja-1-173-3-fr1.fig

Palse Sequence: s2psl

Solvent cecl13

Temp. eC 2981 K

Operator: Jykang

fle: J ~179-p-fri
“Var an-xR*

24.017

cq. time 1.500 sec
Vieth 21186.4 Mz

Single scan

GESERVE P31, 161.7323737 mez
DECOUPLE W1, 399.6303314 MWaz
Power 40 d

cont inuows Iy on

WALTZ-16 mozulates

DATA PROCESS!

Line troadening 1.9 W2

FT size 13
Total time 0 min, 3 sec

40
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Supporting Information

'H NMR (400 MHz) in CDCls

File: /home/Jyxang/Jeff-1-176-h-1ri.f1d

Sasple ID: s_28188113_01

Sample: Jeff-1-176-h-fri
Pulse Sequeace: sZpsl

Q
)
w

ppm

Py o
0.8EIR.58

K

3.3%

1.75.32

13C NMR (100.5 MHz) in CDCl;

Sample 1D: s_20188323_08
File: /home/Jyxang/ja=1-175-c-fr1.fig

Sample: ja-1-176-c-fri
Pulse Sequence: s2pul
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Supporting Information S21

31p NMR (162 MHz) in CDCls

~175-p-Tr

Te 1
home/jyvang/ja-1-176-p-fr1.fid

Samp
File

Pulse Sequence: sZpul

Solvest: cocl3

Tesp. 25.0 C 7 298.1 K
oF: Syka

fr1
MR~

23.347

Relax. Selay 1.008 sec
Pslse

cq. time 1
vidth 21188
0BSERVE P31, 181

33

7923737 Wiz
6883314 Mz

cont inwously on
VALTZ-15 mcdulated
DATA PROCESSI

Line broagenisg 1.0 Hz
FT size 131022

Total time

81 70 &0 50




S22
ppm

h-fri.fid

20180118_03
/home/Jykang/Jefe-1-175-)
: s2pul

Sample: Jeff-1-175-A-frl

Sasple 1D: s,

f
Pulse Sequence

ile

'H NMR (400 MHz) in CDCls

Supporting Information

3%

L

Sample: Jeff-1-175-c-frl
Sample ID: s_20180118_04
+ /home/Jykang/Jeff-1-175-c-fri.fid
s2pul

Pulse Sequence:

13C NMR (100.5 MHz) in CDCls

S60°p9
SST° P9

£29792
906" L

§S8S°
209"
piz®
661"

SE9°




Supporting Information S23
*P NMR (162 MHz) in CDCls

Sample: Sa-1-175-p-fri
File: /home/jykang/3a-1-175-p-Tr1.fid
Palse Sequence: sipul
Solvent: cdci3
Temp. 25.0C 7 2831 K

Iyx

25,665

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.689 sec
Vidth 21186.4 Nz

Simgle scan
OSSERVE £31, 151.7923737 WMz
DECOUPLE  H1, 333.6803314 mHz
Power 40 dB

contisuossly cm

WAL TZ-16 modulated
DATA PROCESSING

Line droadeaing 1.0 Hz
FT size 131072

Total time © mim, 3 sec

100 S8 80 70 60 59 40 30 20 10 e -iﬂ -20 ppm



Supporting Information
'H NMR (400 MHz) in CDCl,

Sasple: ja-2-14-b-fri

Sample 10: 5_29189316_8S

File: /home/Jykang/ja-2-14-h-fri.fid
Pulse Sequence: s2pel

12 10 8

13C NMR (100.5 MHz) in CDCl;

Sample: ja-2-14-c-fri
Sample 1D: s_20130320_85
File: /mome/Jykang/ja-2-14-c-fr1.fig

Pslse Sequence: s2pal

150,490
150,408

/

4 2 -8 pom

moe = ~e

B =z ==

=3R =2 25

~ne < -

== 24 =
1

e

.(
<
(

109 -1 1] a0 20 0 ppa
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Supporting Information S25

31p NMR (162 MHz) in CDCls

Sample: ja-2-18-p-fri
File: /Mome/jykang/ja-2-14-3~1r1.7id
Palse Sequence: s2pal

: cdci3
25.8C / 2%8.1 K
or: jykang

Ja-2-14-p-1r1
VAMES-230  ~Varian-NeR"

24.996

Relax. delay 1.008 sec
Pulse 450 Zegrees

Acy. time 1.608 sec

wisth 21186.4 Bz

Single scan

[ £31, 161.7923737 WHz
SECOUPLE  H1, 399.6803314 WHZ
Power 40 db

contiroously oo

VALTZ-16 modulated

SATA PROCESSING

Line Sroadening 1.0 Hz

FT size 131072

Total time ® min, 3 sec




Supporting Information

IH NMR (400 MHz) in CDCls

Sample: Sa-2-27-2-fr-1
Te ID: s_20130322_8:

Sams 3
File: /home/Jykasg/ja~2-27-a-1r1.fid
Pulse Seqsence: s2pal

18
B
SRR

L
198 | |
Jul — ocka - PORY | |
12z 10 8 6 4 2 -0 ppa
ve vy v
’.2’4‘!‘742'.“ 2.0 3 9% .

13C NMR (100.5 MHz) in CDCl;

Sample: ja-2-27-h-fr-1
Seaple 1D: s_20188322_04
File: /home/Jyvang/ja2-27-c~fri.fid

Pulse Sequence: s2pul

= - =t

H 2 32
8 ] 2
= < =

2 =2 S T =

3 ==z |

- s &y o

2 2=

—_—
.

zz20 200 189

T T T
180 140 12 100 a0 1] 49 28 0 ppa
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Supporting Information S27

31p NMR (162 MHz) in CDCls

Sample: ja-2-27-p-fri
File: /home/jykang/ja-2-27-p~fr1 114
Pulse Sequence: sZpul

Solvest: cecls
Temp. 25.0 C / 293.1 K

Operato eang
File: ja-2-27-p-fri ~
VINRS-300  “var ian-MeR= =
b4
s

Relax. celay 1.080 sec
Palse 45.0 de
Acq.

me 1.689 sec
Vidth 21186.4 Nz
Single scan
ESE P31, 161.7323737 WMz
DECOUPLE M1, 399_68853314 WHZ
3

cont inwcusly on
WALTZ-16 mcdulated
DATA PRICESSING

Line broasening 1.0 Kz
FT size 131872

Total time & min, 3 sec

10 [] -10 -20 ppa




S28

IH NMR (400 MHz) in CDCls

Supporting Information
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Supporting Information S29
*P NMR (162 MHz) in CDCls

$a-2-32-p-fr1

Samp
File: /nome/jykasg/)

32-p-fr1.fig
Pulse Sequence: sipul

Solvent: cdci3

Temp. 25.0 C / 298.1 K
¥

Fille: ja-2-32-p-r1 -
VNERS-400 “varian-NeR~ b3
Relax. celay 1.000 sec -
Palse 45.0 depr
cq. time 1.663 sec
Width 21186.4 Mz
gle scan
OBSERVE P31, 161.7923737 WMz
DECOUPLE W1, 3336883318 WMz
Power L
continwcusly on
WALTZ-16 modulated
DATA PRICESSING
ing 1.0 Hz
Total time ® min, 3 sec
100 se -1 60 a0 20 10 0 -19 -20 ppm




Supporting Information S30
'H NMR (400 MHz) in CDCl,

Sample: ja-2-143-a-frinew
Sample 10: 5_20130306_83
File: /home/Jyvang/ja~2-143-2-frinew.fig

Pulse Sequence: s2pel

-
2
S
e
L —
T T T
s 8 7 B 5 a 3 2 1 - ppm
l.“‘;:‘ - l‘.';l N
1.8 1.95 3.0

13C NMR (100.5 MHz) in CDCl;

Sample: Ja-2-143-h-frinew
Sample ID: s_20190306_04
File: 00213.75d

Pulse Sequence: s2pel

|
f | 1

T T T T T T
180 160 148 120 100 80 60 40 20 0 ppm



Supporting Information S31

%P NMR (162 MHz) in CDCls

rja-2-143-p-fr1.fie
Pulse Sequence: s2pul

'
143-p-fr1
VEMES-100  “Var fan-NwR"

19.620

Relax. delay 1.000 sec
Pulse 45.9 2e

Acy. time
vigta 2118

Single sca
caschve £31,
DECOUPLE 3

Power 40
contisuossly om
VALTZ-16 modulates
SATA PROCESSI

ine Broadening 1.0 Wz
T size 131072
Total time ® min, 3 sec

10 0 &0 70 60 se 40 30 20 10 0 -10 ppm



Supporting Information S32
'H NMR (400 MHz) in CDCl,

Sample: ja-2-h-181-fr1
Sample 1D: s_26198306_61
File: s0210.Fie

Pulse Sequence: s2pul

S 8 7 6 s 4 3 2 1 -0 ppm
61390 2700 -
2.12.14 X

13C NMR (100.5 MHz) in CDCl;

Samole: da-2-h-tei-tri
Sample 10: s_20138306_02
File: 00211 Tie

Pulse Sequence: s2pul

77.098
17.078
76,762

64,938
04,000

6,021

T T T T T T T T T 1
180 160 14 129 100 80 60 @ 20 ° ppm



Supporting Information S33
*P NMR (162 MHz) in CDCl;

File: /home/Jyvang/ja-2-181-p-fri.fid

Puise Sequesce: sZpul

19,606

cas
RVE P31, 161.7879387 Mz
wmu. -.n 3936705558 Wz

Power 4

cont insous ly on
WALTZ-16 modulated
DATA PROCESSING

Line broasening 1.0 Hz
FT size 131872
Total time @ min, 3 sec

_—T - - - -
100 se -1 70 60 S0 a0 30 20 10 ] -1 ppm
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Supporting Information

IH NMR (400 MHz) in CDCls

File: /home, Jykang/Jja-2-31-h-r1.f1d

s2pul

Pulse Sequence:

L

e e e e e e e e b e R it D SRRy

|

Lu_

U

pom

3.14

.13

.958.95

3

13C NMR (100.5 MHz) in CDCl;

File: /home/J

/3a=2-31-c-fr1.fie

Pulse Segwence: s2pul

600701
020701 Y

z62° 91

IR
—

ove

veL oL
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veEt e

000° 0~
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Supporting Information S35

P NMR (162 MHz) in CDCls

Sample: ja ~fri

File: /home/jyrang/3a-2-31-p-fri.fig
Pulse Seguence: sisul

cecl3

0C /2%8.1K

Syxang

=31-p-fr1

“Var lan-MeR~

587

Relax. gelay 1.000 sec -
Pulise 45.0 degrees
sec

can
OBSERVE P31, 161.7923737 mez
DECOUPLE 1, 393 6883314 Mez
Power 43 8




Supporting Information

IH NMR (400 MHz) in CDCls

Ja-2-29-%-fr-1
s-ph 10: s_20180322_88
File: /ome/Jykang/ja-2-23-n-1r1.f5d

Pulse Sequence: s2psl

JU Ji \ A_Ju
3 8 7 6 s B 3 2 1 -0 pom
l:;l 24:‘ - 3.18
3.0 1.0 z.00
BC NMR (100.5 MHZ) in CDCl3
Sasple: ja-2-29-c-frl
Sasple ID: s_20188322
File: lmuytln'/jqi 2’ ~c-fri.f1d
Pulse Segquence: s2pul
B £ e
Z iz 2=
Y Y

T
z20 200 188 180

140

120 100 80 68 4‘. 20 0 ppm

S-36



Supporting Information
P NMR (162 MHz) in CDCls

2-29-p-1r1
Bome/jyxang/ja-2-29
s2ps)

Palse Sequence:

: cdc13
5.0 C s 288.1 K

Solvent
Temp. 2
o

d
=
ERVE P31, 161.79232
- m1, 393.68333

DECoPLE
o «
nsousty on
VALTZ-16 modslates
DATA PROCESSI:
Lime troadening 1.3 m
o iz 3ten2

Totad t mis,

S37

~p-fri.fid

20,128

37wz
16 ez

z

3 sec

40

100

80



S38

Supporting Information

IH NMR (400 MHz) in CDCls

ppa

13C NMR (100.5 MHz) in CDCl;

Sams 1.

e: ja-2-26-c-fr-1

: 5_20180322_02
1le: /home Jyvang/ja~2-26-c-fr1.fig

Pulse Sequence: sZpul

o't
:-.!WVI

—
180

200

ppa

20

a0

0

109

120

140

169

220



Supporting Information S39

P NMR (162 MHz) in CDCls

Ja-2-26-p-Tr1
home /jyvang/ ja-2-28-p-Tri.fid

Pulse Sequence: s2pul

cec1s
S /1981 K

1
“Var ian-swee

20,008

Relax. delay 1.840 sec
Pulse 45.3 degrees
Acg. time 1.500 sec
width 21136.4 M2

Single scan
OSSERVE P31, 161.7923737 WMz
DECOUPLE M1, 393.§30331¢ WMz
Power 40 dB

cont inwoss Iy on

WALT2-18 mofulates

DATA PROCESSING

Lime troadesing 1.0 Wz

FT size 131072

Total time 0 ain, 3 sec




Supporting Information

IH NMR (400 MHz) in CDCls

ez Ja-2-143-h-fr1
Sample 1D: 5_20130308_87
File: 00220.71d

Pulse Sequence: sipal

E——— ]

1,304

e 0.000

13C NMR (100.5 MHz) in CDCl;

Sample: ja-2-143-h-fri
Sample 1D: 5_20190388_08
File: e0221.T1e

Pulse Sequence: sZpul

s23 £ 2%
. b | ==
== b4 ==
f 1
11
\
Nt e
180 160 14 120 100 80 60 40 20 ppm

S40



Supporting Information
*P NMR (162 MHz) in CDCls

Ja-2-p-143

19,640

q. sec
Vidth 21186 & Mz
Single scas
OBSERVE P31, 161.7873397 Wmz
DECOUPLE M1, 399.6705538 Mmz
r e
neou:
-16

cont § iy on
WALTZ-16 sodslated
DATA PROCESS:
Line broagening 1.9 Mz
FT size 131072

1 time 0 min, 3 sec

100 se a0 70 68 50 40 30 20 10 0 -10 ppm

S41



Supporting Information S42
'H NMR (400 MHz) in CDCl,

Sample: ja-2-139-h-frinew
e 1D: 5_20198308_83
File: soz16.Tie

Pulse Sequence: sZpul

!
L ot
9 ] 7 13 S 4 3 é 1 ’T' ppm
1 7;,..’13 : 1".7 2:‘ 2:.

13C NMR (100.5 MHz) in CDCls

i e ey

Pulse Sequence: sipul

v _;if T oo&

i L]

T T T T T T T T T
180 160 140 120 100 80 60 a Z\. o ppm




Supporting Information S43

31p NMR (162 MHz) in CDCls

File: /home/Jyxang/ja-2-139-p-fri.fid
Pulse Sequence: s2pul

Solvent: cecl3
Temp. 25.0 C / 298.1 K
to

2-139-p-fr1
Var ian-ANR'

: sa
VANRS-400

23,626

scan
OBSERVE P31, 161.7873397 mmz
DECOUPLE M1, 393.6705538 Wmz

Line broadening 1.8 Mz
FT size 131
Total time ¢ min, 3 sec

—_—— —

T
100 90 a0 70 60 50 4 30 20 10 L -19 ppm



Supporting Information

IH NMR (400 MHz) in CDCls

Sample: ja-2-137-h-frinew
Te 1D: s_20198308_01
File: s0214.Fie

Pulse Sequence: sZpul

«0.000

rvreryer g1 oy T Al
9 8 7 6 5 4 3 2 1 -0 ppm
v - w
1.8¢ 0.3¢ 575
2.85 2.90 i
13 P
C NMR (100.5 MHz) in CDCls
Sample: ja-2-137-h-frinew
Sample 10: 5_20190398_02
File: /home/Jywang/ja-2-137-c-frinew.fid
Pulse Sequence: sZpul
ennne == ssen o=
S3I5F =S e T
fisiz 33 33zss
Yp v >
|
|
|
|
|
T T T T T T
180 160 140 120 100 1] 60 a“ 20 ¢ ppm

S44



Supporting Information S45

P NMR (162 MHz) in CDCls

File: /home/jyvang/ja-2-137-p-fr1.fig

Pulse Sequeace: s2psl

Solvent: cdcl3

Temp. 25.0 C ;/ 298.1 K
tor: §

Pulse 45.9 geg
Acq. time 1.600 sec

:III. 21186.4 W2
1

22.218

scan

CBSERVE P31, 161.78793%7 WHz

l!cnuvl!' H1, 399.6705538 WMz
Ll

Line troadeaing 1.0 Mz
FT size 131072
Total time 0 min, 3 sec

T
100 s -1 70 60 so 4 30 20 19 L} =10 ppm



Supporting Information S46

Figure S1. Flow setup for the synthesis of 3, 4



