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'H NMR of the di-sodium salt of compoufd in D,O
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3P NMR (proton decoupled) of the di-sodium salt@ipound7ain DO
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Current Data Parameters
NAME ImPOPIm_Na_EJD_080415 3
EXPNO 20 5
PRCCNO 1 .
o
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Date_ 20080731
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PULPROG zgpg30
TD 136248
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NS 152 O |l || ~
. N-P-O-P-N
SWH 48661.801 Hz N~ | | —N
FIDRES 0.357156 Hz
AQ 1.3999982 sec ON ONa
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DW 10.275 usec
DE 6.50 usec
TE 297.0 K
D1 0.10000000 sec
di1l 0.03000000 sec
DELTA 0.00000000 sec
TDO 1
======== CHANNEL f1l ========
NUC1 31p
Bl 7.00 usec
PL1 12.70 ¢B
SFOL 121.3207840 MHz
———————— CHANNEL f2 ========
CPDPRG2 waltzlé
NUCZ 1H
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29.00 4B
120.00 dB
9.00 dB
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F2 - Processing parameters
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3P NMR (proton coupled) of the di-sodium salt of gmuand7ain D,O
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SSB 0
LB 1.00 Hz : T T T
GB 0
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13C NMR of the di-sodium salt of compoufid in D,O
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ESI Negative mode MS and selective M@d MS fragmentation of compourith
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ESI Positive mode MS and selective M&gmentation of compourita
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'H NMR of the di-sodium salt of compouft in DMSO-d6/30
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3P NMR (proton decoupled) of the di-sodium salt@fpound?b in DMSO-d6/30

Current Data Parameters

NAME 070917 ImPCHClPIm 2Na
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
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AQ 1.2999814 sec
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DE 6.50 usec
TE 298.2 K

D1 0.10000000 sec
d11 0.03000000 sec
DELTA 0.00000000 sec
TDO 1
======== CHANNEL fl ====—=
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Pl 5.00 usec
PL1 12.70 dB
SFO1 121.3422374 MHz
====== CHANNEL f2 ==
CPDPRG2 waltzlé

NUC2 18
PCPD2 100.00 usec
PL12 29.00 dB
PL13 120.00 dB
PL2 9.00 dB
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3P NMR (proton coupled) of the di-sodium salt of gmuand7b in DMSO-d6/B0

31P of final product
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LCMS of the di-sodium salt of compoufith
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LCMS of the di-sodium salt of compouiid /\‘ “)\H
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'H NMR of the di-sodium salt of compoufd in DMSO-d6
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1H of Na salt in dmso 9Thisjournal i§ (cy ThelRoyal Society of Chemistry 2010
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3P NMR (proton decoupled) of the di-sodium salt@ihpound7d in DMSO-d6

31P dec of Na salt in dmso 9 mg in 0.7 ml
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LCMS of the di-sodium salt of compoufid

\\90.0.0.63\c$\...\MYIV66_ImpCCl2pim_old 5/27/2009 6:00:40 PM
5 mg/mlin 20 mM TEAA
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o 80 AV: 6 SB: 14 1.48-1.74
2 ] 445.85 ,2.21-2.54 F: + CESI
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1H NMR spectrum of ApA sodium salt3ain DO

NH,
Supplementary Material (ESI) for Organic & Biomolecular Chemist N\> N
This journal is (¢) The Royal Society of Chemistry 2010 N o 9o o o N
0-P-0-P-0-P-0-P-0O
1H NMR of Ap4A Na salt in D20 batch 070420 o} S & O & o
OH OH OH OH
Current Data Parameters
NAME 070420_Ap4A
EXPNO 20
PROCNO 1
F2 - Acguisition Parameters
Date_ 20070531
Time 1327
INSTRUM spect
PROBHD 5 mm BBO BBR-1H
PULPROG zZg
TD 65536
SOLVENT D20
NS 16
Ds 2
SWH 6172.83% Hz
FIDRES 0.09415%0 Hz
AQ 5.3084660 sec
RG 456.1
DwW 81.000 usec
DE 6.50 usec
TE 298.2 K
D1 0.10000000 sec
TDO 1
CHANNEL f1
NUCL 1H
Pl 10.00 usec
PL1 9.20 dB
SFO1 299.7518511 MHz
F2 - Processing parameters
ST 32768
SF 299.7500000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
{
4) L L 1 B ey

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5ieis 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

92
1.99
1.65

95
87—
93
56



31p (proton decoupled) NMR spectrum of Apsodium salt3ain DO

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

M WOWONH—MS 0L L
M WO NO W0 0N o0
O A NN WH LW OO
NN R
A A A AN NN NN
Current Data Paraneters [ e A
NAVE 070420_Ap4A | |
EXPNO 30 \\K\K / \ //j/% oy 00~ o~ s o
PROCNO 1 \§/ \Z# 2ose  Sd¥ns
F2 - Acquisition Paraneters REL R BEaR
Date_ 20070531 Mmoo om [l el il
Time 12.50 TTTT R
| NSTRUM spect [
PROBHD 5 nm BBO BB- 1H k L / k ‘\ )
PULPROG zg \ '\\ \ /
TD 126514 ‘ A\
SOLVENT D20 ‘ ﬂ (
NS 94
Ds 4
SWH 48661. 801 Hz
FI DRES 0. 384636 Hz
AQ 1.2999814 sec
RG 23170.5
Dw 10. 275 usec
DE 6.50 usec
TE 298.2 K
D1 0. 20000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 31P
P1 5.00 usec
PL1 12.70 dB
SFOL 121. 3349571 MHz
======== CHANNEL f2 ========
CPDPR& wal t z16
NuUC2 1H
PCPD2 100. 00 usec
PL12 29.00 dB
PL13 120. 00 dB
PL2 9.00 dB
SFO2 299. 7511990 Mz
F2 - Processing paraneters }U | ft
Sl 32768
SF 121. 3410240 Mtz Y \/‘\ W W
Wow EM
SSB 0
LB 1.00 Hz J
ez} 0 -11 ppm ppm
PC 1.40

T . | .
200 150 100 50 0 =50 =100 -150 Ppm



31p (proton coupled) NMR spectrum of Mpsodium salt3ain DO

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

O W O LW
o I c e e i)Y
AN W0 OO
o= NN N
Current Data Paraneters TTYFTY
NAMVE 070420_Ap4A
EXPNO 20 V W1/
PROCNO 1 \ //
F2 - Acquisition Paraneters
Date_ 20070531 w0 © oW ®
Ti e 12.50 s feayid i
I NSTRUM spect i PR
PROBHD 5 rm BBO BB 1H g aaaa
PULPROG zg [ bbb
D 126514 | ( \ | )
SOLVENT D20 \ [/
NS 94 \ \ Lt
Ds 4 | r
SWH 48661. 801 Hz
FI DRES 0. 384636 Hz
AQ 1.2999814 sec
RG 23170.5
DW 10. 275 usec
DE 6.50 usec
TE 298.2 K
D1 0. 20000000 sec
TDO 1
NUCL 31P
P1 5.00 usec
PL1 12.70 dB
SFOL 121. 3349571 MHz
F2 - Processing paraneters A
Sl 32768
SF 121. 3410240 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40 k /{‘/
MW'J\/ \1'\(\,4‘“\/ 4N \‘“WU\N'
T T
-11 ppm ppm
| | "
i | I ! il ‘ " ! | ‘
A ! il 4 " [ d | ‘ L | il LU '
{
T T T T T T T T
200 150 100 50 0 -50 =100 —~1.50 ppm
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LCMS of ApsA, 3a

070420_AP4A_T

Pcol_r1f36 5/4/2007 9:15:19 AM

RT:0.00 - 16.00 SM: 3B

10.88 NL:
160000067 1.61E6
140000 2605 POA
1200006 UV trace at 260 nm 070;1207Ap4
10000061 QS_TPcol_rlf

< 800000
600000
4000067
200000
E 1.10 4.05 5.01 5.40 5.986.17 870  9.33 9.81 10.10 10.55 11.7812.26 12.61 13.02 13.92 14.70 15.19 15.64

10.90 NL:

] 1.72E7
16000006 ToF -
14000006 . ESI Full ms

E MS Negative Mode Total lon Current trace (130-1500) MS
12000008; 070420_AP4

2 10000008 15.27 15.60 A_TPcol_rif
2 .
£ 8000006 36
= E 11.20 118
: 1253 1311 13.73
60000081 1 g/ WL:13  1.86 235261286327 370 418450 512537 574 630 6.80 7.08 753773 851872 942 9.83
4000006

0 1 2 3 4 5 6 7 8 9

Time (min)

070420_AP4A
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TPcol_r1f361010-1028 RT: 10.84-11.00AV: 19 NL: 3.31E6
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1H NMR spectrum of UgJ sodium salt3f in D,O

o] o]
Supplementary Material (ESI) for Organic & Biomolecular Chemlehtl NH
urrant Data Raraweters This journal is (¢) The Royal Society of Chemistry 2010 PR | | Py
NAME 060227 _UPAL Na 07N o 0o 0 o N" "0
EXPND 10 1l I Il 1]
FDCND 1 o 0-P=0-P=0-P~0-P-0 o
OH OH OH OH
Fa8 - Acquisitian Parameters
mata_ 20050914 OH OH Exact Mass: 790.0 OH OH
Time 10.05
INSTRUM apect B
MED 5w WLt 1H NMR of UP4U Na salt, 060223 and 050217 in d2o
AULPROG 2010
m 65518
SILVENT 020
\S 16
b 2
SWH B172.639 Hz
FIOAES 0.094490 Hz
Ad 5.3084660 sBC
AG 4
™M B1.000 usec
E B.00 uaee
E 300.0 K
1 1.,00000000 s8¢
=======z== [HANNEL f] =z==z====
wCt 1H
1 14.00 usec
Al Q.00 od@
Fo 309. 8846549 MHz
F28 - Processing paraneters
51 327568
¥ 259, 8800000 HHz
AN EN
) 0
T 0.30 Hz
] 0 methanol
I 1.00
10 NNA plot parameters
X 26.50 ¢
Fip 9.063 ppm
F1 2717.81 Hz
Fap 0.633 ppn
F2 249,01 Hz
APMCN 0.31055 ppn/cn
HZDN 93, 12875 Hz/cm
aceton
-
M | |
rJL\ M LW
- <D &N g o <o Is} <€
E - Nlle= (u) (=] ™M [11) =}
E < @ffo =[ [N < ol (%
E - oh« al |[m - o| |o
I T T T T T T T T T I T T I T T T T T T T T T I T T T T T T T T T I T T T T T T T T I T T T T T I T T T T T T T T T I T T T T T T T T T I T
ppm 8 g 4 3 2 i
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31p (proton decoupled) NMR spectrum of Upsodium salt3f in D,O

Supplementary Material (ESI) for Organic & Biomolecular Chemistry

Burrent Dota Pararcters This journal is (¢) The Royal Society of Chemistry 2010
NNE 050227 UP4UL Na
EXPNG K

AROCNG L
F2 - Acouisition Parameters 31F [|1H dec.) af UP4U Na salt, 050223 and 050217 in d2o
Date_ 20050311
Tine 0.3t
INSTAUM Bpect
PRIBHO S nm Hultinue
PLLPAOG 20pg%0

14530
SOLVENT do
NS =]
] £
3 48664 -BOL Hz
FIDFES 0.2333348 H
AD 1.4000A4 sec
RG 21642.3 Surrent Data Faraneters
oW 10.275 usec We w0z pae
® 5.00 usac o 2
TE MA.Q K 7 - Atquisition Porancters 31F [1H dec.) aof UP4U Na salt, 050223 and Q50217 in d2o
m 0.10000000 5EC [y U
111 0.03000000 8C P R
142 0.00002000 sec e
m========= CHANNEL i1 S -4 .
nCL P Toes v
M 40.00 usgc = o
L1 3.00 o8 E T e
5FOL 121, 387435 Wz 3 s

112 1.00002000 3ec
mmmmmmmmmme= [HANNEL {2 =m=m==ssssm== b HANEL 1 commeereere

CROPRG2 waltzi6 = "
% Bu.g usEC R e e
2z 0.00 o8 S HANEL B e
PL1A 17.00 dg "
PL13 47.00 d&
5F2 288, B8119: WHz
F& - Procesaing parameters
SI 2768
5F 121, 363490 WHz
NDM BN
== Q
L8 1.00 H
5 9
P 1.4

Y 993508 He/on
10 NNA plot paremeters
oX 26.00 tn
FIP 13.431 ppn
F4 1B2B1.40 Hz
FeR -260.423 ppn
Fe -30400.41 H
PANON 15.41769 pp/om
HZCM 187460779 Hz/cn

T T T '
ppm -10 15 o0




31p (proton coupled) NMR spectrum of JUpsodium salt3f in DO

Frtbali e Supplementary Material (ESI) for Organic & Biomolecular Chemistry
EXPNG 20

This journal is (c) The Royal Society of Chemistry 2010

PROCNG 1
F2 - Acouisition Poramctcra 31P (protan coupled) NMR af UP4U Na salt, 050223 and 050217 in d2a
Date_ 20050311
Tane 10.14
INSTAUM spect
PREBHOD S nm Hultinuc
PULPAOG 2550
™ 126514
SDLVENT azo
NS 53
s 4
SNH 48B64_BOL Hz
FIDRES 0.3B4636 Hz
[t} 1.2000414 sec
] 2860
™ 10.275 usec
DE .00 usec
E 0.0 K
m 0,10000990 BEC
mmmm==zz==== [HANNEL {| =======zzz===
(T} ap
P 10,99 uacc e o peters
A1 3.00 dB e ]
srat 131, 3874206 M-z e !
gu;,mumm;nnma;;ﬁm: 31P (protan coupled) NMR af UP4U Na salt, 050223 and 050217 in d2a
f2 - Processing poranctera e s
s 32768 Tos M MiEE
5F 121.3934990 MHZ %u&w ”“Zé
= = B sy
L8 1.00 H H 0
® a H 03 usse
C 1.4 H 110009 e
10 NMA plot parameters = 10.00 usec
CX 26.00 cn oo avmemw
F1p 160.431 pon 2 - Pracemion smmmiers
F1 18081 .40 Hz H . we
= -230.429 pon = 3
i3 -30400 .44 Hz H e
PAMCM 16.44768 pon/on ® -
HZEN 187480779 Hz/en [t 1
4 Py
o Pt
1 1 1 1 ' | 1 I |
ppm -8 -10 -12 -14 -16 -18 -2




LCMS of UpU, 3f

NH
Supplementary Materi for Organic & Biomolecular Ch
This journal is (c Th Royal Soglety%f Cﬂemlgtrg 2010
\ |
OH OH OH OH
OH OH Exact Mass: 790.0 OH OH
Up4U_NaSalt_29Apr08_080429155436 4/29/2008 3:54:36 PM
RT:0.00 - 15.00 SM: 3B
5.57 NL: 2.00E6
2000006 nm=256.2-258.8 PDA
] Up4U_NaSalt_29Apr08
] UV trace at 258 nm 080429155436
15000001
5 1
< 1000000]
500006]
1 046077 120 194 2.62 2.81 5.25 6.09 6.48 6.85 7.848.08 844 10.1510.41 1087 11.4211.80  12.5713.0013.36 13.82 1431 14.93
0- 5.56 NL: 1.86E7
] miz= 787.62-790.59 F:
] - c ESI Full ms
15000000 . [250.00-1600.00] MS
] MS Negative Mode trace at m/z 789 Up4U_NaSalt_29Apr08
o ] 080429155436
‘210000006
S d
g i
5000000]
(;OMO 117 167 218246 2.91 3.51 3.834.08  4.604.97 5.39 5.876.326.63 6.99 7.62 7.838.07 8.55 8.84 9.27 958 1017  10.88 1161 12.1812.5312.97 13.62 1411  14.86
I e e e B T e T e e e L B B e e i E R i B e e e e B R B B e e e e AN L e e et
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (min)
Up4U_NaSalt_29Apr08_08042915548674-691 RT: 5.51-5.63 AV: 18 SB: 39 5.36-5.48 , 5.67-5.84L: 1.12E7
F: - ¢ ESI Full ms [250.00-1600.00]
) 789.05 i
11000006 [M-H]
1000000€]
9000006 ESI MS in the Negative Mode of W peak at 5.57 min
8000006
70000061
> |
5 6000006
53 ]
€ 4
= 5000000
4000006
3000006]
2000006 811.02
] 861.65
10000062 889.66 1142.25
E 940.7
262.97 313.81 1394.20  442.98474.10 526.77 507.78  661.19696.02 747.84 | 83301 | h“ o Ji., 98475 104143 111436 )| 1158.40 1226.571264.76 1322.49  1384.83 1428.58 1476.971516.99 1599.22
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\ \\\\‘\\\\‘\\\\‘\\ \\\‘\\ ‘\\\ \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘
260 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1850 1600
m/z
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Simulated fitting of an AA’XX’ spin system to theqeerimental'P NMR spectra of AjA and UpU (3aand3f, resp.):
Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is (c) The Royal Society of Chemistry 2010

JAA' =0.70
IXX' = 14.87
JAX = 17.00
JAX' =0.30
Vcentr = 21760.90
Wa = 2.00

Right-Hz = 21699.60
WdthHz = 138.78

JAA' =1.80
JIXX'=15.80

JAX =17.70

JAX' = 0.20
Vcentr = 27090.70
Wa =4.00

Right-Hz = 27049.50
WdthHz = 91.86

0]

OH OH

N
N
g 92 9 N
~0-P-0-P-0-P-O
OO °
o o O
OH OH

1l 1l 9 (I)\
0-P-0-P-0-P-0-P-0
OH OH OH OH

Exact Mass: 790.0
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'H NMR of APPCHCIPPA sodium saBcin D,O:

1 0.8
—~

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
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3P NMR (proton decoupled) of APPCHCIPPA sodium Sain D,O:

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010
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3P NMR (proton coupled) of APPCHCIPPA sodium sadtin D,O:

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

L LR AR LR LR B
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LCMS analysis of APPCHCIPPA sodium s&it;
a) UV (top), MS Pos. mode TIC (middle), and Mg, Nmge, Tkt tPeEombrarR RatRgkRMSchemistry

A This journal is (c) The RoyakSociety of Chemistry 2010

20000004
nm=2503
18000004 2579 PDA
o000 Na_040830
14000007
12000003
2
Z 10000003
8000003
6000007]
4000003

2000003 Jads
036 062 116 147 166 219 2.39 268 292 340 380 508 578 612 _ 665 7.08 1.94 884 913 933 1003 1080 1148 1173 12.38

1203 [

Na_040830

1035 1067 1113 281

874 919 945 977 1222 1319 1345

Relaive Abundance
g

209 028 087

603 110 1420

022 \ 666 845 ggs 916 949 974 1007 1056 185 1226 1245 gae 20N 1480

S~ 182 207 253 279 305 343 395 486 498 5% 595 641 —AEARORE RS BUE A \
L2 207 253 278 498 s RN

( U VA Ve g

Relative Abundance
g

Time (min)

b) Positive mode MS of APPCHCIPPA peak at 7.46 min

APPCHCIPPA_Na_040830 #231-235 RT: 7.46-7.58 AV: 3 SB: 7 7.18-7.37,7.71-7.94 NL: 1.88E6

T: +cESI Full ms[110.00-1600.00]
1070.94

[M+H+2TEA]*

1800000

1600000

1400000

12000004

.4
5
8
8
g
8
i

Intensity

800000

600000
1171.20

4000007 1193.53

200000 1092.82

413622 239.15 318.08 39804 454.06 550.29 621.79 689.94 806.86 868.99 970.05 [ .u‘“ ‘ 1\, 1291.30 1438.62 15
L S N 6 L e e
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

m/z

¢) Negative mode MS of APPCHCIPPA peak at 7.46 min

APPCHCIPPA_Na_040830 #231-236 RT: 7.50-7.62 AV: 3 SB: 7 7.20-7.39,7.71-7.94 NL: 1.04E6
T: -c ESI Full ms[110.00-1600.00]
867.15

1000000 [M_H] ’

900000

98.34
it

800000

700000

600000

500000

Intensity

400000

300000
889.09

200000 119.02

100000 178.83 1005.18
| 22465 32690 520.19 571.04  680.30 833.18 956,97 1125.79 1200.65 1280.83  1383.54 145189 1592.36
L L I Il L 1
L e e e e ) e e e ey e s e |
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'H NMR of APPCHFPPA3eas the tetrabutylammonium salt in@

Current Data Parameters

NAVE  040810TBAY APPCHFPPA_TBA Supplementary Material (ESI) for Organic & Biomolecular Chemistry

EXPND 20 This journal is (c) The Royal Society of Chemistry 2010

PROCNO 1

F2 - Acquisition Parameters

Date_ 20041018

Time 14.17

INSTRUM spect

Eﬁﬂﬂﬁ 5 om ""1*;;“3; 1H NMR of APPCHFPPA Bu3N salt batch IY040910TBA1 in D20

™ 74072

SOLVENT 020

NS 8

0s 2

SWNH 6172.839 Hz

FIDRES 0.083336 Hz

AQ 5.9998822 sec

R6 40.3

N 81.000 usec

DE 6.00 usec

TE 300.0 K

D4 1.00000000 sec

m======== === CHANNEL f{ =============

NUC1 1H

P1 14.00 usec

PL1 0.00 dB

SFOL 299.9418523 MHz

F2 - Processing parameters

51 32768

SF 299.9400000 MHz

NDW EM

558 0

LB 0.30 Hz

5B 0

PC 1.00

1D NMR plot parameters

CX 26.50 cm

FiP 16.466 ppm

F1 4938.67 Hz

Fap -4.115 ppm

F2 -1234.17 Hz

PPMCM 0.77661 ppm/cm

HZCM 232.93735 Hz/cm

| —
— ( .
- P (V7 A —H J’ 4

] o= o [Te) g ifel iy M| |Mm aglo|miis ~
< || (=] a ao|cy oM [ ajo|uf|o -
£ <||< a IS <|<|<| ||| slalalle| |5
- au alfm -
ppm 14 12 10 8 6 4 2 0 -2
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3P NMR (proton decoupled) of APPCHFPF3 as the tetrabutylammonium salt in@

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010
31P NMR (proton decoupled) of APPCHCFPPA Bu3N salt batch IY040910TBA1 in D20

Current Data Parameters
NAME 040910TBA1_APPCHFPPA_TBA
EXPNO 40
PROCNO 1

F2 - Acquisition Parameters

Date_ 20041018
Time 14.58
INSTRUM spect
PROBHD 5 mm Multinuc
PULPROG zgpg30
1 126514
SOLVENT d2o
NS 24
DS 4
SWH 48661.801 Hz
FIDRES 0.384836 Hz
AQ 1.2999814 sec
RG 16384
DW 10.275 usec
DE 6.00 usec
TE 300.0 K
D1 0.10000000 sec
011 0.03000000 sec
g12 0.00002000 sec
s=========== CHANNEL f{| ====ss=s=====
NUC1 3P
P 10.00 usec
PLY 3.00 dB
5F01 121.4117167 MHz
============ CHANNEL f2 ====ss=======
CPDPRG2 waltz1b
NuC2 1H
PCPD2 80.00 usec
PL2 0.00 aB
PL12 16.00 dB
PL13 17.00 dB
5F02 299.9411998 MHz
F2 - Processing parameters
51 32768
8F 121.4177880 MHz
WDW EM
558 0
LB 1.00 Hz

T T T 5B 0

0 -5 -10 PC 1.40
1D NMR plot parameters
CX 20.00 cm
FIP 150.387 ppm
F1 18259.60 Hz
FeP -250.393 ppm
F2 -30402.20 Hz
PPMCM 20.03899 ppm/cm
HZCM 2433.09009 Hz/cm

I
ppm 100 50 0 -50 -100 -150 -200



3P NMR (proton coupled) of APPCHFPP2ge as the tetrabutylammonium salt in@@
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31P NMR (proton coupled) of APPCHCFPPA Bu3N salt batch IY0409{0TBA1 in D20

Current Data Parameters
NAME 040910TBA1_APPCHFPPA_TBA
EXPNO 30
PROCNO 1

F2 - Acquisition Parameters

Date_ 20041018
Time 14.44
INSTRUM spect
PROBHD 5 mm Multinuc
PULPROG 2930

1 126514
SOLVENT d2o

NS 157

DS 4

SWH 48661.801 Hz
FIDRES 0.384836 Hz
AQ 1.2999814 sec
RG 2580.3

DW 10.275 usec
DE 6.00 usec
TE 300.0 K

D1 0.10000000 sec
============ CHANNEL f{ =====s========
NUC1

P1 10.00 usec
ALY 3.00 aB
5F01 121.4117167 MHz
F2 - Processing parameters
51 32768

5F 121.4177880 MHz
WDW EM

5SB 0

LB 1.00 Hz
GB 0

PC 1.40

1D NMR plot parameters

CX 20.00 cm
FIP 150.387 ppm
F1 18259.60 Hz
FopP -250.393 ppm
Fe -30402.20 Hz
PPMCM 20.03899 ppm/cm
HZCM 2433.09009 Hz/cm

ppm 100 50 0 -50 -100 -150 -200
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LCMS of APPCHFPPA sodium saie

Supplementary Material (ESI) for Organic & Biomolecular Chemistry

9/29/2004 5:12:48 PM This journal is (c) The Royal Society of Chemistry 2010

040910Na_APPCHCFPPA_Na

RT: 0.00 -15.02 SM: 3B

6.15 NL:
2000000 205E6
| nm=259.5-260.5
1500000-] UV trace at 260 nm PDA
. 040910Na_APP
5 3 CHCFPPA_Na
< 1000000
500000
E 070 1.13 1.40 1.89 2.34 4.24 4.49 5.36 5.77 7.15 8.76 9.10 10.07 10.82 1201 1275 1332 1420 1477
0 611 NL
- 136E7
7 TICF:+c ESI
10000000 MS Positive mode Total lon Current trace (130-1600) Fuims MS
> — v
2 ] CHCFPPA_Na
g -
= 5000000-] 928 560 1.12 158 203 275 333 3.59 398 463 514 540 6.95 765 7.98 g5 8.95 947 1017 1069 1107 1261 1299 1369 14.14 1472
6.15 NL:
| 4.63E6
4000000 . TICF:-cESI
3 MS Negative mode Total lon Current trace (130-1600) Fulme MS
> B a_
2 3000000
7] = CHCFPPA_Na
2 . 12.07 12.45 13.35 13.92 -
B 8.92 9.50 10.27 10.79 11.17 14.24
£ 0000007 344 3.69 4.27 4.54 5.24 550 6.99 750 789  8.54
1000000
R 5 s o e s e B B s s B s st Bt By s s s B B s s Bt B B S BBy B B B B N S N s S S s S R R
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (min)
1054.84 . NL: 2.57E6
1007 [M+H+2TEA] 040910Na_APPCHCFPPA_Na
B #185-195 RT:5.98-6.30 AV:
80 . 6 SB: 10 5.70-5.89 ,
9 1 ESI Positive Mode MS Spectrum of 6.49-6.88 T: + ¢ ESI Full ms
= . [110.00-1600.00]
S ]
g 0] AppCHCFppA peak at 2.83 min
3 ]
< B
2 40
5] N +
s . [M+H+3TEA]
20 1154.71
. 663.06 74299 853.31 | 1104.87 ‘\‘11‘77 03 25 1581.21
0 851.13 NL: 1.34E6
b 040910Na_APPCHCFPPA_Na
1200000 #186-196 RT: 6.02-6.34 AV:
3 6 SB: 8 5.72-5.92 , 6.49-6.82
1000000 . T:-cESIFull ms
] ESI Negative Mode MS Spectrum of [110.00-1600.00]
800000 AppCHCFppA peak at 2.83 min
600000
400000
200000
ol 17306 | 27283 327.93 K 42569 A 50431 576.84 640.89 745.89  826.22 _ 989,52 1067.09 1135.06 1211.00 1276.80 1335.47 1416.07 1481.47 159969
I L L L L L L L L L L D L L L L L L L L L L s S I O ) N O B B R B B i
200 300 400 500 600 700 800 1000 1100 1200 1300 1400 1500 1600
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'H NMR of AP(S)PPP(S)A sodium saBb in D,O:
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7.5 mg in 0.7 ml d2o
MeOH
Current Data Parameters
NAME ApSpppSA_Na_MYIV164
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20100421
Time 17.43
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 51850
SOLVENT D20
NS 45
Ds 2
SWH 5081.301 Hz
FIDRES 0.098000 Hz
AQ 5.1020899 sec
RG 1625.5
DW 98.400 usec
DE 6.50 usec
TE 295.8 K
D1 0.10000000 sec
TDO 1
=== CHANNEL fl ===
NUC1 1H
Pl 10.00 usec
PL1 9.20 dB
SFO1 299.5719490 MHz
F2 - Processing parameters
SI 32768
SF 299.5699822 MHz acetone
WDW EM
SSB 0
1B 0.30 H
on g TEA
PC 1.00
ijr 4/’ - Ir e
&*LJ M\ e Lj .lIxLAﬂ [ i I
T T T v T e T I [ I T T =] ¥ T b [ T | L b T J [ |3
10.5 10.0 9.5 9.0 .5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
JILL L ) L
|~ {en? oD 00( AN | f=o] Aol fon) [ B (Ee} w
ey | =S o= (= | =} N |~ o~ || [
C:O v—(’ C\; AN o N |~ (D‘ oo N [ <o

33



31p (proton decoupled) NMR of AP(S)PPP(S)A sodiurh 8alin D,O:
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This journal is (c) The Royal Society of Chemistry 2010

L RN
Current Data Paraneters 3@;&3 2:?‘3?&
NANE ApSpppSA_Na_My| V164 N—Hooo el
EXPNO 20 — == INESENEN| © O DO
PROCNO 1 ﬂ“fjj N U HREN X CEE T
O N ™M . . . .
F2 - Acquisition Paraneters \\\ /// \\ / o e il
E / (= o N ol =
Time” Rty A SEET IR
| NSTRUM spect
PROBHD 5 nm BBO BB- 1H J ‘ J
PULPROG 2gpg30 / /
TD 136248 \ /
SOLVENT D20 “ / \ r
NS 185
Ds 4
SVWH 48661. 801 Hz
FI DRES 0.357156 Hz
AQ 1.3999982 sec
RG 23170.5
Dw 10. 275 usec
DE 6.50 usec
TE 295.3 K
D1 0. 10000000 sec
di1 0. 03000000 sec
DELTA 0. 00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 31P
P1 7.00 usec
PL1 12.70 dB
SFOL 121. 2684058 M-z
=z======= CHANNEL f 2 ========
CPDPRG2 val tz16
NuUC2 1H
PCPD2 100. 00 usec
PL12 29.00 dB
PL13 120. 00 dB
PL2 9.00 dB
SFO2 299. 5711070 Mz
F2 - Processing paraneters
Sl 32768
SF 121. 2684187 MHz
WowW EM
SSB 0
LB 2.00 Hz
GB 0
PC 1.40 "
f )
R i
T T
ppm -26 ppm
! Iy |
| U [
Liad I
! | ! L L " |
T i T 4 T T T T T T ¥
200 150 100 50 =50 =100 ~150 ppm
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Separation of the three diastereomers of AP(S)PRPBb by reverse phase ion-pairing chromatography:

1190.0.0.63\c$\.. \ApSpppSA_MYIV164_Na

4/22/2010 6:37:19 PM
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g 9 ¢ 9
0-P-0-P-0-P-0-P-0
o SH OH OH SH

Exact Mass: 868.00

OH OH OH OH

RT:0.00 - 54.98 SM: 3B

22.26 NL:3.61E5
9 nm=255.9-2611
300006 PDA
— ApSpppSA_MYIV
] UV trace at 258 nm %4 Na
2 200006 26.05
S i
100006 19.40
1 130 304370 574638 838 10.20 11.8013.1514.15 16,63 17.53 2834  30.35 3229 34.86 36.32 37.70 39.47 40.93 4250  44.6545.53 48.35 49.82 51.62 52.51 53.86
0 22.30 NL: 55366
m/z=
50000001 1068.74- 07409 F:
-,4000006 +c ESIFullms
2 g MS
230000061 MS Positive mode trace at m/z 1071 AbSpppSA_MYIV
£2000000{ B4_Na
1000006+
1.60  3.755.13 579 7.017.62 9.25 1083 1251 1470 15.91 17.33 28.44 30.1031.1232.5833.43 35.35 36.77 38.03  40.19 41.61 43.42 4498 46.6547.61 49.88  51.93 53.68
0 2227 NL:3.73E6
] m/z=
3000006] 864.88-869.59 F: -
= | . c ESIFullms
z 3 26.05 MS Negative mode trace at m/z 867 ms
S 2000006 ApSpppSA_MYIV
£ E 64_Na
1000006 18.45
o 0.86 1.52 3.16 4.59 6.07 8.05 9.07 10.85 12.33 14.11 15.33 16.34 17.82 20.40 23.88 28.57 29.62  32.00 33.91 35.83 36.89 38.76 39.97 41.93  44.1045.2146.32 48.29 49.20 51.51 52.41 54.01
————— T T T T T T T T T T T T T e T T T T e e T e
0 2 4 6 8 10 12 14 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
Time (min)
+ +
100+ [M+H+2TEA] 1070.79 [M+H+3TEA] NL: 2.26E6
- 1171.48 ApSpppSA_MYIV164_Na#
1 : 862-893 RT: 21.95-22.70
3 80 AV: 16 SB: 22
< ] it 21.2421.67 , 23.96-24.56
< ] .
g ESI Positive mode MS 21262167 | 23
5
3 ] of ApSpppSA peaks
e q +
£ [M+H+4TEA]
2 ] 1271.85
20 +
] M+H+TEA 1193.51
] 401.58432.79  491.85 1157.58 1293.86
A 31097 3644380008 TR T )L 53386567.73 617.62649.44678.16 723.12 | 80353840.55868.76 932 97°vve | 10585 1 0 I 137117 142807  1488.39 154550 1508.67
867.04 NL: 1.58E6
E ApSPPPSA_MYIV164_Na#
1400006 -H1- 862-895 RT: 21.93-22.72
B [M-H] AV: 17 SB: 17
12000084 . 21.12-21.45 , 23.40-23.91
1000006] ESI Negative mode M Fi-cESI Full ms
800006 of ApSpppSA peaks
6000061
400006]
200000 ] 888.97 983.71
1271.05 31636 376.95 43321 49203 522.03 575.20 621.07 659.44 72313  775.60 84449 | | 92523 1027.72 1103.431142.55 1198.50 1244.45 1206.48  1358.74 141521 1474.901511.511550.14
T e e e L T T B e B B e e T T e B T T
300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600
m/z
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'H NMR spectrum of AP(S)PCHCIPP(S)A sodium saitjn D,O:
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Current Data Pa

NAME 1¥3-3-1y N N
EXPNO D Cl 4
PROCNO 1 N} 0\9/0\9 *9/0\9/0 <N
o TR
F2 - Acguisition Parameters SH OH OH 8H
T - OH OH  EyactMass: 80008 O OH
Time 11,44
Sl mgkut 1H NMB nf APsSPCHCIPPsA sodium salt in D20, bsiches iy3-3 and 1y3-/
PROBHD 5 mm Multinuc
PULPROG 2930
mn 31474
D20
NS 16
Ds 2
Shi 4496401 Hz
F1DRES 0.142861 Hz
AQ 3.4999599 sec
RG 362
oW 111.200 vsec
[1]3 6.00 usec
TE 300.0 K
D1 0.10000000 sec
= CHANNEL f1 ==s==========
iH
Py 14.00 usec
PLY - 0.00 dB
SFO4 300.0518529 MHz
F2 - Processing parameters
81 32768
SF 300.0500025 MHz
WOH EM
SE8 0
LB 0.30 Hz
B Q
PC 1.00
4D NMA piot parameters
€x 26.50 cm
F1R 10.086 ppm
F1 3026.36 Hz
Fap -0.1B4 ppm
Fa2 -85.39 Hz
PPMCM (.38757 ppm/cm
HZCM 116.29063 Hz/cm
|
| : /'
. ’> B
7 - = A4 -
S MHLJ K*—J 3 " . JL ,,hL_ ULL
[ | ) | \ \ )
\ \ / /
‘ | V! o w0 mf
= 8| =TlkA }: g @l @
. ] [ A | & lo| o|
> YRR TR Tr v e Tt Ry —— e T =TT o T S e R o R I (I S I T T

n

ppm ; B B 4 3



31p (proton decoupled) NMR spectrum of AP(S)PCHCIPREdium salt3d in D,O:

Current Data Para
NAME Ya=d=3yd
EXPNO 30
PROCNO 1

F2 - Acouisition Parameters

Oate 20030214

Time 12.10
INSTHUM spect
PROBHD 8 omm Multinuc
PULPROG 290930

10 659536
SOLVENT a20

NS 480

0s 4

SHH 24330.900 Hz
FIDAES 0.371260 Hz
AQ 1.3468148 sec
AG 20642.9

oW 20.550 usec
DE 6.00 usec
TE 300.0 K

D4 0.20000000 sec
011 0.03000000 sec
g12 0.00002000 sec
= —===c== CHANNEL f1 ============ -
NUC1 e

Pl 3.50 usec
PL1 3.00 oB
SFO1 1214623199 MHz

= CHANNEL f2
waltzig

B0.00 usec
0.00 o8

17.00 ¢B
300.0512002 MHz

F2 - Processing parameters

s 32768
SF 121.4623160 MHz
WOW EM
SsH (4]
LB 1.00 Hz
6B [+}
PC 1.40

10 NMR plot parameters

cx 26.50 cm
Fip opm
Fi Hz
= pom
F2 Hz
PPMCH pom/cm
HZEM 918.14722 Hz/cm

OH OH

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

Phosphaorous NMAR (proton dec )aof APsPCHCIPPsA sodium salt in D20, batches 1y3-3 and 1y3-7

N
cl ¢
o o0fo o
O\'I:I;,O\él' 'I:I;,O\;:",,O ° N
SH OH OH $H
ExactMass: 899.08  ©H O
i
\
i
| |
WWMWWWMMWWWWMW “
T - 7‘7‘Y—r”7 7 - T — 1 T
ga i N 2 . A A "t L
.
Lo b b I
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31p (proton coupled) NMR spectrum of AP(S)PCHCIPP(S)dium salt3d in D,O:
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Current O ameters
NAME
EXPND
PROCND
F2 - Acquisition Parameters Prhosphorous NMR (proton coupled) of APsPCHC1PPsA sadium salt in D20, batches 1y3-3 and iy3=7
Date_ 20030214
Time 11.96
INSTAUM spect
PROBHO Somm Multinuc
PULPROG 4 N,
m N N~
SOLVENT ) \ al ;) f\N
- W 0202fg0g0 A
s 4 o
SHH 24330 900 Kz iy A il Tl s W SH OH OH SH
FIORES 0.371260 Hz 2 Do o OH OH £ actMass: 890.08 ©H ©OH
A8 t 3468148 sec : . 4 - o
AE
oW G usec
OE ) usec
TE K #
o1 seC ol
NUCH
P USec
PLY |
SFO1 121 4623869 MHz
F2 - Processing parameters
sI 32768
SF 121, 4623160 MHz |
WOW EM
558 a ‘
LB 4.00 Hz ' |
il 0 i
fC 1.40 I
1D NMA plot parameters H
Cx 26.00 cm ‘:‘”
Fip 100.000 pom “M |
£y 12146 23 iz i
Fop -100 000 ppm ‘ ‘
2 -12146.23 Hz I |
PPMCM 7 69231 pom/em I |
HZCM 934.32544 Hz/tm ‘ | |
|
R “
' |
‘ I
R |
| \" A A I J“/N \
! P "“,\WW‘Ju;\«aW’{‘\«*,"“\‘/,\‘q"i"\‘,n,"‘\y«‘-j'*v'ﬂ‘\/\ Mﬂ,wwwwz\ p‘ﬂ.‘vmi",wvuf‘,ri’w,WN'AWNM“WMW,M)‘*'W‘J’ g Byt \«’»\‘,MWP\M“WM'[y(.’-‘w,ﬁ” "y
|
‘ 3 25 15 0 :
|
|




Separation of the four diastereomers of AP(S)PPE&XE)A, 3d by reverse phase ion-pairing chromatography:

NH,
. . . . N~
Supplementary Material (ESI) for Organic & Biomolecular Chemistry o 0% o 7 /)N
o, 3 A , o.1_ 0.1 i O.1.0. N N
This journal is (¢) The Royal Society of Chemistry 2010 2
SH OH OH SH
OH OH  EyactMass: 899.908 ©OH ©H
iy3_7-f15-25-p4-APSPCHCIPPSA _resin_co... 3/6/2007 11:50:49 AM
1 ul of ImM sol in 20mM TEAA
RT:0.00 - 16.00 SM: 3B
10.19 NL: 2.98E5
e nm=256.9-2615 PDA
] iy3_7-f15-25-pa-
2000064 UV Trace at 258 nm APSPCHCIPPsA_resin_col
106
2 ] -
=}
100000
] 301420 475512 576 6.15 679700 7.72 842875 937 12,78 13.44 14.07 14.5415,05 15.42
o 0.06 NL: 8.81E6
800000§ TIC F:-c ESIFullms
] 0.97 MS Negative mode Total lon Current trace (130-1608) 10.22 1977 11.78 15.15 15.51 iiéofgjsﬁgg-ggl MS
2 3 ' 11.43 14.79 1 >-2o-pa- )
gGOOOOO(}: 1.20 2.012.23 278 3.12 3.54 3.84 4.49 512 5.60 6.25 6.55 7.03 7.72 8.04 8.39 9.17 941 9.98 12.18 12.81 13.54 13.96 ApP]stFéCHCIPPsA_resm_col
£ 40000007 -
20000067
h 10.21 NL:8.77E5
.| m/z=896.77-903.95 F: - c ESI
80000&: . Full ms [120.00-1500.00] M S
> 6000001 MS Negative mode trace at m/z 899 i¥3_7-{15-25-pa-
é . APSPCHCIPPsA_resin_col
g 400000 _p¥o6
200006
40.05050 1.111.41 1.842.072.48 2.99 352 3.914.19 474 543 623 6.47 7.007.22  7.86 8.41 8.68 9.039.33 9.98 12.62  13.42 13.74 14.15  14.93 15.82
T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ﬂ T T T T ‘ T T T T ‘ T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Time (min)
iy3_7-f15-25-p4-APSPCHCIPPSA_resin_col_p1##59-979 RT: 10.11-10.33AV: 21 SB:23 9.88-9.97 , 10.42-10.58IL: 2.79E5
F: - ¢ ESI Full ms [120.00-1500.00]
898.89
26000067
240006
220006y ESI Negative mode MS of ApSpCHCIppSA peaks
2000001
1800067
160000
= =
51400067
g ,
120006
100006
80000
600004 920.83
E 1037.10
400006 936.81
] 1017.93
200001 150.89 448.87
Tl ull. Lb 21% 2\3 241.96 32(\3 % 3(\31 o Lo 49? \74 ?4\3\ 8\2 5?2 - 6:\3? 89er7.05 75\4 9179\3 76835.95 878, 89‘ ‘ H\\ u 2 ‘\ 1 \“M ul H‘\ 1955 64 111\6 & L I 1\2‘1‘5 2 1‘252 98 1334.24 1394.67 1430 81 ~ 1499.74
07 HH \‘m‘ ol wh ‘\ w‘H hily u‘m““m“u‘m‘w ‘u \‘ b | H‘u ‘\ ‘\‘ e ‘ ot ‘u‘ \‘H ;\;u ‘M I (TR AT \HHHHMM ; Y ‘ hu H\H ‘ﬂ iuhumhhh willl, ﬂ‘H PRI H\;\ \i [TI1% ‘uu‘ Il ! Mi‘ . \}\ M‘m‘u \‘\ ‘uumm w_\r”‘ il “ “ ! 1] “‘ bt el ;‘ ‘” Hmhuhwh ihmh il \Mh HH\‘M il MMH \‘ w‘hh ‘mu‘ ‘m‘m‘\ \‘ M \ ‘u } \‘H‘\; ‘ I ‘ ; ‘m\‘ ‘M; i \\‘
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1800

m/z
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