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General procedures.

Reagents were purchased from Aldrich, Acros, Fisher, Apollo Scientific Ltd, Goss Scientific
Instruments and Amersham Biosciences, and were used as supplied, except
thiophophorylchloride, which was distilled under an atmosphere of nitrogen. Dry
dichloromethane and tetrahydrofuran were produced by the solvent drying service within the
Chemistry Department, Durham University (Pure Solv MD Solvent Purification System 400,
Inovative technology). Measurements of pH were performed using a pre-calibrated (4.00 +
0.01, 7.02 = 0.01, 10.04 + 0.01) HANNA 210 Microprocessor pH meter at 22 C. For larger
sample volumes, a Hanna combination electrode was used, whereas an Orion micro
PerpHecT ROSS combination electrode was used for smaller volumes. Lyophilisation was
carried out on a Jouan high vacuum system. Mass spectra were acquired on Thermo Electron

LTQ and Micromass LCT spectrometers.

Optimization of ethanolamine thiophosphorylation (Manuscript Table 1, entries
1-4)

In order to optimize thiophosphorylation of ethanolamine, several experiments were

performed where the number of equivalents of thiophosphoryl chloride was varied.

HO, aq. NaOH O\\ /07
2 (5.0-6.5 equiv) R\N’P\s* . SP032* . Oth‘?'.'
SPCl; (1.0-1.3 equiv) H impurities
NH, in THF

Ethanolamine was vigorously stirred with an aqueous solution of 1 M sodium hydroxide (see
table 1 for quantities) in a 100 mL round bottomed flask with indentations that aim to ensure
turbulent mixing, and the mixture was placed in an ice bath. Thiophosphoryl chloride (ESI
Table 1) was dissolved in dry THF (7 mL) was added dropwise to the stirred aqueous mixture

over the course of 10 minutes. The mixture was stirred vigorously for 1 h followed by
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removal of THF under reduced pressure. The residual aqueous solution was then lyophilised
to afford a white powder of crude ethanolamine thiophosphoroamidate. Products were then

assessed using integrated 'H and *'P NMR spectra that are presented below.

ESI Table 1. Quantities of reagents used during ethanolamine thiophosphorylation experiments

Main
paper 1 M NaOH PSCl; ethanolamine
Table 1
entry
number mL mmol Eq mL mmol Eq mL mmol
1 11.5 11.5 5 0.232 2.3 1 0.135 2.3
2 12.6 12.6 5.5 0.255 2.53 1.1 0.135 2.3
3 13.8 13.8 6 0.278 2.76 1.2 0.135 2.3
4 14.95 14.95 6.5 0.301 2.99 1.3 0.135 23

The other impurities in the samples were inorganic phosphate and unidentified structures,
containing phosphoryl groups. Summary of spectroscopic data (‘"H and *'P NMR spectra are
available on p. 13-20): "H NMR (400 MHz; D,0) 8 3.66 (2 H, t, J 5.7, OHCH>), 2.97-2.91 (2
H, m, CH,NH); *'P NMR ['H] (162 MHz; D,0) 6 44.7 (t,J 9.3, NHPS); *C NMR (101
MHz; D,0) 6 62.6 (d, *Jep 8.1, OHCH,), 44.6 (CH,NH); HRMS (ES, m/2): caled for
C,H7NOsPS : 155.9889; found: 155.9888.

Thiophosphorylation of benzylamine (Manuscript Table 1, entry 5)

Ph aq. NaOH O\\ /07
(5. equiv) PhHZC\N/P\S, +SPOg2 4 _other
NH SPCl; (1.0 equiv) H impurities
z in THF

Benzylamine (1 Eq, 0.5 mL, 4.6 mmol) was vigorously stirred with an aqueous solution of 1
M sodium hydroxide (22.8 mL) and water (2.96 mL) in a 100 mL round bottomed flask with
indentations that aim to ensure turbulent mixing, placed in an ice bath. Thiophosphoryl
chloride (1 Eq, 0.464 mL, 4.6 mmol) was dissolved in dry THF (14 mL) and added dropwise
to the stirred aqueous mixture over the course of 10 minutes. The mixture was stirred
vigorously for 1 h followed by removal of THF under reduced pressure. The residual aqueous
solution was then lyophilised, to afford a white powder of crude benzyl
thiophosphoroamidate. Summary of spectroscopic data (‘H and *'P NMR spectra are
available on p. 21-22): 'H NMR (400 MHz; D,0) 6 7.39-7.25 (5 H, m, Ce¢Hs), 3.92 2 H, d, J
6.8, CH,NH); *'P NMR ['H] (162 MHz; D,0) 6 43.0 (t, J 6.8, NHPS); °C NMR (101 MHz;
D,0) & 141.3 (d, *Jep 12.4, i-CsHs), 128.8 (0-CsHs), 128.2 (m-CeHs), 127.1 (p-CsHs), 47.1
(CH,;NH); HRMS (ES’, m/z): caled for C;HoNO,PS™: 202.0097 found 202.0099.
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N-Thiophosphorylation of amines and S-methylation of N-
thiophosphoramidates

0 0 0. 0
aq. NaOH (5 equiv) \/ Mel \ /
RNH LG P
> | RHN™ 8 RHN™ ~SMe
(1.0-1.2 SPCls

equiv) (1.0 equiv in THF)
1
ESI Table 2. N-Thiophosphorylation of amines and S-methylation of N-thiophosphoramidates

2 3

RNH N-thio S-methyl O i b
. -methyl- alkyl S-methylthio
entry RNH, Eq (“L)Z mmol | Phosphorylation ation (h) phosphoramidate
[1)
) 0
1 P NH, | 1.2 300 2.76 0.25 0.25 98“ 96°
2 A~ NH2 | 12 206 2.76 0.25 0.3 98 91°
/N a b
3 O\_/NH 12 241 2.76 1 1.5 98%, 92
4 HO -~y | 1 138 2.3 1 4 924, 89"

“ Determined by °'P NMR. ? Determined by "H NMR.
Amine RNH, (ESI Table 2) was mixed with sodium hydroxide (5 Eq, 1 M aqueous
solution, 11.5 mL, 11.5 mmol) and water (1.48 mL) in a 50 mL round-bottomed flask with
indentations in the flask walls that aimed to cause turbulent mixing. Thiophosphoryl chloride
(1 Eq, 232 uL, 2.3 mmol) dissolved in THF (7 mL) was added dropwise to the aqueous
mixture over the course of 10 minutes. After vigorous mixing for a prescribed period (ESI
Table 2), methyl iodide was added (2 Eq, 286 uL, 4.6 mmol) and vigorous mixing was
continued for a prescribed period (ESI Table 2). Then, ether (ESI and Manuscript Table 2,
entries 1 and 4) or chloroform (ESI and Manuscript Table 2, entries 2 and 3) extraction
(3 x 30 mL) was performed and the aqueous layer was lyophilised, to afford a white powder.
This material was then subjected to NMR and MS analyses that are summarised below (‘H

and *'P NMR spectra are available p. 23-30).

Table 2, entry 1:

o}
Il

©ﬂN/F§\SMe
H O~

Na©
"H NMR (400 MHz; D,0) 6 7.38-7.23 (5 H, m, CsH5), 3.88 (2 H, d, J 10.4, CH,NH), 1.93 (3
H, d, J 12.8, SCH;); *'P NMR ['H] (283 MHz; D,0) 8 26.2-25.8 (m, NHPS); >C NMR (176
MHz; DZO) 0 141.1 (d, 3.](:_13 8.7, i-CﬁHs), 129.0 (m-CsHs), 128.1 (0-C6H5), 127.5 (p-CsHs),

45.7 (CH,NH), 12.2 (SCHs); HRMS (ES", m/): caled for CsH; NO,PS™: 216.0253 found
216.0252.

Table 2, entry 2:
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(o}
1}

\/\N/R\SMe
H O

Na®

'H NMR (400 MHz; D,0) 8 6.03-5.91 (1 H, m CH,=CH"), 5.26 (1 H, dq, J 17.2 and 1.6,
CHH=CH’ where H and H’ are in a trans-relationship), 5.12 (1 H, app dq, J 10.2 and 1.6
CHH=CH’ where H and H’ are in a cis-relationship) 3.47 (2 H, app ddt, J 10.9, 5.6 and 1.6,
CH,NH), 2.13 (3 H, d, J 13.0, SCH;); *'P NMR ['H] (162 MHz; D,0) & 27.9-27.4 (m,
NHPS); *C NMR (101 MHz; D,0) 6 137.4 (d, *Jep 7.3, CH)=CH), 115.6 (CH,=CH), 44.4
(CH,NH), 12.3 (SCH3); HRMS (ES, m/z): calcd for C4HoNO,PS™: 166.0097 found 166.0097.

Table 2, entry 3:

'H NMR (400 MHz; D,0) 8 3.78-3.74 (4 H, m, O(CHa),), 3.17-3.12 (4 H, m, (CH,),N), 2.23
(3 H, d, J 12.8, SCH;); >'P NMR ['H] (162 MHz; D,0) §25.5-25.0 (m, NPS); >C NMR (101
MHz; D,0) 8 67.4 (d, *Jep 7.3, O(CH,),), 45.3 ((CH,),N), 12.0 (d, “Jep 2.9, SCH3); HRMS
(ES, m/z): caled for CsH;NO3PS™: 196.0203 found 196.0202.

Table 2, entry 4:

I
Ho\/\N/P\\SMe
H O~
Na

'H NMR (400 MHz; D,0) 8 3.57 (2 H, t, J 5.6, OHCH,), 2.94-2.87 (2 H, m, CH,NH), 2.05 (3
H, d, J 12.4, SCH;); *'P NMR ['H] (162 MHz; D,0) 6 28.3-27.8 (m, NHPS); *C NMR (101
MHz; D,0) 6 62.3 (d, *Jep 8.1, OHCH,), 43.5 (CH,NH), 12.1 (SCH3); HRMS (ES, m/z):
caled for C3HoNOsPS™: 170.0046 found 170.0046.

+

S-alkylation of N-thiophosphoramidates

o 0~ e o 0™

aqg. NaOH (5 equiv) \\P/ R'+ \/
RNH, . RHN” S~ — " RHN” SR’
(1.0-1.2 5

equiv) (1.0 equiv in THF)

Amine (ESI table 3, RNH,) was mixed with sodium hydroxide (5 Eq, 1 M aqueous
solution, 11.5 mL, 11.5 mmol) and water (1.48 mL) in a 50 mL round-bottomed flask with
indentations that aim to ensure turbulent mixing. Thiophosphoryl chloride (1 Eq,
0.232 mL, 2.3 mmol) dissolved in THF (7 mL) was added dropwise to the aqueous mixture

over the course of 10 minutes. After vigorous mixing for 15 minutes to allow N-
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thiophosphorylation to take place, an alkylating agent was added (ESI Table 3, alkylating
agent) along with additional sodium hydroxide solution (ESI table 3, additional 1 M NaOH)
and vigorous mixing was continued for a prescribed period (ESI table 3, S-alkylation time).
Then, ether (3 x 30 mL, ESI Table 2, entries 1-11) or chloroform (3 x 30 mL, entries 12-16)
extraction was performed and the aqueous layer was lyophilised. The crude material was then
subjected to 'H and *'P analyses to assess conversion levels (ESI table 3, conversion to N-
alkyl S-alkyl thiophosphoramidate), and these spectra are available below (p. 31-46 and 51-
66). Entry 8 was treated in a different manner, described in the table legend, and associated

spectra are also available (p. 47-50).

ESI Table 3. S-alkylation of N-thiophosphoramidates

Main
paper Alkylating agent Additional _alkvlati conversion to N-alkyl
Table 3 b (mL) PNCOH | Saacen S-alkyl thio-
entry (mL) phosphoramidate (%)
number
Ph” NH OH
1 2 Br/\/ 0 17 >99b’>99c
1.2 Eq, 0.300 2 Eq, 0.326
N
2 Ph™NH cl” > Ph 0 22 >99” >99¢
1.2 Eq, 0.300 2 Eq, 0.529
Ph” > NH
3 2 g 0 25 >99" >99°
1.2 Eq, 0.300 2 Eq, 0.448
Ph” > NH, /k d : >92? >92¢
4 11.5 (23 967 (24)%/ » a5e
1.2 Eq, 0.300 10 Eq, 0.229, (23) (>90”,>99°)
(11Eg, 0.251)
0
Ph” > NH
5 : ¥y 0 5¢ 96", 97°
1.2 Eq, 0.300 2 Eq, 0.555
Ph” NH Ny ;
6 2 I>\Ph 0 19 9017,1
1.2 Eq, 0.300 2 Eq, 0.526
o)
Ph” > NH
7 : " ome 0 5 93", 96¢
1.2 Eq, 0.300 2 Eq 0411
PN NN
Ph” NH
8 Lok 238 —1 1 ~80*" 82"
0Eq, 0.0 2 Eq, 0.270 mg
NH OH
9 I B 2 1.5 >99”, 95¢
1.2 Eq, 0.206 2 Eq, 0.326
/\/NHZ
10 g cI™Ph 0.9 23 99", >99¢
1.2 Eq, 0.206 2 Eq, 0.529
/\/NHZ
1 g I 0 120 99", 98¢
1.2 Eq, 0.206 2 Eq, 0.448
/N h QAC
12 O NH B > 1.8 1 92°,87
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1.2 Eq, 0.241 2 Eq, 0.326
O/_\NH A~ .
13 ~ cr P 3.9 4/ 93", 85¢
1.2 Eq, 0.241 2 Eq, 0.529
O/_\NH
14 u I 09 7/ 98, 99¢
1.2 Eq, 0.241 2 Eq, 0.448
/
15 M A 9. 174 94", 89°
1.2 Eq, 0.241 10 Eq, 0.229
HO L~ OH
16 N2 B 0 20 917, 78°
1.2 Eq, 0.138 2 Eq, 0.326

“ All alkylations were performed at room temperature except where stated. * Determined by *'P NMR. ©
Determined by 'H NMR. ¢ Alkylation reaction heated at 50 °C. ¢ Alkylating agent was added in three portions
(2x0.114 and 0.023 ml) followed by additional 1 M NaOH in two portions (ESI Table 3, 2x11.5 mL) after the
first and second additions of alkylating agent. / Alkylation reaction heated at 80 °C. ¢ Reaction mixture was
adjusted to pH 8 with HCI (0.05 M, 46 mL, 2.3 mmol) prior to solvent removal. * Benzylamine (1 Eq, 0.038
mL, 0.34 mol) was mixed with sodium hydroxide solution (5 Eq, I M aqueous solution, 1.7 mL, 1.7 mmol) and
water (0.218 mL) in a round-bottomed flask with indentations that aimed to ensure turbulent mixing.
Thiophosphoryl chloride (1 Eq, 0.034 mL, 0.34 mmol), dissolved in THF (1 mL) was added dropwise to the
aqueous mixture over the course of 10 minutes. 5'-deoxy-5"-iodoguanosine (ESI Table 3, alkylating agent) was
added in two equal portions along with the additional sodium hydroxide solution (ESI Table 3, additional 1 M
NaOH) just after the first portion. The reaction mixture was vigorously mixed at 50 °C. The second portion of
5’-deoxy-5"-iodoguanosine) was added after 48 h. After 80 h total reaction time, ether extraction (3 x 10 mL)
was performed and the resulting aqueous solution was lyophilised. The crude lyophilised product was purified
via anion exchange chromatography (DEAE Sepharose: Fast Flow chromatography media, 50 mL bed
volume, 10 x 3 cm column dimensions, 3 mL/min flow rate) using a gradient of 50-500 mM triethylammonium
bicarbonate (TEAB), pH 7.6 buffer. Cation exchange chromatography was carried out on a column packed with
Dowex® 50Wx2, 200-400 (50 mL, 30 x 2 cm, 3 mL/min) that had been converted to Na' form by washing with
two column volumes of aqueous sodium hydroxide solution (0.1 M) and then water. Elution was performed
using water. ‘A mixture of isomers (63:26) was obtained, where attack at the less hindered end was favoured. ’
Alkylation agent was added over two portions (2x0.114 ml) along with the additional 1 M NaOH (2x11.5 ml).
The second portion of alkylating agent and sodium hydroxide solution were added after 1 h of reaction time. The
reaction was then allowed to proceed for an additional 16 h.

Table 3, egtry 1:

©ﬂu/.'i\s+/vw

'H NMR (48?) MHz; D,0) 6 7.37-7.19 (5 H, m, C¢Hs), 3.91 (2 H, d, J 10.8, CH,NH), 3.59-
3.55 (2 H, m, CH,OH), 2.68-2.61 (2 H, m, SCH.); *'P NMR ['H] (162 MHz; D,0) 6 25.6
(app qn, J 11.5, NHPS); *C NMR (101 MHz; D,0) 8 140.7 (d, *Jc.p 8.1, i-CHs), 129.1 (m-
CeHs), 128.1 (0-CeHs), 127.5 (p-CeHs), 61.7 (d, *Jep 5.1, CHOH), 45.4 (CH,NH), 32.1
(SCH,); HRMS (ES’, m/z): calcd for CoH;3NO3PS : 246.0359, found 246.0356.

Table 3, entry 2:

i
P
NS
H O~
NaJr
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'"H NMR (400 MHz; D,0) 6 7.31-7.18 (10 H, m, 2 x C¢Hs), 3.75 (4 H, 2 x d, both J 10.4,
PhCH,NH and PhCH>S); *'P NMR ['H] (162 MHz; D,0) 6 24.5 (qn, J 10.4, NHPS); "*C
NMR (101 MHz; D,0) 8 140.5 (d, *Jc.p 8.1, i-CsHsCH,NH), 139.2 (d, *Jep 5.1, i-
C¢HsCH,S), 128.8 (m-CsHsCH,NH), 128.7 (m-CsHsSCHy), 128.6 (0-CsHsCH,NH), 127.7
(0-CsHsSCH,), 127.3(p-CsHsCH,NH), 127.2 (p-CsHsSCH,), 45.4 (CHoNH), 34.5 (SCH,);
HRMS (ES", m/z): caled for C14H sNO,PS™: 292.0566, found 292.0564.

Table 3, entry 3:

Na
'"H NMR (400 MHz; D,0) 6 7.28-7.18 (5 H, m, C¢Hs), 3.90 (2 H, d, J 10.4, CH,NH), 2.47 (2
H, dt, J 10.8 and 7.3, SCH>), 1.44 (2 H, app sx, J 7.3, CH,CH,CH3), 0.78 (3 H, t, J 7.3,
CH,CHs); >'P NMR ['H] (162 MHz; D,0) 6 25.6 (app qn, J 10.6, NHPS); *C NMR (101
MHz; D,0) 6 140.7 (d, *Jep 7.1, i-CsHs), 129 (m-CsHs), 128.1 (0-CeHs), 127.5 (p-CsHs), 45.4
(CH,NH), 32.2 (SCH,), 23.7 (d, *Jcp 5.8, CH,CH,CH3), 12.8 (CH,CH3); HRMS (ES’, m/z):
calcd for CioH;sNO,PS™: 244.0566, found 244.0565.

Table 3, entry 4 (two sets of "H and *'P spectra available):

i
P J\
NI s
H o
.

Na
'H NMR (400 MHz; D,0) §7.28-7.20 (5 H, m, CsHs), 3.98 (2 H, d, J 10.5, CH,NH), 3.14-
3.01 (1 H, m, CH(CHs),), 1.42 (6 H, d, J 6.8, CH(CH:),); &['H](162 MHz; D,0) 24.8 (app q,
J10.3, NHPS); *C NMR (101 MHz; D,0) 6 140.8 (d, *Jc.p 8.1, i-CsHs), 128.7 (m-CsHs),
128.1 (0-CsHs), 127.5 (p-CeHs), 45.6 (CH,NH), 36.2 (CH(CH3),), 25.2 (d, *Jep 5.1,
CH(CHs),); HRMS (ES", m/z): caled for C1oH;sNO,PS™: 244.0566, found 244.0567.

Table 3, entry 5:
i
PS
SRR
Na" on
'"H NMR (400 MHz; D,0) 6 7.23-7.01 (5 H, m, C¢Hs), 3.87 (2 H, d, J 11.0, CH,NH), 3.48-
3.40 (1 H, m, CH,CHOH CH,), 2.53-2.40 (2 H, m, SCH,CH), 1.27-0.90 (6 H, m, OHCHCH,
and OHCH(CH,)»), 0.70 (3 H, t, J 7.0, CH,CH3); *'P NMR ['H] (162 MHz; D,0) 6 24.8 (app

qn, J 10.6, NHPS); >C NMR (101 MHz; D,0) 8 140.7 (d, *Jep 7.3, i-CgHs), 128.5 (m-CgHs),
127.8 (0-CeHs), 126.9 (p-CsHs), 71.3 (d, *Jep 5.8, CH,CHOH), 45.6 (CH,NH), 36.8 (SCH,.
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CH), 35.3 (OHCHCHS,), 27.4 (CHCH,CH,), 22.3 (CH,CH,CH,), 13.8 (CH,CH;); HRMS
(ES", m/z): caled for C13HNOsPS™: 302.0984, found 302.0984.

Table 3, entry 6:

A B OH
o) o)
1l ll:l
P _
N"1>s N71>S
H o o H O
Na®

+
Na a

"H NMR (400 MHz; D,0) 6 7.33-6.67 (10 Ha+10 Hg, m, 2 x C¢Hs), 4.56-4.51 (1 Hu, m,
OHCH,CH), 3.68 (2 Hx+2 Hg overlapping, both d, J 10.8, CH,NH), 2.88-2.69 (2 Hx, m,
OHCH,CH), the other signals were not resolved; *'P NMR ['H] (162 MHz; D,0) 8 25.6 (A:
app qn, J 10.8, NHPS), 23.8 (B: app q, J 9.2, NHPS; *C NMR (101 MHz; D,0) 6 142.5 (i4-
CeHs), 141.1 (ig-CeHs), 140.6 (d, *Jep 7.2, is-CsHsCH,NH), 140.1 (d, *Jep 9.6, ip-
CsHsCH,NH), 128.7-126.3 (4 x CsHs), 73.4 (d, *Jep 5.8, PACAHOHCH,), 66.2 (d, *Jcp 6.7,
HOCH,CH), 50.8 (CsH,NH), 45.6 (CAH,NH), 45.4 (SCyHPh), 38.0 (SCsHCH,); HRMS
(ES7, m/z): calcd for C;sH;7NOsPS™: 322.0672, found 322.0674.

Table 3, entry 7:

"H NMR (400 MHz; D,0) & 7.28-7.05 (6 H, m, C¢Hs and SCH=CH), 5.82 (1 H, d, J 10.3,
SCH=CHCO,Me), 3.90 (2 H, d, J 12.0, CH,NH), 3.55 (3 H, s, OCH;); >'P NMR ['H] (162
MHz; D,0) §21.5 (dt, J 14.9 and 12.0, NHPS); °C NMR (101 MHz; D,0) 8 168,7 (C=0),
145.2 (SCH=CH), 140.2 (d, *Jc.p 6.3, i-CsHsCH,NH), 128.7 (m-CsHs), 127.8 (0-CsHs), 127.2
(p-CsHs), 115.7 (d, *Jep 7.7, SCH=CH), 45.7 (CH,NH), 51.8 (OCH3); HRMS (ES", m/z):
caled for C; H;3NO4PS™: 286.0308, found 286.0308.

Table 3, entry 8:

0]

N
Ao AL
DR
N
OH OH
The purity of the material after ion exchange chromatography was estimated using *'P NMR
(95% + 5% inorganic phosphate) and 'H NMR (100%) spectroscopies. 'H NMR (700 MHz;
D,0) 67.78 (1 H, s, 8-H), 7.14-6.99 (5 H, m, C¢Hs), 5.67 (1 H, d, J 5.6, 1'-H, 2'-H), 4.64 (1

H, 2-H, covered with the HOD signal), 4.17 (1 H, d, J 4.2, 3'-H), 4.13-4.09 (1 H, m, 4'-H),
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3.75-3.69 (2 H, m, CH>S), 2.95-2.83 (2 H, m, 5’-H); *'P NMR ['H] (283 MHz; D,0) §24.5
(m, NHPS); *C NMR (176 MHz; D,0) 6 161.0 (6-C), 154.8 ( br s, 2-C), 151.7 (4-C), 140.3
(8-C), 137.8 (CH,S), 128.6 (0-CsHsCH,S), 127.4 (m-CsHsCH,S), 127.2 (p-CsHsCH,S), 117.0
(5-C), 87.5 (1’-C), 84.1 (d, *Jep 4.9, 4'-C), 73.1 (2°-C), 72.6 (3'-C), 45.6 (NHCH,Ph), 32.7
(CH,S); HRMS (ES’, m/2): caled for C17HyNsOsPS™: 467.0908, found 467.0916.
Table 3, entry 9:
i
Ny g SO
H O~
Na
"H NMR (400 MHz; D,0) 6 5.92-5.81 (1 H, m, CH,=CH), 5.20-5.12 (1 H, m, CHH=CH),
5.05-4.99 (1 H, m, CHH=CH), 3.67 (2 H, t, J 6.2, CH,OH), 3.40-3.34 (2 H, m, CH,NH), 2.74
(2 H, dt, J12.3 and 6.2, SCH>); *'P NMR ['H] (162 MHz; D,0) 6 27.6 (app qn, J 11.5,
NHPS); °C NMR (101 MHz; D,0) 6 137.2 (d, *Jcp 8.1, CH,=CH), 115.3 (CH,=CH), 61.9
(d, *Jep 7.3, CH,OH), 44.3 (CH,NH), 32.2 (SCH,); HRMS (ES, m/z): calced for
CsH; NO3PS™: 196.0203, found 196.0201.

Table 3, entry 10:

'H NMR (400 MHz; D,0) 6 7.29-7.13 (5 H, m, CsHs), 5.74-5.63 (1 H, m, CH,=CH), 5.01 (1
H, dq, J 7.2 and 1.7, CHH=CH), 4.94-4.89 (1 H, m, CHH=CH), 3.75 (2 H, d, J 10.7, SCH>),
3.13 (2 H, ddt, J 10.0, 5.7 and 1.5, CH,NH); *'P NMR ['H] (162 MHz; D,0) 8 25.0 (app qn, J
10.3, NHPS); °C NMR (101 MHz; D,0) 6 139.2 (d, *Je.p 6.1, i-CsHsCH,S), 136.8 (d, *Jep
8.1, CH=CH), 128.9 (m-C¢Hs), 128.8 (0-CsHs), 127.4 (p-CeHs), 115.3 (CH,=CH), 44.2
(CH,NH), 34.2 (d, *Jep 2.9, SCH,); HRMS (ES, m/z): caled for C1oH;sNO,PS™: 242.0410,
found 242.0411.

Table 3, entry 11:

i
X e

H O

NaJr
"H NMR (400 MHz; D,0) 8 6.03-5.92 (1 H, m, CH,=CH), 5.31-5.24 (1 H, m, CHH=CH),
5.16-5.11 (1 H, m, CHH=CH), 3.50-3.44 (2 H, m, CH,NH), 2.67 (2 H, dt, J 10.9 and 7.4,
SCH>), 1.64 (2 H, sx, J 7.4, CH,CH3), 0.97 (3 H, t, J 7.4 CH,CH3); *'P NMR ['H] (162

MHz; D,0) 826.9 (app qn, J 10.7, NHPS); °C NMR (101 MHz; D,0) 8 137.4 (d, *Jcp 8.1,
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CH,=CH), 115.3 (CH,=CH), 44.5 (CH,NH), 32.5 (SCH,), 24.1 (d, *Jcp 5.8, CH,CHs), 13.1
(CH,CHs); HRMS (ES, m/z): caled for CgHisNO,PS™: 194.0410, found 194.0410.

Table 3, entry 12:

'H NMR (400 MHz; D,0) 63.72 (2 H, 1, J 6.3, CH,OH), 3.65-3.63 (4 H, m, O(CH,),), 3.06-
3.02 (4 H, m, (CH,):N), 2.83 (2 H, dt, J 11.8 and 6.2, SCH).; *'P NMR ['H] (162 MHz; D,0)
824.3-24.0 (m, NPS); °C NMR (101 MHz; D,0) 6 67.3 (d, *Jcp 11.3, O(CH,),), 62.1 (d,
3Jcp 11.3, CH,OH), 45.1 ((CH,)N), 31.8 (d, *Jep 2.9, SCH,); HRMS (ES, m/z): caled for
CH13NO4PS ™ 226.0308, found 226.0308.

Table 3, entry 13:

P
ﬁN’ s
o J°
Na'

'"H NMR (400 MHz; D,0) 6 7.20-7.15 (2 H, m, 0-C¢HsCH,S), 7.07 (2 H, t, J 7.4, m-
CsH5CH,S), 7.01-6.95 (1 H, m, p-C¢HsCH,S), 3.75 (2 H, d, J 9.9, SCH,), 3.52-3.40 (4 H, m,
O(CH,)), 2.92-2.79 (4 H, m, (CH,),N); *'P NMR ['H] (162 MHz; D,0) §23.9-23.6 (m,
NPS); >C NMR (101 MHz; D,0) 8 139.2 (d, *Jc.p 6.1, i-CsHsCH,S), 128.9 (m-CsHs), 128.8
(0-CeHs), 127.2 (p-CsHs), 67.2 (d, *Jep 7.7, O(CHy),), 45.4 ((CH,),N) , 34.4 (SCH,); HRMS
(ES7, m/z): calcd for C;;H;sNOs;PS™: 272.0516, found 272.0514.

Table 3, entry 14:

(o} Na+

'H NMR (400 MHz; D,0) 83.75-3.72 (4 H, m, O(CH,),), 3.13-3.09 (4 H, m, (CH,),N), 2.74
(2 H, dt, J 11.6 and 7.4, SCH,), 1.66 (2 H, sx, J 7.4, CH,CH,CH;), 0.99 (3 H, t, J 7.4,
CH,CH3); *'P NMR ['H] (162 MHz; D,0) 8 24.8-24.4 (m, NPS); >C NMR (101 MHz; D,0)
867.3 (d, *Jep 7.3, O(CHa),), 45.2 ((CH,):N) , 32.0 (d,*Jep 2.9, SCHy), 24.4 (d, *Jep 5.8,
CH,CHy), 13.1 (CH,CH3); HRMS (ES’, m/2): calcd for C;H;sNOsPS: 224.0515, found
224.0516.

Table 3, entry 15:
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'"H NMR (400 MHz; D,0) 6 3.77-3.75 (4 H, m, O(CHa),), 3.36-3.26 (1 H, m, SCH), 3.15-
3.11 (4 H, m, (CH,):N), 1.40 (6 H, d, J 6.8, CH(CH:),); *'P NMR ['H] (162 MHz; D,0)
23.8-23.5 (m, NPS); >C NMR (101 MHz; D,0) 8 67.3 (d, *Je.p 7.3, O(CHa),), 45.2
((CH2)N), 36.1 (CHCH3), 25.9 (d, *Jep 5.1, CHCH;), HRMS (ES’, m/z): caled for
C7H;5sNOsPS : 224.0515, found 224.0516.

Table 3, entry 16:
(0]

1}
HO\/\N/T\S/\/OH
H O
Na'

'H NMR (400 MHz; D,0) 63.67 (2 H, t, J 6.4, HOCH,CH,NH), 3.54 (2 H, t, J 5.6,
HOCH,CH,S), 2.88 (2 H, app dt, J 10.7 and 5.6, CH,NH), 2.74 (2 H, app dt, J 12.2 and 6.4,
SCH,); >'P NMR ['H] (162 MHz; D,0) 6 26.6 (app qn, J 11.5, NHPS); >C NMR (101 MHz;
D,0) 8 62.3 (d, *Jep 8.1, HOCH,CH,;NH), 61.8 (d, *Jc.p 5.0, HOCH,CH,S), 43.5
(NHCH,CH,0H), 32.2 (SCH,CH,OH); HRMS (ES", m/z): calcd for C4H;;NO4PS: 200.0151,
found 200.0151.

NMR Spectra

'H, *C, *'P NMR spectra were recorded on the following spectrometers, operating at the

quoted frequencies: Varian Mercury 200 MHz ('H 199.991 MHz; *'P 80.957 MHz), Varian
Mercury 400 MHz ('H 399.958 MHz; *'P 161.906 MHz), Varian Mercury 500 MHz ('H
499.768 MHz; "*C 125.666 MHz), Varian Mercury 700 MHz ('H 699.737 MHz; *'P
283.257 MHz; *C 175.948 MHz), Bruker 400 MHz ('H 400.130 MHz; >'P 161.943 MHz; "°C
100.612 MHz). 'H chemical shifts (8) are reported as parts per million (ppm) upfield relative
to tetramethylsilane (6 = 0.00 ppm) and are referenced to the residual protic solvent (HOD, 6
= 4.79 ppm, CHD,Cl3, d = 7.26 ppm and (CHD,)SOCD3, é = 2.50 ppm). °'P NMR spectra
were recorded both in proton decoupled and coupled modes where the multiplicities of the
signals are presented along with the coupling constant J (Hz). '>*C NMR spectra were proton
decoupled and unless stated otherwise, the multiplicity was singlet. Sample purity was

assessed  using 'H NMR spectroscopy  and P NMR spectroscopy.
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Table 1, entry 1, 'H NMR spectrum

Parameter Value
Data File Name sers/ davidhodgson/ Desktop/ ChemCom pectra/ Table 1/ Table 1 entry 1/ 02174501/ 10/ fid
Title 2174501
Comment RGL drwh
Owner milena trmcic
MT367 thiophosph check
Origin Bruker BioSpin GmbH -
Solvent D20
Pulse Sequence zg30
Number of Scans 16
Relaxation Delay 1.0000 o
Pulse Width 9.5000 HO__ . R=g N’
Acquisition Time 3.9584 "0
Acquisition Date 2008-12-03T04:39:00
Spectrometer Frequency,400.13
Spectral Width 82781
Lowest Frequency -1668.1
Nucleus 1H
Acquired Size 2696
| T | "J}"’
S o ~ o
o O > S

40 39 38 37 36 35 34 33 32 31 30 29 28 27 26
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100%18.24/(18.24+1.26)=94%
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Table 1, entry 1°'P NMR spectrum

Parameter Value
Data File Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 1/ Table 1 entry 1/ 02173441 fid/ fid
Title 2173441
Comment MT367 thiophosph check
Spectrometer J mercury
Solvent - D20 - - -
Pulse Sequence s2pul Mo~ /ﬁ\s’ -
Number of Scans 64 N 6-
Receiver Gain 28 Na*
Relaxation Delay 2.0000 Hz
Pulse Width 0.0000 1 7246.1
Acquisition Time 1.0000 2 7236.9
Acquisition Date 2008-12-02T17:31:16 372276
Spectrometer Frequgncy 161.91
Spectral Width 50000.0
Lowest Frequency -16535.8
Nucleus 31P P ———————
Acquired Size 50000 4478 44.74 44.70 44.66 4462
Spectral Size 131072 chemical shift/ppm
4 " 1 o A+
2 -
2o g -
50 45 40 35 30 25 20 15 10 5 0

chemical shift/ppm

100*119.75/(119.75+1.31+1.00+0.16)=98%
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Table 1, entry 2 '"H NMR spectrum

Parameter Value
Data File Name I Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 1/ Table 1 entry 2/ 07131111 fid/ fid
Title 7131111
Comment STANDARD 1H OBSERVE
Spectrometer mergury
Solvent - b2 _ _
Pulse Sequence s2pul
Number of Scans 16
Receiver Gain 26
Relaxation Delay 0.0000
Pulse Width 0.0000
Acaquisition Time 4.0000 HO \/\N/H\S_ Na
Acquisition Date 2008-07-07T13:10:01 H CL;
Spectrometer Frequency 399 .96
Spectral Width 100Q0.0
Lowest Frequency -197R .4
Nucleus 1H
Acquired Size 400
Spectral Size 131012
=T ’A“\*" iR == J A
X a8 | ¥ 8
o - - - o - -
T

L L —717 '+ 1 11 "1 "1 1"~ 1"~ 1T "~ 1~ 1~ T T " T + T * T * T T
40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19
chemical shift/ppm

100*14.34/(14.34+1.00)=93%
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Parameter
Data File Name
Title 31653
Comment
Spectrometer ercury
Solvent 120
Pulse Sequence s2pul
Number of Scans 96
Receiver Gain 34
Relaxation Delay 2.0000
Pulse Width 0.0000
Acquisition Time 1{-0000

Acquisition Date
Spectrometer Frequency 161.91

Spectral Width 40000.0
Lowest Frequency -16535.8
Nucleus P
Acquired Size 30000
Spectral Size mW1072

2008-07-07T13:11:46

Table 1, entry 2 *'P NMR spectrum

Value

T 270 OHEtNHPOS excess PSCI3

/dsers/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 1/ Table 1 entry 2/ 07131653 fid/ fid

~
i
HO RP—a™ +
\/\N/\ s Na
H O~
Na*
i
o
o
—

Supplementary Material (ESI) for Chemical Communications
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chemical shift/ppm

100*21.82/(21.82+1.00)=96%
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Table 1, entry 3 '"H NMR spectrum

Parameter Value
Data File Name / l:ﬁvs/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 1/ Table 1 entry 3/ Aug15165009/
T
oT

PROTON_01 .fid/ fid
Title P ON_01
Comment MT 276
Spectrometer
Solvent — —
Pulse Sequence )

Number of Scans
Receiver Gain

Relaxation Delay
Pulse Width

Acquisition Time !
Acquisition Date 20D38-08-15T17:45:40

Spectral Width
Lowest Frequency
Nucleus

Acquired Size
Spectral Size

e

’16.64—L

4 075

L e e I e e e L
4.0 3.8 3.6 3.4 3.2 3.0 2.8
chemical shift/ppm

100*17.09/(17.09+1.47+1.20)=86%

N | 100 J=
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Table 1, entry 3 *'P NMR spectrum

Parameter Value
Data File Narpe | Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 1/ Table 1 entry 3/ Aug18102120/
PHOSPHORUS_01 .fid/ fid
Title PHOSPHORUS_01
Comment MT 276
Spectrometer vnmrs
Solvent - d2o ol - - -
Pulse Sequehce s2pul
Number of Sfans 64
Receiver Gajn 50
Relaxation DLIay 1.0000
Pulse Width 0.0000
Acquisition Tjme 0.8913
Acquisition Qate 2008-08-18T10:27:39
Spectromete} Frequency 283.28 HO\/\N/lFLs‘ Na®
Spectral Width 735294 "0
Lowest Freduency -15520.4
Nucleus 31P
Acquired SiZe 65536
Sbectral Siz 131072

T T T T T T I T T T T T T T T T T T T T T T T T
28 24 20 16 12 8 6
chemical shift/ppm

100*132.57/(132.57+6.47+2.30+1.21+1.00)=92%

N~
<
(o]
—
2

48 44 40 36 3
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Table 1, entry 4 '"H NMR spectrum

Parameter /alue
Data File Name [Users/ davidhodgson/ Desktop/ ChemComm/|Spectra/ Table 1/ Table 1 entry 4/ 09114352 fid/ fid
Title d114352 s
Comment M| 278 30%excess PSCI3
Spectrometer mgrcury
Solvent O2po
Pulse Sequence _gpul— ] I

Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date
Spectrometer Frequency
Spectral Width
Lowest Frequency
Nucleus

D8-07-09T11:42:38
" a .96

Acquired Size
Spectral Size

I
HO_~-R=~s Na*

H O~
Na‘t

AN

- r - T - T T 7 —71tr . r  r - r -~ r - 1t 1 1+ 1 - T °
40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25
chemical shift/ppm
100*64.08/(64.08+3.42+0.56)=94%
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Table 1, entry 4 >'P NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 1/ Table 1 entry 4/ 09114213 fid/ fid
Title 9114213 [
Comment MT 278 30%excess PSCI3
Spectrometer mercury
Solvent D20
Pulse Sequence s2pul J J
Number of Scans 80
Receiver Gain 34
Relaxation Delay 2.0000
Pulse Width 0.0000
Acquisition Time 1.0000 o
Acquisition Date 2008-07-09T11:37:4 Oy s e
Spectrometer Frequency 161.91 Na®
Spectral Width 50000.0
Lowest Frequency -16535.8
Nucleus 31P
Acquired Size 50000
Spectral Size 131072
ey ‘-::) Araing —-—-‘w'l| e L h ".I-#-v por
: : ;
——— ¥
53 51 49 47 45 43 41 39 37 35 33 31 29

chemical shift/ppm

100*10.47/(10.47+1.00)=91%
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Title
Comment

Spectrome
Solvent
Pulse Seqyence
Number of [$

ency

Acquired i
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Table 1, entry 5 '"H NMR spectrum

Value

[ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 1/ Table 1 entry 5/ Aug15162026/

PROTON_01 .fid/ fid
PROTON_01

MT 264

vhmrs

d2o

s2pul

4

30

1.0000

0.0000

2.9098
2008-08-15T16:24:06

gter Frequency 699.74

11261.3
-1432.2
1H
32768
65536

4

T T T T T T T T T T T T T T T T T
76 74 72 70 68 66 64 62 6.0
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4

Page 21



Trm¢i¢ and Hodgson—Electronic Supplementary Information

Table 1, entry 5°'P NMR spectrum

Harameter Value
Data Fild Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 1/ Table 1 entry 5/ Aug18101914/
i PHOSPHORUS_01 .fid/ fid
Title PHOSPHORUS_01
Commert MT 264 o
Spectrometer vnmrs N/'FLS— Nat
Solvent | d2o B @H ‘L; o
Pulse Sgquence s2pul
Number jof Scans 64
Receivel Gain 50
Relaxatipn Delay 1.0000
Pulse Wdth 0.0000 Hz
Acquisitlon Time 0.8913 112196.0
Acquisitjon Date 2008-08-18T10:22:22 212189.2
Spectrofmeter Frequency 283.28 312182.4
SpectralWidth 735294
Lowest [Frequency -15520.4 e " l ' l ' l T T
Nucleus 31P 43.15 43.10 che%siég?shift/pg?hoo 42.95
Acquirefl Size 65536
Sbectral Size 131072

1 35.10

o
Q
-

—
46 44 4

—
2

40

— . —
38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6

chemical shift/ppm
100*35.10/(35.10+1.00+0.14+0.06)=97%
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Table 2, entry 1 '"H NMR spectrum

Parameter Value
Data File Name [ Users/ davidhodgson/ Desktop/ ChemGomm/ Spectra/ Table 2/ Table 2 entry 1/ Sep26104839/
PROTON_01 -fid/ fid
PROTON_01
MT315
vhmrs [
d2o0 B o s L
Pulse Sequence s2pul
Number of Scans 4
Receiver Gain 30
Relaxation Delay 1.0000 o
Il
Pulse Width 0.0000 - R=sMe
Acquisition Time 2.9098 @AH °N_+
a
Acquisition Date 2008-09-26T11:55:32
Spectrometer Frequency 699.74
Spectral Width 11261.3
Lowgst Frequency -1432.2
Nuclgus 1H
Acqyfred Size 32768
Speg ]ISize 65536
= ) | SR
[(o] N~ (o))
(o] o o N O (o)) N OO v— O®
- 0 O~ < ~ O
N~ — ~— O N Te} T MM
7 T T T T T T T T T T T T T T T T T T T T T T 7
7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 2.5 2.0

chemical shift/ppm

100*27.07/(27.07+1.00+0.72)=94%
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Table 2, entry 1°'P NMR spectrum

Parameter Value

Data File Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 2/ Table 2 entry 1/ Sep29121231/

PHOSPHORUS_01 .fid/ fid B

Title PHOSPHORUS_01

Comment MT315 i

Spectrometer vhmrs ©AH/ o\fSMe

Solvent d20 N - Na’ -

Pulse Sequence s2pul

Number of Scans 256

Receiver Gain 50

Relaxation Delay 1.0000

Pulse Width 0.0000

Acquisition Time 0.8913

Acquisition Date 2008-09-29T12:16:32

Spectrometer Frequency 283.28 26|.2 26I.1 26|.0 25;-9 25|.8

Spectral Width 73529.4 chemical shift/ppm

Lowest Frequency -15520.4

Nucleus 31P

Acquired Size 65536

Sbectral Size 131072
1. - Ml e o

I (B | T I I

o %8 N = N o
° EE: 5 q g

S —')

46 44 42 40 38 36 34 32 30 28 26 24 22 2 18 16 14 12 10 8 6 4 2

chemical shift/ppm

100*685.88/(1.00+10.82+685.88+1.38)=98%
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Table 2, entry 2 '"H NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 2/ Table 2 entry 2/ 17105202 fidl|fid
Title 17105202 0 B
Comment STANDARD 1H OBSERVE \/\ \\SMe
Spectrometer mercur a+
Solvent D2 [
PuIs;;SQence— s2pul | - R —_
Number of ¢
Receiver G
Relaxation [
Pulse Width
Acquisition
Acquisition
Spectromet:
SpeCtraI VVi‘ 7 T T T T T T T T T T T 7 T T T T T T T T T T T
Lowest Fre 5.28 5.26 5 24 515 5.13 5.11
chemical shift/ppm
Nucleus
Acquired Size 4(doo
Spectral Size 1F1|07]
'A'nrﬂ' Y L "M“‘ Sl B - S HT”'”"M' it
< © I~ - &
< N ol p O~ < °© © o 9
™ N~ (e 0] CD —Oom < A o A o
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 T T T T T 7
6.0 5.6 52 4.8 44 4.0 3.6 3.2 2.8 24 2.0

chemical shift/ppm
100*97.20/(97.20+1.31+3.00)=96%
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Table 2, entry 2 *'P NMR spectrum

Parameter
Data File Name
Title
Comment

Spectrometer
Solvent

Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date

17105420

PHOSPHORUS OBSERVE
STANDARD PARAMETERS

PH(QPSPHATE REGION
meflcury

D20

s2nul

16
30
2.0p00

0.0p00

1.0800
20@8-10-17T10:53:09

Spectrometer Frequency 164.91

Value
[ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 2/ Table 2 entry 2/ 17105420 fid/ fid

O
[l

\/\N/F(\SMe
H O~

Na*

o —

—
27.85

—
27.70

—
27.55

SpeCtral VVidth 50 00 chemical Sh|ft/ppm
Lowest Frequency -169635.8
Nucleus 31§
Acquired Size 50@D0
Spectral Size 13 ll 72
©
S N 0 = ~
~ ™ ™ A (q\}
7 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

36 34 32 28 26 24 22 20 18 16 14 12 10 8 6 4 -2

chemical shift/ppm

100%324.06/(324.06+1.00+3.50+1.12+2.79)=97%
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Table 2, entry 3 '"H NMR spectrum

Parameter Value
Data File Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 2/ Table 2 entry 3/ 0124832/ 10/ fid
Title 20124832
Comment RGL DRWH f
Owner MILENA TRMCIC
MT363 2ND FREEZE DRIED
Origi ioSpi
gin Bruker Bloﬁopln GmbH Vs - ] -
Solvent D2
Pulse Sequence zgB0
Number of Scans 16 o
Il
Relaxation Delay 1.0000 ﬁN/P\SMe
b-
Pulse Width 9.4p00 o) .k
Acquisition Time 3.9H84
Acquisition Date 2008-11-20T13:48:00
Spectrometer Frequency 400.
Spectral Width 82
Lowest Frequency -1
Nucleus 1H
Acquired Size 32
:fl\: .j] :JA]L: J&AJIL—M\ -[T,jILAIAJr
» ~

o N~ AN (o)) (o] o] (o] AN —

o o o < o 0 o o N

~ ~ ~ ~ ~— o o N~ o

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 T T T T T T T T T T T T

43 4.1 3.9 3.7 3.5 3.3 3.1 2.9 2.7 2.5 2.3 2.1 1.9

chemical shift/ppm
100*10.79/(10.79+1.02)=91%

Supplementary Material (ESI) for Chemical Communications
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Table 2, entry 3 *'P NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 2/ Table 2 entry 3/ 20122119 fid/ fid
Title /’ 20122119
Comment MT363 2nd
Spectrometer mercury
Solvent D20
Pulse Sequence J s2pul - - _ L
Number of Scans 128
Receiver Gain 34
Relaxation Delay 2.0000
Pulse Width 0.0000
Acquisition Time 1.0000
Acquisition Date 2008-11-20T12:14:46
Spectrometer Frequency 161.91
Spectral Width 50000.0 ' 25'_6 ' 25‘_4 ' 25'.2 ' 25'_0 '
Lowest Frequency -16535.8 chemical shift/ppm
Nucleus 31P
Acquired Size 50000
Spectral Size 131072

84.68
1.00
0.43
0.35

s T T T T T T T T T T T T T T T T T T T T T T
30 28 26 24 22 20 18 16 14 12 10 8 6
chemical shift/ppm

100*84.68/(84.68+1.00+0.43+0.35+0.29+0.13)=97%

Supplementary Material (ESI) for Chemical Communications
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Table 2, entry 4 '"H NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table |2/ Table 2 entry 4/ 03123101 .fid/ fid
Title 3123101 -
Comment MT367 2nd freeze dried
Spectrometer mercury
Solvent D20
Pulse Sequence— s2pul ,j e I i
Number of Scans 16
Receiver Gain 18 o
Relaxation Delay 0.0000 HO\/\N/H\SMe
Pulse Width 0.0000 "
Acquisition Time 4.0000
Acquisition Date 2008-12-03T12:29:43
Spectrometer Frequenfly 399.96
Spectral Width 10000.0
Lowest Frequency -1972.4
Nucleus 1H
Acquired Size 40000
Spectral Size 131072

» N~ O
~ < 0 O
— ouwm <

1 25.26

4 0.49

4 0.47
0.71

LI I R I LI B T — T T T T T T T T T T T T T
3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2
chemical shift/ppm

100*22.98/(1.00+1.71+1.99+22.98+1.19)=80%

Supplementary Material (ESI) for Chemical Communications
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Parameter
Data File Name
Title [
Comment
Spectrometdr
Solvent
Pulse Se ce
Number of Scans

Frequency 161.91

Spectral Wigth

Lowest Frefluency

Nucleus

Acquired Sifie
Spectral Si

Table 2, entry 4 >'P NMR spectrum

Value
/ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 2/ Table 2 entry 4/ 03123604 .fid/ fid
3123604
MT367 2nd freeze dried
mercury
D20
s2pul - o~
80
34

2.0000

1l
0.0000 MOy e

1.0000 Na
2008-12-03T12:31:54

50000.0

-16535.8 S I I e A A |

31P 28.4 28.2 28.0 27.8
chemical shift/ppm

50000

131072

™ N
] vy Yormpbu AL oy

An LL‘L‘ " o PP TP I WOV
Lt ! A Y "
o
o
~

1.36
-0.51
0.42
1 -0.03
0.74

25

T T T T T
20 15 10
chemical shift/ppm

100*89.44/(89.44+1.36+1.00+3.01+0.74)=93%

o 4 3.01

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011
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Table 3, entry 1 '"H NMR spectrum

Parameter
Data File Name
Title
Commeint
Spectrometer
Solvent

Pulse/Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date

Value
[ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 1/ 27161538 fid/ fid

g

27161538
MT316 ether extr, freeze-dry
mercury
D20 o
|

s2pul ©AN/ jg/\/OH
H O
16 Na"

26

0.0000

0.0000

4.0000
2008-09-27T716:14:28

Spectrometer Frequency 399.96

S

r

— T T — T T — T T — T T
Spectrial Width 10000.0 268 266 264 262
Lowegt Frequency -1972.4 chemical shift/ppm
1H
40000
131072
)R . Y M
(@ Te] o (o)
O N~ o [e0)
-~ © N~
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 T T T T T T T T
7.4 7.0 6.2 58 54 50 4.6 4.2 3.8 34 3.0 2.6

chemical shift/ppm

estimated>99%

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011
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Table 3, entry 1°'P NMR spectrum

Parameter 8 2 R R 8 Value
Data File Name | Users/ davidihodgsion/ Désktop/ ChemComm/ Spectral Table 3/ Table 3 entry 1/ 27162141 fid/ fid

Title 27162141
Comment MT316 ether ektr, freeze-dry

Spectrometer mercury

Pulse S u

Number of Scans 96

Receiver Gain 34 | | Hz

Relaxation Delay 2.0000 m q 14196.5 /lj\ o
Pulse.v.\ffdth | 0.0000 5 41852 ©AH b s+
Acquisition Time 1.0000 Na
Acquisition Date 2008-09-R7T16(16:29 3417/3.6

Spectrometer Frequency 161.91 44162.3

Spectral Width 50000.G 5 4150.6

Lowest Frequency -165358

Nucleus 31P |

Acquired Size
Spectral Size

1.00—

T T T T T T T T T T T T T T T T T T
262 261 260 259 258 257 256 255 254 253 252 251 250 249 248 247
chemical shift/ppm

estimated >99%

Supplementary Material (ESI) for Chemical Communications
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Table 3, entry 2 '"H NMR spectrum

Parameter Value
Data File Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 2/ 27164111/ 10/ fid
Title 27164111
Comment RGL DRWH —
Owner MILENA TRMCIC
MT317
Origin Bruker BioSpin GmbH //
Solvent D20 -
Pulse Sequence zg30
Number of Scans 16
Relaxation Delay 1.0000
Pulse Width 9.5000 ﬁ
Acquisition Time 3.9584 @ W&S“@
Acquisition Date 2008-09-27T19:34:.00 Na”™
Spectrometer Frequency 400.13
Spectral Width 82781
Lowest Frequency -1668 1
Nucleus 1H
Acquired Size J« 32696
= == ' th '
D N 3
o~ — ~—
T T T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5

chemical shift/ppm

estimated>99%

Supplementary Material (ESI) for Chemical Communications
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Table 3, entry 2 *'P NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 2/ 27162946 fid/ fid
Title 27162946
Comment MT317 ether extr, freeze-dry
Spectrometer mercury

Solvent D20

Pulse Sequence s2pul

Number of Scans 96

Receiver Gain 36

Relaxation Delay 2.0000 Hz

Pulse Width 0.0000 1 3996.9

Acquisition Time 1.0000 2 3986.6 ﬁ
Acquisition Date 2008-09-p1[T116:24:35 339762 ©ﬂu/5\sA©
Spectrometer Frequency 161.91 Nat
Spectral Width 50000.0 43965.8

Lowest Frequency -16535.8 5 3955.5

Nucleus 31P

Acquired Size 50000 u U

Spectral Size 13107

1.00—

7 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
23.8 23.4 23.0 226 22.2 21.8
chemical shift/ppm

T T T T
25.4 25.0 24.6 24.2
estimated>99%

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011 Page 34



Parameter
Data File Name
Title
Comment
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date

Trm¢i¢ and Hodgson—Electronic Supplementary Information

Table 3, entry 3 '"H NMR spectrum

Value

/ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 3/ 29104636 .fid/ fid

29104636

MT318 ether extr,freeze-dry

mercury
D20

s2pul

16

26

0.0000

0.0000

4.0000
2008-09-29T10:45:26

Hz

—
1.48

1.44

—
1.40

Spectrometer Frequency 399.96 _ _
Spectral Width 10000.0 chemical shift/ppm
Lowest Frequency -1972.4
1H
40000
131072
L l l l l
o (o) (o) 0
o (o)) (o)) ™
- o o -
T T T T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

chemical shift/ppm

estimated>99%
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Table 3, entry 3 *'P NMR spectrum

Parameter g3 ‘galug 8
Data File Name | Users/ davidhodgson/ Desktop/ ChemCorim/ Speltrajl Table 3/ Table 3 entry 3/ 29105338.fid/ fid
Title 29105338
Comment MT318 ether extr,freeze-dry /,,
Spectrometer mercury 0
Solvent D20 N
Pulse Sequence _s2pul / QAH ° Na*
Number of Scans 128 |
Receiver Gain 36 H
Relaxation Delay 2.0000
Pulse Width 0.0000 14243.1
Acquisition Time 1.0000 2 4238.6
Acquisition Date 2008-09-29T10:47:06 34228.0
Spectrometer Frequency 161.91 4 4217.4
Spectral Width 50000.0 5 4206.8
Lowest Frequency -16535.8
Nucleus 31P
Acquired Size 50000 '
Spectral Size 131072
PINATTIN AN NAINAAN P NIINASAT VA N |
3
+ —— — —  —  —  — — — — —— ——— ——— ——— ——— ——— —————
27.3 27 1 26.9 26.7 26.5 26.3 26.1 25.9 25.7 255 253

chemical shift/ppm

estimated>99%

Supplementary Material (ESI) for Chemical Communications
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Table 3, entry 4 '"H NMR spectrum

Parameter Value
Data File Name [ Users/ davidhodgson/ Deslitop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 4/ normal/ 211056R6 .fid/ fid
Title 21105626
Comment MT319 4th
Spectrometer mercury

D20
Pulse Sequence s2pul f I e B
Number of Scans 16
Receiver Gain 26
Relaxation Delay 0.0000
Pulse Width 0.0000
Acquisition Time 4.0000

Spectrometer Frequency 399.96

. i
Acpuisition Date 2008-10-21T10:55:16 ©ﬂ /'T\SJ\

Spegctral Width 10000.0
Loyest Frequency -1972.4
Nugleus 1H

Acfjuired Size 40000
Spectral Size 131072

1 A M

(L (o] o) ™
~ O N O < - MU O 0
o 0o o MO SO
€] NOO -~ A O~~~
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 7
7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0

chemical shift/ppm

100%23.66/(23.66+0.72+0.38+1.00)=92%

Supplementary Material (ESI) for Chemical Communications
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Parameter
Data File Name
Title
Comment
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date

Spectrometer Frequency 161.91

Spectral Width
Lowest Frequency
Nucleus

Acquired Size
Spectral Size

Table 3, entry 4 >'P NMR spectrum

Value

[ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 4/ normal/ 17182422 fid/ fid

17182422
MT319 4th
mercury
D20

s2pul

96

36

2.0000
0.0000
1.0000
2008-10-17T18:19:24

i

.

50000.0
-16535.8

7 A T T

31P
50000
131072

224

—
22.2

—
22.0 21.8
chemical shift/ppm

T T
™
-~ — I~ o X9
“ N o o ©
~ AN W0 ~ o
71 1 T I — T T T T 1 1 T "~ T "~ T "~ T T 1 "1 T 1 T T "~ T "~ T 1
44 40 36 32 28 24 20 16 12 8 6 4 2 0 -2 -4 -6 -8
chemical shift/ppm
100%59.73/(1.31+2.21+59.73+1.00+0.65)=92%
Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011
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Table 3, entry 4 brackets "H NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Deshitop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 4/ brackets/ 29163649 .fid/ fid
Titl 29163649
. i K
Co nt MT340 freeze-dried N/'Tjs
Spgctrometer mercury "o N
Na
Solvent D20
Pulse Sequence s2pul Al e M

Number of Scans 16

eiver Gain 18

xation Delay 0.0000

e Width 0.0000

uisition Time 4.0000

uisition Date 2008-10-29T716:35:31
ctrometer Frequency 399.96

Spgctral Width 10000.0
Lopvest Frequency -1972.4
Nugcleus 1H

ired Size 40000

Spégtral Size 131072
) oo bk A
[ = N — —
[Tg) ™ -
o oY S O < DT OMNMT—MOOm®
T} cwo o NoOoa~Yor
< N+~ O v« [ee] ONGO~—OO0OOoOo
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 4
7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

chemical shift/ppm

100%20.03/(20.03+1.04+0.54+1.00)=89%

Supplementary Material (ESI) for Chemical Communications
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Table 3, entry 4 brackets *'P NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 4/ brackets/ 29164231 .fid/ fid
Title 29164231 (
Comment MT340 freeze-dried ﬁ J\
Spectrometer mercury ©A N“Ls
Solvent D20 Na"
Pulse Sequence s2pul J - _ _—— — —
Number of Scans 80
Receiver Gain 34 H-
Relaxation Delay 2.0000
Pulse Width 0.0000 14068.1
Acquisition Time 1.0000 2 4057.9
Acquisition Date 2008-10-29T16:38:20 34047.7
Spectrometer Frequency 161.91 4 4037.5
Spectral Width 50000.0
Lowest Frequency -16535.8
Nucleus 31P
Acquired Size 50000 ’ ' ' ' '
Spectral Size 131072 252 el shitgom Y
R e T
AN
N o 8 & ON 3 3
o ™ ~ o o o o o
’ — —— —— —— —— —— —— —— —— —— —— —— —— —— —— ——————— :
44 42 40 38 36 34 32 30 28 26 24 22 2 18 16 14 12 10 8 6 4 -2

chemical shift/ppm

100*30.42/(0.26+30.42+1.00+0.25+0.52+0.74+0.47+0.06)=90%

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011
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Table 3, entry 5 '"H NMR spectrum

Data File Name

Parameter

h

equence
¢l of Scans

[ Users/ davidhodgson/ Dgsktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 5/ 21113940 fid/ fid

21113940

MT418 freeze dried
mercury

D20

s2pul

16

12

0.0000

0.0000

4.0000
2009-01-21T11:38:22

meter Frequency 399.96

Value

Spec H Width 10000.0
Lowefl firequency -1972.4
Nucle| i 1H
Acqu | 8d Size 40000
SpectidlfSize 131072 d
M N JUAN
(o] N~ o — [To)
(o] < O I~ (o2 (o] 19 (o] N
~ ~ O (CHNG C < N~
< ~ v 0 o - ~ 9] N
T T T T T T T T T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

chemical shift/ppm

100*17.47/(17.47+1.00)=95%
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Table 3, entry 5°'P NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 5/ 21114340 fid/ fid
Title (’ 21114340 .
Comment MT418 freeze dried P
Spectrometer mercury @H (5_,\:%\/\ Hy
Solvent D20
Pulse Sequencej s2pul__ - - 14226.1
Number of Scans 48 24215.5
Receiver Gain 30 3 4205.0
Relaxation Delay 2.0000 4 4194.3
Pulse.v.\ffdth | 0.0000 5 4183.6
Acquisition Time 1.0000
Acquisition Date 2009-01-21T11:40:58
Spectrometer Freguency 161.91 AT T T T T T T T T
Spectral Width 50000.0 26.3 262 261 shﬁ?/gpmzag 25.8
Lowest Frequen -16535.8
Nucleus 31P
Acquired Size 50000
Spectral Size 131072

¥
i
i
i

Cl) -
< 0 o (o]
© < © ©
(o) o ~ o
’ 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
30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0 -2

chemical shift/ppm

100*58.40/(58.40+0.18+1.00+0.66)=97%

Supplementary Material (ESI) for Chemical Communications
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Table 3, entry 6 '"H NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 6/ 15122831 .fid/ fid
Title 15122831
Comment STANDARD 1H OBSERVE
Spectrometer mercury
Solvent D20
Pulse Sequem;e// s2pul _ _ff — // —
Number of Scans 16
Receiver Gain 16 OH
Relaxation Delay 0.0000 i o
Pulse Width 0.0000 gﬂ/é\s T g” 6-°
Acquisition Time 4.0000 Na" Ne
Acquisition Date 2008-12-15T12:27:13
Spectrometer Freunncy 399.96
Spectral Width 10000.0
Lowest Frequency -1972.4
Nucleus 1H
Acquired Size 40000
Spectral Size 131072
v
ﬂ — O o ©
N Swo IR LB ®
| . , ('OI | ' : . , . : ‘_le ﬂ'ICDOOILox—lLOCD : ' :
8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5

chemical shift/ppm

Supplementary Material (ESI) for Chemical Communications
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Parameter
Data File Name
Title
Comment
Spectrometer
Solvent
Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date

Table 3, entry 6 >'P NMR spectrum

Value
/ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 6/ 15123418 fid/ fid
15123418

OH
MT384 freeze dried i @ i
+ OH Nat

|
Na

D20 14163.2
s2pul 2 4152.4
80

iy 34141.6
5 0000 4 4130.9
0.0000 54120.1
1.0000 6 3881.2
2008-12-15T12:30:06 /7 3872.0

Spectrometer Freguency 161.91 ) 8 3862.3
Spectral Width >0§100.0 257 255 253 240 238  93853.0
Lowest Frequendj) -16635.8 chemical shift/ppm

Nucleus 3 ‘

Acquired Size 50q00

Spectral Size 13 |

23.52

72

-

1 1.77 =

A T T T T T T

28 27 26 25

T — 1 T 1 T T T 1 !
24 23 22 21 20 19 18 17 16 15

1 9.73
1.00

13 12 M 1

=4 046

chemical shift/ppm

total for mixture of isomers: 100*(23.52+9.73)/(23.52+9.73+1.00+1.77+0.46+0.39)=90%

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011
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Table 3, entry 7 '"H NMR spectrum

Parameter Value
Data File Name | Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 7/ 15112040/ 10/ fid
Title 15112040
Comment RGL drwh
Owner Milena Trmcic
MT401 freeze dried o
Origin Bruker BioSpin GmbH
vign pin G - S
Solvent D20
(0] (0]
Pulse S 30 Ml
ulse Seque z9 e Mo/
Number of S 16 gH o
Relaxation D 1.0000 Na
Pulse Width 9.5000
Acquisition Tlime 3.9584
Acquisition 2009-01-15T11:42:00
Spectrometer|Frequency 400.13
Spectral Wi 82781
Lowest Frequehcy -1668 1
Nucleus 1H
Acquired Size 32696
‘—W I 1 ]L JK\\ ’TJI
o < N~
o N~ 0 o™ N <
o o © ¥ A o Ioe)
- O e} o o (q\ (q\
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 T T T T T T T T T T T T
7.4 7.0 6.6 6.2 5.8 54 50 46 4.2 3.8 3.4 3.0

chemical shift/ppm

100%9.28/(9.23+0.48)=96%

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011
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Table 3, entry 7 >'P NMR spectrum

Parameter Value
Data File Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 7/ 15111645 fid/ fid
Title | 15111645
Comment MT401 freeze dried o o
1l
Spectrometer 'H' mercury T Mo _
Solvent D20 no
Na
Pulse SequenceJ s2pul _
Number of Scans 64
Receiver Gain 34
Relaxation Delay 2.0000 Hz
Pulse Width 0.0000 13501.6
Acquisition Time 1.0000 2 3489.6
Acquisition Date 2009-01-15T11:13:07 3 3486.8
Spectrometer Fregiiency 161.91
P y 43477.5
Spectral Width 50000.0
Lowest Frequenc -16535.8 5_3 474.7
Nucleus 31P ) 6 3462.7
Acquired Size >0000 2465 2165 2155 2145 2135
Spectral Size 131072 chemical shift/ppm
- Shaner L)m " ey " e .
A IR B ™ e
(o]
o o AN
) © o
~ ~ o
4 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
24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

chemical shift/ppm

100*13.06/(13.06+1.00+0.02)=93%
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Table 3, entry 8 crude *'P NMR spectrum

Parameter
Data File Name

Title

Comment
Spectrometer
Solvent

Pulse Sequence
Number of Scans
Receiver Gain
Relaxation Delay
Pulse Width
Acquisition Time
Acquisition Date

[ Users/ davidhodgson/ Deskto

PHOSPHORUS_01 .fid/ fid
PHOSPHORUS_01

MT 501

vhmrs

d2o

s2pul

256

50

3.0000

0.0000

0.7340
2009-03-19T11:24:20

Spectrometer Frequency 283.26

Value

1. ~ -

FI ChemComm/ Spectra/ Table 3/ Table 3 entry 8/ Mar19104504/

g

Spectral Width 446429
Lowest Frequency -15919.7
Nucleus 31P
Acquired Size 32768
Spectral Size 65536
. oy J u b Aot dedarie * - Ay L Y JL "
r - TR 0! e r h N
N~
S o8 5 R =
- - o A Q o ~
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 T T T T T 7
44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 4 2 0

chemical shift/ppm

100*119.81/(1.00+119.81+3.09+0.27+21.17)=82%
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Anion exchange chromatogram of Table 3, entry 8.

- UV Conductivity
400 - m T 12
300 A
é 200 7 g
100 A
0 L] L] L] L] L] L] 2
0 1S 30 45 60 75 90
min

fractions collected between retention times of 45 and 60 minutes were combined and lyophilised. Thereafter, triethyalammonium ions were exchanged
for sodium ions using a strong cation exchange resin. The lyophilised solid was dissolved in DO and subjected to NMR analyses.

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011 Page 48



Trm¢i¢ and Hodgson—Electronic Supplementary Information

Table 3, entry 8 '"H NMR spectrum after weak anion exchange chromatography and cation exchange

Parameter Value

Data File Name f [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 8/ Mar23153624/
PROTON_01 -fid/ fid

Title PROTON_01

Comment MT 501

Spegtrometer » vnmrs J/ //f f f

nt d2o

Pulsg Sequence s2pul " i

Numper of Scans 4 /'CP')\ ¢ fj‘\H

Receiver Gain 48 ©A” ¢S o ) N N

Relgxation Delay 1.0000 Na' N——of

Pulsg Width 0.0000

Acqliisition Time 2.9098

Acqlisition Date 2009-03-23T15:54:11

Spegtrometer Freqydmcy 699.74
11261.3
-1432.2
1H

Ac 32768
65536

3 ) = & 3 X
- €9 ~ (Q] AN (Q\]
7 T T T T T T T T T T T
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25
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Table 3, entry 8 *'P NMR spectrum after weak anion exchange chromatography and cation exchange

Parameter Value
Data File Nam I Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 8/ Mar24101031/
PHOSPHORUS_01 .fid/ fid

Title PHOSPHORUS_01 Q
Comment MT 501 Q NH

o s SAA
Spectrome — vnmrs ©Aﬁ s o NTONT e, e
Solvent d2o Na* b

OH OH

Pulse Sequerjce s2pul
Number of Sgans 256 Hz
Receiver Gai 50 16956.1

Relaxation Ddlay 3.0000 2 6946.0
Pulse Width 0.0000 36936.1
Acquisition Tifne 0.7340 4 6926.2
Acquisition Dte 2009-03-24T10:13:55 '
56916.2
Spectrometeff Frequency 283.26
Spectral Wi 446429
Lowest Freqgency -15919.8 24 55 2450 24 45 24.40
Nucleus 31P chemical shift/ppm
Acquired Siz 32768
Spectral Siz 65536 . o " L — 4! "
SRR R R PR R e LA G T e , W

™

< -~ Q

o 2

N o -
-7 r'+r  ~r ~r.~r. 1~ ~r~r~r....on~. ~r..~.r.~r~r 1~ +~r.~—.r+~r -1 1 1 "1 I T °* 1 1 " T°
27 25 23 21 19 17 15 13 11 9 8 7 6 5 4 3 2 1

chemical shift/ppm

100*20.43/(20.434+0.11+1.00)=95% after chromatography and cation exchange
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Table 3, entry 9 '"H NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 9/ 21104319 fid/ fid
Title 21104319 o
Comment MT337 freeze dried MN/I%'\S ~_OH /
Spectrometer mercury H O‘Na+
Solvent D20
Puls‘ejqunce /SQpJ{ f R _ _
Number of Scans 16
Receiver Gain 22
Relaxation Delay 0.0000
Pulse Width 0.0000
Acquisition Time 4.0000
Acquisition Date 2008-10-21T10:42:01
Spectrometer Frequency 399.96 g LA B B B — T 1 T
Spectral Width 10000.0 S18 hemical shiftppm 500
Lowest Frequency -1972.4
Nucleus 1H
Acquired Size 400Q0
Spectral Size 131

L

I
©
@
Ty

072
724 —
027 4
20.39—
17.41—
0.59

1.00

6.0 5.5

. , . , .
0 4.5 4.0 3.5 3.0
chemical shift/ppm

100*17.82/(17.82+1.00)=95%

o1 716
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Table 3, entry 9 *'P NMR spectrum

4

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 9/ 21105122 fid/ fid
Title 21105122 ﬁ
Comment MT337 freeze dried ﬁ_
Spectrometer mercury
Solvent D20 J
Pulse Sequence s2pul
Number of Scans 128
Receiver Gain 34
Relaxation Delay 2.0000 i ﬂ
Pulse Width 0.0000 \WN’Z?{VOH
Acquisition Time 1.0000 N
Acquisition Date 2008-10-21T10:44:50
Spectrometer Frequency 161.91
Spectral Width 50000.0
Lowest Frequency -16535.8
Nucleus 31P
Acquired Size 50000
Spectral Size 131072
WM“%MW l
>

S o

— - —
414 413 412 411 410 409 408 407 406 266 265 264 263 262 261 26.0

Supplementary Material (ESI) for Chemical Communications
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chemical shift/ppm

100*161.34/(1.0+161.34)=99.4%
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Table 3, entry 10 "H NMR spectrum

Param Hz Value f“ﬂ
Data File Nam 1 1261.0 >omm/ Spectra/ Table 3/ Table 3 ghtry 10/ 30175934 fid/ fid
2 12595 Hz
3 1258.0 12015.2
220135 [
4 12555 J e
5 1253.8 / 42010.1
6 1252.3 S04 500 4% 4 > 19380
chemical shift/ppm 619963
/ 1251.1 71994
8 1249.4 o 819929
9 1247.9 Sy st
N -
10 1245.4 M L
1112438
12 1242.3 3.14 3.12
chemical shift/ppm
40000
131072 u
N W i I
l l | |
3 3 N 3
- I8 ™ ™
7.6 7.2 6.8 6.4 6.0 5.6 5.2 4.8 4.4 4.0 3.6 3.2 2.8

chemical shift/ppm

estimated>99%
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Table 3, entry 10 *'P NMR spectrum

Parameter Value
Data File Name L/// Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 10/ 30180421 .fid/ fid
Title 30180421
Comment MT339 freeze-dried o
Spectrometer mercury \/\N/lﬁl\s
Solvent D20 H 0- /\©
Pulse Sequence N s2pul Na o _
Number of Scans 64
Receiver Gain 30
Relaxation Delay 2.0000 Hz
Pulse Width 0.0000 14072.2
Acquisition Time 1.0000 2 4061.9
Acquisition Date 2008-10-30T18:00:38 3 4051.6
Spectrometer Frequenc“t 161.91 4 4041.3
Spectral Width 50000.0
Lowest Frequency -16535.8 > 4031.0
Nucleus 31P
Acquired Size 50000 ———
Spectral Size 131072 25.20 25.10 25.00 24.90

chemical shift/ppm

T T T T T T T T T T
30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0 -2 -4
chemical shift/ppm
estimated>99%
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Table 3, entry 11 "H NMR spectrum

Parameter Value
Data File Name I Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 11/ 091|70112.fid/ fid
Title 9170112 r
Comment MT342 freeze-dried Q
Spectrometer mercury N ﬁ/ZfS/\/
Solvent D20 Na"
Pulse‘s/e;uence s2pul _,r
Number of Scans 16
Receiver Gain 16
Relaxation Delay 0.0000
Pulse Width 0.0000
Acquisition Time 4.0000
Acquisition Date 2008-11109T16:59:54 ' ' ' ' ' ' ' ' '
5.30 5.25 5.20 5.15 5.1(
Spectrometer Frequency 399.96 chemical shift/ppm
Spectral Width 10000.0
Lowest Frequency -1972.4
Nucleus 1H
Acquired Size 40000
Spectral Size 131072
' m] : T J L —~= = |

3 S 3 N h 5

~ (Q\] ™ ™ ™ <

: : : : : : : : : : : : : : : : : : : : : , .

6.0 55 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

chemical shift/ppm

estimated>99%
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Table 3, entry 11 *'P NMR spectrum

Parameter Value
Data File Name [ Users/ davidhodgson/ Desktof/ ChemComm/ Spectra/ Table 3/ Table 3 entry 11/ 09170627 fid/ fid
Title 9170627 [
Comment MT342 freeze-dried
Spectrometer mercury T
Solvent D20
Pulse Sequence s2pul _ _
Number of Scans 64
Receiver Gain 30 Hz
Relaxation Delay 2.0000 14374.8
Pulse Width 0.0000 2 4364, 1 S
Acquisition Time 1.0000 3 4353 4
Acquisition Date 2008-11-09T17:02:21 4 4342.7
Spectrometer Frequency 161.91
Spectral Width 50000.0 5 4332.
Lowest Frequency -16535.8
Nucleus 31P s s —T
Acquired Size 50000 27.05 Shamical shittpom 26.75
Spectral Size 131072
AR A i o M A Wb ot o #‘)]L 2 r~“meqL—w~MmhL—vaA
N~
& o 8
o 00 ~—

7 T T T T T T T T T T T T T T T

L T — 1 T T — 1 T
46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16
chemical shift/ppm

100*89.67/(0.31+89.67+1.00+0.58+0.26)=98%
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Table 3, entry 12 "H NMR spectrum

Parameter Value

Data File Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 12/ 19110714 fid/ fid
Title 19110714
Comment MT361 freeze dried Q
Spectrometer mercury o N”Z?S/\/ or
Solvent D20 © Na
Pulse Sequence s2pul - e / -
Number of Scans 16
Receiver Gain 16 Hz
Relaxation Delay 0.0000 11144.6
Pulse Widt 0.0000 21138,3
Acquisition| Time 4.0000 31132.7
Acquisition| Date 2008-11-19T11:05:56 » | . . | 41132.1
Spectrometer Frequency 399.96 287 284 2 81 5 1126.5
Spectral Wdth 10000.0 chemical shift/ppm '
Lowest Frequency -1972.4 61120.2
Nucleus 1H /7 1117.1
Acquired Size 40000 |
Spectral Sige 131072

T == M M e '|L

<

-~ 0 o <

- - 0 10 M o ™

e W ¥ o o © ™

A ™ ®» « < ~ (o]
r-rr—+—orr———rm— 1 +—Tm +—rnmr+—7r—7r—T7r—Trr——r—Tr—T T r~—rr—rr T rrrrrrT1r T 1T "1 T T T 7T 17T 711

4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2. 2.6 2.4 2.2 2.0
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chemical shift/ppm

100*48.34/(48.34+1.00+6.33)=87%

Page 57



Trm¢i¢ and Hodgson—Electronic Supplementary Information
Table 3, entry 12 *'P NMR spectrum

Parameter Value
Data File Name I Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 12/ 19111229 fid/ fid
Title 19111229
Comment ( MT361 freeze dried
Spectrometer mercury
Solvent D20
Pulse Sequence J s2pul _ A - _
Number of Scans 80
Receiver Gain 34
Relaxation Delay 2.0000
Pulse Width 0.0000 (\N/'ﬁi\s/\/OH
Acquisition Time 1.0000 o %
Acquisition Date 2008-11-19T11:08:19
Spectrometer Frequency 161.91
Spectral Width 50000.0
Lowest Frequency -16535.8
Nucleus 31P y I . . .
Acquired Size 50000 244 243 242 241 240
Spectral Size 131072 chemical shift/ppm

1146.66
0.02

11.00
12.34
-1.66

T T T T T T T T T T T T T T
28 26 24 22 20 18 16 14 12 10 8
chemical shift/ppm

100*146.66/(146.66+0.02+1.00+12.34)=92%

o 1-0.37
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Parameter
Data File Name
Title 22133709
Comment
Spectromet mercury
Solvent D20
Pulse Seguence s2pul
Number of Scans 16
Receiver Gain 12
Relaxation Delay 0.0000
Pulse Width 0.0000
Acquisition Time 4.0000

Acquisition Date
Spectrometef Frequency 399.96

[ Users/ davidhodgson/ Desktop/ ChemComm/

MT359 3rd freeze dried

2008-11-22T13:35:51

Trm¢i¢ and Hodgson—Electronic Supplementary Information
Table 3, entry 13 '"H NMR spectrum

Value

/.

——

Spectra/ Table 3/ Table 3 entry 13/ 22133709 fid/ fid

Spectral Width 10000.0
Lowest Frequency -1972.4
Nucleus 1H
Acquired $i 40000
Spectral 131072
| Ao
- o &
(o] N~O 0O < 0
< ™~ O NN ¥
~ O ~—~O v« o -
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 T T T T
7.4 7.0 6.6 6.2 5.8 54 5.0 46 4.2 3.8 3.4 3.0 2.6
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chemical shift/ppm

100*5.77/(5.77+1.00)=85%
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Table 3, entry 13 *'P NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 13/ 22134446 fid/ fid
Title ( 22134446
Comment MT359 3rd freeze dried
Spectrometer mercury
Solvent D20
Pulse SequenJﬁ s2pul — R -
Number of Scghs 128
Receiver Gain 28 Q
/P\
Relaxation Deldy 2.0000 @ p“@
Pulse Wicth 0.0000 © Na'
Acquisition Time 1.0000
Acquisition DaLe 2008-11-22T13:38:14
Spectrometer frequency 161.91
Spectral Width 50000.0
Lowest Frequency -16535.8
Nucleus 31P
) . AT T T T T T T T T T
Acquired Size >0000 23.95 23.85 23.75 23.65
Spectral Size 131072 chemical shift/ppm
JL s J J\ L )

| | ¥ N T l

™

(o] o]

s N o ~ o ®© o

< @ °© < . @ ©

(a\} o A A — O o

/TTYTT T T T 1 1 1 T T "~ T~ T "~ 7T "~ 7T "7 "7 "7 "7 "7 "7 " T "~ T T - T T - T - T "~ T "~ T "1

27 25 23 21 19 17 15 13 11 9 8 7 6 5 4 3 2 1 0 -1

chemical shift/ppm

100*243.63/(243.63+0.92+1.00+14.49+1.10+0.88+0.90)=93%
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Table 3, entry 14 "H NMR spectrum

Parameter Value
Data File Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 14/ 20124653/ 10/ fid
Title
Cgmment
Owner| milena trmcic [
MT362/2ND FREEZE DRIE
Orjgin Bruker BioSpin GmbH J
Sdlvent D20 - -
Pulse Sequence zg30
Nymber of Scans 16
Relaxation Delay 1.0000 ?P?
Pulse Width 9.5000 Q/(';Si\/
Adquisition Time 3.9584 N
Agquisition Date 2008-1j1-20T13:42:00
Spectrometer Frequency 400.13
Syectral Width 82781
Lol/vest Frequency -1668.
Nycleus 1H
Adquired Size 32696
L e e I =T T
< < [(o] (] 0
™ o ™ ™ N~ [e0) N~ o
I52) o <. o © < ©
D ~ ~ » ™ < < (o]
T

r -~ r. +r 1.+ 1.1 "1 1~ T1.*T1 '~ 1+ 1+ T+ 1+ 1+ 1 + T * T * T T — T T
48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 038
chemical shift/ppm

100%93.34/(93.34+1.00)=99%
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Table 3, entry 14 *'P NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 14/ 20123438 fid/ fid
Title 20123438
Comment MT362 2nd
Spectrometer mercury
Solvent D20
Pulse Sequence _,} s2pul - - o o
Number of Scans 64
Receiver Gain 34
Relaxation Delay 2.0000 o
Pulse Width 0.0000 P
o e
Acquisttion Time 1.0000 o J 7\t
Acquisition Date 2008-11-20T12:30:32
Spectrometer Frequency 161.91
Spectral Width 50000.0
Lowest Frequency -16535.8
Nucleus 31P 7 A T T T T T T T T T
Acquired Size 50000 24.8 247 246 245 24.4
chemical shift/ppm

Spectral Size 131072
ot . L,...".,,,.,,,,,.,,,M,.,,,..,,.,.,, ,,..,.,44”.,,,,,,..,, e e T ol o snebog i

' «l) ' A .

AN o
> S S =% S
© ~ o o = 1
/AT T T T T 1 1 1 "~ T1 1T T T "7 "7 T T T T T T " T T T T T T "~ T T T "~ T T T 1
29 27 25 23 21 19 17 15 13 11 9 8 7 6 5 4 3 1 0 -1

chemical shift/ppm

100*69.06/(69.06+1.00+0.27+0.10)=98%
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Table 3, entry 15 "H NMR spectrum

Parameter Value
Data File Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 15/19163623/ 10/ fid
Title 19163623 f
Comment RGL DRWH
Owner MILEN ATRMCIC
MT364 FREEZE DRIED
Origin Bruker BipSpin GmbH //
Solvent D20 -
Pulsg Sequence zg30
Numper of Scans 16
Relaxation Delay 1.0000
Pulsg Width 9.5000 0
Acqtisnion Time 3.9584 b k
Acquisition Date 2008-11-19T16:54:00 oy O_Na+
Spec¢trometer Frequency 400.13
Spegtral Width 82781
Lowest Frequency -1668 1
Nucleus 1H
Acqliired Size

)

T T SEra> | T TI'J/N ‘*‘}%L
To] (e 0] <
< o o™ MO < AN (o)) o ONMN~M N~
™ o % o . N 3] o 0 W § ©
— - AN v« «— N~ N oom o
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 T T
48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10

chemical shift/ppm

100*20.35/(1.00+1.43+20.35)=89%
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Table 3, entry 15 *'"P NMR spectrum

Parameter Value
Data File Name, [ Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 15/ 19114150 fid/ fid
Title f 19114150
Comment MT364 freeze dried
Spectrometer mercury
Solvent D20
Pulse Sequence s2pul e
Number of Scans 64 0 )\
Receiver Gain 34 hN/',”\S
. 0~
Relaxation Deldy 2.0000 o 7t
Pulse Width 0.0000
Acquisition Timge 1.0000
Acquisition Date 2008-11-19T11:38:26
Spectrometer Hrequency 161.91
Spectral Width >0000.0 23.80 23.70 23.60 23.50
Lowest Frequgncy -16535.8 chemical shift/ppm
Nucleus 31P
Acquired Size 50000
Spectral Size 131072
<
o 2 ~
S 3 0
~ ~ 00]
/AT T T T 1 1 1 1 T T T T "7 "7 " T T T T T T T T T T T T "~ T "~ T T T "~ T "1
27 25 23 21 19 17 15 13 1" 9 8 7 6 5 4 3 2 1 0 -1 -3

chemical shift/ppm
100*158.34/(1.00+158.34+8.87)=94%
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Table 3, entry 16 "H NMR spectrum

Parameter Value
Data File Name / Users/ davidhodgson/ Desktop/ ChemComm/ Spectra/ Table 3/ Table 3 entry 16/ 17105650 .fid/ fid
Title 17105650
. (0]
Comment MT368 6th freeze dried Ho N/;%\S/\/OH
Specirometer mercury H oo
Solvdnt D20 N
Pulsg Sequence sl _— — /f
Numier of Scans 16
Recejver Gain 20 ’
Z
Relajation Delay 0.0000 1 1164.2
Pulsg Width 0.0000 2 1158.4
Acqujsition Time 4.0000 i Eij?
Acqyjsition Date 2008-12-17T10:55:36 5 1141:9
Spectrometer Frequency 399.96 6 1107.9
Spectral Width 10000.0 7 11015
8 1095.4
Lowgst Frequency -1972.4 9 10893 ; .
Nucldus 1H 10 1083.0 200 el shittopm 2
Acqujred Size 40000
Spectral Size 131072
L N\ . M )
T T T | T | | | T I
o0 O ~— o
(o)) (9\] o » Y9} X9} o N~ (4p] To]
< <N - o @ c o o o
(@] o o ~ ~ o ~ ~ ~ ~
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 T T 4
4.7 4.5 4.3 4.1 3.9 3.7 3.5 3.3 3.1 2.9 2.7 2.5
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100*10.31/(10.31+1.00+1.97)=78%
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Table 3, entry 16 *'P NMR spectrum

Parameter Valug
Data File Name [ Users/ davidhodgson/ Desktop/ ChemComm/ Spegtra/ Table 3/ Table 3 entry 16/ 17110155 fid/ fid
Title 17110155 =
Comment MT368 6th freeze dried 0
Spectrometer mercury HO\/\N/‘EL\S/\/OH
Solvent D20 "0 e
Pulse Sequence s2pul . N s - e
Number of Scans 80
Receiver Gain 34
Relaxation Delay 2.0000 Hz
Pulse Width 0.0000 1 4327.4
Acquis:rtion Time 1.0000 5 4315.8
Acquisition Date 2008-12-17T10:57:45 3 4304.4
Spectrometer Frequency 161.91
Spectral Width 50000.0 44292.9
Lowest Frequency -16535.8 54281.4
Nucleus 31P )
Acquired Size >0000 269 268 267 266 265
Spectral Size 131072 chemical shift/ppm

I
26.4

D (o)) R [(e] o ~
- ~ o ~ o ©
AN o < o A o
e T T T T T T T T T T T T T T T T T T T T T T
60 55 50 45 40 35 30 25 20 15 10 5

chemical shift/ppm

100*49.23/(2.19+0.49+49.23+0.76+1.
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