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An efficient synthesis of dialkyl 2-(diphenoxyphosphoryl)-3-(alkylthio)succinates, as a mixture of two diastereomers, in 78-

90% yields, is described via reaction between alkylthiols, dialkyl acetylenedicarboxylates, and triphenyl phosphite. The structures

of products were deduced from their high-field 'H, "*C, and *'P NMR spectra, and IR spectral data. Since these hosphonate esters

possess two stereogenic centers, two diastereomers with gauche HCCH arrangements are possible. Observation of *Jiyy = 3.5-4.6

Hz for the vicinal methine protons confirmed the dominance of the gauche arrangement. A mechanism is proposed for the

formation of products.
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INTRODUCTION

The rich chemistry that stems from the addition of
nucleophiles to activated acetylenic compounds has evoked
considerable interest. Trivalent phosphorous nucleophiles are
known to form zwitterions with activated acetylene
compounds such as dialkyl acetylenedicarboxylates [1-4]. In
recent years, work in our laboratory and in other laboratories
has shown that these types of zwitterions can be trapped by a
variety of electrophiles and proton donors, for the synthesis of
organophosphorous compounds [1-12]. Hence, it was of
interest to investigate the reactivity of these zwitterions toward
alkyl sulfides.

In this paper, we report the results of our studies involving
the reactions of zwitterions derived from triphenyl phosphite 1
and dialkyl acetylenedicarboxylates 2 in the presence of
alkylthiols 3, which constitute a synthesis of dialkyl 2-
(diphenoxyphosphoryl)-3-(alkylthio)succinates 4, as a mixture
of two diastereoisomers, in 78-90% yields (Scheme 1).

*Corresponding author. E-mail: yavarisa@modares.ac.ir

EXPERIMENTAL

Chemicals and Apparatus

Compounds 1-3 were obtained from Fluka and were used
further M.p.: Electrothermal-9100
apparatus. IR Spectra: Shimadzu IR-460 spectrometer. 'H and
3C NMR spectra: Bruker DRX-300 AVANCE instrument; in
CDCl; at 300 and 75 MHz, respectively; Jin ppm, J in Hz. EI-
MS (70 eV): Finnigan-MAT-8430 mass spectrometer, in m/z.
Elemental analyses (C, H, N) were performed with a Heraeus

without purification.

CHN-O-Rapid analyzer. The results agreed favorably with the
calculated values.

General Procedure for the Prepration of Compounds 4

To a stirred solution of 2 mmol of 2 and 2 mmol of 3 in 10
ml of CH,Cl, was added 0.61 g of triphenyl phosphite (2
mmol) at romm temperature. The reaction mixture was then
stirred for 24 h. The solvent was removed under reduced
pressure, and the residue was purified by column
chromatography (SiO,; hexane/AcOEt 3:1) to afford the
adducts as mixtures of two diastereoisomers.
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Dimethyl 2-(diphenoxyphosphoryl)-3-[(2-furylmethyl)
sulfanyl]succinate (4a). Yellow oil; yield: 0.83 g (85%). IR
(KBr): V= 1738 (C=0), 1246 (P=0), 2953 (CH) cm™. EI-MS:
490 (2, M), 459 (5), 351 (35), 236 (38), 233 (38), 105 (100),
93 (85), 77 (86). Anal. Calc. for Cp3Hy304PS (490.46): C
56.33, H 4.73%; found: C 56.63, H 5.03%. NMR data for the
major isomer (64%); 'H NMR: 3.71 (s, MeO), 3.72 (s, MeO),
3.90 (AB quartet, Avag = 7 Hz, Jag = 15.1, SCH,), 4.02 (dd,
i = 4.0, 2Jyp = 17.1, CH), 5.01 (dd, *Juyy = 4.0, *Jip = 9.2,
CH), 6.23-6.24 (m, 2CH), 7.13-7.20 (m, 11CH). *C NMR:
29.7 (CH,), 44.6 (d, “Jop = 2.3, CH), 48.5 (d, CH, 'Jp =
127.4), 53.3 (MeO), 53.4 (MeO), 109.1 (CH), 110.9 (CH),
120.8 (d, *Jcp= 4.9, 4CH of 2C¢Hs), 125.8 (s, 2CH of 2C4Hs),
130.1 (s, 4CH of 2C¢Hs), 142.8 (CH), 150.1 (C), 150.5 (s,
2C;5 of 2C4Hs), 166.6 (d, *Jep = 5.5, C=0), 170.5 (d, *Jep =
4.4, C=0). "P NMR: 11.45 [P(O)(OC¢Hs),]. NMR data for
the minor isomer (36%); 'H NMR: 3.70 (s, MeO), 3.75 (s,
MeO), 3.84 (AB quartet, Avag =9 Hz, Jys = 15.8, SCH,), 4.22
(dd, *Jun = 4.2, “Jyp = 16.9 Hz, CH), 5.04 (dd, *Juy = 4.2, *Jip
= 8.9, CH), 6.29-6.35 (m, 2CH), 7.24-7.32 (m, 11CH). “C
NMR: 29.3 (CH,), 44.3 (d, Jop = 2.1, CH), 48.3 (d, 'Jep =
137.6, CH), 53.4 (MeO), 53.6 (MeO), 109.1 (CH), 110.9
(CH), 120.9 (d, *Jep = 4.9, 4CH of 2C¢Hs), 125.9 (s, 2CH of
2C¢Hs), 130.2 (s, 4CH of 2C¢Hs), 142.9 (CH), 150.1 (C),
150.5 (s, 2C;5, 0of 2C4Hs), 167.9 (d, *Jep = 5.2, C=0), 171.8 (d,
3Jep = 18.8, C=0). P NMR: 11.84 [P(O)(OCHs),].

Dimethyl 2-(diphenoxyphosphoryl)-3-[(3-sulfanyl-
propyl)sulfanyl]succinate (4b). Yellow oil; yield: 0.85 g
(88%). IR (KBr): V=1737 (C=0), 1246 (P=0), 2952 (CH)
cm™. EI-MS: 484 (2, M"), 318 (10), 285 (80), 223 (58), 140
(46), 94 (40), 77 (100). Anal. Calc. for C,;H,s0,PS, (484.52):
C 52.06, H 5.20%; found: C 52.39, H 5.51%. NMR data for
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the major isomer (62%); 'H NMR: 1.25-1.26 (m, SH), 1.86-
1.89 (m, CH,), 2.52-2.54 (m, CH,), 2.83-2.86 (m, CH,), 3.71
(s, Me0), 3.78 (s, MeO), 4.08 (dd, *Juy = 4.1, “Jypp = 16.6,
CH), 4.92 (dd, *Juy = 4.1, *Jip = 9.0, CH), 7.10-7.21 (m,
5CH), 7.28-7.32 (m, 5CH). *C NMR: 29.7 (CH,), 31.5 (CH,),
33.0 (CH,), 45.1 (d, *Jep = 2.4, CH), 48.7 (d, 'Jep = 127.6,
CH), 53.3 (MeO), 53.5 (MeO), 120.9 (d, *Jcp = 4.8, 4CH of
2C4Hs), 126.0 (s, 2CH of 2C¢Hs), 130.2 (s, 4CH of 2C¢Hs),
150.5 (s, 2C;ps, of 2C4Hs), 166.7 (d, *Jep = 5.3, C=0), 170.7 (d,
3Jcp = 4.0, C=0). *P NMR: 11.46 [P(O)(OC4Hs),]. NMR data
for the minor isomer (38%); 'H NMR: 1.25-1.27 (m, SH),
1.86-1.88 (m, CH,), 2.52-2.60 (m, CH,), 2.83-2.85 (m, CH,),
3.75 (s, MeO), 3.82 (s, MeO), 4.19 (dd, *Juy = 4.2, “Jyp = 16.6
Hz, CH), 5.02 (dd, *Juy = 4.2, *Jup = 8.7, CH), 7.28-7.32 (m,
10CH). *C NMR: 31.0 (CH,), 32.1 (CH,), 32.7 (CH,), 44.5 (d,
ZJep = 2.0, CH), 48.6 (CH, d, 'Jep = 137.0, CH), 53.4 (MeO),
53.6 (MeO), 120.7 (d, *Jep = 4.8, 4CH of 2C¢Hs), 126.0 (s,
2CH of 2C¢Hs), 130.2 (s, 4CH of 2C¢Hs), 150.5 (s, 2C;, of
2C¢Hs), 167.91 (d, %Jep = 5.1, C=0), 171.6 (d, *Jep = 20.3,
C=0). "P NMR: 11.95 [P(O)(OC¢Hs),].

Dimethyl  2-(diphenoxyphosphoryl)-3-[(3-methoxy-3-
oxopropyl)sulfanyl]succinate (4c). Colorless oil; yield: 0.89
g (90%). IR (KBr): V= 1738 (C=0), 1252 (P=0), 2953 (CH)
em’'. EI-MS: 496 (2, M"), 485 (32), 318 (16), 285 (68), 223
(44), 140 (42), 105 (100), 94 (43), 77 (70). Anal. Calc. for
C2Hps00PS (496.46): C 53.22, H 5.08%; found: C 53.52, H
5.38%. NMR data for the major isomer (60%); 'H NMR: 2.57-
2.64 (m, CH,), 2.92-3.08 (m, CH,), 3.67 (s, MeQ), 3.74 (s,
MeO), 3.80 (s, MeO), 4.05 (dd, *Juy = 3.9, *Jip = 16.8, CH),
5.11 (dd, *Jyn = 3.9, *Jip = 9.0, CH), 7.13-7.20 (m, 10CH). "*C
NMR: 28.2 (CH,), 34.4 (CH,), 45.4 (d, 2Jcp = 2.6, CH), 48.6
(d, 'Jep =127.7, CH), 52.2 (MeO), 53.3 (MeO), 53.5 (MeO),
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120.7 (d, *Jcp = 4.8, 4CH of 2C¢Hs), 126.1 (s, 2CH of 2C¢Hs),
130.1 (s, 4CH of 2C4Hs), 150.5 (s, 2C;,, of 2C¢Hs), 166.6 (d,
2Jep = 5.4, C=0), 170.7 (d, *Jep = 4.4, C=0). "P NMR: 11.41
[P(0)(OCgHs),]. NMR data for the minor isomer (40%); 'H
NMR: 2.57-2.62 (m, CH,), 2.92-3.07 (m, CH,), 3.63 (s, MeO),
3.70 (s, MeO), 3.77 (s, MeO), 4.14 (dd, *Juyy = 4.2, “Jyp = 16.4
Hz, CH), 5.03 (dd, *Juy = 4.2, *Jip = 8.8, CH), 7.28-7.34 (m,
10CH). *C NMR: 27.7 (CH,), 34.2 (CH,), 44.8 (d, *Jep = 2.2,
CH), 48.4 (d, 'Jep = 137.4, CH), 52.2 (MeO), 53.4 (MeO),
53.6 (MeO), 120.7 (d, *Jep = 4.8, 4CH of 2C¢Hs), 126.0 (s,
2CH of 2C¢Hs), 130.2 (s, 4CH of 2C¢Hs), 150.2 (s, 2Cj, of
2C¢Hs), 167.9 (d, *Jep = 5.1, C=0), 171.5 (d, *Jep = 20.0,
C=0).""P NMR: 11.91 [P(O)(OC¢Hs),].

Diethyl 2-(diphenoxyphosphoryl)-3-[(2-furylmethyl)
sulfanylsuccinate (4d). Yellow oil; yield: 0.87 g (84%). IR
(KBr): V= 1732 (C=0), 1250 (P=0), 2982 (CH) cm". EI-MS:
518 (2, M), 485 (10), 318 (10), 285 (65), 223 (34), 140 (62),
105 (87), 94 (43), 77 (100). Anal. Calc. for CysH,;O4PS
(518.51): C 57.91, H 5.25%; found: C 58.21, H 5.53%. NMR
data for the major isomer (64%); 1.20 (t, *Juyy = 7.2, Me), 1.26
(t, *Jun = 7.2, Me), 3.90 (AB quartet, Avag =9 Hz, Jys = 14.6,
SCHS,), 3.88 (dd, *Juy = 3.9, “Jup = 16.1, CH), 4.94 (dd, *Jiy =
3.9, *Jup = 8.7, CH), 6.29-6.31 (m, 2CH), 7.11-7.20 (m,
11CH). *C NMR: 14.3 (Me), 14.5 (Me), 29.7 (CH,), 44.8
(CH, d, *Jcp = 2.43), 48.5 (d, 'Jep = 127.7, CH), 62.4 (OCH,),
62.7 (OCH,), 109.1 (CH), 110.9 (CH), 121.0 (d, *Jcp = 4.8,
4CH of 2CgHs), 125.9 (s, 2CH of 2C¢Hs), 130.2 (s, 4CH of
2C¢Hs), 142.8 (CH), 149.4 (C), 150.6 (s, 2C,, of 2C4Hs),
166.1 (d, *Jep = 5.3, C=0), 170.1 (d, *Jep = 4.4, C=0). P
NMR: 11.43 [P(O)(OC¢Hs);]. NMR data for the minor isomer
(36%); '"H NMR: 1.22 (t, *Juyy = 7.2, Me), 1.27 (t, *Jyn = 7.2,
Me), 3.84 (AB quartet, Avag =9 Hz, Jyg = 13.7, SCH,), 4.18
(dd, *Jun = 3.9, 2Jp = 16.0 Hz, CH), 4.92 (dd, *Ji = 3.9, *Jip
= 8.4, CH), 6.29-6.31 (m, 2CH), 7.27-7.36 (m, 11CH). “C
NMR: 14.2 (Me), 14.3 (Me), 29.3 (CH,), 44.4 (d, “Jep = 2.3,
CH), 48.5 (d, 'Jep = 137.2, CH), 62.4 (OCH,), 62.7 (OCH,),
109.2 (CH), 110.8 (CH), 120.3 (d, *Jcp = 4.8, 4CH of 2C4Hs),
125.9 (s, 2CH of 2C¢Hs), 130.4 (s, 4CH of 2C¢Hs), 142.8
(CH), 150.6 (s, 2C;ps, of 2C¢Hs), 167.3 (d, *Jep = 5.2, C=0),
170.8 (d, *Jep = 19.3, C=0). "*P NMR: 11.86 [P(O)(OC¢Hs),].

Diethyl 2-(diphenoxyphosphoryl)-3-[(3-sulfanylpropyl)
sulfanyl]succinate (4e). Yellow oil; yield: 0.80 g (78%), IR
(KBr): V=1735 (C=0), 1246 (P=0), 2982 (CH) cm™'. EI-MS:

512 (2, M), 485 (23), 318 (19), 285 (64), 223 (24), 140 (53),
105 (100), 94 (24), 77 (63). Anal. Calc. for Cy3H,00-PS,
(512.57): C 53.90, H 5.70%; found: C 54.20, H 6.01%. NMR
data for the major isomer (62%); '"H NMR: 1.17-1.29 (m, CH,,
2Me), 1.88-1.96 (m, SH), 2.78-2.86 (m, 2CH,), 3.83 (dd, *Jiy
=4.1, %)y = 15.5, CH), 4.71 (dd, *Juyy = 4.1, *Jip = 8.2, CH),
4.07-4.19 (m, 20CH,), 7.13-7.17 (m, 10CH). *C NMR: 14.3
(Me), 14.5 (Me), 28.3 (CH,), 28.5 (CH,), 31.9 (CH,), 45.3 (d,
2Jep = 2.5, CH), 48.7 (d, 'Jep = 127.6, CH), 62.1 (OCH,), 62.6
(OCH,), 120.7 (d, *Jep = 4.8, 4CH of 2C¢Hs), 125.1 (s, 2CH of
2C¢Hs), 130.0 (s, 4CH of 2C¢Hs), 150.6 (s, 2C,,, of 2C¢Hs),
166.7 (d, 2Jop = 5.3, C=0), 170.7 (d, *Jep = 3.8, C=0). P
NMR: 11.48 [P(O)(OC¢Hs),]. NMR data for the minor isomer
(38%); 'H NMR: 1.17-1.29 (m, CH,, 2Me), 1.86-1.96 (m,
SH), 2.78-2.86 (m, 2CH,), 4.20 (dd, *Juy = 4.0, *Jipp = 16.5
Hz, CH), 4.81 (dd, *Juy = 4.0, *Jup = 8.4, CH), 3.78-3.87 (m,
20CH,), 7.27-7.30 (m, 10CH). *C NMR: 14.3 (Me), 14.4
(Me), 28.2 (CH,), 28.4 (CH,), 31.3 (CH,), 45.3 (d, Jcp = 2.5,
CH), 48.8 (d, 'Jep = 135.9, CH), 62.3 (CH,), 62.8 (OCH,),
120.4 (d, *Jep= 4.8, 4CH of 2C¢Hs), 125.6 (s, 2CH of 2C¢Hs),
130.1 (s, 4CH of 2C¢Hs), 150.0 (s, 2C,s, of 2CeHs), 167.9 (d,
ZJep = 5.2, C=0), 171.6 (d, *Jep = 20.3, C=0). *P NMR: 11.95
[P(O)(OCsHs),].

Diethyl 2-(diphenoxyphosphoryl)-3-[(3-methoxy-3-oxo-
propyl)sulfanyl]succinate (4f). Yellow oil; yield: 0.86 g
(82%). IR (KBr): V= 1736 (C=0), 1249 (P=0), 2983 (CH)
cm’'. EI-MS: 524 (2, M"), 469 (31), 351 (24), 236 (42), 233
(35), 105 (100), 93 (58), 77 (73). Anal. Calc. for C,4H0sPS
(524.52): C 54.96, H 5.57%; found: C 55.26, H 5.87%. NMR
data for the major isomer (64%); "H NMR: 1.23 (t, San =172,
Me), 1.28 (t, *Jyy = 7.2, Me), 2.64-2.70 (m, CH,), 2.98-3.10
(m, CH,), 3.68 (s, MeO), 3.97 (dd, *Juy = 3.7, “Jip = 16.4,
CH), 4.87 (dd, *Juy = 3.7, *Jup = 9.0, CH), 4.11-4.31 (m,
20CH,), 7.14-7.21 (m, 10CH). *C NMR: 14.3 (Me), 14.4
(Me), 28.2 (CH,), 34.5 (CH,), 45.6 (d, *Jcp = 2.6, CH), 48.7
(d, 'Jep = 137.4, CH), 52.2 (MeO), 62.4 (OCH,), 62.9 (OCH,),
120.8 (d, *Jp = 4.8, 4CH of 2C¢Hs), 125.0 (s, 2CH of 2C4Hs),
130.1 (s, 4CH of 2C4Hs), 150.6 (s, 2C,, of 2C4Hs), 166.2 (d,
2Jep = 5.3, C=0), 170.3 (d, *Jp = 4.5, C=0), 172.3 (C=0). "°P
NMR: 11.43 [P(O)(OC¢Hs),]. NMR data for the minor isomer
(36%); '"H NMR: = 1.24 (t, Jyy = 7.2, Me), 1.27 (t, *Jyy = 7.2,
Me), 2.64-2.70 (m, CH,), 2.98-3.10 (m, CH,), 3.62 (s, MeO),
4.03 (dd, *Jyn = 3.88, *Jup = 16.0 Hz, CH), 5.00 (dd, *Jyy =
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3.88, *Jup = 8.5, CH), 3.83-4.11 (m, 20CH,), 7.27-7.30 (m, 10
CH). "C NMR: 14.2 (Me), 14.5 (Me), 27.7 (CH,), 34.3 (CH,),
45.6 (d, “Jep = 2.6, CH), 48.7 (d, 'Jop = 137.4, CH), 52.2
(MeO), 62.0 (OCH,), 62.7 (OCH,), 120.6 (d, *Jep = 4.8, 4CH
of 2C¢Hs), 124.8 (s, 2CH of 2C¢Hs), 130.2 (s, 4CH of 2C4Hs),
150.3 (s, 2C;5 0f 2C4Hs), 167.2 (d, *Jep = 5.2, C=0), 171.0 (d,
Jop = 201, C=0), 1724 (C=0). “P NMR: 1191
[P(O)(OC4Hs),]-

RESULTS AND DISCUSSION

The reaction between triphenyl phosphite (1), dialkyl
alkylthiols
smoothly in CH,Cl, at room temperature to produce dialkyl 2-

acetylenedicarboxylates 2, and 3 proceeds

(diphenoxyphosphoryl)-3-(alkylthio) succinates 4, as a
mixture of two diastereoisomers, in 78-90% yields (Scheme
1).

The structures of compounds 4a-4f were deduced from
their elemental analyses and high-field 'H, "*C and *'P NMR
spectra and IR spectral data. The mass spectra of these
compounds exhibited molecular ion peaks at the appropriate
m/z values. The "H NMR spectrum of 4a in CDCl; showed
two singlets at d = 3.71 and 3.72 ppm for the methoxy protons,
together with an AB quartet for SCH, group, and two double
doublets at 0 = 4.30 (“Jpy = 25.3, *Juy = 4.0 Hz) and 5.21 (dd,
iap = 7.8, >y = 4.0) for the methane protons.

Although the presence of the *'P nucleus complicates both
the 'H and “C NMR spectra of 4a-4f, it helps in the
assignment of the signals by long-range coupling with 'H and
BC nuclei (see Experimental section). Observation of *Jyy =
3.5-4.6 Hz for the vicinal methine protons in 4a-4f confirms
the dominance of the gauche arrangement. Since compound 4
possesses two stereogenic centers, two diastereomers with
gauche HCCH arrangements are possible (Scheme 2).

The three-bond carbon-phosphorus coupling constant, 3Jeps
depends on conformation, as expected, transoid couplings
being larger than cisoid ones. The Karplus relation can be
derived from the data for organophosphorus compounds with
tetra- and penta-valent phosphorus [13,14]. The observation of
3Jcp = 3.8-4.5 Hz for the CO,Me group is in agreement with
the (2R,3R) or (25*,35%) diastereoisomer as the major isomer
(60-64%). Since, the minor diastereoisomer shows *Jcp = 18.8-
20.3 Hz for the CO,Me group, its configuration is (2R,3S) or
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(25*3R¥).

Characteristic ester carbonyl resonances for the major
diastereoisomer of 4a appeared at 6 = 166.6 (d, “Jpc = 5.5 Hz)
and 170.5 (d, *Jpc = 4.4 Hz), whereas the carbon atom of the
P-CH moiety appeared at 0 = 48.5 (d, 'Jpc = 127.4 Hz). The
presence of three electronegative oxo substituents on the
phosphorus atom increases the 'Jep value. Finally, the *'P
shifts of 11.41-11.95 ppm are in accord with the presence of
C-P(O)(OC¢Hs), groups in both diastereoisomers of 4.

The following mechanism may be invoked for the
formation of compounds 4. Conceivably, the starting point of
the reaction is the formation of a 1:1 zwitterionic species [1,2]
5 between 1 and 2, which is protonated by the SH-acidic 3
(Scheme 3). Then, the positively charged ion might be
attacked by enolate anion of 3 to produce the ylide 8.
Compound 4 is apparently formed by addition of adventitious
water that leads to the hydrolysis of 8. Hydrolysis of alkyl
triphenyl phosphonium salts in water has been reported to
yield diphenyl alkylphosphonates [15].

In conclusion, the reaction between acetylenic esters,
alkylthiols, and triphenyl phosphite provides a simple one-pot
stable dialkyl
(alkylthio)succinates of potential synthetic interest. The

synthesis  of 2-(diphenoxyphosphoryl)-3-
present procedure has the advantage that the reaction is
performed under neutral conditions, and the starting material
can be used without any activation or modification. The
procedure described here provides an acceptable method for

the preparation of sulfur-containing phosphorylated
succinates.
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