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Abstract—g-Diethoxyphosphorylethyl sulphoxides 4, prepared by selective oxidation of the correspond-
ing sulphides 6 using bromine/potassium hydrogen carbonate as oxidising agent in a two-phase system,

undergo the

Pummerer rearrangement accompanied by elimination affording E-$-ethylthio-

vinylphosphonate 7. The synthesis of Z-x-bromo-f-ethylthiovinylphosphonate 14 is also described.

a-Phosphoryl-substituted organosulphur compounds
attracted recently much attention because of their
importance in synthetic organic chemistry.? The pres-
ence in one molecule of the phosphonate grouping
and an organosulphur moiety provides a unique
opportunity for effecting a variety of interesting
synthetic transformations. For example, the appro-
priately substituted a-phosphory! sulphides 1 are key
reagents in the synthesis of aliphatic® and aromatic
ketones* while S,S-thioacetals of formylphosphonates
2 are the best starting materials for the synthesis of
ketene thioacetals.’
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Of considerable interest from both synthetic and
stereochemical points of view are a-phosphoryl sul-
phoxides 3 which have been obtained in racemic and

tOn leave of absence from the Institute of Organic
Chemistry, Academy of Sciences of German Democratic
Republic, Berlin-Adlershof, GDR.

optically active forms in our laboratory.%’ Owing to
the presence of the phosphonate moiety, they are key
substrates in the synthesis of racemic and chiral

o,f-unsaturated  sulphoxides based on the
Horner-Wittig reaction.
Up to now, however, the chemistry of

B-phosphoryl-substituted organosulphur compounds
and their synthetic apphcatlon have received rela-
tively little attention."” Only recently, the use of the
suitably substituted B-phosphoryl sulphides in the
synthesis of some natural products was reported.'>!?
In this paper we wish to report the simple and
effective synthesis of f-phosphoryl sulphoxides 4 and
their Pummerer .rearrangement.

RESULTS AND DISCUSSION

We found that the reaction of the easily accessible
diethyl p-bromoethanephosphonate §' with sodium
mercaptides in ether-dimethoxyethane solution at
room temperature gave the corresponding
B-phosphorylethyl sulphides 6 in good yield. Only in
the case of sodium methylmercaptide was the yield of
6¢ lower, due to elimination of methane thiol from 6¢
under the reaction conditions.

The B-phosphoryl sulphoxides 4 were prepared by
the oxidation of sulphides 6 with bromine in the
presence of potassium hydrogen carbonate under
two-phase conditions.'”” Formation of the corre-
sponding sulphones was not observed. The yields and
physical and spectral data of 8-phosphory! sulphides
6 and sulphoxides 4 prepared are collected in
Table 1.

In an extension of our previous study on the
Pummerer rearrangements of a-phosphoryl sul-
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Table 1. Preparation and properties of f-phosphorylethyl sulphides 6 and sulphoxides 4

Product vieldh ) Fp et Pe ww (aciy)
bp®Citarr &(pp) a{ppm)
T4650(22 :

b (E0)PO)(H)SEt 86 o 282 14.6(508,010)316,5(d,Jppe"S 3 Hz, PO H,);
24.4(d, 30 *3.7 Ha, POH,(H,-); 25 (SO, 5
27.0(d,Jp07136.45 Hz,POL0H,);61.6(d,Jp0 6.3 He,
POC1,OL)

1.5230(23

f  E0) PO © o) 8O 14.4(d,0p,6.9 H2,POGH,0H,)524.6(d, I+ 180.2 Kz,
P-GH, -3 25.3(d,J =3 0 Hz,POH CH,-) ;59.8(d,
Jooc=8.8 Hz POCH,(H,);124.8, 127.2, 128.1,1.133(aromatic)

b 1.4600(20) ;

G (E0) PO)(GH) S 55 pysS: 2.9 13.4(S0H3);14.8(d Jpp=T 8 HE,POCH, Q)5 25.2 (dyJpgcm
=5.2 Hz, POH,(H,~) ;256 (d, Jp 145 .6,POH,CH,~) ;60.
(d,Jpoc=7-8 Hz, POCH,CHy)

4 (E0)PO)(M)SORt B0 1.4762023) 279 6.8(S(H34;);16.4(d,J o5 -8 Hz, POGH,GH,);18.6 (4,
Jpcm146.2 He, POLGH,-); 44.0(d,Jpcd.3 Hz PGH,-GH,);
45 .3(SOH,(Hy); 62.0(d, Jpon7+0 Hz, POGH,CHy)

£ (BOPO)(C),SOPM 88 1.5438(22) 210 18.8(d,JppecnS -2 Hz,POCH 1) ; 15.3(d Jpc=189.6 Hz,

2 Pocc P

pmzmz-); 47.1(::1,me-5.2 Hz, Pﬂ-izgz-); 60.1 (d,
me-?.s Hz, Pogi_zﬁi3); 127.3,127.9,129,3,140. 7(aroma~-
tic)

s Yield of a pure product. Satisfactory analytical data (10,41 P,S) were obtained for all compounds listed in Table,

Diethyl vinylphosphonate was also isolated in 40% yield.

phoxides 3'® we investigated in detail the various
Pummerer-type reactions of f-phosphoryl sul-
phoxide 4a. At first, the classical Pummerer reaction
of 4a with acetic anhydride was carried out. The
reaction was complete after 2h in refluxing acetic
anhydride and gave E-diethyl g-ethylthiovinyl-
phosphonate (7) in 779, yield. None of the expected
Pummerer reaction product, x-acetoxy
B-diethoxyphosphorylethyl ethyl sulphide 8, was iso-
lated. Undoubtedly, it undergoes elimination of ace-
tic acid to form E-7.

In accord with our recent observation that molec-
ular bromine acts as an effective catalyst for the
Pummerer reaction'’ we found that the addition of
catalytic amounts of bromine to the mixture of 4a
and acetic anhydride completes the reaction within
2h at 65°, as revealed by ¥P-NMR spectra.

Assignment of the E-geometry to the vinyl
phosphonate 7 formed was based on 'H-NMR spec-
tral data. Analysis of the vinylic ABX-system in the
'H-NMR spectrum of 7 showed that olefinic protons
absorb at 4 =5.53 and 7.40 ppm. A simple calcu-
lation of the chemical shifts of the vinylic protons H,
and Hp in 7 by means of the additive increments
method'® indicated that the protons H, and Hgin E-7
should appear at 6 = 5.62 and 7.24 ppm whereas in
Z-7 at & = 5.78 and 7.03 ppm, respectively. Further-

(EtO), ﬁ(cnz),ﬁ Et::f» (EtO). 1 cu,? H-SEt
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more, the values of the coupling constants
3Jun = 16.4 Hz and *J,, = 21.1 Hz provide indepen-
dent proof of the E-geometry of 7.

Vinylphosphonate E-7 was found to be also
formed as a result of the Pummerer-type reaction
between 4a and thionyl chloride or acetyl chloride
carried out at room temperature. In this case too,
the transiently formed Pummerer product,
w-chloro-f-diethoxyphosphorylethyl ethyl sulphide
9, eliminated hydrogen chloride spontaneously, and
gave E-7 as the final reaction product.
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It should be pointed out that with the most reactive
trifluoroacetic anhydride the Pummerer reaction of
4a was complete after 15 min at ca.-78°. However,
when the reaction mixture was warmed to room
temperature the vinylphosphonate E-7 was again
isolated in 78% yield.

In order to obtain additional information on the
course of the reaction of 4a with trifluoroacetic
anhydride we took advantage of the presence of
phosphorus in sulphoxide 4a and monitored this
reaction by means of *P-NMR spectra (Fourier-
transform technique with proton noise decoupling).
Thus, a solution of 4a in methylene chloride was
treated with trifluoroacetic anhydride at —80°. The
signal at 8y, 27.8 ppm, characteristic of 4a, disap-
peared immediately and a new signal at §,,, 24.4 ppm
was observed. It was assigned to the acyloxy-
sulphonium salt 11 formed in the first stage of the
Pummerer reaction. After a short time a new signal
at dp 22.7 ppm was formed at the expense of the
signal absorbing at 4;, 24.4ppm. This stage of
the reaction was completed at — 40°. There is no
doubt that the latter signal corresponds to the
Pummerer reaction product, «-trifluoroacetoxy
B-diethoxyphosphorylethyl ethyl sulphide (10). At
the temperatures between 0° and 20° elimination of
trifluoroacetic acid from 10 takes place resulting in
appearance in the P NMR spectrum of the already
known resonance signal at §;p 17.2 ascribed to E-7.

The P NMR spectral studies presented above
allow to propose for the reaction of 4a with
trifluoroacetic anhydride the foliowing main steps
(Scheme I) i.e. the formation of sulphonium sait 11
and then of the ion pair 12 which undergoes the
rearrangement to give the Pummerer reaction prod-
uct 10 which, in turn, eliminates trifluoroacetic acid
to form E-7."

The fact that the trifluoroacetoxy sulphonium salt
11 is formed as a real intermediate, which is observed
in the P NMR spectra, is substantiated by our
further observation that the Pummerer reaction of 4a
carried out in the presence of ethanethiol results in
the quantitative reduction of 4a to 6a and oxidation
of ethanethiol to diethyl disulphide.

Such a reaction course is consistent with the nu-
cleophilic attack of the sulphur atom of thiol on the

(CF,CON0
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0
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[ SEt |
. TN I,
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1

sulphur cation of 11 and has a precedent in the
literature.”

It is interesting to note that the reaction of eth-
anethiol with 12 should give S,S-diethyl thioacetal of
a-phosphorylacetaldehyde (13)*' as a result of nu-
cleophilic attack of the sulphur atom of thiol on the
carbon atom of the intermediate 12.22 However, the
formation of 13 was not observed.

SEt

(EtO). P CHzCH/

L s
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Finally, a comment should be made of the easy
elimination of the HX-species (X =CH,COO",
CF,COO -, Cl17) from various §-phosphoryl sulphur
compounds which seems to be the general feature of
such systems. A similar elimination of thiols and
sulphenic acids from f-phosphoryl dithioacetals and
their S-oxides has been reported earlier.?*

We took advantage of this phenomenon and intro-
duced a bromine atom at the a-position of the
vinylphosphonate E-7 by bromination of E-7 fol-

(EtO);P(CHy) ﬁEt e (EtO);PCH ?HSEt CF,C0O0"~
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Scheme 1.
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lowed by spontaneous elimination of hydrogen bro-
mide to give (14).

The elimination was found to be completely regio-
and stereospecific because only one isomer Z-14, was
formed. Its structure was assigned on the basis of the
value of the phosphorus-hydrogen coupling constant,
3Jp.n, €qual to 13 Hz which corresponds to the cis-
oidal configuration of both interacting nuclei.

EXPERIMENTAL

All b.ps and m.ps are uncorrected. Solvents and commer-
cial reagents were distilled and dried by conventional
methods before use. 'HNMR spectra were recorded at
60 MHz with a R12B Perkin-Elmer spectrometer. *'P- and
BC-NMR spectra were obtained on a Jeol JINM-FX60
Fourier transform spectrometer with external 85% H,PO,
and internal Me,Si as standards.

General procedure for synthesis of B-phosphorylethyl sul-
phides 6

To a solution of diethyl f-bromoethanephosphonate (5)
(7.34 g; 0.03 mol) in 20 ml ether and 20 ml dimethoxyethane
an equimolar amount of sodium mercaptide was added.
The reaction mixture was stirred for 3h and allowed to
stand overnight. The solvents were evaporated and the
residue was dissolved in chloroform (20 ml). The chloro-
form solution was washed with water, dried and evaporated
to afford the crude sulphide 6 which was purified by
distillation. The yields and physical constants of sulphides
6 are given in Table 1.

General procedure for synthesis of B-phosphorylethyl sul-
phoxides 4

Sulphoxides 4 were obtained by the oxidation of sul-
phides 6 (0.03 mol) by bromine/aqueous potassium hydro-
gen carbonate reagent in a two-phase system according to
the procedure described by us earlier.' The crude products
were purified by column chromatography on silica gel
(benzene:acetone; 10:1). The yields and physical data of
sulphoxides 4 are given in Table 1.

Reaction of B-diethoxyphosphorylethyl ethyl sulphoxide (4a)
with acetic anhydride

Sulphoxide 4a (2.42 g, 0.01 mol) was dissolved in 10 m! of
acetic acid anhydride and refluxed for 2h at 120°. After
concentration under reduced pressure the crude product was
purified by distillation to give E-diethyl
B-ethylthiovinylphosphonate  (7), 1.72g (77%); b.p.
85°/0.1 mmHg; n} 1.4870. 'H NMR (CDCl;)é(ppm): 1.32
(t,6,CH,CH,OP, J,,=71Hz); 134 (t,3,CH,CH,S,
Juu=T.6Hz); 2.82 (q,2, CH;CH,S, Ju,=76Hz); 4.07
(dq, 4, CH;CH,OP, Jp, = 8.7 Hz); 5.53 (dd, 1, P-CH=C,
Joi = 16.5Hz, J,,,, = 16.4Hz); 7.40 (dd, 1, P-CH=CH,
Jpu =211 Hz, J,,,y = 16.4 Hz). *PNMR (CDCl,)é(ppm):
17.2. BCNMR (CDCl)é(ppm): 13.7 (CH,CH,S); 16.3 (d,
CH;CH,0P, J,.=49Hz); 1087 (d, P-CH=CH,
Joc=192.7Hz); 149.5 (d, P-CH=CH-, J,c=99Hz
Found: C, 42.61; H, 7.50; P, 13.99. Calc for C,H,,0,PS: C,
42.85; H. 7.64; P, 13.8%.

The reaction of 4a (2.42 g, 0.01 mol) with acetic anhydride
(10 ml) in the presence of catalytic amounts of bromine was

Bry
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complete after 2h at 65°C and gave after workup as
described above 1.83 g (82%) of E-7.

Reaction of sulphoxide 4a with acetyl chloride

Sulphoxide 4a (2.42 g, 0.01 mol) and acetyl chloride (5 ml)
were stirred at room temperature for 4h. Excess acetyl
chloride was removed in vacuo and the residue was distilled
to give 1.45 g (65%) of E-7.

Reaction sulphoxide 4a with thionyl chloride

To a solution of 4a (2.42 g, 0.01 mol) in benzene (10 ml)
thionyl chloride (1.19 g, 0.01 mol) was added. The reaction
mixture was stirred for 3 h. After removal of benzene the
residue gave E-7 (1.52 g, 68%) on distillation.

Reaction of sulphoxide 4a with trifluoroacetic anhydride

To a solution of sulphoxide 4a (2.42 g, 0.01 mol) in 10 ml
methylene chloride, trifluoroacetic anhydride (1 ml) was
added at — 78°. The reaction mixture was stirred at this
temperature for 15 min. Then the temperature was raised to
20° and the resulting mixture was evaporated and distilled
to give E-7; 1.74 g (78%).

Reaction of E-diethyl B-ethylthiovinylphosphonate 7 with
bromine

To a solution of E-7 (4.48 g, 0.02 mol) in 25 ml of carbon
tetrachloride bromine (3.2 g, 0.02 mol) was slowly added.
The reaction mixture was stirred at room temperature for
10 min. Evaporation of solvent and distillation gave
a-bromo-f-ethylthiovinylphosphonate (14), 3.09g (51%);
b.p. 126-129°/0.01 mmHg; nJ 1.5130. 'HNMR
(CClYs(ppm): 791 (d, 1, P-C=CH, J,4=13.0H2).
3IPNMR (CHCL,)é(ppm): 8.3. “C NMR (CDCl,)é(ppm):
103.8 (d, P-C = CH-, J; - = 211.2 Hz); 150.3 (d, P-C = CH,
Jpc=20.7Hz). (Found: P, 9.98; Br, 26.14. Calc for
C,H,,BrO,PS: P, 10.22; Br, 26.36%).
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