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A General Synthesis of S-(f-Oxoalkyl) O,0-Dialkyl Thio- and Dithiophosphates

P. Dybowski, A. Skowronska*

Polish Academy of Sciences, Centre of Molecular and Macromolecular Studies, Sienkiewicza 112, 90-363 L6dZ, Poland

A novel, general synthesis of S-(-oxoalkyl) and S-(8-oxocy-
cloalkyl) O,0-dialkyl thio- and dithiophosphates based on the
reaction of silyl enol ethers with 0,0-dialkyl chlorothio- and 0,0-
dialkyl bromodithiophosphonates is described.

S-(B-Oxoalkyl) 0,0-dialkyl thiophosphates 5 and S-(B-
oxoalkyl) 0,0-dialkyl dithiophosphates 6 are an import-
ant class of organophosphorus compounds. They are
known to possess biological properties.! We are interes-
ted in these compounds as convenient intermediates in
the regio- and stereoselective conversion of aldehydes
and ketones into olefins and functionalized olefins.?
Thiophosphates 5 and dithiophosphates 6 are generally
synthesized by the reaction of the a-halocarbonyl com-
pounds with the salts of thiophosphoric and thiophos-
phoric S-acids.> However, the scope of this method is
limited and in several cases the yields are moderate.

We now describe a novel, efficient synthesis of acyclic and
hitherto unknown cyclic compounds 5 and 6 of a broad
range of structural types.

The reaction scheme involves generation of silyl enol
ether 2 from the appropriate aldehydes or ketones 1
followed by thiophosphorylation with chlorothio- or
bromodithiophosphonate, 3 or 4.

The starting materials are readily available and there are
several ways in which silyl enol ethers 2 may be prepared.*
The chlorothio- 3° and bromodithiophosphonates 467
are both readily accessible and are among the best
reagents for introduction of the thiophosphoryl function
into organic compounds.:®

Thus, the treatment of 2 with equimolar amounts of 3 or 4
in dichloromethane solution at — 78°C and stirring at
room temperature for 1-2 h affords S-(f-oxoalkyl) 0,0-
dialkyl thiophosphates 5 and S-(B-oxoalkyl) O,0-dialkyl
dithiophosphates 6 in good yields (56—100 %). Silyl enol
ethers 2 with bulky substituents (R* and R?) must be used
in slight excess. Analytically pure samples 5 and 6 are
obtained after purification by column chromatography
on silica gel.

The reaction of 2 with 3 or 4 is regioselective. In fact, the
regioselectivity of thiophosphorylation in such a proce-
dure is assured by the use of silyl enol ethers (which can be
generated with the desired regiochemistry, isolated and
purified before the reaction). Finally, it is noteworthy that
the reaction is also stereoselective in the case of a rigid
cyclic structure. For example silyl enol ether 2n(R',R? =
— (CH,)CH(#-Bu)CH, —) reacts with diethyl chlorothio-
phosphonate 3 to give 5n as a mixture of diastereoisomers
in the ratio 77:23. The isomers can be separated by
column chromatography on silica gel yielding predomi-
nantly the pure trans-diastereoisomer. Isomerically pure
cis-diastereoisomer is difficult to obtain. The dia-
stereoisomeric ratio was determined by 3!P-NMR spec-
troscopic analysis of the crude mixture. The configuration
of the dominating diastereoisomer 5n was established to
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be trans on the basis of *Jys 2. = 4.8 Hz and 3Jps 542, =
3.0 Hz. These values of the vicinal coupling constants of
the ring protons H® and H? are a good indication of an
equatorial position for proton H? and an axial position
for thiophosphoryl (RO),P(O)S substituent. (The values
of the vicinal coupling constants between axial protons
are large: 12.0-18.0 Hz).®

The results presented in the Table illustrate the synthetic
scope of our method. Spectroscopic data of 5 and 6 were
in full agreement with the anticipated structures.

In summary, our approach to compounds 5 and 6 is very
useful in terms of easy availability of starting reagents,
simple procedure, efficiency and very wide application.
Furthermore, compounds 5 and 6 prepared in this way
(except of 5a and 6a) are hitherto unknown.
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SYNTHESIS
Table. 5-(f-Oxoalkyl) O,0-Dialkyl Thiophosphates 5 and S-(f-Oxoalkyl)0,0-Dialkyl Dithiophosphates 6 Prepared
Prod- Yield*® Molecular® IR (film/KBr) 'H-NMR (CDCl;/TMS)* 3IP.NMR*®
uct (%) Formula v(cm ™ 1)¢ d, J(Hz) 3, J(Hz)
C=0, P=0
5a 100 f 1712, 1250 1.16 (td, 6H, J = 74v <1, OCH,CH;), 2.09 (s, 3H,  25.28¢
CH;CO0), 3.54 (d, 2H, 3Jpy = 14.8, CH,SP), 3.98 (m,
4H, OCH,CH,)
5b 81 C,1H,;0,PS 1712, 1260 0.76 (t, 6H, J/ = 7.3, O(CH,);CHj), 1.24 (sext, 4H,  25.38%
(282.3) J = 1.3, O(CH,),CH,CHs;), 1.50 (quin, 4H, J =7,
OCH,CH,CH,CH,), 2.11 (s, 3H, CH;CO), 3.56
(d, 2H, 3J,y=14.64, CH,SP), 395 (m, 4H,
OCH,(CH,),CH;)
5d 82 C,5H,,0,PS 1715, 1250 0.67 (t, 6H, J=1.3, O(CH,);CH,), 0.80 (t, 3H, 24.68%
(310.4) J=13, CH;CH,CO), 1.15 (sext, 4H, J=173,
O(CH,),CH,CH,), 1.23 (d, 3H, J = 7.2, CH;CHS),
1.41 (quin, 4H, J =17.3, OCH,CH,CH,CH,), 2.41
(ABq, 2H, J,5 =24, J=13, CH;CH,CO), 3.81
(m,, 4H + 1H, OCH,(CH,),CH; and CH;CHS)
Se 82 C,H,,0,PS 1709, 12401260  1.15 (d, 6H, J = 7, (CH;),CH), 1.37 (t, 6H, J =7, 25.62 (71%)"
(254.28) CH,CH,0), 2.79 (sept, 1H, (CH;),CH), 3.83 (d,
2H, 3Jpy = 13.7, CH,SP), 4.19 (m, 4H, OCH,CH;)
1.37 (t, 6H, J=17, CH;CH,0), 1.62 (s, 6H, 21.79 (29%)"
(CH,),C), 2.38 (s, 3H, CH;CO), 42 (m, 4H,
CH;CH,0)
5f 94 C,,H,30,PS 1700, 1240 0.94 and 1.04 (d, 6H, J = 6.7 (CH;),CH), 1.35 (t, 25.42¢
(323.4) 6H, J=7, CH;CH,0), 2.19 (sept., 2H, J=6.7,
(CH;),CH), 2.53 (ABd, 2H, Jy,g =172, J=6.,
(CH,),CHCH,CO), 3.77 (dd, 1H, 3Jpy =149,
J = 6.7, PSCH), 4.16 (m, 4H, OCH,CH,)
Sh 98 C,gH,,0,PS 1684, 1268 1.1 and 1.33 (id, 3H, J =7, J =1, CH;CH,0), 408 2542
(364.4) (m, 4H, OCH,CH;), 6.25 (d, 1H, *Jpy =104,
CHSP), 7.03-8.15 (m, 10H,,,,)°
5i 95 C,5H,gFO,PS 1700, 1250 1.33 (@~ 2t, 6H, J=4v =17, CH;CH,0), 1.68 (d, 2534
(320.6) 3H, J=7, CH,CHSP), 4.13 (dq, 4H, 3Jpy =15,
J =1, CH;CH,0), 5.03 (dq, 1H, 3,y =15 J7=7,
CH;CHSP), 7.0-7.35 and 8.0-8.35 (m, *H, o)’
5k 80 CyH,,0,PS 1750, 1265 1.31 (td, 6H, J =72, J=2.7, CH,CH,0), 1.75- 2512
(252.3) 2.60 (m, 6H, ring protons), 3.57 (dddd, 1H, *Jpy
=17.5, J=10.5, J=8.5, J<1, HCSP), 4.14 (m,
4H, OCH,CH,;)
51 97 C,oH100,PS 1700, 1230 1.37 (m, 6H, CH;CH,0), 1.5-3.70 (m, 9H, ring 27.21
(266.3) protons), 4.15 (m, 4H, CH,CH,0)
5m 95 C,;H,,0,PS 1705, 1250 1.22 (td, 6H, J=74v =3, CH,CH,0), 1.51% (s, 21.75% (81%)’
(280.3) 3H, CH,;CSP), [1.58 (m, 2H), 1.77 (m, 1 H), 1.94 (m,
2H), 2.2 (m, 2H), 2.98 (m, 1H)-ring protons], 4.04
(m, 4H, CH,CH,0) _
23.378 (19%)’
5n 84 C,4H,,0,PS 1705, 1260 0.93 (S, 9H, C(CHj),), 1.37 (t, 6H, J=7, 2649
(322.4) CH,CH,0), [1.45 (m, 2H), 1.68 (m, 2H), 2.13 (m,  (Jpseu = 14)
1H), 245 (tdd, 1H,J=13,J=6,J=1),2.59 (ddd, (77%) trans
1H, J =138, J = 4.8, J = 3)-ring protons], 4.20 (m,
4H, OCH,CH,;)
24.43
(23%) cis
S0 56 C,5H3504PS 1705, 1260 091 (m,, 15H, CH4(CH,);0 and C(CH;);), on  26.39
(378.5) signals 1.40 (sext, 4H, J =7, CH;CH,(CH,),0), (78%) trans
1.66 (quin, 4H, J = 7, CH;CH,CH,CH,0), - ring
protons are superimposed [2.15 (m, 1H), 2.45 (idd,
tH, J=13,J=6, J=1), 2.6 (ddd, 1H, J =133,
J=45, J=3)ring protons], 4.0 (m, 4H,
OCH,(CH,),CH,)
24.58
(220/0) cis
5p 84 C,H,s0,PS 1735, 1230 1.25(td, 6H,J = 7,J = 1,CH;CH,0),1.44 (dd, 3H, 24.62
(226.25) J=1, J=1.5, CH,CHSP), 3.83 (dqd, 1H, 3Jpy
=158, J=17, J=1.5, PSCH), 416 (m, 4H,
OCH,CH,;), 9.52 (d, 1H, J = 1.5, CHO)
5r 100 C,4H,,0,PS 1730, 1230 23.57

(3244)
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Table. (continued)
Prod- Yield®® Molecular® IR (film/KBr) 'H-NMR (CDCl,;/TMS)® 3SIP.NMR®
uct (%) Formula v(em ™ 1¢ é, J(Hz) 8, J(Hz)
C=0, P=0
S5s 95 C;0H,,04PS 1730, 1260 0.78-2.55 (m,, ~9H, (CH,);CH;) superimposed  25.10 (d quin,
(268.31) with 1.38 (t, ~ 6H, J=7.5, OCH,CH,), 3.78 (dtd,  *Jpscy = 14.5
1H, 3py =15,J = 7.5, J = 2, CHSP), 420 (dq, 4H,  *Jpocy = 8)
3pw = 7.5, J =17, OCH,CH,), 9.50 (d, 1H, J =2,
CHO)
6a 100 f 1710, - 1.25 (t, 6H, J=7, OCH,CH;), 2.19 (s, 3H, 923
CH;CO0), 3.63(d, 2H, 3Jpy = 16.5, CH,SP), 4.06 (m,
4H, OCH,CH,)
6c 85 CoH,,0,PS, 1710, - 1.09 (t, 3H, J = 7, CH,CH,CO), 1.37 and 1.371 (td,  92.26
(270.3) 3H, J=17, J=1, CH;CH,0), 1.50 (d, 3H, J =17,
CH,CHSP), 2.68 (ABq, 2H, J,z =18, J=17,
CH,;CH,C(0)), 4.02 (dq, 1H, 3Jpy =162, J =17,
CH;CHSP), 4.19 (m, 4H, OCH,CH,;)
6g 70 C,3H,,0,4PS, 1700, — 1.28 (td, 6H,J =7, J =1, CH,CH,0), 1.65 (d, 3H, 93.9 (d quin,
(318.4) J =7, CH;CHSP), 4.13 (m, 4H, CH;CH,0), 50 ‘3Jpscy =16
(dg, 1H, 3Jpy =162, J =7, CHSP), 7.3-8.15 (m, 3Jpoecu=19)
SHamm)
6j 65 C,sH,,0,PS, 1700, - 1.28 (t, 6H, J = 7, CH,CH,0), 1.60 (d, 3H, J =7, 94.15
(346.4) CH,CHSP), 2.13 (m, 6H, CH,ArCH;), 4.13 (m, 4H,  (72%)'
CH,CH,0), 485 (dq, 1H, 3y =167, J=7,
CH;CHSP), 7.0-7.72 (m, 3H,,.)"}
137 (t, 6H, J =7, CH;CH,0), 1.87 (d, 3H, /=7, 93.56 (d quin,
CH;CHSP), 2.13 (m, 6 H, CH;ArCH;), 4.13 (m, 4H,  3Jpsey = 16
CH,CH,0), 507 (dq, 1H, 3py=167, J=7, 3Jpocu=92)
CH,CHSP), 7.0-7.72 (m, 3H,,,,.)} (28%)"
6p 68 C,H,,0,PS, 1730, - 1.36 (tdd, 6H, J=74v =27, J=1, CH,CH,0), 92.04 (d quin,
(242.3) 1.46 (dd,3H,J =7,J = 1, CH;CHCHO), 3.89 (dqd,  *Jpscy = 17
1H, 3Jpy =166, J=7, J=1.5, PSCH), 420 (m, 3Jpocu =9.7)
4H, OCH,CH;), 9.55 (d, 1H, J = 1.5, CHO)
6s 65 Cy¢H,,04PS, 1730, - 0.75-2.55 (m,, ~9H, (CH,);CH,;), superimposed  92.06 (d quin,
(284.37) with 1.38 (td, ~6H, J=7.54v=3, OCH,CH;), 3Jpscy =17
3.9-4.55 (m, 4H+1H, OCH,CH, and CHSP), 3Jpocu=28)

9.50 (d, 1H, J = 2, CHO)'

Yield of pure isolated product based on 3 or 4.

All compounds isolated as oils except Sh; mp 84-85°C (benzene,
uncorrected).

¢ Satisfactory microanalyses obtained: C +0.35, H +0.35,
P +0.35, except 5n C (+0.47). '

Recorded on Specord 71IR Spectrophotometer.

¢ Obtained on a Bruker instrument at 300. 13 MHz for 'H and at
121.49 MHz for 3'P.

These compounds are reported in Ref. 10.

Silyl enol ethers 2a—s,** dialkyl chlorothiophosphonates® 3 and
dialkyl bromodithiophosphonates® 4 were prepared according to
the published procedures.

S-(B-Oxoalkyl) O,0-Dilalkyl Thiophosphates 5 and S-(B-Oxoalkyl)
0,0-Dialkyl Dithiophosphates 6; General Procedure:

A solution of dialkyl chlorothio- 3 or dialkyl bromodithiophospho-
nates 4 (0.1 mol) in CH,Cl, (50 mL) is added dropwise to a stirred
solution of freshly prepared silyl enol ether 2 (0.1 mol) in CH,Cl,
(200 mL) at —78°C. Stirring is continued at r.t. for additional
1-2h. Then the solvent and trimethylsilyl halide are removed
under reduce pressure to give crude 5 or 6, which are purified by
column chromatography [silica gel 70~230 mesh; benzene/EtOAc
1:1, as eluent]. Yields of analytically pure compounds and pro-
perties are listed in the Table.

Received: 14 December 1989

¢ Recorded on a JEOL FX 60, without solvent.

Regioisomers obtained from a mixture of regioisomers 2
containing 71% of 2e.

i Recorded on Tesla BS 587 A spectrometer at 80.018 MHz in

CDCL,.

i Rotamers

& =1.675 (C¢Dy).
Regioisomers obtained from mixture of regioisomers 2
containing 81% of 2m.
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