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Synthesis of N-Phosphorylated Dimethylsulfoximides
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N-Phosphorylated-S,S-dimethylsulfoximides were
prepared in good yields from the reaction between
N-unsubstituted-S,S-dimethylsulfoximide and di-
alkyl (diaryl) phosphites, phosphorochloridates or
phosphorochloridothionates. The same products
could be obtained from trialkyl phosphites using
N-bromo-S,S-dimethylsuifoximide and from the
reaction between N-silylated dimethylsulfoximide
and dialkyl phosphorochloridate. The new com-
pounds obtained were characterized by their IR
and 'H NMR data.

The widespread interest in the chemistry of
sulfoximides in recent years is evidently due to the
versatility of their application in stereochemical
studies' "* and as reagent in organic synthesis.®
Also their biological activity is of interest® and for
some N-sulfonylated sulfoximides slight anti-
malarial effects have been found.”

N-Substituted sulfoximides have been synthesized
by nucleophilic substitution of N-unsubstituted
sulfoximides with alkyl halides, acid halides, acid
anhydrides and sulfonyl halides.®® No reports on
phosphorylated or thiophosphorylated sulfoximides
are found in the literature, although such
compounds seem interesting for stereochemical
studies regarding both the S and the P atoms.
Also the biological effect of this new structure may
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be of interest.

This paper describes the syntheses of simple
model compounds containing the > P(O)N =S(0)<
and the >P(S)N=S(0)< groupings.

We have found that N-unsubstituted sulfoximide
can be N-phosphorylated with satisfactory results
by the modified Atherton-Todd procedure.!%!!
This involves the application of dialkyl phosphite —
tetrachloromethane system, in the presence of
tertiary amine, as a source of dialkyl phosphoro-
chloridate as the reactive phosphorylating agent,
(method 1, Scheme 1).

This slightly exothermic reaction proceeds in
CHCI; solution under mild conditions giving good
yields and often analytically pure crude products.

Nucleophilic substitution of preformed phos-
phorochloridates or phosphorochloridothionates
with S,S-dimethylsulfoximide offers an alternative
route to N-phosphorylated dimethylsulfoximides,
(method 2, Scheme 2).

Methods 1 and 2 are versatile and can be used
complementarily depending on the availability of
the respective phosphites or phosphorochloridates.

N-Phosphorylated sulfoximides are also ac-
cessible from trialkyl phosphites by reaction with
N-bromo-§,S-dimethylsulfoximide in an Arbusov-
type rearrangement, (method 3, Scheme 3).
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Scheme 1. (Compound,R): 1,Me; 2,Et; 3,Pr; 4,Pr'; 5 Bu; 7,Bzl.
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Scheme 2. (Compound,R,Z): 2,Et,O; 5,Bu,0; 6,(Me),C(CH,), ,O; 8,Ph,0; 9,Et,S; 10,Pr,S; 11,Bu,S.

0302-4369/83 $2.50
© 1983 Acta Chemica Scandinavica



28 Wieczorkowski, Jakobsen and Treppendahl

CH RO CH,
(RO).P + Br-N=S N=5_ " +RBr
3 (';‘cu3 Ro’ v IcH

Scheme 3. (Compound,R): 2,Et.

This reaction may be carried out without isolation
of N-bromo-S,S-dimethylsulfoximide, which is pre-
pared by direct bromination of dimethyl-
sulfoximide.!? Filtering off the sulfoximidium
bromide from the bromination mixture gave a
solution of N-bromo-S,S-dimethylsulfoximide,
adequate for reaction with the trialkyl phosphite.

It is well known that N-silylation of amidic
nitrogen enhances its reactivity towards electro-
philic reagents. Thus presilylated dimethyl-
sulfoximide'® can be readily converted into N-
phosphorylated-S,S-dimethylsulfoximide by reac-
tion with dialkyl phosphorochloridate in CH,Cl,
solution, (method 4, Scheme 4).

The prepared N-phosphorylated dimethyl-
sulfoximides are stable oily pale yellow liquids
which can be purified by high vacuum distillation;
or colourless solids which can be recrystallized
from butanone. All compounds gave satisfactory
microanalytical data and their IR and 'H NMR
spectral data (given in the experimental part) were
in accordance with the proposed structure.

EXPERIMENTAL

IR spectra were recorded on a Perkin-Elmer
model 225 grating spectrograph, 'H NMR spectra
on a JEOL JNM-MH-60/II instrument. Elemental
analyses were carried out by the Microanalysis
Department of Chemical Laboratory II, University
of Copenhagen, The H. C. Orsted Institute. Melting
points (uncorrected) were determined on a Biichi
melting point apparatus. Refractive indexes were
determined on Zeiss’ Abbe refractometer.

Starting materials. Dialkyl phosphites, trialkyl
phosphites, dialkyl phosphorochloridates and phos-
phorochloridothionates were prepared by conven-
tional methods or were commercial reagents,
distilled prior to use.

Dimethylsulfoximide was prepared by action of
hydrazoic acid on dimethyl sulfoxide.!?
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Scheme 4. (Compound,R): 2,Et; 5,Bu.
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N-( Trimethylsilyl )-S,S-dimethylsulfoximide.'> A
solution of trimethylchlorosilan (0.1 mol) in
- dry benzene (15 ml) was added slowly into a reflux-
ing solution of dimethylsulfoximide (0.1 mol) and
triethylamine (0.1 mol) in dry benzene (100 ml). The
reaction mixture was gently refluxed for a further
2 h, cooled and the precipitated triethylamine
hydrochloride filtered off and washed with benzene.
The filtrate was evaporated and the residue distilled
in vacuo affording N-(trimethylsilyl)-S, S~dimethyl-
sulfoximide as a colourless hquxd Yield 82 %,
b.p. 45—46°C/0.15 mmHg, n3® 1.4632. The com-
pound crystallized on refrigeration, m.p. 34°C.
N-Bromo-S,S-dimethylsulfoximide'® was pre-
pared by bromination of dimethylsulfoximide in
tetrahydrofuran solution. The solution was used
for further experiments (see below).

Method 1. Reaction of dialkyl phosphites with
tetrachloromethane and dimethylsulfoximide. Dialkyl
phosphite (0.1 mol) was added dropwise into a
stirred mixture of dimethylsulfoximide (0.1 mol),
triethylamine (0.1 mol) and CCl, (20 ml) dissolved
in chloroform (50 ml). The temperature rose slowly
from 20 to 70°C. The reaction mixture was stirred
at room temperature for 4 h, and evaporated to
dryness (40°C bath). Benzene (25 ml), was added
and evaporated again to remove the traces of
CHCI,. Dry benzene (100 ml) was added to the
residue and the precipitate of triethylamine hydro-
chloride was filtered off and washed with benzene
(50 ml). From the combined filtrate and washings
the solvent was evaporated. The crude N-(dialkoxy-
phosphinyl)-S,S-dimethylsulfoximides were oily,
pale yellow liquids or colourless solids. They were
purified by means of high vacuum distillation or
recrystallization, respectively.

Method 2. Reaction of phosphorochloridates and
phosphorochloridothionates with dimethylsulfoximide.
A solution of dialkyl phosphorochloridate (or
phosphorochloridothionate) (0.1 mol) in chloro-
form (15 ml) was added dropwise into a stirred
solution of sulfoximide (0.1 mol) and triethylamine
(0.1 mol) in chloroform (60 ml). A slightly exothermic
reaction took place. After the addition the reaction
mixture was refluxed (64°C) for 15 min and then
stirred for 2 h at room temperature. The reaction
mixture was worked up analogous to method 1.

Method 3. Reaction of trialkyl phosphites with
N-bromo-S,S-dimethylsulfoximide. A solution of
bromine (0.1 mol) in dry benzene (50 ml) was added
dropwise to a solution of S,S-dimethylsulfoximide
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(0.2 mol) in a mixture of tetrahydrofuran (50 ml) and
benzene (100 ml) at room temperature. No exo-
thermic effect was observed. The bromine colour
disappeared instantaneously, precipitate was
formed, and the solution became yellow. The
reaction mixture was stirred for 0.5 h at room tem-
perature, and the yellowish precipitate of S,S-
dimethylsulfoximidium bromide was filtered off
and washed thoroughly with dry benzene. The
combined filtrates were concentrated to the total
volume of 50 ml (30 °C bath).

Triethyl phosphite (0.1 mol) diluted with benzene
(15 ml) was added dropwise to this solution of N-
bromo-S,S-dimethylsulfoximide. The temperature
of the reaction was kept at 40 °C. After addition the
reaction mixture was refluxed for 10 min and then
stirred for 2 h at room temperature. Solvent was
evaporated and the crude N-(diethoxyphosphinyl)-
S,S-dimethylsulfoximide was distilled in vacuo.

Method4. Reaction of dialkyl phosphorochloridates
with N-(trimethylsilyl )-S,S-dimethylsulfoximide. A
solution of dialkyl phosphorochloridate (0.1 mol) in
dichloromethane (20 ml) was added dropwise at
room temperature into a stirred solution of N-
(trimethylsilyl)-S,S-dimethylsulfoximide (0.1 mol) in
dichloromethane (70 ml). Slight exothermic effect
was observed. The reaction mixture was then
refluxed for 2 h, evaporated and the residue was
distilled in vacuo affording N-(dialkoxyphosphinyl)-
S,S-dimethylsulfoximide.

N-( Dimethoxyphosphinyl)-S,S-dimethylsulfoxim-
ide. 1 was prepared by method 1 in 349 yield,
b.p. 118°C/0.005 mmHg, n3? 1.4805. Anal
C,H,,NO,PS: C, H, N. 'H NMR (CDCl,): 6 3.33
(6 H, d, Jyp 1.2 Hz), 3.74 (6 H, d, Jyp 11.8 Hz).
IR (CHCl;, cm™1): 3000 (s), 1250 (s), 1160 (s), 1030
(s), 820 (s).

N-( Diethoxyphosphinyl )-S,S-dimethylsulfoximide
2 was prepared by the methods 1, 2, 3, 4 in yields
yields of 819%, 77%, 409 and 60 %, respec-
tively. B.p. 123°C/0.001 mmHg, »n3° 1.4670. Anal.
C¢H, (NO,PS: C, H, N, S. 'H NMR (CDCl,):
01.33(6 H,dt, Jyy 7.1 Hzand Jp 0.9 Hz), 3.32 (6 H,
d, Jyp 1.0 Hz), 4.11 (4 H, dq, Jyy 7.1 Hz and Jyp
7.1 Hz). IR (CHCl,, cm™1): 2980 (s), 1250 (s), 1160
(s), 1030 (s) 950 (s), 810 (s).

N-( Dipropoxyphosphinyl )-S,S-dimethylsulfoxim-
ide 3 was prepared by method 1 in 839
yield, b.p. 127°C/0.005 mmHg, n3? 1.4632. Anal.
CgH,,NO,PS: C, H, N, S. '"H NMR (CDCl;):
6 0.78—1.13 (6 H, m), 1.38—2.05 (4 H, m), 3.30
(6 H,d, Jyp 1.0Hz),398 (4 H, q). IR (CHCl3,cm™!):
2960 (s), 1250 (s), 1160 (s), 1020 (s), 850 (s).

N-( Diisopropoxyphosphinyl)-S,S-dimethylsulfoxim-
ide 4 was prepared by method 1 in 799 yield, b.p.
115°C/0.001 mmHg, mp. 66—68°C. Anal.
CgH,,NO,PS: C, H, N, S. 'H NMR (CDCl,):
6130(6 H,s),1.40 (6 H, s), 3.30 (6 H, 5), 4.32—4.94
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(2 H, m). IR (CCl,, cm ™ 1): 2990 (s), 1250 (s), 1170 (s).

N-( Dibutoxyphosphinyl )-S,S-dimethylsulfoximide
5 was prepared by method 1 and 2 in 7Q % yield and
by method 4 in 48 9. B.p. 134°C/0.015 mmHg.
Anal. C,,H,,NO,PS: C, H, N, S. 'H NMR
(CDCl,): 6 0.73—1.90 (14 H, m), 3.29 (6 H, d, Jyp
1.0 Hz), 3.83—-4.23 (4 H, m). IR (CHCl;, cm™!)
2960 (s), 1250 (s), 1160 (s), 1010 (s), 805 (s). .

N-(2-Ox0-5,5-dimethyl-1,3,2-dioxaphosphorinan-
2-yl)-S,S-dimethylsulfoximide 6 was prepared by
method 2 in 68 ¥ yield, m.p. 126 °C from butanone.
Anal. C;H,(NO,PS:C, H, N, S. '"H NMR (CDCl,):
6090 (3 H,s),1.22 (3 H, s), 3.30 (6 H; 5), 3.89—4.12
(4 H, m). IR (CHCl;, cm™!): 2960 (m), 1270 (s),
1170 (s), 1060 (s).

N-( Dibenzyloxyphosphinyl)-S,S-dimethylsulfoxim-
ide 7 was prepared by method 1 in 699 yield, m.p.
89—-90°C from butanone. Anal. C,;H,,NO,PS:
C,H, N, S. 'H NMR (CDCly): 6 3.15(6 H, s), 5.00
(2 H,d), 7.33 (10 H, s). IR (CHCl;, cm ™ '): 2970 (m),
1240 (s).

N-( Diphenoxyphosphinyl)-S,S-dimethylsulfoxim-
ide 8 was prepared by method 2 in 60 yield,
m.p. 91-92°C from butanone—hexane. Anal.
C H;(NO,PS: C, H, N, S. 'H NMR (CDCI%):
6 3.16 (6 H, s), 7.31 (10 H, s). IR (CHCl;, cm™'):
1595 (m), 1500 (s), 1250 (s), 1160 (s).

N-('Diethoxyphosphinothioyl )-S,S-dimethylsulfox-
imide 9 was prepared by method 2 in 50 % yield,
b.p. 118—119°C/0.001 mmHg, n3?> 1.5168. Anal.
CeH,;(NO,PS,: C, H, N, S. '"H NMR (CDCl,): 6
1.18 —1.55 (6 H, m), 2.55—3.20 (1 H, m), 3.35 (6 H,
d, J'f" 10 Hz), 3.83-440 (3 H, m). IR (CHCl,,
cm™'): 3000 (s), 1260 (s), 1160 (s), 1020 (s).

N -( Dipropoxyphosphinothioyl )-S,S-dimethylsulf-
oximide 10 was prepared by method 2 in 55 % yield,
b.p. 122°C/0.005 mmHg, n2? 1.5060. Anal
CgH,,NO,PS,: C, H, N, S. 'H NMR (CDCl,):
00.74—1.14(6 H,m), 1.36—1.97 (4 H, m), 2.48 — 3.05
0.6 H, m), 3.32 (6 H, d, Jyp 1.0 Hz), 3.76—4.22
(3.4 H, m). IR (CHCl;, cm™%): 2980 (s), 1260 (s),
1160 (s), 990 (s).

N - ( Dibutoxyphosphinothioyl)-S,S - dimethylsulf -
oximide 11 was prepared by method 2 in 54 9, yield,
b.p. 132°C/0.005 mmHg, n3> 1.4998. Anal.
C,0H,,NO;PS,: C, H, N, S. 'H NMR (CDCl,):
6 1.72—1.87 (14 H, m), 2.58—3.12 (1.1 H, m),
332 (6 H, d, Jyp 1.0 Hz), 3.78—4.24 (29 H, m).
IR (CHCl3, cm™1): 2950 (s), 1260 (s), 1160 (s), 1010
(s).

Acknowledgements. The authors are indebted to
The Danish Natural Science Research Council
for the NMR facilities (grant No. 511—2959).
Mrs. Ulla Maxmiling is gratefully acknowledged for
her skillful technical assistance.



30

Wieczorkowski, Jakobsen and Treppendahl

REFERENCES

1.
2.

A

10.
11.
12.
13.

Rayner, D. R., von Schriltz, D. M,, Day, J. and
Cram, D. J. J. Am. Chem. Soc. 90 (1968) 2721.
Cram, D. J., Day, J., Rayner, D. R., von Schriltz,
D. M., Duchamp, D. J. and Garwood, D. C.
J. Am. Chem. Soc. 92 (1970) 7369.

. Sabol, M. A, Davenport, R. W. and Andersen,

K. K. Tetrahedron Lett. (1968) 2159.

. Andersen, K. K. Int. J. Sulfur Chem. Part B 6

(1971) 69.

. Johnson, C. R. Acc. Chem. Res. 6 (1973) 341.
. Bentley, H. R., McDermott, E. E., Pace, J.,

Whitehead, J. K. and Moran, T. Nature 165
(1950) 150.

. Andersen, K. K., Bhattacharyya, J. and

Mukhopadhyay, S. K. J. Med. Chem. 13 (1970)
759.

. Okahara, M., Matsunaga, K. and Komori, S.

Synthesis (1972) 203 and references therein.

. Okahara, M., Yoshikawa, E., Ikeda, I. and

Komori, S. Synthesis (1975) 521 and references
therein.

Atherton, F. R., Openshaw, H. T. and Todd, A.
R. J. Chem. Soc. (1945) 660.

Atherton, F. R. and Todd, A. R. J. Chem.
Soc. (1947) 674.

Appel, R., Fehlhaber, H. W., Hianssgen, D. and
Schollhorn, R. Chem. Ber. 99 (1966) 3108.
Schmidbaur, H. and Kammel, G. Chem. Ber.
102 (1969) 4128.

Received April 5, 1982.

Acta Chem. Scand. B 37 (1983) No. 1



