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A New Synthesis of N-Sulfinylamines by Sulfinylation
of N-Trimethylsilylamines using Sulfur Dioxide

P. A. T. W. PORSKAMP, B. ZWANENBURG*

Department of Organic Chemistry, University of Nijmegen,
Toernooiveld, 6525 ED Nijmegen, The Netherlands

N-Sulfinylamines are important, sulfur-centered heterocumu-
lenes of great synthetic utility’>?. The preparation of these com-
pounds commonly proceeds by reaction of the corresponding
amines with thionyl chloride'**. Sensitive amines can be con-
verted into their N-sulfinyl derivatives by a trans-sulfinylation
reaction particularly by means of N-sulfinylsulfonamides’->. Re-
cently, Sakai et al.* described the preparation of N-sulfinylam-
ines by sulfinylation of lithiated amines using sulfur dioxide.

Prompted by our successful synthesis of sulfines (thione S-ox-
ides) by alkylidenation of sulfur dioxide using «-silylcarban-
ions®, we investigated the nitrogen equivalent of this reaction,
viz. the imination of sulfur dioxide by means of N-trimethylsi-
lyl-lithioamines. This synthetic approach, which conversely, can
be described as the sulfinylation of N-trimethylsilylamines is de-
picted in Scheme A.
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Proton abstraction from silylamines 2 can readily be achieved
with n-butyllithium in tetrahydrofuran at 0 °C. The resulting an-
jon is then added to a solution containing an excess of sulfur
dioxide in tetrahydrofuran at —78 °C. Subsequent removal of
solvent at room temperature and distillation of the residue af-
fords pure N-sulfinylamine 4. Yields and physical data are col-
lected in the Table (procedure A).

It is essential that the anion of 2 be added to a solution of an ex-
cess of sulfur dioxide. When sulfur dioxide is bubbled through a
solution of the anion of 2, the yield of sulfinylamine 4 decreases
drastically as the desired product is admixed with sulfurdiimine
5 as a by-product. Apparently, the side reaction involves the im-
ination of already formed N-sulfinylamine 4 with the anion of 2,
according to Scheme B. This reaction is similar to the formation
of sulfurdiimines from sulfinylamines and lithio-bis[trimethylsi-
lylJamine, as described by Appel et al.®.
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SYNTHESIS
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R—N—Si{CH3)3 + R—N=S —_—

R—N=S=N—R + (H3C)3Si0®
Scheme B 5

Diimine formation can be avoided by reacting the anion of 2
with an excess of sulfur dioxide. Moregver, it is suggested that
an excess of sulfur dioxide may have a beneficial effect™” on the
elimination of trimethylsiloxide from intermediate 3.

Tetrahydrofuran is the solvent of choice for the sulfinylation
reaction. By employing ether as solvent, precipitation of lithium
salt 3 may occur. This salt could be converted into 4 only by sep-
arate treatment with trimethylsilyl chloride.

For the non-hindered silylated anilines 2a-d, the following
modified procedure also led to the sulfinylamines 4a-d. A solu-
tion of silylamine 2 in ether containing one equivalent of pyrid-
ine is treated with a large excess of gaseous sulfur dioxide. The
trimethylsiloxide fragment was removed by conversion into the
volatile hexamethyldisiloxane by adding a slight excess of trime-
thylsilyl chloride (procedure B, see Table).

Sulfinylation of sulfinamides could not be accomplished by the
above method A since N-trimethylsilyl-lithiosulfonamides are
insoluble in solvents like tetrahydrofuran and 1,2-dimethoxy-
ethane.

It should be noted in the context of this work that sulfinylanil-
ines 4b-c can also be obtained in good yields by passing sulfur
dioxide through a solution of the corresponding aryliminotri-
phenylphosphorane in tetrahydrofuran. This result confirms
Staudinger’s earlier observation®.

The preseat synthesis of sulfinylamines according to procedure
A compares favourably with that reported by Sakai et al.* The
yields are higher by 30% and the procedure is experimentally
less complex. Our procedure A (in some cases also B) gives re-
sults comparable with those obtained using the traditional sulfi-
nylation of amines with thionyl chloride.

Solvents and commercial reagents were distilled and dried prior to use.
Reagent grade tetrahydrofuran and ether were distilled from lithium alu-
minium hydride. '"H-N.M.R. spectra were recorded at 90 MHz with a
Varian E.M. 390 instrument. L.R. spectra were taken on a Perkin Elmer
Grating Specitometer. 6-Methyl-2,4-di--butylaniline was prepared ac-
cording to Geuze et al.” The N-trimethylsilylanilines 2a-f and 2i were
prepared from the corresponding anilines essentially according to
Refs.'™!'" with the exception that for 2¢-f triethylamine was used as the
base.

N-Trimethylsilylanilines 2g and 2h:

To a stirred solution of the amine 1 (30 mmol) in dry tetrahydrofuran (60
ml) under nitrogen, a solution of n-butyllithium (33 mmol) in hexane
(20.6 ml of a 1.6 molar solution) is added gradually at —78 °C. After stir-
ring for 1 h at room temperature, trimethylsilyl chloride (4.6 ml. 1.2
equiv) is added at —78 °C. The mixture is warmed to room temperature
and stirred for 15 min, the solvent is evaporated and the residue distilled
in vacuo.

N-Trimethylsilyl-2,6-di-isopropylaniline (2g); yield: 74%; b.p. 72°C/0.3
torr.

CsH,NSi calc. C 7222 H1091 NS5.61

(249.5) found 1.4 11.0 5.5

LR. (neat): »=3400 (N-—H); 1254, 840 cra ' [Si(CHs)s].

'H-N.M.R. (CDCl;/TMS): = 0.20 (s, 9H); 1.25 (d, 12H, /=7 Hz); 2.30
(s, 1 H); 3.41 (sept, 2H, J=6.5 Hz); 7.03 ppm (s, 3H).
N-Trimethylsilyl-6-methyl-2,4-di-t-butylaniline (2h); yield: 78%; b.p.
85°C/0.2 torr.

C,3H3;NSi calc. C 7415 H 1140 N 4.80
(291.6) found 74.9 11.3 4.8
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Table, N-Sulfinylamines 4a-i prepared
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LR. (neat or KBr)

Product Yield [%] by Procedure m.p. [*C] or b.p. [*C)/torr K
N R A B rnseeo [0
* found reported
4a @ 74 69 55-60°/11 80°/12'2 1282, 1160
4b H30—©— 90 76 47-50°/0.8 55°/2'2 1282, 1150
4c Cl-@- 73 65 102-106°/12 66°/2' 1291, 1170
H3CO
ad @ 64 70 69-71°/02 98°/212 1288. 1148
CH;
4e Q— 85 0 97-100°/15 97-100°/15* 1282, 1171
CH;
CH3
ap chQ 85 §6-88°/2.5 244-246° /760" 1275, 1185
CH3
CaHy~/
4g Q 79 78-80°/0.3 82-85°/0.1" 1288, 1177
CaHy~i
Ci4Hg-t
4h t-CLHsQ 80 §3-55° 55.5-56.5°" 1272, 1181
CH;
4 <D<H 62 56-60°/15 55-60°/16* 1230, 1120

* 'H-N.M.R. (CDCLy/TMS): 8=2.18 (s, 6H); 2.21 (s, 3H); 6.82 ppm (s, 2H).
* '"H-N.M.R. (CDCLy/TMS): 8=1.19 (d, 12H, J=7 Hz). 298 (sept, 2H, J=7 Hz); 7.13 ppm (s, 3H).

LR. (neat): »=3440 (N—H); 1255, 836 cm~' [Si(CH.);].
'H-N.M.R. (CDCL/TMS): 8=0.21 (s, 9H); 1.29 (s, 9H); 1.41 (s, 9H);
2.27 (s, 3H); 2.90 (s, 1H); 6.95 (d, J=2.5 Hz, 1H): 7.15 ppm (d, J=2.5
Hz, 1H).

N-Sulfinylamines 4a-i from 2, using n-Butyllithium; General Procedure
A

A solution of n-butyllithium (22 mmol) in hexane (13.75 ml of a 1.6 mo-
lar solution) is added gradually to a stirred solution of N-trimethylsityl-
amine 2 (20 mmol) in dry tetrahydrofuran (50 ml) at 0 °C, under nitro-
gen. After stirring for 1 h at room temperature, the anion of 2 is added to
an excess of sulfur dioxide in tetrahydrofuran (50 ml) at —78°C. This
solution is stirred for 1 h at room temperature, after which the solvent is
evaporated. Distillation at reduced pressure affords the pure N-sulfinyl-
amines 4.

Compound 4h is isolated by adding saturated aqueous ammonium chlo-
ride (20 ml) to the solution in tetrahydrofuran, drying of the organic
layer with magnesium sulfate, evaporation of soivent, and subsequent
crystallization from methanol.

N-Sulfinylamines 4a-d from 2 using Pyridine; General Procedure B:
Gaseous sulfur dioxide is passed through a solution of N-trimethylsilyl-
amine 2 (20 mmol) in ether (50 mi) containing one equiv. of pyridine at
room temperature until the yellow colour persists. Then a slight excess of
trimethylsily! chloride is introduced and the mixture is stirred overnight.
After filtration to remove pyridinium chloride, removal of solvent and
volatiles, followed by distillation of the residue in vacuo gives the sulfi-
nylamines 4a-d.

The compounds 4 cannot be analyzed by G.L.C., because of their ther-
mal instability and their sensitivity towards moisture at elevated temper-
atures. With "H-N.M.R. spectrometry, no impurities could be detected.
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