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n-propylthioallyllithium, 33527-76-3; trityllithium, 733-
00-4; cis-4,4,4-triphenyl-1-mercapto-2-butene, 33608~
39-8; trans-4,4,4-triphenyl-1-mercapto-2-butene, 33531-
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84-9; tritylpotassium, 1528-27-4; 4,4 4-triphenyl-
butenal (2,4-DNPH derivative), 33527-79-6; potas-
gsium dimsylate, 17609-15-3.

Iminosulfuranes (Sulfilimines).

IV.* The Preparation and

Properties of N-Acetyliminodialkylsulfuranes

Hipeo Kisg,c Gragam F. WHITFIELD,'d AND DANIEL SWERN*

Fels Research Institute and Department of Chemistry, Temple University, Philadelphia, Pennsylvania 19122
Received July 19, 1971

N-Acetyliminodialkylsulfonium bromides, (R!'R:S*NHCOCH;)Br~ [R! = R? = CHs; R! = CH,, R? = Col;;
Rt = R? = O,H;; R! = R? = n-C3H;; R! = R2 = -CyHy; RY R? = -(CHa)~], were prepared in 38-81%, yields

by the reaction of N-bromoacetamide with alkyl sulfides in a mixture of CCli.and acetone.

The sulfonium bro-

mides were converted in excellent yields (88-98%) to the N-acetyliminodialkylsulfuranes, R'R*3 "N ~COCH,, by

treatment with triethylamine in methylene chloride.

Some N-acetyliminodialkylsulfonium chlorides were also

prepared. Spectroscopic data show that the iminosulfuranes have extensive charge delocalization over the SNCO

system, and the S-N bond is considered to be semipolar.

sulfuranes and their salts is reported.

The nature of the N substituent in iminosulfuranes
(1) has a significant effect on the polarity of the sulfur-

R, _
\S-—N—R3
RZ/

1

nitrogen bond and hence on their reactivity. Imino-
sulfuranes with alkyl,? aryl,® halogen,* nitrile,’ carbo-
ethoxy,® sulfonyl,” benzoyl,® and halogenated acetyl®
groups on the nitrogen atom are known.

N-(Haloacetyl)iminosulfuranes have also been pre-
pared by the condensation of di- and trichloroacetyl-
isocyanates with dimethyl sulfoxide,’® and by the re-
action of a-dichloro- and a-dibromoacetamide with
sulfides in the presence of sodium hypochlorite,!!

In 1947, Likhosherstov!? reported that N-chloro-
acetamide reacts with dimethyl sulfide in CCli—ace-
tone solution to give N-acetyliminodimethylsulfo-
nium chloride, a compound which could not be obtained
pure and was highly sensitive to moisture. Treat-
ment of the sulfonium chloride with ammonia was re-
ported to give an oil, suspected to be N-acetylimino-
dimethylsulfurane. The iminosulfurane was not pur-
ified nor was its structure established.

We report here (a) the first preparations of pure N-
acetyliminodialkylsulfuranes by a modification and

(1) (a) For part III, see H. Kise, G. F. Whitfield, and D. Swern, Tetrahe-
dron Lett.,, 1761 (1971). (b) Presented in part at the 161st National Meeting
of the American Chemical Society, Los Angeles, Calif., Apr 1971. {(c) Post-
dootoral Fellow from the University of Tokyo. (d) Postdoctoral Fellow
from the University of London.

(2) B.Cohenand A. G. MacDiarmid, Angew. Chem., T8, 207 (1963).

(3) P.Clausand W. Vycudilik, Tetrahedron Lett., 3607 (1968).

(4) K. Seppelt and W. Sundermeyer, Angew. Chem., Int. Ed. Engl,, 8,
771 (1969).

(5) F.D. Marsh, U. 8. Patent 3,505,401 (1970); Chem. Absir., T2, 132102f
(1970).

(8) G. F, Whitfleld, H. 8. Beilan, D. Saika, and D, Swern, Tetrahedron
Lett., 3543 (1970).

(7) F.G.Mannand W.J. Pope, J. Chem. Soc., 121, 1052 (1922).

(8) J.B8auer and K, K. Mayer, Tetrahedron Lett., 319 (1968).

(9) D. 8. Tarbell and C. Weaver, J. Amer. Chem. Soc., 68, 2039 (1941),

(10) R. Neidlein and E. Heukelbach, Arck. Pharm. (Weinheim), 299, 64
(1966).

(11) A, Kucsman, F. Ruff, I. Kapovits, and J. G. Fischer, Tetrahedron,
22, 1843 (1968).

(12) M. V. Likhosherstov, Zh. Obshch, Khim., 1T, 1478 (1947).

The first detailed mass spectral fragmentation of imino-

improvement of Likhosherstov’s method and (b)
establishment of their structure by ir, nmr, uv, and
mass spectrometry. This is the first in a series of
papers in which the effects of the substituent on nitro-
gen on reactivity, nucleophilicity, basicity, and spec-
tral properties of iminosulfuranes are being systemat-
ically explored.

Results and Discussion

Preparation of N-Acetyliminodialkylsulfuranes and
Their Salts.—The synthetic route used is shown in
Scheme I (yields in parentheses).

ScHEME I
0° . (C:H:)sN, 0°
RIR*§ 4 BrNHCOCH; —> R!R*SNHCOCH, ————>
HBr, 0°

(NBA) Br-
3 (38-81%)

. HCY, 0° 4
R'RENCOCH, ——> RIRSNHCOCH,
2 (88-989%) Cl-
4 (79-87%)
a, Rt = R? = CH;; b, R* = CH,, R? = C:l;; ¢, Rt = R? =
CoHs; d, R* = R? = n'GyHy; e, RI = R? = 4-C;Hy; £, RLR? =
—(CHa)s

The yields and melting points of the iminosulfuranes
(2), sulfonium bromides (3), and sulfonium chlorides (4)
are given in Table 1.

N-Bromoacetamide (NBA) is a source of positive
bromine and is an oxidizing agent in aqueous media.
Consequently, a thoroughly dry and inert solvent
gystem is required for the preparation of the sulfo-
nium bromides (3). In carbon tetrachloride, the re-
action of NBA with sulfides is slow and in ether the
major product is acetamide hydrobromide, (CHj-
CONH_;);HBr. Chloroform and ethyl alcohol are also
unsatisfactory solvents because of the predominance
of substitution and oxidation reactions. The best
solvent system found for the reaction is a mixture of
carbon tetrachloride and acetone (4-8:1 by volume);
under these conditions the reaction mixture is hetero-
geneous. The sulfonium bromides (3) precipitate at
the reaction temperature (0°).

The sulfonium bromides (3) are white, crystalline
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TaBrLe I
N-ACETYLIMINODIALKYLSULFURANES AND THEIR SALTs”
Rl\+ B R1\+ X
/S—N—C—CH;s /S——NH——C——CHS
R? I R? [
0 0
2 3, X=DBr
4,X=Cl
R1! R2 Compd Yield, % Mp, °C
CH;, CH; 2a 88 67-68
3a 81 111-112 dee
4a 79 132-133 dece
CH; C:H; 2b 94 59-60
3b 66 109-110
Csz 02H5 2c 98 <3O
3¢ 67 110-111 dec
4c 87 116-117 dec
n-03H7 n-CsH'j 2d 95 36-38
3d 38 86-88
-CyHjy 1-CsH; 2e 95 <30
3e 52 124~-125 dec
~(CHa)e~ 2f 95 66-68
3f 72 115-117 dec

¢ Lit.22 mp 78-90°. °?Satisfactory analyses (==0.49%) for
C, H, N, and 8 were obtained for all new compounds listed. Ed.

solids that can be recrystallized from aleohol or mix-
tures of alcohol and ether without decomposition.
They are stable in water at room temperature.

A suggested pathway for the reaction of NBA with
sulfides is given in Scheme II.

ScHEME II
R! Br
>S + \N_C__CHS slow
R2 H/ |
0
R! R
+ f; +
>S—-Br Lt >S-—NH—C—CHJ
R? R? I
HNCOCH, Br™

Although the work-up conditions were not exactly
the same for all the NBA-sulfide reactions, there is
some indication that electron-donating groups on sul-
fur facilitate the reaction, giving the sulfonium bro-
mides (3) in higher yields (Table I). This can be
explained by assuming that the rate-determining step
is the first one in Scheme IT. A similar mechanism was
proposed for the reaction of sulfides with chloramine-T
to give N-tosyliminosulfuranes.?

Reaction of NBA with di-tert-butyl sulfide failed to
yield the sulfonium bromide, presumably due to steric
hindrance by the fert-butyl groups. Furthermore,
we have been unable, to date, to prepare sulfonium
bromides (3) via the reaction of NBA with methyl
phenyl sulfide and diphenyl sulfide.

N-Acetyliminodialkylsulfuranes (2) were obtained
by treatment of the sulfonium bromides (3) with tri-
ethylamine in methylene chloride at 0°. The purity
of 2 was supported by mass spectrometry, nmr, and
microanalysis. The iminosulfuranes (2) are oils or

(13) XK. Tsujihara, N, Furukawa, K. Oae, and 8. Oae, Bull. Chem. Soc.,
Jap., 42, 2631 (1969).
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delinquescent, crystalline solids. They decompose in
water at room temperature within a few days to acet-
amide and the corresponding sulfoxide, except 2e (R! =
R? = {~-C;Hy), which is stable in water at room tem-
perature for more than 10 days.

Treatment of iminosulfuranes 2a and 2¢ with hy-
drogen bromide or hydrogen chloride gave the sul-
fonium bromides (3a and 3c¢) or chlorides (4a and 4c),
respectively, The sulfonium chlorides are stable in
water and they can be recrystallized from alcohol
without decomposition, contrary to the statement by
Likhosherstov!? who reported that 4a rapidly decom-
poses on exposure to moisture.

Spectral Characteristics, 4—N-Acetyliminosulfuranes
2 show some variation in the position of the S~-N and
C=0 gtretching bands with change of R! and RZ
The greatest differences are found in iminosulfuranes
2e and 2f; the former has the highest C=0 (1600
em~!) and the second highest S~-N frequencies (802
em™!), whereas the latter has the lowest (1540 and
788 ¢m~'). The nmr resonance of the g-methyl pro-
tons in 2e appears as a doublet of doublets, while in
the salt 3e it appears as a doublet. In addition, 2e
is stable in water at room temperature in contrast to
2f, which decomposes quite rapidly.

The observation of a doublet of doublets for the
methyl groups of 2e in the nmr clearly demonstrates
their magnetic nonequivalence. The reason for this
is not clear. However, the higher 8-N frequency ob-
served in 2e suggests partial double bond character
(S==N) and this, coupled with the greater bulk of the
isopropyl groups, could give rise to restricted rotation
about the S—N bond, resulting in two sets of nonequiv-
alent methyl groups. The steric effect appears to be
more important because in other ylides (2c, 2d) the
8 protons are identical even though the ir spectra
suggest similar S-N double bond character.

In the uv spectra of iminosulfuranes 2a and 2c,
large differences were noted between An,, in alcohol
and chloroform; these are too large to be accounted
for as an ordinary solvent effect. Also, the absorp-
tion did not follow the Beer—Lambert law; e decreased
with increaging concentration.

Mass Spectrometry,!4—The literature on mass spec-
tral fragmentations of ylides is sparse; our detailed
study of the mass spectra of iminosulfuranes is the
first report of their fragmentation pathways. The
high-resolution mass spectra of the iminosulfuranes
2a and 2c and of their salts (3a, 4a, 3c, and 4c) were
obtained (see Experimental Section). A condensed
“superimposed”’ version of the spectra of 2a, 3a, and
4a is shown in Scheme III. The mass spectral frag-
mentations of 2a and 4a are quite similar. The primary
fragmentation of 4a is loss of HCI to give 2a. The
sulfonium bromide 3a also loses HBr to give 2a, but, in
this case, loss of methyl bromide is another primary
fragmentation pathway. The subsequent fragmenta-
tions of 2a indicate that some kind of rearrangement

(14) Some spectral data on 6 of the 14 compounds described in this paper
have been reported in the preliminary communication.'* The remaining
ir, omr, and uv data, as well as mass spectral bar graphs for compounds 22
and 2¢ (Table I), will appear following these pages in the microfilm edition
of this volume of the journal. Single copies may be obtained from the
Business Operations Office, Books and Journals Division, American Chemi~
cal Society, 1155 Sixteenth St., N.W., Washington, D. C. 20036, by referring
to code number JOC-72-1121. Remit check or money order for $3.00 for
photocopy or $2.00 for microfiche.
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Scaeme 111
& + s +  CHBr .
(CH,),S—NHCOCH; (CH,),;S—NHCOCH;"~ ~———» [CH;SNHCOCH,]
- Br~ m/e 105
mfe 155,157 m/e 199, 201 lcmco
4a N 7
H [CHSNH,]" ——> [CH,S]"
R N £ - . [(CHy),SNCOI"  m/e 63 © mleds
_ _~S—NHCOCH;” *= (CH,):S—NCOCH, s o
CH, mje 119 N
5 2a )
[(CH,),8T"
Stevens m /e 62
rearrangement
CHy "
[CH,SNCOCH,]** —q [CHESTCOJ
|
CH, CH,
6 9
L [CH,SCH,NHCOCH,]*
7 [CH,SCH,NHCOT*
»lCHes- 10, m/e 104
NHCOCH,
[CH,NHCOCH,]" HNCO
mfe 72
/ [CH,SCH,]*
N lCcho e 61
[CH,NH,]*
m/e 30

ig involved. The formation of the ion at m/e 104 can
occur in several ways: (1) loss of CH;- directly from
2a to give structure 8; (2) Stevens rearrangemient of
2a to give 6 followed by loss of CH,- affording 9; (3)
formation of the ylide 5 by a 1,3-prototropic shift,
followed by a Stevens rearrangement and loss of CH;-
to give 10.

The genesis of the fragment at m/e 72 involves loss
of CH;38 - from the ion at m/e 119, and either of the two
structures shown (6 or 7) appears to be equally feasible.
However, the elimination of ketene from m/e¢ 72 to give
the ion at m/e 30 and the formation of the ion at m/e
61 (C.H;S) suggest that structure 7 is more likely.

Another interesting fragmentation is the loss of
methyl bromide from the molecular ion of 3a to give
the fragment at m/e 105. This is not observed in the
sulfonium chloride 4a and, accordingly, it appears that
the nature of the anion in sulfonium salts has some in-
fluence on the primary fragmentation mode.

A condensed version of the spectra of 2¢, 3¢, and 4c
is shown in Scheme IV. As with the analogous di-
methyl compounds described above, the primary frag-
mentation of 4c¢ is loss of HCI to give 2¢, whereas 3c
loses either HBr or ethyl bromide to afford 2¢ or N-
(ethylthio)acetamide (15) (m/e 119). Elimination
of C;H, from 2c¢ also gives 15, which then cleaves in two
ways: (a) loss of ketene affords an abundant ion at
m/e 77, which then loses C;H, giving the fragment at
m/e 49; and (b) elimination of CH;- yields the ion at
m/e 104, which then loses HNCO and CO in two dis-
tinet metastable processes to give the fragments at
m/e 61 and 76, respectively. It seems likely that a
1,3-prototropic shift converts the iminosulfurane
(sulfilimine) ion radical (Scheme IV) into the ylide ion

radical (11), which then undergoes a Stevens type re-
arrangement affording the fragment of structure 12.
Loss of C;H,S- from 12 yields the ion at m/e 86 (meta-
stable peak observed); the formation of the ion at m/e
89 is additional evidence for structure 12.

Experimental Section

Ir, Nmr, and Uv.—Ir spectra were obtained as KBr discs or
liquid films using ‘a Perkin-Elmer Model 225 grating ir spec-
trophotometer or an Infracdord spectrophotometer Model 137B.
Nmr spectra of salts and iminosulfuranes were obtained with a
Varian A-60A spectrometer, using D;O as solvent and DSS
(sodium 2,2-dimethyl-2-silapentanesulfonate) as internal stan-
dard. Nmr spectra of the iminosulfuranes 2 were also taken in
CDCl; using TMS as internal standard. The differences in
chemical shift in the two solvents were within 0.1 ppm except for
the methine protons in 2e, in which the difference was 0.18 ppm.
When 2 has methylene groups attached to sulfur, they appear as
ABXn type spectra giving multiplets for 2b, 2¢, 2d, and 2f.
Uv spectra were obtained with a Perkin-Elmer spectrometer
Model 202.

Preparation of N-Acetyliminodimethylsulfonium Bromide (3a).
—A solution of dimethyl sulfide (20.3 g, 0.327 mol) in dry CCl,
(80 ml) was added dropwise with stirring to a supension of N-
bromoacetamide (32.0 g, 0.232 mol) in a mixture of CClq (160 ml)
and dry acetone (60 ml) at 0° over 1 hr. The reaction was exo-
thermic; after 5 hr the precipitate was separated, washed with
cold acetone, and dried under vacuum at room temperature.
Recrystallization from EtOH gave pure 3a (37.4 g, 819, yield),
mp 111-112° dec.

The other sulfonium bromides (3b—f) were prepared similarly
using smaller amounts of acetone (30—45 ml) and a longer reac-
tion time for 3d and 3e (30 hr). Yields and melting points of 3
are shown in Table I.

Preparation of N-Acetyliminodimethylsulfurane (2a).—Freshly
distilled triethylamine (17.0 g, 0.168 mol) was added dropwise
with stirring to a supension of 3a (30.7 g, 0.154 mol) in dry CH,Cl,
(200 m!) at 0° over 20 min. After 1 hr, the reaction mixture was
concentrated to about 100 ml and ether (200 ml) was added at
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Scueme IV
CH, CH,CO [C,H.SNH ]+,
* 2445 2.
+ ) poy + mfe T7
(CH, ),S— NHCOCH,* (CH,), S~ NHCOCH, 1 l
Cl~ Br~ C,H; o lcﬁHq
~=, [C,H,SNHCOCH.
mje 183, 185 m/e 227, 229 (c 5m e 119 . [HSNH,J*
4c 3c
HCl HBr 15 m/e 49
—— - 10}13-
CHn s . (C,H,),S—NCOCH,
S—NHCOCH = + - CH,
H,CCH T e [CH)S—NCOT %, e nsncorr
3
" < } cH, 13 m/e 104
<
e o s H. + +
lCZHSSCH- CH, [CJH“'S?HNHCOCHQJ [(CQH"’S?HNHCO] . lHNco .lco
CH, CH,
+ +
[H,NCOCH,T* 12 mfe 132 [C.HS)" [C,H,SNH]
m/e 59 . m/e 61 mfe 76
CH,=CH, lC us ‘NHCOCH;,
[HS(leNHCOCH;;]J" o lHNco
+
CH‘, [CHSCHNHSOCH,] [CQH5SCHCH3]+
mfe 119 m/e 86 mfe 89
l CR.CO . lcmco lCHa"CHz
[HSCHNH,]" . +
\ [CH,CHNH,] [CH,CHSH]
CH, m/e 44 m/e 61
m/e 77

0°. The precipitate (Et;N-HBr) was separated by filtration and
washed with cold ether (27.5 g, yvield 989,). The solvents were
removed from the filtrate at room temperature (rotary evap-
orator, water pump pressure) and the residue was then dried
under vacuum at room temperature for 2 hr. A colorless,
crystalline solid was obtained ; it was found to be pure 2a (16.2 g,
889, yield), mp 67-68°, The purity of 2a was established by
microanalysis and nmr and mass spectral measurements.

The other iminosulfuranes (2b-f) were prepared similarly.
Yields and melting points of 2 are shown in Table 1.1¢

The stability of 2 in water was examined by nmr; in the case
of 2a, the formation of dimethyl sulfoxide and acetamide was con-
firmed.

Preparation of N-Acetyliminodimethylsulfonium Chloride (4a).
—Aqueous HCI1 (379, 0.44 ml, 0.0033 mol HCIl) was added
dropwise with stirring to a solution of 2a (0.53 g, 0.0044 mol) in
acetone (7 ml) at 0°. After 2 hr, the precipitate was separated,
washed with cold acetone, and dried under vacuum. Pure sul-
fonium chloride 4a was obtained by recrystallization from EtOH-
Et0 (0.55 g, 79%), mp 132-133° dec.

The analogous diethylsulfonium chloride (4c) was obtained by
using dry HCI instead of aqueous HCI, and ether instead of ace-
tone. Yields and melting points are shown in Table I.14

Mass Spectrometry.—The spectra were run using an A.E.I.
MS 902 instrument, at 70 eV, ion source temperature 200°. The
sample was introduced (a) via direct insertion probe for 3a (100°),
4a (100°), 2¢ (130°), 3¢ (100°), and 4c (130°); (b) via heated
inlet for 2a (200°). The data are presented using the following
format: m/e value (rel abundance), fragment assignment,
molecular formula (difference between the calculated and ob-
served masses). Results with 2a: m/e 119 (29), molecular ion,
CHNOS (4.7 ppm); 104 (100), M — CH,., CHNOS (6.0
ppm); 89 (12), m/e 104 — CH,-, C;H;NOS (11.4 ppm); 72 (23),
mfe 119 — CH,S., C;HNO (3.7 ppm); 62 (67), m/e 104 —
NCO-, C;H¢S (33.7 ppm); 62 (30), m/e 104 — ketene, CH,NS
(33.1 ppm); 61 (18), m/e 104 — HNCO and m/e 119 — NH-
COCH;-, CH;S (40.9 ppm); 47 (28), CH;S (34.8 ppm); 46
(18), m/e 62 — CH,, CH,S (26.5 ppm); 45 (13), CHS (34.3
ppm); 43 (22), CH,;CO (45.8 ppm); 41 (18), m/e 72 — CH;0,
CoHN (41.0 ppm); 30 (5), m/e 72 — ketene, CH,N (18.4 ppm).

Results with 3a: m/e 119 (12), M — HBr, C;H,NOS (2.3
ppm); 105 (21), M — CH,Br, C;H;NOS (5.3 ppm); 104 (41),
mje 119 — CH;, C;HNOS (4.3 ppm); 96 (54), CH#'Br (1.9
ppm); 94 (59), CHy"Br (8.7 ppm); 89 (4), m/e 104 — CH,,

C,H;NOS (2.7 ppm); 82 (16), H3Br (3.0 ppm); 80 (17), H"*Br
(5.4 ppm); 72 (10), m/e 119 — CH,S, CsH:NO (4.1 ppm); 63
(100), m/e 105 — ketene, CH;NS (3.3 ppm); 62 (23), m/e 104 —
NCO, C:HS (4.8 ppm); 62 (21), m/e 104 — ketene, CH,NS
(8.0 ppm); 61 (7), m/e 104 — HNCO and m/e 119 — NHCOCH;,
C.H:S (9.9 ppm); 59 (34), m/e 105 — CH,S, C,H;NO (4.4 ppm);
47 (23), CHS (16.0 ppm); 46 (14), m/e 63 — NH; and m/e
62 — CH,, CH,8 (27.4 ppm); 45 (16), m/e 62 — NH,;, CHS (27.8
ppm); 44 (24), m/e 59 — CH,;, CH,NO (30.6 ppm); 43 (77),
COCH; (35.1 ppm); 41 (11), m/e 72 — OCH,, C:H;N (34.5
ppm).

Results with 4a: m/e 119 (40), M — HCI, CHNOS (0.5
ppm); 104 (100), M — [HC1 + CH;:], C;HeNOS (23.6 ppm); 89
(12), m/e 104 — CHs-, C,H;NOS (20.5 ppm); 77 (7), m/e 119 —
ketene, C;H;NS (13.2 ppm); 76 (4), m/e 119 — CHCO-, C.H,-
NS (9.5 ppm); 72 (33), m/e 119 — CH,S., C;HNO (22.4 ppm);
62 (67)m/e 104 — NCO-, C.H¢S (61.3 ppm); 62 (35), m/e 104 —
ketene, CH,NS (54.9 ppm); 61 (23), m/e 104 — HNCO and m/e
119 — NHCOCH;, C,H:S (18.6 ppm); 60 (5), m/e 119 — C,H;S-,
C.HNO (20.4 ppm); 59 (1), C,H,S (37.8 ppm); 47 (24), CH,S
(25.3 ppm); 43 (30), CH;CO (37.9 ppm); 30 (unknown), m/e
62 — 8, m/e 72 — ketene, and m/e 77 — CHS., CHN.

Results with 2¢:  m/e 147 (16), molecular ion, CgH;NOS (3.2
ppm); 132 (50), M — CH,;, CsH,(NOS (4.6 ppm); 119 (18),
M - CH,, CH;NOS (6.6 ppm); 104 (23), m/e 119 — CH,,
C;HGNOS (4.9 ppm); 90 (20), m/e 132 — NCO, C;HyS (0.7
ppm); 89 (53), m/e 147 — NHCOCH; and m/e 132 — HNCO,
CHS (5.1 ppm); 86 (26), m/e 147 — EtS, C,;H:NO (4.9 ppm);
77 (90), m/e 119 — ketene, C;H;NS (2.3 ppm); 76 (34), m/e
104 — CO, CoHeNS (9.5 ppm); 76 (14), m/e 104 — CoH,, CH,-
NOS (4.2 ppm); 75 (24), m/e 90 — CH;, C;H,S (1.4 ppm); 62
(20), m/e 104 — NCO and m/e 90 — C,H,, C:H¢S (10.6 ppm);
62 (18), m/e 104 — ketene, CH.NS (2.9 ppm); 61 (86), m/e
104 — HNCO and m/e 890 — C;H,, C,H:S (6.9 ppm); 60 (17),
m/e 77 — NH;, C,H,S (1.8 ppm); 60 (74), m/e 86 — C.Ho,
C:HNO (12.5 ppm); 59 (4), m/e 119 — C.H,S and m/e 147 —
CH;S, C.HNO (8.8 ppm); 49 (50), m/e 77 — CoHy, HgNS (7.7
ppm); 48 (17), m/e 76 — CO and m/e 76 — C.H,, HNS (2.0
ppm); 47 (14), m/e 62 — CH,, CH,S (5.1 ppm); 45 (10), m/e
62 — NH; and m/e 60 — CHj;, CHS (25.9 ppm); 44 (2), m/e
86 — ketene, CoH N (10.1 ppm); 43 (100), m/e 119 — EtSNH,
CH,CO (23.7 ppm); 41 (45), C;H:N (39.3 ppm); 29 (49), C.H;s
(26.0 ppm); 28 (835) C,H, (36.2 ppm).

Results with 3¢c: m/e 147 (3), M — HBr, CcHiNOS (21.1
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ppm); 182 (15), M — [HBr 4+ CH,:], CsHwNOS (1.4 ppm);
119 (8), m/e 147 — C;Hiand M — C,H;Br, C.H,NOS (4.8 ppm);

110 (42), CH#Br (62.8 ppm); 108 (38), C;H/*Br (3.4 ppm); -

104 (10), m/e 119 — CH;-, CsHeNOS (67.3 ppm); 90 (15), m/e
132 — NCO-, C.HyS (32.2 ppm); 89 (18), m/e 147 — NHCO-
CH;- and m/e 132 — HNCO, C.H,S (32.6 ppm); 86 (10), m/e
147 — EtS., CHNO (40.7 ppm); 82 (28), H®Br (0 ppm);
81 (11), 8Br (11.1 ppm); 80 (32), H*Br (76.4 ppm); 79 (11),
By (57.0 ppm); 77 (87), m/e 119 — ketene, C.H/NS (24.2
ppm); 76 (13), m/e 104 — CO, CoHNS (3.1 ppm); 62 (14), m/e
104 — NCO- and m/e 90 — C;H,, C:HS (9.4 ppm); 62 (17), m/e
104 — ketene, CH,NS (13.3 ppm); 61 (44), m/e 104 — HNCO
and m/e 89 — C.H,, C;HS (59.0 ppm); 60 (14), m/e 77 — NHj,
C.H,S (41.6 ppm); 60 (64), m/e 86 — C:H,, C:HNO (41.6 ppm);
59 (26), m/e 119 — C,H,S, C,H;NO (32.8 ppm); 49 (52), m/e
77 — C.H,, H;NS (47.7 ppm); 48 (11), m/e 76 — C.H,, HoNS
(32.2 ppm); 44 (2), m/e 86 — ketene, C,HeN (21.3 ppm); 43
(39), CH,CO (35.5 ppm); 41 (17), C2H,N (73.2 ppm); 29 (100),
C.Hj (65.2 ppm); 28 (53) (doubly ionized), C.Hs (22.2 ppm).
Results with 4c: m/e 147 (10), M — HCl, CsHNOS (7.4
ppm); 182 (43), m/e 147 — CH,, CsHNOS (2.9 ppm); 119 (14),
m/e 147 — CoH,, CH,NOS (5.6 ppm); 104 (23), m/e 119 —
CH;, C:HNOS (0.5 ppm); 90 (11), m/e 132 — NCO, C;H,S
(10.4 ppm); 89 (34), m/e 147 — NHCOCH; and m/e 132 —
HNCO, CHqS (9.6 ppm); 86 (17), m/e 147 — EtS, C,HsNO (0.8
ppm); 77 (81), m/e 119 — ketene, C;H;NS (5.6 ppm); 76 (31),
m/e 104 — CQ, C,HgNS (6.4 ppm); 76 (12), m/e 104 — CoHy,
CH,NOS (2.4 ppm); 75 (14), m/e 90 — CH;, C;H:S (3.6 ppm);
62 (12), m/e 104 — NCO and m/e 90 — CeH,, C;HeS (46.8 ppm);
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62 (18), m/e 104 — ketene, CHLNS (36.3 ppm); 61 (69), m/e

104 — HNCO and m/e 89 — C,H,, C.H:S (27.3 ppm); 60 (11),

m/e 77 — NH;, CoH,S (28.3 ppm); 60 (57), m/e 86 — C.H,,
CoHNO (28.0 ppm); 59 (3), m/e 119 — C,H.S and m/e 147 —
C.H:S, C,H:NO (28.5 ppm); 49 (51), m/e 77 — C.H,, H;NS
(13.5 ppm); 48 (20), m/e 76 — CO and m/e 76 ~ C.H,, H,SN
(8.5 ppm); 47 (12), m/e 62 — CH,, CH,S (5.1 ppm); 45 (9), m/e
62 — NH; and m/e 60 — CH;, CHS (16.1 ppm); 44 (2), m/e 86 —
ketene, C;HeN (21.1 ppm); 43 (90), m/e 119 — EtSNH, CH;CO
(25.3 ppm); 41 (23), C:H;N (49.0 ppm); 38 (24), HYCI (52.7
ppm); 36 (73), H®C1 (62.3 ppm); 29 (48), C.H; (32.9 ppm); 28
(54), C.H, (39.7 ppm).

Registry No.—2a, 32805-43-9; 2b, 33707-44-7; 2c,

32805-46-2; 2d, 33707-46-9; 2e, 33707-47-0; 2f,
33707-48-1; 3a, 32805-42-8; 3b, 33707-49-2; 3c,
32805-45-1; 3d, 33707-50-5; 3e, 33707-51-6; 3f,

33707-52-7; 4a, 32805-44-0; 4c, 32805-47-3.

Acknowledgment.—This work was supported in
part by U. 8. P. H. 8. Grants CA-07803, 08793, and
07174 of the National Cancer Institute. The mass
spectral data were obtained at Battelle’s Columbus
Laboratories’ High Resolution Mass Spectrometry
Center supported by the National Institutes of Health,
Contract No. NTH-71-2483.

Iminosulfuranes (Sulfilimines).
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The thermolysis of N-acetyliminodialkylsulfuranes, RIR*S*N~COCHj; (R! = CHj, R2 = C.H;; R' = R? = C,H;;
Rt = R? = n-C;Hy; R = R? = 4-CyHy), in xylene affords olefin (ethylene or propylene) and N-(alkylthio)acet~

amides, RSNHCOCH; (R = CHj;, C.H;, n-C;H;, +-CsHy), a series of new compounds.
ried out without solvent, intermolecular reactions also occur.

When thermolysis is car-
In the case of the dimethyl ylide, thermolysis

products include dimethyl sulfide, bis(methylthio)methane, N,N’-methylenebisacetamide, and N,N’,N''-meth-

ylidenetrisacetamide.
reaction products.

The thermolysis of N-ethoxycarbonyliminodialkyl-
sulfuranes (1)? and N-tosyliminosulfuranes (2)? with
B-hydrogen atoms has been reported. The primary
reaction is the elimination of olefin (Scheme I) and it
has been rationalized by a mechanism involving a
five-center transition state (Scheme I; per cent yields
in parentheses).

In this paper, we describe the results of the ther-
molysis in xylene of N-acetyliminodialkylsulfuranes
(3b—e) containing hydrogen atoms 8 to the sulfur atom.
For purposes of comparison, the thermolysis of the
dimethyl ylide, 3a, which does not have 8 hydrogens,
was also examined both with and without solvents.
Possible reaction pathways are also discussed.

Results and Discussion

The iminosulfuranes 3b—e, prepared as described in
the previous paper,'* were heated in refluxing xylene

(1) (a) For the previous paper, see J. Org. Chem., 87, 1121 (1972). (b)
Presented in part at the 161st National Meeting of the American Chemical
Bociety, Los Angeles, Calif., Apr 1971. Preliminary publication: Tetrahe-
dron Lett.,, 1761 (1971). (c) Postdoctoral Fellow from the University of
Tokyo., (d) Postdoctoral Fellow from the University of London.

(2) G. F. Whitfield, H, 8. Beilan, D. Saika, and D. Swern, Tetrahedron
Lett., 3543 (1970).

(3) 8.0ue, K, Tsujihara, and N, Furukawa, 1bid., 2668 (1970),

A mechanism involving a Pummerer type rearrangement is proposed to account for those

Rl
>S+——-N'—-("3—CH3
2
R 0
3a,R'=R=CH,
b,R'=CH,; R = G,H,
¢ Ri=R2=C,H,
d R =R2=n-C,H,
e, Ri=R2=;-C;H,

for 2.5 hr. The olefin evolved (ethylene or propylene)
was trapped in Br,~CCl, solution, and the N-(alkyl-
thio)acetamides (4) (R'SNHCOCH;, Rt = CH,, C.Hs,
n-C3Hy, 4-C3Hy) were isolated by distillation of the re-
action mixture. The N-(alkylthio)acetamides 4 have
not been reported previously; their structures were
established by ir, nmr, and microanalysis. The re-
sults of the thermolysis are summarized in Table I;
a typical reaction pathway for thermolysis in re-
fluxing xylene is shown in Scheme II, path a.

In the case of iminosulfurane 3b, the lower yield of
4 (R* = CH;) may be explained by the presence of
fewer 8 hydrogens. In this case a small amount of
N,N’-methylenebisacetamide, CHo(NHCOCHj;), (yield
3%, is also obtained. This is assumed to be formed by



