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N-Acetyliminodialkylsulfonium bromides, (RlR2S+NHCOCHs)Br- [R' = Ra = CHa; R' = CH3, R 2  = CtHj; 
R1 := R2 = C2H5; Rl = R2 = n-CaH7; R1 = RZ = i-C1H7; R', R2 = -(CH2)r], were prepared in 38-81Oj, yields 
by the reaction of N-bromoacetamide with alkyl sulfides in a mixture of CClr and acetone. The sulfonium bro- 
mides were converted in excellent yields (88-98%) to the N-acetyliminodialkylsulfuranes, R'R2S +N-COCHa, by 
treatment with triethylamine in methylene chloride. Some AT-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. The first detailed mass spectral fragmentation of imino- 
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' 
'&-p 

R2' 

1 

nitrogen bond and hence on their reactivity. Imino- 
sulfuranes with alkyl,2 aryl,3 h a l ~ g e n , ~  nitrilej5 carbo- 
ethoxy,6 sulfonyl,7 benzoyl,* and halogenated acetylQ 
groups on the nitrogen atom are known. 

N-(Haloacety1)iminosulfuranes have also been pre- 
pared by the condensation of di- and trichloroacetyl- 
isocyanates with dimethyl sulfoxide,1° and by the re- 
action of a-dichloro- and a-dibromoacetamide with 
sulfides in the presence of sodium hypoch1orite.l' 

In  1947, Likhosherstov12 reported that N-chloro- 
acetamide reacts with dimethyl sulfide in CClr-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 
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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 rout'e used is shown in 
Scheme I (yields in parentheses). 

SCHEME I 
00 

R1R2S + BrNHCOCH3 + R1R2hHCOCH3 - (GHs)3N, 0" 
---f 

Br- - 
3 (38-81%) 

(NBA) 

HC1, 0' 
RIRa$fiCOCHa - RIRdNHCOCHs 

2 (88-98%) c1- 
4 (7947%) 

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

N-Bromoacetamide (NBA) is a source of positive 
bromine and is an oxidizing agent in aqueous media. 
Consequently, a thoroughly dry and inert solvent 
system 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, (CH3- 
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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TABLE I 
N-ACETYLIMINODIALKYLSULFURANES AND THEIR  SALTS^ 

2 3 , X n B r  
4, x = c1 

R' RZ Compd Yield, % MP, OC 
CH3 CH3 2a 88 67-68 

3a 81 111-112 dec 
4a 79 132-133 deca 

3b 66 109-110 

3c 67 110-111 dec 
4c 87 116-117 doc 

CH3 CzHs 2b 94 59-60 

CzHs CzHs 2c 98 <30 

n-C3H7 n-CsH7 Zd 95 36-38 
3d 38 86-88 

i-CaH7 i-CsH7 2e 95 <30 
3e 52 124-125 dec 

3f 72 115-117 dec 
-(CHz),- 2f 95 66-68 

a Lit.lz mp 78-90'. *Satisfactory analyses ( ~ k 0 . 4 a / ~ )  for 
C, H, N, and S were obtained for all new compounds listed. Ed. 

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

A suggested pathway for the reaction of NBA with 
sulfides is given in Scheme 11. 

SCHEME I1 

R' 
fast 

R' 
'i -NH- c - C H ~  

II R2 RZ A 

>G-Br - / 
- U 

HNCOCH, Br- 
3 

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 11. 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 tert-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) K. Tsujihara, N.  Furukawa, K. Oae, and S. Oae, Bull. Chem. Soc., 
Jap., 42, 2631 (1969). 

delinquescent, crystalline solids. They decompose in 
water a t  room temperature within a few days to acet- 
amide and the corresponding sulfoxide, except 2e (R1 = 
R2 = i-CaHy), which is stable in water a t  room tem- 
perature for more than 10 days. 

Treatment of iminosulfuranes 2a and 2c 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 
Likhosherstov12 who reported that 4a rapidly decom- 
poses on exposure to moisture. 

Spectral Characteristics. 14-N-A~etyl imin~~~lf~ranes 
2 show some variation in the position of the S-N and 
C=O stretching bands with change of R' and R2. 
The greatest differences are found in iminosulfuranes 
2e and 2f; the former has the highest C=O (1800 
cm-l) and the second highest S-N frequencies (802 
cm-I), whereas the latter has the lowest (1540 and 
788 cm-l). The nmr resonance of the ,&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 a t  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 S-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 (Zc, 2d) the 
p 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 Amax 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 increasing concentration. 

Mass Spectrometry. 14-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 111. The mass spectral frag- 
mentations of 2a and 4a are quite similar. The primary 
fragmentation of 4a is loss of HC1 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, nmr, and uv data, as well as mass spectral bar graphs for aompounds 2a 
and 2c (Table I ) ,  will appear following these pages in the miarofilm 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 
t o  code number JOC-72-1121. Remit check or money order for $3.00 for 
photocopy or $2.00 for microfiche. 
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"i- NHCOCH: (CHJ2S - NCOCH? ' - ./ 
CH, m/e 119 

5 2a 

Stevens 
rearrangement 

CH,. - < 

I 
[ CH3SNCOCH3] + *  

I 
CH3 

6 

[CH3SCH2NHCOCHJlf' , 

SCHEME I11 

(CH&-NHCOCH~+. (c;I,)~s -NHCOCH,+* cHsBr [ CH3SNHCOCH31+' 
c1- Br- m/e 105 

[(CH&SI+' 
m/e 62 

S T  

[CH,SNCO]+ 
I 

CH3 
9 

m/e 12 

I p , c o  

~CH,",l+ 
mle 30 

is involved. 'The formation of the ion a t  m/e 104 can 
occur in several ways: (1) loss of CH3. directly from 
2a to give structure 8; (2) Stevens rearrangement of 
2a to give 6 followed by loss of CHs. affording 9 ;  (3) 
formation of the ylide 5 by a 1,3-prototropic shift, 
followed by a Stevens rearrangement and loss of CH3. 
to give 10. 

The genesis of the fragment a t  m/e 72 involves loss 
of CHaS. from the ion a t  m/e 119, and either of the two 
structures shown (6 or 7) appears t o  be equally feasible. 
However, the elimination of ketene from m/e 72 to give 
the ion a t  m/e 30 and the formation of the ion a t  m/e 
61 (C2H5S) 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 a t  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 2c, 3c, 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 HC1 to give 2c, whereas 3c 
loses either HBr or ethyl bromide to afford 2c or N-  
(ethy1thio)acetamide (15) (m/e 119). Elimination 
of CzH4 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 C2H4 giving the fragment a t  
m/e 49; and (b) elimination of CH3. yields the ion at  
m/e 104, which then loses HNCO and CO in two dis- 
tinct metastable processes to give the fragments a t  
mle 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 

\ +  
[CH3SCH2]+ 

mle 61 

[CH,S]+' 
m/e 46 

radical ( l l ) ,  which then undergoes a Stevens type re- 
arrangement affording the fragment of structure 12. 
Loss of C2H5S- 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 Infradord spectrophotometer Model 137B. 
Nmr spectra of salts and iminosulfuranes were obtained with a 
Varian A-60A spectrometer, using DzO as solvent and DSS 
(sodium 2,2-dimethyl-2-silapentanesulfonate) as internal stan- 
dard. Nmr spectra of the imiiiosulfuranes 2 were also taken in 
CDC13 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, 2c, 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 CClr 
(80 ml) was added dropwise with stirring to a supension of N -  
bromoacetamide (32.0 g, 0.232 mol) in a mixture of CCla (160 ml) 
and dry acetone (60 ml) a t  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 temDerature. 
Recrystallization from EtOH gave pure 3a (37.4 g, 81% yield), 
mD 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 CHSClz 
(200 ml) a t  0" over 20 min. After 1 hr, the reaction mixture was 
concentrated to about 100 ml and ether (200 ml) was added a t  
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+ -  
(C2H5)$- NCOCH, 

m/e 147 
2c 

(c~H& NHCOCH,+ 
c1- 

m/e 183,185 

+ -  
[(CLH~ZS-NCOI+ [C2H6SNCOlt 

4c Y 
c2H5\ + 

s -NHCOCH~ +' 
- /  HjCCH 

11 

C2H,SCH-CH, I 
I [CH,CHNHCOCH,l+ CHJ 
m/e 119 m/e 86 

1 CHICO 
* ICH2CO 

[HSCHNHP]+' I [CH3CHNH2]+ 
CHJ m/e 44 

m/e 77 

[C2H5SCHCH3]+ 
m/e 89 

CHl-CH, 

[CH,CHSH]' 
m/e 61 

1 

0'. The precipitate (Et3N.HBr) was separated by filtration and 
washed with cold ether (27.6 g, yield 987,). The solvents were 
removed from the filtrate a t  room temperature (rotary evap- 
orator, water pump pressure) and the residue was then dried 
under vacuum a t  room temperature for 2 hr. A colorless, 
crystalline solid was obtained ; it  was found to be pure 2a (16.2 g, 
88% yield), mp 67-68". The purity of 2a WRS 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 I.'* 

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 HC1 (37910, 0.44 ml, 0.0053 mol HC1) was added 
dropwise with stirring to a solution of 2a (0.53 g, 0.0044 mol) in 
acetone (7 ml) a t  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- 
Et20 (0.5; g ,  7970)j mp 132-133' dec. 

The analogous diethylsulfonium chloride (4c) was obtained by 
using dry HCl instead of aqueous HC1, and ether instead of ace- 
tone. 

Mass Spectrometry.-The spectra were run using an A.E.I. 
M S  902 instrument, a t  70 eV, ion source temperature 200'. The 
sample was introduced (a) via direct insertion probe for 3a (loo'), 
4a (loo'), 2c (130"), 3c (loo"),  and 4c (130"); (b) via heated 
inlet for 2a (200'). The data are presented using the following 
format: m/e value (re1 abundance), fragment assignment, 
molecular formula (difference between the calculated and ob- 
served masses). Results with 2a: m/e 119 (29), molecular ion, 
C4H9NOS (4.7 ppm); 104 (loo), M - CH,., c3H6NOS (6.0 
ppm); 89 (12), m/e 104 - CH3., CzH3NOS (11.4ppm); 72 (23), 
m/e 119 - CH3S., C3H6N0 (3.7 ppm); 62 (67), m/e 104 - 
NCO., CzH6S (33.7 ppm); 62 (30), m/e 104 - ketene, CH4NS 
(33.1 ppm); 61 (18), m/e 104 - HNCO and m/e 119 - NH- 
COCHS., CzHjS (40.9 ppm); 47 (28), CHsS (34.8 ppm); 46 
(13), m/e 62 - CHI, CHlS (26.5 ppm); 45 (13), CHS (34.3 
ppm); 43 (22), CH3C0 (45.8 pprn); 41 (18), m/e 72 - CHsO, 
C2HaN (41.0 ppm); 30 ( 5 ) ,  m/e 72 - ketene, CHIN (18.4 ppm). 

Results with 3a: m/e 119 (12), M - HBr, C4HsNOS (2.3 
ppm); 105 (21), M - CHSBr, Cs&NOS (5.3 ppm); 104 (41), 
m/e 119 - CH3, C3H6NOS (4.3 ppm); 96 (54), CHPBr (1.9 
ppm); 94 (59), CHaTgBr (8.7 pprn); 89 (4), m/e 104 - CH3, 

Yields and melting points are shown in Table I . I 4  

CaHsNOS (2.7 ppm); 82 (16), H81Br (3.0 pprn); 80 (17), HTgBr 
(5.4 ppm); 72 (lo), m/e 119 - CH3S, C3HBNO (4.1 ppm); 63 
(loo), m/e 105 - ketene, CHbNS (3.3 ppm); 62 (25), m/e 104 - 
NCO, C Z H ~  (4.8 ppm); 62 (21), m/e 104 - ketene, CH4NS 
(8.0 ppm); 61 (7), m/e 104 - HNCO and m/e 119 - NHCOCHa, 
CzHsS (9.9 ppm); 59 (34), m/e 105 - CHZS, CZH~NO (4.4 ppm); 
47 (23), CHIS (16.0 ppm); 46 (14), m/e 63 - NH3 and m/e 
62 - CHI, CHZS (27.4 ppm); 45 (16), m/e 62 - "3, CHS (27.8 
pprn); 44 (24), m/e 59 - CHI, CHZNO (30.6 pprn); 43 (77), 
COCH, (35.1 pprn); 41 (ll), m/e 72 - OCHa, C2H3N (34.5 
PPm). 

Results with 4a: m/e 119 (40), M - HCl, CdHgNOS (0.5 
ppm); 104 (loo), M - [HC1+ CH3-1, C3H&OS (23.6 pprn); 89 
(12), m/e 104 - CH3. , C2H3NOS (20.5 pprn); 77 (7), m/e 119 - 
ketene, CZH~NS (13.2 ppm); 76 (4), m/e 119 - CHaCO., C2H6- 
NS (9.5 ppm); 72 (33), m/e 119 - CHIS., C&NO (22.4 ppm); 
62 (67) m/e 104 - NCO., CzHoS (61.3 ppm); 62 (35), m/e 104 - 
ketene, CH4NS (54.9 ppm); 61 (23), m/e 104 - HNCO and m/e 
119 - NHCOCH3, C2&S (18.6 ppm); 60 ( 5 ) ,  m/e 119 - CZHsS., 
CzH6N0 (20.4 ppm); 59 (l), CzH&3 (37.8 ppm); 47 (24), CHSS 
(25.3 ppm); 43 (30), CH&O (37.9 ppm); 30 (unknown), m/e 
62 - S, m/e 72 - ketene, and m/e 77 - CHsS., CHIN. 

Results with 2c: m/e 147 (16), molecular ion, C,&NOS (3.2 
ppm); 132 (50), M - CH3, C~H~ONOS (4.6 ppm); 119 (18), 
M - C2H4, C4H9NOS (6.6 ppm); 104 (23), m/e 119 - CH3, 
C3H6NOS (4.9 ppm); 90 (20), m/e 132 - NCO, CcHloS (0.7 
ppm); 89 (53), m/e 147 - NHCOCHS and m/e 132 - HNCO, 
C4HgS (5.1 pprn); 86 (26), m/e 147 - EtS, C~HSNO (4.9 pprn); 
77 (go), m/e 119 - ketene, C2H~NS (2.3 ppm); 76 (34), m/e 
104 - CO,  CzHBNS (9.5 ppm); 76 (14), m/e 104 - CZH4, CRa- 
NOS (4.2 ppm); 75 (24), m/e 90 - CH3, C3HVS (1.4 ppm); 62 
(20), m/e 104 - NCO and m/e 90 - CZH4, CZH6S (10.6 pprn); 
62 (18), m/e 104 - ketene, CH4NS (2.9 ppm); 61 (86), m/e 
104 - HNCO and m/e 89 - C&, CZ&S (6.9 pprn); 60 (17), 
m/e 77 - NH3, CzH4S (1.8 ppm); 60 (74), m/e 86 - C2H2, 
CIH6N0 (12.5 ppm); 59 (4), m/e 119 - CZHB and m/e 147 - 
C4H8S, C2H5NO (8.8 pprn); 49 (50), m/e 77 - CZH4, HaNS (7.7 
ppm); 48 (17), m/e 76 - CO and m/e 76 - CZHI, HzNS (2.0 
ppm); 47 (14), m/e 62 - CH3, CHaS (5.1 ppm); 45 (lo), d e  
62 - NH3 and m/e 60 - CH3, CHS (25.9 ppm); 44 (2), mle 
86 - ketene, CzHBN (10.1 pprn); 43 (loo), m/e 119 - EtSNH, 
CH3C0 (23.7 ppm); 41 (45), CzHaN (39.3 ppm); 29 (49), CZH5 
(26.0 ppm); 28 (85) CZH4 (36.2 ppm). 

Results with 3c: m/e 147 (3), M - HBr, CBH13NOS (21.1 
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pprn); 132 (15), M - [HBr + CH3.],  CEHdOS (1.4 ppm); 
119 (8), m/e 147 - CzH4 and M - CzHsBr, C,HgNOS (4.8 ppm); 
110 (42), CzH68lBr (62.8 ppm); 108 (38), C2HS7gBr (3.4 pprn); 
104 ( lo) ,  m/e 119 - CH3., C3H6NOS (67.3 ppm); 90 (15), m/e 
132 - NCO-,  lC4H10S (32.2 ppm); 89 (18), m/e 147 - NHCO- 
CH8. and m/e 132 - HNCO, C4HgS (32.6 ppm); 86 ( lo) ,  m/e 
147 - EtS. ,  C4HsN0 (40.7 ppm); 82 (28), HalBr (0 pprn); 
81 (ll), 81Br (11.1 pprn); 80 (32), H79Br (76.4 pprn); 79 ( l l ) ,  
79Br (57.0 ppm); 77 (67), m/e 119 - ketene, CzH7NS (24.2 
ppm); 76 (13), m/e 104 - c o ,  CzH&S (3.1 pprn); 62 (14), m/e 
104 - NCO. andm/e 90 - C2H4, C & , S  (9.4 ppm); 62 (17), m/e 
104 - ketene, CH4NS (13.3 pprn); 61 (44), m/e 104 - HNCO 
and m/e 89 - GH4, CzHsS (59.0 pprn); 60 (14), m/e 77 - "3, 
C2H4S (41.6 ppm); 60 (64), m/e 86 - CzH2, C2H6N0 (41.6 ppm); 
59 (26), m/e 1-19 - C2H4S, CzH5N0 (32.8 ppm); 49 (52), m/e 
77 - C2H4, H3NS (47.7 ppm); 48 ( l l ) ,  m/e 76 - C Z H ~ ,  HzNS 
(32.2 pprn); 44 (2), na/e 86 - ketene, C&N (21.3 pprn); 43 
(89), CH&O (35.5 ppm); 41 (17), CzH3N (73.2 ppm); 29 ( loo) ,  
CaHt (65.2 ppm); 28 (53) (doubly ionized), CdHe (22.2 ppm). 

Results with 4c: m/e 147 ( lo ) ,  M - HC1, C6H13NOS (7.4 
ppm); 132 (43), m/e 147 - CHI, CEHl,KOS (2.9 pprn); 119 (14), 
m/e 147 - C2H4, C4H9NOS (5.6 pprn); 104 (23), m/e 119 - 
CH3, CaH6NOf! (0.5 pprn); 90 ( l l ) ,  m/e 132 - NCO, C4HioS 
(10.4 ppm); 89 (34), m/e 147 - NHCOCH3 and m/e 132 - 
HNCO, C 4 H 8  (9.6 ppm); 86 (17), m/e 147 - EtS, CIHENO (0.8 
pprn); 77 (81), m/e 119 - ketene, CzHTNS (5.6 pprn); 76 (31), 
m/e 104 - CO, CzH6NS (6.4 pprn); 76 (12), m/e 104 - C2H4, 
CHZYOS (2.4 ppm); 75 (14), m/e 90 - CHI, C3H7S (3.6 ppm); 
62 (la), m/e 104 - NCO and m/e 90 - CzH4, CzHeS (46.8 pprn); 

62 (18), m/e 104 - ketene, C H N 3  (36.3 ppm); 61 (69), m/e  
104 - HNCO and m/e 89 - C&, C&S (27.3 ppm); 60 ( l l ) ,  
m/e 77 - "3, C2H4S (28.3 ppm); 60 (57), m/e 86 - C ~ H Z ,  
C2H6N0 (28.0 ppm); 59 (3), m/e 119 - CtH4S and m/e 147 - 
C4H8S, CzH&O (28.5 pprn); 49 (51), m/e 77 - C2H4, H3NS 
(13.5 ppm); 48 (20), m/e 76 - CO and m/e 76 - CzH4, HzSN 
(8.5 ppm); 47 ( la) ,  m/e 62 - CHI, CH3S (5.1 ppm); 45 (9), m/e 
62 - NH3 and m/e 60 - CH3, CHS (16.1 ppm); 44 (2), m/e 86 - 
ketene, CJ&,N (21.1 pprn); 43 (go), m/e 119 - EtSNH, CH&O 
(25.3 ppm); 41 (23), CzH3N (49.0 pprn); 38 (24), HS7Cl (52.7 
ppm); 36 (73), H36Cl (62.3 pprn); 29 (48), CzH5 (32.9 pprn); 28 
(54), C2H4 (39.7 ppm). 
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The thermolysis of N-acetyliminodialkylsulfuranes, R1R2SfN-COCH8 (R' = CH3, R2  = C Z H ~ ;  R' = R2 = CZHE; 
R1 = R2 = n-C3H7; R1 = R2 = i-C8H7), in xylene affords olefin (ethylene or propylene) and N-(alky1thio)acet- 
amides, RSNHCOCH, (R = CH3, CzHs, n-C3H7, i-C3H7), a series of new compounds. When thermolysis is car- 
ried out without solvent, intermolecular reactions also occur. In the case of the dimethyl ylide, thermolysis 
products include dimethyl sulfide, bis(methylthio)methane, IV,N'-methylenebisacetamide, and N,N ',N"-meth- 
ylidenetrisacetamide. A mechanism involving a Pummerer type rearrangement is proposed to account for those 
reaction products. 

The thermolysis of N-ethoxycarbonyliminodialkyl- 
sulfuranes (1)2 and N-tosyliminosulfuranes (2) with 
p-hydrogen atoms has been reported. The primary 
reaction is the elimination of olefin (Scheme I) and i t  
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 p to the sulfur atom. 
For purposes of comparison, the thermolysis of the 
dimethyl ylide, 3a, which does not have p 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 previoufi paper, la were heated in refluxing xylene 
(1) (a) For the previous paper, see J. Org. Chem., 57, 1121 (1972). (b) 

Presented in part a t  the l6 l s t  National Meeting of the American Chemical 
Society, Los Angeles, Calif., Apr 1971. Preliminary publication: Tetrahe- 
dron Lett.,  1761 (1971). (0) Postdoctoral Fellow from the University of 
Tokyo. 

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

( 3 )  S. Oae, K. 'Tsujihara, and N. Furukawa, ibid., 2663 (1970). 

(d) Post,doctoral Fellow from the University of London. 

R1 
'S+-N-- C-CH3 

II 
0 

R2/ 

3a, R' = R2 = CH3 
b, R' = CHB; R2 = C,H, 
c, R' = R2 = C2H, 
d, R' =R2 = n-C3Hi 
e, R' = R* = i-C3H-, 

for 2.5 hr. The olefin evolved (ethylene or propylene) 
was trapped in Br2-CC14 solution, and the N-(alkyl- 
thio)acetamides (4) (RlSNHCOCHa, R1 = CH3, C2H6, 
n-C3H7, i-CsH,) were isolated by distillation of the re- 
action mixture. The N-(a1kyIthio)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 11, path a. 

In  the case of iminosulfurane 3b, the lower yield of 
4 (R1 = CH3) may be explained by the presence of 
fewer p hydrogens. In this case a small amount of 
N,N'-methylenebisacetamide, CH2(NHCOCH3)2 (yield 
3%), is also obtained. This is assumed to be formed by 


