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N-Ethoxycarbonyliminodialkylsulfuranes, a new class of iminosulfuranes, are obtained in good yield by the 
reaction of N-monochlorourethane with dimethyl and diethyl sulfides, followed by treatment of the intermedi- 
ate sulfonium salts with triethylamine. Mass spectral fragmentation and thermolysis of the ylides and their 
precursor salts have been studied and some similarities have been observed in the decomposition pathways. 
Spectral and reactivity information indicate that the iminosulfuranes exist largely as charge-delocalized 
species. They are unreactive toward the electrophiles acrylonitrile, ethyl acrylate, p-nitrobenzaldehyde, and 
styrene oxide. An iminophosphorane, N-ethoxycarbonyliminotriphenylphosphorane, structurally related to the 
iminosulfuranes reported, was also prepared; it too was unreactive toward benzaldehyde and styrene oxide. 

Iminosulfuranes3 are resonance hybrids of the general 
structure 1 in which the R groups are organic (and occa- 
sionally inorganic) groups of numerous structural types.4 

R,+ ,S-N-R - + R\ ,S=&-R 
R R 

1 

The best known 1 are N-sulfonyliminosulfuranes (2), and 
a vast body of literature exists on their preparation, prop- 
erties, and reactions. They are the first types of 1 re- 
porteda-7 and they appear to be the most stable. The 
strongly electron-withdrawing sulfonyl group attached to 
nitrogen effectively delocalizes its negative charge, thus 
resulting in enhanced stability of 2 toward hydrolysis, and 

R,+ - 
R%-G-so2R /S-N-R' 
R/ R 

2 3 

permits laboratory manipulation and storage without spe- 
cial precautions. In contrast, when the group attached to 
nitrogen is electron donating or hydrogen (3) ,  the com- 
pounds are extremely reactive, moisture sensitive, and 
difficult to store and handle; it is not absolutely certain 
whether examples of analytically pure 3 have yet been 
prepared owing to their lability.8-10 

In two previous papers,l1>l2 we described the prepara- 
tion, properties, and reactions of 1 in which the group at- 
tached to nitrogen is acyl (moderately electron withdraw- 
ing). These iminosulfuranes can be readily obtained in 
good yields from dialkyl sulfides and N-halo amides in 
mixed solvents a t  moderate temperatures (0") without 
special precautions. In this paper we describe the prepara- 
tion, properties, and thermolysis reactions of a new class 
of iminosulfuranes, N-ethoxycarbonyliminodialkylsul- 
furanes (j), and their precursor sulfonium chlorides (4) 
from dialkyl sulfides and ethyl N-chlorocarbamate (N- 
monochlorourethane, 6) (eq 1). Ir, nmr, uv, mass spec- 

CHCI, or CC1, 

0 t o  -200 
R,S + C1NHC02C2H5 - 

6 

trometry, and elemental analysis were used to substan- 
tiate the structures of 4 and 5 and their thermolysis prod- 
ucts. 

Results and  Discussion 
Preparation of Ylide Salts and Ylides. Reaction of 

ethyl N-chlorocarbamate (6) with dimethyl sulfide in dry 
chloroform a t  0-5" affords a 55% yield of analytically pure 
N-ethoxycarbonyliminodimethylsulfonium chloride (8), a 
white, crystalline, hygroscopic solid, stable a t  room tem- 
perature but decomposing a t  its melting point, 121.5". 
(The salt must be thoroughly dry to obtain the reported 
melting point.) 

The homologous N-ethoxycarbonyliminodiethylsulfon- 
ium chloride (10) is obtained in 60% yield from diethyl 
sulfide and 6 a t  -15 to -20" in dry carbon tetrachloride. 
The salt is also a crystalline, hygroscopic solid that de- 
composes rapidly a t  its melting point, 98-99', and slowly 
in chloroform a t  room temperature. We have had occa- 
sional difficulties in preparing 10 in chloroform a t  low 
temperatures and no success with hexane or benzene as 
reaction solvents. The successful preparation of 10 in car- 
bon tetrachloride is attributed to the insolubility of the 
salt, resulting in precipitation as it forms. 10 is stable in 
water and dimethyl sulfoxide solutions. 

Diisopropyl, di-tert-butyl, and diphenyl sulfides do not 
form sulfonium salts under similar reaction conditions. 
We do not understand why diisopropyl sulfide fails to 
react normally with 6, as it reacts readily with N-halo 
amides.ll It is assumed that di-tert-butyl sulfide fails to 
react as anticipated for steric reasons. In diphenyl sulfide 
the lone-pair electrons on sulfur are presumably so well 
delocalized into the aromatic rings that they are unavail- 
able for displacement of halogen from 6. The only prod- 
ucts obtained from the reaction of 6 with diphenyl sulfide 
are ethyl carbamate and diphenyl sulfoxide; from diiso- 
propyl and di-tert-butyl sulfides only ethyl carbamate 
(99-100%) is isolated. 

Treatment of 8 and 10 with a small excess of triethyl- 
amine in chloroform or methylene chloride, respectively, 
at 0-5" furnishes the corresponding pure iminosulfuranes, 
N-ethoxycarbonyliminodimethylsulfurane (9) and N -  
ethoxycarbonyliminodiethylsulfurane ( 11) ,  as colorless (or 
slightly yellow), viscous liquids in 8590% yields. They are 
considerably more stable than their precursor salts and 
can be distilled in a Kugelrohr apparatus below 150" with- 
out decomposition, although distillation is unnecessary if 
one uses pure salts in the ylide preparations. Particular 
caution must be exercised in distilling 11, as it readily de- 
composes a t  or above 150" to ethylene and ethyl N-(ethyl- 
thio)carbamate (see later discussion). 

Spectra of Ylide Salts and Ylides. Ir spectra of 8 and 
10 (KBr disks) show bands in the secondary amine region 
a t  3420-3465 (m-w) and carbonyl (s) at 1735-1'740 cm-I. 
In contrast, the ir spectra of neat 9 and 11 show no bands 
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at 3420-3465 cm-1 and the carbonyl absorptions shift to 
1620-1630 cm-l,  a frequency reduction of over 100 cm-I. 
The shift of the carbonyl absorption is analogous to that 
observed in converting carboxylic acids to carboxylate ions 
and suggests that the iminosulfuranes have the ionic 
structure C shown below rather than the double-bond 
structure A. The uv spectra of 9 and 11, however, show a 
maximum a t  about 219 nm with Emax of about 2200-2350 
(Beer-Lambert law not followed), indicating that  struc- 
ture A must also be making a contribution. The low value 
of tmax suggests that structure A, involving 3d-2p overlap 
between sulfur and nitrogen, is a minor contributor; the 
large reduction in the carbonyl frequency from ylide salt 
to ylide suggests that  C is a major contributor. 

0 
II 

R2S=N-C-OCzH, * 
A 

0 -0 
+ - I I  + I 

R2S--N-C-OC2Hj +-+ R2S-N=C-OC2H, 
B C 

Structure B must also be a significant canonical form, 
as shown by comparing the nmr spectra of the salts (8, 10) 
with those of the ylides (9, 11). A noteworthy feature of 
the nmr spectra is the substantial upfield shift (0.6 and 
1.2 ppm, respectively) in the signals of the methyl 
[-S(CH3)2+] and methylene [-S(CH&H&+] protons at- 
tached to sulfur in the ylides. In the ylides, the positive 
charge on sulfur must be partially neutralized by the neg- 
ative charge on nitrogen (B), thus resulting in less de- 
shielding (upfield signals), whereas in the salts there is a 
full formal positive charge on sulfur which exerts a larger 
deshielding effect (downfield signals). The same conclu- 
sion would be reached if A were a major canonical form, 
but the low value of tmax argues against such a proposal. 

Thermolysis of N-Ethoxycarbonyliminodimethylsul- 
fonium Chloride (8). Heating salt 8 under nitrogen first 
to 100-155" until gas evolution ceases and then to 160" to 
remove volatile species yields three major products and a 
minor one: bis (met hy I t  hio) m et hane ( 12), 1,l- bis (N-et hox - 
ycarbony1imino)methane (131, hydrogen chloride, and 
ethyl carbamate (7) (yields are based on the assumed stoi- 
chiometry shown). The products were identified by spec- 

+ 1 100-115° 
2[ (CH3)2S-NHC02C2H5]C1- 2- 

8 

(CH,S)LCH, + CH,INHCO,C,HJ2 + 2HC1 + H2NC02C2Hb 
12(50%) 13(25-50%) 20-35% 7(1-5%) 

tral and analytical measurements and, where necessary 
(12 and 13), by comparison with authentic samples. In 
control experiments, products 12 and 13 were shown to be 
stable under the thermolysis conditions. 

Thermolysis of N-Ethoxycarbonyliminodiethylsulfon- 
ium Chloride (10). Thermolysis of 10 at  95-100" under ni- 
trogen until gas evolution ceases yields three major prod- 
ucts and a minor one: diethyl sulfide, ethyl carbamate 

+ 95-100' - L( C Z H ~ ) ~ S  - NHCO2 C2HJCl- 
10 

(C2HJ8 + NH,COz'&H, + HC1 + 
40% 760%) 3% 

(C2HjOCONH)2CHCH(NHC02C2Hj)Z 
14 (8%) 

(7), hydrogen chloride, and 1,1,2,2-tetrakis(N-ethoxycar- 
bony1imino)ethane (14)19 (yields are based on the as- 
sumed stoichiometry shown). Thermolysis of 10 must fol- 
low a totally different pathway from that of 8 because the 
product types and their distribution are significantly dif- 
ferent. The initial step cannot be formation of ylide 11, as 
thermolysis of that compound (see below) follows a differ- 
ent decomposition pathway from that of salt. Although 
multistep pathways can be written to rationalize the ther- 
molysis of 10, especially for the formation of 14, no evi- 
dence or precedents appear to be available; therefore, no 
speculations will be offered until further experimental 
data are collected. 

In chloroform solution at room temperature for 48 hr, 10 
decomposes to a mixture of products of which ethyl carba- 
mate is the major one (75%). 

Thermolysis of N-Ethoxycarbonyliminodiethylsul- 
furane (11). Thermolysis of 11 at  150" until gas evolution 
ceases yields ethylene and ethyl N-(ethy1thio)carbamate 
(15) as the major products; ethyl carbamate, 1,l-bis(N- 
ethoxycarbonylimino)ethane,22 ,23 and various unidentified 
compounds are minor products. The thermolytic decom- 

0 

\+ 
CH* 

11 

CH,=CH, + CH,CH2SNHC02C>Hj + 
8-35770 15 (45-60770) 

NH,CO,C,Hb + CHjCH(NHCOZC2HJ 2 

15% 5% 

position of 11 exactly parallels that observed with N- 
acetyliminodialkylsulfuranes previously reported by U S . ~ ~  
The key structural requirement in the ylide is the pres- 
ence of a t  least one fi-hydrogen atom in the alkyl group 
attached to sulfur. A five-center cyclic concerted mecha- 
nism readily accounts for the formation of alkene and 15. 
In the thermolysis of N-p-toluenesulfonyliminoethylphen- 
ylsulfurane, Oae and coworkers24 have reported a similar 
decomposition. They showed that the reaction is first 
order in ylide and a substantial kinetic isotope effect 
k a / k n  is observed, consistent with the proposed mecha- 
nism. The thermolysis of ylides, such as 11, is a conve- 
nient way to prepare N-alkylthiocarbamates. 

Mass Spectral  Fragmentation of 8 and  9. The mass 
spectral fragmentation patterns of ylide salt 8 and ylide 9 
are very similar; they are summarized in a superimposed, 
condensed form in Scheme I. The primary fragmentation 
of ylide salt 8 is loss of HC1 to yield iminosulfurane 9. A 
subsequent prototropic shift yields the sulfurane, which 
loses methylene to yield ethyl N-(methylthio)carbamate, 
m/e  135, or undergoes a Stevens-type rearrangement to 
ethyl N-(methylthiomethyl)carbamate, m / e  149. N o  peaks 
due to 1,l-bis(N-ethoxycarbony!imino)methane (13) or 
bis(methy1thio)methane (12) are observed either from salt 
or ylide (contrast with thermolysis of 8 discussed earlier). 

Loss of methylene is an unusual process in mass spec- 
trometry and the ease with which it occurs in this case is 
strong evidence that the iminosulfurane rearranges proto- 
tropically to the sulfurane (Scheme I). An analogous 1,3- 
prototropic shift and subsequent loss of methylene has 
been reported by Robson, Speakman, and Stewart,25 who 
found that the high-resolution mass spectrum of dimeth- 
ylsulfonium 1-dodecylsulfonylmethylide ( 17) shows a mo- 
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imposed, condensed version in Scheme 111. As with 8 
(Scheme I), primary fragmentation of 10 is loss of HC1 to 
give the iminosulfurane 11. The formation of the ion with 
m/e  149 can then occur in three ways: (a)  direct loss of 
ethylene from 11, (b) loss of CH3CH: from the sulfurane, 
and (c) loss of ethylene from the sulfurane. I t  is not possi- 
ble to deduce from the mass spectrum which pathway (or 
Dathwavs) leads to the fragment with m / e  149. The subse- 

CH,SCH,NHCO+ 

Me,S-N-CO+ 

m / e  104 ra 100 (ys and y) 

___, or CH,SCH,.+ -NCG + -  
m / e  62 ra 72 (ys); 80 (y) 'r 

+ 
MeB-NHCO,Et.+ 

m / e  187 ra 0 

c1- 

8 

CH,SCH,NHCO,Et+ 
m/e 149 

no*l-C,H, 

CH,SeH,NHCO,H' 

Scheme In 

+ -  - H a  - MeS-N-CO,Et+ 

149 ra 9 (ys); 10 (y) 

9 

tl 
Stevens-type CH3,+ 
c-- ,SNHCO,E~+ 

-CH2 rearrangement 1- CH, 
CH3SNHC02Et*+ 

+ 
CH,=SH 

mi. 47 ra 16 (ys); 18 (y) 

m / e  63 ra 3 (ys); 2 (y) 

m/e 62 ra 13 (ys); 14 (y) 

-(a, + 
C J G  t -CO,Et 

(1 ys = ylide salt 8; y = ylide 9; ra = relative abundance. 

lecular ion a t  m / e  308 and the primary fragmentation pro- 
cess is initial loss of methylene to give an ion (19) with 
m / e  294. The intermediacy of the sulfurane 18 was in- 
volved to rationalize the results (Scheme 11). 

Scheme I1 

17, m/e 308 -:w 1 
C H ~ S C H ~ S O ~ C I ~ H ~ ~  

19,mle 294 

Mass Spectral  Fragmentation of 10 and 11. The mass 
spectral fragmentation patterns of ylide salt 10 and ylide 
11 are also very similar; they are summarized in a super- 

quent fragmentation of the ion with mle 149 is in excel- 
lent qualitative agreement with that  observed for the pure 
compound, 15, thus adding credibility to its postulated 
intermediacy in the fragmentation of 11. It is also likely 
that the intermediate sulfurane undergoes a Stevens-type 
rearrangement to ethyl N-(1-ethylthioethyl)carbamate, 
fragmentation of which accounts for fragments with mle 
116 and 61. 

Scheme I IP  
relative abundance 

-EtOH l5 
7 8 7  

100 92 84 

20 14 76 6 23 13 23 

-C,H S 

-'CO Et  Et2SNHC02Et.+ C1- 
10, m/e 213, ra 0 

1 -HCI 

+- -C H, 
EtiSKC02Et.+ 7 EtSNHCO,Et+ 

11, mle 177 ra 40 (ys) .  85 ( y )  m/e 149, ra 24 (ys) ,  13 (y) 

- 
mle 132 ra 40 ( y s ) ;  8.5 ( y )  CH,CH2, ~ 

H, 

Et SNHCO* 

\ '  
- ,SNHCOIEt *+ 

CH~EH 
1 Stevens arrangement m/e 104, ra 12 ( y s ) ;  24 (y) 

CH,CH,SCHKHCO.Et *+ 

I 
J \ 

CHJ - + 
CH,CH--NHC02Et CH,CH=SH 

mle 116,ra 4 (ys);2 ( y )  m/e 61, ra 42 (ys);62 ( y )  

a ys = ylide salt 10; y = ylide 11;  ra = relative abundance; * = 

Although the mass spectra of 10 and 11 are very similar, 
metastable ion. 

their thermolysis products are quite different. 
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Attempted Reaction of Iminosulfuranes with Electro- 
philes. Iminosulfuranes 8 and 11 are isoelectronic with 
sulfur-carbon ylides (sulfuranes). We therefore examined 
the reactions of 8 .and 11 with selected electrophiles with 
the object of developing new, mild synthetic pathways in 
neutral media for the formation of heterocyclic ring sys- 
tems (oxaziranes and aziridines), analogous to the syn- 
theses of epoxides and cyclopropanes from sulfur ylides 
and  carbonyl^^^-^^ and activated a,P-unsaturated com- 
p o u n d ~ , ~ ~  respectively. 

Neither 8 nor 11 reacted with excess neat acrylonitrile, 
ethyl acrylate, or styrene oxide up to the reflux tempera- 
tures of the system. Furthermore, when equimolar propor- 
tions of p-nitrobenzaldehyde and ylide were dissolved in 
chloroform and heated under reflux, there was also no 
reaction. The electrophiles were recovered and, in reac- 
tions of 11 a t  elevated temperatures, ethyl N-(ethy1thio)- 
carbamate (15), the anticipated thermolysis product, was 
also isolated in good yield. Failure of 8 and 11 to react is 
interpreted to mean that the nucleophilicity of nitrogen is' 
extensively reduced owing to delocalization of the nega- 
tive charge into the ester moiety. 

The striking difference in reactivity between iminosul- 
furanes and sulfuranes prompted us to examine the reac- 
tivity of an iminophosphorane, structurally similar to the 
irninosulfuranes, with electrophiles. Chemical properties 
of iminophosphoranes are reported to be similar to those 
of the isoelectronic phosphorus ylides, although literature 
information on the former is considerably s p a r ~ e r . ~  The 
outstanding property of phosphorus ylides is their nucleo- 
philicity, which permits a wide range of useful synthetic 
reactions to be carried out, of which the Wittig reaction is 
perhaps the most important. 

Iminophosphoranes have been shown to react with car- 
bonyl compounds to form Schiff bases and phosphine 
oxide, analogous to the Wittig olefin-synthesis reaction, as 
illustrated by the reaction of N-phenyliminotriphenyl- 
phosphorane with diphenylketene to yield triphenylketen- 
imine .31 Benzaldehyde, benzophenone, and phenyl isocy- 

+ -  
(C,H5)3P-N-C6H6 + (C,H,)&=C=O - 

(C,H,)&=C =ISC6Hb + (C,H,),PO 

anate behave similarly and, in essence, involve the re- 
placement of a carbonyl oxygen by the N-phenylimino 
group. 

Accordingly. we prepared the known N-ethoxycarbonyl- 
iminotriphenylphosphorane20~21 (16), mp 136", from the 
sodium salt of ethyl N-chlorocarbamate (6) and triphenyl 
phosphine in benzene. The ir of 16 (KBr disk) shows 

0 - 
- II + C6H6 

(C,H,),P + [C1-N-C-OC2H51Na 25-409- 
0 

+ - II 
(C,HJ3P-N-C-0C2Hb + KaC1 

16 

strong carbonyl absorption at a low frequency of 1640 
cm-l,  as is also observed with the iminosulfuranes, 
suggesting the same type of charge delocalization. Reac- 
tion of 16 with benzaldehyde in refluxing tetrahydrofuran 
or with styrene oxide in refluxing dimethylformamide, 
both for 24 hr, yielded unreacted 16 (91-97%). Similar re- 
sults were obtained without solvent. Thus 16 is also un- 
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reactive and, we conclude, for the same reason, that  8 and 
11 are unreactive to electrophiles. 
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