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Eight- and ten-membered heterocycles containing two sulfur atoms were prepared by forming olefin and 1,3- 
The nmr spectra of diene adducts with 1-methyl-1-thionia-2-thiacyclohexane 2,4,6-trinitrobenzenesulfonate. 

the products suggested the absence of a transannular interaction leading to tetracovalent sulfur. 

This research was pursued because of the unique 
method it provides for the synthesis of certain medium- 
sized heterocycles. Also, compounds similar t o  the 
products have been convenient for the investigation 
of transannular interactions. 

I n  a previous paper2 we reported the successful 
synthesis of ethylene and 2,3-dimethyl-1,3-butadiene 
adducts of 1-methyl-1-thionia-2-thiacyclohexane 2,4,6- 
trinitrobenzenesulfonate (1). The eight- and ten- 
membered rings, 1-methyl-1-thionia-4-thiacyclooc- 
tane (2, eq 1) and 1,3,4-trimethyl-l-thionia-6-thia- 

1 

I +  / 1 - C"Xm- S (2) 

3 

3-cyclodecene (3, eq 2) cations, were prepared in good 
yields. (TNBS-- = 2,4,6-trinitrobenzenesulfonate an- 
ion.) 

We would now like to report the successful synthesis 
of a number of other olefin and diene adducts and 
interpret their nmr spectra as they relate to transannu- 
lar interactions. 

Results 
The reaction of 1-methyl-1-thionia-2-thiacyclohex- 

ane cation (1) with olefins was investigated. Analyti- 
cally pure products could be prepared from ethylene, 
propene, 1-pentene, cis- and trans-Zbutene, and cyclo- 
hexene. Olefins which formed an adduct, as indicated 
by nmr spectra, but did not give products with a 
good elemental analysis mere cis-stilbene, 2-methyl- 
propene, and methylene cyclohexane. Olefins which 
did not react were trans-stilbene, cis- and t~ans-1,Z 
dichloroethylene, 2-methyl-%butene, and tetramethyl- 
ethylene. 

The addition is sensitive to substituents on the olefin. 
I n  certain cases the reaction showed evidence of easy 
reversibility, so that unfavorable substituent interac- 

(1) 8. M. Johnson, C. A. Maier, and I. C. Paul, J. Ckem. Sac. B ,  1603 

(2) K. E. Hester, G. K. Helmkamp, and G .  L. Alford, Int. J. Sulfur Chem., 
(1970). 

P a i l A ,  1, 65 (1971). 

tions in the product and a transannular sulfur-sulfur 
interaction (at least in the transition state) would dis- 
favor adduct formation. The unreactivity of vinyl 
chlorides suggests an electron density influence in the 
olefin, and the unreactivity of highly substituted ole- 
fins could be due to unfavorable steric factors in the 
forward direction of the addition process.. 

The 1,l-disubstituted olefins gave products of addi- 
tion as revealed by their nmr spectra, but neither 
2-methylpentene nor methylene cyclohexane gave a 
product with a satisfactory elemental analysis. Like 
the cis-stilbene adduct, the olefin seemed to be regener- 
ated during recrystallization. Olefins which were tri- 
substituted showed no indication of a reaction. These 
results again point out the sensitivity of the reaction to 
steric factors. 

The sensitivity of the reaction to electronic effects 
is revealed by the absence of reactivity of 1 with cis- 
and trans-dichloroethylene. The unreactivity was 
not unexpected because the addition reaction, even 
with more reactive olefins, was slow. 

The scope of the reaction of 1 with 1,3-dienes was 
also investigated. Among several dienes tested only 
2,3-dimet hyl- 1 , 3-bu tadiene, 1,2-dime t hylenecyclohex- 
ane, and 2,3-diphenyl-l,3-butadiene gave products 
with good elemental analyses. Others that accord- 
ing to  their nmr spectra had reacted but yielded impure 
products were 1,3-butadiene and 1,3-cyclohexadiene. 
Those which showed no indication of reaction were 
hexachlorocyclopentadiene and hexachloro-1,3-buta- 
diene. 

The success of the reaction of dienes was related to  
the nature of substitution at  the "internal" sp2 carbon 
atoms. Those that m r e  unsubstituted a t  the 2,3 
positions, namely butadiene and 1,3-~yclohexadiene, 
yielded no satisfactory product cven though several 
diff erent combinations of solvents and reaction times 
were tried. 

The same electronic limitations that applied to the 
olcfins applied to the dienes. The dienes substituted 
with strongly electron-withdrawing chlorine were com- 
pletely unreactive toward 1. 

Discussion of Possible Mechanisms.-The addition 
of dialkyl (alliy1thio)sulfonium salts (4) (compounds 
analogous to 1) to  olefins has been thoroughly investi- 
gated and the stereochemistry of the products (6) has 
been demonstrated.3 The mechanism proposed for 
this addition (eq 3) involved the initial formation of an 

(3) G. K. Helmkamp, B. A. Olsen, and J .  R.  Koskinen, J. O w .  Chem., SO, 
1623 (1966). 
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episulfonium ion intermediate ( 5 )  (where the anion 
in each case is 2,4,6-trinitrobenzcnesulConate) followed 
by back-sidc attack to give trans addition. 

If this mechanism is operative for thc addition of 1 
to olcfins, thcn a sevcn-mcmbcrcd transition state 
(7, cy 4) is required for the backside displacement, 

which is highly unliltely to develop. Also, if an episul- 
fonium ion intermcdiate (8) is formed when 1 reacts 
with a dicne and if the ring closcs by an SN2‘  typc 
mechanism, then a nine-membered transition state 
(8, eq 5) is required. This possibility would be even 
less favorable than in thc olefin addition. 

1 i- 1 4 CLil S&I TNBS- --+ 3 ( 5 )  

CHJ 
8 

A mechanism which avoids the problems of the scven- 
and nine-membered transition states would be a con- 
ccrtcd or nearly conccrted addition. This manner of 
addition would givc a four-membcred transition state 
for the olcfin addition (9) and a six-membered transi- 
tion state for the addition of dienes (10). Although 

9 10 

a 2 + 2 addition normally is symmetry forbidden, thc 
prescnt system invohcs an unsymmetrical, highly 
polarizcd bond between atoms which can ut,ilize d 
orbitals in the transition state. Given thcsc arguments 
and the facts that  the rcactions procced fairly rapidly 
without high-dilution techniqucs, a concerted or nearly 
concerted mechanism is highly probable. 

Onc consequence of a concerted vs. episulfonium ion 
mechanism is that  the stereochemistry of thc products 
of the olefin adducts would bc different. It was antic- 
ipated that the nmr spectra of some of the products 
would shed light on the stcrcochemistry, but the spcc- 
tra werc extremely complicated in the area of interest. 
An X-ray crystal structure determination of onc of 

the 2-butene or cyclohexene adducts will shed the 
necessary light on the reaction mechanism. 

Interpretation of Nmr Spectra as They Relate to 
Transannular Interactions between Sulfur Atoms.-In 
order to determine if a transannular interaction between 
the “thia” and “thionia” sulfurs was present, the 
chemical shift of the 8-methyl protons was mon- 
itored. It was assumed that an upfield shift, similar 
to  that  observed by O w ~ l e y , ~ J  would be dctected. 

Owsley treated cyclooctene-8-methylepisulfonium 
2,4,6-trinitrobenzenesulfonate with chloride ion, and 
the S-methyl peak shifted 36 cycles ~ p f i e l d . ~ ~ ~  It was 
expected that this 36-cycle shift would approximate 
that which would result from a transannular inter- 
action. 

The ethylene and 2,3-dimethyl-1,3-butadiene ad- 
ducts were investigated in detail, since they provided 
the simplest spectra for the respective olefin and diene 
adducts. 

I n  order to determine if an interaction was occurring, 
model compounds were prepared in which no sulfide 
(“thia”) sulfur was available to interact with the 
sulfonium (“thionia”) sulfur. 

An approximate model for the ethylene adduct might 
be simply trimcthylsulfonium 2,4,6-trinitrobenzene- 
sulfonate. However, since the size of the alkyl chain 
would influence the chemical shift of an 8-methyl 
peak, dimethylethylsulfonium 2,4,6-trinitrobenzene- 
sulfonate also were prepared. Thc chemical shifts 
of all four compounds are summarized in Table I .  

The 8-methyl peaks were clean singlets. 

TABLE I 
CHEMICAL SHIFTS O F  THE &METHYL PROTONS O F  

~ - ~ ~ E T H Y L ~ - T H I O N L 4 - 4 - T H I A C Y C L O O C T A N E  
2,4,6-TRlNITROBENZENESULFONATlC (2)  

BND MODEL SWLFONIUX SALTS 
Compd Chemical shift, 6 (cycles) 

2 2 .98 (179) 
(CHa)k3fTNBS-a 2.93 (176) 

CHsCHzS (CHa)sTNBS - 2 . 9 2  (176) 
+ 

+ 2 .84  (170) 
(CH&Ha)zSCI-IaTNBS- 

TNBS = 2,4,6-Trinitrobenzenesulfonate anion. 

Similarly, a model for the 2,3-dimethyl-1,3-buta- 
diene adduct might be a trialkylsulfonium salt such as 
trimethylsulfonium 2,4,6-trinitrobenzenesulfonate. The 
possibility that  the allylic double bond could influence 
thc chemical shift of the S-methyl group also was con- 
sidered; so dimethylallylsulfonium 2,4,6-trinitroben- 
zenesulfonate and dially methylsulfonium 2,4,6-trinitro- 
benzenesulfonate were prepared. The chemical shifts 
of these compounds are summarized in Table 11. 

Table I reveals that  the 8-methyl protons of 1- 
methyl-1-thionia-4-thiacyclooctanc 2,4,6-trinitroben- 
zenesulfonatc (2) fall a t  179 cycles, whereas the 8- 
methyl protons of diethylmethylsulfonium 2,4,6-tri- 
nitrobenzencsulfonate, probably the best model, ap- 
pear a t  170 cycles. This would represent a downfield 
shift for 2 of 9 cycles. The shift is no\+herc rlear the 
magnitude of the shift of 36 cycles observed by Owsley 

(4) D. C. Owsley, G. K. Helmkamp, and M. F, Rettlg, J .  Amer.  Chem. 

(5) D. C. Oasley, Ph.I).  Dissertation, University of California, Riverside, 
Soc. ,  91, 5239 (1969). 

Cahf. 
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TABLE I1 
CHEMICAL SHIFTS OF THE S-METHYL PROTONS OF 
1,3,4-TRIMETHYL-1-THIONIA-6-THIA-3-CYCLODECENE 

2,4,6-TRINITROBENZENESULFONATIB (3) 
A N D  MODEL SULFONIUM SALTS 
Compd Chemical shift, 6 (cycled 

3 2.92 (175) 
(CH3)aStTNBS-" 2.93 (176) 

(CH3)zSCHzCH=CHz TNBS- 2.85 (171) 

CH~S(CHZCH=CHZ)~ TNBS- 2.82 (169) 
TK'BY = 2,4,6-'~riiiitrot~enxenesulfonate anion. 

+ 

+ 

and is in thc oppositc direction. The 9-cycle differ- 
cnce probably is duc to tht: presencc of the othcr sul- 
fur in thc ring, so that  thc shift most liltely represents 
a "through spacc" iritcraction of thc lonc pair elec- 
trons on thc sulfide sulfur rather than a bonding intcr- 
act ion. 

Tablc 11 rcvoals that  tho S-methyl peak of 
1,8,4-trimeth3:l-l-t~iioriia-6-thja-3-c~~lodeccn~ 2,4,6-tri- 
riitrobonzcncsulforiatc (3) appears at 175 cyclcs arid 
tho S-mckhyl poali of dimethylallylsulfonium 2,4,6- 
trinitrobcrizcncsulfollttte, probably the best model, 
apcars a t  171 cycles. Again thc magnitudc of the shift 
is small and in tho wrong dircction. This difference 
of only 4 cycles could be duc: to  experimental error. 
Ho\vc:ver, since it is in tlic same direction as thc 9-0yclc 
diff croricc mentioricd above, it may also rcprosont a 
tlirougli spacc c>ffcct of tlic lone pair clcctrons on thc 
sulfide sulfur. 111 both of thcsc systems then, tlic 
rimr cvidcncc points very strongly to\vard the abseiicc 
of ally bonding intcraction across thc rings. 

Experimental Section6 
l,e-Dithiane.-The 1 ,2-dithiiine7 was used as the crude product 

isohted 1)y cv:tporation of the C112C12 extraction solvent. Alter- 
riat ively the following c~om1)ination of thiol preparation* and 
convci,sion to the 1 ,2-dithiaric,? followed by direct alkylation as 
i n  procedure A ,  was cl'fect ive. A inixtive of 41 g (0.19 mol) of 
1,4-dit,romobut:iiic, 2!1 g (0.38 mol) of thiourea, and 25 ml of 
w:iter was refluxed with stirring for 3 hr. Then 30 g'of NaOH 
i n  :%IO in1 of writer w'as added and the solution was refluxed for 
an ndditional 3 h i , .  After thc mixture was cooled (OO), 36.5 g 
(0. 19 mol) of p-tolueriesrilfoiiyl chloride was added and the con- 
tents of the reaction 11:~sk \wre stirred for 1 hr. The resulting 
solutioii was extracted with four .iO-ml portions of CK2C12. 
The cointitied orgatiic: extract, was washed twice with water, 
dried over hIgSOa, mid ev:ipornted on n rotary evaporator to give 
w u d c  1 ,2-dithi:ine. 

1-Methyl-1-thionia-2-thiacyclohexane 2,4,6-Trinitrobenzene- 
sulfonate (1) .  Procedure A. Alkylation of 1,2-Dithiane with an 
Oxonium Salt.-Trimethyloxoriiurn 2,4,~i-trinitroben~ericsulfo- 
i i n t c 9  ( I  .77 g, 0.0OtjO mol) was dissolved ill a minimum amount of 
riitrorricthime, atitl 1.20 g (0.010 mol) of crude 1,2-dithiane in 10 
ml of CIl2Cl2 wus added. The bright yellow solution was al- 
lowed to stand for 0.5 hr. Crystalline product, was isolated by 
slowly adding dry E t 2 0  until :ill prodiict precipitated, yieid 87%. 
Three precipit:itioiis from CI13N02-EtzO gave mp 179-180' dec, 
nrnr 6 8.48 (s, :;), 3.73--3.0,5 nnd 3.33 (ni and s, respectively, 7 ) ,  
2.43-1 .!U (m, 4 ) .  

(0) Reaction solvents \\ere reagent grade and were dried over Molecular 
Sieve (Iinrte 4.1) liefore use. hIelting points are oncorrected. A l l  ninr 
spectra were run using deuterionitrornethane as solvent, and the residual 
absorl ia~~ce  due to undeuterated material was used as a standard ( 6  4 .28) ;  
sriectra were recorded on a Varian A-60D spectrometer. 

( 7 )  I,. 1:ield and I<. 1%. l%arliee, .I.  Oru.  Chem., 94, 36 (1960). 
( 8 )  A .  I .  Vorrei. "Practical Organic Chemistry," 3rd ed, \Viley, New 

(9) I ) .  J .  I'ettilt and G.  I t .  Ilelmkarnp, J .  O r y .  Clrem., %9,2702 (1964). 
Tork, N. Y.. 1966. 

Anal. Calcd for CllH13N30gS3: C,  30.91; 11, 3.07; N ,  9.83. 
Found:'O 

Procedure B. Alkylation of 1,2-Dithiane with Methyl Iodide 
in the Presence of Silver 2,4,6-Trinitrobenzenesulfonate.-The 
following mixture was refluxed overnight: 1.41 g (0,010 mol) 
of CHJ in 5 ml of CHzCl*; 5.2 g (0.010 mol) of the acetonitrile 
complex of silver 2,4,6-trinitrobenzenesulfonatee i n  20 ml of 
CI&NO1; and 1.2 g (0.010 mol) of crude 1,2-dithiane7 in 15 ml 
of CHICIZ. After AgI was removed by filtration (Cclite) the 
product was precipitated by adding the filtrate to 500 ml of dry 
EtlO. The solid was redissolved in CIISXOz, warmed with 
decolorizing charcoal, filtered (Celite), and reprecipitated, yield 
n8%. Drying ( l a  hr, 0.1 mm, 40") led to  a melting point and 
nmr spectrum that were the same as those given above. 

Reactions of 1-Methyl-1-thionia-2-thiacyclohexane 2,4,6-Tri- 
nitrobdnzenesulfonate (1 ) with Alkenes. A. With Ethene.-A 
solution of 1 (0.43 g, 0.0010 mol) in 35 ml of CH~NOZ-CHZCIZ 
(2.5:l.O) was saturated with gaseorls ethene twice a day for 4 
days. The product, was isolrtt,ed by pouring the solution into 1 1. 
of vigorously stirred anhydrous Et20 and collecting the precipi- 
tated: yield 787; after one reprecipitatiorl from the same sol- 
vents; after three precipittttioiis, inp 115-121 ' with etyervescence; 
nmr 6 8.56 (s, 2 ) ,  2.98 (5, 3 ) ,  8.92-1.42 (a singlet a t  6 2.98 super- 
imposed on tt series of multiplets, 16). 

Anal. Calcd for C ~ J & ; Y O & :  C,  34.28; 11, 3.70; N ,  9.23. 
Fourid:'o C,  34.31; 1<,3.08; N,9.27. 

B. With Propene.-A 2-week reaction similar to that de- 
scribed :t\)ove was carried out with propene, yield 8,5(%. Three 
precipitations yielded the final prodiwt: mp 62-66' with efTer- 
vescence; iimr 6 8.55 (s, 2) ,  3.83-1.67 (overlapping multiplets, 
17). 

Anal. Culcd for CIJllgN80YS3: C,  33.81; IJ, 4.08; N ,  8.95. 

C. With 1-Pentene.-A solution of about 0.03 mol of 1- 
pentene and 0.80 g (0.0020 mol) of 1 in  20 ml of CI~INOZ was 
allowed to stand for 5 days. An oily product was obtained by 
adding the solution to 1 1. of ether-petroleunl ether (bp 30-60') 
(9: 1) .  lleprecipitation from the same solvent system yielded a 
pale yellow solid, yield 90(%,. T w o  additional precipitations 
yielded final product: mp 02-(i7" with effervescence; nmr 6 
8.60 (s, 2) ,  2.42-0.58 (overlapping mnltiplet,s, 21). 

Anal. Calcd for CleHz3N30pS3: C,  38.62; H,  4.66; N, 8.45. 
Found:'O C,  38.42; H,4.62; N,  8.64. 

D .  With cis-2-Butene.-An excess of cis-%butene was main- 
tained as a separate layer i r i  a reactioli flask containing 0.86 g 
(0.0020 mol) of 1 in 15 ml of CI1,NOI. After 5 days the pre- 
cipitated product was collected and washed with a few milliliters 
of cold CII3NOz, yield 67%. The product was dried a t  reduced 
pressure: nmr 6 8.52 (s, 2 ) ,  3.90-0.97 ( a  
singlet S-methyl peak at 2.80 superimposed on :L series of multi- 
plets, total area 19). 

Anal. Calcd for C1:JE121NP09Sa: C,  37.26; 11, 4.38; N ,  8.69. 
Fouiid:lo 

E .  With trans-2-Butene .-The process described above WRS 

used with trans-2-butene: yield after 0 dags 51?;,; mp 161-163" 
dec; nmr 6 8.52 (s, 2), 3.90-0.97 (a single S-methyl peak a t  2.88 
superimposed on a series of multiplets, tot:d area 19). 

Anal. Calcd for Cl;IJ21N30&: C,  37.X;  13, 4.38; N, 8.69. 
Found:'O C,  37.15; II, 4.36; K, 8.69. 

F. With Cyclohexene .-The process des(-ribed above was 
used with about 0.02 mol of cyclohexene: yield ufter 5 days 54%; 
slow decomposition above 93"; nmr 6 8.55 (s, 2 ) ,  3.78-0.95 
(singlet S-methsl peak superimposed on a series of multiplets, 

C,  31.07; IT, 2.93; N ,  10.11. 

E'o1lnd:'O C,  33.72; 1.1, 4.03; N, 9.17. 

mp 161-163' dec; 

C,  37.15; I-I,4.36; N ,  8.46. 

totai area 22 f 1 ).- 
Found:'o C,  40.10: I-I.4.84: N ,  8.00. 

Anal. Calcd for C1,HZ3NrO9S3: C,  40.07; 11, 4.*55; N, 8.24. 

G. With cis-Stilbene, 2-Methylpropene, and Methylenecyclo- 
hexane.-Ikac~l ions run according to  the method described for 
cis-2-butene, but with reaction times of up to 19 days, yielded 
products whose nmr spectra were consistent with those expected 
of the usual adducts. However, elemental analyses were never 
adequate, and often the attempted purification procedures re- 
sulted in piwtial reversal of the addition process. 

H. With lrans-Stilbene, cis-1,2-Dichloroethene, truns-l,2- 
Dichloroethene, 2-Methyl-2-butene, and Tetramethylethylene. 
-lieactions carried out tinder tiny of the conditions described 
above failed t o  yield any products. Starling rn:iteri:tls were re- 
covered. 

(10) Analysis by Galliraitl~ Laboratories. Inc. ,  Iinoxville, Tenn. 
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Reactions of l-Methyl-l-thionia-2-thiacyclohexane 2,4,6-Tri- 
nitrobenzenesulfonate ( 1 )  with 1,j-Dienes. A. With 2,3-Di- 
methyl-l,3-butadiene.-A mixture of 10 ml (about 0.09 mol) 
of 2,3-dimethyl-1,3-butadiene, 2.14 g (0.0060 mol) of 1, and 75 
ml of acetone was brought to boiling and then was allowed to 
stand for 1.5 days. The precipitated product was recrystallized 
from acetone: yield 72Oj,; mp 143-144' dec; nnir 6 8.50 (s, 2), 
2.93 (s, 3), 1.88 (s, 6) ,  4.12-1.33 (series of multiplets including 
the listed superimposed singlets, total area 21). 

Anal. Calcd for C17H~3N309S3: C, 40.07; H ,  4.52; N,  8.25. 
Found:Io 

B, With 1,2-Dirnethylenecyclohexane.-A reaction similar to 
that described above was carried out with 0.86 g (0.0020 mol) of 
1 ,  about 0.02 mol of 1 ,2-dimethylenecyclohexane,11 and 20 ml 
of acetone: yield 70%; nip 140-142' dec; nmr 6 8.62 (s, 2), 
4.13-3.07 (in, 4), 2.93 (a, 3), 2.77-1.33 (a series of ovcrlapping 
multiplets, 16). 

Anal. Calcd for C:$HZ,N~OSS~: C, 42.60; H, 4.70; N,  7.84. 
Found:lG 

C. With 2,3-Diphenyl-l,3-butadiene.-A mixture of 1.6 g 
(0.0080 mol) of 2,3-diphenyl-1,3-butadiene1z and 0.86 g (0.0020 
mol) of 1 was warmed until the diene started to melt', and then 15 
ml of CH3N02 was added. After 15 days the product was pre- 
cipitated by addition of the solution to 500 ml of anhydrous EtzO: 
yield 7994; mp >94" dec; nmr 6 8.55 (s, 2),  7.70-6.93 (m, lo), 
3.68-1.10 (series of multiplets superimposed on singlets a t  2.80 
and 1.77, total area 12) .  

Anal. Calcd for C ~ ~ K Z ~ N ~ O ~ S B :  C, 51.17; IT, 4.30; N ,  6.63. 
Fou1id:~3 

D.  With 1,j-Butadiene and 1,3-Cyclohexadiene.--l~eactions 
carried out, by the above procedure yielded products with an 
appropriate nmr spectra, but purification procedures were in- 
adequate for the product,ion of analytically pure materials. 

E. With Hexachlorocyclopentadiene and Hexachloro-1,s- 
butadiene.-These substractes failed to react with 1 under t'he 
conditions described above. 

Dimethylethylsulfonium 2,4,6-Trinitrobenzenesulfonate.-An 
excess (0.76 g, 0.010 mol) of methyl ethyl sulfide in 20 ml of 
CH3T\'02 was alkylated with 1.41 g (0.0040 mol) of trimethyl- 
oxonium 2,4,6-trinitrobenzenesulfonate.8 The product was 
precipitated by t,he addition of anhydrous Et'zO (yield 90%) and 
recrystallized from CH3N02: mp 196.5-197.5'; nmr 6 8.52 
(s, 2), 3.33 (9, 2), 2.92 (s, 6) ,  1.45 (t,  3 ) .  

Anal. Calcd for C~GH:~N~OC&: c ,  31.33; H ,  3.42; N,  10.96. 
Found:13 C, 31.66; H ,  3.42; X, 10.30. 

C ,  40.17; H ,  4.66; N ,  8.14. 

C, 42.72; H ,  4.72; N ,  7.65. 

C,  50.70; H ,  4.46; N,  6.76. 

(11) W.Bai leyandH.Golden ,J .  Amer.Chem.Soc.,78,4780 (1953). 
(12) I<. Alder and R.  Hayden, Justus Liebigs Ann. Chem.,  570, 212 (1946). 
(13) Analysis by Geiger Laboratory, Ontario, Calif. 

Diethylmethylsulfonium 2,4,6-Trinitrobenzenesulfonate.-An 
excess of diethyl sulfide (0.9 g, 0.01 mol) in 5 ml of CH2C12 was 
alkylated with 0.71 g (0.0050 mol) of methyl iodide. After a 
few minutes a solution of 2.60 g (0.0050 mol) of silver 2,4,6-tri- 
nitrobenzenesulfonate-acetonitrile complex in 15 ml of CH3NOz 
was added. After 24 hr AgI was removed by filtration and the 
product was precipitated by adding anhydrous Et20 to the fil- 
trate, yield 78%. The product was recrystallized from C&NOz: 
mp 173-174'; nmr 6 8.52 (s, 2 ) ,  3.33 (q ,4 ) ,  2.84 (s, 3), 1.44 (t ,  6 ) .  

Anal. Calcd for CllH1830&: C, 33.23; H, 3.42; N ,  10.96. 
Found:13 C,33.67; H,3.78; N,  11.16. 

Diallylmethylsulfonium 2,4,6-Trinitrobenzenesulfonate.-The 
compound was prepared by the methyl iodide alkylation and an- 
ion metathesis described above, using 0.71 g (0.0050 mol) of di- 
allyl sulfide: yield 81%; mp 120-121"; nmr 6 8.53 (s, 2), 6.52- 
3.02 (m, 6), 4.02 (d, 4), 2.80 (s, 3 ) .  

Calcd for Cl3HlaN3OsSz: C, 37.05; H ,  3.69; N ,  
9.97. Found: C,36.91; H,3.77; N,9.73. 

Dimethylallylsulfonium 2,4,6-Trinitrobenzenesulfonate .-The 
procedure described above was applied to methyl allyl sulfide: 
yield 91%; mp 173-174'; nrnr 6 8.50 (s, 2 ) ,  5.93-5.36 (m, 3), 
4.00 (d, 2),  2.85 (s,6). 

Anul.I4 Calcd for CllHI3NaOgS2: C, 33.42; II, 3.31; N ,  
10.63,Foiind: 

Registry No.-1, 33909-82-9; 2, 33909-83-0; 3, 
33909-84-1 ; Cl3H16N3O9S3, mp 115-121" 37447-66-8; 
C14HlsN30gS3, mp 62-66', 37447-67-9; C16H23nT309S3, 
mp 62-67', 37447-68-0; C16H21N309S3, mp 161-163") 
37447-69-1 ; C17H23N2O9S3, mp >93" , 37447-70-4; 
C1gH2jNaOgS3, mp 140-42", 37447-71-5; C27H27N309S3, 
mp >94" 37447-72-6; trimethyloxonium 2,4,6-tri- 
nitrobenzenesulfonate, 13700-00-0; 1,2-dithiane, 505- 
20-4 ; silver 2,4,6-trinitrobcn~cncsulfonatc, 37447-76-0; 
ethene, 74-85-1 ; propene, 115-07-1; l-pentcne, 109- 
67-1 ; cis-2-butene, 590-15-1 ; trans-2-butcnc, 624-64-6; 
cyclohexene, 110-83-8; 2,3-dimcthyl-1,3-butadiene, 
5 13-8 1-5 ; 1,2-dimethylcnccyclohexanc, 28 19-48-9 ; 2,3- 
diphenyl-1,3-butadiene, 2548-47-2; dimcthylcthylsul- 
fonium 2,4,6-trinitrobenzenesulfonate, 37508-14-8; di- 
ethylmethylsulfonium 2,4,6-trinitrobcnzenesulfonate, 
37447-75-9; diallylmethylsulfonium 2,4,6-trinitro- 
benzenesulfonate, 37447-77-1 ; dimethylallylsulfonium 
2,4,6-trinitrobenzenesulfonatc, 37567-15-0. 

C, 33.14; H ,  3.49; IT, 10.31. 

(14) Analyai. by Elek Microanalytical Laboratories, Harbor City, Cahf. 


