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A rvide variety of chemical and spectral data suggest
that a sulfone group is capable of interaction with an
adjacent unsaturated ceuter; horvever, it seems pos-
sible that the nlode of this interaction may be sig-
nificantly different from that of conjugation between
first-rorv elements.2 Nloffit's moiecular orbital treat-
nlent of sulfone groups indicates that trvo distinct types
of conjugation are possible: "direct" conjugation
utilizing the filled sulfur-oxygen molecular orbitals for
overlap with an adjacent center, and "charge-trans-
fer" conjugation, involving donation of electrons from

the adjacent center into unfilled sulfone m.olecular
orbitals having predominantly' d-orbital character.3
It is di-fficuit to distinguish experimentally betrveen
these alternatives, but analysis of the e.p.r. spectrunr
of thioxanthone S,S-dioxide mononegative ion led
Vincorv to conciude that a charge-transfer mechanisn'r
was responsible for the obserr.ed conjugation through
the sulfone group.{

To provide further evidence pertinent to the problen-r
of conjugation in sulfones, we have conpared the abilitl'
of several oxygen- and sulfur-containing groups to
transmit proton spin-spin couplings (Table I).5

(1) (a) Supported in part by the OfEce of Naval Research and the
National Science Foundation. (b) Contribution No. 3040.
(2) For rer-iews of this subject, see G. Cilento, Chem. Rn., 6O, 147
(1960);  C.  C.  Pr ice and S.  Oae, "Sul fur  Bonding,"  Tbe Ronald
Press Co.,  New York,  N.  Y. ,  1962.
(3)  W. ] Iofht .  Proc.  Roy.  Soc.  (London),  4200, i109 (1950);  H.  P.
Koch and W. E.  Moff i t ,  Trans.  Faradoy 5oc. ,47,7 (1951).
(4) G. Vincow, J. Chem. Phys.. 37, 2481 (1962).
(5) Somewhat similar results which are in agreement witb those re-
ported here have been published by N'. van }Ieurs, Spectrochim. Acto.
19 ,  1695  (1963) .
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Table I :  I lagni tudes of  lFI- tH and rrc-rH Coupl ing
Constants for  CHTXCHT

C o n r p o u n d  S a m p l e

. , l r rcE,a J  EH,o
c . p . 8 .  c . p . E .

CH,SSCH3 Pure l iqu id  0 .0
CHaOCH3 Pure l iqu id  139 0.25
CHTSCHT Pure l iquid 138 0.3
CHTSOCH' Pure l iquid 138 0.4
CHTCOCH3 Pure l iquid l27h 0.54n

o
t l

CHTSCH, 50/6 in rvater 138 0. I

b
(CHr)rS +I  -  50/c,  in rvater  145 (0.4)b

" IUeasurements n'ere made using taC of natural aburrdance,
as deser ibed by A.  I ) .  Cohen, N.  Sheppard,  and J.  J.  Turner,
P roc .  Chem.  Soc . ,  11S (1958) ,  and  fo r . /HH a r€  :E0 .05  c .p .s .  The
signs of  the coupl ing are unknou'n.  b The accurac_v of  th is value
is lou '  due to v iscous broadening of  the spectrum. .  pr ivate

communicat i r tn f ronr \ - .  Schonraker quoted bl '  P.  l \ ' .  Al len and
L .  E .  Su t ton  in  , l e to  Crus t ,  3 ,  46  (1950) .  ' L .  p ie rce  and  X I .
Ha1 'as l r i ,  J  .  Chun .  Phrys . ,  35 ,47 ,c1 (  1961) .  '  O .  Ras t iansen  rnd  H .
I iervrr l l ,  Actu Chent.  Sco,nr l . ,  Z,  702 (1918).  /  P.  \ \ ' .  Al len,
H. J.  \ I .  Bor len,  L.  E.  Sut ton,  and O. Rast iansen, 7 ' rcns.  Fart t -
do ry  Soc . ,48 ,  91 ) l  (1952) .  0  P r i va te  r ron rn run ica t ion  f rom I t .  E .
Rundle,  quoted b1'  Al len and Sutton.c n J.  R.  Holnres anci  I ) .
I i i ve l son ,  J .  . | n t .  Chen t .  Soc . .  83 ,  2959  (  1961) .

Tire relative niagnitudes of the four'-bond coupling
constant ,./su in dinrethr' l sulfone, dimeth.vl sulfoxide,
and dinrethy'l sulfide suggest that coupiing through tire
sul fone group iuvolves inrportant contr ibut ions f rorn
sonle ntechanislit othel' than ti ic' usual a-bond inter.-
actions.6 Hon'ever', t i tc unexceptional value observed
for ./Hrr in trinrethvisulfoniunr iodide nrakes it seerlr
unlikclv that charge transfer resulti l tg from nrovenrent
of the electrons of thc nrethvi group orbitals to the
etltptl strlfur d-orbitals is inrportant in transnritt ing
the criupling. Delocalization of the methl-l groutrl
electrons into tire d-orbitals is l ikell '  to be ntore int-
portant in the positiveiv charged sulforrium salt than in

the sulfoneT; horvever, the obse.ved coupling co.starrt
in the sulfoniunl conlpound is signifieantl l. the snrall(,r.
of the trvo.

Alternately, coupling through the surfone gr.o.p
nright rvell involve contributions of structures such as
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II, sinii lar to the type invoked by Ii ivelson to aceou.r
for the long-range proton coupling in acetone.s

It is interesting that Jt'cH is the sa're for dirrreth.r,l
sulfide, sulfoxide, and sulfone, but significa'trv larger.
fo' tr i.reth'lsulfoniunr iodide. If the dipolar srr.uc-
tures of t1'pe III nrake an irlportant eontribution to tht,
resonallce lrvbrid of dimetirl ' l  sulfonc, the r.esultant
partial positive charge on sulftrr u.ould be expectecl to
inereasc the orbital electronegativit l '  of the strlfu'
bo'di 'g o'ir ital di 'ccted to*'a.d the 'rethyl €(r-o.p,
relativc to the corresponding orbital in dintethl, l strl-
f idc, and irencr: to increase ,/,rcrr.e The sinri larit l- of
the t3C-H coupl ing constants for  d inrethi ' l  sul f ide arrc l
dirnctl ir ' l  sulfone thus provides evidencc that t ire sul-
fone is probabl.r ' u'cll repr.esented b.i '  a struetule of
t) 'pe I r-it ir predonrinantir- eovalent sulfur'-ox\-sL'ri
bonds.

(6 t  T l ie  obser 'ec l  o rder  i s  oppos i te  t ,  tha t  n 'h i t . ] r  g .ou ld  be  e . rpec ter l
on  the  be , . i s  o f  var ia t io r r  in  coup l ing  th ro t rg l r  o -honc ls  n ' i th  changes r r ,
t h e  ( ' - \ - ( -  i r o n d  a n g l e .  S e e  H .  - ( .  ( } u t o u ' s l i r ' ,  - \ I . I i a r p l u s ,  a n d  D . l l .
G r a r i t .  , I  .  e i t  a n t .  P l t 1 1 s . . 3 1 , 1 2 7 E  ( 1 9 5 S ) .  a n c l  t h c  C - X - C  b o n d  a n g l e .
I i s t e < l  i r r  f ' a h i e  I .

( 7 )  F o r  c l i s c ' u . s i o r r s  o f  t h e  e f f e r : t  o f  e f r l r g e  o l r  c l - o r b i t a l  e o n t r a c r i o r r .
s e e  l i .  H .  . l a f i e .  J .  P h u s .  C h c m . . 5 6 ,  t S J  ( 1 9 5 { ) ;  D .  P .  C ' r l i l  - { .
] l a c c o l l .  l i .  S .  N v h o l m .  L .  E .  O r g e l .  a n c l  L .  E ,  S u l l i v a n . . I  .  C ' h , n .
S o c . , 3 3 ?  ( 1 ! 1 5 - l ) ;  D .  I ' .  C r a i g  a n d  I - .  A .  ] l a g n u s s o n ,  1 6 ; 7 . . 4 r 9 5
( l 9 5 6 ) .

( 8 )  J .  I t .  I l o l r r r e s  a n d  I ) .  K j v e l s o n .  , I  .  A n L .  ( h e m .  S . r c . ,  8 3 ,  ? 9 5 ( )
( 1 9 ( t 1 ) ;  s e e : r l s o  \ I .  t s a r f i e l d  a n d  D .  \ i .  C l r a n t ,  i l t i d . . , 8 5 ,  1 8 9 9  ( 1 9 0 3 ; .

(9 )  See,  fo r  example ,  N.  A .  I la t rv ivo f f  anc l  I l  .  S .  Drago,  , I  .  C i ,en t .
P h y s . , 3 8 , 2 5 S 2  ( 1 9 6 3 ) ;  C .  J u a n  a n c l  F I .  S .  C i u t o s ' s k i ' .  r b f d . . 3 7 ,  ? 1 9 S
( 1 9 6 2 ) ,  a n d  r e f e r e n < . e s  t h e r e i n .
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