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The synthesis by brominative decarboxylation of meta- and para-substituted bromomethyl and a-bromoben- 
zyl benzyl sulfones is described. Included are nine ArCH$302CHZBr, four PhCHBrSO&H2Ar, and five ArCH- 
BrSOzCHzPh types. The nine bromomethyl benzyl sulfones were prepared from the dibromomethyl benzyl sul- 
fones by reduction. Halogenative decarboxylations of a-cyclopropylsulfonyl-a-phenylacetic acid and phenylsul- 
fonylacetic acid in refluxing carbon tetrachloride using N-halosuccinimides are described. Phenylthioacetic acid 
with N-chlorosuccinimide in CC14 gave mainly phenylthio-a-chloroacetic acid at  25' and mainly phenyl chloro- 
methyl sulfide at 77". Mechanisms for these reactions are discussed. 

The halogenative decarboxylation of a-carboxyalkyl 
sulfones has been used as a preparative method for haloal- 
kyl and dihalomethyl sulfones since before the turn of the 
century.1 Sulfone carboxylic acids of the type ArS02- 
CH2C02H give aryl dihalomethyl sulfones, ArSOzCHXz 
(X = C1, Br, or I), whereas ArS02CHRC02H types give 
A ~ S O Z C H X R . ~  Since the corresponding sulfides, Ar- 
SCH2C02H, ArSCHRCOZH, RSCHZCO~H, and 
RSCHR'C02H, are readily available from reactions of 
ArSNa or RSNa with ClCHzCOzH or ClCHRCOzH or 
from reactions of RX with HSCHzC02Na or HSCHRC02- 
Na, these provide convenient starting materials. The cor- 
responding sulfone carboxylic acids are obtained in high 
yield by oxidation. The latter react readily with halogens 
in aqueous acetic acid solution to give good yields, e$., of 
dihalomethyl aryl or alkyl sulfones.lg2 It is often conve- 
nient to carry out the preparation of the sulfide, oxida- 
tion, bromination, and decarboxylation all in a single 
reaction vessel, as in the preparation of bis-a-bromobenzyl 
~ u l f o n e . ~  In the present study this method has been ex- 

tended to the preparation of a number of other a-halo sul- 
fones, e .g .  

1. HSCHZCOZNa 

2. excess 30% H Z O Z  

3. NaBr 
ArCH& ArCHzSOzCHBr2 

Use of excess hydrogen peroxide in step 2 ensures com- 
plete oxidation of the sulfide and serves to generate bro- 
mine in the halogenation step. 

This method can also serve as a route to bromomethyl 
alkyl or aryl sulfones, since the dibromomethyl sulfones 
are readily reduced to bromomethyl sulfones by sulfite 
ion2 (see Experimental Section). 

ArCHzSOzCHBrz + SO3'- + 2 H z 0  - HzO-E t O H  

ArCHzSOzCH2Br + SO4'- + B r -  + H30' 

A number of types of a-bromobenzyl benzyl sulfones 
have now been prepared by this general route. 
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Table I 
Halogenative Decarboxylations of Sulfone Carboxylic Acids by 

N-Halosuccinimides (1 Equiv) in Refluxing Carbon Tetrachloride 

Substrate Halogen source Time, hr Product Yield,a 70 

PhSOzCHzCOzH (1) 

c-PrSO&H(Ph)COzH (2) 

c-PrSO2CH(Ph)COzH (2) 
c-PrSO2CH(Ph)COzH (2) 
PhSOzC (Me) (Ph)COzH (3) 
PhSOzC(Me) (Ph)COzH (3) 
PhSCHzCOzH 
PhSCHzCOzH 

NCSb 

NCSb 

NBSc 
NISe 
NCSb 
NCSb 
NCSb 
NCSb 

12 

5 . 5  

5 . 5  
6 

18 
191 
4 

18h 

PhSOnCHClz 73 
PhSOzCHzCl 15 
c-PrSOzCHCIPh 80 
c-PrSOnCClzPh 20 
c-PrSOzCHBrPh 87 (63)d 
c-PrSO&HIPh 32 
None 
PhSOzCH (Me)Ph Low 
PhSCHzC1 (80) 0 
PhSCHClCOnH 71 

Q By nmr. b N-Chlorosuccinimide. c N-Bromosuccinimide. d Isolated yield. e N-Iodosuccinimide. f I n  chlorobenzene at 140". 
Q Isolated as the sulfone after oxidation; nmr analysis showed 84% of PhSCHzCl and 16% of PhSCH(C1)COzH. At 25". 

We also report an alternative procedure for carrying out 
halogenative decarboxylations using N-halosuccinimides 
as the halogen source and comment on the mechanism 
and possible extension of the reaction to related systems. 

Results 
Examples of brominative decarboxylations used in the 

preparation of bromo sulfones of the types ArSOZCHBrz, 
ArCHzSOZCHBrz, ArCHBrSOzR, PhCHBrSOzCHzAr, 
and ArCHBrSOzCHzPh are given in the Experimental 
Section, 

The halogenative decarboxylations using N-halosuccini- 
mides (NCS, NBS, and NIS) as a source of halogen were 
carried out in refluxing carbon tetrachloride solution. 
Phenylsulfonylacetic acid (PhSOZCHzCOzH, l),  a-cyclo- 
propylsulfonyl-a-phenylacetic acid [c-PrSOzCH- 
(Ph) COzH, 21, and a -phenyl -a -methyl -a -phenylsulfonyl - 
acetic acid [PhSOzC(Me)(Ph)COzH, 31 were used as typi- 
cal substrates containing two, one, and zero enolizable hy- 
drogen atoms, respectively. The results are summarized in 
Table I. 

Examination of Table I shows that halogenative decar- 
boxylation is successful when either one or two enolizable 
hydrogen atoms is present, but fails when an enolizable 
hydrogen atom is absent. 

I t  seems likely that electrophilic reagents other than 
halogens may be used in electrophile decarboxylations. 
Attempts to substitute a PhS group into PhSOzCHzCOzH 
under the halogenative decarboxylation conditions using 
PhSC1, PhSso~C6HdMe-p, N-PhS-phthalimide, or N- 
PhS-phthalimide and F~CCOZH have thus far been un- 
successful, however. 

Discussion 
It  is significant that in all the preparative halogenative 

decarboxylations of sulfone carboxylic acids reported to 
date one or two hydrogen atoms are present on the carbon 
atom bearing the RS02 and COzH g r o ~ p s . l - ~  The failure 
of PhSOzC(Me)(Ph)COzH (3) to undergo halogenative de- 
carboxylation, even under strenuous conditions (Table I), 
emphasizes the requirement of the presence of a t  least one 
enolizable hydrogen atom. Judging from these preparative 
studies and earlier kinetic studies on the decarboxylation 
of sulfone carboxylic acids and halo sulfone carboxylic 
acids, a mechanism involving rate-limiting enolization fol- 
lowed by rapid halogenation and subsequent rapid decar- 
boxylation becomes highly probable, e.g.  4 

fa3 t s l o w  
PhSOzCHRCOzH - PhSOZCH=C(OH)2 

PhSOzC(X)(R)COZH '2 PhSOzCKXR + COz 

N-Halosuccinimides no doubt serve merely as a conve- 
nient source of low concentrations of x ~ ,  a role that has 

been demonstrated in other types of halogenations, in- 
cluding allylic halogenation.6 If two enolizable hydrogen 
atoms are present, enolization of the intermediate halo 
sulfone carboxylic acid, e.g., P ~ S O ~ C H X C O Z H ,  competes 
favorably with decarboxylation, and the major product is 
the dihalomethyl sulfone, e.g., PhSOZCHXz. 

Evidence for rate-limiting enolization in the bromina- 
tion of a-sulfonylcarboxylic acids comes from the early 
work of Ramberg and his students, who demonstrated, 
using several optically* active systems, e.g. ,  EtSOzCH- 
(Me)COzH and PhSOzCH(Me)COzH, that in acidic solu- 
tions in the presence of excess bromine the (pseudo-first- 
order) rates of bromination and racemization were essen- 
tially i d e n t i ~ a l . ~  The order of ease of decarboxylation 
rates RSOzCXzCOzH > RSOzCHXCOzH > RSOZ- 
CHzCOzH was established in early preparative studies,l 
as was the more rapid decarboxylation of the carboxylate 
salts as compared to the free acids.l,g 

It is clear from the above discussion that halo or dihalo 
sulfone carboxylic acids are intermediates in the halogen- 
ative decarboxylation of a-alkylsulfonyl- or a-arylsulfonyl- 
carboxylic acids. A different route is followed, however, in 
the conversion of a-phenylthioacetic acid to phenyl chlo- 
romethyl sulfide by the action of NCS in refluxing CC14. 
Here phenylthiochloroacetic acid can be isolated from a 
chlorination run at 25", but it does not decarboxylate to 
phenyl chloromethyl sulfide under the reaction conditions 
(Table I). 

I +COz + PhSCHzCl 
77' 

PhSCH2C02H .zl i n  CC14 

b PhSCH(Cl)COZH 

A chlorosulfonium salt is probably formed as the initial 
product. At 25" it  rearranges to phenylthiochloroacetic 
acid,ll but a t  higher temperatures decarboxylation of the 
sulfonium salt competes favorably with rearrangement .I2 

NCS 

[Ph8CH2-] - PhSCHzCl j: L1 

PhSCHzCOzH --t 

[PhSCH2COzH]'Cl- 
I 
c 1  PhSCHClCOzH 

It seems likely from these mechanistic considerations 
that halogenative decarboxylations will be successful in 
general for systems of the type EWGCHzCOzH and 
EWGCH(R)COzH, where EWG is a strongly electron- 
withdrawing group (ArSOZ, RSOz, CN, NOZ, COR, COzR, 
SRz+, NR3+, and the like) and R is either an alkyl or an 
aryl group. 
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JCC-5-1 

N m r  speolra were run on Yarten T80 and Perkin-Elmer-Hiteehi 
R-ZOB Speofrometels I80 M H d  Chemical s h u t s  BPB reported in  6 units 
h r t s  per nirllton downfleld f m m  TMS) snd ware determined In Chlomlorm 
501~llOn. Melting pomts are uncorrected.  Mlcroanalyser ape by Mlero-Teoh, 
Skokle, Ullnols .  

Dlbiomoniethyl Be-Aryl Sulfongs. The meparatIan of dibroma- 
methyl 3-nltrobenzyl sulfone etertmg from 3-nltrobemyi ~hlorlde and 
melcaploacstlc acid 18 typ le~ l  of the preparations Of dlbromomethyl bemyl 
6Ylfmes (Table ll).sb Dlbrornomelnyl a q l  6ullOnes c m  be prepaped by a 
51mllaP procedure starting with ~renethlol~ and ChlorOBCetiC acid. 2 

Table U. Melting Points and Csrban and Hydrogen Analyaea for Dlhromo- 
methyl ~ e m y ~  suuones. A ~ C H ~ S O ~ C H B I ~ .  

Cnlcd. F o m d  
C H C H  

Substiblenl M P  'C' ~~~~~~~ 

3 . ~ 0 ~  1 3 8 - m a  C ~ H ~ B ~ , N O ~ S  25.76  1.89 26.90 2.04 
4-Me 122-123.8 C B H : a B ~ l O a S  31.60 2 .95  31.79 3.01 
4-CI 121.2-122.8 CaH,Br,CIO,S 2 6 . 5 1  1.95 26.69 2.05 
3.Me 145-145 C I H l o B r l O t S  31.60 2 . 9 5  31.55 2.95  
3 - F  100.8-101.3 CdHIBrzFO,S 27.17 2.04 27.92 2.18  
4-NOi 149-149.5 CIiH,Br1hO45 
3-Br 348.8-150.2 ClH,BrSOIS 23.61 1.73 23.87 1 . 8 2  
4-Me0 140-141.2 C J H g B r l O I S  24.74 2 . 0 5  25.02 2.17 

%corrected. 

In a 250-ml flask equipped w i t h  a cOndenSer and sfllrel W e b  placed 
8.  80 g 10.0502 mole1 of 3-nltrabenayl chloride (Eastman) dlesoived m 75 mt 
of 95% EMH. 
rolullm Of mereaptoaeetu acid (Eastman) and 50 ml of aqueoub sodium 
hydroride IO. 15 mole) was added in one portlon. Afler the rnitlal reactlon had 
subsided. the Solntmn was heated a t  rellux fm I h r  and a l l r r s d  overnight sf 
room temperature.  Mort of the ethanol was removed by rotary evap~rallon 
and the residue W R ~  diluted with 125 ml of water.  The Solutmn was aeldilled 
lo Con$o Red pPer  with 3 "21, and tho oi ly  layer tahenvp ln ether(2 1%- 
ml entraota). After waahing with rater the oornblned ethereal e x t i a t l a  Were 

A EolUtion p I e p a l e d  from ti ml  ( 0 . 0 5 2  mole1 a1 an 60% aqueous 

JOC-54 
3-C1 117-117.3 C I , H I ~ B ~ C I O I S  4 6 . 7 5  3.38 4 1 . 0 0  3.83 
4 - F  115-115.3  C 1 6 H , $ B r F 0 1 S  48.99 3 . 5 2  40.18 3.81 
3-Me 83-84 C l i H l l B r O , S  53.11 4 . 4 6  53.08 4 . 4 7  

dUneoErected 

sulfone" 11.0 g, 5 . 1  mm011 was dissolved under nitrogen I n  LOO ml of 
anhydrous ethyl ether.  Butyliithium 12. 81  m l  of 2 . 1  in hexane) .#a8 added 
wllh B sYPlnge while the mixture was maintamed a t  O ' ,  The mixtore was 
warmed l o  32' f o r  V z  hr.  f h e n d q  e a r l a n d l v x l d e  (5 gl was bubbled m. The 
Salt p r e e W d e d .  E t h e l  war removed by rotam evapor.atmn. 100 m i  01 water  
Was added, and the water extracted wlih 2 50 m l  portions 01 ether. The 
solvtlon was aeldlfied to Congo Red, then extracted v41h 3 30 ml p~r t ions  of 
chloroform. The chloroform was drled With mdlum aulf i te  and the solvent 
removed to  eve 920 mg ( 7 5 8  yield) of a clear colo1le66 oU which solldilied on 
standmg. R e c q e t e l l h a l l o n  from Chloioforrnl hexane gave a h i t e  crystals, mp 
133-135'. Nmr. O.84-l .3l(mi 4H1; 2.57 (m. 1Hl; 5.10(& 1x1; 7.18-7.80 
l m ,  t i f f ;  8 . 5 7 l e .  1Hl. e. C a l e d f o r C 1 , H I , 0 4 S :  C, 54,96;H, 8.04. 
Found: C, 56.03; H, 5.15 .  

~ ~ C ~ C l o P r o ~ y l s Y I f o n y l ~ - ~ h ~ ~ y l ~ ~ ~ ~ ~ ~  Acid 0). Benzyl cyclopropyl 

Cyclapropylrulfanylphenylaeefle acld was recovered unchanged xfter 

Treatment of z-Cyelopropyi~ulfonyI-r-phenyiaCeiic A d d  Q1-S 
and IiCS In CCl,. A 588 mg 12.36 mmol) PDrtiDn of i w a s  added to 8. 55 mg 
13.87 mmol) of CBS m 10 m l  of earbonfetraehlorlde and the mutvre r e t h x e d  
for 5 . 5  hr. Removal of mivent gave B mlrbure of oil and solid. hmr  analysis 
indicated the prc~enee a1 a-bromobenzyl cyeloprapyl sulfone. SuCClnlmide and 
NBS. C h m m r t o g r i p h y  of the mixmre an 20 g of acidic alYmlnadl w a d e  11. with 
c ~ l u m n  dmensmm 2 x 20 om nsmg 209 ether hexane eluent (ehangmg to 25% 
ether hexane alter 500 m l  01 rolvenl was u d )  collectmg 80 m i  fractmns gave 
410 mg 163%) of 3-hromobemyl e y ~ l o p m p y l  d i m e  in Lraellons 4-6. 
Reoryr~llizallon from hexane gave the analytical sample, rnp 87-68'. Nmr: 
1. I1 jm, 4Hl: 2.63 lm. IHI; 8.71 18, 1H): 1.43 (m, 5H). lr ( m a 4  7.55, 
8.61. &&. Ca1OdforCtQH,,BrO,S: C, 43.64; H, 4.03. Found: C ,  
43.70: H. 4.05. 

refluxing I n  carbon tetrachloride soIution f o p  5.8 hr.  

This proeeduw Is representative of those c a r r i e d  out m the orher halo- 
genative decarboxylations. (See Table I for a ~ u i n m a l y  of the l e s u l t b . )  

JCC-F4 
WaParated to glve crude 3-nltrol33wylthloa~efic acid. To s mlution of the 
Crude acld in 75 ml of $lacla1 1Dellc acid was added 30 m l  (0.26 mole) or 30% 
HtO, over B 30 min period. Alter B 15 min rellux the S01utmn UBS allowed ID 
OOme to room temperature (1 hrl  and an aqueous ~ d ~ t l o n  of pmtessium hromlde 

was added unrd the e v o l u l i ~ n  01 bromine ceased. Rapid d e d o P i s s t l o n  of 
bromine occurred and carboll dloxlde w88 evolved. An sddllional 5 ml of Brz 
%as added to cornpleie the reaftinn. III svfflclent H i 0 8  a d  KBr are used this 
Is YmeC~86ary.)  The reacIlon muture wa6 dlluted wlth %ater and washed with 
aqueous bisultiie to r emow eiicese hromme. The d i d  was ealleoted on a 
friter rind then ieoI.y6kllYed lrom 95% s t h a n d i  pale yellow erystBLs, mp 
138.8-140.2'; nmr 7.3-8.4 lm. 4Hl. 6.13 ( 8 ,  1Hl. 4.84 I5 ZHI. The other 
dibromomelhyl bemyl sulfones tor which analyticai data are reported in Table 
I1 had Similar nmP e p e f r ~ .  The sample af dlbromomerhyl 3-bromo-4-melhoxy- 
bemyl sulfone was obtalned m a  reaction where pmethoxybenzyi alcohol lanmyl  
aloohol) was the start ing matartel. IBrominatlon of the temsne ping occurred 
durmg the reaction.1 

Bramomethyl Benzyl Sullonei. There w e l c  PPepared from the dihramo- 
methyl benzyl SUlIones In average yield6 01 about 7Sia by reductmn with B slight 
excess 01 p o t e ~ s ~ u m  sulfite In aqueous ethanol I7 h r  refluxi. The nmr spectrum 
for bromomethyl 3-nltrobenzyl Eulfone 16 kPlea:'4 7 . 8 - 8 . 4  (m, 4H); 4.82 
1% 2H): 4.30 i s ,  2x1. 

Table I D  Melting Points and Carbon and Hydrogen Analyses f o r  Bromomethyl 
B ~ N Y I  hillmes. ArCHsSO.CH.Br. 

Substituent M P  'Ca Mg:::$: CsIEd. CFoUnd 

4-Me 1.89.5-170.5 C B H I I B ~ O ~ S  41.06 4 . 2 1  41.00 4.42 
4-C1 105.5-198 CSHaBrCIO9S 
3-Me 80.90.5 C g H j t B r O I S  41.08 4 . 2 1  41.27 4.14 
3-F 95-95.8 C B H l B r W l S  3 5 . 9 7  3.02 3 5 , 7 3  3.04 
(-NOr 214.215.8 C,H,BrNO,S 32.87 2 . 7 2  33.08 2.88 
3-Br 
4-Me0 148.5-147.2 C,H,,BrlO,S 30.19 2.82 30.30 2 ,  I5 
3-Br 117-117.9 C s H 8 B r , 0 1 S  29.29 2 . 4 6  28.40 2 . 4 8  

eUnCOrreCted 

S - N O ~  I M - I I ~  C ~ H ~ B ~ N O ~ S  32.67 2 . 7 2  32.82 2 . 7 6  

:Dc-s.s 

~-CycloprapslsulfonyIc-phenylaceth aold ( 2 . 8  g, O.Ol08  mole crude) 
W a a  refluxed f o r  4 h r  In LOO m l  of CCll contaamfng 2.0 g NCS and a cryatel  of 
benzoyl peroxide. After stending overmghl,  50 mi of WBLBI wae added m d  the 
O r g a n l e  phase washed h l e e  with NaXCOI, Drying and remaial of ~a lvent  gave 
1 . 5 3  g 01 oll. by nmP analysis 80% PhCH(Cl~?Q,CHICHIll and 20% 
P h C ( C l I r S O ~ C H ( C X ~ 1 ~ .  E V B P O ~ ~ I I Y B  dl&h.tlon 10.05 m m ,  120'1 did not 
ohange the composltlon. Chromatography of 520 mg of lhm materlill was done 
On 30 g I i l t c l  gel. Elution wllh 15% ether/ hexane gave, I n  the early fractions, 
84 mg O f  a.c-dshlorobenzy1 Oyelopropyl SYllOne; 0.88-1.30 (m, 4H); 2.43-  
2.92 l m ,  IH) ;  7.31-7.61 (m. 3H); 7.75.8.13 lm, WI. 
CioHioC1202S: C . 4 5 . 2 0 :  H, 3.80. Found: C, 4 5 . 2 3 : H .  3.17. 

g. Calcd for 

Elvllon with 20% ether/ hsxnne gave 480 mg of r - c h l o r o b l u y l  cyclo- 
Propyl aulfane, w h c h  was Contaminated with the dichloride. Nmr: 0.92- 
1.35 (m, 4H). 2.26-2.14 lm. 1H); 5.70 (a. IH): 7 . 3 0 - 1 . 7 8  lm. 5H). With the 
excepuon 01 the chemloal shil t  of the benzyl proton, the m r  spectrum of this 
material Is the ~ a m e  as fhat 01 the bromo oompound prepared analogously. 
Analysk mdleated the presence 01 about 20% 01 the dichloride.  @. Caled lor 
C c 8 H j ~ C 1 O ~ S :  C, 52.05: H. 4.50 .  Found: C ,  5 0 . 8 5 ;  H, 4.85.  

Treatment of Phenillhioacetlc A d d  ,wirh NCS In CCI, at Rellux. Phenyl 
thloacerlc acid (157 mg, 1 mmoi) was added to 10 ml of carbon tetrachloride 
eontalnlng NCS I138 mg. 1 mmol). The mlxhlre was refloxed lor 4 h r .  oooled, 
l u t e r e d  and 901vent removed to gwe an all. The nmi of lhls mate in l  showed 
It to be B mixture 01 chloromethyl phenyl sulfide (identified by comparlson w l t h  
the spectrum af the known compound1 and phenylthioehioroacetic acid lmr. 
5.60, C g :  7.35. aromatio.  10. 81, OH1 m a  6 to 1 ratio respectively. This 
mater~al WPB not characterized f u r t h e r  but was o d d l r e d  by dlstolvrng In 10 m l  
of dichloromethane and adding ~ - o h l o r o p e r o r y b e n z o i  a d d  I500 mgi and 
refluxing fop 1 hr.  The diehloromethme solutlon was washed Wilh mdium 
sulllte, then sailurn bicaPhmme. D ~ i n g  and removal 01 solvent gave 153 mg 
01 011 i h i c h  solldiited on aeedlng with chlolomethyl phenyl eullone. Tb nmr 
was ldentlcai to that of chloromethyl phenyl r;ullons. w i d :  80.3% 

thioacetlc acid (1 mmoll was slimed for 1 h r  at 25' with NCS I1 mmull. 
(Sueemumde was ftoaling on top alter 3 hr.)  The muture W a s  llltered and the 
6 d v e n t  removed to give 247 mg of an oU. N m r  aiialysls showed phenylthio- 

Tr'eatmcnr of Phenvlthloacetlo acid with NCS In CC4 a t  25'. Phenyl- 

A c k n o w l e d g m e n t .  We are  grateful t o  the Nat iona l  
Science Foundat ion  (GP-29539X) for suppor t  of this in- 
vestigation. 

Registry No.-1, 3959-23-7; 2, 51416-85-4; 3, 51416-86-5; 

516-12-1; PhSOzCHC12, 7205-98-3; c-PrSOzCHClPh, 51416-87-6; 
c-PrSOzCClZPh, 51416-88-7; c-PrSO&HBrPh, 51416-89-8; c- 
PrSOZCHIPh, 51416-90-1; PhSOzCH(Me)Ph, 24422-78-4; 

NO~C,&CHZSO~CHB~Z, 51416-92-3; 4-MeC6H4CHzSOzCHBr2, 
31355-33-6; ~ - C ~ C ~ H ~ C H Z S ~ Z C H B ~ Z ,  51416-93-4; 3-MeCeH4CH2- 
SOZCHBrz, 31355-35-8; 3-FC6H4CHzS02CHBrz, 51416-94-5; 4- 
N O ~ C ~ H ~ C H Z S O Z C H B ~ Z ,  31355-36-9; 3-BrC6HrCHzSOzCHBrz, 
31355-30-3; ~ - M ~ O C ~ H ~ C H Z S O Z C H B ~ ~ ,  31355-37-0; 3- 
N O Z C ~ H ~ C H ~ S O ~ C H ~ B ~ ,  51416-95-6; 4-MeCeHcCHzSOzCHzBr, 
51416-96-7; ~ - C ~ C ~ H ~ C H Z S O Z C H ~ B ~ ,  51416-97-8; 3-MeCsH4CH2- 
SOzCH2Br, 51416-98-9; 3-FC6H4CHzSO2CH2Br, 51416-99-0; 4- 
N O ~ C ~ H ~ C H Z S O Z C H Z B ~ ,  51417-00-6; 4-MeOCaH4CH2- 
S O ~ C H Z B ~ ,  51417-01-7; 3-BrC6H4CHzSOzCHzBr, 51417-02-8; 4- 
M ~ C ~ H ~ C H B ~ S O Z A ~ ,  51417-03-9; 4-C1C6H4CHBrS02Ar, 51417- 
04-0; 3-FCsHcCHBrSOzAr, 51417-05-1; 3-MeC6H&HBrSOzAr, 
51417-06-2; 4-MeCeH&HBrSOzCHzPh, 51417-07-3; 4- 
C ~ C ~ H ~ C H B ~ S O Z C H Z P ~ ,  51417-08-3; 3-C1C6H&HBrSOzCHzPh, 
51417-09-5; 4-FC6H4CHBrSOzCHzPh, 51417-10-8; 3-MeCsH4CH- 

PhSCHzCOzH, 103-04-8; NCS, 128-09-6; NBS, 128-08-5; NIS, 

PhSCHZCl, 7205-91-6; PhSCHClCOZH, 51416-91-2; 3- 

d3i.5-3 
o-Bromoberuyl Methyl Sullone. The prmedure was ~ m l l a r  to  that 

described for dlbromomdhyl 3-nitrobemyl sullone except that no add~fmnsrl 
blomlne was added. a-Bromophenylaeetk acid,  8.7 g IO. 0312 mole] m MeOH 
WBB treated with a mefhand ~ t u f l o n  oontainlng 0,0312 mole 01 methenelhlol. 
Oxldatlon 01 the ~ u l l l d e  was e f k o t e d  with 20 ml IO. 178 mole) 01 30% H I O , ,  Tile 
weld of Sulfone wag 88%: mp 98-97"; nmr: 7.3-7.7 (m, 5H1, 5.73 Is,  IHI; 
3.00 ( 8 ,  3Hl. M. Calcd lor C&HsBrOtS: C, 38.37, H. 3.64 .  
38 .53;  H, 3.80. 

round: C, 

a-Bromobenzvl Bemy1 Sulfones. AqlmeUlanethmls were prepared& 
- SltU by the action 01 2- O P  p s u b s t l t u t e d  benzyl clilorldes wlth thiourea In 85% 

ethanol and Subsequent treaimml Wlth aqueoue sodium hydroxide. Tha crude 
lhlols were Oondensed with r-bromophenylacetic acid and Ihe resulting 1-  

earboxybenzyl substibled benzyl svlfldes Wsro Oxidzed and avbieeted to  
brombetli'e deoailaxylation, as above. I (  

Table iy. Meltlng Points and Carban and Hydrogen Analyaeb lor a-Bromo- 
benzyl Benzyl Sullones. PhCHOrSOICHIAr. 

Subltltoenr M P  'C' ?$:: Cnied CFound 

4 - l e  129-129.5 C I b H x ~ B r O ~ S  5 3 . 1 1  4 . 4 5  53.03 4.59 
4-C1 175.9-176.1  C , ,  H ~ ~ B r C l O t S  48.75  3.38 47.05 3 . 5 7  
3 - F  110.8-111.3 C , b H 5 % E r F O ~ S  46.98 3.62 48.92 3.52 
3-Me 120.4-121.1 C l s H l l B P O t S  53.11 4.48 53.22 4.58 

aUncOireOted 

Were prepared stearling f r o m  2- and ~ - s u h s t l t u i e d  mandelic acids.  Trealment 
with PBra lollowed by methanol geve the bromo esters, ArCHBrCO?Me. whlch 
were OOndenaed with phenylmefhanethial to give the sulfides; the latter were 
svbjscted to hydroiybls, Oxldatton and brominative d e c w b u q l a l m n ,  ds above." 

Table Y. Meltmg Pointe and Carbon and Hydrogen Annlyseb for r-Bromo- 
benzyl Benzyl Sulfoneb, ArCHBrSOiCHaPh. 

Substxlueni MP 'c Molecular Formula C Calod H C Found H 

4-Me 124.8-125.2 C , a H t s B f l ~ S  53.11 4 , 4 @  53.22 4.58 
4-13 140.2-140.7 C 1 4 H , ~ B r C I O t S  48.75 3.38 45.78 3.57 

Contmued.. . 

The Isamelk 2- and p 8 u b s t i N t e d  c-bromobenzyl benzyl Bulfones 

LX-5.4 
chloPoacetle a d d  (71% and staarthg matella1 (7%). Integralion a i  the acid 
pr0ton lelatlve to the aromatic pr0tonr w86 1 5, Indicating that the iemalnder 
Of the material was a phenyl-substituted earbomlie a d d ,  pmsumwbly phenyl- 
thxdlehlorOiiceliC acid. A sample of thla mixture was healed at &flux m CCI,. 
Although some decomposition occurred, no chloramethyl phenyl Bulfide wP6 

detected m the nmr spectrum. The remainder of the materm was oxldlred 
w i t h  2 equ~v. of 2-chloroperowbewalc acid le dichloromethene at 25' lor 
2 1  h t .  After washing with bicarbonate, drying and removal of the i d v e n t ,  
20 mg 01 p r a i u c t  was obtelned. N m r  analysis showed I t  to be a mulure of 
chloromelhyl phenyl ~ u l t o n e  and dwhloromethyl phenyl sulfane in B I to 3 rallo. 
Aeidltlcatlon of the bicarbonate washes led only to the ~ e c ~ v e i y  of 5-obloro- 
benzoic acid. No Other  0aiboxy1lO acid6 remamed. 

14. 

15, 

Addllional experimenrai detalls may be found In the Ph.D. Dibserb-tlon 
of M. D. Wollmger, h'orthwertern University, June. 1988. 

W. E. Truce and L. 8 .  Lmdy. J. % C-., I, 1453 11981). We 
found c y e l h a l m n  of PhCH,S01CH*CH,CH2C1 WLthi-BuOK In?-BuOH 
to be B more convenient p~epaialive method. 

BrSOZCHzPh, 51417-11-9; 3-nitrobenzyl chloride, 619-23-8; mer- 
captoacetic acid, 68-11-1; a-bromobenzyl methyl sulfone, 23211- 
69-0; a-bromophenylacetic acid, 4870-65-9; methanethiol, 74-93-1; 
benzyl cyclopropyl sulfone, 51417-12-0. 
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Remit check or money order for $3.00 for photocopy or $2.00 for 
microfiche, referring to code number JOC-74-2516. 
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Observation of deuterium exchange occurring during 1,3-dehydrobromination of MezCHSOzCHBrPh in 
NaOMe-MeOD and of a low kH/kD isotope effect (1.2) for 1,3-dehydrobromination in 40% aqueous dioxane 
shows that this reaction is occurring by a two-stage, carbanion mechanism, rather than a one-stage, concerted 
mechanism, Deuterium exchange a t  the methine position of Me&HSOzCHClPh was found to be over 1000 
times as rapid as that in the parent sulfone, Me2CHSOZCHzPh. I t  is postulated that the chlorine atom acceler- 
ates exchange not only by an inductive effect but also by facilitating solvent exchange a t  the initially formed 
singly solvated carbanion. 

In a previous paper we reported some surprising dif- 
ferences for the effect of methyl substitution on deuterium 
exchange a to a sulfonyl group us. removal of a similarly 
situated proton in a Ramberg-Backlund reaction. Each 
substitution of a methyl group in the series PhCH2S02CH3 
(l), PhCH2S02CH2Me (2), PhCH2S02CHMe2 (3) caused a 
decrease in methoxide-catalyzed deuterium exchange rate 
of about 100-fold.1 The rate-limiting step in such exchanges 
has been shown by Cram to be the rate of solvent exchange 
between the initially solvated carbanion and bulk solvent 

k i  

( k s )  .' 

MeO- + HCRzSOzCHzPh MeOH- * * -  CRzSOzCHzPh 

MeOD 1 k, 
MeO- + DCRzSOzCHzPh 2 MeOD. .- CRZSO2CHzPh 

Methyl substitution probably decreases k l  by an induc- 
tive effect, and may also decrease k,. Since k - 1  (internal 
return) is extremely fast-perhaps even faster than a dif- 
fusion-controlled rate-it will be affected to a much lesser 
extent. Let us assume that the lo4 rate decrease from 1 to 
3 results from a tenfold decrease in k l  and also in k ,  for 
each methyl substitution. An overall decrease in rate of 
-100-fold would then be expected in analogous Ramberg- 
Backlund reactions in the series PhCHBrS02CH3 (4), 
PhCHBrSOzCH2Me (j), PhCHBrSQzCHMez (6) ,  since a 
tenfold retardation in k l  should be observed on each 
methyl substitution. 

k l  
MeO- -t BCRzSOzCBBrPh 

4, 5, 6 
(R = H or Me) 

.c- 

MeOH. * - -  CTS,CHBrPh -% R&(-,CHPh + B r -  

S 
0 2  0 2  

Instead, the overall rate is affected but little by methyl 
substitution, the relative rates for 4:5:6 being 

(1.0):1.7:0.62.1 One way to account for these results is to 
assume that competition between k2 and k - 1  has de- 
creased the relative amount of internal return.l Another 
possibility is that there is a change in mechanism along 
the series; for example, the reaction of 4 (R = R = H) 
might occur in two stages, as indicated by the equations, 
whereas the reaction of 6 (R R = Me) might occur in 
one stage (concerted mechanism). Additional experiments 
have now been carried out in an attempt to choose between 
these two possibilities. 

Ordinarily, because of internal return, one observes low 
or even inverse. k H / k D  isotope effects for exchange of pro- 
tons a to sulfonyl groups.2 On the other hand, in a con- 
certed reaction one might expect to observe a sizable 
kH/kD isotope effect. The isotope effect for 6 was therefore 
examined. Since the two-stage Ramberg-Backlund reac- 
tion is known to have a large kBr/kCl leaving-group ef- 
f e ~ t , ~  it was also of interest to examine the behavior of the 
chloro analog of 6, PhCHClSOzCHMez (7) .  

Results 
The desired a-bromobenzyl isopropyl sulfone and its 

deuterated analog were obtained by methods reported in 
the literature. The rates of hydroxide- or methoxide-ini- 
tiated dehydrobromination were measured spectrophoto- 
metrically in 40% aqueous dioxane and methanol soh -  
tions, respectively (Table I) ,  

The k H / k D  of 1.0 in methanol indicated that prior ex- 
change was occurring, and this was supported by quench- 
ing experiments. In an experiment run with 6 at 25" in 
methanol-0-d the starting material was 37% deuterated at  
the methine position after the reaction was only 1870 com- 
plete. Some exchange a t  the methine position occurred 
also in 40% aqueous dioxane, but the amount was not suf- 
ficient to affect the rate data, as may be judged by the 
high correlation coefficients obtained from a least-squares 
plot in the rate calculations ( r  = 0.9992 for the deuterium 
compound and 0.9999 for the hydrogen compound). We 
believe, therefore, that the k H / k D  of 1.2 at  50" is reason- 
ably accurate; a t  25" one would expect the ratio to in- 
crease slightly. 


