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It is known [1] that the Ad E reac t ion  of sulfenyl halides with t e rmina l  a lkenes leads to the predominant  
format ion  of ant i-Markovnikov adducts ,  in which connection this  reg iose lec t iv i ty  is increased when going f rom 
propylene to isobutylene [2]. In o rde r  to reconc i le  this  anomaly (for the AdE process )  with the genera l ly  
accepted mechanism of the reac t ion ,  which postulates the in termedia te  format ion  of a br idge cationoid i n t e r -  
media te ,  the episulfonium ion (ESI), it was postulated in [3] that the d i rec t ion  of opening the la t ter  is con-  
t ro l led  mainly b y s t e r i c ,  and not by e lec t ronic  fac to rs ,  i . e . ,  by the presence  of CH 3 groups ,  which block the 
approach of the nucleophile to the m o r e  substituted cen te r .  However,  recen t ly  it was found [4] that the opening 
of S-arylepisulfonium ions that r e p r e s e n t  propylene der iva t ives  is  accomplished chiefly as  the r e su l t  of the 
nucleophHe attacking the methine C atom, i . e . ,  it is control led by the usual e lec t ronic  ef fec ts .  

The purpose of the present  paper * was to study the regiose iec t iv i ty  of the reac t ions  of nucleophiles with 
ESI that r e p r e se n t  isobutylene der iva t ives ,  for  which, on the bas is  of [1, 2], it could be expected that s te r ic  
fac tors  will play an important  ro le  in control l ing the regiose lec t iv i ty  of the p ro ce s s .  

The ESI were obtained by standard methods in harmony with Scheme 1. 
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(IVa--c) Ar 
Ar = Ph (a), 4-CIC6H~(), 2, 4, 6-Me3C6He(c ) 

In liquid SO 2 solutions the precipi ta t ion of AgCI f rom (Ilia, b) (Hal = CI) was quite complete at --70 to --50~ 
in 30-40 rain, while in the case  of (IIIc) it was slow at the indicated t e m p e r a t u r e s  and consequently (IVc) was 
obtained f rom the b romo adduct (]Tic) (Hal=Br) .  

Compounds (IVa-c) proved to be less  stable in concentrated solutions than the i r  propylene analogs,  and 
consequently only (IVc) could be cha rac t e r i zed  via the 13C NMR spec t rum (5, ppm, re la t ive  to HMDS): 91.7 
(t3Ci), 54.9 (t3C2), 19.0 (t3CH~ at Ct); the not iceable (AS ~ 22) paramagnet ic  shift for  C i when compared with 
the signal of this  cen ter  in the propylene analogs [4] is evidently explained by the p resence  of an additional 
CH 3 group in (IVe) (cf. with the data for  halonium ions [6]). 

Compounds (IVa-c) proved to  be quite stable in more  dilute solutions (0.1-0.3 M), which made it possible 
to study the i r  reac t ion  with nucleophi les .  Thus, the react ion of (IVa-c) with a MeCOOH--MeCOOK mixture  in 
liquid SO 2 leads to the format ion  of acetoxy adducts (Va-c) in 72-91% yie lds .  

S c h e m e  2 
M e C O O K - - M e C O O t t  . (IV a-- c) . -* Ivm2C--CH2SAr 

OCOMe 
(Va--c) 

M 

�9 See [5] for  p re l iminary  communicat ion.  
r and aM a re  the addition products  of the e lec t rophi le  (ArS ~') and nucleophile in harmony with the Markov-  
nikov rule  and cont ra ry  to i t .  
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The s t ruc tu re  of (Va-c) as  being a ry l  ( 2 - m e t h y l - 2 - a c e t o x y ) - l - p r o p y l  sulfides was proved via the PMR s p e c -  
t r a :  s ingle ts  of Me~ ( 1 A I - I A 3  ppm),  MeCOO (1.65-1.74 ppm),  and CH2S (2 .98-327 ppm) g roups .  The s ignals  
of the C H2OCOMe f ragmen t  in the 3.9-4.2 ppm region  a r e  absent  in the PMR spec t r a ,  and consequently the ob- 
tained acetoxy adducts  (va-c )  a r e  p rac t ica l ly  not contaminated (within the accu racy  l imi t s  of the PMR) with 
the a ry l  (1 ,1-d imethyl -2-ace toxy)e thyl  sulf ides .  As a r e su l t ,  the reac t ion  of ESI (IVa-c) with aceta te  ion p ro -  
ceeds  with a high degree  (95%) of r eg iose lec t iv i ty  and leads to the format ion  of adducts  that  co r r e spond  to 
oponiug of the episulfonium r ing  in ha rmony  with the Markovntkov ru le .  He re ,  on the  example  of the c o n v e r -  
sion (IVa) - "  (Va) it was shown that  the exclus ive  fo rmat ion  of Markovnikov adducts  is  a l so  observed  in l e s s  
po la r  media ,  for  example ,  in a C2H4CI2--CH2C[ 2 m i x t u r e .  

Prev ious ly  it was  repor ted  [7] that  the r e su l t  of reac t ing  (IVa) with MeO- in liquid SO 2 is  the fo rmat ion  
of the M adduct,  which, in the opinion of the au thors ,  is a ssoc ia ted  with the specif ic  solvat ion in th is  solvent .  
Since the genera t ion  of (IVa) by the method desc r ibed  in th i s  paper  r e q u i r e s  the use  of a substant ia l  ex ce s s  of 
SbCls, we deemed it n e c e s s a r y  to  r e p e a t  t h i s  r eac t ion  under  "pure"  condit ions.  It proved that  the reac t ion  of 
the (IVa), obtained under  s tandard condit ions,  with MeO- is highly se lec t ive  and gives  adduct (Via), which, 
based  on the PMR data,  is  not contaminated with the r e g i o i s o m e r .  

S c h e m e  3 

(IV a) )~eo- Me~C--CH~SPh 
i 
O.~e (Via) 

This  r eac t ion  is equally se lec t ive  when run in C2H4CI 2 --CH2CI 2 medium,  and consequently the reg iose lec t iv i ty  
of fo rming  (Via), the same  as  in the case  of (Va), is independent of the nature  of the solvent .  

As  a r e su l t ,  the ru le  for  the opening of episulfonium complexes  that  a r e  isobutylene de r iva t ives  by 
nucleophi les  is the fo rmat ion  of the Markovnikov adducts ,  in which connect ion the reg iose lec t iv i ty  of this 
p roce s s  is p rac t ica l ly  insensi t ive  to va r i a t ions  in the nature  of the a ry l  subst i tuent  or  nucleophile o A c o m -  
par i son  of t hese  data with the data given in [4] on the ESI that  a r e  propylene de r iva t ives  r e v e a l s  that  the in-  
se r t ion  of an additional CHH 3 group  in the ESI not only fa i ls  to  c r e a t e  s t e r i e  hindrance to a t t ack  of th is  cen te r  
by the nucleophile (as was postulated previous ly  [8]), but,  in con t ras t ,  f ac i l i t a tes  the a t t ack  of th i s  cen te r  in 
complete  ha rmony  with the hypothes is  given in [4] on the de te rmin ing  ro t e  of e lec t ron ic  e f fec ts  in control l ing 
the reg iose lee t iv i ty  of the d iscussed  p r o c e s s .  Consequently,  the genera l ly  accepted  postulate of the an t i -  
Markovnikov d i rec t ion  of opening ESI [1, 3] is i nco r rec t ,  at l eas t  when it appl ies  to propylene and isobutylene 
de r iva t ives .  In view of the obtained r e s u l t s  it i s  apparent ly  n e c e s s a r y  to r e e x a m i n e  the data given in [8] on 
the theore t i ca l  substant ia t ion of th is  postulate  by quan tum-chemica l  ca lcu la t ions .  

EXPERIMENTAL 

The GLC ana lys i s  was run  on an LKhlVI-8-MD ins t rument ,  us ing the phases  OV-101 and XE-60  deposi ted 
on Chromoso rb  (3-5%) and a 1-2 m X 4 m m  column.  The m a s s  spec t r a  were  taken  on a Var ian  CH-6 i n s t r u -  
ment ,  the PMR sp ec t r a  were  taken  on Var ian  DA-60 - IL  and B r u k e r  W P - 6 0  ins t rumen t s  (60 MHz), and the 13C 
NMR spec t r a  were  taken on a B ruke r  WP-60  ins t rument  (15.08 MHz).  The p r epa ra t i ve  separa t ion  of the p r o -  
ducts  was run  on 24 x 24 c m  g l a s s  p la tes  cove red  with a loose SiC z l aye r  2 m m  th ick .  The solvents  were  p~r i -  
fled and dr ied by s tandard p r o c e d u r e s .  Al l  of the opera t ions  on the p repa ra t ion  and t r a n s f o r m a t i o n s  of the 
E SI were  run in a d ry  a rgon  s t r e a m .  

The ch loro  adducts  (IIIa, c) were  obtained as  desc r ibed  in [3]; the a ry l su l feny l  b r o m i d e s  (IIa, e) and 
b r o m o  adducts  (IIIa, c) were  obtained as  desc r ibed  in [41. The c h a r a c t e r i s t i c s  of the compounds a r e  given in 

Table  1. 

The ESI (IVe) for  taking the l~C NMR spec t r a  was obtained d i rec t ly  in a 1 .5 -ml  g lass  inse r t  by adding 
1.3 m m o l e s  of f resh ly  p repa red  (IIIc) to  a s t i r r ed  solution of AgSbF 6 (1.5 mmole s )  in 1.3 m[ of liquid SO 2, 
cooled to --70 ~ Af ter  holding at - -60 to  --50 ~ for  40 rain the ampul  was sealed and the spec t rum was r e -  
corded at - -70  ~ (using HMDS as  the ex te rna l  s tandard) .  

Compounds  (IVa-c) for  the r eac t ions  with the nucieophi tes  were  obtained the s ame  as  de sc r ibed  above 
f r o m  1.1 m m o l e s  of AgSbF 6 and 1.0 m m o l e  of the appropr i a t e  Hal adduct (KI) in e i ther  5-7 ml  of liquid SO 2 or 
10-15 ml  of a 2 : 5 Czi.I4CI2--CHH2CI 2 m i x t u r e .  The r eac t i on  m a s s  was s t i r r ed  for  30-40 min at - -50 to --40 ~ 
[in the case  of (IIIa) (Hal = Br ) ,  the s t i r r ing  was done in C2I,I4C12 --  CH2C12 for  40 rain at  --20~ in which con-  

nect ion the AgHal precipi ta ted  ~ The extent  to which the (III) compounds (Hal = CI) reac ted  in the indicated 
t i m e  was 80-90%. In the case  of (IIIa, c) (Hal = Br) ,  due to the i r  instabi l i ty ,  par t i a l  decomposi t ion  occur red  
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and up to 10-15% of the corresponding diaryl disulfide was detected in the reaction mixture.  At the end of the 
indicated time the ESI (IVa-c) were treated with the appropriate nuc[eophile. 

Acetoxy adducts (Va-c) were obtained by adding to a solution of the appropriate ESI at --50 ~ a mixture of 
0,5 g of MeCOOK and 0.5 m[ of MeCOOH in 5-7 m[ of the solvent used to obtain (IV), cooled to --50 ~ After 10 
rain the temperature was raised to ~20 ~ and 30 mI of saturated aqueous NaHCO~ solution was added, after 
which the mixture was extracted with 2 • 100 m[ of ether,  and the extracts  were washed with water and dried 
over Na~SO 4. After evaporation of the ether the residue was purified by TLC. The character is t ics  of (Va-c) 
are  given in Table 1. 

Methoxy adduct (Via) was obtained by treating (IVa) as described in [7]. The PMR spectrum was [den- 
t[ca[ with that described in [7]. 

C O N C L U S I O N S  

The opening of S-ary[episu[fonium complexes that are isobutylene derivatives proceeds with the exclu- 
sive formation of the Markovnikov adducts. 
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The effect of the nature of the substituents on the photochemical behavior of the 2,6-dimethy[- (I), 2,6- 
di - ter t -butyl-  (II), and 2,6-diphenyl-l,4-benzoquinoncs (IIi) in protic and ap t . t i c  solvents was studied in the 
present paper. A partial study of the behavior of the given objects in photochemical processes was made 
previously [1-3], but the inadequacy of the photolysis conditions did not permit  making a comparative estimate 
of the effect of structural factors on the character is t ics  of the photochemical t ransformations.  

The photolysis of the studied quinones in a[iphatic alcohols leads to various reduction products (Table 1). 
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