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A b s t r a c t  

Friedel-Crafts reaction of aromatic compounds with the Baylis-Hillman adducts of N-tosylimine derivatives in 
the presence of sulfuric acid provided a stereoselective methodology for the preparation of 2-benzylsubstituted 
olefins in moderate yields. © 1998 Elsevier Science Ltd. All rights reserved. 
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In the course of our recent s tudies  on the F r i ede l -Cra f t s  reaction we have found that  
certain Lewis  basic  subs t ra tes  containing ca rbon-n i t rogen  single bond could generate  
carbocationic species in the presence of sulfuric acid or a luminium chloride [1-2]. Such 
subs t ra tes  include 1,3-dicyclohexylcarbodiimide,  amides,  sulfonamides,  and urea derivatives.  
Based  on our resul ts  we intended to apply our f indings for the preparat ion of synthet ical ly 
useful compounds.  As  a part  of our program, we examined on the Fr iede l -Craf t s  reaction of 
sulfonylimine der ivat ives  and their  Bayl i s -Hi l lman  adducts,  and herein we wish to descr ibe 
our prel iminary resul ts  on the F r i ede l -Cra f t s  reaction of aromatic  compounds with the 
Bay l i s -Hi l lman  adducts  of N- tosy l imines .  

As  shown in Scheme 1 and Table  1, F r iede l -Cra f t s  react ion of some arenes with the 
Bay l i s -Hi l lman  adducts  of N - t o s y l i m i n e  der ivat ives  3 in the presence of sulfuric acid (0.2 
eqiuv) afforded 2-benzy lsubs t i tu ted  olefins 4 and 5 in modera te  yields. The  Bayl i s -Hi l lman  
adducts  3 were prepared from the corresponding N - t o s y l i m i n e  der ivat ives  2 [3-10] and 
ac t iva ted  vinyl compounds such as  ethyl  acryla te  or acrylonitr i le  according to the l i terature 
methods  [11-12]. 

In the react ions we could obtain 2 -benzy lsubs t i tu ted  t r i subs t i tu ted  olefin der ivat ives  4 and 
5, which means  that  the reaction might  proceed via SN2' type  process.  W e  could not obtain 
any of the olefins that  were produced by direct  replacement  of the sulfonamide group. It is 
interest ing to note that  the s te reochemisr ty  of the produced olefins 4 and 5 differs markedly  
according to the electron wi thdrawing group of the Bay l i s -Hi l lman  adducts  3. Where  the 
E W G  is methoxycarbonyl  and e thoxycarbonyl  group, E form olefin 4 was  obtained 
exclus ively  (see Table  1), while the corresponding Z form 5 was  obtained in the case  of 
nitrile der ivat ive as shown in Scheme 1 [13]. The  as s ignment  of s tereochemis t ry  of 4 - 5  was  
based  on their  13C NMR spectra  [14]. The  character is t ic  benzyl  carbon appeared in 
30.82-33.19 ppm in 4 a a - 4 c a ,  while in 39.35-42.10 ppm in 5 d a - 5 d d .  

This  remarkable  discrepancy could be explained by  the relat ive stabil i t ies of the 
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arenes COOR' 

R ~ A r  H2SO 4 (0.2 equiv) 
E W G  NHTs 60 80 °C, 2 h 4aa-4ca (E') 

TsNH'2 .J-.../EWG EWG = COOR' R-CHO ~ R-CH=N-Ts J" R 
DABCO / THF I arenes Ar - -=42  

1 2 3a-3d H2SO 4 (0.2 equiv) R 

60-80 °C, 2 h 5da-5dd (Z) 

Scheme 1 EWG = CN 

:, 

A 1'3 strain 

C=N 
A~ k . ~  j .O 5da-5dd (Z) A 

TolO2 S'Iq't~'& H'N'so.e Tol 

B Figure 1 D 

NHTs 
J .~COOEt  benzene ~ . ~ ~  COOEr + 

MeO ~ ~ H2SO 4 (1,2 equiv) MeO" ~ ~ MeO 
3e reflux, 24 h 'kJ 

43% (E.Z = 60:40i 

NHTs 

~ CN benzene .~ 

MeO H2SO 4 (1.2 equiv) MeO- ' ak~  CN 
51% (Z  single isomer) 

3f reflux, 2,i h 

Scheme 2 
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Table 1. Synthesis of Stereodefined Trisubstituted Olefins 4-5. 

entry substrates arenes products # yields (%) 

NHTs ~ t  
~ C O O E t  1 benzene (a) 74 

3a 

2 ga toluene (b) 52 
~.-...-t-' Me (p.b = 65:35) 

4ab 

3 3a chlorobenzene (c) 42 
- 4ac ~---2--' CI (p.'o = 55:45) 

NHTs ~ t  
4 ~ j / j j  11 COOEt benzene (a) 50 

/ ~ 3b 4ba 

5 3b /~xylene (d) ~ 86 
4bd 

NHTs 
6 ~ C O O M e  benzene (a/ 69 

NHTs C ~  ~ 
7 benzene (a) 96 

5da 
3d 

8 3d toluene (b) ~ ~ M e  49 
(p:o - 65:35) 

5db 

9 3d /)-xylene (d) I ~  ~N , J ~  76 

5dd 

~Trace amounts  (2-5%) of olefin that have opposite s tereochemistry were observed on 13C NMR spectra 

in entries 1.5,6, and 7. In other cases  there was no detectable isomer that has opposite stereochem stry 
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in t e rmed ia t e s  and the  cor respond ing  t rans i t ion  s ta tes  as s h o w n  in F i g u r e  1. In the case  
w h e r e  e s t e r  funct ional i ty  is subs t i tu ted  the re  are  t w o  poss ible  ro t amer s  A and B. T h e r e  is 
allylic 1 ,3-s t ra in  in r o t a m e r  B, and thus  the  s t e r e o c h e m i s t r y  of the  produced  olefins is E by 
e l iminat ion of the  p - t o l u e n e s u l f o n a m i d e  via c o n f o r m e r  A. T h e  in t r amolecu la r  hydrogen  
bonding  b e t w e e n  e t h o x y c a r b o n y l  g roup  and the  su l fonamide  g roup  in B m a k e s  the allylic 
1 ,3-s t ra in  more  severe .  W h e r e a s  nitri le is subs t i tu ted  ( ro tamers  C and D), genera l ly  expec ted  
nonbonded  in terac t ion  s t ra in  b e t w e e n  aryl  moie ty  R and benzyl  g roup  is the  p rominen t  s ter ic  
s t rain to m a k e  the r o t a m e r  C ' s  e n e r g y  high. Thus ,  t h e r m o d y n a m i c a l l y  more  s table  Z olefin is 
obta ined  in this  case.  T h e s e  exp lana t ions  w e r e  fur ther  conv inced  by  the  react ion of benzene  
wi th  p - m e t h o x y  de r iva t i ve s  3e  and 3f  ( S c h e m e  2) [15]. In the  case  of 3e  the 
s t e reose lec t iv i ty  w a s  d i s rup ted  and Z fo rm w a s  obta ined  in appreciable  amoun t s  ( E : Z  - 
60:40). T h e  format ion  of  Z olefin m i g h t  be due  to the  d imin ished  in t ramolecu la r  hyd rogen  
bonding  by pro tonat ion  of the o x y g e n  a tom of the m e t h o x y  g roup  of 3e  [15]. M o r e o v e r  there  
w a s  obta ined  only the  cor respond ing  Z olefin by  us ing  3 f  as  s ta r t ing  mater ia l ,  which  ref lec ts  
the  fact  that  in this case  the nonbonded  in terac t ion  s t ra in  is the  principle fac tor  to de te rmine  
the  s t e r e o c h e m i s t r y  as in 3d. 

In conclus ion,  we  h a v e  deve loped  an eff icient  m e t h o d  for the  prepara t ion of 
s t e reochemica l ly  def ined t r i subs t i tu ted  olef ins  f rom the  eas i ly  access ib le  B a y l i s - H i l l m a n  
adduc t s  of N - t o s y l i m i n e s .  F u r t h e r  s tudies  on the F r i e d e l - C r a f t s  reac t ion  with  the 
B a y l i s - H i l l m a n  adduc t s  of tosy l imines  de r ived  f rom aliphatic a ldehydes ,  and of v inyl  ke tones  
or  v inyl  su l fones  are  cur ren t ly  undergoing .  
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