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A b s t r a c t : -  The s i t e  o f  p r o t o n  a b s t r a c t i o n  by  OH" I o n  i n  some 

A - s u b s t l t u t e d - ~ , 5 , 6 - t r l p h e n y l - ~ - c y c l o h e x e n e s  h a s  b e e n  e s t a -  

b l i s h e d  f rom l a b e l l l n &  s t u d l e s .  The f u r t h e r  f r a ~ m o n t a t i o n  mode 

of (M-H)- Ion depends on Its structure and stereoche~stry. 

The exo  and  end_...So n i t r o  i s o m e r s  e x h i b i t  s t e r e o c h e L t c a l  d i f f e r e n c e s  

i n  t h e  e l i m i n a t i o n  o f  HNO 2 w h i l e  t ~ e  amino and  cyano  a n a l o & u e s  

show s t e r e o c h e ~ t c a l l y  c o n t r o l l e d  RDA f r a a m e n t a t l o n  mode. 

HI~Lh P r e s s u r e  Mass S p e c t r o s e t r y l ( H P M S ) ,  
I o n  C y c l o t r o n  Resonance  2 ( ICR),  and  

FlovLn s A f t e r s l o w  ~ (FA) techniques have  

been used to study the 8as phase Ion- 

molecule reactions involvlng OH" Ion. 

The FA t e c h n i q u e  is s u p e r i o r  t o  HPMS 

and  ICR b e c a u s e  o f  s p a t i a l  s e p a r a t i o n  

o f  I o n  p r o d u c t i o n  and r e a c t i o n  r e s l o n s 4 °  

The w e l l  knovn  r e a c t i o n  i n d u c e d  by  OH- 

ion Is  proton abst rac t ion.  Nuc leoph l l l c  
s u b s t i t u t i o n  5 ,  a d d l t l o n ~ O , 6  ( c l u s t e r  

f o r m a t i o n )  and  e l i m i n a t i o n  y° r e a c t i o n s  

a r e  a l s o  I n i t i a t e d  by  OH" t o n .  Gas 

p h a s e  a c i d i t y  ~ t u d i e s  have  shown 4 t h a t  

I n  many i n s t a n c e s  t h e  b e h a v i o u r  i n  g a s  

p h a s e  As d i f f e r e n t  f rom t h e  k n o ~  b e -  

h a v l o u r  i n  s o l u t i o n .  However ,  i n  a l l  

cases the gas phase resu l ts  are invari- 
ably In agreement wlth the data availa- 

ble f r o m  t h e  a p p l i c a t i o n  o f  a b - l n l t i o  

m o l e c u l a r  o r b i t a l  t h a o l ~  ,7. 

EXPERIMENTAL 

Preparat ion o f  t h e  compounds. The 4- 
subst i tu ted t r l p h a n y l  c y c l o h e x e n e s  were  

p r e p a r e d  by  w e l l  d e s c r i b e d  p r o c e d u : ~ s  8 ' 9 .  

The 4-substltuted exo and endo isomers 
were c a r e f u l l y  s e p a r a t e d  on s i l i c a & e l  b y  

chromatosraphlc techniques. Their 

structures and stereochemlstry were 
assJ4|ned from spectral  data.  The NIqR 
s p e c t r a  were  r e c o r d e d  on  a r a t t a n  T-60  

I n s t r u m e n t .  The l a b e l l e d  compounds 

were > 96% d e u t e r a t e d .  

Sc~mnlni% o f  l~e samples. Hydroxy Ion 
n e & a t t v a  c h e m i c a l  i o n i z a t i o n  s p e c t r a  

were  recorded on a F l n n l s a n  ~ 0  

cc/,s .yste= usina ,2o and CH, (1 : 1 ) 
as r e a s e n t  Bases. The p r e s s u r e  o f  

t h e  soturce was m a i n t a i n e d  a t  0 . 4  t o r r  

and temperature st 200"C. All r e l a t i v e  
abm~dances are expressed as percentage 

of total ionization (%Z90). 

RZSULTS AND DISCUSSION 

The p r e s e n t  work Is  on  so,--  gas 
phase  r e a c t i o n s  o f  exo and  endo  4 - - n i t r o ,  

cyano  and amino s u b s t i t u t e d  - 3 , 5 , 6 -  

t r l p h e n y l  - ~ - ¢ y c l o h e x e n e s  i n d u c e d  by  

OH- Ion (Scheme I). The relative 

abundances of (M-H)" ions are different 

(Table-I). An analysis of the spectra 

of these compomxls showed that the site 
of proton abstraction and the further 

tra&mentation of (M-H)" ions depend on 

the nature of the C4-suhstituant. The 

(M-H)- Ions of the nitro isomers underso 

HNO 2 elimlnatlon (~z 307) and HiO loss 
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(m/z  3 ~ ) .  The (M-H)-  ions  o f  the  amino 

and cyano isomers fragment  by RDA. Con- 

s i d e r a b l e  s t e r e o c h e ~ t c a l  e f [ e c t s  were 

H 

F 

observed in  the n i t r o u s  ac id  e l i m i -  

n a t i o n  and SEA f ragmenta t ion  modes. 

H 

CXO 

X = NO 2 
= NH2 
=CN 

Scheme 1 
TABLE-I 

H 

Ph 

.- r-x 
H 

cndo 

Substituent (H-H)" m/z 307 m/z 336 (Dianophile-H)" 

exo 00.66 65.17 09.31 

NO2 endo 15.00 15.00 20.00 

exo 71.61 - - 04.65 

NH2 endo 55.48 - - 24.09 

CN 
exo 51.0~ - - 29.00 

endo ~ .  88 - - 32.6~ 

A study of  the  OH" ion  nega t i ve  

cheL tca l  i o n i z a t i o n  (NCI) s p e c t r a  of  

C 4-  and C 5-  deu t e r a t ed  n i t r o  i somers ,  

C 4-  d e u t e r a t e d  cyano and d e u t e r a t e d  

a~Lno (ND 2) compounds has thrown some 

l i g h t  on the  s i t e s  of  proton a b s t r a c t i o n  

in  t he se  compounds. The spec t r a  o f  

C 5-  d e u t e r a t e d  ex_.so and e.ndo n i t r o  isomers  

showed t h a t  the C 5-  deu te r ium i s  not  

a b s t r a c t e d .  However, the  s p e c t r a  o£ 

C 4 -  d e u t e r a t e d  n i t r o  and cyano compounds 

r e v e a l e d  t h a t  the  l o s s  of  both C 4 -  

deu te r ium and C 3 or  C 6 proton.  In  the  

a~ulo compound as expec ted  the  proton 

i s  a b s t r a c t e d  from amino group only .  

The f u r t h e r  f r agmenta t ion  of  the 

(M-H)" ions in the nitro compound is 

a preferrld HNO 2 elimination (m/z 307).  

I t  i s  d i f f i c u l t  to  r a t i o n a l i s e  the  e l i -  

minat ion o f  HNO 2 from the  (N-H)" Ion 

formed by the  l o s s  of  C 4-  p ro ton  un less  

t h e r e  I s  a p r i o r  proton migra t ion .  

However, HNO 2 e l / ~ l n a t i o n  can opera te  

a f t e r  the  primary l o s s  of  C 3 o r  C 6 proton.  

The observed s t e r e o c h e a l c a l  d i f f e r e n c e s  in  

the  r e l a t i v e  abundsnces o f  m/z ~ 7  ion in  

the  ex 0 and endo isomers could  be 

r a t i o n a l l s e d  i f  C 6-  proton I s  a b s t r a c t e d  

in  the  primary s tep .  In  t he  exo £ s o m r  

two cis-eliminations are possible. In 

the endo isomer only one c i§-elislnatlon 

can opera te  (Sche.,,, 2 ) .  

The l o s s  o f  H20 in  n i t r o  compounds i s  
known under e l e c t r o n  i o n i z a t i o n  c o n d i t i o n s  10. 

The n i t r o  d e r i v a t i v e s  under s tudy a l so  

showed l o s s  of  H20 from the  (M-H)- ion.  
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Exc lus i ve  l oss  o f  HDO was observed In  

the  spectrum o f  C 4 -  detr terated com- 
po~mds v h l l e  loss  o f  H20 and ~ were 

o b s e r v e d  i n  t h e  s p e c t r u m  o f  C 5 -  d e u -  

t e r ~ C e d  a n a l o s u e s  ( T a b l e - I I ) .  

Ph 5 ~ P h  

Ph NO2 

-H 
Ph ph~~2Ph~"~l~z307 

-H 

mlz 307 

Ph 

Ph j~~2Ph ,, 
e x o  

P h ~ P h ~  ~ Ph Ph j ~ P h  

endo Scheme 2 
TABLE-I I 

P o s i t i o n  o f  
deuterium (H-H)" (M-D)" m/z 307 m/z 308 m/z 336 m/z 337 

exo 0.22 - 3.96 66.88 6.16 0.20 
C~ 

endo 2.62 5.92 1.60 12.80 18.56 0.50 

exo 0.92 - 28.52 34.04 1.84 9.2/4 

C5 endo 8.00 0.6/., 6.08 16.30 6./40 11.84 

A p o s s i b l e  mechanism I n v o l v i n g  ¢ a u t o -  

m e r l z a t l o n  t o  a c i f o r m  and  a b s t r a c t i o n  

o f  any  one  o f  t h e  n e i g h b o u r l n g  p r o t o n s  

h a s  b e e n  p roposed  on t h e  b a s i s  o f  t h e  

a v a i l a b l e  d a t a  (Scheme ~). 
Mandelbaum and c o - w o r k e r s  11 have  

r e p o r t e d  s t e r e o c h e m i c a l  e f f e c t s  on  RDA 

Induced  by  c h e m i c a l  I o n i z a t i o n  i n  c a r -  

benfum I o n s .  RDA r e a c t i o n  i n  c a r b a -  

n i o n s  were  o b s e r v e d  by Bowie and c o -  

w o r k e r s  12.  The (M-H)- i o n s  o f  t he  exo 

and endo i s o m e r s ' o f  t h e  4 - c y a n o  and  

amino derivatives undergo ~A frag- 

mentations t o  81ve the (dienophile-H)- 

Ions (Scheme 4)° The deuterium atom 

is totally absent in the RDA product 

ion from both exo and endo C4- deu- 

¢ e r a t e d  cyano  d e r i v a t i v e s  e v e n  t h o u g h  

b o t h  (M-H)-  and  (M-D)-  i o n s  were  

o b s e r v e d  ( T a b l e  I I I ) .  Hence ,  t h e  RDA 

r e a c t i o n  t a k e s  p l a c e  o n l y  a f t e r  d e u -  

t e r i u m  a b s t r a c t i o n  o r  a l t e r n a t i v e l y  

a f t e r  C 3 -  p r o t o n  l o s s  f o l l o w e d  by a 

d e u t e r i u m  t r a n s f e r .  
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.~, ~.%~. -"°°~E~-.~ J 
Ph" "N-OD mlz 336 

/ *  
o_ 

Ph 
,,, ~ M-H2DO 

P h ~ P h  . ~ mtz 336 

O- 
mlz 337 

Scheme 3 

P h ' p ' h ~ C N  Ph Ph "CN 
Ph" "CN mlz 128 

-D ~ Ph Ph - 

Ph / \ND- mlz 119 
Scheme 4 
TA3LE-III 

Subs¢£tuent (H.-I.{)- ( M--D)- (Dl.enol~laLTe-.O)- 

exo ~5.56 
CN 

(C~-D) endo ~2,OO 

e x o  

ND2 endo - 

29.2~, 10.88 

39.60 10.O0 

69..50 4, 50 

,50. OO 28, 50 
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The spec t r a  of deu te ra t ed  ex_~o and 

aaAno (ND 2) isomers showed only 
(M-D)- Ion and (dAenophile-D~lon 

c o n t a l n l n 8  o~ly one deuter ium. The 
r e l a t i v e  I n t e n s i t i e s  of the RDA 
product  of axe and e~LO isomer• are 
shown ~n Table IIl. This i• the first 

exaaple of  the (M-H)- ions  undergoLn8 
RDA f ragmenta t ion  mode which I s  s t e r e o -  
chemica l ly  c o n t r o l l e d .  Th• formation 
of  (M-H)" Ion  l t s e l f  depends on nany 
f a c t o r s .  I n  t~e cyano conpounds the  
a b s t r a c t i o n  of  C 4-  pro ton  resu l t s  4- 
the l oss  of  s t e r eochea i ca l  d i f f e r ence  
a t  t h a t  p o s i t i o n .  In  the  aalno compoumd 
the (M-H)" ion r e t a i n s  the o r i g i n a l  
s t e r e o c h e a l c a l  c o n f l s u r a t  ion.  

The e l e c t r o n  capture  behavlour o f  
these colpounds showed t ha t  the M': 
ion loses a H-atom p r e f e r a b l y  from the 
C 6 and t o  a minor ex t en t  from C 5-  
p o s i t i o n s .  No evidence was obtained 
f o r  any l o s •  of H-atom from C 4- 
p o s i t i o n .  The l o s s  of H20 was not  • 
sisnLticant process from (M-H)" ion. 

The los• of ~0t02 and RDA fragmentation 

modes opera te  from the  (M-H)" ion and 
s A a l l a r  e t e reochea tca l  e f f e c t s  were 
observed as descr ibed umder OH" ion 

NCI behavfour  of these  compounds. 
The p resen t  • t u d l e s  deaons t r a t e  

t h a t  the  s i t e  of proton a b s t r a c t i o n  

depends on many f a c t o r •  which are not  
wel l  unders tood.  Fac to r •  o the r  than 

a c i d i t y  appear to  play a s i g n i f i c a n t  
r o l e .  The f u r t h e r  f r agmenta t ion  aode 

of  (M-H)- ion depends on I t s  s t r u c t u r e  
and s te rsochen is t ry .  
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