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CONCERTm STEEWISE PROCESSES I N  ELIHINATIVE FISSION OF OXXCYCLES 

w e r y a a  ~ r i f ~ i t h s  ~d Char les  J.M. s t i r l i n g '  

mearmrent o r  chemistry,  u n i v e r s i t y  Col lege  o f  ~ o r t h  wales, Bawr ~ ~ 5 7  zUU, U.X, 

E?SESGi - z-Phenyleulphonylmethyloxetan (Za )  h a s  been synthes ised  and t h e  k i n e t z c s  

o f  ~ s e - p m m t e d  eliminative r i n g  f i e e i o n  have been determined.  me r e s u l t s  show, 

by comparison w i th  t h e  behaviour o f  r e l a t e d  eube t r a t e s  s t ud i ed  previous ly ,  t h a t  ( I )  

t h e  3-ringr4-zinc d i f f e r e n t i a l  f o r  concerted pmceeees is much smaller than  f o r  

s t e p r i e e  processes, p a r t i c u l a r l y  those  i n  which t h e  e x t e n t  of  r i n g  f i s s i o n  is l a r g e  

and ( i i )  hhe e f f e c t  o f  -1methyl s u b s t i t u t i o n  (morpe-Ingold e f f e c t )  is t o  

r e s t r a i n  r i n g  f i s s i o n  b u t  only  t o  a small ex t en t  men cmpared  wi th  s tepwise  

p r e s s e s .  

I n  an i n i t i a l  attempt1 t o  eva lua t e  t h e  e f f e c t  of  s t r a i n  upon r e a c t i v i t y ,  we examined t h e  

r e a c t i v i t y  o f  t h e  s e r i e s  of oxacycles (1). (3 ) .  and ( 4 )  i n  e l im ina t ive  f i s s i o n  r e a c t i o n s  o f  t h e  

we found, as expected,  t h a t  t h e  oxi ran  (la) was very  much mre r e a c t i v e  than  t h e  l a r g e r  r i n g  

h-logves ( 3 )  and ( 4 ) .  Ihe k i n e t i c  d a t a  however could not be processed t o  g i v e  i n f o m t i o n  

&ut t h e  e f f e c t  of  s t r a i n  on r e a c t i v i t y  because, as s h a m  i n  t h e  Table,  t h e  mechanisms of  

reac t ion  are d i f f e r e n t  ae between t h e  oxi ran  m t h e  one hand and t h e  5- and 6-membered r i nge  on 

the o the r .  m e  s t r i k i n g  r e s u l t  was, however, t h a t  s t r a i n  i n  t h e  ox i r an  turned a s lugg i sh  

nucleofuge such as methoxy [cf s u b e t r a t e  ( 5 ) ]  i n t o  one which enmrced a concerted (Ez) pathway 

t y p i c a l  o r  t h e  very  h ighes t  ranked nuc lwfuges  such as halide. '  

~t t h e  t ime o f  these  studies1 we were unable. because o f  s y n t h e t i c  d i f f i c u l t i e s ,  t o  

s tudy t h e  4-ring analogue ( 2 a )  s o  as to compare its behaviour w i th  t h e  mre ( l a )  and l e s s  ( 3 )  

and ( 4 )  s t r a i n e d  s u b s t r a t e s .  1n particular we wished t o  explore  t h e  e f f e c t  of  change of  

s t r a i n  on both  r e a c t i v i t y  and mechanism. A f u r t h e r  i n t r i g u i n g  ques t i on  remained. Would 

=-dimethyl substitution, w e l l  knam q u a l i t a t i v e l y  i n  t h e  'morpe-Ingold'  e f f e c t , '  t o  



TABLE 1. ELIHINRTIVE RING FISSION 

(a) 4170 

(b) $160 

(a) 23.4 

(b) 15 

1.4 X 

2.0 x 10-3 

7.5 X 10-5 

(a) 4.8 x 10'3 

(b) 2.7 x 

- Enforced acidf* 9 

catalysis 9, l3 

- Enforced a~id'3,~ 

Catalysis 
9 

Footnotes; a Units, r1 5-I for EtONa/EtOH at 25OC) UnitSl &I1 6-I For EtONa/EtOR 

at zsO see ref .  7 ;  C for ~t = phi d AK+ 74.0 ks mo1-1; e A& 95.3 ks mol-1; f ref. 13; 

for NaOH in aqueous solutions8 assigned on basta of arguments of ref. 13 and 

tehaviour OE mare highly stabllieed syskem diecussed in ref. 141 tentative aseigwntr 

k&,siki ratio too smll for definite assignment. 
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encourage ring-- r e a c t i ~ n e , ~ , ~  restrain ring fission and if eo how much ? m i s  

comunication addresses both of these questions. 

ELIMINATm RING FISSION M OXETRN (Za). The key to obtaining this eubstrate was 

synthesis of the oxetan methanol (6a) using a very recently published procedure (Scheme).5 

Conversion of (6a) into the desired sulphone via the tosylate and sulphide was straightfoward. 

Treatment with sodim ethoxide-ethanol under standard conditions6 gave the ring opened alcohol 

(7a). m e  observed rate constant ie in the Table. 

%xmE 

Rates of deprotonation of sulphones in ethanolic sodium ethoxide have M e n  evaluata 

earlier7 and the oaaerved overall rate coneeant for (ta) shows that elimination oocura mra 

rapidly than deprotonation, pointing to a concerted (Ez) meohanien for the reaction. When 

this rate constant for the concerted procees is compared with that for the oxiran (la) under 

the e m  conditions, it is seen that the ratm k3-ring'k4-ring is small at 178 when compared 

with the 3-ringr+ring ratio (6.7 x lo4) for the stepriee eliminative Elesion of 

carbocycles8 ( 8 )  and (9) and very emall by comparison with that (=lo10 for cycloalkanols (10) 

and (11).9 For rapid concerted prosesaee, therefore, it appears that the factors which 

differentiate rates of fission of 3- and +membered ringe are less marked than in those 

processes (above) which are either stepriee or in which the very slow reactions appear to 

involve a large extent of ring cleavage in the traneition structure. We have discuesed 

earlier the nature of the differential operation of strain relief in the fission of small rings 

and it seew clear that, at very small extents of ring cleavage, the 3-ringi4-ring ratio should 

a180 be small. This nakes sense of the present findinger when strain eo greatly enhances the 

nucleofugality of a medium-ranked nucleofuge such as alkoxy, it seems likely that little ring 



f i s s i o n  i s  preeent i n  t h e  t r a n s i t i o n  s t r u c t u r e .  

THE THORPE-INGOW EFFECT. we have r ecen t ly  exmined  t h e  e f f e c t  of  *methyl 

s u b s t i t u t i o n  on t h e  f i s e i o n  OE oxiri lnalo and two sets of  cyclopropanes.1l  For t h e  ox l r an  pair 

( l a )  and (m),  t h e  l a t t e r  M i n g  obtained from t h e  a l coho l  (a) (Scheme) der ived  by a l i t e r a t u r e  

p m e a u r e . 1 2  -inethyl s u b s t i t u t i o n  haa no e f f e c t  on t h e  rate cons t an t  f o r  t h e  E~ r e a c t i o n s  

wi th in  experimental  error. For t h e  su lphonylqclopropane  p a i r l l  ( 8 a )  and (a) wllich react by 

t h e  s t epv i se  ( E l c B ) ~  mechanism, rate conetants  were c l o s e l y  similar b u t  AHd va lues  s m  

considerable en tha lp l c  r e s t r a i n t  (Table)  amounting to 20 IW mol-I compensated f o r  by a wre 

favourable ent ropy term for t h e  g e ~ M i n e t h y 1  s u b s t r a t e .  For  t h e  n i t rocyclopmpane pair ( l a )  

and (1Zb) for which t h e  mechanism is probably concerted E2, t h e  rate r a t i o  is smal l  a t  11.6.  

Comparison o f  t h e  oxetans ( 2 a )  and (zb), b t h  of which c l e a r l y  r e a c t  by t h e  EZ mechaniem, s h a r s  

a r a t e  r a t i o  of  1.5,  a small  b u t  d i s c e r n i b l y  g r e a t e r  f a c t o r  t han  f o r  t h e  oxi rane  ( 1 )  

It appears t he re fo re  t h a t  i n  t h e  m e t  h ighly  r e a c t i v e  oxacyc l e  system t h a t  re have 

s tudied ,  not  only  is t h e  3-ringz4-ring r a t i o  t h e  s m a l l e s t  i n d i c a t i n g  t h e  l a r e l i t  a i e f e r e n t i a i  

ex t en t  o f  s t r a i n  r e l i e f  i n  t h e  t r a n s i t i o n  s t r u c t u r e  b u t  t h a t ,  i n  add i t i on ,  t h e  Thorpe-Ingold 

e f f e c t  is also t h e  smallest, cons i s t en t  wi th  a low degree o f  r i n g  c leavage  i n  t h e  

t r ans i t i on - s t ruc tu re  f o r  t he se  r eac t i ons .  
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