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SU}"1MARY

The  p resen t  s t udy  i s  conce rned  w i t h  t he  sma11  t h ree  membered  ca rbon  r i ng

compounds  cyc l op ropane  (CP) ,  b l cyc l op ropy l  (BCP)  and  v i ny l cyc l op ropane  (VCP) .  On l y

a  b r l e f  ou t l i ne  o f  t he  resea rch  i s  g i ven  i n  t h i s  summary  s i nce  each  o f  r he  chap te r s

i s  a l r e a d y  p r e c e d e d  b v  d e l a i l e d  a b s l r a c t s .  T h e  c h o s e n  s u b j e c t  i s  p a r t  o f  t h e

p ro j ec t  "S tudy  o f  chem lca l  bond ing  by  means  o f  accu ra te  e l ec t r on  dens i t y

d i s L r i b u t i o n s  o b t a i n e d  f r o m  X - r a v  a n a l y s i s " .  A n  i n L e r e s t  i n g  f e a L u r e  o f  t h e  c o m p o u n d s

cons lde red  i s  t he  con juga t i ve  cha rac te r  o f  t he  t h ree  membered  ca rbon  r i ng :  t he

ca rbon  r l ng  shows  some  ana logy  w i t h  an  unsa tu ra ted  doub le  C -C  bond .  Chap te r  1  t r ea t s

poss lb l e  i n f l uences  o f  con juga t i on  (o r  e l ec t r on  de loca l i za t i on )  be tween  t he  two

cyc lop ropy l  g roups  i n  BCP o r  be tween  t he  cyc l op ropy l  and  v i ny l  g roup  l n  VCP on  Lhe

m o l e c u l a r  g e o m e t r y  a n d  e l e c L r o n  d e n s i t y  d i s t r i b u l i o n .  T h e  B C P  r i n g  b o n d s  a r e

expec ted  co  be  l eng thened  w i t h  r espec t  t o  t he  CP  C-C  bonds .  Fo r  VCP the  qua l i t a t i ve

d i s c u s s i o n  i n d i c a t c s  a n  a s y m m e t r y  o f  t h e  r i n g  g e o m e t r y .  F o r  b o t h  B C P  a n d  V C P  t h e

e lec t r on  dens i t y  d i s t r i bu t i on  abou t  t he  cen t ra l  bond  i s  expec ted  t o  dev ia te  f r om

ro ta t i ona l  s ymmet r y .

T h e  c r y s L a J l i z a L i o n  p r o c e d u r e  a p p l i e d  l o r  t h e  t h r e e  v o l a t i  ) e  c o m p o u n d s  i s

d e s c r i b e d  i n  C h a p t e r  2 .  B e c a u s e  t h e  X - r a v  d i f f r a c t i o n  m e a s u r e m e n L s  r e q u i r e  L h e

h i g h e s t  a c c u r a c y ,  s p e c i a l  a t L e n L i o n  i s  g i v e n  t o  L h e  m o d e l l i n g  o f  t h e  g l a s s

c a p i l l a r i e s  i n  w h i t h  t h e  c r y s t a l s  a r e  g r o v r n .  T h e  c o m p o u n d s  a r e  c r y s L a l l i z e d  i n  s i L u

o n  t h e  d i f f r a c t o m e t e r .

The  p recau t l ons  t aken  t o  ob ta i n  an  accu ra te  and  ex tens i ve  se t  o f  r e f l ecL ion

i n t e n s i t i e s  a r e  L r c a t e d  i n  C h a p t e r  3 .  T h e  i n t e n s i t y  m e a s u r e m e n t s  o n  f o u r  c r y s L a ) s

( f o r  C P  t w o  c r y s t a l s  o f  L h e  s a m e  s a m p l e  h a v e  b e e n  u s e d )  a r e  p e r l o r m e d  a t  a

L e m p e r a t u r e  o f  c a  1 0 0  K .  R e d u c t r o n  o f  s e v e r a l  i n t e n s r t . y  s e r i e s  L o  o n e  s e r i e s  o f

i n d e p e n d e n t  r e f l e c t  i o n s  f o r  e a c h  o I  t h e  c o m p o u n d s  r e n d e r s  i n t e r n a l  c o n s i s L e n c y

fac to r s  o f  app rox ima te l y  I  Z .

I n  Chap te r  4  Lhe  space  g roups  and  c r ys ta l  s t r uc tu res  a re  deLe rm ined  w i t h i n  t he

s c o p e  o f  l h e  c o n v e n l i o n a l  ( s p h e r i c a l  a l o m )  m o d e j . 0 n l y  B C P  L u r n s  o u L  t o  b e l o n g  t o

a  c e n t r o s y m m e L r i c  ( o r L h o r h o m b i c )  s p a c e  g r o u p .  T n  c o n t r a s t  w i L h  B C P  L h e  g e o m e L r y

o f  V C P  c l e a r l y  p o i n t s  t o  t h e  p r e s e n c e  o f  c o n j u g a t i o n ,

Mu l t i po l e  r e f i nemen tsa re  i n t r oCuced in  Chap te r  5 .  Much  a t t en t i on  i s  pa id  t o

o b t a i n  t h e t t b e s t t t o r  u l t i m a t e  m u l t i p o l e  m o d e l s .  T h e  u s e  o f  d i f f u s e  d e f o r m a t i o n

func t l ons  y i e l ds  f o r  t he  l o r v  o rde r  r eg ions  exce l l en l  f i L s  o f  ca l cu l a ted  t o  obse rved

1 0 9



_ t
s t r u c t u r e  f a c t o r  a m p l l t u d e s :  t h e  w e i g h t e d  r e s i d u a l s  u p  t o  ( s i n 0 ) / f  =  0 . 6 5  A  

-

r ange  f r om 0 .32  Z  f o r  VCP v i a  0 ,39  % fo r  CP  t o  0 .57  % fo r  BCP.  The  u l t ima te

m u l t i p o l e  m o d e l s  g i v e  t h e  m o s t  a c c u r a t e  p o s i t i o n a l  p a r a m e t e r s . ( u s e d  f o r  t h e  g e o m e t r l r '

d i s cuss ion  i n  Chap te r  4 ) .  The  ave rage  o (C -C)  amoun ts  t o  4  l 0 - *  A  f o r  BCP and  VCP,
t.

and  t o  8  l 0 - *  A  f o r  CP .  The  f i l r e red  mode l  de fo rma t i on  dens i t y  maps  c l ea r l y  show

t h e  b e n t  b o n d  c h a r a c t e r  f o r  e a c h  o f  t h e  r i n g s  ( E i g .  S . : 1 a , b , c ) )  a n d  t h e  e l o n g a l i o n

o f  t he  de fo rma t i on  dens i t v  a round  t he  VCP doub le  bond  i n  t he  n -d i r ec t i on

( r i g .  : . : 1 i 1 ) .

I  n  C h a o t e r  6  t  h e  f h e o r e L  i c a l  d e f o r m a L  i o n  d e n s i t i e s  o b L a i n e d  I r , , m  o i l a n t u m

chemica l  ca l cu l a t i ons  w i t hou t  and  w i t h  po la r i za t i on  f unc t l ons  a re  used  f o r

compar i son  w i t h  t he  expe r lmen ta l  de fo rma t i on  dens i t i es .  Fo r  t h i s  pu rpose  t he

dynam ic  expe r imen ta l  mode l  dens i t i e s  a re  made  s ta t i c .  I f  accoun t  i s  t aken  o f  t he

l i m i t e d  r e s o l u L i o n  o f  L h e  e x p e r i m e n t a l  d e n s i t i e s ,  L h e  o v e r a l I  a g r e e m e n t  b e L w e e n

expe r imen ta l  and  t heo re t l ca l  (w i t h  po la r i za t i on  f unc t i ons )  maps  i s  good ,  apa r t  f r o rn

t h e  c e n t r a l  a n d  d o u b l e  b o n d  r e g i o n  i n  V C P .  S e c L i o n s  p e r p e n d i c u l a r  t o  a n d  L h r o u g h

t h e  m i d n o i n l s  o I  r h e  V C P  c e n t r a ]  a n d  d o u b I e  b o n d  s h o w  t h a t  t h e  d e n s i t v  i n  l h e s e

p l a n e s  i s  e l o n g a t e d  i n  t h e  n - d i r e c t i o n .  T h i s  a s v m m e t  r y  i s  r e p r e s e n L e d  b y  t h e

asymmet r y  pa rame te r  ap  de f i ned  i n  Tab le  6 .1 .  I t  t u rns  ou t  t ha t  f o r  t he  VCP cen t ra l

b o n d  t h e  t h e o r e t i c a l  a p  i s  s i g n i f i c a n t l v  s m a l l e r  L h a n  t h e  e x p e r i m e n l a l  a p ,  w h e r e a s

t h e  o p p o s i L e  i s  L h e  c a s e  f o r  t h e  V C P  d o u b l e  b o n d .  J t  i s  n o t  c l e a r  y e t  w h e t h e r  L h i s

d i sc repancy  i s  due  t o  i nadequac ies  i n  t he  expe r imen ta l  o r  i n  t he  t heo re t i ca l  mode l .

Bo th  f o r  BCP and  VCP the  expe r imen ta l  and  t . heo re t i ca l  cen t ra l  bond  ap ' s  po in t  Lo

. ^ n i n o A t  i n n  T n  V C P  r h e  e l o n s a l  i o n  o f  L h e  r p n t r i l  h o n d  d c n s i l V  i n  t h e  n - d i r e r t i O nL ' r e  ! , v " b q r

g i v e s  a  s i g n i f i c a n L  s u p p o r L  L o  t h e  g e o m e t r i c a l  e v i d e n c c  I o r  c o n j u g a t i o n .  I n  c a s c

o f  B C P  L h e  p r o b a b i l  i L v  L h a L  t h e  e x p e r i m e n t a l  c e n L r a l  b o n d  a p  e q u a l s  t h e  v a l u e  I o r

r o L a L i o n a l  s y m m e t r y  i s  o n l y  I  % ,  w h i c h  m a k o s  i L  m o s L  l i k e l y  t h a L  c o n j u g a t i o n  a l s o

occu rs  i n  BCP.
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