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ANALYSIS OF NON-BONDED INTERACTIONS IN 2-BENZYL-5- 
BENZYLIDENE CYCLOPENTANONES: THE ROLE OF SUDSTITUENTS 
IN DETERMINING MOLECULAR CONFORMATIONS AND CRYSTAL 
PACKING 

N. W. THOMAS, S. W A S  and J. M. THOMAS 
Department of Physical Chemistry, University of 
Cambridge, Cambridge, U.K. 

Abstract It is well known that the introduction of 
substituents into an organic molecule can affect its 
solid-state reactivity profoundly. A novel approach 
to the 'engineering' o f  photoreactive crystal struc- 
tures is presented, with particular reference t o  
2-benzyl-5-benzylidene cyclopentanones. 

INTRODUCTION 

The crystal structures of eight derivatives of the title 
compound have been examined with particular reference to 
differences they exhibit i n  conformation and reactivity. 
The analysis outlined here is performed on a computer, and 
the graphical representations produced are of three kinds: 

i) Radial distributions of the distances of non- 
bonded interactions of a given type from atoms 
of a centrally-placed molecule. 

ii) Stereo-plots. 
iii) Stereographic projections of these non-bonded 

interatomic vectors. 

This approach has been applied to BBCP compounds with the 
molecular structure as given in figure 1, with substituents 
at the X and Y positions being interchanged between 
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hydrogen, methyl, chloro and bromo groups. 

N. W. THOMAS, S. RAMDAS and J. M. THOMAS 

FIGURE 1. 
cyclopentanone (BBCP) 

Skeletal outline of 2-benzyl-5-benzylidene 

The eight compounds considered are listed in table I, 
together with their corresponding substituents at the X and 
Y positions; the photoreactivity of the compounds is also 
indicated. 

TABLE I. Description of the compounds analysed 

Compound 

BBCP 

pMeBBCP 
pClBBCP 
pBrBBCP 
BpClBCP 
BpBrBCP 

pClBpBrBCP 
pMeBpBrBCP 

X Y 

H n 
H Me 
n c1 
H Br 
C1 H 
Br n 
Br C1 
Br Me 

Reactivity* 

+ Photoreactive 
- Photostable 
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ANALYSIS OF NON-BONDED INTERACTIONS 159 

RESULTS 

Figures 2 to 5 are radial distributions for C - . -  c, 
C - . .  H and H - . a  H interactions respectively. The curves 

denoted by ' + + + + I  represent the radial distributions for 

the parent compound, BBCP. The other seven compounds give 

rise to distributions within the two curves separated by 

vertical bars. 

The values on the x-axis represent the radius of  the 

non-bonded interaction, r, and the ordinate values, f(r), 

indicate the number of interactions of length between r and 

(r + Ar), divided by 4 ~ r  Ar; Ar is taken to be 0.18 in 

these plots. In addition, the ordinate values are divided 

by the number of  atoms in the molecule contributing to the 

pairwise interactions. 

2 

So, for a molecule C H 0 the distribution for x y 2' 
c ... c interactions is: 

4arLArx 

Where N (r) is the number of C C interactions of length 

between r and (r + Ar). Similarly, if N (r) is taken to 

represent the number of C * * *  H interactions of length 

1 
2 

between r and (r + Ar), the distribution for C . * *  H 
interactions is: 

f(r) = 
N2(r) 

4ar Ar(x + y)  

Thus f (r) represents a spherically averaged coordina- 

tion shell for each type of atom in the molecule. In order 

to model the thermal motion of atoms in a crystal, each 

atomic position has been broadened isotropically. This 

gives rise to the continuous distributions observed in 
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160 N. W. THOMAS, S. RAMDAS and J. M. THOMAS 

the plots. 
Figures 2 and 3 show that BBCP itself has the most 

favourable C ... C and C . - -  H interactions for stabilisa- 
tion. However the other seven’substituted compounds do not 
show any major change in structural detail. 

3 .a  9 .a  12.8 

FIGURE 2. C * * *  C interactions in BBCP (++++> and the 
other seven derivatives. 

Figure 4 shows that there are comparatively fewer 
H - .  H interactions at low r, (note the ordinate values) , 
and that the H ... H interactions build up slowly to a 
fairly steady concentration at radii greater than 6w. 
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ANALYSIS OF NON-BONDED INTERACTIONS 16 1 

a .  a427 

a .a215 

a .a107 

3 .a 9.0 12.0 

F I G U R E  3 .  C - . .  H i n t e r a c t i o n s  i n  BBCP (++++I and t h e  

o the r  seven d e r i v a t i v e s .  

12.0 3.8 6 -0 9 -0 

F I G U R E  4 .  H H i n t e r a c t i o n s  i n  BBCP (++++I and the  

o the r  seven d e r i v a t i v e s .  
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162 N. W. THOMAS, S. RAMDAS and J. M. THOMAS 

Taken toge the r ,  t hese  p l o t s  i n d i c a t e  how, as expected,  

a l l  t he  compounds i n  t h e  series pack wi th  opt imised C . * -  C 

and C . * *  H i n t e r a c t i o n s  f o r  t h e i r  o v e r a l l  s t a b i l i s a t i o n  

and minimization of l a t t i c e  energy. The in t roduc t ion  of 

s u b s t i t u e n t s  does no t  prevent  t he  molecule from ob ta in ing  

t h i s  b a s i c  packing requirement .  

Figure 5 shows C Y i n t e r a c t i o n s  f o r  t h e  compounds 

BBCP, P C l B B C P ,  pMeBBCP and pBrBBCP, where Y = If, C 1 ,  Me 

and B r  r e spec t ive ly .  The d i s t r i b u t i o n  f o r  BBCP i s  i n d i -  

ca ted  by I + + + + ' .  The o the r  t h r e e  compounds show a 

remarkable s i m i l a r i t y  i n  d i s t r i b u t i o n ,  each f a l l i n g  wi th in  

t h e  range ind ica t ed  by the  v e r t i c a l  ba r s .  These t h r e e  

compounds a l s o  show a d i s t r i b u t i o n  t h a t  is s imi l a r  i n  

d e t a i l  t o  t h a t  o f  BBCP, a p a r t  from a s h i f t  t o  a h igher  

rad ius  f o r  t h e  s h o r t e s t  i n t e r a c t i o n s .  This  s h i f t  i s  

d i r e c t l y  a t t r i b u t a b l e  t o  t h e  increased  Van d e r  Waals r a d i i  

of C 1 ,  Me and B r  compared t o  H .  We may conclude,  therefore ,  

t h a t  pa ra - subs t i t uen t s  i n  t h e  benzyl  moiety do not  have 

s u f f i c i e n t  i n f luence  i n  pe r tu rb ing  the  s t r u c t u r e .  

3 . 0  6 - 0  9 - 0  12 .a  

FIGURE 5.  C Y i n t e r a c t i o n s  i n  BBCP (++++> and i n  

pClBBCP, pMeBBCP and pBrBBCP. 
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163 ANALYSIS OF NON-BONDED INTERACTIONS 

On the other hand, the C X curves in figure 6 clearly 

bring out the unusual behaviour of the chloro substituent 

in the benzylidene moiety of BpClBCP, compared to the BBCP 
and BpBrBCP structures. In this figure, the continuous 

line represents BBCP, the dashed line represents BpClBCP, 
and the crossed line corresponds to BpBrBCP. 
c ... C1 interactions (and also H * . *  C1, not shown here) 

that seem to steer the BpClBCP molecule into a geometry 

unfavourable for topochemical reactivity. 

It is the 

FIGURE 6. C " '  X interactions in BBCP (- 1, 
BpClBCP ( - - - ->  and BpBrBCP (++++>. 

Similar analyses can be carried out on the disubstituted 

compounds, pClBpBrBCP and pMeBpBrBCP. The radial curves in 

figure 7 show C - * *  Br interactions for pClBpBrBCP (++++> 

and pMeBpBrBCP (- 1. 
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164 N. W. THOMAS, S. W A S  and J. M. THOMAS 

FIGURE 7 .  C * s .  B r  i n t e r a c t i o n s  i n  pClBpBrBCP (++++) 

and i n  pMeBpBrBCP (- 1. 

The f i r s t  of t hese  compounds shows a very  sharp  peak a t  

 OW r ,  with an o rd ina te  va lue  of 0.0821, t h e  l a r g e s t  va lue  

observed f o r  t h e  whole range of compounds. It is  i n t e r e s t -  

i ng  t o  probe what p a r t i c u l a r  s t r u c t u r a l  conformation g ives  

r i s e  t o  the  very  s t rong  coord ina t ion  of t h e  bromine atom by 

carbons i n  pC1BpBrBCP. For t h i s  reason ,  s t e r e o  vec tor -  

p l o t s  a r e  invoked t o  b r i n g  out  t h e  s t rong ly  d i r e c t i o n a l  

na tu re  of  t he  i n t e r a c t i o n s  causing a t i g h t  coord ina t ion-  

s h e l l  a t  low r .  

Figure 8 is a s t e r e o  vec to r -p lo t  of C B r  i n t e r -  

ac t ions  i n  pC1BpBrBCP. The t h i n  l i n e s  r ep resen t  t he  

d i r ec t ions  of non-bonded i n t e r a c t i o n s  from carbon atoms i n  

the  molecule drawn t o  bromine atoms i n  ad jacent  symmetry- 

r e l a t e d  molecules.  Note how the  benzyl r i n g  has  undergone 

a major conformational change i n  order  t o  be c lose ly  

coordinated t o  an ad jacent  bromine atom. 
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ANALYSIS OF NON-BONDED INTERACTIONS 165 

FIGURE 8. Stereo vector-plot of C -. .  Br interactions 
in pC1BpBrBCP. 

Figure 9 ,  by comparison, shows that no major conformational 
change of the benzyl moiety has occurred in the pMeBpBrBCP 

compound. The bromine atom is not as closely coordinated 
in this compound. 

Further evidence is given in figure 10 for the highly 

specific interactions between the bromine atom of 
pClBpBrBCP with carbons in the neighbouring benzyl moiety. 
It i s  a stereogram of the interatomic Br * . .  C vectors, 

with the C-Br bond of the molecule pointing along the polar 
axis, marked by a cross. It is seen that the centre of the 
phenyl ring makes a very small angle with the C-Br bond, 
indicating that the C-Br bond is pointing almost directly 
into the benzyl ring. 
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166 N. W. THOMAS, S. W A S  and J. M. THOMAS 

FIGURE 9 .  Stereo vector-plot of C * * -  Br interactions 

in  pMeBpBrBCP. 

FIGURE 10. Stereographic projection of B r  2 ' .  c 
vectors i n  pC1BpBrBCP. 
cross,  and the c i rc l e s  represent the projection of 
Br -.. C vectors.  

The polar axis i s  marked by a 
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ANALYSIS OF NON-BONDED INTERACTIONS 167 

Figure  11 shows a s i m i l a r  p r o j e c t i o n  f o r  t h e  pMeBpBrBCP 

compound. 

po la r  a x i s )  no longer  po in t s  d i r e c t l y  i n t o  t h e  neighbouring 

phenyl r i n g .  By measuring the  length  XY, we i n f e r  t h a t  t he  

cen t r e  of  the  phenyl r i n g  makes an angle  of approximately 

40' with  the  C - B r  bond. 

It i s  seen t h a t  t he  C - B r  bond ( p a r a l l e l  t o  t he  

F XIRE 11. Stereographic  p r o j e c t i o n  of B r  9 . -  C 

vec to r s  i n  pMeBpBrBCP. 

CONCLUSION 

The t h r e e  types of  i l l u s t r a t i o n  shown he re  provide a s imple ,  

g raph ica l  b a s i s  f o r  a semi-empir ical  a n a l y s i s  of non-bonded 

geometry and i n t e r a c t i o n s .  

observed c r y s t a l  s t r u c t u r e s ,  i t  can be extended e a s i l y  t o  a 

wider v a r i e t y  of f ami l i e s  of compounds. 

Since the  a n a l y s i s  i s  based on 

Such a semi-empir ical  approach can be incorpora ted  

i n t o  the  genera l  s t r a t e g y  of ' ' c r y s t a l  engineer ing".  

For f u r t h e r  d e t a i l s  of t he  system see,  

Jones e t .  a l . ,  J .  Phys. C h e m .  (1981),  85, 2594. 
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