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SUBSTITUENT EFFECTS ON THE CARBONYL STRETCHING VIBRATION I N  THE I R  SPECTRA 

OF SOME SUBSTITUTED BENZOPHENONES.~ 

* 
K. K. Deb and W. L .  Z i e l i n s k i ,  J r .  

N C I  Freder ick Cancer Research Center 

Freder ick,  Maryland 21701 

ABSTRACT 

The band frequencies and in teg ra ted  i n t e n s i t i e s  o f  the carbonyl s t r e t c h i n g  

absorptions i n  a se r ies  o f  subs t i t u ted  benzophenones were examined as a f u n c t i o n  

o f  the i nduc t i ve  and mesomeric e f f e c t s  o f  the subs t i t uen ts .  

INTRODUCTION 

Fuson e t  a l .  have repor ted the C=O band pos i t i ons  f o r  several subs t i t u ted  

benzophenones, b u t  no d e f i n i t i v e  study of t he  band i n t e n s i t i e s  f o r  t h i s  c lass  

o f  compounds has been made. 

r e c e n t l y  repor ted f o r  a l a r g e  number o f  a l k y l  3 ,  and some halogen-subsituted 3-4 

benzophenones, bu t  no r e l a t i o n s h i p  has been establ ished between C=O band 

i n t e n s i t i e s  and the Hamnett d v a l u e s .  observed a l i n e a r  

r e l a t i o n s h i p  when the  C Z N s t r e t c h i n g  band i n t e n s i t i e s  were p l o t t e d  aga ins t  

the Hamnett / funct ions f o r  the subs t i t u ted  benzon i t r i l es ,  b u t  a s i m i l a r  p l o t  

f o r  the subs t i t u ted  acetophenone data showed wide s c a t t e r  

The frequencies and i n t e n s i t i e s  o f  t he  C=O bands were 

Thomson and Steel 

6 . 

* To whom i n q u i r i e s  about the  paper should be addressed. 
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DEB AND ZIELINSKI 

I n  the present communication the  frequencies and in teg ra ted  i n t e n s i t i e s  f o r  

the C=O bands i n  several d i f f e r e n t  subs t i t u ted  benzophenones a r e  presented, and 

the observed changes i n  these q u a n t i t i e s  a r e  discussed i n  r e l a t i o n  t o  the nature 

o f  the subst i tuents .  

drawn 2-3 as we l l  as t o  a s c e r t a i n  whether the re  i s  any s i g n i f i c a n t  r e q u l a r i t y  

between the C=O band i n t e n s i t i e s  and the Hamnett r e a c t i v i t y  constants. 

The present  o b j e c t i v e  i s  t o  enlarge the  conclusions p rev ious l y  

EX PER I M  ENTAL SECT I O N  

A l l  the compounds were commercially a v a i l a b l e  i n  h igh  p u r i t y  and t h e i r  

me1 t i n g  p o i n t  data were cons is ten t  w i t h  the respec t i ve  1 i t e r a t u r e  values. 

The i n f r a r e d  spectra were recorded us ing a Perkin-Elmer Model 180 spectrophotometer 

a t  the constant I. energy mode. For frequency c a l i b r a t i o n  the  indene absorpt ion 

maxima a t  1713.4 +, 0.66 and 1609 +, 0.42 cm” were used and the  frequency measure- 

ments were accurate t o  f 0.5 0-l. The in teg ra ted  absorpt ion i n t e n s i t i e s  (A)  are 

repor ted i n  u n i t s  of mole-’.&. cmm2. lo4,  and are ca l cu la ted  by t h e  equation 7-8 

A=2.303 x 1 5 7 x E  xdva x 7 0 - #  

where € i s  the apparent molar e x t i n c t i o n  c o e f f i c i e n t  a t  t he  absorpt ion maximum, 

andoveis the band w id th  i n  cm-l a t  t h e  half-maximum i n t e n s i t y .  The absorpt ion 

frequencies i n  the s o l i d  phase and i n  so lu t i ons ,  and t h e i r  i n teg ra ted  i n t e n s i t i e s  

a re  the  average values o f  t h ree  independent measurements f o r  each compound. The 

mean frequencies and in teg ra ted  i n t e n s i t i e s  a r e  l i s t e d  i n  Table 1. The average 

r e l a t i v e  e r r o r  i s  0.2 cm-l f o r  frequency pos i t i ons  and 0.04 mole- ’ .e .  an -2 f o r  

A-values, respec t i ve l y .  

RESULTS AND DISCUSSION 

Table 1 i l l u s t r a t e s  the v a r i a t i o n s  o f  C=O absorpt ion frequency i n  d i f f e r e n t  

The lowest  frequency i s  observed f o r  4,4’ - b i s  subs t i t u ted  benzophenones. 
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CARBONYL STRETCHING VIBRATION 

Table I .  Carbonyl s t r e t c h i n g  bands of  s u b s t i t u t e d  benzophenones. 

4 '  

5 6  6' 5' 

amax(cm-') Emax AV 1/2 ~ ~ 1 0 4  
Sol i d  Solut ion (cm-l) d -Val ues 

Subs ti tuents 

4-N02 1651.0 1672.8 633 14.2 3.25 0.778 

3-N02 1654.0 1672.4 847 10.8 3.31 .710 

4,4 -di-C1 1653.0a 1667.5 478 12.5 2.16 .454 1 

4,4 '  -di-F 

Unsubsti tu ted  

4-CH3 

3,4-di -CH3 

4,4l -di-CH3 

4,4 ' -di -OCH3 

4,4 -di-OH 1 

4- (CH3 2N 
4,4 1 -di-(CH3)2N 

2 , 5 -d i -CH3 

2,4 -d i -CH3 

1646.2 

1654.3 

1651 .8 

1653.0 

1645.0 

1639.5a 

1632. Oa 

1641.8 

1602.8 

1666. Z b  

1659 .7b 

1665.6 549 11.8 2.34 

1664.8 602 10.7 2.33 

1662.2 567 14.0 2.87 

1661.2 485 14.5 2.54 

1659.0 551 13.6 2.71 

1654.0 435 15.5 2.44 

1646.4 382 16.2 2.24 

1649.6 463 13.2 2.21 

1640.6 237 13.8 1.18 

1668.8 459 14.8 2.46 

1664.8 527 13.3 2.53 

.124 

0 

-.170 

- .239 

- .340 

- .536 

- .94 

- -830 

-.166 

a Represents mean value of  two C=O absorpt ions observed i n  the s o l i d  s t a t e ,  due 
t o  c r y s t a l  s p l i t t i n g .  

Pure l i q u i d  a t  room temperature (e25' C) 

(dimethylamino) benzophenone and the highest  f o r  the 4-n i t ro  benzophenone. 

presumably due t o  the opposi te  e l e c t r o n i c  e f f e c t s  of  the two s u b s t i t u e n t s  
9 . 
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DEB AND ZIELINSKI 

This observat ion conforms t o  the  behavior observed f o r  the corresponding 

acetophenones. 

e f f e c t  overshadows i t s  weak - I  e f f e c t ,  and a s t r u c t u r e  having an apprec iab le 

lower C=O bond order i s  favored. The C=O band frequency o f  t h e  ch lo ro -  and 

f l u o r o  - subs t i t u ted  compounds do n o t  change much as compared t o  t h e  unsub- 

s t i t u t e d  compound. Since the i nduc t i ve  and mesomeric e f f e c t s  o f  t he  halogens 

are o f  opposite signs ', a compensatory a c t i o n  between the two  e f f e c t s  i s  imp l i ed  

which r e s u l t s  i n  a n e g l i g i b l e  C=O frequency s h i f t .  

I n  the e lect ron-donat ing dimethylamino group, the s t rong + M 

In Figure 1, the C=O frequencies are p l o t t e d  as a f u n c t i o n  o f  the Hamnett 

s u b s t i t u t i o n  constants lo, 0 .  Although the  po in ts  a re  somewhat more scat tered 

i n  the s o l i d  s t a t e  than i n  so lu t i on ,  t he  frequency data i n  both cases are 

approximately l i n e a r l y  co r re la ted  w i t h  the  Hamnett U'values. The slope o f  the 

s o l i d  case was 17.7 3.5 w i t h  a l e a s t  square c o r r e l a t i o n  o f  0.84, as compared 

t o  the corresponding values o f  14.3 f 1.0 and 0.97 f o r  t he  s o l u t i o n  case. 

Nonetheless, t he  same combination o f  f a c t o r s  ( i .e.,  mesomeric and i n d u c t i v e  

e f f e c t s )  appears t o  be responsib le  f o r  the s h i f t s  i n  the C=O s t r e t c h i n g  band 

frequency i n  both the s o l i d  phase and i n  so lu t i ons .  

agree w i t h  s i m i l a r  observations o f  e a r l i e r  i nves t i ga t i ons .  

These r e s u l t s  q u a l i t a t i v e l y  
2-3,6,11-12 

Table I shows the  i n teg ra ted  i n t e n s i t i e s  (A )  f o r  13 subs t i t u ted  benzophenones 

as a f u n c t i o n  o f @  . 
measured by A-values ) are v a r i a b l e  b u t  the t o t a l  range o f  v a r i a t i o n  w i t h  sub- 

s t i t u e n t  types from 1.2 t o  3.3 i s  h igh  when compared w i t h  the  range from 1.4 

t o  2.8 observed by Jones e t  a l .  

general, subst i tuents  w i t h  a + M e f f e c t  and - I e f f e c t  w i l l  both enhance t h e  

i n t e n s i t y  o f  t he  C=O band i n  benzophenones. 

It c l e a r l y  demonstrates t h a t  t he  band i n t e n s i t i e s  ( as 

i n  s i m i l a r l y  subs t i t u ted  acetophenones. I n  

The C=O band i n  the 4,4' - d i f l u o r o -  compound i s  0.18 u n i t  s t ronger  than 

i n  the 4,4'- dichloro-band, i n d i c a t i n g  t h a t  t h e  mesomeric e f f e c t  alone can n o t  

exp la in  the C=O band i n t e n s i t y  i n  these compounds. The i n d u c t i v e  c o n t r i b u t i o n  
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DEB AND ZIELINSKI 

o f  the subs t i t uen ts  t o  the C=O band i n t e n s i t y  i s  f u r t h e r  supported by the observed 

h igh i n t e n s i t y  value f o r  the meta-n i t ro  d e r i v a t i v e .  

pa ra -n i t ro  compound (which has a negat ive mesomeric e f f e c t )  , i n d i c a t e s  t h a t  

t he re  i s  an apprec iab le i nduc t i ve  c o n t r i b u t i o n  o f  t he  pa ra -n i t ro  group t o  

the C=O band i n t e n s i t y .  

The h igh  i n t e n s i t y  f o r  the 

Cornparision o f  4methylbenzophenone w i t h  3,4-dimethyl- and 4,4'-dimethyl- 

compounds shows t h a t  an i n t r o d u c t i o n  o f  a second methyl group a t  t he  3- o r  4- 

p o s i t i o n  causes a lower ing o f  both frequency and i n t e n s i t y  o f  the C=O absorption, 

apparently due t o  the  i n f l uence  o f  t he  + I e f f e c t  o f  t he  methyl group. 

r e l a t i v e l y  low i n t e n s i t y  o f  t he  3,4-dimethyl- d e r i v a t i v e  i s ,  however, due t o  the 

s t ronger  + I e f f e c t  o f  the methyl group a t  t he  meta p o s i t i o n .  The lower 

i n t e n s i t i e s  i n  2,5-dimethyl- and 2',4-dimethyl - compounds might  be s i m i l a r l y  

explained. 

2,5-dimethyl- and 2,4-dimethyl- compounds show a frequency which i s  cons iderably  

h igher  than t h a t  o f  o the r  isomers. 

o f  t h e  ortho-methyl group h inders t h e  cop1 anar i  t y  13-14 o f  these conjugated 

systems, which leads t o  a decreased conjugation. 

and 2,6-dimethyl-derivatives the frequency i s  increased and the i n t e n s i t y  i s  

The 

It i s  worthwhile t o  note a l e s s  obvious, b u t  very  important, p o i n t .  

It may be assumed t h a t  t he  s t e r i c  i n f l uence  

Consequently, i n  2,S-dimethyl- 

lowered. 

compared w i t h  the  o r tho -  and meta- isomers, which supports the present observation 

Roos ' also f inds a lower frequency fo r  t he  para-methyl- compounds 

F igure 2 shows the  d ispers ions of t he  i n teg ra ted  i n t e n s i t i e s  o f  some subs t i t u ted  

benzophenones i n  r e l a t i o n  t o  the  Hamnett subs t i t uen t  constants. 

shown tha t ,  w i t h  the exception o f  t he  4,4' - dichlorobenzophenone, the C=O 

band i n t e n s i t i e s  approximate a l i n e a r  r e l a t i o n s h i p ,  as observed f o r  frequencies 

w i t h  t h e  Hamnett O v a l u e s .  The slope o f  t h i s  l i n e  i s  0.64 +, 0.2 w i t h  a l e a s t  

square c o r r e l a t i o n  o f  0.80. 

e s t a b l i s h  t h a t  f o r  benzophenones the C=O s t r e t c h i n g  band i n t e n s i t y  associated w i t h  

the meta and para r i n g  subs t i t uen ts  i s  determined by the o v e r - a l l  e l e c t r o n e g a t i v i t y  

Here i t  i s  

I n  a q u a l i t a t i v e  fashion the  r e s u l t s  c l e a r l y  
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DEB AND ZIELINSKI 

( M t I e f f e c t  ) o f  t he  subs t i t uen ts  t h a t  c o n t r o l  t he  absorpt ion frequency. 

I s  one example of how in teg ra ted  i n t e n s i t i e s  may be used t o  cha rac te r i ze  c e r t a i n  

func t i ona l  groups i n  subs t i t u ted  benzophenones. 

This  

CONCLUSION 

For the  compounds s tud ies,  i t  appears t h a t  t h e  s t r e t c h i n g  frequencies and 

i n t e n s i t i e s  o f  the C=O band o f  benzophenones can be co r re la ted  t o  the  subs t i t uen t  

e f f e c t s .  The c o r r e l a t i o n s  a r e  q u a l i t a t i v e l y  Val i d .  

approximately q u a n t i t a t i v e l y  1 inear .  

However, they are o n l y  
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