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. . 

. . Abstrac t  
, . 

A s e r i e s  of  meta o r  pa ra  s u b s t i t u t e d  phenylglyoxals, '  inc luding 
. . 

H, E - C H ~ ,  2-OCH3, p-Br, p-C1, p-phenyl, m_-OCH3, p - N O 2   and.^-OH, were 

examined f o r  Linear  Free  Energy Rela t ionships  between chemical r e a c t i v i t y  

and subs t i tuen t  constants ,  and between chemical r e a c t i v i t y  and carbonyl 

s t r e t c h i n g  frequencies o f  the  ketone and aldehyde carbonyls. A t  pH 12, 

t h e  hydroxide ion  catalyzed d ispropor t ionat ion  of t h e  phenylglyoxals i n t o  

t h e  corresponding mandelic ac ids  follows the  Hammett r e l a t i o n s h i p  wi th  , = 2.0, i n d i c a t i v e  of a  t r a n s i t i o n  s t a t e  s t a b i l i z e d  by e l e c t r o n  with-  

drawing groups. These r a t e s  of  d ispropor t ionat ion  a l s o  c o r r e l a t e  q u i t e  

we l l  wi th  t h e  carbonyl s t r e t c h i n g  frequencies o f  the  ketone carbonyls ,  both 

f o r  t h e  hydrated and the  anhydrous phenylglyoxals. The aldehyde carbonyl 

s t r e t c h i n g  f requencies  a r e  e s s e n t i a l l y  independent of r ing .  s u b s t i t u e n t s ,  

9 = 1727 * 2  cfi-l. The d ispropor t ionat ion  of a-ketoaldehydes i s  known 

t o  , involve  in t ramolecular  hydride migration. The r e s u l t s .  of  t h e  present  

study sugge'st t h a t  hydride migrat ion i s  t h e  r a t e  determining'st .e.p i n  t h e  

d i sp ropor t iona t ion  of t h i s  s e r i e s  of  s u b s t i t u t e d  phenylglyoxals. 



I n t r o d u c t i o n .  ' 

The g lyoxalase  system i s  composed of  two.enzymes, g lyoxa la se - I  

whPch . u t i l i z e s  g l u t a t h i o n e  (GSH) a s  coenzyme, and c a t a l y z e s  t h e  d i s p r o p o r t i o n a -  

t i o n  o f  m e t h y l ~ l y o x a l  i n t o  t h e  t h i o l  e s t e r  o f  l a c t i c  a c i d . a n d  GSH, and g l y -  

o x a l a s e - I 1  which hydrolyzes t h i s  t h i o l .  e s t e r  t o  r egene ra t e  GSH. and l i b e r a t e  

2,3 l a c t i c  acid.  ~ 'cheme 1 summarizes t h e  r e a c t i o n s  o f  t h e  g lyoxa la se  system. . 
. 

React ions l ' a n d  2 o f  Scheme 1 a r e  pre-enzymic r e a c t i o n s  t o  form a hemimercaptal 

495 which i s  t h e  ' a c tua l  enzyme s u b s t r a t e  . The n e t  r e a c t i o n  i n  t h e  g l y o x a l a s e  

system i s  t h e  conversion of  an a-ketoaldehyde i n t o  an  a-hydroxycarboxylic  

acid.  Th i s  i s  analogous t o  an in t r amolecu la r  Cannizzaro r e a c t i o n  i n v o l v i n g  

hydr ide  mig ra t ion  from t h e  aldehydic group t o  t h e  0-carbon. The g l y o x a l a s e - I  

r e a c t i o n  ( r e a c t i o n  3 of  Scheme 1 )  i s  ..known t o  occur  -wi thout  so lven t  exchange 

of t he  a ldehydic  hydrogen6'7, a s  i n  t h e  Cannizzaro r e a c t i o n .  The importance 

of t h e  g lyoxa la se  system i s  no t  ye t  c l e a r ,  It i s  ub iqu i tous .  i n  n a t u r e ,  and 

t h e r e  have been sugges t ions  t h a t  t h e  system.may p lay  an  important  r o l e  i n  t h e  
. . 8 

r e g u l a t i o n  of  c e l l  .growth . The gene ra l  a b i l i t y  of  m e t h y l g l y o x a ~  and o t h e r  
" .  

O-ketoaldehydes t o  i n h i b i t  t h e  growth of  both b a c t e r i a  and mammalian c e l l s  

i s  w e l l  e s t a b l i s h e d  9f10 and has  r e s u l t e d  i n  t h e  s p e c i f i c  s u g g e s t i o n  t h a c  t h e  

g lyoxalase  system may. func t ion  i n  a  r e g u l a t o r y  c a p a c i t y  by moni tor ing  i n t r a -  

c e l l u l a r  methylglyoxal  ( o r  o t h e r  a - k e t ~ a l d e h ~ d e s )  concen t r a t ions .  11 
. . 

The d i s p r o p o r t i o n a t i o n  . o f  a-ketoaldehydes i n  a l k a l i n e  s o l u t i o n  i s  . 

a l s o  an in t r amolecu la r  Cannizzaro reac t ion .  Th i s  r e a c t i o n  has  been s t u d i e d  

ex tens ive ly ,  e s p e c i a l l y  f o r  phenylglyoxal , 2nd a l s o  invo lves  migra-  

13 t i o n  of  t h e  a ldehydic  hydrogen wi thout  exchange wi th  s o l v e n t  . Furthermore,  

Hine and ~ o s e r l ~  have e s t a b l i s h e d  t h a t  t h e  d ispropor t . io&t ion  of  phenylg lyoxal  

i nvo lves  in t ramolcculnr  hydr ide  mig ra t ion  a s  t h e  rate determining  s tep .  

A summary o f  t h e i r  purposed r e a c t i o n  sequence i s  g iven  i n  Scheme 2. Comparison 



of  t h e  two r e a c t i o n  Schemes. shows t h e  formal s i m i l a r i t y  between t h e  enzyme 
. . 

ca t a lyzed  r e a c t i o n  (3) and the.hydroxide ca t a lyzed  r e a c t i o n s  ( 7  and 8) .  
. . 

We have examined t h e  e f f e c t s  of  s u b s t i t u e n t s  on t h e  hydroxide 

ca t a lyzed  d i s p r o p o r t i o n a t i o n  of a  s k i e s  of  s u b s t i t u t e d  phenylglyoxals  i n :  

o rde r .  t o  1). t e s t  whether r e a c t i o n s  7 and 8 involve  r a t e  determining h g d r i d e  
. . : . 

m i g r a t i o n  f o r  a  broad s e r i e s  of meta o r  p a r a  s u b s t i t u e n t s ;  2) exanine t h i s  

r e a c t i o n  f o r  Linear  Free  Energy Re la t ionsh ips  between r e a c t i v i t y  and s u b s t i -  

t u e n t  cons t an t s ;  3) at tempt  t o  exp la in  t h e  observed r e a c t i v i t y  by ana lyz ing  

t h e  carbonyl  s t r e t c h i n g  f requencies  o f  t h e  aldehyde and ke tone  carbonyls;  
, 

4) and o b t a i n  an understanding of  r e a c t i o n s  7 and 8 a s  models f o r  t h e  g l y -  " 

oxa la se - I  r e a c t i o n  (3).  We r e c e n t l y  o b s e r v e d  t h a t  t h e  g l y o x a l a s e - I  c a t a l y z e d  

d i s p r o p o r t i o n a t i o n  o f  s u b s t i t u t e d  phenylglyoxals  i s  i n s e n s i t i v e  t o  r i n g  sub- 

15  s t i t u e n t s  . Thi s  r a i s e s  t h e  ques t ion  of whether r e a c t i o n  3 involves  r a t e  

de te rmining  hydr ide  mig ra t ion  o r  whether hydr ide  mig ra t ion  simply shows a  

ve ry  small  s u b s t i t u e n t  e f f e c t .  React ions 7 and 8 t h u s  become c r i t i c a l  models 

f o r  r e a c t i o n  3. 
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R e s u l t s  and Discussion 

The r a t e s  of d i sp ropor t iona t ion  of  a  s e r i e s  o f  s u b s t i t u t e d  

phenylglyoxal hydra tes ,  i nc lud ing  H,' p-CH?, p-OCH~,'  2 - B r ,  E-C1, p-phenyl,  

m-OCH3 - and p-N02 were meaqured a t  pH 1 2  by fo l lowing  t h e  changes i n  t h e  

u. v. absorbances a t  t h e  JEW of t he  hydra tes .  ' P a r a - h y d r o x y p h e n y l g l y ~ a l  

was a l s o  examined. . This  member of  t h e  s e r i e s  d i . spropor t iona ted  s lowly  a t  

pH 12 and, consequent ly,  was r e a c t e d . a t  h ighe r  pH. The'p-OCH3 d e r i v a t i v e  

was a l s o  d i sp ropor t iona ted  . a t  t h i s  h ighe r  pH (ca .  0 .1 M NaOH . so lu t ion )  and 

t h e  f a c t o r  k  :ocx, = 39 was assumed v a l i d  a t  pH 12. The 2 - O H  d e r i v a t i v e  
E . . 

kp0-' 

e x i s t s  a s  t h e  p-0- anion a t  h igh  pH, The pseudo f i r s t  o rder  r a t e  c o n s t a n t s  

ob ta ined  and t h e  wavelengths employed are l i s t e d  i n  TABLE I. There is a 3600 

f o l d  range i n  r a t e  cons t an t s  between the.p-NO2 and E-0- d e r i v a t i v e s ,  i n d i c a t i v e  

o f  t r a n s i t i o n  s t a t e  s t a b i l i z a t i o n  by e l e c t r o n  withdrawing groups. ~ i g u r e  1 
. . . . 

shows a  Hammett plit of  log  k  - .  vs. (rx16 f o r  t h i s  s e r i e s  of  compounds.. A 

f a i r l y  good Linear  Free  Energy ~ e l . a t i o n s h i ~  i s  observed. The s lope ,  c , i s  
2.0, comparable i n  s i z e  and magnitude t o  t h e  OH- ca t a lyzed  h y d r o l y s i s  o f  

17 s u b s t i t u t e d  methylbenzoates . The l i n e a r  r e l a t i o n s h i p  ove r  t h i s  wide r ange  

o f  s u b s t i t u e n t s  sugges t s  a  common mechanism f o r  t h i s  s e r i e s  o f  d i s p r o p o r t i o n a t i o n s .  

I n  t h e i r  s tudy  on t h e  mechanism of  d i s p r o p o r t i o n a t i o n  of  phenyl- 

g lyoxal  hydra t e ,  Hine and ~ o s e r l ~  r epo r t ed  t h a t  t h e  r a t e d e t e r m i n i n g  s t e p  is .  

t h e  in t r amolecu la r  hydr ide  migra t ion  ( r e a c t i o n  7 o r  8 o f  Scheme 2) and t h a t  

r e a c t i o n  8 predominates a t  hydroxide concen t r a t ions  above 3 mM.. A t  pH 12 ,  

both t h e  mono- and d i an ion  should c o n t r i b u t e  t o  the  observed r a t e  w i t h  t h e  

m a j o r i t y  of  r e a c t i o n  occu r r ing  t h e  dianion.  The e x i s t e n c e  o f  a  l i n e a r  

r e l a t i o n s h i p  f o r  t h e  e n t i r e  s e r i e s  of  s u b s t i t u t e d  phenylglyoxals  examined i n  



t h e  present  study,,  a t  pH 12, appears su rp r i s ing ,  i f  both r e a c t i o n s  7 and. 

8 a r e  involved. However, i f  t he  a c i d i t i e s  i f  t h e  hydra tes  ( i .  e. , re- 

a c t i o n s  5 and 6 of Scheme 2) a r e  i n s e n s i t i v e  t o  r i n g  s u b s t i t u e n t s ,  then 

the  con t r ibu t ions  df  r e a c t i o n s  7 and 8, respec t ive ly ,  would be  i n s e n s i t i v e  

t o  s u b s t i t u e n t s ,  and a  lines= r e l a t i o n s h i p  might be an t i c ipa ted .  To 

examine t h i s  quest ion,  t h e  carbonyl s t r e t c h i n g  frequencies of  the  sub- 

s t i t u t e d  phenylglyoxals were determined f o r  t h e  ketones i n  t h e  hydrated 

compounds and f o r  both t h e  aldehydes and t h e  ketones i n  t h e  unhydrated 

compounds. The values  a r e  l i s t e d  i n  TABLE 11. The aldehyde-carbonyl  

+ -1 . s t r e t c h i n g  frequency i s  1727 - 2 cm , t o t a l l y  i n s e n s i t i v e  t o  r i n g  sub- 

s t i t u e n t s ,  while t h e  ketone carbonyls are q u i t e  s e n d  t i v e  t o  r i n g  sub- 

s t i t u e n t s ,  both f o r  t h e  hydra tes  and t h e  unhydrated phenylglyoxals. I f  

one assumes t h a t  t h e  carbonyl s t r e t c h i n g  frequency r e f l e c t s  s e n s i t i v i t y  

t o  nuc leoph i l i c  addi t ion ,  one might expect t h a t  t h e  ex ten t  o f  hydra t ion  

o f  t h e  aldehyde i n  aqueous s o l u t i o n  and t h e  pKa va lues  o f  t h e  hydra tes  

w i l l  be  s i m i l a r  f o r  t h i s  e n t i r e  s e r i e s  o f  phenylglyoxals. This  would h e l p  

expla in  t h e  l i n e a r  r e l a t i o n s h i p  observed i n  t h e  r a e e s  o f  d i sp ropor t iona t ion  
. . .  . . .. . 

a t  pH 12. .  This  conclusion t h a t  t h e  chemistry it  . t h e  aldehyde group i s  

i n s e n s i t i v e  t o  ' subs t i tuen t s  agrees wi th  e a r l i e r  observat ions  t h a t  t h e  

r a t e s  o f  add i t ion  o f  g l u t a t h i o n e  t o  t h e  aldehyde groups o f  s u b s t i t u t e d  

phinylglyoxals  ( r e i c t i o n  2, Scheme 1) and t h e  d i s s o c i a t i o n  cons tan t s  of  

15  
t h e  r e s u l t i n g  hemimercaptal's a r e  i n s e n s i t i v e  t o  r i n g  s u b s t i t u e n t s  . 

I f  hydr ide  migrat ion i s  r a t e  determining, and ' i f  t h e  ketone 

carbonyl s t r e t c h i n g  frequencies r e f l e c t  the  in f luence  o f  t h e  r i n g  sub- 

s t i t u e n t s ,  l i n e a r  r e l a t i o n s h i p s  might be  expected.  i n  p l o t s  of  l o g  

k  - vs, -$ 0 Figures 2 and 3 show p l o t s  o f  log  k - vs. t h e  ketone carbonyl  



stretching frequencies of the hydrates and the unhydrated phenylglyoxals, 

a respectively. Fairly good Linear Free Energy Relationships are observed 

in both cases. The sensitivity of the reaction is about one log unit of 
-1 ' 

k for a 4dcpO of ij cm . , These results agree with the general conciusion 
.that the carbonyl stretching frequency can be a good indicator of chemical 

reactivity. Previbus studies have shown that ketone carbonyl stret*ching 

frequencies can alsd be good models .for predicting reactivities o'f ester 

'18,19 
so1volyses proceeding by carbonium ion intermediates . . .  

. . 

The usefulness of 'reactions 7 and 8 as models for the glyo'xalase-~ 

reaction (reaction j, Scheme 1) is limited.' The high sensitivity of the OH- 

catalyzed disprop~rtionatio~ of substituted phenylglyoxals to subst ituents 

compared fo the lack of sensitiviLy15 in the glyo&alase-~ reaction suggests 

that hydride migration may not be the rate determining step in the enzyme 

react ion. 



. . .  . . 
, . 

. . . .  , 

. . .  Experiment a1  

The s u b s t i t u t e d  phenylglyoxals  used i n  t h i s  s tudy  were s y n t h e s i z e d  

by t h e  fo l lowing  gene ra l  procedures.  

20 . . 

Procedure A :  A s u b s t i t u t e d  acetophenone a s  a  1 -2  M s o l u t i o n  i n  dioxane 

con ta in ing  an equ iva l en t  amount, o f  se lenous  a c i d  was r e f l u x e d  . f o r  4 hours .  

The mix tu re  was c0ncentrate .d by r o t a r y  evapora t ion , .  and t h e  r e s i d u e  was 

vacuum d i s t i l l e d .  T h e ' r e s u l t i n g  o i 1 , w a s  added t o  hot  wa te r  t o  form t h e  

c r y s t a l l i n e  subs ' t i tu ' ted phenylglyoxal h y d r a t e  .which was r e c r y s t a l l i z e d  from 

chloroform, acetone. 

c! 1 Procedure B :  A s l u r r y  of  a  s u b s t i t u t e d  phenacylbromide i n  a c e t o n i t r i l e  

was t r e a t e d  w i t h  a  s l i g h t  excess  of AgN03. The r e s u l t i n g  mix tu re  was s t i r r e d  

f o r  24-48 hour s  a t  room temperature,  f i l t e r e d ,  and t h e  so lven t  removed by 

r o t a r y  evaporat ion.  The r e s idue  ( a  p h e n a c y l n i t r a t  e)  was d i s so lved  i n  d i e t h y l -  

e t h e r  and washed ~ 1 i t h  water. Af t e r  d ry ing  over  MgS04, t h e  so lven t  was removed, 

and t h e  r e s i d u e  was added t o  d imethylsu l foxide  con ta in ing  about 1% sodium . 
' 

a c e t a t e .  The mixture  was s t i r r e d  a t  room tempera ture  f o r  30 minutes  and then  . 

was poured i n t o  ice-water  s a t u r a t e d  wi th  NaC1. The r e s u l t i n g  mixture  was 

e x t r a c t e d  wi th  d i e t h y l  e t h e r ,  washed wi th  water ,  d r i e d  over  PlgSOa and t h e n  . . ' 

t h e  so lven t  evaporated o f f .  The r e s u l t i n g  . s u b s t i t u t e d  p h & y l g l y o ~ a l  h y d r a t e  was 

r e c r y s t a l l i z e d  a s  i n  procedure A. 

The s u b s t i t u t e d  phenylglyoxal hydra t e s  .prepared by e i t h e r  procedure  

were c o l o r l e s s  s o l i d s  except  f o r  t he  2-N02 d e r i v a t i v e  which d id  n o t  form a  
. 

, , 

c r y s t a l l i n e  hydrate . .  The me l t ing  p o i n t s ,  however, were observed t o  be  

somewhat v a r i a b l e  du r ing  t h e  r e c r y s t a l l i z a t i o n  procedures.  Th i s  presumably 

i s  a  r e f l e c t i o n  of t h e  ex t en t  of hydra t ion  and has  a l s o  been observed by 

1 4  
o t h e r s  . A l l  o f  t h e  s u b s t i t u t e d  phenylglyoxals  were conver ted  i n t o  t h e  

d i o x i m e ' d e r i v a t i v e s  f o r  e lemental  ana lys i s .  The . da t a  f o r  c h a r a c t e r i z a t i o n  of 



t h e  s e r i e s  of  phenylglyoxals  a r e  given i n  TABLE 111. 

~ a t e s  of  Dispropor t iona t ion: .  'Phosphate b u f f e r s ,  pH 12, p = 0.6, were p re -  

pared us ing  d i s t i l l e d ,  deiohized water  a n d - r e a g e n t  grade  chemicals. . 

React ion r a t e s  were monitored a t  t h e  Jw va lues  of t h e  s u b s t i t u t e d  ~ h e n y l -  

g lyoxa l s  ob ta ined  from u. v. s p e c t r a  recorded i n  pH 7 phosphate b u f f e r  u s ing  

a  Cary 1 5  record ing  spectro,photometer. I n  a l l  cases ,  the .  s u b s t i t u t e d  phenyl-  

4 
g l y b x a l s  have molar e x t i n c t i o n  c o e f f i c i e n t s  ca. 10  M-lcm-l a t  t h e  whereas 

t h e  s u b s t i t u t e d '  mandelate products  show low abso rp t ion  a t  t h e s e  wavelengths. 

The r e a c t i o n  r a t e s  were measured on a  G i l fo rd  222 r eco rd ing  spec t rophotometer  

employing Beckman DU o p t i c s .  'The temperature was c o n t r o l l e d  w i t h  a c i r c u l a t i n g  

water  bath.  F i r s t  o r d e r  r a t e  c o n s t a n t s  were ob ta ined  from computer c a l c u l a t e d  

l e a s t  squares  s l o p e s  of  p l o t s  of l o g  absorbance change E. time. C o r r e l a t i o n  

c o e f f i c i e n t s  were gene ra l ly  b e t t e r  than 0.999. Reac t ions  were i n i t i a t e d ' b y  

a d d i t i o n  o f  small  q u a n t i t i e s  (10-20 p1. ) o f  1 :l ' e thznol ,  H20 s t o c k  s o l u t i o n  

of  t h e  s u b s t i t u t e d - p h e n y l g l y o x a l s .  ' These small  q u a n t i t i e s  were p laced  on t h e  

end o f  a  f l a t t e n e d  s t i r r i n g  rod and in t roduced  d i r e c t l y  i n t o  t h e  s p e c t r o -  

photometer c e l l  con ta in ing  3.0 m l .  o f  tempera ture  e q u i l i b r a t e d  buf fer .  The 

e thano l  was g e n e r a l l y  u s e f u l  f o r  p repa r ing  s tock  s o l u t i o n s  of  convenient  

concen t r a t ions ,  Use o f  s tock  sb l t r t ions  withnut  e thano l  gave, t h e  same r a t e  

data .  The i n i t i a l ' c o n c e n t r a t i o n s  o f  s u b s t i t u t e d  phenylglyoxals  i n  t h e  r e a c t i o n  

c e l l  were g e n e r a l l y  ca. M. 

Carbonyl S t r e t c h i n g  ~ r e ~ u e n c i e s :  The ke tone  and aldehyde carbonyl  s t r e t c h i n g  

f r equenc ie s  weremeasured on a  Perkin-Elmer 621 r eco rd ing  spect 'rophotometer 

u s ing  very  slow scan r a t e s  and expanded s c a l e s .  General ly ,  t h e  range 1800- , 

1600 cmel was scanned over  a  one hour per iod ,  and a  po lys ty rene  s i anda rd  was added 

t o  t h e  c e l l  h o l d e r  inm~edia te ly  a f t e r  t h e  carbonyl  band was passed i n  o r d e r  t o  

a c c u r a t e l y  l o c a t e  t h e  carbonyl  s t r e t c h i n g  frequency. . Thi s  procedure gave 



+ -1 va lues  reproducible  t o  - 1.5 crn . 
The ketone carbonyl s t r e t c h i n g  f requencies  of t h e  s u b s t i t u t e d  

.phenylglyoxal hydra tes  were measured i n  Nujol mulls. The ketone and 

aldehyde carbonyl s t r e t c h i n g  f requencies  of  t h e  unhydrated compounds were 

determined i n  d i l u t e  a c e t o n i t r i l e  so lu t ions .  a l though carbonyl f requencies  

a r e  genera l ly  measured i n  carbon t e t r a c h l o r i d e  so lu t ions ,  i t  was found 

t h a t  t h e  unhydrated phenylglyoxals i n  carbon t e t r a c h l o r i d e  r a p i d l y  

d e t e r i o r a t e ,  presumably by polymerization. Only a  t r a c e  o f  water  i s  r e -  

quired t o  i n i t i a t e  polymerization. A c e t o n i t r i l e  s o l u t i o n s  were s u f f i c i e n t l y  

s t a b l e  t o  a l low slow scanning r a t e s  t o  be,used.  The anhydrous s o l u t i o n s  . . 

were prepared by .warming a c e t o n i t r i l e  so lu t ions  of t h e  hydra tes  over  

moledu la r  se ives ,  wi th  repeated t r a n s f e r s  t o  f r e s h  molecular  se ives .  
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TABLE I. Rate  Cons tan ts  f o r  . t h e  D i sp ropor t i ona t ion  of  s u b s t i t u t e d  
Phenylglyoxals  j pH 12, 25". a 

-4  -1 k (10 s e c  . .) l o g  k 

a Rates  measured spectrophotometr . ical1y . i n  - phosphate  b u f f e r ,  p = 0.6. 

b  E-OH phenylglyoxal  e x i s t s  a s  t h e  E-0- d e r i v a t i v e .  a t  h i g h  pH. S ince  
t h i s  s u b s t i t u t e d  phenylglyoxal  i s  q u i t e  s t a b l e  a t  pH 12 ; i t  was d i s p r o -  
p o r t i o n a t e d  a t  h i g h e r  pH a long  w i t h  t h e  E-OCH3 compound, and t h e  f a c t o r  
p-OCH3. = 39 was assumed a p p l i c a b l e ' a t  pH 12. 

2-0 - 
c Values tor Ci; ob ta ined  from r e f e r e n c e  (16). 

v a l u e s  o f  t h e  s u b s t i t u t e d  phenylglyoxal  h y d r a t e s ,  pH .7. The r a t e s  
i s p r o p o r t i o n a t i o n  were monitored a t  t h e s e  wzvelengths.  



TfiBLE 11 I n f r a t e d  Carbony1 S t r e t c h i n g  ~ r e ~ u e n c i e s  of  t h e  Ketone:and . . -  

~ l d e h ~ d e .  Carbonyls o f  S u b s t i t u t e d  Phenylglyoxals  and . . 

T h e i r  :-i.;,7dratesa. 
. . 

S u b s t i t u e n t  

aldehyde ke tone(hydra ted .  s e r i e s )  . , - k e t o n e  : 



-TABLE -111 .-.:Characterization .'af 'Subs. t i tute3 'Phenylglyoxals.  . - 
. . 

s u b s t i t u e n t  s m t h e t i c  M. Po (hydrate . )  M. P. (dioxime),  - Elemental ~ n a l ~ s i s ( d i o x i m e )  
procedure " .C 

. C  ' H  ' N .  

H A 76 - 77 174 - 176 58.53 4.91 17.06 c a l c u l a t e d  
58.70 5.10 1'7.04 observed 

a 
B o i l i n g  p o i n t  of p-NO2 de r iva t ive .  
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FIGURE LEGENDS . . 

-FIGERE 1 Hamnett - p l o t  of  l o g  -k,' t h e  r a t e  c o n s t a n t s  f o r  t h e  d i s p r o p o r t i o n a t i o n  
of  t h e  s u b s t i t u t e d  phenylglyoxals ,  pH 12, vs. Fx. Slope ,  i s  2.0. r y  

FIGURE 2 P lo t  o f  I.og k,  t h e  , s a t e  ' cons t an t s  f o r  t h e  d i s p r o p o r t i o n a t i o n  o f  t h e  
s u b s t i t u t e d  phenylg iyoxals ,  pH 12, = . t h e  ke tone  carbonyl  s t r e t c h i n g  
f r equenc i e s  o f  t h e  hydra ted  phenylglyoxals .  

FIGURE F l o t  o f  l o g  k,  t h e  r a t e  c o n s t a n t s  f o r  t h e  . d i sp ropor t i ona t ion 'o f  t h e  
s u b s t i t u t e d  phecylg lyoxals ,  pH 12, E. t h e  ke tone  carbonyl  s t r e t c h i n g  
f r equenc i e s  o f  t h e  anhydrous phenylglyoxals.  . . 




