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NOTES 

CONVENIENT SYNTHESES OF SOME a-DEUTERATED ALKYL MESITYL KETONES 

BY E XCH AN GE REACT I ONS 

SUMMARY 

Three a1 k y l  m e s i t y l  ketones (methy l  e t h y l  and i s o p r o p y l )  deu te ra ted  

i n  t h e  a - p o s i t i o n s  were prepared i n  good y i e l d s  (82-89%) by exchange w i t h  

deu te r ium ox ide  u s i n g  dioxane s o l v e n t  and va r ious  c a t a l y s t s .  L i t t l e  o r  

no exchange was ob ta ined  when r e a c t i o n s  were a t tempted under c o n d i t i o n s  

used i n  p u b l i s h e d  procedures  f o r  o t h e r  ketones. I n f r a r e d  and H nmr 

s t r u c t u r a l  assignments o f  deu te ra ted  
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s p e c t r a l  ev idence i n  suppor t  o f  

ketones i s  g iven .  

Key words: a -deu te ro -a l ky l  mes t y l  ketones; syn thes i s ;  'H  nmr, i r  spec t ra .  

INTRODUCTION 

a -Deu te ra t i on  w i t h  wa te r -so lub le  ketones such as acetone (1,2) o r  3-pentanone 

(1,3) can be r e a d i l y  e f f e c t e d  by exchange w i t h  excess deu te r ium o x i d e  (1,2) a lone  

o r  w i t h  added po tass ium carbonate  (1,3). 

f o r  t he  e v a l u a t i o n  o f  i s o t o p e  e f f e c t s  i n  mechan is t i c  s t u d i e s  ( 4 )  on t h e  e n o l i z a t i o n  

r e a c t i o n  w i t h  Gr igna rd  reagents .  

occu r red  when the  ke tone was s t i r r e d  w i t h  deu te r ium ox ide  w i t h  o r  w i t h o u t  sodium 

deu te rox ide  f o r  a s u b s t a n t i a l l y  l o n g e r  p e r i o d  o f  t ime (ca.  2 days) than s p e c i f i e d .  

We w ish  t o  r e p o r t  s imp le  success fu l  procedures f o r  a - d e u t e r a t i o n  o f  w a t e r - i n s o l u b l e  

ketones developed by  a m o d i f i c a t i o n  o f  a r e c e n t  method ( 5 )  used f o r  d e u t e r a t i o n  of 

t i n  compounds. Evidence o f  complete d e u t e r a t i o n  i n  the  a - p o s i t i o n s  o f  t he  ketones 

was ob ta ined  f rom H nmr and i r  spec t ra .  

C e r t a i n  a -deutera ted  ketones were needed 

However, i t  was found t h a t  e s s e n t i a l l y  no exchange 
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EXPERIMENTAL 
2 [ H,]-Methyl 2,4,6-Trimethylphenyl Ketone* 

~ 

Methyl mesityl ketone (20.0 g ;  0.123 mol) was dissolved in  70 m l  of 1,4-dioxane 

(Mallinckrodt) in  a 100 ml round-bottomed f l a s k  equipped with a magnetic s t i r r e r  

and a re f lux  condenser protected with a calcium chlor ide  drying tube. Deuterium 

oxide (20.0 ml; 22.1 g ;  1.10 mol) of 98.4% pur i ty  (Aldrich)  and anhydrous sodium 

carbonate (15.0 g; 0.142 mol) were introduced i n t o  t h e  f l a s k .  

s t i r r e d  20 h r  a t  re f lux .  

another f l a s k  and the s o l i d  was washed with small q u a n t i t i e s  o f  dioxane. The 

washings were combined with the or ig ina l  so lu t ion  and so lvent  was removed with a 

rotary evaporator. 

removed by evaporation along with the solvent .  

reduced pressure,  bp  94.5-96"C/l Torr; y i e l d  18 g ,  89%; D(23"C) 0.9869 g / m l .  

second preparat ion the  exchange react ion was repeated with the deuterated ketone 

sample. 

f i r s t  exchange, ind ica t ing  complete exchange; bp  93-94"C/3 Torr. 

The mixture was 

The  so lu t ion  was decanted from the s o l i d  carbonate i n t o  

During t h i s  process, H D C  and unreacted deuterium oxide i s  a l s o  

The residue was d i s t i l l e d  under 

I n  a 

The same inf ra red  spectrum was obtained from t h i s  sample as t h a t  from the 

I In the H nmr spectrum, the s i n g l e t  a t  2.33 ppm corresponding t o  methyl protons 

' H  nmr data a t o  the carbonyl group had disappeared showing complete deuterat ion.  

on hydrogen and deuterated analogs respect ively a re :  

2.23; m-Ar-H 6.78, 6.75. Relevant fea tures  of i r  spec t ra  per ta in ing  t o  label ing 

posi t ion a r e  discussed below. 

1-[  H2]-Ethyl 2,4,6-Trimethylphenyl Ketone* 

o-CH3 2.16, 2 .14;  p-CH3 2.23, 

2 

The t i t l e  compound was prepared by an analogous procedure from e thyl  mesityl 

Complete deuterat ion ketone in  86% y i e l d ;  b p ,  106-107"C/2 Torr ;  U(23"C) 0.9690 g/ml. 

*Nomenclature according t o :  Internat ional  Union of  Pure and Applied Chemistry, 

Organic Chemistry Division, Commission on Nomenclature of Organic Chemistry, Nomen- 

c l a t u r e  of Organic Chemistry. Section H :  I so topica l ly  Modified Compounds 

( F i r s t  Ed.) ,  Pure Appl. Chem., 2, 353-380 (1979). 
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was con f i rmed  by the  nmr spectrum. 

the  ca rbony l  group p resen t  i n  the  undeutera ted  ke tone a t  2.58 ppm had d isappeared 

and t h e  t r i p l e t  f o r  t h e  methy l  p ro tons  B t o  t h e  carbony l  group a t  1.13 ppm was 

The q u a r t e t  f o r  t h e  methylene p ro tons  a t o  

r e p l a c e d  by  a p o o r l y  r e s o l v e d  q u i n t e t  a l s o  cen te red  a t  1.13 ppm. 

on hydrogen and deu te ra ted  analogs r e s p e c t i v e l y  a re :  

2.23; m-Ar-H 6.75, 6.73. Re levant  f e a t u r e s  o f  i r  s p e c t r a l  da ta  a r e  d iscussed below. 

1-Methyl-1-[  H,]-Ethyl 2,4,6-Trimethylphenyl Ketone* 

Other  ' H  nmr da ta  

o-CH3 2.11, 2.11; p-CH3 2.23, 

2 
~ ~ ~ ~ ~~ ~ 

The d e u t e r a t i o n  o f  i s o p r o p y l  m e s i t y l  ke tone was c a r r i e d  o u t  by a m o d i f i c a t i o n  

o f  t he  above procedure  w i t h  aceto- and p r o p i o - m s i t y l e n e s  s i n c e  complete deu te ra  

c o u l d  n o t  be achieved. The ke tone (23.4 g; 0.123 mol )  was d i s s o l v e d  i n  d ioxane 

(70  m l )  and t h e  s o l u t i o n  was r e f l u x e d  w i t h  deu te r ium ox ide  (22 g; 1.1 mol )  i n  t h  

presence o f  0.25 m l  o f  sodium deu te rox ide  ( N o r e l l )  (40% i n  D20) and anhydrous 

sodium carbonate  (15.1 g; 0.142 mol). The r e s t  o f  t he  procedure  was the  same as 

i on 

w i th  methy l  m e s i t y l  ketone; y i e l d  82%; bp 135-138"C/9 To r r ;  D(23"C), 0.9588 g/ml. 

1 The H nmr s p e c t r a l  da ta  o f  t h e  compound c o n f i r m  t h e  expec ted  p o s i t i o n  o f  

deu te ra t i on .  

undeutera ted  ke tone a t  2.87 ppm had d isappeared and the  d o u b l e t  o f  t h e  B-gem- 

d ime thy l  group a t  1.10 ppm was rep laced  by  a b road un reso lved  m u l t i p l e t  cen te red  a t  

1.08 ppm. Other  H nmr d a t a  on hydrogen and deu te ra ted  analogs r e s p e c t i v e l y  a re :  

o-CH3 2.11, 2.11; p-CH3 2.23, 2.23; m - A r - H  6.75, 6.73. 

C-0 s t r e t c h i n g  band a t  2180 cm-'. 

cussed below as t h e y  r e l a t e  t o  l a b e l i n g  p o s i t i o n .  

NMR and I R  Spec t ra  

The s e p t e t  o f  t h e  a-methine p r o t o n  p r e s e n t  i n  t h e  spec t rum o f  t he  

1 

The i r  spectrum showed a weak 

Re levant  f e a t u r e s  o f  i r  s p e c t r a l  da ta  a re  d i s -  

' H  nmr s p e c t r a  were o b t a i n e d  w i t h  a Perk in -E lmer  model R12B i n s t r u m e n t  a t  60 MHz. 

Con- Chemical s h i f t s  a re  i n  ppm ( 6  s c a l e )  f r o m  t e t r a m e t h y l s i l a n e  i n t e r n a l  s tandard .  

c e n t r a t i o n s  were 10% W / V  i n  s p e c t r a l  grade carbon t e t r a c h l o r i d e .  

I n f r a r e d  s p e c t r a  were o b t a i n e d  w i t h  a Perk in -E lmer  model 521 spectrophotometer.  

The samples were nea t  l i q u i d s  as f i l m s  between sodium c h l o r i d e  p l a t e s .  Frequencies 

were c a l i b r a t e d  a g a i n s t  c l o s e s t  bands o f  p o l y s t y r e n e  f i l m .  
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D I S CU SS I ON 

Comparisons o f  the  i n f r a r e d  s p e c t r a  (6 )  o f  t h e  t h r e e  d e u t e r a t e d  ketones w i t h  

t h e i r  hydrogen analogs serve  t o  s u b s t a n t i a t e  nmr ev idence f o r  p o s i t i o n  o f  l a b e l i n g .  

For  the  t h r e e  deu te ra ted  ketones, t h e  C - D  s t r e t c h i n g  modes appear i n  t h e  spec t ra  as 

weak bands a t  2250, 2130, and 2180 cm-’ f o r  methy l ,  e t h y l ,  and i s o p r o p y l  n i e s i t y l  

ketones r e s p e c t i v e l y .  

1350 ern-' a re  m i s s i n g  f rom t h e  spec t rum o f  t h e  a -deu te ra ted  analog; t h e  co r res -  

ponding modes appear i n  t h e  spec t rum o f  t he  l a t t e r  a t  1090 and 980 cm- . 
m e s i t y l  ke tone the  C-H bend ing  v i b r a t i o n s  (6as  and A s )  wh ich  appear a t  1420 and 

1340 cm-’ r e s p e c t i v e l y  do n o t  appear i n  the  spec t rum o f  t h e  a -deu te ra ted  ana log  and 

a re  rep laced  by bands a t  1262 and 1140 cm-l i n  t h e  spectrum o f  the  l a t t e r .  The C - H  

t w i s t i n g  and r o c k i n g  modes a r e  e v i d e n t l y  t h e  bands a t  1220 and 1010 cm-’. 

band co r respond ing  t o  t h e  1220 cm-l mode e v i d e n t l y  i s  t h e  band a t  1085 cm-’. 

l a t t e r  bend ing  assignments a re  t e n t a t i v e . )  

C - t i  bend ing  mode appears a t  1220 cm-l wh ich  does n o t  appear i n  t h e  spectrum o f  

t he  deu te ra ted  analog. A new s t r o n g  band appears a t  990 cm-’ i n  t h e  spec t rum o f  

the  a -deu te ra ted  i s o p r o p y l  compound. The gem-dimethyl d o u b l e t  f o r  t h e  i s o p r o p y l  

group which appears a t  1380 and 1360 cm-l f o r  b o t h  hydrogen and deu te r ium compounds 

shows t h a t  a - s u b s t i t u t i o n  by  deu te r ium has no e f f e c t  on t h i s  v i b r a t i o n a l  mode. 

The C-H bend ing  modes f o r  methy l  m e s i t y l  ke tone a t  1425 and 

1 Fo r  e t h y l  

The C-D 

(The 

For  i s o p r o p y l  m e s i t y l  ketone, a s t r o n g  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a l t hough  t h e  d i f f e r e n c e s  i n  chemical  s h i f t s  between 

some o f  the  deu te ra ted  and non-deutera ted  analogs a r e  sma l l  (0.02 t o  0.03 ppm), they  

are  s l i g h t l y  l a r g e r  than the  exper imen ta l  e r r o r  (+0.01 ppm) and r e p r o d u c i b l e ;  a l s o  

the  f a c t  t h a t  t h e y  a re  c o n s i s t e n t l y  i n  t h e  same d i r e c t i o n  would tend t o  make them 

v a l i d .  The observed va lues  f o r  deu te ra ted  compounds (where p r e s e n t )  always appear 

a t  h i g h e r  f i e l d  s t r e n g t h s  f o r  t h e  a romat i c  p ro tons ,  i s o p r o p y l  methy ls ,  and o r t h o  

methy ls  f o r  t he  methyl  ketone. The o r t h o  methy l  p ro tons  show a s h i e l d i n g  s h i f t  

from w t h y l  (2.16 ppm) t o  e t h y l  (2.11 ppm) m e s i t y l  ke tone  wh ich  l e v e l s  o f f  f o r  t he  

i s o p r o p y l  ke tone a t  2.11 ppm. 
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