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ECONOMICAL SYNTHESES OF 3H-2H AND '%-LABELED ETHYL ACETATES1 

Francisco J. Alvarez, I l d i k o  M. Kovach and Richard L. Schowen* 

Con t r i bu t i on  from the  Department o f  Chemistry, U n i v e r s i t y  o f  Kansas, Lawrence, 
Kansas, 66045 

Summary: T r i t i u m  and '%labeled isomers o f  e t h y l  acetate are e x c e l l e n t  sub- 
s t r a t e s  fo r  compe t i t i ve  dual - labeled r a d i o a c t i v e  i s o t o p i c  measurements o f  
6-deuterium and 6 - t r i t i u m  i so tope  e f f e c t s .  Methods a re  g iven f o r  preparat ion 
o f  t he  e t h y l  es te rs  o f  a c e t i c  acid-2-3H, a c e t i c  acid-2-14C, and a c e t i c  acid-2,2- 
2H2-2-3H, and o f  t he  a c e t i c  a c i d  e s t e r  o f  e thano l - l - I 4C  from the  l e a s t  c o s t l y  
l abe led  precursors i n  h igh  p u r i t y  ( y i e l d  70430%) on the  m o l e  scale. 

Keywords: 
acetate, ketene-2H2. 

B - t r i t i U m  (deu te r i  um) i so tope  effects, tri tium-de~terium-~~C-ethyl 

INTRODUCTION 

I n  i n v e s t i g a t i o n s  o f  t r a n s i t i o n  s t a t e  s t ruc tu res  o f  acy l  t r a n s f e r  processes, 

6-deuterium secondary i so tope  e f f e c t s  have been u t i l i z e d  as mechanist ic t o o l s  

q u i t e  broadly  (2-6).  

methods, as w e l l  as o the r  i nves t i ga t i ons ,  i s  aided by the a v a i l a b i l i t y  o f  v a r i o u s l y  

l abe led  species o f  e t h y l  acetate.  

inexpensive approaches t o  e t h y l  acetate l abe led  w i t h  t r i t i u m ,  w i t h  t r i t i u m  and 

deuterium i n  the  6-pos i t ion,  and w i t h  I 4 C .  

The measurement o f  such e f f e c t s  by double-label compet i t ive 

I n  t h i s  paper, we wish t o  r e p o r t  e f f i c i e n t  and 

DISCUSSION 

Ace t i c  a ~ i d - Z - ~ H  o r  - Z - 1 4 C  e t h y l  es te r  was prepared from the  labeled sodium 

acetate and ethanol w i t h  concentrated s u l f u r i c  a c i d  as c a t a l y s t  (eq. 1 ) .  

CH3C02Na t HOCH2CH3 cone' H7S04 > CH3COOCH,CH3 t Na2S04 
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Acetic a ~ i d - 2 , 2 - ~ H , - Z - ~ H  ethyl  ester was obtained from t h e  reac t ion  o f  

ketene-,H, wi t h  ethanol -0- 3 H ,  according t o  eq. 2 .  

D,C=C=O + CH3CHZOT - 5"c > CD,TCOOCH2CH3 

The reac tan ts  were obtained as  fol lows:  

of acetone-,H, a s  described by Williams and Hurd ( 7 ) ,  b u t  s l i g h t l y  modified. 

E t h a n ~ l - O - ~ H  was obtained by the method of  Gueive and Sparek (8) .  

Ketene-,H, was prepared by t h e  pyrolysis  

Acetic acid ethyl-l-14C e s t e r  was obtained from the reac t ion  of e t h a n ~ l - l - ~ ~ C  

a n d  a c e t i c  anhydride with concentrated s u l f u r i c  acid as c a t a l y s t  (eq.  3 ) .  

CH3COOCOCH3 + CH3*CH,OH H2S04 CH3COO*CH2CH3 + CH3COOH [3] 

EXPERIMENTAL 

Mater ia ls .  The following rad ioac t ive  mater ia l s  were purchased: 3H-CH3COONa 

13 Ci/mnol and l-"+C-CH,CH,OH 1 m C i ,  0.05 mCi/mmol, Research Products 5 mCi, 

Internat ional  Corp., 2-"+C-CH3COONa 1 mCi, 4 .3  mCi/mmol, ICN Co., and 3H-H,0 

25 m C i ,  0.45 mCi/mmol, New England Nuclear. 

by Aldrich. All o ther  mater ia l s  were reagent grade. Instruments used f o r  

ana ly t ica l  measurements were: 

with a CARBOWAX 20 M ( 6 '  x 0.25") on Chromosorb W. 60/80 mesh support column, 

a Beckman IR-33 instrument, and a Beckman l i q u i d  s c i n t i l l a t i o n  counter LS-7500. 

Acetone-,H6 (99.5% D) was supplied 

an Aerograph A-90-P3 gas chromatograph supplied 

Acetic a ~ i d - Z - ~ H  or  -2-14C-ethyl e s t e r :  The rad ioac t ive  CH3COONa was 

dissolved in 5 mmol a c e t i c  acid o r  i t  was mixed with unlabeled CH,COONa t o  bring 

the quant i ty  t o  1 mmol and then dissolved in  %300 UL water. Twelve mmol absolute  

ethanol and  100 UL concentrated s u l f u r i c  acid were added and t h e  mixture was 

refluxed f o r  t h r e e  hours. After  the  f i r s t  f r a c t i o n  had been d i s t i l l e d  out  of the  
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r e a c t i o n  m ix tu re ,  5 mmol abso lu te  e thano l  was added t o  t h e  r e s i d u e  and t h e  

procedure was repeated. About 3.5 mmol e s t e r  was ob ta ined  when 5 mmol a c e t i c  

a c i d  was reacted.  

by decan t ing  from g ranu l  r CaCl, and K2C03.  

A sma 1 amount o f  e thano l  accompanying t h e  e s t e r  was removed 

The combined d i s t i l l a t e  con ta ined  10-30% e t h y l  a c e t a t e  and t h e  remainder 

e thano l  when ethanol  was i n  l a r g e  excess ove r  CH,COONa, as shown by gas chroma- 

tog raph ic  ana lys i s .  

( a c t i v i t y  grade I ,  M. Woelm Eschwege, 1 . 2 ~  110 cm) w i t h  e t h y l  a c e t a t e  e l u e n t .  

Two mL f r a c t i o n s  were c o l l e c t e d  f rom t h e  column and sampled f o r  t e s t i n g  f o r  

r a d i o a c t i v i t y .  

showed no ethanol  by gas chromatographic a n a l y s i s .  

t o t a l  r a d i o a c t i v i t y  was l a r g e r  than 70%. 

Th is  m i x t u r e  was separated on a b a s i c  alumina column 

The r a d i o a c t i v e  e t h y l  a c e t a t e  was pooled f rom 16 mL e luen t ,  and 

The o v e r a l l  y i e l d  based on 

K e t e r ~ e - ~ H ? ,  A c e t i c  a ~ i d - 2 , 2 - ~ H ? - 2 - 3 H  e t h y l  e s t e r .  Ketene-2H2 was generated by 

p y r o l y s i s  of acetone-,H6 vapor ove r  a 24 E & S Chrome1 a f i l a m e n t  (a3.5 m) heated a t  

700-750°C. 

chamber and b rough t  back t o  t h e  b o i l i n g  acetone f l a s k  th rough  a s iphon (see 

apparatus i l l u s t r a t i o n  i n  Ref.  7) .  The ketene-,H, was passed through two d r y  

ice-acetone t r a p s  t o  remove unreacted acetone-,H, and o t h e r  byproducts  o f  t h e  

p y r o l y s i s .  The ke te r~e -~H,  was then bubbled i n t o  e t h a n ~ l - O - ~ H  (prepared (8)  

by r e a c t i o n  o f  (CW3),Si(OCH,CH3), w i t h  HOT, c a t a l y z e d  by a sma l l  amount o f  20% 

HC1, f o l l o w e d  b y  d i s t i l l a t i o n  o f  t h e  l a b e l e d  ethanol  d i r e c t l y  away f rom t h e  

o i l y  s i l i c o n e  p roduc t )  a t  5°C f o r  t h r e e  hours.  

Unreacted a ~ e t o n e - ~ H ,  was condensed i n  a s i d e  arm o f  t h e  p y r o l y s i s  

The convers ion o f  e thano l  was f o l l o w e d  by w i thd raw ing  0.5 pL samples f o r  

gas chromatographic a n a l y s i s .  

peak f o r  e thano l  was observable.  However, a smal l  peak due t o  a byproduct ,  

p robab ly  an a c e t a t e  e s t e r  o f  d i m e t h y l s i l a n e d i o l ,  a l s o  appeared (about  4% by gas- 

chromatographic area r a t i o ) .  Column chromatographic p u r i f i c a t i o n  o f  t h e  p roduc t  

The r e a c t i o n  was te rm ina ted  a t  t h e  t i m e  when no 
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was c a r r i e d  o u t  as above and r e s u l t e d  i n  18 mL o f  r a d i o a c t i v e  e t h y l  ace ta te .  

T h i s  was f u r t h e r  d i s t i l l e d  f rom anhydrous K,CO, and CaC1, t o  remove t h e  presumed 

s i l y l  e s t e r .  

(>95%) i n c o r p o r a t i o n  i n t o  e t h y l  a c e t a t e  o f  t h e  r a d i o a c t i v i t y  i n i t i a l l y  p resen t  

i n  e thanol  can a lmost  c e r t a i n l y  be achieved by i n s u r i n g  exposure o f  a l l  e thanol  

t o  ketene, t h rough  t h e  use o f  e f f i c i e n t  c o l d  t r a p s  f o l l o w i n g  t h e  r e a c t i o n  vessel .  

The o v e r a l l  y i e l d  on r a d i o a c t i v i t y  was 72%. N e a r l y  complete 

A c e t i c  a c i d  ethyl-1-"+C e s t e r .  Twenty mmol o f  e t h a n o l - l - I 4 C  was r e f l u x e d  

w i t h  30 mmol a c e t i c  anhydr ide and 100 pL conc. s u l f u r i c  a c i d  f o r  seven hours 

a t  70°C. The p roduc t  t h a t  was d i s t i l l e d  o u t  o f  t h e  r e a c t i o n  vessel  showed no 

t r a c e  o f  i m p u r i t i e s  t h a t  have 0-H s t r e t c h i n g  v i b r a t i o n s  i n  t h e  I R .  The e t h y l  

ace ta te  was then d i l u t e d  t e n  f o l d  ( w i t h  cyclohexane),  t r e a t e d  w i t h  a few drops 

o f  water  t o  decompose excess a c e t i c  anhydr ide and f u r t h e r  p u r i f i e d  w i t h  anhydrous 

CaC1, and K,CO, as desc r ibed  e a r l i e r .  

a c t i v i t y ,  was 78%. 

The o v e r a l l  y i e l d ,  based on t o t a l  r a d i o -  

*To whom a1 1 correspondence should be addressed. 
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