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SUMMARY 

A desc r ip t ion  o f  t h e  p repa ra t ion  o f  methyl Foxo-4,4-dimethyl- 

pentanoate- 1 ,3-14C. The Grignard reagent  prepared from 2-chlo- 

ro-2-methylpropane is  carbonated with 14C02 and the  r e s u l t i n g  

t r i m e t h y l a c e t i c  ac id  t r e a t e d  with m e t h y l l i t h i m .  3 ,FDimethyl-  

2-butanone is t r e a t e d  with NaNH2,  t h e  r e s u l t i n g  eno la t e  is  

carbonated with 14C02, and t h i s  ke toac id  t r e a t e d  immediately 

a f t e r  workup k i t h  excess  diazomethane. 

I n  the  i n t e r e s t  

tanoate-1 ,3-14C, t h e  

o f  prepar ing  methyl >-oxo-4,4-dimethylpen- 

fol lowing sequence of  r e a c t i o n s  w a s  proposed: 

A (CH 3 3  C C 1  __3 Mg (CH3)p4gC1 14c02, (CH3)3C14C02H 

(CH3)3C 14 C02H + 2CH3Li ___, (CH3)3C14COCH3 

( CH3) 3C14COCH214CO$l 

- i v  (CH3)3C14COCH214C02H CH 2 N 2) ( CH3)3C14COCH214COCH3 

During pre l iminary  work with unlabe l led  compounds, an at tempt  

was made t o  carbonate  t h e  Grignard reagent  prepared from 2-bromo- 

2-methylpropane according t o  i. No a c i d  was i so l a t ed .  A l i t e r a t u r e  
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search  revea led  success fu l  p r e p a r a t i o n s  ( l S 2 )  of  t h i s  a c i d  by way of 

2-chloro-2-methylpropane. T h i s  method was t e s t e d  and found t o  be 

q u i t e  s a t i s f a c t o r y .  

The r e a c t i o n  of  dimethylcadmium wi th  t r i m e t h y l a c e t y l  ch lo r ide  

was i n v e s t i g a t e d  f o r  t h e  p repa ra t ion  o f  t he  ke tone  g, i n  view of  

p r i o r  s u c c e s s f u l  p r e p a r a t i o n s  o f  methyl ke tones  by t h i s  method i n  

our l abora to ry ,  Repeated a t tempts ,  us ing  t h e  gene ra l  method re- 

viewed by C a s ~ n ( ~ ) ,  gave unacceptably low y i e l d s  of &&. The reac-  

t i o n  of  t r i m e t h y l a c e t i c  a c i d  with two e q u i v a l e n t s  of  methyl l i thium 

i n  d i e t h y l  e t h e r  a t  room temperature  followed by a b r i e f  r e f l u x  

a f forded  i n  g r e a t e r  t han  90% y i e l d ,  and proved much s impler  

mechanical ly  than t h e  method us ing  dimethylcadmium. 

(4) 

For the  p repa ra t ion  of  t h e  t i t l e  compound from the  ke tone  u, 
the  t w o  s t e p  mothod of L e ~ i n e ' ~ )  was modified t o  make most e f f i -  

c i e n t  use o$ both  t h e  l a b e l l e d  ketone and t h e  14C02 f o r  t h e  car- 

bonation. Whereas Levine prepared t h e  sodium amide i n  s i t u  from so- 

dium and l i q u i d  ammonia, a good commercial grade of sodium amide is  

now a v a i l a b l e  and was used as purchased i n  t h i s  prepara t ion .  An 

excess  of sodium amide w a s  avoided i n  o rde r  t o  minimize t h e  forma- 

t i o n  of sodium carbamate, which r e s u l t s  no t  on ly  i n  reduced y i e l d s  

of t he  d e s i r e d  product ,  bu t  a l s o  i n  the  r e l e a s e  of  r a d i o a c t i v e  car- 

bon d ioxide  dur ing  t h e  hydro lys i s  s tep .  The ketone u, sodium amide 

and 14C02 were t h e r e f o r e  used i n  s to i ch iomet r i c  equivalence f o r  

t h i s  carbonation. The t ime r equ i r ed  f o r  n e a r l y  complete conversion 

of t he  ketone ii t o  t h e  sodium e n o l a t e  by sodium amide i n  r e f l u x i n g  

d i e t h y l  e t h e r  was determined t o  be f o u r  hours  by pre l iminary  ex- 

per iments  performed i n  ou r  labora tory .  Af te r  working up t h e  a c i d  

a, which t ends  t o  decarboxylate ,  i t  was t r e a t e d  immediately with 

excess  diazomethane t o  avoid any f u r t h e r  decomposition. None of t h e  

in t e rmed ia t e s  i, Q, & r equ i r ed  p u r i f i c a t i o n .  The f i n a l  product  

- i v  was separa ted  from d i e t h y l  e t h e r  and a t r a c e  of  the ketone J& by 
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p r e p a r a t i v e  g a s  chromatography. The o v e r a l l  radiochemical  y i e l d ,  

based on barium carbonate  used, was 41.6%. 

EXPERIMENTAL 

Reanents 

14C02 was prepared by t h e  a d d i t i o n  of l a c t i c  a c i d  t o  Ba14C03 - 
on a vacuum l i n e ,  pass ing  t h e  l i b e r a t e d  14C02 through a d ry  i ce -  

acetone cooled t r a p  a t  -78 C t o  remove water, and t r app ing  t h e  

14C02 i n  a l i q u i d  n i t rogen  cooled r e c e i v e r ,  where i t  was s t o r e d  f o r  

subsequent use. 

0 

Diethy1 e t h e r ,  where used as a r e a c t i o n  so lven t ,  was taken  

from a f r e s h l y  opened can of  h igh  grade commercial product.  

Diazomethane was prepared by t h e  a l k a l i n e  hydro lys i s  of  N- 

methyl-N-nitroso-p-toluenesulfonamide, d i s t i l l i n g  o f f  t h e  diazo- 

methane with d i e t h y l  e ther .  A t y p i c a l  run  y i e lded  approximately 

1.5g diazomethane i n  1OOml  of e ther .  

A l l  o t h e r  r e a g e n t s  were used as purchased from commercial sup- 

p l i e r s .  All r a d i o a c t i v i t y  measurements were performed wi th  a NE 

l i q u i d  s c i n t i l l a t i o n  spec t rometer  model LSC-2. 

t h v l a c e t i c  acid-l-14C. I n  a 200ml round bottom f l a s k  

equipped with a magnetic stir bar, a condenser topped wi th  a drop- 

ping funnel ,  t h e  system under a s l i g h t  p o s i t i v e  p re s su re  of n i t r o -  

gen and vented through a minera l  o i l  bubbler ,  was placed 1.459g 

(60 mmol) -50 mesh powdered magnesium, a s m a l l  ch ip  of  i od ine  and 

1 0 m l  d i e t h y l  e ther .  The dropping funne l  contained 6.526m1 (60 mmol) 

of  2-chloro-2-methylpropane i n  l O O m l  d i e t h y l  e ther .  S t i r r i n g  was 

begun and approximately hal f  t h e  a l k y l  ch lo r ide  s o l u t i o n  was run i n  

at once. The f l a s k  was warmed with a h e a t  gun u n t i l  s e l f  s u s t a i n i n g  

r e f l u x  w a s  obtained.  The remainder of  t h e  a l k y l  ch lo r ide  s o l u t i o n  

was l e t  i n  a t  such a rate as t o  main ta in  a g e n t l e  re f lux .  The f l a s k  
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was s t i r r e d  two more hours  a t  room temperature ,  at which time a 

ma jo r i ty  of  t h e  magnesium had dissolved.  The f l a s k  was a t t ached  t o  

a vacuum l i n e ,  f rozen  i n  l i q u i d  n i t r o g e n  and evacuated. 20 mmol 

14C02 at a s p e c i f i c  a c t i v i t y  of  10 mCi/mmol was f rozen  i n t o  t h e  

f l a s k ,  t h e  f l a s k  i s o l a t e d  from t h e  l i n e  by a s topcock,  thawed t o  

room temperature  and s t i r r e d  20 min. The f l a s k  was f i l l e d  with 

n i t rogen  through t h e  vacuum l i n e ,  removed from t h e  l i n e ,  and t h e  

mixture c a r e f u l l y  hydrolysed with 3 O m l  water while s t i r r i n g  i n  an 

i c e  bath. The aqueous l a y e r  was a c i d i f i e d  wi th  7ml 50% s u l f u r i c  

acid(w/w), e x t r a c t e d  with t h r e e  35ml p o r t i o n s  of  e t h e r ,  t h e  e t h e r  

s o l u t i o n  d r i e d  over  MgS04 and f i l t e r e d .  The bulk  of  t h e  e t h e r  was 

d i s t i l l e d  o f f  through a 12 cm 14/20 column packed with 0.5 cm glass 

ch ips ,  l eav ing  4.37g r e s i d u e  i n  t h e  pot.  G.C. ana lys i s (co l .packing:  

OV-101 ,  10%; col.temp.: 125 C) showed t h e  r e s idue  t o  con ta in  only  

e t h e r  and t r i m e t h y l a c e t i c  acid.  By comparison wi th  chromatographs 

of  s tandard  s o l u t i o n s  of  known composition t h e  r e s i d u e  was de ter -  

mined t o  con ta in  approximately 40% by weight of t h e  acid( l .75g,  

17.1 mmol, 86% chemical y i e l d  from Ba14C0 >. The volume was brought,  

up t o  25ml with f r e s h  d i e t h y l  e ther .  

0 

3 

3 a  3-D imethvl-?-butanone -?-14C. Tn a 1OOml pear  shaped f l a s k  

equipped wi th  a magnetic stir bar, a condenser topped with a drop- 

ping funnel ,  t h e  system maintained as above under an atmosphere of  

n i t rogen ,  was placed t h e  t r i m e t h y l a c e t i c  ac id  s o l u t i o n  from t h e  

prev ious  s tep.  The dropping funnel  contained 23.7m1 1.56g e t h e r e a l  

methyl l i th ium(37 mmol). The methyl l i thium s o l u t i o n  w a s  run i n  slow- 

l y  enough t o  main ta in  a g e n t l e  r e f lux .  A t  t h e  end of  t h e  add i t ion ,  

t h e  f l a s k  w a s  s t i r r e d  at r e f l u x  i n  an o i l  b a t h  f o r  30 min. The 

f l a s k  was cooled t o  room temperature  and t h e  mixture  c a r e f u l l y  hyd- 

ro lyzed  wi th  1 0 m l  water. The e t h e r  was removed and t h e  aqueous lay- 

e r  e x t r a c t e d  with two 20ml p o r t i o n s  o f  e the r .  The combined e x t r a c t s  

were d r i e d  over  MgSO and f i l t e r e d .  The bulk o f  t h e  e t h e r  was d i s -  

t i l l e d  o f f  as above, l eav ing  5.36g of  r e s idue  i n  t h e  pot. G.C. 
4 
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0 analysis(col. temp.:60 C) showed t h e  r e s idue  t o  con ta in  on ly  e t h e r  

and 3,3-dimethyl-2-butanone. The r e s i d u e  was s tandard ized  as i n  t h e  

prev ious  s t e p  and found t o  con ta in  approximately 30% by weight of 

t h e  ke tone( l .6 lg ,  16.1 mmol, 94% chemical y i e l d  from t h e  ac id) .  The 

volume was brought  up t o  l O m l  wi th  f r e s h  d i e t h y l  e ther .  

3-0~0-4.4-dimethy- i c  acid-l .3- 14C. I n  a 200ml round 

bottom f l a s k  equipped wi th  a magnetic stir bar ,  a dropping funnel ,  

and maintained as be fo re  under an atmosphere of  n i t rogen ,  was sus- 

pended 0.624g(16 mmol) sodium amide i n  25ml d i e t h y l  e ther .  The 

dropping funnel  contained t h e  e t h e r  s o l u t i o n  o f  t he  ketone from t h e  

prev ious  s t e p ,  which was run  i n  slowly. The mixture  was r e f luxed  by 

hea t ing  i n  an o i l  ba th  f o r  fou r  hours,  a t  which t ime t h e  i n i t i a l l y  

v igorous  evo lu t ion  of ammonia had slowed considerably.  The f l a s k  

was a t t ached  t o  a vacuum l i n e ,  evacuated b r i e f l y  t o  remove any re- 

maining ammonia, t hen  f rozen  i n  l i q u i d  n i t rogen  and evacuated come 

p le t e ly .  16 mmol 14C02 at a s p e c i f i c  a c t i v i t y  of 10 mCi/mmol was 

f rozen  i n t o  t h e  f l a s k ,  t h e  f l a s k  i s o l a t e d  from t h e  l i n e  by a stop- 

cock, thawed t o  room temperature  and s t i r r e d  one hour. The f l a s k  

was f i l l e d  wi th  n i t rogen  through t h e  vacuum l i n e ,  removed from t h e  

vacuum l i n e  and t h e  mixture  c a r e f u l l y  hydrolyzed with 1 0 m l  water. 

The e t h e r  was removed, t h e  aqueous l a y e r  e x t r a c t e d  with l5ml e ther .  

The combined e x t r a c t s  contained approximately 50 m C i ,  which was 

assumed t o  be unreacted ketone a, and were s e t  as ide.  The aqueous 

l a y e r  was cooled i n  an i c e - s a l t  b a t h  and s lowly a c i d i f i e d  t o  pH 2 

with 20% s u l f u r i c  acid(w/w). Very l i t t l e  gas evo lu t ion  was observed 

dur ing  t h e  a d d i t i o n  of t h e  acid.  The a c i d i c  s o l u t i o n  was e x t r a c t e d  

wi th  t h r e e  3Oml p o r t i o n s  of e t h e r ,  t h e  combined e x t r a c t s  d r i e d  ove r  

KgS04 and f i l t e r e d .  

Methyl 3-0x0-4.4-dimethyl~entanoate-1. 3- 14C. I n  a 250ml f l a s k  

without a ground g l a s s  j o i n t  and equipped wi th  a magnetic stir bar 

was placed t h e  e t h e r  s o l u t i o n  of ke toac id  from t h e  prev ious  s tep .  

5 O m l  of e t h e r e a l  diazomethane conta in ing  approximately 0.75g 
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(17.8 mmol) of diazomethane was p i p e t t e d  s lowly i n t o  t h e  f l a s k ,  

which was cooled i n  an i c e - s a l t  bath. Af t e r  approximately 3 O m l  had 

been added(l0.7 mmol diazomethane),  t h e  yel low c o l o r  p e r s i s t e d  and 

g a s  evolu t ion  ceased. Af t e r  s t i r r i n g  5 min., g l a c i a l  a c e t i c  a c i d  

was added u n t i l  t h e  yel low c o l o r  w a s  discharged and t h e  s o l u t i o n  

t e s t e d  a c i d i c  t o  pH paper. The s o l u t i o n  was e x t r a c t e d  with two 3 O m l  

p o r t i o n s  of 10% aqueous sodium hydrogen carbonate(  w/w> , d r i e d  over  

EgS04 and f i l t e r e d .  The bulk  of  t h e  e t h e r  was d i s t i l l e d  o f f  as 

before.  G.C. analysis(col. temp.:170 C) showed t h e  r e s idue  t o  con- 

t a i n  predominantly e t h e r  and t h e  k e t o e s t e r  product ,  as wel l  as a 

t r a c e  of  3,Fdimethyl-2-butanone. The product  was p u r i f i e d  by pre- 
0 para to ry  G.C.(OV-101, 170 C )  and t rapped  under an atmosphere o f  ni-  

t rogen maintained as before ,  with t h e  r e c e i v e r  cooled t o  -78 C i n  a 

d ry  ice-acetone bath. The t rapped  m a t e r i a l  was t r a n s f e r r e d  by vac- 

uum d i s t i l l a t i o n  t o  a t a r e d  f l a s k ,  y i e l d i n g  l.O9g of water white  

l i qu id .  G.C. analysis(col.temp.:170 C) showed t h e  material t o  be 

98% pure  methyl 3-0~0-4,4-dirnethylpentanoate, t h e  impur i ty  being 

composed of  approximately equal  amounts of  d i e t h y l  e t h e r  and 3,3- 

dimethyl-2-butanone. Chemical p u r i t y :  98%, radiochemical  p u r i t y :  

99%. S p e c i f i c  a c t i v i t y  measured a t  21.83 mCi/mmol. 1.09g, 6.86 mmol 

150 m C i ,  41.6% radiochemical  y i e l d  from Ba"C03. 

0 

0 .  

0 
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