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Wel les ley ,  MA 02181 

INTRODUCTION 

Though 8-ke to  a c i d s  (3-oxoal  kano ic  a c i d s )  have been known s i n c e  

be fo re  t h e  t u r n  o f  t h e  cen tu ry ,  t h e  s y n t h e t i c  and s t r u c t u r a l  aspects o f  

t h e i r  chemis t r y  have rece ived  r e l a t i v e l y  l i t t l e  a t t e n t i o n .  Whi le  a lmost  

a l l  l i t e r a t u r e  p e r t a i n i n g  t o  these compounds i s  concerned w i t h  t h e  mech- 

anism o f  deca rboxy la t i on ,  o n l y  a r e l a t i v e l y  smal l  number o f  papers 
1 

desc r ibe  s y n t h e t i c  methods and uses, p u r i f i c a t i o n  and i s o l a t i o n ,  and spec- 

t r o s c o p i c  o r  s t r u c t u r a l  s t u d i e s .  Impor tan t  and b a s i c  ques t i ons  remain 

rega rd ing  t h e  e f f e c t  o f  s o l v e n t  and s t r u c t u r e  on t h e i r  t au tomer i c  e q u i -  

l i b r i a ,  t h e  p r e f e r r e d  conformat ions  o f  keto and enol forms and t h e  impor- 

tance o f  d i m e r i c  a s s o c i a t i o n .  Mechan is t i c  s t u d i e s  o f  8 -ke to  a c i d  thermal 

deca rboxy la t i on  have, i n  some ins tances ,  n o t  taken s o l u t i o n  phase s t r u c -  

t u r e  i n t o  account 

d ispu ted .  The me tabo l i c  r o l e s  o f  8 -ke to  a c i d s  have been e x t e n s i v e l y  

s t u d i e d  

r e q u i r i n g  w e l l  c h a r a c t e r i z e d  and s y n t h e t i c a l l y  a c c e s s i b l e  s u b s t r a t e s .  

I t  i s  t h e  purpose o f  t h i s  rev iew  t o  i l l u s t r a t e  t h e  a v a i l a b l e  methods f o r  

B-keto a c i d  syn thes i s ,  t o  show where ou r  knowledge o f  s t r u c t u r e  i s  d e f i -  

c i e n t ,  and t o  examine t h e  a p p l i c a t i o n s  found so f a r  f o r  

o rgan ic  syn thes i s .  

2 
t hus  l e a d i n g  t o  conc lus ions  t h a t  have l a t e r  been 

3 

4 
b u t  con t inued  h i g h  i n t e r e s t  i n  t h i s  area has l e d  t o  e l e g a n t  work 

5 

8 -ke to  a c i d s  i n  
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OSHRY , ROSENFELD 

I .  STRUCTURE 

Well over  t h i r t y  a c y c l i c  a l i p h a t i c  (and a l i k e  number o f  a romat ic )  

8 -ke to  a c i d s  have been i s o l a t e d  as sharp m e l t i n g  s o l i d s  hav ing  m e l t i n g  

p o i n t s  f rom approx imate ly  30' t o  125' and y e t  t h e  l i t e r a t u r e  on t h e i r  s o l u -  

t i o n  phase s t r u c t u r e  i s  sparse. Benzoy lace t ic  a c i d  i s  known t o  be ex ten -  

s i v e l y  e n o l i z e d  i n  bo th  benzene and cyclohexane and c y c l i c  dimers appear 

t o  be impor tan t  under s i m i l a r  c o n d i t i o n s .  P a r t i a l  H nuc lea r  magnet ic 

resonance (PMR) da ta  have been r e p o r t e d  f o r  a s e r i e s  o f  a l i p h a t i c  P-ke to  

ac ids  b u t  these incomple te  da ta  do n o t  a l l o w  i n t e r p r e t a t i o n  rega rd ing  

tau tomer ic  and conformat iona l  aspects o f  s o l u t i o n  phase s t r u c t u r e .  Grande 

and Rosenfeld 

ace toace t i c  a c i d  by PMR and found a pronounced s o l v e n t  dependence q u a l i -  

t a t i v e l y  s i m i l a r  t o  t h a t  observed f o r  a c e t o a c e t i c  e s t e r .  T h i s  suggests 

t h a t  t he  ke to  fo rm o f  t h e  ac id ,  as i n  i t s  e t h y l  e s t e r ,  i s  t h e  more p o l a r  

o f  t h e  two s i n c e  i t  apparen t l y  b e n e f i t s  t o  a g r e a t e r  e x t e n t  f rom s t a b i l i -  

z a t i o n  by p o l a r  so l ven ts .  

and c o n c e n t r a t i o n  l e d  t o  t h e  conc lus ion  t h a t  t h e  enol tautomer e x i s t s  i n  

i n t e r n a l l y  hydrogen bonded fo rm i n  l e s s  p o l a r  s o l v e n t s  and t h a t  t h e  ke to  

form does not b e n e f i t  f r om a s t rong  i n t e r n a l  hydrogen bond, perhaps due t o  

more f a v o r a b l e  d i m e r i c  a s s o c i a t i o n .  

has been no sys temat ic  examinat ion  o f  t he  r e l a t i o n s h i p  between s t r u c t u r e  

and tau tomer i c  and conformat iona l  e q u i l i b r i a  i n  8-keto ac ids .  However, 

Van de r  Baan e t  a l .  have r e p o r t e d  t h a t  t h e  pe rcen t  enol i n  CDC13 solu- 

t i o n s  o f  3-oxooctanoic a c i d  ( I )  and 4,4-dimethyl-3-oxopentanoic a c i d  (11) 

6 

1 7 

8 

9 
examined t h e  s o l v e n t  dependent tau tomer i c  e q u i l i b r i u m  i n  

Ana lys i s  o f  PMR s h i f t s  as a f u n c t i o n  o f  s o l v e n t  

A t  t h e  t i m e  o f  t h i s  w r i t i n g ,  t h e r e  

10 

are  approx imate ly  14 and 25 r e s p e c t i v e l y .  The a v a i l a b l e  mass s p e c t r a l  

C H 3C H *CH 2CH ?C H ,COG tl +O 2H (CH 3) 3CCOCH 2C0 2H 

I I 1  

da ta  f o r  p k e t o  a c i d s  suggests t h a t  pa ren t  i o n s  a re  genera l y  observab e 
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SYI jTHESIS  AND USES OF 8-KETO ACIDS.  A BRIEF REVIEW 

and t h a t  t h e  p r i n c i p a l  mode o f  f ragmen ta t i on  i s  d e c a r b o x y l a t i o n  as i s  
8,9 

observed i n  t h e i r  ground s t a t e  chemis t ry .  Though a complete X-ray 
11 ~~ 

s t r u c t u r e  of  a 8 -ke to  a c i d  has n o t  appeared, Stenhagen has r e p o r t e d  

c r y s t a l  spacings f o r  a s e r i e s  o f  a l i p h a t i c  

t h a t  a l l  those examined have t h e  same s t r u c t u r e  near t h e i r  m e l t i n g  p o i n t .  

8 -ke to  a c i d s  and has concluded 

11. SYNTHESIS  

1. H y d r o l y s i s  o f  Simple Es te rs  o f  8-Keto Ac ids  

I n  1882 the  p r e p a r a t i o n  o f  a concen t ra ted  s o l u t i o n  o f  a c e t o a c e t i c  
12 

(3 -oxobutano ic )  ac id ,  t h e  pa ren t  member o f  t h e  s e r i e s ,  was r e p o r t e d .  

I t  was n o t  u n t i l  1952, however, t h a t  Krueger i s o l a t e d  c r y s t a l l i n e  ace- 

t o a c e t i c  a c i d ,  prepared by a l k a l i n e  h y d r o l y s i s  o f  t h e  cor respond ing  e s t e r  

f o l l o w e d  by c a r e f u l  a c i d i f i c a t i o n .  A l though a l k a l i n e  h y d r o l y s i s  has been 

used s u c c e s s f u l l y  t o  p repare  severa l  a romat ic  and a1 i p h a t i c  8-keto 

ac ids ,  i t  has p r o v w  t o  be u n r e l i a b l e  as a genera l  method (Eq. 1 ) .  

13 

2,14 

15 , 1G 2,17 

( 1 )  
H *  

RCOCH ,CO ,R' * OH -4 RCOCH ,CO ___j RCOCH ,CO ,H 

R = Ph, - p-t-iettioxyphenyl , - p-methylphenyl  , - p-ch lo ropheny l  , 
- m-ni t ropheny l  , p - n i  - t ropheny l  

17 
b l i t z ,  Axe l rod  and Hofmann used a c i d  h y d r o l y s i s  o f  a s e r i e s  o f  f a t t y  

a c i d  d e r i v e d  methyl  e s t e r s  t o  p repare  t h e  cor respond ing  a c i d s  ( E q .  2 ) .  

HC 1 
RCOCH2C02R' ___) RCOCH2C02H 

HOAc 

11 
Stenhagen 

c h a i n  a l i p h a t i c  

l a t e r  used t h e  same genera l  procedure t o  p repare  t h e  s t r a i g h t  

8 -ke to  ac ids  o f  e i g h t  t o  twen ty - fou r  carbons and observed 
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OSHRY, ROSENFELD 

an odd-even a l t e r n a t i o n  i n  m e l t i n g  p o i n t  common t o  many homologous s e r i e s  

o f  compounds. I t  i s  i n t e r e s t i n g  t o  no te  t h a t  these and a l l  o t h e r  com- 

pounds c i t e d  h e r e i n  a r e  e a s i l y  r e c r y s t a l l i z e d  and t h a t  t h e  h i g h e r  members 

o f  t he  s e r i e s  a re  q u i t e  s t a b l e  a t  room temperature!  

undergo - slow decomposi t ion upon s tand ing  a t  room tempera tu re ) .  

(The lower  members 

2. Carboxy la t i on  o f  Eno la te  Anions 

a. Preformed Eno la tes  

The r e a c t i o n  o f  e n o l a t e  anions and r e l a t e d  species w i t h  carbon d i o x -  

i d e  leads  t o  i s o l a b l e  

have been prepared by depro tona t ion  o f  a p p r o p r i a t e  ketones w i t h  sodium, 

B-keto ac ids .  Both a l i p h a t i c  and a romat i c  a c i d s  

potassium and l i t h i u m  phenoxides i n  the  presence o f  CO 

s o l  ven ts  

methide o r  sodium amide. 

i n  i n e r t  p o l a r  
18-20 2 

and 1 i kewise by depro tona t ion  w i t h  sodium t r i p h e n y l -  
2 1  22 

NH3 c02 H+ 

( 3 )  RCOCH3 + NaNH2 -+ RCOCH; _j --+ RCOCH2C02H 
e t h e r  

S i m i l a r l y ,  eno la tes  formed by r e a c t i o n  o f  Gr igna rd  reagents w i t h  s t e r i c -  

a l l y  h indered ketones ( g e n e r a l l y  m e s i t y l  o r  d i n e o p e n t y l c a r b i n y l  ketones) 

r e a c t  w i t h  C02 y i e l d i n g  bo th  a l i p h a t i c  and aromat ic  

f a c t ,  t h i s  chemis t r y  was e x p l o i t e d  as e a r l y  as 1903 f o r  t he  synthe- 

s i s  o f  8 -ke to  a c i d s !  

p -ke to  ac ids .  In 
25,26 

MMC Method b. __ ~ 

Ca rboxy la t i on  o f  e n o l a t e  anions i s  s imp ly  t h e  reve rse  o f  t h e  p re -  

v i o u s l y  mentioned thermal deca rboxy la t i on  which has been shown t o  be 
27 28 

r e t a r d e d  by some metal  i ons .  S t i l e s  and F inkbe ine r ,  r e c o g n i z i n g  t h i s ,  

were ab le  t o  reverse  the  deca rboxy la t i on  o f  n i t r o a c e t i c  a c i d  i n  the  p r e -  

sence o f  magnesium methoxide i n  methanol .  S t i l e s  l a t e r  demonstrated 
29 

t h a t  t h i s  reagent  ( r e f e r r e d  t o  e i t h e r  as magnesium methyl  carbonate,  
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SYNTHESIS AND USES OF B-KETO A C I D S .  A BRIEF REVIEW 

methyl  magnesium carbonate o r  MMC) i n  DMF s o l u t i o n  was capable o f  carboxy- 

l a t i n g  ketones which have a-hydrogens, and t h a t  t h e  i n t e r m e d i a t e  c h e l a t e s  

(111) c o u l d  be a l k y l a t e d  o r  a c y l a t e d  a t  t h e  A p r e f e r r e d  

method o f  a c y l a t i o n ,  however, i n v o l v e s  i s o l a t i o n  o f  t h e  8-keto a c i d  

a-carbon (Eq.4).  
30,31 

Mg 
/ \  

0 0  
C H,OFlgOCO,CH, I I  HC1 

RCOCH,R' > R-c c=o -1 RCOCHR'C0,H ( 4 )  
DMF,110-1200 \\ / H2O 

C R '  

I 1 1  

f o l l o w e d  by regenera t i on  o f  t he  c h e l a t e  us ing  the  s t o i c h i o m e t r i c  amount 

o f  magnesium methoxide and then a d d i t i o n  o f  t h e  a c i d  c h l o r i d e .  

MMC method p rov ides  good y i e l d s  o f  8-keto a c i d s  i n  many cases, optimum 

y i e l d s  r e q u i r e  l a r g e  excesses (5-20 f o l d )  o f  t h e  reagent  and t h e  r e a c t i o n  

Though the  

f a i l s  when used w i t h  ketones hav ing  o n l y  one a-hydrogen o r  where s t e r i c  

f a c t o r s  i n h i b i t  f o r m a t i o n  o f  a p l a n a r  c h e l a t e .  MMC i s  a v a i l a b l e  com- 

m e r c i a l l y  b u t  i s  r a t h e r  expensive and can be prepared on l a r g e  s c a l e  r e l a -  

t i v e l y  e a s i l y .  A t y p i c a l  c a r b o x y l a t i o n  procedure f o l l o w s .  

31  

32-34 31  

l - I ndanone-2 -ca rboxy l i c  acid.- l - Indanone (5p .  ) was t r e a t e d  w i t h  128 m l  of 

1.86M P1PX i n  DIlF a t  119-120' f o r  1 .5  h r .  

and poured on to  i c e  and excess h y d r o c h l o r i c  a c i d  w i t h  s t i r r i n g .  

p r e c i p i t a t e  o f  l - I ndanone-2 -ca rboxy l i c  a c i d  formed and c o u l d  be c o l l e c t e d .  

B e t t e r  r e s u l t s  were ob ta ined  by e x t r a c t i o n  o f  t h e  a c i d i f i e d  s o l u t i o n  w i t h  

e t h e r ,  shak ing  t h e  e t h e r e a l  e x t r a c t  w i t h  5% sodium b i ca rbona te  s o l u t i o n ,  

a c i d i f i c a t i o n  o f  t h e  b i ca rbona te  s o l u t i o n  a t  0' and f i n a l l y  e x t r a c t i o n  

w i t h  e t h e r .  

none-2-carboxyl i c  a c i d ,  mp 109.5-110°, was ob ta ined .  

A procedure s i m i l a r  t o  t h e  M14C method b u t  u s i n g  a bromomagnesium u r e i d e -  

carbon d i o x i d e  adduct as t h e  c a r b o x y l a t i n g  agent  has r e c e n t l y  been 

repo r ted .  

The r e a c t i o n  m i x t u r e  was coo led  

A w h i t e  

A f t e r  d r y i n g  and evapora t i on  o f  e t h e r ,  a 90% y i e l d  of l - i n d a -  

The new reagent  a f f o r d s  f a i r  y i e l d s  o f  8 -ke to  a c i d s  and 
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OSHRY,  ROSENFELD 

co 
/ \  DMF H t  

BrMg0,CN NC0,MgBr + RCH,COR' _j + R C H C O R '  ( 5 )  
\ /  1 loo 1 

( C H J 3  CO,H 

R,R' = a l ipha t i c  or  aromatic 

appears t o  be sens i t ive  t o  s t e r i c  fac tors  in unsymmetrical ketones, pre- 

f e ren t i a l ly  carboxylating the less  hindered s i t e .  
35 

3. Solvolysi s of Ketene Dimers, Enol Ethers and Trimethyl s i  lyl  Esters 

Several solvolyt ic  routes have been used t o  prepare 8-keto acids .  

The reaction of ketene dimers in CC1 with dry H C 1  followed by hydrolysis 
4 

with the stoichiometric amount of water affords  high y ie lds  of acetoacet ic  

acid and  several halogenated der ivat ives .  I n  1972, Ainsworth and  Kuo 
36 8 

reported tha t  enol e thers  of 8-keto acids undergo solvolysis  in methan- 

o l i c  HC1 to  afford the corresponding acids .  These authors a l so  in t ro-  

duced a simpler,  more f l ex ib l e  route in which intermediates formed from 

reaction of carboxylic acid dianions and  e s t e r s  were trapped using t r i -  

methylchlorosilane (TMCS). The resu l t ing  t r imethyls i lyl  e s t e r s  underwent 

solvolysis  under neutral conditions t o  provide good y ie lds  of 8-keto 

acids (Eq.6).  
37 

- -  - TMCS 
R,CCO, -t R'C02CH3 ___) R'COCR2C02 -) 

c H 3o ti 
R'COCR2CO2Si ( C H 3 ) 3  d R'COCR2C02H 

37 
2,2,4,4-Tetramethyl-3-oxopentanoic acid.- The dianion of isobutyric acid 
was formed in THF a t  0' using two equivalents o f  l i thium diisopropylamide. 
Then one equivalent of methyl pivalate  was added and the solution was 
s t i r r e d  fo r  30 min. An excess of TPICS was added and  the mixture was 
s t i r r e d  a t  room temperature fo r  30 min. The mixture was f i l t e r e d  and  the 
f i l t r a t e  was concentrated and d i s t i l l e d  under reduced pressure (50° ,  
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SYNTHESIS AND USES OF 8-KETO ACIDS. A BRIEF REVIEkI 

0.05mm) t o  y ie ld  70% of the t r imethyls i ly l  Solvolysis with 
methanol a t  room temp. gave a quant i ta t ive  conversion t o  the  8-keto ac id ,  
no mp reported.  

idore recent ly  van der Baan and coworkers 

P-keto e s t e r .  

10 
have shown t h a t  acylmalo- 

nic acid d i e s t e r s  y ie ld  8-keto acids  upon hydrolysis and decarboxyla- 

t ion ( E q . 7 ) ,  a mild route developed by these workers spec i f i ca l ly  f o r  

appl icat ion in a n  approach t o  the a n t i b i o t i c  malonomicin. 38 

e ther  
(P,le3Si02C)2CHLi -t RCOCl + (Me3Si02C)2CHCOR ( 7 )  . 

-co* 
H,o , LH0,C) ,CHCOR] RCOCH,CO,H 
O0 

General Procedure.io A 1.56 normal solut ion (6.5 ml) o f  n-butyll i thium in 
hexane was added over 10 min. t o  a s t i r r e d  solut ion of b i s ( t r imethyls i ly1)  
malonate (2.48 g ,  10 mmol) in dry e ther  (20  ml) under a nitrogen atmos- 
phere a t  -60'. The mixture was then allowed t o  warm t o  0' and a solut ion 
of the acid chlor ide ( 5  mmol) in dry e ther  or  THF (10 ml) was added in  one 
portion. The mixture was s t i r r e d  f o r  another 10 min. a t  Oo and then 
shaken thoroughly with cold 5% a q .  sodium hydrogen carbonate (50 ml) 
during 5-10 min. The aqueous layer  was ac id i f i ed  t o  pH 1 -2  with cold 4N 
su l fu r i c  acid o r  concentrated c i t r i c  acid so lu t ion ,  and extracted several  
times with e ther  o r  ethyl ace ta te .  The ex t r ac t  was dr ied with magnesium 
su l f a t e  and evaporated in vacuo a t  room temperature t o  give the crude 
o-keto ac id .  

An analogous t h o u g h  l e s s  e f f i c i e n t  procedure provides p-keto acids  by 

reaction of carboxylic acid dianions with acid chlor ides .  
39 

111. SYNTHETIC USES 

8-Keto acids  have served a var ie ty  of synthe t ic  purposes in addi- 

t ion t o  t h e i r  well known ro le  as intermediates in the alkylation-hydrol-  

ysis-decarboxylation sequence of the acetoacet ic  e s t e r  synthesis  of 

ketones. 
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OSHRY, R O S E N F E L D  

I n  many instances where the condensation of alkyl carbonates with 
40 

ketones t o  give B-keto e s t e r s  f a i l s  ( e .g .  f o r  reac t ive  o r  very unreac- 

t i v e  ketones) ,  carbonation of enolates  followed by e s t e r i f i c a t i o n  of the 

8-keto acid with diazomethane o r  use of the MMC method followed by 

diazomethane e s t e r i f i c a t i o n  succeeds. This l a t t e r  route a l s o  provides 

convenient reg iose lec t iv i  ty  since carbonation with HMC i s  revers ib le  

yielding the product derived from the more s t ab le  che la te .  P e l l e t i e r  and 

coworkers have carboxylated a s e r i e s  of 2- te t ra lones (e .g .  IV)  selee-  

t i ve ly  a t  the 3-posit ion ( E q . 8 )  providing 

converted t o  t h e i r  corresponding methyl e s t e r s  (diazomethane) . These 

authors suggest t h a t  s t e r i c  f ac to r s  favor the che la te  leading t o  the pro-  

duct i so la ted .  

21,22 

41 

42,43 

8-keto acids  t h a t  were then 

I V  COOH V 

The reg iose lec t iv i ty  of the MMC method has proven useful in an e f f i -  

c i en t  synthesis of dimethyl p-ketoadipate (VI)  prepared by carboxylation 
44 

o f  l evul in ic  acid followed by Fischer e s t e r i f i c a t i o n  (Eq.9). 

+c02cH3(g) 
CH30H 

135' HC1CH302C 0 
0 

p-ketoadipate.24 

V I  

vc02H MMC/DMF, 

Dimethyl 
acid in 360 ml (920 mmol) of 2.56 M FIMC in DFlF was heated a t  135' f o r  
24 hrs.  

A solut ion of 10.6 g (91.4 mmol) of l evu l in i c  

Tr i tu-  The DMF was removed by d i s t i l l a t i o n  under vacuum a t  60'. 

ra t ion of the residue with e ther  gave a f t e r  f i l t r a t i o n  and a i r  drying 1369 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS AIdD USES OF B-KETO A C I D S .  A BRIEF REVIEW 

of y e l l o w  so i d .  

three-necked round bottom f l a s k  equipped w i t h  mechanical s t i r r e r ,  conden- 

ser ,  and gas i n l e t  tube.  R f t e r  c o o l i n g  t o  - l o o ,  hydrogen c h l o r i d e  was 

passed over  he m i x t u r e  u n t i l  s a t u r a t i o n  had occur red .  A f t e r  s tand ing  

o v e r n i g h t  i n  the  i c e  ba th  t h e  tempera ture  had become ambient;  t h e  m i x t u r e  

was then concent ra ted  a t  40' under reduced pressure .  

was poured on to  i c e  and t h e  aqueous s o l u t i o n  was e x t r a c t e d  f o u r  t imes  w i t h  

chloroform. The combined o rgan ic  e x t r a c t  was washed w i t h  s a t .  b i ca rbona te  

s o l u t i o n  and water  and d r i e d  over anhydrous sodium s u l f a t e .  

th rough a Vigreux column gave 15.8 g (92%) o f  d ime thy l  

a c o l o r l e s s  l i q u i d ,  bp. 94-96/0.35 mm. 

The s o l i d  was suspended i n  820 m l  o f  methanol i n  a 3 L 

The syrupy  r e s i d u e  

D i s t i l l a t i o n  

8 - k e t o a d i p a t e  as 

45 
Crombie et ai. prepared t h e  p l a n t  n a t u r a l  p roduc t  p y r e t h r o l o n e  

( V I I )  by a r o u t e  t h a t  i n c l u d e d  a q u a n t i t a t i v e  and r e g i o s e l e c t i v e  ca rboxy l -  

a t i o n  w i t h  MMC f o l l o w e d  by condensat ion  o f  t h e  potassium s a l t  o f  t h e  

8-ke to  a c i d  w i t h  pyruvaldehyde and c y c l i z a t i o n  o f  t h e  hydroxyd ione i n  

e thano l  i c  NaOH (Eq. 10).  

MMC , 

V I  I 

- n-Hexano,vlmethylew t r ipheny lphosphorane needed f o r  t h e  i n t r o d u c t i o n  

of t h e  l a s t  p o r t i o n  o f  t h e  carbon s k e l e t o n  i n  t h e  s y n t h e s i s  o f  a s e r i e s  o f  

p ros tag land ins  was prepared f rom 1-chloroheptan-2-one. The key s tep  i n  
46 

t h i s  k i l og ram-sca le  p r e p a r a t i o n  o f  t h e  W i t t i g  reagent  

chlorination-decarboxylation o f  3 - k e t o k t a n o i c  a c i d  w i t h  s u l f u r y l  

i n v o l v e s  t h e  
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OSHRY, ROSENFELD 

c h l o r i d e  (Eq.11). 

1. S0,Cl ,, CH,C1 , 
2. d i s t i l l a t i o n  

CH3( CH,),COCH,CO,H ,-> CH~H,)~COCH,CI ( 11 

8-Keto ac ids  have been used even more d i r e c t l y  i n  e f f e c t i n g  conden- 
47 

s a t i o n  r e a c t i o n s .  Sch6pf and T h i e r f e l d e r  

workers 

densat ion  ( w i t h  l o s s  of CO,) o f  aldehydes w i t h  

as w e l l  as S t i l e s  and co- 
48 

prepared hydroxyketones under very  m i l d  c o n d i t i o n s  by t h e  con- 

8 -ke to  ac ids  (Eq.12). The 

pH 7 b u f f e r  
PhCHO + CH,CH,COCH,CO,H - CH,CH,COCH,CH( 0H)Ph 

-co, 
(12)  

D-keto a c i d s  used i n  these procedures were n e i t h e r  i s o l a t e d  no r  p u r i f i e d  

and the  f i n a l  y i e l d s  of pure  hydroxyketone were g e n e r a l l y  l ow  (22-61%). 

Perhaps examinat ion  of  analogous methods us ing  pure  samples o f  

a c i d  would be warranted. 

Herber t  et a l .  

8-keto 

49 
have developed a s imp le  and economical syn thes i s  o f  

t h e  a l k a l o i d  s e p t i c i n e  ( V I I I )  u t i l i z i n g  t h e  r e a c t i o n  o f  3,4-dimethoxyben- 

z o y l a c e t i c  a c i d  and 

t h e  c r i t i c a l  i n t e r m e d i a t e  ( I X ,  Eq.13). Condensation o f  t h i s  i n t e r m e d i a t e  

a ’ -pyr ro l ine  i n  aqueous methanol (pH 7 )  t.0 produce 

- 
CH “““0 3O I X  
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w i t h  3,4-dimethoxybenzaldehyde f o l l owed  by sodium borohydr ide  r e d u c t i o n  

gave s e p t i c i n e  i n  a y i e l d  o f  24% f o r  t he  steps o u t l i n e d  (Eq.14). 

CHo 1. Ph-H - 
2 .  PlaBH4 CH cH300 3O 

I X  + 

OCH3 V I I I  

Ca rboxy la t i on  o f  carbony l  compounds o t h e r  than ketones a l s o  o f f e r s  

promise. A method o f  p r e p a r a t i o n  o f  a-methylenebutyrolactones based on 

c a r b o x y l a t i o n  of  l ac tones  w i t h  MMC has been repo r ted  by Johnson and co- 
50.51 

~ ,~ ~ 

workers (Eq. 15). The method was l a t e r  descr ibed i n  d e t a i l  and a p p l i e d  

MMC/DMF 1. CH20/ET2Nh 

2. HOAc/NaOAe ' 
Ph 

52 
i n  t h e  syn thes i s  o f  p r o t o l i c h e s t e r i n i c  a c i d  by  these workers.  A s i m i l a r  

procedure, u s e f u l  i n  me thy lena t ion  o f  bo th  a- and 8- lac tones ,  has a l s o  
53 54.55 

~ , - -  

been repo r ted .  F i n a l l y ,  F inkbe ine r  has descr ibed a s imp le  amino 

a c i d  syn thes i s  based on t h e  MMC c a r b o x y l a t i o n  o f  hydanto ins  f o l l o w e d  by 

a l k y l a t i o n  o f  t h e  magnesium c h e l a t e  and then h y d r o l y s i s  t o  g i v e  t h e  f r e e  

amino a c i d s .  
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