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THE CHEMISTRY OF METHANETRICARBOXYLIC ESTERS. A REVIEW 

* 
George R. Newkome and Gregory R. Baker 

Department of Chemistry 
Louisiana State University 

Baton Rouge, Louisiana 70803-1804 

INTRODUCTION 

Methanetricarboxylic esters 1 were first reported by Conrad -- et al. over 
2 a century ago,' but were not successfully used synthetically until 1911. 

Since that time, these triesters have found many synthetic uses as a 

complement to the malonic ester synthesis. Methanetricarboxyl ic esters 

have been patented for use as gasoline a d d i t i ~ e s , ~  in the production of 

a photolytic stabilizer for polypropylene,6 and in the 

s review to point out 

their advantages in 

po~yesters,~'~ as 

synthesis of pest 

the uniqueness of 

certain synthetic 

I. SYNTHESIS 

~ i d e s . ~  It is the purpose of th 

these triesters and to emphasize 

procedures. 

1. From Malonic Esters 

Methanetricarboxylic esters have generally been synthesized 

malonic esters via format on of a metal salt followed by the add 
an alkyl chloroformate. Table 1 delineates the results obtained 

from 

tion of 

for 

,C02R1 ,C02R' C02R'  
I. CICO$L / 

\ 2. Hjo+ \ 
H2C\ - W - C H  - HC-CO2R' 

C%R' C%R' C02R2 
I - 
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NEWKOME AND BAKER 

TABLE 1. Methanetricarboxylates - 

R' R2 Method 

Me Me 

Me Me 

Me Me 

Me E t  

E t  Me 

E t  E t  

E t  E t  

n-Pr - n-Pr 

- f -Pr Me 

i -P r  - i -Pr 

- n-Bu - n-Bu 

i-Bu - i -Bu 

- 

- 

- 
- s-Bu - 5-Bu 

n-C H n-C H - 5 1 1  - 5 1 1  
3-C H 3-C H 

5 11 5 11 
n-C H n-C H - 10 21 - 10 21 
C H  C H  
6 11 6 11 

Ph Ph 

Ph Ph 

Ph f?-CH3C6H4 

p-CH C H Ph 

p-CH C H 
3 6 4  

3 6 4  3 6 4  
e-CH C H 

[A ]  toluene 

[ A ]  xylene 

PI 
PI 
[A]  toluene 

[ C I  

[ C I  

[BI 

[A]  toluene 

[ A ]  toluene 

[ A ]  toluene 

[A] to1  uene 

[ A ]  to1 uene 

[ A ]  toluene 

[ A ]  to1 uene 

[ A ]  xylene 

[ A ]  xylene 

[ A ]  toluene 

[ C I  

[ C I  

[ C I  

CCI 

bp. [ 'C]/torr 

Y ie ld  ( 8 )  or  mp. [ "C]  

59 

3gb 

30' 
C -_  

6Sd 

goe 

80 

44 

40 

40 

55 

46 

42 

53 

52 

-- 
-- 
_-  
70 

61 

27 

42 

46-47 

43-45 

45-46 

138-139/12 

140-142/12 

135-13811 2 

135-137/12 

160-1 61 /10 

106.5-1 07/2 

139-140/9-10 

181 -1 8311 1 

143/2 

139/2.5 

173-174/2 

145-146/2 

208-21 O/O. 0015 

163-1 64/0.0004 

79.5-80 

79.5-80 

110 

109-110 

109-1 10.5 

a )  Ref. 8, except as otherwise noted; b) Ref. 9; c )  Ref. 10; d) Ref. 11; e )  Ref. 12. 
f )  General Procedures. [A]  The appropriate malonic ester (0.57 mol l  was added to a 
s t i r r e d  suspension o f  sodium (0.56 mol l  i n  an aromatic hydrocarbon solvent (400 mL). 
Af te r  the  evo lu t ion  o f  hydrogen had subsided, the react ion was cooled t o  E. 6OoC and the 
chloroformate (0.60 mol) was slowly introduced. 
was cooled, washed several times w i th  water, and dr ied.  The solvent was removed 
-- i n  vacuo t o  g ive  the crude methanetricarboxylic ester. [B] The malonic es ter  (0.55 mol) 
was slowly added t o  sodium (0.50 mol) i n  anhydrous ether (350 mL). Anhydrous benzene (350 
mL) was added t o  form a suspension o f  the sodium sa l t ;  the chloroformate was added slowly 
and the  react ion was then re f luxed (3-5 hrs).  Upon cooling, the mixture was washed w i th  
d i l u t e  hydrochlor ic o r  s u l f u r i c  acid, then w i t h  water, dried, and concentrated i n  vacuo. 
[C]  To a mixture o f  magnesium turnings (1.03 mol), absolute ethanol (25 m L ) ,  and carbon 
te t rach lo r ide  (1  mL) a so lu t ion  of the  malonic ester (1.0 mol) i n  ethanol (80 mL) was 
added. The mixture was gent ly warmed u n t i l  hydrogen evo lu t ion  began; when the  evo lu t ion  
of hydrogen was moderate, the remainder of the  malonate so lu t ion  was slowly added. 

A f te r  re f l ux ing  (3-7 hrs), the mixture 
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TEE CHEMISTRY OF PlETHANETRICAR30XYLIC ESTERS. A REVIFh’ 

Footnotes t o  Table 1 (continued). 

After the  i n i t i a l  react ion subsided, the f lask was cooled and ether (300 mL) was added; 
fur ther  heat ing completed the  formation o f  t h e  magneriun s a l t .  
(1.05 moll i n  dry ether (100 mL) was c a r e f u l l y  added then ref luxed f o r  15 min. 
Upon cooling d i l u t e  acet lc  ac id  was added and the ethereal  l ayer  was washed wi th  
water, drled, and t h e  solvent removed. 

The chloroformate 

v a r i o u s  malon ic  e s t e r s  w i t h  a1 k y l  ch lo ro fo rmates .  Apparent ly  t h e  y i e l d s  

o f  1, when e t h y l  o r  phenyl e s t e r s  a r e  invo lved,  a r e  dependent upon t h e  
I 

j u d i  c i  ous 

12 sodium. 

o f  l o  was 

s a l t .  

- 

choice  o f  t h e  metal  ion ;  magnesium i s  g e n e r a l l y  s u p e r i o r  t o  

For example when sodium i n  to luene  was used, o n l y  ve ry  l i t t l e  

ob ta ined  w h i l e  l o  was generated i n  80% y i e l d  w i t h  t h e  magnesium - 
D i a l k y l  carbonates have been used i n s t e a d  o f  a l k y l  ch lo ro fo rmates ;  

however, t r i a l  k y l  me thane t r i ca rboxy la tes  were ob ta ined  o n l y  when t h e  

C 4 R ‘  0 /CO2R‘ 
/ I t  RP ON0 + R*OCOR* H C - C O ~ R ~  + R*OH 

“C\ \ 
C02R‘ CO2R‘ 

I - 
carbonate served as t h e  r e a c t i o n  media t o  suppress t h e  reverse  

r e a ~ t i o n . ~ ’ ~ ~ ’ ~ ~  E s t e r  I d  was i s o l a t e d  i n  10% y i e l d  f rom t h e  an ion  o f  - 
I. /C02Et I. E tONa M9(0Et)L HC-C%Et - CH3C02Et H2C (C02Et 12 
2. CO(OEt)2 \ 2. CO(OEt)2 

C 4 E t  
- I d  (10%) 

e i t h e r  d i e t h y l  malonate o r  e t h y l  a c e t a t e  and d i e t h y l  carbonate. The r e -  

v e r s i b i l i t y  o f  these r e a c t i o n s  p e r m i t t e d  t h e  s e l e c t i v e  monodecarbalkoxyl- 

a t i o n  o f  t h e  t r i c a r b o x y l i c  es te rs ,  which a l l ows  t h e  use o f  t h e  carba lkoxy  

mo ie ty  as a b l o c k i n g  group i n  a malon ic  e s t e r  synthesis.15 Because o f  

t h e  ease of h y d r o l y s i s  o f  - t - b u t y l  es te rs ,  Rapoport and co-workers 

syn thes ized - Is f rom - t - b u t y l  e t h y l  malonate;15 a f t e r  convers ion  t o  t h e  

sodium s a l t  and a1 k y l a t i o n ,  t h e  - t-bu toxycarbony l  mo ie ty  was e a s i l y  
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NEWKOhE AND BAKER 

C+E t 
/ I .  NOH. THF C02E t 

I 
I 

"2C, * HC-CO2Et 
2 .  C l C q E t  \ 

cq1-  Bu C%i- Bu 

- I s  (60%) 

removed by either 100% formic or trifluoroacetic acid. 

decarbalkoxylations will be discussed in detail in later sections. 

2. Miscellaneous Procedures 

Alkylations and 

Under a1 kaline conditions, trifluoromethyl groups with an adjacent 

hydrogen were converted to carboxylic acids or esters;16 thus repeated 

hydrolysis of 2-monohydroperfluoroisobutane by triethylamine and methanol 

gave &." Although this reaction was not synthetically useful, it is 

interesting that no reaction occurred in the presence o f  triethylamine 

alone; whereas, triethylamnonium fluoride and perfluoroisobutene 

produced the monohydroperf 1 uoroi sobutane. 

Silyl enol ethers of malonic esters have also been utilized for 

the synthesis o f  methanetricarboxylic esters. 

obtain thioester 1 by addition of a thiochloroformate. 
This method was used to 

18 

C02Et 
/ 

I I .  REACTIONS 

When alkyl-1,1,1-tricarboxylic esters (2) are desired, there are two 

122 
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THE CHEMISTRY OF METHANETRICARBOXYLIC ESTERS. A REVIEW 

possib le  s y n t h e t i c  routes (Scheme 1); t h e  f i r s t  invo lves conversion o f  a 

malonic e s t e r  t o  1 (Route A) and subsequent a l k y l a t i o n  t o  g i v e  3 o r  

a l t e r n a t i v e l y  a l k y l a t i o n  o f  the malonic e s t e r  (Route B) f o l  owed by 

a d d i t i o n  o f  t he  l a s t  alkoxycarbonyl group. I n  s p i t e  o f  t h e  a n t i c i p a t e d  

d i f f i c u l t i e s  invo lved w i t h  a l k y l a t i o n s  o f  1, Route A genera l y  produced 

h ighe r  o v e r a l l  y i e l d s .  19,20 

,CO;?R' 

CO;?R' 
H2C, 

C02R' 
/ 

R'- c - C ~ R '  
\ 

C02RL 
3 - 

\ 
Scheme I C%R' 

The pKa o f  methanetr icarboxy l ic  e s t e r s * l  i s  -7.8, whereas the  pKa o f  

d i e t h y l  malonate i s  13.3,'l As a r e s u l t  methanetr icarboxy l ic  es te rs  (1) 
r e a d i l y  formed stable,  non-hygroscopic sodium s a l t s  (A) ,8*10 which are 

use fu l  reagents f o r  two carbon homologations. The reac t i ons  o f  methane- 

t r i c a r b o x y l i c  es te rs  a re  p r i m a r i l y  based upon 1 and 3; 1 condenses w i t h  

amines and amine d e r i v a t i v e s  as w e l l  as adds t o  unsaturated carbon- 

carbon bonds under r a d i c a l  condi t ions,  w h i l e  9 can be acy lated o r  

a1 k y l  a ted . 
C%R' C%R' 

/ / 

\ \ 
HC-CO2R' Na' T-C%R'  

C02RL C%RC 
4 (80-90X) - I - 

1. With Acid Der i va t i ves  

Acid ch lo r i des  r e a c t  w i t h  4 t o  produce the  6 -ca rbony l t r i ca rboxy l i c  

es te rs  (Table 2). Acid c h l o r i d e  & was f u r t h e r  func t i ona l i zed  as shown 
0 

C%R' R' tCI  0 / C W '  
/ 

\ 
Noi ' C - q R '  - R S ~ C - C ~ R '  

\ 

5 
C02R' 
- 

C%* 
4 - 
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NEWKOME AND BAKER 

TABLE 2. Acylmethanetricarboxylates (:la. - 
bp. [ 'C]/torr 

or mp.[OCj 

75/0.05 

189- 190 

163/12; 74-75 

189-190 

179-1 80/15; 91 -92 

85 

121-122 

147-1 48/14 

173.5/12 

189-190/11 

214/14 

88 

4 R3 - 
Me 

1 2  
R =R = Me 

c1 
1 2  

1 2  

1 2  

1 2  

1 2  

R =R = Me 

R =R = Me OMe 

R =R = Me 

R =R = Me 

R =R = Me 

COCl 

CO Me 
2 

Ph 
1 2  

1 2  
R =R = Me 

R =R = E t  Me 

p-NO Ph 
2 

O E t  
1 2  

1 2  

1 2  

R =R = E t  

R =R = E t  COZEt  

R =R = E t  Ph 
1 2  

R =R = L-Pr  Ph 

d 
Method 

[ A 1  
--- 

Y i e l d  

73b,C 

66' 

69 

75c 

7SbBC 

80 

C -_ 

8,10,22 
a )  Ref. 10; except as o the rw ise  noted; b )  Ref. 8; c )  Ref. 22; d)  General Procedures. 
[ A ]  Sodiomethanetricarboxylic e s t e r  (0.06 moll was s low ly  added t o  an excess o f  t h e  
acy l  c h l o r i d e  (0.51 mol) .  
The excess a c y l  c h l o r i d e  was removed by d i s t i l l a t i o n .  
i n  benzene o r  e t h e r  and f i l t e r e d .  
by vacuum d i s t i l l a t i o n .  [B] The a c y l  c h l o r i d e  (0.06 mol) was added t o  a s t i r r e d  
suspension o f  t h e  sod iomthanet r i carboxy l i c  e s t e r  (0.06 mol)  i n  benzene (80  m L ) .  The 
r e a c t i o n  was r e f l u x e d  f o r  1 hrs ,  cooled, f i l t e r e d ,  and t h e  so l ven t  removed i n  vacuo; 
e)  (Me02C)3CCOCOC(C02Me) 

The r e a c t i o n  was complete a f t e r  r e f l u x i n g  f o r  1-3 h rs .  
The crude p roduc t  was d i s s o l v e d  

The s o l v e n t  was removed and t h e  p roduc t  was p u r i f i e d  

3'  

i n  Scheme 2.22 

a l k o x y l a t i o n  occu r red  i n  a d d i t i o n  t o  amide fo rma t ion  t o  g i v e  (89%) p. 
I n t e r e s t i n g l y  when a was t r e a t e d  w i t h  a n i l i n e ,  decarb- 
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THE CHDIISTRY OF METHANETRICARXXYLIC ESTERS. A REVIEW 

No decarbal koxy la t i on  was observed w i t h  dibenzylamine o r  sodium t h i o -  

naphthalate under s i m i l a r  condi t ions;  t h i s  may be due t o  s t e r i c  r e s t r i c -  

t ions.  Decarbalkoxylat ion by nuc leophi les i s  a comnon and of ten 

undesired s ide  r e a c t i o n  w i t h  methanetr icarboxy l ic  esters .  

Tartronates,  which are precursors t o  b a r b i  t u r i c  acids,  have been 

prepared by Lawesson, e t  a l .  via the  r e a c t i o n  o f  peroxides w i t h  t h e  anion 

o f  a c t i v e  methylene compounds.23 

(92%) from t h e  sodium s a l t  o f  &! and benzoyl peroxide. 

Thus, t he  t a r t r o n a t e  L was obtained 

23 

C%Et I. NaH, PhH 0 /C02Et / 

\ 2. (PhC0212 
HC-C%Et C Phk!O-C-C%Et 

\ 
C%Et 

- I d  - 7 (92%) 
C02Et 

2. With h i n e s  and Amine Der i va t i ves  

Methanetr icarboxy l ic  es te rs  1, t h e i r  sodium s a l t s  4, and s u b s t i t u t e d  

methanetr icarboxy l ic  es te rs  3 reacted w i t h  s u b s t i t u t e d  amines, hydra- 

zines, and ureas t o  g i ve  a v a r i e t y  of de r i va t i ves .  Simple amines gave 

e i t h e r  ammonium s a l t s  o r  m - a m i d e s  depending upon the r e a c t i o n  

condi t ions;  hydrazines and ureas formed heterocyc les and b a r b i t u r a t e s  , 

respect ive ly .  

upon standing from a m ix tu re  o f  t he  amine and h,24 and were assigned 

s t r u c t u r e  4 based upon t h e i r  i n f r a r e d  spectra. 

The ammonium s a l t s  o f  h, l i s t e d  i n  Table 3, were formed 

TABLE 3. Amnonium Salts o f  2. - 
-1 

I R  data [cm ] 

S a l t  Amine Yield m.p.['Cl 2 $0 yc=c 
vNH + 

-- 7a ( n-Bu)ZNH 79 94-96 2550-2730, 1580 1739, 1681 1613 

2 pyrrole 46 81 -83 2760, 1585 1740, 1690 1632 

zf. piperidfne 84 96-98 2630-2750, 1585 1745, 1655 1625 

Zd morpholine 58 63-65 2630, 1580 1755, 1690 1625 

66 97-98 2500-2790, 1585 1745, 1695 1631 7e 

-- 
-- 
- 
I 

'SH1 INH2 = 
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NEWKOFOL AND BAKER 

\ 
- 8 OM0 

The - tr is-amides 2 have been prepared via the  react ion  o f  the tri- 

e s t e r  w i t h  several a m i n e ~ . ~ ~  The i n f r a r e d  spectra o f  2 were compared 

RNH2 + 

R = H , p - B u  
/ E t a ,  2 4 h  

HC (C02Et13 
Id 

- \  2-Pyridyl 
R 8 ph, P-MsPh, Ph-, 

140- I5ODC, I hr 

HC 
9 - 

(CONHR 13 
R = H (24-31%) 
R = n-Bu (24%)  
R = Ph (64%) 
R * E-MePh (51%) 
R = PhCH2 (46%) 
R = 2-Pyridyl ( 5 3 % )  

t o  t h e i r  malonamide and acetamide analogs.25 m - a m i d e  formation was 

u t i l i z e d  by Newkome e t  a l . f o r  the int roduct ion o f  po lar  groups of the  

arborols  and u. 26,27 
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THE CHEMISTRY OF METHANETRICARBOXYLIC ESTERS. A REVIEW 

The k e t o t r i e s t e r  and hydrazine hydrate were heated t o  g i ve  (42%) 

the  d ia taheterocyc le 2 w h i l e  i n  r e f l u x i n g  methanol &?J was obtained i n  

77% y ie ld .22  The 5-membered heterocyc le 2 r e s u l t e d  f rom the  r e a c t i o n  o f  

- I d  and - -  N,N-diphenyl hydrazine w i t h  sodium ethox ide i n  ethanol. 28 

Ac t i ve  methylene compounds have been a l k y l a t e d  by t reatment w i t h  

t e r t i a r y  amines, 29'30 quaternary ammonium sal ts,30 and !,!-dimethyl- 

formamide d i e t h y l a c e t a l  .31 Snyder e t  a l  .30 studied the  a l k y l a t i o n  o f  

several  a c t i v e  methylene compounds by gramine (g), 1-methylgramine (l6), 

and 1-methylgramine methiodide (z). T r i e t h y l  methanetr icarboxylate (2) 
and gramine (15) - were heated f o r  2 hrs. a t  115-130°C, then sapon i f i ed  w i t h  

4 C H  (C0$)2 
I .  HC(C%Et)3- 

115-130~C, 

k 2 hrs A - 15 2. KOH, H20 
(67%) 

k 
Ip 

( 78 %) 

KOH t o  g i ve  (67%) E= 18; decarboxy lat ion afforded (78%) i n d o l e - 3 ( ~ ) - p r o p i o n i c  

a c i d  (19) .~ '  - A l k y l a t i o n  o f  d i e t h y l  malonate, e t h y l  cyanomalonate, e t h y l  

cyanoacetate o r  2 by the  methiodide of 1-methylgramine, fo l lowed by 

hyd ro l ys i s  and decarboxylat ion gave - N-methyl i n d o l e - 3 ( ~ ) - p r o p i o n i c  a c i d  

(20).30 I O f  t he  a c t i v e  methylene compounds mentioned, gave the  
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H2N (Me 12 
I .  Alkylatlon 
2. KOH, H20 

Me 
16 - 

\ 2. KOH, H20 
\ 
Me 

17 - 

\ 

A - 
\Me 

20 - 

h i g h e s t  o v e r a l l  y i e l d  (56%). Analogous r e a c t i o n s  w i t h  1-methylgrarnine 

a l s o  gave 2 b u t  i n  c o n s i s t e n t l y  lower  y i e l d s .  The a l k y l a t i o n s  o f  ,lJ and 

e t h y l  cyanoacetate w i t h  benzyldimethylamine t o  g i v e  a m i x t u r e  o f  hydro-  

Ph CH2CH2 C%H HC(C02Et 13, or 

NCCH$02Et 

I .  KOH, E?OH, 
H20, A 

*- + PhCH2N (Me12 

(PhCH2 )2CHC02H 180 -200°C 2. 180-200"c 

c innamic a c i d  and d i b e n z y l a c e t i c  a c i d  were found t o  evo lve  d i m e t h y l e t h y l -  

amine and t r ime thy lamine ,  respec t ive ly . * '  The mechanism proposed i n v o l v e s  

i n i t i a l  f o rma t ion  o f  a qua te rna ry  amonium ca rboxy la te  upon h e a t i n g  t h e  

t e r t i a r y  amine and t h e  e s t e r ;  t h e  quaternary  amnonium c a t i o n  i s  t h e  a l k y l -  
29 a t i n g  species.  

D i e t h y l  malonate, e t h y l  cyanomalonate, and m a l o n o n i t r i l e  were 

a1 k y l a t e d  by t rea tmen t  w i t h  N,N-dimethylformamide d i e t h y l a c e t a l  i n  o n l y  c. 
31 50% y i e l d  w h i l e  t r i e t h y l  rne thane t r i ca rboxy la te  (g) was a l k y l a t e d  i n  815. 
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THE CHFMISTRY OF METHANETRICARBOXYLTC ESTERS. A REV1EI.r 

Use o f  t -buty laminal  o r  e- (d imethy1amino)methane i n  p lace o f  1,N-di- 

methylformamide d i e t h y l a c e t a l  produced the  te t ramethy l  formarnidium s a l t  a. 
A s e r i e s  o f  5 - a l k y l b a r b i t u r i c  ac ids  2 was e a s i l y  synthesized by 

condensation o f  alkyl-l,l,l-tricarboxylic es te rs  (3) w i t h  urea d e r i v a t i v e s  

31  

Y 

/ C@R' R4NH$NHR' 

\ E t O H ,  E t O N a  
R3-C- Cq2R' 

22 3. - 
co2@ 

w i t h  concomitant decarbal  k ~ x y a t i o n ; ~ '  

Table 4. 

ac ids  and gave g e n e r a l l y  h ighe r  y i e l d s  than syntheses from malonic 

esters.32 

synthesized and condensed w i t h  urea d e r i v a t i v e s  t o  g i v e  (Scheme 3 )  a 
where the thioamide moiety remained i n t a c t .  

t h e  r e s u l t s  a r e  summarized i n  

Th is  procedure i nvo l ved  s i m p l i f i e d  i s o l a t i o n  o f  the  b a r b i t u r i c  

Fur ther ,  d ie thy l  phenyl thiocarbamoyl malonate (a) was 

33 , 
However, when 

TABLE 4. B a r b i t u r i c  acids prepared from alkyl-l,l,l-tricarboxylates (2). -- - 
3 (R'=R2=Et) 

~ 

3 
R = H  

R3= H 

R = H  

R3= Me 

R = E t  

R = CH CH=CH 

R = CH C k C H  

R = CH Ph 

R = CH Ph 

R=CHPh 

3 

3 

3 

3 

3 

3 

3 

2 2  

2 2  

2 

2 

2 

Ami ne 
D e r i v a t i v e  

H2NCONH 

H2NCONHPh 

H NCONHNHPh 

H NCONH 

2 

2 

2 2  

2 
H2NCONH 

H NCONH2 

H NCONHPh 

H NCONH2 

MeNHCONHMe 

H 2 NCSNH2 

2 

2 

2 

Product - Yieldb mp. [ "C]  

-- 12a R4=R5=H; Y=O 71 245 

12b R =H; R =Ph; Y=O 80 262 
4 5  

62 260 
4 5  

12c R =H; R =NHPh; Y=O 

81 202-203 
4 5  

12d R =R =H; Y=O 

4 5  
12e R =R =H; Y=O 

4 5  12f R =R =H; Y=O 

4 5 
l 2 q  

4 5  
12h R =R =H; Y=O 

-- 121 R =R =Me3; Y=O 50 116-1 17 
4 5  

70 218-220 
4 5  

121 R =R =H, Y=S 

-- 

-- -- 

-- -- 

-- -- 

81 1 94 

79 167 

70 152 

81 206-208 

-= 

5== 

R =Ph; R =H; Y=O -- 

-- I- 

-- 
= 

a )  Ref. 32; b)Ceneral Procedure. Triethyl alkyl-l,l,l-tricarboxylate (42.0 mnol) and the 
urea derivative (42.0 mnol) were added t o  a s t i r r e d  solution of sodium (87.0 mnol) i n  
absolute ethanol (50 ml) and then refluxed f o r  6hrs. Neutralization afforded the 
desired barbituric acid, as a white so l id .  
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N E W K O E  AND BAKER 

t h e  sodium s a l t  o f  2 was condensed w i t h  phenylhydrazine, t he  thioamide 

p a r t i c i p a t e d  i n  t h e  r e a c t i o n  t o  g i v e  2. 
Y 

ym RNHINH2 / EtOH / PhNHNH2 
HC-C%Et - HC-COZEt 

CSNHPh C=NPh 

- 23 

EtONa \ 
PhNH? sgy e- - - 

\ 

No* -4 - 25 
- 24 a R = H ,  Y = O  

b R =Me,  Y = O  
c R =Ph, Y = O  
d A = H .  Y = N H  

Scheme 3 

3. Radical Reactions 

I n  the  presence o f  a r a d i c a l  i n i t i a t o r ,  t r i e t h y l  methanetr icarboxy late 

(Id), adds t o  terminal  alkenes (Scheme 4) t o  form predominately the  1:1 

adduct (50-75%) along w i t h  t races o f  t he  2 : l  adduct. Sapon i f i ca t i on  o f  

t he  1:l adduct fo l lowed by decarboxy lat ion provided a convenient r o u t e  t o  

C RCHZCHZCH~CO~H 
FEt Z I. NaoH HCI 

RCHzCHzC -C@E t 
\ 3. A 

C*Et 
(Me)3COOC(Me)3 Ill adduct 

c RCH=CH2 + 
HC( C%E t)3 

- Id RCH2CbCHCH2C (CO2Et)3 
R 

Scheme 4 24 odduct 

- n-a lky l ca rboxy l i c  ac ids and represents a two-carbon homologation o f  t he  

s t a r t i n g  o l e f i n .  

o l e f i n s ,  t he  r a d i c a l  add i t i ons  o f  methanetr icarboxyl  i c  es te rs  are reg io -  

s p e c i f i c  and l i m i t e d  e x c l u s i v e l y  t o  a-o le f ins.34 A thorough d iscuss ion o f  

t he  r a d i c a l  reac t i ons  o f  methanetr icarboxy l ic  es te rs  has been g iven i n  a 
34 review o f  r a d i c a l  add i t i ons  o f  ca rboxy l i c  ac ids and t h e i r  d e r i v a t i v e s ,  

thus o n l y  several  o f  t h e  s a l i e n t  features w i l l  be presented here. 

Un l i ke  r a d i c a l  add i t i ons  o f  malonic o r  a c e t i c  es te rs  t o  

Optimum y i e l d s  o f  a d d i t i o n  products were obta ined when t h e  r a t i o  o f  

t r i c a r b o x y l a t e  t o  o l e f i n  is 5:1, t h e  temperature i s  140-170°C, and d i - t -  - 
bu ty lpe rox ide  i s  t he  i n i t i a t o r . 3 4  Add i t i on  products are obta ined w i t h  
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THE CHEMISTRY OF METHAIVETRICAFBOXYLIC ESTERS. A PZVIEM 

terminal  alkenes and alkynes, b u t  n o t  w i t h  c y c l i c  o r  i n t e r n a l  alkenes. For 

example, t r i e t h y l  methanetr icarboxylate added t o  t h e  exocycl i c  methylene o f  

- 6-pinene w i t h  rearrangement t o  t h e  pmenthene system i n  52% y ie ld ,35 w h i l e  

b C  ( C q E t  13 
HC ( C02E t 13 

In i t ia tor  

HC( C02Et )3 - No Reaction 
Init iator 

under s i m i l a r  cond i t i ons  5-pinene r e s u l t e d  i n  recovery (>go%) o f  s t a r t i n g  

m a t e r i a l s  and no i s o l a t e d  ad duct^.^^ The absence o f  adducts wi th c y c l i c  

and i n t e r n a l  alkenes probably arose from the  s t e r i c  requirements o f  t he  

methanetr icarboxyl  i c  ester.  Fur ther  examples a re  g iven i n  Table 5. The 

r a d i c a l  add i t i ons  o f  

y - rad ia t i on ;  however, t he  y i e l d s  are considerably lower ( 5 - 5 0 % ) ~ ’  than 

those o f  peroxide i n i t i a t e d  react ions.  

t o  o l e f i n s  have a l s o  been i n i t i a t e d  by 6oCo 

b TABLE 5. Radfcal Additions o f  Triethyl Methanetricarboxylate (E) to Alkenes (Alkynes) . 

Alkene, or Alkyne 

n-C H CH=CH2 - 3 7  

n-C H C=CH - 3 7 -  

n-C H CH=CHz - 4 9  

n-C H C=CH - 4 9 -  

n-C H C(Me)=CH - 3 7  

n-C H WCH - 5 1 1  2 

- n-C6Hl3CH=CHZ 

2 

cycl ooctene 

n-C H ECH - 6 13 

n-C H EC-n-C H - 3 7  3 7  

n-C H E C H  - 7 15 

Ratfo of 
Id: Alkene (alkyne) Yield (%) 

5 52 

5 30b 

5 51 

5 27 b 

5 75 

5 73cd 
10 50-55 

_ _  trace 

b 
5 26 

b 
5 _ _  
5 3eb 

1:l adduct 
b.p. I°Cl/torr 

104-1OWO.4-0.5 

11 1-1 12/0.1 

108/0.05 

127-127.5/0.3 

128-13UO.6 

115.5-124/0.1-0.2 

128-133/0.2-0.3 

137-140/0.1 

123/0.1 

none isolated 

-- 
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145-146/0.1 
b 

n-C H CECH 5 33 - 8 17 

n-C H CH=CH 5 72 144/0.08 - 9 1 9  2 

Me0 CC H CH=CH 5 51 

n-C H CH=CH 5 70' 157-1 58/0.15 - 10 21 2 

PhC-CH 5 

a )  Ref. 34, except  a s  otherwise noted; b )  Ref. 36; c )  Ref. 37; d )  Ref. 38. 

--  
2 8 1 6  2 

none i s o l a t e d  
b -_ 

F l e s i a  e t  a1.40 have prepared the n i t r o s o  t r i e s t e r  a; t rea tment  

of 

b l u e  r a d i c a l  spec ies  2 i n  a d d i t i o n  t o  & w h i l e  the neat r e a c t i o n  of  

w i t h  sodium n i t r i t e  i n  a c e t i c  a c i d  gave predominately t h e  s t a b l e  

Et02C CqEt  
NoN02, AcOH /C02Et hU \ / 

dO=t+C-C%Et EtqC-C. 
/ P,ccC02Et HC (C02E 113 

E t q C  0 C02Et 

27 

\ or A 
C02E t 

or NO,neat,25OC 
I d  - 

- 26 - 

n i t r o u s  o x i d e  w i t h  gave e s s e n t i a l l y  pure  26. 

was a thermal and/or photochemical decompos i t ion  p roduc t  of 3, t hus  

comple te  p u r i f i c a t i o n  o f  26 was imposs ib le .  

generated i n  s i t u  by the l a t t e r  procedure;  t h e  r a d i c a l  adduc ts  a, a, 
and 3 - were c h a r a c t e r i ~ e d . ~ '  The advantages o f  & over  2-methyl-2- 

n i  t rosopropane and perdeuterio-2-methyl-2-nitrosopropane a s  r a d i c a l  

t rapp ing  agents 4 1 y 4 2  include s i m p l i c i t y  o f  preparat ion,  h igher  y i e l d s ,  

and improved r e s o l u t i o n  o f  s i g n a l s .  

It was determined t h a t  

However, 26 was conven ien t l y  

40 

awc ( ~ 0 2 ~  t 13 
c CH3CH2, N, C (  C02E t )3 0 0  Et l  + (n-Bu).jSnH 

I 
1-Bu0&!-!021- BU O' - 28 

O=N-C( C02E1)3 

I1 i- Bu02 C-&!O*i -&r 
P' c ( C 0 2 E + ) 3  PrBr + (n-Bu)-jSnH 0 0  CH3w2CH2 \ 

O. - 29 

CkN-C (C02Et)3 
0 CH302C\ ~ / C (  C02E t)3 0 0  

1 -Bu 02E-bO21-B~ 

HC02Me 

O' - 30 
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THE CHEMISTRY OF METHANETRICARBOXYJ,IC ESTERS. A REVIEW 

4. A1 k y l a t i o n s  

A l k a l i  meta l  s a l t s  of 1, i .e. 9, have been a lky la ted,  genera l l y  by 

a l k y l  hal ides;  however, the r e a c t i o n  has severa l  l i m i t a t i o n s .  The s a l t s  of 

= 1 a r e  p r a c t i c a l l y  inso lub le i n  most organic solvents except p o l a r  apro t ic  

so lvents ,  such as acetone, dioxane, and N,N-dimethylformamide. 

a t i o n s  w i t h  primary o r  secondary ha l i des  tend t o  be slow except when N,N- 
dimethylformamide i s  the  solvent.  

t r i e s t e r  i s  a l s o  important;  the trimethyl e s t e r  & genera l ly  gave poorer 

y i e l d s  than the corresponding reac t i ons  o f  the t r i e t h y l  e s t e r  g. 
s y n t h e t i c  d e t a i l s  f o r  a v a r i e t y  of a l k y l a t i o n s  a re  g iven i n  Table 6. 

Alkyl-  -- 

Select ion of t he  a l k y l  groups of the 

- 
The 

TABLE 6. Alkylations of Sodiomethanetricarboxylic Estersa. 

Sodium 

S a l t  

4a 

4d 

- Product 

I - 3 

3 

CH C(C02Me) 

CH C(C02Et) 
3 

3 I - 

4d -- 
4d -- I 

3 
C H C(C02Et) 
2 5  

!!!? - 
4d - -- BrCH CH C(C02Et)3 

2 2  

BrCH CH CH CH C(C02Et)3 
2 2 2 2  

CH CH CH CH C(C02Et)3 3 3 2 2 2  - 

!!1! -- 
CH3CH2CH2CH2C(C02Et)2 5 -- 

2 
CO t-Bu 

4.3 - - CH =CHCH C(C0 Me) 
2 2 2 3  

A1 kyl a t i  ng 

Agent 

CH3 I 

CH3' 

cH3' 
( CH3 1 2S04 

C2H5Br 

C2H5' 

(C2H5)2S04 

C2H5-OS0 C H 

BrCH CH Br 
2 2  

2 6 5  

BrCH2(CH ) B r  
2 3  

CH3(CH ) Br 
2 3  

CH3(CH ) OTos 

CH3(CH2)3Br 
2 3  

CH =CHCH Br 
2 2  

f 
Procedure 

[B], A, 12hrs 

[A], 14OoC, 

2hrs 

[A], A, 1.5hrs 

250c, 

10 min 

[Bl, A, 4hrs 

[A], 14OoC, 

2hrs 

[BI, 25OC, 

10 min 

[a], A, 9hrs 

[ D I J  9ooc, 

lOhrs 

[D l ,  850cJ 

2Ohrs 

Lo], 850cJ 

2Ohrs 

[Bl, A, lOhrs 

[D l ,  75OC, 

16hrs 

[B], A, 12hrs 

b.p. [ O C ] / t o r r  

Yield or m.p. ["C] 
b 

78 
C -_ 

80 

89 

77 
C _ _  

86 

77 

91 

d 
70 

85d 

80 

86d 

2 gb 

116-11 7/10 

130/11 

125-1 27/7 

130-1 32/10 

139/7 

146/17 

142/10 

142/11 

-_ 

120-1 2W0.05 

125-1 30/1 

165-167/10 

100-1 1 o/o. 1 

108-1 1 Oh5 
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NEWKOME AND BAKER 

CH =CHCH2C(C0 Et) 

CH2=CHCH C(C0 Et) 

HECCH C(C0 Me) 
2 2 3  

C H CH C(C02Et)3 

CH OCHZC(CO Me) 
3 2 3  

C H CH OCH2C(C0 Me) 

CH COCH2C(C0 Me) 
3 2 3  

CH3COCH2C(C0 Et) 
2 3  

PhCOCH2C(C02Me) 3 

PhCOCH2C(C02Et)3 

EtO 2 CCH2C(C02Et)3 

Et02CCH(CH )C(CO Et) 

PhSCH C(C02Me) 

PhCH2CH2SCH C(C0 Me) 
2 2 3  

( Et)2NCH2CH2C( CO Me) 
2 3  

C H NCH CH C(C0 Me13 

C 6 5  H CONHCH2C(C02Me)3 

C13CCONHCH C(C0 Me) 
2 2 3  

2 2 3  

2 2 3  

6 5  2 

6 5  2 2 3  

3 2 3  

3 2 

510 2 2 2 

CH =CHCH Br 2 2  
CH =CHCH Br 
2 2  

HECCH Br 

C6HSCH2C1 

CH30CH2C1 

C H CH OCH2C1 6 5  2 
CH3COCH2Cl 

CH3COCH2C1 

PhCOCH Br 

PhCOCH Br 

Et02CCH C1 
2 

Et02CCH(CH )Br 

PhSCH2Cl 

PhCH2CH2SCH2C1 

(Etl2NCH CH C1 
2 2  

C H NCH CH C1 
510 2 2 
PhCONHCH2Cl 

C1 CCONHCH C1 
3 2 

2 

2 

2 

3 

[Cl, A, fh 

[B], A,  2hrs 

[B], A,  12hrs 

[C], A,  2hrs 

[El, A 

Eel, A 

[ E l ,  A 

[ B l ,  A,  7hrs 

161, A 

CBI, A ,  2hrs 

[El, A,  2hhrs 

[B], A,  3hrs 

P I ,  A 

161, A 

[El, A 

[BI,  A 

[B], 25'C 

[El, 25OC 

72 

97 

22b 

59 

81 

87b 
b 12 

72 

60b 

-- 
72 

-- 
6Eb 

74b 

54b 

60b 

72e 

60e 

142/11 

142/11 

98/0.2 

195-1 97/12 

80/0.01; 39-40 

11 5-1 1 7/0.01 

80-82/0.01 ; 92 

165/8 

95-96 

2 2 6/7 

179-180/14 

190/8 

105-1 10/0.01 

110-1 15/0.01 

75/0.01 

80/0.01 

84 

100-102/0.01; 54 

a) Ref 
f) [A]" The sodiomethanetricarboxylic ester (28 m o l )  was added to an excess of the 
alkyl halide (180 mmol) and heated at 13O-17O0C for several hours. 
ether was carefully added and the mixture was filtered. Removf4,qg the ether and fractional 
distillation in vacuo gave the desired alkylated product. 
(42 mnol) was added to a stirred suspension of the sodiomethanetricarboxylic ester (38 mnol) 
in dry dioxane (80 mL) The mixture was filtered and the dioxane 
removed in vacuo. [C]" The sodiomethanetricarboxylic ester (0.10 moll and the alkyl 
halide (0.lhol) were dissolved in acetone (60 mL) and The reaction was 
cooled, filtered, and the acetone was evaporated. [D] Sodiomethanetricarboxylic ester 
(33.0 mnol) dissolved in benzene/!,!-dimethylformamide (1:l; 40 mL) was added to the alkyl 
halide (66.0 mnol) and heated at 75O-9OaC for 10-20 hrs. 
added, and the solution was washed with water (3 X 80 mL), dried, and evaporated to give the 
crude product. 

20; except as otherwise noted; b)  Ref. 22; c) Ref. 10; d) Ref. 15; e) Ref. 43. 

Upon cooling, anhydrous 

The alkylating agent [B] 

nder the conditions given. 

efluxed (1-4 hrs). 15 

After cooling, benzene (100 mL) was 

A common side-reaction arises from the presence o f  a nucleophilic 

group within the alkylating species, which can effect decarbalkoxylation 

and subsequent decomposition of the desired product. Thus, the reaction 

o f  1-chloromethylpiperidine with 4a gave a mixture o f  31 and 32 instead 

of the anticipated 33;43 the pentamethyl ester 32 probably originated from 
the methylene malonate 34, which was a decomposition product o f  initially 

= - - - - 

- - 
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THE CHENISTRY OF METHANETRICARBOXILIC ESTERS. A REVTEN 

o C H 2 C  ( C 0 2 M d 3  

33 - 
N a C ( C O $ 4 e ) 3  4a 

DMF, 7 0 ° C .  5hr5 

/C02Me 
M e 0 2  C 

\ 
CHCH2C-COfle 

O C ~ M I  + / \ C*Me a *%C 

( 2 1 % )  - 32 ( 2 7 % )  
43 formed a. This was v e r i f i e d  by t h e  subsequent synthesis of from a. 

An analogous r e a c t i o n  occurred w i t h  E-chloromethylmorphol ine; however, i n  

t h i s  case some o f  the expected a was iso la ted.  

I n  order  t o  circumvent these s ide-react ions,  an a1 te rna te  synthesis 

from 2,2,2-tricarbomethoxyethanol (a) was devised;43 2 was prepared by 

the  a d d i t i o n  of & t o  aqueous formaldehyde i n  t h e  presence o f  base. 

oqueour H$O 
H C ( C 0 2 M e ) 3  - HOCH2C(CO@e)3 
- lo  C o C O 3 .  12twr - 36 ( 9 5 % )  

This very r e a c t i v e  a lcohol  was e a s i l y  condensed w i t h  secondary amines 

t o  a f f o r d  - N,~-disubstituted-2-amino-l,l,l-tricarbomethoxyethanes 
(Scheme and thus 2 and 2 were obtained i n  e x c e l l e n t  y i e l d s .  

The malonic e s t e r  synthesis i s  among the  o l d e s t  and most u t i l i z e d  

c l a s s i c a l  organic  reaction^;^^ however, f o r  some substrates i t  does have 

disadvantages: 

e l i m i n a t i o n s  can occur, a l k y l  ha l i des  con ta in ing  r e l a t i v e l y  a c i d i c  

d i a l k y l a t i o n  o f t e n  takes p lace w i t h  r e a c t i v e  ha l i des ,  
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NEWKOME AND BAKER 

Na2S04. 12hrr 
35 
(90%) 

PhCH2NHCH2C(COfle)3 (Me02C )3CCH2 PhNHC@CH2C (C@Me)3 

(01 x (06%) (16%) 
Scheme 5 

hydrogens can seldom be used, and the  synthes is  o f  ha loa lky lmalonic  es te rs  

from d i h a l o  alkanes i s  e s s e n t i a l l y  impossible s ince i n t e r -  o r  intrarnolec- 

u l a r  d i a l k y l a t i o n s  u s u a l l y  occur. 

when cyclopropane o r  cyclopentane r i n g s  are formed.45 To bypass these 

d i f f i c u l t i e s  Rapoport and co-workers u t i l i z e d  t h e  carbethoxy moiety as a 

b lock ing  group;15 thus, t r i e t h y l  3-bromopropane-l,l,l-tricarboxylate (&Z) 

and 5-brornopentane-l,l,l-tricarboxylate (a) were prepared i n  good y i e l d s  

(>70%).'~ A syn the t i c  a p p l i c a t i o n  o f  t h i s  concept i s  shown i n  Scheme 6; 

In t ramolecular  c y c l i z a t i o n  predominates 

C%Et 
/ NoC(CqEt  13. 

c Br (CH&C-C*Et 

37 

PhH/DMF ( l : l ) ,  \ C q E t  

- 90*C, l O h n  

136 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



THE CHEMISTRY OF METHANETRICAFBOXYLIC ESTERS. A REVIEW 

triethyl 5-brornopentane-l,l,l-tricarboxylate (38) was treated with benzyl 

pipecolate to form the 4-alkylated pipecolate ester 2. 
I 39 to the acid 

- bis-(ethoxycarbony1)-ppentyllpipecolic acid 2. 

Hydrogenolysis of 

followed by removal of the blocking group gave 1-[5,5- 
15 

Analogous attempts to prepare trimethyl 3-bromopropane-1,l ,l,-tricar- 

boxylate (42) have proven unsuccessful ;46 dimethyl cyclopropane-1,l-dicar- 

boxylate (43) - was obtained when the reaction was performed in benzene/!,N- 

dimethylformamide (1:l) at 90°C, while in refluxing dioxane starting 

materials were recovered (>go%). 

Nucleophiles are known to undergo Michael-type reactions with 2- 

Thus, 6,6'-divinyl-Z,Z'-dipyridine (44) was (or 4-)~inylpyridines.~~ 

treated with 2 equivalents of 2 in refluxing methanol in hopes of 

obtaining the @-addition product 2; however, only the decarbal koxy- 
lated mono-addition product was obtained. 48 
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NEWKOME AND BAKER 

44 - 

NoC( C02E t 13 J 
McOH, A \ McOH, A 

5. Decarbal koxy la t i ons  

Several decarbalkoxy lat ions have a l ready been discussed; however a 

few, more convenient procedures have been developed i n  recent  years. 

Older methods consis ted o f  heat ing the  t r i e s t e r  w i t h  sodium i n  

a1 coho1 -8’10y11’43 thus was obtained from i n  16% y i e l d .  43 

C q E t  

C @Cti2& 
CqEt EtONo. EtOH 

4 C H 2 C :  C q E t  C q E t  \ C q E t  

- 47 - 48 (16X) 

I n  order  f o r  t he  carbalkoxy moiety t o  serve as a use fu l  b lock ing  

group i n  the  malonic e s t e r  synthesis,  improved decarbalkoxy lat ion methods 

were developed; the three best  procedures are shown i n  Scheme 7.15 A l l  

t h ree  methods were q u a n t i t a t i v e  by GC ana lys i s  and i s o l a t e d  y i e l d s  were 

>go%. 

EtONo. THF 

25.C. IOmin 

C02Et 
LDA, THF / - CqHgCH 

CO2Et 
/ 

C4HgC- C q E t  
\ 0.C. 1.5hrr \ 

C q E t  C q E t  

BCI3, DCM 

5 ° C .  3 hrs 
Scheme 7 
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THE CHENISTRY O F  METHANETRICARBOXYLIC ZSTCRS. A REVIEW 

An a l t e r n a t i v e  method was based on the  ease o f  hyd ro l ys i s  o f  t - b u t y l  

esters;  d i e t h y l  t - b u t y l  pentane-1 , l , l - t r i c a r b o x y l a t e  was prepared and 

e a s i l y  decarbalkoxyated by t reatment w i t h  e i t h e r  100% fo rm ic  o r  

tr i  f 1 uoroacet i  c acid.  15 

/ C02Et HC%H, of 

c % ~ - B ~  F3CC02H 
5, CqHgCH(CO2Et)2 

C 4 W r  
C q E t  

/ 
NO* -C-C+Et - C H C - C q E t  

\ 4 9 \  
Copt-Bu 

6. Reductions 

Reduction of alkyl-l,l,l-tricarboxylic es te rs  (3) w i t h  l i t h i u m  

aluminium hydr ide gaves a predominance o f  a l l y l i c  a lcohol  11% as w e l l  as a 

/ CO2R' LiAIH4 /CH20H /CH2W 
R3-C- C q R '  t R'-C,\ + R3-C -C+OH 

\ 

50 

CH2 CH20H 
\ 

3 
C%R2 

43 - - 

small amount of t he  a n t i c i p a t e d  a. 43'49 For example, 

i s o l a t e d  product from the  reduct ion o f  qZ.43 

was the  only 

I n  add i t i on ,  t he  decarbalk- 

oxy la ted in termediate was substant ia ted by the  separate synthesis and 

subsequent reduc t i on  o f  2. 43 

Several attempts t o  reduce t r i e t h y l  hexane-l,l,l-tricarboxylate 

f a i l e d .  26*49 L i th ium aluminum hydr ide gave 90% o f  t he  a l l y 1  a lcohol  

on l y  8% of t h e  des i red t r i o l .  

t u r e  of a lcohols,  and l i t h i u m  borohydr ide i n  r e f l u x i n g  te t rahydrofuran 

gave (10%) the  d i o l  2 as w e l l  as recovered s t a r t i n g  ma te r ia l  (>80%). 

and 

Bouveault-Blanc50 cond i t i ons  gave a m i x -  

5 1  
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NEWKOME AND BAKER 

No, EtOH 

mixture d alcohols 

Sodium borohydr ide ,  52-54 d i  bo rane-d ime thy l su l f  ide,55 and t r i e t h o x y s i l y l -  

h ~ d r i d e ~ ~  reduc t i ons  a1 1 gave recovered s t a r t i n g  m a t e r i a l  (>85%). 

7. M isce l laneous 

Ox ida t i on  o f  w i t h  l e a d  t e t r a a c e t a t e  gave recovered (86%), 

an u n i d e n t i f i e d  o i l ,  and hexaethy l  ethane-1,1,1,2,2,2-hexacarboxylate 

(3%). 57 

Carbonyl complexes o f  manganese and rhenium have been t r e a t e d  w i t h  &j 

t o  g i v e  3 and 2, r e ~ p e c t i v e l y . ~ '  Complex a was conver ted  

t o  t h e  monomeric complex a w i t h  t r ipheny lphosph ine .  

i n f r a r e d  spec t ra  o f  53-55, t h e  general  s t r u c t u r e  was assigned. 

S u b s t i t u e n t  e f f e c t s  on t h e  s t a b i l i t y  o f  eno la tes  and r e l a t e d  

Based upon t h e  
58 

carbanions i n c l u d i n g  t r i c a r b ~ n y l m e t h a n e s ~ ~  have been s t u d i e d  by 1 3 C  NMR. 

I 3 C  NMR has a l s o  been a p p l i e d  t o  t h e  s tudy  of p ro tona ted  e s t e r s  i n  

FS03H-SbF5 s o l u t i o n .  

111. CONCLUSIONS 

60 

Methanet r i carboxy l  i c  e s t e r s  fo rm a c l a s s  of e a s i l y  p repared compounds 

which have d i ve rse ,  y e t  untapped, p o t e n t i a l  a p p l i c a t i o n s ,  some o f  which 

a r e  descr ibed he re in .  Rad ica l  a d d i t i o n s  o f  m e t h a n e t r i c a r b o x y l i c  e s t e r s  t o  
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THE CHEMISTRY OF METHANETRICARBOXYLIC ESTERS. A REVIEW 

term 

v ide  

reac 

na l  o l e f i n s  and a1 k y l a t i o n  o f  sodiomethanetricarboxyl i c  es te rs  pro- 

convenient routes t o  alkyl-l,l,l-tricarboxylic esters .  

ions a l l o w  t h e  synthesis o f  var ious heterocycles,  w h i l e  s e l e c t i v e  

Fur ther  

monodecarbalkoxylation gave the  corresponding malonic e s t e r  de r i va t i ve ;  

sapon i f i ca t i on  and decarboxylat ion i s  a two carbon homologation t o  the  

acid. This i s  a use fu l  sequence which bypasses many o f  t he  disadvantages 

o f  t he  malonic e s t e r  synthesis.  

v ide syn the t i c  routes t o  molecules which are no t  r e a d i l y  accessible by 

o t h e r  means. 

Acknowledgments.- The authors thank t h e  donors o f  the Petroleum Research 
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