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C NMR OF SOME MALIC A C I D  D E R I V A T I V E S  
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U n i v e r s i t y  o f  New Brunswick 
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Canada 

D i m i  t r i o s  Theodoropoulos 
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U n i v e r s i t y  o f  Patras 

Pa t ras ,  Greece 

ABSTRACT 
13 

The C nmr f o r  a number o f  m a l i c  a c i d  e s t e r s  and amide- 

e s t e r s  have been recorded.  These data c o n f i r m  t h a t  a l c o h o l y s i s  

o f  m a l i c  anhydr ide p rov ides  t h e  a-monoester as t h e  o n l y  i s o l a b l e  

p roduc t .  

INTRODUCTION 

The s t r u c t u r a l  s i m i l a r i t y  o f  m a l i c  a c i d  (2) t o  a s p a r t i c  a c i d  

suggests t h a t  pep t ides  i n c o r p o r a t i n g  a m a l i c  a c i d  r e s i d u e  m igh t  

possess i n t e r e s t i n g  b i o l o g i c a l  a c t i v i t i e s  . The e f f i c i e n t  con- 

s t r u c t i o n  o f  such pep t ides  would depend on methodology f o r  

r e g i o s e l e c t i v e  condensat ion o f  t h e  two carboxy l  groups o f  m a l i c  

1 
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934 MATSOUKAS, BURNELL, AND THEODOROPOULOS 

a c i d .  

product  f o l l o w i n g  a l c o h o l y s i s  o f  t h e  corresponding anhydr ide  2 
w i t h  benzyl a l c o h o l .  From t h e  r e s u l t s  o f  a s e r i e s  o f  r e a c t i o n s  

To t h i s  end we were a b l e  t o  i s o l a t e  o n l y  one m o n o e s t e r i f i e d  

w i t h  t h i s  monoester,' and by analogy w i t h  t h e  f i n d i n g s  o f  an 

e a r l i e r  s tudy w i t h  a c i d i c  amino acids,' t h e  a -ca rboxy la te  

s t r u c t u r e  2 f o r  t h e  monoester was i n f e r r e d .  

C nmr spec t ra  o f  a number o f  m a l i c  a c i d  
1 3  

I n  t h i s  paper t h e  

d e r i v a t i v e s  which may serve as u s e f u l  s y n t h e t i c  i n t e r m e d i a t e s  

a r e  repo r ted .  

i n  an independent, and r e l a t i v e l y  s t r a i g h t f o r w a r d ,  manner. 

syn thes i s  o f t h o s e d e r i v a t i v e s  i s  a l s o  r e p o r t e d  i n  d e t a i l .  

The data presented here c o n f i r m  t h e  s t r u c t u r e  ,$ 

The 

EXPERIMENTAL 
1 3  

C nmr spec t ra  were ob ta ined  a t  ambient temperature on a 

Varian CFT-20 spect rometer  w i t h  a s p e c t r a l  w i d t h  o f  4000 Hz 

and 8K data p o i n t s  ( H-decoupled and o f f  resonance) o r  2000 

Hz and 1 6 K  ( H-coupled). 

CDCl, s o l u t i o n s  and dioxane (67.4 ppm f rom TMS) was used w i t h  t h e  

n20 s o l u t i o n s .  

spectrometer. 

1 

1 
TMS was t h e  i n t e r n a l  s tandard f o r  t h e  

1 
HNMR spec t ra  were ob ta ined  on a Var ian  T-60 

Compounds 1 and 4 were a v a i l a b l e  from commercial sources 

(Sigma Chemical Co., S t .  Louis ,  MO, USA).  

Ma l i c  anhydr ide ( 2 )  was prepared f r o m m a l i c  a c i d  as f o l l o w s :  

t o  a c o l d  s t i r r e d  ammoniac s o l u t i o n  (10 m l ,  4N) o f  m a l i c  a c i d  

(2.68 g ,  20 mM), a s o l u t i o n  o f  AgN03 (6.80 g, 40 mM) was added. 

C f t e r  30  min, t h e  p r e c i p i t a t e d  d i s s i l v e r  s a l t  o f  m a l i c  a c i d  was 
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MALIC ACID DERIVATIVES 935 

f i l t e r e d ,  washed r e p e a t e d l y  with H , O ,  and d r i e d  over  P205 i n  t h e  

dark ( y i e l d :  75%).  

excess)  i n  e t h e r  (30 mL), th ionyl  c h l o r i d e  (1.19 9 ,  10 mt4)was 

added. The mixture  was shaken thoroughly f o r  15 min, f i l t e r e d  

and t h e  f i l t r a t e  was evapora ted ,  t o  a f f o r d  malic  anhydr ide  (0.82 

g ,  70%).  

To a suspension o f  t h e  d i s s i l v e r  s a l t  ( 3 . 6  g ,  

The monoester o f  mal ic  a c i d  (3)  was prepared by a d d i t i o n  o f  

benzyl a lcohol  (2 .16 g ,  20 my) i n  a s o l u t i o n  o f  mal ic  anhydride 

(1.16 g ,  1 0  mM) i n  e t h e r  ( 2 0  mL) .  

room temperature  f o r  24 h ,  r e f l u x e d  f o r  10 h,then evaporated and 

t h e  remaining r e s i d u e  was d i s s o l v e d  i n  a mixture  o f  H20/CH,C1, 

(50  ml, l / l ) .  

d r i e d  (Na,S04) and evaporated.  

d i sso lved  i n  e t h e r ,  then  dicyclohexylamine (1 mL) was added 

dropwise and t h e  p r e c i p i t a t e d  dicyclohexylamine s a l t  o f  t h e  

monoester was c o l l e c t e d  by f i l t r a t i o n .  R e c r y s t a l l i z a t i o n  from 

e thyl  a c e t a t e ,  a f forded  1.25 g ( 3 0 % ) ,  m.p.(k?) = 153 - 4OC, 

m.p.(dk) = 140 - l 0 C .  

t o  a f f o r d  t h e  f r e e  monoester o f  mal ic  a c i d  ( 3 ) ,  which was ex- 

t r a c t e d  from the H,O ohase,  with CH,Cl,. The organic  phase was 

d r i e d  (Na2S0,+) and evaporated t o  y i e l d  3 i n  a pure s t a t e .  

The s o l u t i o n  was s t i r r e d  a t  

The organic  phase was washed with H,O (25  mL), 

The r e s i d u e  (1.72 g) was re- 

The s a l t  was t r e a t e d  w i t h  10% c i t r i c  a c i d  

The dibenzyl e s t e r  o f  mal ic  a c i d  (5) was prepared by adding 

benzyl bromide (13,68 g ,  80 mM) i n  a s o l u t i o n  o f  mal ic  a c i d  

(5.36 g ,  40 mM) and t r i e t h y l a m i n e  (8.08 g ,  8 0  mM) i n  THF(l00 m L 1 .  

The mixture  was stirred f o r  24 h a t  room temperature  and re f luxed  

f o r  another  10 h .  The s o l v e n t  was then evapora ted ,  H,O was added 
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938 MATSOUKAS, BURNELL, AND THEODOROPOULOS 

and t h e d i b e n z y l  ester wastaken by e x t r a c t i o n  w i t h  CH,Cl,. 

ganic  phase was washed w i t h  H,O, 5% NaHCO,, d r i e d  (Na,SO,) and 

evaporated. 

ge l  column chrozatograp!-y  and t h e  p roduc t  v a s  p u r i f i e d  by e l u t i o n  

w i t h  Hexane/Chloroform (7 /3 )  ( Y i e l d :  65%).  

The o r -  

The rema in ing  r e s i d u e  (12.5 g) was sub jec ted  t o  s i l i c a  

The 6-arnide 6 was ob ta ined  by condensa t ion  o f  t h e  mixed an- 

h ~ d r i d e ' , ~ ,  

a c o l d  (-10°C) s o l u t i o n  o f  3 (0.224 g, 1 mM) and t r i e t h y l a m i n e  

(1 mM) i n  THF (15 mL), e t h y l c h l o r o f o r m a t e ,  ClCOOC,H,, (1 mM) was 

added. A f t e r  10 min, ammonia was i n t r o d u c e d  t o  t h e  s o l u t i o n  f o r  a 

1 5  min p e r i o d .  

and then  the  s o l u t i o n  was evaporated t o  dryness.  The r e s i d u e  was 

p a r t i t i o n e d  between e t h y l  a c e t a t e  (50 mL) and w a t e r  ( 50  m L ) ,  and 

t h e  o rgan ic  phase was washed w i t h  10% MaHCO, (50 m L ) ,  H20 (50 mL), 

d r i e d  over  NazSOI, and evaporated. The p roduc t  was c r y s t a l l i z e d  

from e the r  ( Y i e l d :  35%), m.p.(n) = 78 - 79OC, m.p.(de) = 92 - 93OC. 

d e r i v e d  f rom t h e  monoester 3, w i t h  ammonia. Thus, t o  

The r e a c t i o n  f l a s k  remained sealed f o r  two hours 

The 6-amide 7 was ob ta ined  by DCC c o u p l i n g  o f  3 w i t h  g l y c i n e  

Thus, t o  a c o l d  ( - - lO°C)  and s t i r r e d  s o l u t i o n  o f  3 benzy les te r .  

(0.224 g, 1 mM) and 1 -hyd roxybenzo t r i azo le  (0.135 g, 1 mM) i n  

DMF ( 3  mL), dicyclohexylcarbodiimide ( 0  206 g, 1 mM) was 'added. 

A f t e r  20 min, a s o l u t i o n  o f  g l y c i n e  benzy les te r ,  p - to luene  s u l -  

fonate (0.337 g, 1 mM) and t r i e t h y l a m i n e  ( 1  mM) i n  DMF (2  mL) 

was added. The m i x t u r e  was s t i r r e d  f o r  1 h a t  O°C and f o r  24 h 

a t  25OC, then i t  was f i l t e r e d ,  t h e  f i l t r a t e  was evaporated, and 

t h e  r e s i d u e  was p a r t i t i o n e d  between H,O ( 3 0  mL) and e t h y l  a c e t a t e  

(30  mL). The o r g a n i c  phase was washed w i t h  5% NaHCO,, H20, 1% HC1, 
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MALIC ACID DERIVATIVES 939 

H,O, d r i e d  (Na,SO,) and evaporated.  

due, e t h y l  a c e t a t e  (1 mL) was added and t h e  p r e c i p i t a t e d  s a l t  was 

removed by f i l t r a t i o n .  Evapora t i on  o f  t h e  s o l v e n t  and a d d i t i o n  

o f  e t h y l  a c e t a t e  (1 m L )  was repeated u n t i l  no more s a l t  was 

formed. The o i l y  r e s i d u e  was c r y s t a l l i z e d  f rom e t h y l  a c e t a t e /  

P. e t h e r  (Y ie ld :  70%), m,p.(a.) = 82 - 83OC, m.p.(de) = 73 -74OC. 

To t h e  rema in ing  o i l y  r e s i -  

0 - T r i t y l - D i  benzy l -Malate (8) was prepared by r e f l u x i n g  a 

s o l u t i o n  o f  5 (3.14 g, 10 mM) and t r i t y l  c h l o r i d e  (4.17 g, 15 mM) 

i n  p y r i d i n e  (10  mL) f o r  4 h. 

r e s i d u e  was t r e a t e d  w i t h  10% c i t r i c  a c i d  and e x t r a c t e d  w i t h  

C H , C l , .  The o r g a n i c  phase was washed w i t h  10% c i t r i c  a c i d ,  H,O 

d r i e d  (rla,soi,) and evaporated. The o i l y  t r i t y l  d e r i v a t i v e  was 

p u r i f i e d  by gel  f i l t r a t i o n  chromatography (Sephadex LH-20) and 

e t h y l  a c e t a t e  as t h e  e l u a n t  ( Y i e l d :  40%). 

The s o l v e n t  was evaporated and t h e  

- RESULTS AND DISCUSSION 

Table 1 summarizes t h e  chemical shi.ft data.  The e f f e c t  o f  

replacement o f  a C-2 hydrogen i n  s u c c i n i c  a c i d  ($) w i t h  an 

hydroxy l  [? m a l i c  a c i d  1) o b l i g e s  t h e  8-carboxy l  group (C-4). t o  

exper ience a t  l e a s t  one y-gauche i n t e r a c t i o n  i n  a l l  t h r e e  

staggered conformers; t h e r e f o r e ,  t h e  6-carboxy l  resonance i s  

found u p f i e l d  o f  t h e  a-carboxyl (C-1) resonance i n  t h e  spectrum 

o f  m a l i c  a c i d  (k). S i m i l a r l y ,  i n  t h e  spectrum o f  t h e  d i b e n z y l  e s t e r  

5 t h e  C-4 s i g n a l  i s  found u p f i e l d  o f  t h e  C-1 s i g n a l .  W i t h  t h e  chemical 

s h i f t s o f  m a l i c a c i d  (A) and i t s d i e s t e r :  i n  hand, t h e  s h i f t s o f  t h e  two 

ca rboxy l  resonances i n  t h e  spectrum o f  t h e  monoester suggested t h e  

s t r u c t u r e  2.  

% 
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940 MATSOUKAS, BURNELL, AND THEODOROPOULOS 

TABLE 1. Chemical s h i f t s  o f  m a l i c  a c i d  d e r i v a t i v e s  

S h i f t  ( 6 ) a  

Compound c- 1 c-2 c- 3 c -4  S o l v e n t  

D O  2 177.1 67.7 39.2 175.2 

'L 3 173.0 67 .1  38.4 175.6 CDC13 

4 

5 

6 

7 

8 

k 

177.6 29.6 29.6 177.6 D20 % 

173.1 67.4 38.8 170.2 C O C l  

173.3 67.2 39.6 173.6 C0Cl3 
173.2 67.8 3 9 . 8  170.1b C0Cl3 
169.5' 70.5 39 .1  171.2' CDC13 

'!, 

% 

'L 

'L 

a .  A d d i t i o n a l  s i g n a l s  ( 6 )  ( m u l t i p l i c i t y  i n  t h e  o f f - r e s o n a n c e  

s p e c t r a )  : 

'L 3 : 134 .9 (s ) ,  128.7(d,  3C), 128.4(d,  2C) and 6 7 . 9 ( t )  

5 : 135 .6 (s ) ,  1 3 5 . 1 ( s ) ,  128 .6 (d ,  4C), 6 7 . 6 ( t ) ,  and 6 6 . 7 ( t )  

6 : 1 3 5 . 3 ( ~ ) ,  128.6(d,  ZC), 1 2 8 . 4 ( d ) ,  128 .2 (d ,  ZC), & 6 7 . 8 ( t )  

'L 7 : 169.7b(s) ,  135 .2 (s ,  ZC), 128.6(d,  5C), 128.4(d,  5C), 

% 

% 

6 7 . 6 ( t ) ,  6 7 . 3 ( t ) ,  and 4 1 . 4 ( t )  

,L 8 : 143.7(s,  3C), 135 .7 (s ) ,  135 .5 (s ) ,  127.3-129. l (many d )  

b, c .  Assignments may be i n t e r c h a n g e d .  

The I 3 C - l H  c o u p l i n g  c o n s t a n t s  i n  m a l i c  a c i d  (1) and t h e  mono- 

e s t e r  were compared i n  o r d e r  t o  u n e q u i v o c a l l y  a s s i g n  t h e  c a r b o x y l  

s i g n a l s  i n  t h e  monoester .  Gi13 had r e p o r t e d  t h a t  i n  t h e  I H - c o u p l e d  

spectrum o f  m a l i c  a c i d  C-4 appears as a t r i p l e t  o f  d o u b l e t s  due 

e s s e n t i a l l y t o  equal  c o u p l i n g  t o  b o t h  geminal  p r o t o n s ;  f u r t h e r m o r e ,  

b o t h  t h e  3$c-H and t h e  2+-H c o u p l i n g s  a r e  a p p r o x i m a t e l y  6 Hz a t  
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MALIC ACID DERIVATIVES 94 1 

TABLE 2. 1 3 C - l H  c o u p l i n g  c o n s t a n t s  f o r  m a l i c  a c i d  1 and t h e  mono- 

e s t e r  ?. 

Compound 1 3 C - l H  C o u p l i n g  Cons tan ts  ( H z ) ~  

c- 1 c-2 c-3 c-4 

u n r e s o l v e d  ' J  146.6 'J 130.9 '5 6.5 
I m u l t i p l e t  '2 4.1 zJ 4.1 32 6.5 

u n r e s o l v e d  ' J  147.9 ' J  131.0 *J 6.8 
m u l t i p l e t  '2 4.0 ' 3  3.5 33 6.2 3 z 

a .  The s i g n s  were not- de te rm ined .  

TABLE 3. M a l i c  A c i d  D e r i v a t i v e s .  

X Y Z 

z 1 OH OH OH 

z 3 OBz OH OH 

z 4 OH H OH 

5 OBz OH O B Z  
o=c o=c-x 

H - t - d O  H-C-Y  

o=c-2 

% 
1 

NH2 
OBz OH z I 

FH2 7 OBZ OH NHCH2C02Bz 

8 OBz OC( CgH5 l 3  OBz 
O=E 

z 
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942 MATSOUKAS, BURNELL, AND THEODOROPOULOS 

l o w e r  pH. I n  c o n t r a s t ,  31]c-H c o u p l i n g s  between C - 1  and t h e  two C-3 

p r o t o n s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  i n m a g n i t u d e ,  r e s u l t i n g  i n  a complex 

p a t t e r n  w i t h  a l l  c o u p l i n g  c o n s t a n t s  s m a l l e r  t h a n  5 Hz. 

Our d a t a  f o r  m a l i c  a c i d  (A) ( T a b l e  2 )  were s i m i l a r  t o  t h o s e  

o f  G i l .  On o u r  20 MHz i n s t r u m e n t ,  t h e  s i g n a l  f o r  C-4 appeared a s  

a q u a r t e t  ( i . e .  2&C-H=3&C-H=6.5 Hz) ,  and t h e  s i g n a l  f o r  C - 1  was a 

narrow, u n r e s o l v e d  m u l t i p l e t .  I n  t h e  spec t rum o f  t h e  monoester,  

t h e  s i g n a l  a s s i g n e d  t o  C-4 was a broadened q u a r t e r ,  whereas t h e  

u p f i e l d  c a r b o x y l  s i g n a l  (C-1) was a na r row m u l t i p l e t .  

The B-amides and d were o b t a i n e d  by  condensa t ions  o f  mixed 

a n h y d r i d e ~ ' . ~ ~  

g l y c i n e  benzy l  e s t e r ,  r e s p e c t i v e l y .  We were  u n a b l e  t o  a s s i g n  

C-4 and t h e  g l y c i n e  c a r b o x y l  s i g n a l s  o f  r i g o r o u s l y  by examina- 

t i o n  o f  i t s  'H-coup led  spec t rum due t o  t h e  s m a l l  amount o f  

m a t e r i a l  a v a i l a b l e .  As expected ,  a d d i t i o n  o f  t h e  b u l k y  and 

a n i s o t r o p i c  t r i t y l  g r o u p  t o  t h e  C-2 h y d r o x y l  o f  t h e  d i e s t e r  t o  form 

8 r e s u l t e d  i n  s i g n i f i c a n t  changes i n  t h e  chemica l  s h i f t s  o f  b o t h  

g roups .  

d e r i v e d  f r o m  t h e  monoester  ,$ w i t h  ammonia and 
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