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ORGANIC PREPARATIONS AND PROCEDURES IIJT. 17(2), 83-89 (1985) 

SYNTHESIS OF N-(~-CAI?BOSENZOXYAMINO- 

6ZNZOYL)-L-GLUTAMIC A C I D  a -3ZNZYL LSTEii 

Leszek # r z y i a n o w s k i t  and Barbara r izeszotarskai ’+*  

TNencki  I n s t i t u t e  o f  E x p e r i m e n t a l  i3 io logy  
P o l i s h  Academy o f  Sc iences ,  u l . P a s t e u r a  3 ,  Warszawa 22,POWND 

T h n s t i t u t e  o f  Chemis t ry  
Pedagog ica l  U n i v e r s i t y ,  ul. Oleska 48, 45-052 Opole , POLAND 

O l i g o - Y - g l u t a m y l  c h a i n  l e n g t h s  i n  n a t u r a l  f o l a t e s  a r e  de- 

te rmined f i r s t  by c leavage o f  t h e  f o l a t e s  t o  t h e  cor respon-  

d i n g  N (-e-aminobenzoy1)-oligo-y- g l u t a n i c  a c i d ) s  (piiB-Glu,) 

f o l l o w e d  by co-chromatography o f  these s i m p l e r  components 

w i t h  a u t h e n t i c  c a r r i e r  compounds.’ Up t o  now, t h e  a u t h e n t i c  

c a r r i e r  compounds were o b t a i n e d  from t h e  s p l i t t i n g  o f  synthe-  

t i c  N-pteroyl-oligo-y-(glutamic a c i d  IJe under took  t h e  

s y n t h e s i s  o f  t h e  c a r r i e r  pABGlu, f rom pAB and Glu  and chose 

b e n z y l  a s  a permanent p r o t e c t i n g  group;  t h e  s y n t h e s i s  o f  t h e  

key compound, N-(pcarbobenzoxyaminobenzoy1)-L-glutamic a c i d  

a - b e n z y l  e s t e r  ( Z-pABGlu-OBzl) i s  d e s c r i b e d  h e r e i n  ( 79>J 

o v e r a l l  y i e l d  ). 

z-c 1 P o l 5  G l  U-OGz 1 
pAB -------b Z-pAB -------w Z-pAB-Cl -------* Z-pABGlu-Oazl 

3 
N 

2 
yc 

1 * 
Z-pAB was o b t a i n e d  by t r e a t m e n t  o f  pAB w i t h  2Wh excess on 

Z-C1 i n  aqueous NaOH. Mixed a n h y d r i d e ,  2-pAB-0-Z ( 5 )  formed 

as a by-product  o f  t h e  r e a c t i o n  was h y t f r o l y s e d  in s a  by 

NaOH i n  aqueous acetone. The p r e s e n t  p r e p a r a t i o n  o f  Z-PAS 

p r o v i d e s  a s i m p l e r ,  f a s t e r  and more e f f i c i e n t  r o u t e  than t h a t  
@1M6 by Organic Preparations and Procedures Inc. 
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KRZYZANOWSKI AND RZESZOTARSKA 

p r e v i o u s l y  r e p o r t e d  .3 Z-pAB-Cl was o b t a i n e d  w i t h  PC15 accor -  

d i n g  t o  Fu4 who used Z-pAD-Cl i n  s i t u ;  we i s o l a t e d  the  a c i d  

c h l o r i d e  i n  good y i e l d s  as a s t a b l e  c r y s t a l l i n e  compound. On- 

ly t h e  a c y l a t i o n  o f  Glu d i e s t e r s  w i t h  Z-PUB-C1 i s  known4 b u t  

t h a t  n o t  o f  monoesters.  Thus, we had t o  de termine c o n d i t i o n s  

f o r  t h e  s u c c e s s f u l  p r e p a r a t i o n  o f  Z-pADGlu-OBzl ( t h e  r e a c t i o n  

was m o n i t o r e d  by TLC; see T a b l e ) .  C o u p l i n g  Z-pAif-Cl w i t h  Glu- 

O B z l  i n  DMF i n  t h e  c o n v e n t i o n a l  manner u s i n g  two e q u i v a l e n t s  

-- 

TABLE. ZndCuence 06 Solvent ,  Spec& and Amount 06 - t-Amine on 8y-pkoduct 
Fornunation i n  Z-pAB-CC CoupRing luith G R U - O B d  

E q u i v a l e n t s  By-products  
Exp. S o l v e n t  Z - PA13 - G 1 u 

NMM NBu3 Z-pAi3 &u-0Bzl6 (Glu-OUzl) - O w 7  
6 - 5 c.r 1 

N 

1 DMF 2 + + 
2 DMF 2 + + 
3 Dioxane 2 + - 
4 D i o x a  ne 2 + - 
5 Dioxane la - - 
6 D i oxa ne la - - 
a ) I n t r o d u c e d  a f t e r  Glu-OBzl had d i s s o l v e d .  

o f  e i t h e r  N-methy lmorphol ine (NMM) o r  t r i - n - b u t y l a m i n e  (Nau ) 

l e d  t o  t h e  d e s i r e d  compound and by-produc ts :  Z-pAD (l), p y r o -  

g l u t a m i c  a c i d  b e n z y l  e s t e r  (&hu-OBzl 2 )  and N-(e-carbobenzo- 

xyarninobenzoy1)-L-glutamyl-(Cy)-L-glutamic a c i d  a,a ' -d ibenty l  

e s t e r  [ Z - ~ A B G ~ U ( G ~ U - O B Z ~ ) - O B ~ ~ ~ ;  Exp. 1 and 2; see Scheme o f  

p r o b a b l e  r e a c t i o n  rou tes( - -c ) ] .  The n e x t  c o u p l i n g s  were per -  

3 - 
'v 

formed i n  d ioxane d r i e d  over  sodium. &hu-OBzl was n o t  formed 

and Z-pAB amount decreased (Exp. 3 and 4 ;  t h e  r o u t e  +). 
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SYNTHESIS OF N-(p--CARBOBENZOXYAMINOBENZYL)-L-GLUTAMIC ACID cl-BENZYL ESTER 

S t i l l  b e t t e r  r e s u l t s  were ach ieved i n  a u n c o n v e n t i o n a l  manner 

u s i n g  one e q u i v a l e n t  o f  t e r t i a r y  amine o n l y  ( i x p .  5 and 6; 

the  rou te- ) .  The amine s h o u l d  be i n t r o d u c e d  i n t o  t h e  rea-  

c t i o n  medium upon d i s s o l u t i o n  o f  Glu-0821. The above procedu- 

Y 

r e  p r a c t i c a l l y  suppresses t h e  f o r m a t i o n  o f  by-produc ts  and 

t h u s  a l l o w e d  t h e  f o r m a t i o n  o f  Z-pABGlu-0321 i n  h i g h  y i e l d .  

EXP ERIMENTA L SECT1 ON 

General.- S o l v e n t s  were evapora ted  i n  vacuo 8n a r o t a r y  e v a p o  
r a t o r  a t  a b a t h  tempera ture  n o t  exceed in  30. Mps u n c o r r e c t e d  
were de termined an a D o e t i u s  appara tus .  ?H NMii s p e c t r a  were 
t a k e n  on a 100 MHz T e s l a  spec t rometer  US 567 i n  d i m e t h y l s u l f o -  
x i d e  (TMS i n t e r n a l  s t a n d a r d )  and Id were o b t a i n e d  on a Z e i s s  
sp3Btrometer  Specord 71. TLC was per fo rmed on s i l i c a  g e l  p l a -  
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KRZYZANOWSKI AND RZESZOTARSKA 

t e s  ( D C  A l u f o l i e n  Kieselgel  0 . 2 5  Merck 5553) i n  t h e  f o l l o w i n g  
s o l v e n t  s y s t e m s :  A = chloroform-methanol-acetic a c i d  (95 : 5  :z), 
J = chloroform-methanol-concd ammonia ( 6 : 5 : 1 ) ,  12 = osnzene- 
p y r i d i n e - a c e t i c  a c i d  ( 2 0 : 2 : 1 ) ,  D = i s o p r o p a n o l - w a t e r  (7:4). 
S p o t s  were v i s u a l i z e d  w i t h  n i n h y d r i n ,  c h l o r i n e - t o l i d i n e  r e a -  
g e n t  and b r o m o c r a s o l  y r a e n  . 
p-Carbobenzoxyaminooenzoic Acid  (A).- To a v i g o r o u s l y  s t i r r e d  

s o l u t i o n  of pAB (13.7U g ,  0.1 m o l l  i n  1N NaOH (100 m l )  c o o l e d  

a t  O°C were added 2-21 (0 .12 m o l )  and 2N NaOH ( 6 0  ml) a t  s u c h  

a r a t e  t h a t  t h e  t e m p e r a t u r e  d i d  n o t  exceed  25'2. , , f t e r  S h r s ,  

a c e t o n e  was added t o  p roduce  a homojeneous m i x t u r e  arid 214 

NaOH (30 m l )  was i n t r o d u c e d .  A f t e r  o v e r n i g h t  s t a n d i n g ,  t h e  

a c e t o n e  w i j s  e v a p o r a t e d  and t h e  aqueous  s o l u t i o n  e x t r a c t e d  

t w i c e  w i t h  e t h y l  a c e t a t e ,  p l a c e d  i n  a l a r g e  i r l e n m e y e r  f l a s k ,  

v i g o r o u s l y  s t i r r e d  and a c i d i f i e d  w i t h  1 N  H C 1  a t  pH 1. T h e  pr-e- 

c i p i t a t e  w a s  d i s s o l v e d  i n  e t h y l  a c z t a t e , t h e  o r g a n i c  l a y e r  

was e x t r a c t e d  w i t h  b r i n e .  Z o n c e n t r a t i o n  o f  t h e  o r g a n i c  l a y e r  

a f f o r d e d  25.57 g (94><)  o f  p r o d u c t ,  mp. 224-225' ( d c c . ) ,  lit. 3 

mp. 217-218' (dec.) .  ,if: A - 0 . 4 7 ,  3 - 0.65, I= - 0 . 4 3 ,  b -0.75 

i t n a l .  Calcd  f o r  C15H13N04: C , 6 6 . 4 1 ;  H ,4 .&33 ;  N,5.16 

Found : G ,ti$ .41 ;  H , 4 . 7 2  : N , 5 . 1 4  

Nixed Anhydr ide  o f  g-Carbobenzoxyam i n o b e n z o i c  ~ c i d  w i t h  3enry l  

C a r b o n a t e  (z) . -  T h i s  compound can r3e i s o l a t e d  a3 a oy -p roduc t  

f r o m  Z-pAB s y n t h e s i s .  ~ f t e r  6 h r s  a c y l a t i o n  a c c o r d r n j  t o  t h e  

f o r e g o i n g  p r o c e d u r e ,  t h e  w h i t e  p r e c i p i t a t e  was f l l t e r a d ,  W- 

s h e d  w i t h  w a t e r ,  d r i e d  and c r y s t a l l i z e d  from d i e t h y l  e r h e r -  

p e t r o l e u m  e t h e r  mp. 124-126'. s ? f :  ,+ - O . W ,  i - 0.46. 

'H N M d :  6 5.53 ( s ,  2H, ( X I 2 ) ,  5.70 ( s ,  %H, 2 H  ) ,  7.76 ( s ,  u r ,  2 
l O H ,  2 x i6H5), 8 . 0 2 ,  8.31 ( d ,  d ,  A2S2, 4 H ,  J 1  = J2 = 6.9 H z ,  

C 6 H 4 ) ,  10.71 ( s ,  l H ,  N H )  ppm. I t?( l<3r) :  3335 ( N H ) ,  1803 ( i :O) ,  

1726 ( C O ) ,  1695 ( C O  I a . b . ) ,  1600 ( C = C  i n  f i r ) ,  1532 (';-N-H 
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SYNTHESIS OF N- (2-CARBOBENZOXYAMIN0BENZYL)-L-GLUTMC ACID a-BENZYL ESTER 

I Z a .  D. 1 ,  1222 (C-0-2  ), 1055 (C -0 -C  ), 691  ( PhCH2 ) cm". 

A n a l .  C a l c d  f o r  C23H19N06: C,68.14; H,4.72; N,3.46 

Found: C,68.23; H,4.62; 14,3.43 

- 

g-Carbobenzoxyaminobenzoy lch lo r i de  ( 2 )  .- T o  a s t i r r e d  suspen- 

s i o n  o f  PC15 (2 .29 g ,  11 mmol) i n  anhydrous d i e t h y l  e t h e r  ( 3 0  

m l )  c o o l e d  a t  0' was added Z-pAB (2.72 y ,  10 mmol). t i f t e r  1 h, 

anhydrous p e t r o l e u m  e t h e r  (GO m l )  was i n t r o d u c e d  and a f t e r  

f u r t h e r  15  min.  t h e  w h i t e  p r e c i p i t a t e  was f i l t e r e d ,  washed 

N 

w i t h  p e t r o l e u m  e t h e r ,  spread o u t  i n  a form o f  t h i n  l a y e r  and 

l e f t  i n  t h e  open a i r  u n t i l  s m e l l  o f  PC15 d i sappeared  t o  g i v e  

2.55 y ( 9 0 % )  o f  p r o d u c t ,  mp. 12S-13Oo: wh ich  may be s t o r e d  in 

a vacuum d z s i c c a t o r  ove r  P 0 f o r  many months w i t h o u t  change 

i n  i t s  mp. 

'H NMI?: 6 5.26 ( s ,  2H, CH2), 7.46 ( s ,  b r ,  5H, C61i5), 7.71, 

8 .01 ( d ,  d ,  A2B2, 4 H ,  J1 = J2 = 8.5 Hz ,  C6H4), 10.24 ( s ,  l t i ,  

NH) ppm. Id(IG3r): 3365 (NH ),  1728 ( C O ) ,  1707 ( C 0  1a.b.) , 

1584 (i=C in A r  ) ,  1530 (C-N-H f1a.b.) , 1205 ( C-0-C ) ,  1040 

(C-0- I :  ) , 691 (PhCH2) cm". 

- Anal.Calcd f o r  C15H12C1N03: C,62.18; H,4.18; C1,12.24; FJ,4.U4 

Found: C,61.89; H,4.GU; :1,12.02; N,5.05 

2 5  

N -  Q-Carbobenzoxyaminobenzoyl -L-Glutamic A c i d  cx -13enzyl Cs- 

t e r  ( 3 ) . -  To a s t i r r e d  suspens ion  o f  Slu-Ot3zl (2 .379,  10 

mmol) i n  anhydrous d ioxane  ( 10 m l ) ,  was added Z-pAti-Cl (2.89 

9 ,  10 mmol); Slu-OBzl d i s s o l v e d  a f t e r  abou t  10 min.  Then, t h e  

m i x t u r e  was p l a c e d  on a w a t e r  b a t h  and Ndu3 (2.38 m l ,  10 mmol) 

added a t  such a r a t e  t h a t  t h e  tempera tu re  did n o t  exceed 20'. 

8 - -  

A f t e r  f u r t h e r  10 min . ,  0.1N HC1 (100 ml)  was i n t r o d u c e d  and 

t h e  w h i t e  p r e c i p i t a t e  was f i l t e r e d  and washed w i t h  w a t e r  t o  
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KRZYZANOWSKI AND RZESZOTARSKA 

g i v e  4.75 g (95%) o f  c rude  p r o d u c t  wh ich  was c r y s t a l l i z e d  

from e t h y l  a c e t a t e  t o  a f f o r d  4.65 g (93%) of  p r o d u c t ,  mp. 

184-187'. t i f :  A - 0.27, 0 - 0.60, C - 0 .24 ,  D - 0 .80 ,  

= - 3 . 0 ~ , [ 0 1 ] : ~ =  - 2.9' ( c  2 ,  me thano l ;  Z e i s s  

p o l a r i m e t e r  Polamat A ) ,  

'H N M I ? :  62 .12  ( m ,  2H, C H 2 ) ,  2.42 ( t ,  2H, J = 6.6 Hz, ~ C H ~ ) ,  

4.58 ( m ,  1H. C H ) ,  5.17 ( s ,  4H, 2 x CH2Ph), 7.36 ( s ,  h r ,  5t4, 

P h - e s t e r ) ,  7.41 ( s ,  b r ,  5H, P h - u r e t h a n e ) ,  7.61, 7.89 ( d ,  d ,  

A A ' d 2 ,  4H, SAD =8.0 H z ,  

3 = 7.0 H z ,  aNH), 10.10 ( s ,  l H ,  N H ) ,  ppm. I d ( K d r ) :  3360 (NH), 

3260 ( O H ) ,  1735 ( C O ) ,  1707 ( C O  Ia .b .A r ) ,  1640 ( C ' O ' I a . b . ) ,  

1605 ( C = C  i n  A r  ) ,  1532 (C-N-H A r  I I a  .b .  ) ,  1500 ( C '-N '-H 

1Ia.b. ) , 1235 (S-0-C ),  1055 (C-O-C ), 691  ( PhCH2) cm". 

A n a l .  Ga lcd  f o r  i H 

= 8.5 Hz, C6H4),  8.68 ( d ,  l H ,  

N 0 . l j 2H20 :  C,64.92; H,5.45; N,5.61 27 26 2 7 - 

1. 

2. 

3. 

4. 

5. 

6. 

Found: C,64.88; H,5.23;  N,5.31 

ttEFEtlcNC23 

0. J. C i c h o w i c z ,  S. K. Foo and 3. Shane, Moll. ,;ell. S i o -  

chem., 39, 209 ( 1 9 8 1 ) ;  ri. L. K i s l i u k ,  i b i d . ,  2, 3 3 1  

( 1 9 8 1 ) ;  I .  2 t o  and i. L. Krurndieck,  A n a l .  3iochem., 115, 
138 (1981) .  

i. L. Krumdieck and C .  M. 3augh, 3iochem., 8 ,  1568 (1969 ) :  
H.  A .  Godwin, I .  H. dosenberg,  (3. 1 1 .  Ferenz ,  P .  1.1. JacobJ 

and J. Meienho fe r  , 3 .  3 i o l .  Chem., 247, 2266 (1972) .  

German P a t e n t  3,016,144 1980 ; Chem. Abs., 2, 121937k 

(1981).  

S. C. J .  Fu ,  J. Med. Pharm. Chem., 5 ,  33 (1962) .  

"Methoden d o r  Organischen Chemie (Houben-r ieyl)  . Synthesc 
von P e p t i d e n " ,  V o l .  XV/2, Ed.  E .  %i'lOnsch, George Thieme 

V e r l a g ,  S t u t t g a r t ,  1974, p. 355. 

IH NMR: 6 2.22-2.85 (m, 4 H ,  i;H2CH2), 4.56 ( d ,  d ,  l H ,  J1 = 

J2 = 4.5 H z ,  CH), 5.49 ( s ,  2H, CH2Ph), 7.70 ( 3 ,  511, C t i H 5 ) ,  
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SYNTHESIS OF N-(~X~BOBENZOXYAMINOBENZYL)-L-GLLJTAMIC ACID ~-BENZYL ESTER 

8.48 ( s ,  l H ,  NH) ppm. I i . ? (KBr ) :  3330 (NH),  2940 (CH) ,  1735 

(CO),  1696 ( C O  I a . b . ) ,  1195 ( C - 0 4 1 ,  1020 ( C - 0 - C ) ,  700 

(P hCH2 ) cm" . 
7. 'H NMd: 6 2.00-2.95 ( m ,  8H,  2 x CH2CH2), 5.46-5.51 ( m , 6H, 

3 x CH2Ph 1, 7.70 ( m ,  15H, 3 x C6H5 ), 7.93, 8.22 ( d ,  d ,  A& '- 

d2, 4H, JAB = 8 .O H z ,  JA ,t3 = 8.5 H z ,  C6H4 ) ,  8.77 ( d ,  l H ,  

3 = 7.0 H z ,  UNH ), 9.08 ( d ,  l H ,  J = 7.0 H z ,  a N H ) ,  10.43 

( s ,  l H ,  NH) ppm. I i i ( K 8 r )  : 3300 (NH) ,  3030 (CH i n  A r ) ,  2940 

(CH), 1 7 3 2  (CO) ,  1722  ( C O ) ,  1705 (CO I a . b . A r ) ,  1640 ( C ' O '  

I a  .b .  ),  1610 ( C=2 in A t - ) ,  1535-1500 ( C-N-H 1 I a . b .  ) , 1218 

(C-0-C ), 1060 (C-0-12 ), 695  (PhCH2) cm". 

8. H. Sachs  and E .  Brand, J .  Am. Chem. Soc. ,  75, 4610 ( 1 9 5 3 ) .  

(Received January 3, 1983; i n  revised form October 5, 1984) 
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