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O R G A N I C  P R E P A R A T I O N S  AND P R O C E D U R E S  I N T .  1 5 ( 5 ) ,  303-312 (1983). 

SYNTHESIS OF URACIL, 6-METHYLURACIL AND SOME DIHYDROURACILSt 
* 

K .  S.  Bhat  and  A.  S. Rao 

N a t i o n a l  Chemica l  L a b o r a t o r y ,  Poona  - 4 1 1  0 0 8 ,  I N D I A  

Uracil ( 4 a ) , o n e  of t h e  components  of n u c l e i c  a c i d s ,  i s o f  - 
great  i m p o r t a n c e  i n  b i o l o g i c a l  c h e m i s t r y .  6 - U e t h y l u r a c i l  

( 4 b )  - i s  an  i n t e r m e d i a t e  f o r  t h e  s y n t h e s i s  of b i o l o g i c a l l y  

i m p o r t a n t  compounds s u c h  as oro t  i c  a c i d ,  

m e p i r i ~ o l e . ~  The s y n t h e s i s  of u r a c i l  ( 4 a )  - f rom t h e  condensa- 

t i o n  of u r e a  w i t h  malic a c i d  i n  t h e  p r e s e n c e  o f  o leum t h o u g h  

known for a l o n g  t i m e , 5  p r o c e e d s  i n  p o o r  y i e l d s .  

h a s  a l s o  b e e n  o b t a i n e d  by t h e  c o n d e n s a t i o n  of u r e a  w i t h  

maleic a c i d  i n  PPA,6 w i t h  f u m a r i c  a c i d  i n  PPA6 a n d  w i t h  p r o p i -  

o l i c  a c i d ; '  - 4 a  c a n  a l s o  b e  s y n t h e s i z e d  by t h e  p a l l a d i u m  ( 1 1 )  

s a l t - i n d u c e d  o x i d a t i v e  c y c l i z a t i o n  of a c r y l o y l u r e a  a n d  by  

o t h e r  me thods .8  

s p a r s o m y c i n 3  and  

Urac i l  ( 4 a )  - 

R e c e n t l y  it h a s  been  r e p o r t e d  t h a t  t h e  reacti- 

on of s u c c i n a m i d e  ( l a )  w i t h  lead t e t r a a c e t a t e  f u r n i s h e s  d i -  

h y d r o u r a c i l  ( 2 a )  - i n  h i g h  y i e l d s .  

- 
9 

2a - l a  - 4 b  - 4 a  
_. 

T h i s  r e s u l t  c o u p l e d  w i t h  t h e  e a r l i e r  repor t ' '  t h a t  d i h y d r o -  

u r a c i l  can b e  conver ted  t o  u r a c i l  - v i a  b r o m i n a t i o n  a n d  dehydro -  

b r o m i n a t i o n  e n c o u r a g e d  u s  t o  c a r r y  ou t  a s y s t e m a t i c  s t u d y  of 

'1983 by Organic Preparations and Procedures Inc. 
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BZAT AND RAO 

lead t e t  raace t a t  e o x i d a t i o n  of some s u b s t i t u t e d  s u c c i n a m i d e s  . 
Lead te t raace ta te  o x i d a t i o n  of m e t h y l s u c c i n a m i d e  (g) 

is  regioselect  i v e  and  f u r n i s h e s  6 - m e t h y l d i h y d r o u r a c i  1 (z) 
i n  90% y i e l d ,  s u g g e s t i n g  t h a t  t h e  amide n e a r e r  t o  C - C H 3 r e a c t s  

s e l e c t i v e l y  w i t h  t h e  o x i d i s i n g  a g e n t .  B r o m i n a t i o n  o f  - 2b 

f u r n i s h e s  t h e  bromocompound ( - 3 b ) ”  which  g i v e s  6 -me thy lu rac i l  

( 4 b )  - on h e a t i n g  w i t h  a m i x t u r e  of N a O A c ,  ace t ic  a c i d  and 

ace t i c  a n h y d r i d e .  

y i e l d s  o f  u r a c i l  (*) on h e a t i n g  w i t h  NaOAc,  a c e t i c  a c i d  and  

ace t ic  a n h y d r i d e .  The  y i e l d s  i n  t h e s e  t r a n s f o r m a t i o n s  a re  

The bromocompound ( - 3 a ) l ’  a l s o  g i v e s  good 

h i g h  and t h i s  s e q u e n c e  c o n s t i t u t e s  a c o n v e n i e n t  r o u t e  f o r  t h e  

Scheme I 

4 - 3 - 2 - 1 

a )  R = H ;  ( b )  R = CH3 

- 

Reagen t s  : ( i )  Pb(OAc)4;  ( i i )  B r 2 ,  AcOH; ( i i i )  N a O A c ,  AcOH,  

A c 2 0  

s y n t h e s i s  o f  6 - m e t h y l u r a c i l  ( 4 b )  - and  u r a c i l  ( 4 a ) .  - 
The amide  (5 )  - which  c a n  be p r e p a r e d  f rom malic  a c i d  

f u r n i s h e s  u r a c i l  ( 4 a )  - i n  70% y i e l d  on o x i d a t i o n  w i t h  l e a d  

t etraacetate .  Scheme 

H2N+NH2 OAc 0 - 
OAc 

H H 

5 - 
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SYNTHESIS OF URACIL, 6-METHYLURACIL AN3 SOME DIHYDROURACILS 

T h e  f a c i l e  elimination of a c e t i c  acid from the dihydro- 

u r a c i l  ( 6 ) ,  - presumably generated by the  act ion of lead tetra- 

ace ta te  on 2, suggested t h e  p o s s i b i l i t y  of preparing u r a c i l s  

from amides - 10a, and - 1Oc i n  a s imi la r  fashion; however, 

the dihydrouracils - l l a ,  9 and - l l c  (obtained regioselect ive-  

l y  by the action of lead t e t r a a c e t a t e  on 10a, 10b and - 1Oc 

respect ively)  were considerably l e s s  reac t ive  than a c e t a t e  6 
and are  thermally s t a b l e  even a t  200° s ince  the a c e t a t e  i s  

located a t  C5 and not a t  C6. 

- -  

Sodium borohydride reduction of keto e s t e r  2 furnished 

hydroxy e s t e r  8a ( a s  a 6 : l  mixture of e ry thro  and threo  - 
11 isomers),  which on treatment w i t h  methanolic ammonia afford- 

ed hydroxy amide %; acylat ion of - 9a yielded acetoxy amide 

- 10a ( a s  a 6 : l  mixture of erythro and threo isomers),  S imi la r ly  

acetoxy amides and were prepared from keto e s t e r s  

7b and 7c. - - 
Scheme 111 

7 - 9 - 8 - 

H 

1 1  - 10 - 
( a )  R = C H , ;  ( b ) R - C , H , ;  ( c )  R = C , H , ;  

N a B H 4  ; ( i i )  NH,, CH,OH; (iii) N a O A c ,  AcOH, Ac,O; ( i v )  P b  (OAc), Reagents: ( i 
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BHAT AND RAO 

EXPERIMENTAL SECTION 

The 'H NMR s p e c t r a  were o b t a i n e d  on a V a r i a n  T-60 o r  WH-90 FT 
s p e c t r o m e t e r .  Chemica l  s h i f t  v a l u e s  are e x p r e s s e d  i n  p a r t s  
p e r  m i l l i o n  ( 6 )  d o w n f i e l d  f rom i n t e r n a l  TMS. The I R  s p e c t r a  
were measured  u s i n g  a Pe rk in -E lmer  I n f r a c o r d  S p e c t r o m e t e r -  
model 137B s p e c t r o m e t e r .  A l l  m e l t i n g  p o i n t s  are u n c o r r e c t e d .  

6-Methyl-5,6-dihydrouracil (a).- A m i x t u r e  of m e t h y l s u c c i n -  

amide ( l b )  - ( 0 . 5 5  g ,  4 .2  mmol), DMF ( 1 0  m l )  and  Pb(OAcI4 ( 3  g ,  

6 . 7  mmol) was s t i r r e d  a t  50-60° f o r  40 min.  DMF w a s  removed 

u n d e r  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  w a s  h e a t e d  w i t h  10  m l  

o f  water at 100' f o r  1 0  min ,  c o o l e d  and  t h e  s o l i d  ( 2 b ,  0.49 g, 

90%,  mp. 215-216') w a s  col lected.  

from e t h a n o l  showed mp. 216-2180J  lit.'' 217-218O. 

3280 , 3155 , 1 7 4 0 ,  1700 cm-l ;  PMR (DMSOd6) : 6 1.16 ( d ,  J = 7 

Hz, 3H, GI CH ) , 2.36  (m, 2H, -CO-CH2-), 3 .63  (m, l H ,  - CH-CH3), 

7 .60 ( b r  s ,  exchanged  w i t h  D 2 0 ,  l H ,  NH), - 10 .06  ( b r  s,exchanged 

w i t h  D 2 0 ,  l H ,  NH). - 

5-Bromo-6-methyl-5,6-dihydrouracil (a). - B r o m i n a t i o n  of 2b 

f u r n i s h e d  - 3b i n  85% y i e l d .  A s ample  r e c r y s t a l l i z e d  from 

e t h a n o l  showed mp. 312-315O( d e c )  , l i t .  lo 313-15O( d e c )  ; I R  

( m u l l ) :  3330,  3110,  1700 cm-'; PMR (DMSOd6) : 5 1.30 ( d ,  

J = 7 H z ,  3 H ,  CH-CH3), 3 .73  (m, l H ,  - CH-CH3), 4 .53  ( d ,  J = 4 

Hz, l H ,  - CH-Br), 7 . 9 1  ( b r  s ,  exchanged  w i t h  D 2 0 ,  l H ,  NH), 

1 0 . 3 8  ( b r  s ,  exchanged  w i t h  D 2 0 ,  l H ,  NH). - 

6 - M e t h y l u r a c i l  (Q) .  - A m i x t u r e  of 3b ( 2  g ,  9 . 7  mmol) ,sodium 

acetate  ( 1  g ) ,  ace t ic  a c i d  ( 1 5  m l )  and ace t ic  a n h y d r i d e  ( 8 m l )  

- 
A s a m p l e  r e c r y s t a l l i z e d  

IR(mul1)  : 

3 

10 - 

- 

w a s  h e a t e d  u n d e r  r e f l u x  for 5 h r s .  Acetic a c i d  a n d  ace t ic  

a n h y d r i d e  removed u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u e  was 

h e a t e d  w i t h  10  m l  of water a t  l o o o  f o r  5 min and  c o o l e d .  The 

s o l i d  ( 4 b  - J  1 .06  g ,  87%, mp. 315-318') was c o l l e c t e d .  An 
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SYNTHESIS OF TJRACIL, 6-METHYLURACIL ANI? SOME DIHYDROURACILS 

0 a n a l y t i c a l  s a m p l e  w a s  o b t a i n e d  by  s u b l i m a t i o n  a t  190  /1 mm, 

mp. 320°, l i t .8 320°; I R  and  NMR s p e c t r a  were i d e n t i c a l  w i t h  

t h e  a u t h e n t i c  s ample .  

Anal .  Calcd .  f o r  C5H6N202: C ,  4 7 . 6 2 ;  H ,  4 .76.  

Found : C ,  47 .81 ;  H ,  4 .60.  

5 , 6 - D i h y d r o u r a c i l  (a). - U s i n g  s u c c i n a m i d e  (la) as s t a r t i n g  

mater ia l ,  2a w a s  p r e p a r e d  i n  94% y i e l d ,  by t h e  a c t i o n  o f  

Pb(OAc)4 i n  DMF mp. 276-277O, lit,'' 276-278O. 

IR(mul1)  : 3345 ,  3195, 1 7 7 0 ,  1710 c m - l .  

5-Bromo-5,6-dihydrouracil (a). - I t  was p r e p a r e d  a c c o r d i n g  

t o  l i t e r a t u r e  method b y  t h e  b r o m i n a t i o n  of & u s i n g  b romine  

i n  acet ic  a c i d ,  y i e l d  84%; mp. 206-208O, lit.'' 207-208O. 

IR(mul1)  : 3340 ,  3125,  1700 c m - l .  

0 -Acety lmalamide  (5 ) .  - A m i x t u r e  of d l -malamide  ( 6 . 6  g ,  50  

mmol), ace t ic  a n h y d r i d e  ( 4 0  m l )  and  a n h y d r o u s  sodium acetate  

( 0 . 2  g )  was h e a t e d  u n d e r  r e f l u x  f o r  30 min. Acetic anhydride 

was removed u n d e r  r e d u c e d  p r e s s u r e ,  t h e  r e s i d u e  w a s  t r i t u r a t e d  

w i t h  20 m l  of c h l o r o f o r m  and t h e  s o l i d  

168-170 ( d e c ) ]  was collected.  

I R  ( m u l l )  : 3395, 3300,  1 7 4 0 ,  1 6 7 0 ,  1625  c m - l .  

Anal .  Ca lcd .  f o r  C6H10N204 : C ,  41 .39 ;  H ,  5 .79 .  

[z, 8.3 g ,  95%, mp. 

Found : C ,  41 .70 ;  H ,  6 .00 

Uracil (La ) .  Method A - A m i x t u r e  o f  - 3a ( 1  g ,  5 . 2  mmol), 

acet ic  a c i d  ( 8  m l ) ,  a ce t i c  a n h y d r i d e  ( 6  ml) and  sod ium 

acetate ( 0 . 6  g )  w a s  h e a t e d  u n d e r  r e f l u x  for  6 h r s  and  worked 

u p  ( a s  i n  t h e  case o f  E) t o  f u r n i s h  - 4 a  ( 0 . 4 2  g ) ,  y i e l d  72%, 

i d e n t i f i e d  b y  t h e  d i rect  compar i son  of I R  s p e c t r u m  and m.mp. 

w i t h  an  a u t h e n t i c  s ample .  
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BHAT AND IUO 

Method B - To a s u s p e n s i o n  of - 5 ( 2  g ,  11.5 mmol) i n  2 0  m l  of 

DMF, Pb(OAc)4 ( 6 . 5  g ,  15 mmol) w a s  added  and t h e  m i x t u r e  w a s  

s t i r r e d  a t  50-60° for 1 h r .  

p r e s s u r e .  

f o r  15 min and  c o o l e d .  The s o l i d  (s, 0 . 9 1  g ,  71%) w a s  

c o l l e c t e d .  A n a l y t i c a l  s a m p l e  was o b t a i n e d  by s u b l i m a t i o n  a t  

185O/1 mm. 

Anal. c a l c d .  f o r  C4H4N202 : C ,  42 .86;  H ,  3 .57 .  

Found : C ,  42 .68 ;  H ,  3.68. 

DMF w a s  removed u n d e r  r e d u c e d  

The r e s i d u e  w a s  h e a t e d  w i t h  1 0  m l  o f  water a t  looo 

Dime thy l  O! -hydroxy-  p - m e t h y l - s u c c i n a t e  (82). - To a s t i r r e d  

s o l u t i o n  o f  m e t h y l  m e t h o x a l y l p r o p i o n a t e  ( 7 a ,  - 8.8 g ,  50 m o l )  

i n  m e t h a n o l  ( 3 0  m l ) ,  m a i n t a i n e d  a t  5-10 , NaBH4 ( l g ,  26 mmol) 

w a s  added  i n  p o r t i o n s .  A f t e r  c o m p l e t e  a d d i t i o n  of  N a B H 4 ,  

r e a c t i o n  m i x t u r e  w a s  s t i r r e d  a t  room t e m p e r a t u r e  fo r  1 h r ,  

d i l u t e d  w i t h  water, s a t u r a t e d  w i t h  sodium c h l o r i d e  and  

e x t r a c t e d  w i t h  e t h e r .  E t h e r  e x t r a c t  w a s  washed w i t h  w a t e r ,  

12  

0 

d r i e d  c o n c e n t r a t e d  and  t h e  r e s i d u e  w a s  d i s t i l l e d  u n d e r  vacuum 

t o  f u r n i s h  - 8a ( 8 . 5  g ,  as a 6 : l  m i x t u r e  of  e r y t h r o  and  t h r e o  

i s o m e r s ) .  11 

I R  ( m u l l )  : 3610 (OH),  1748 (C = 0 ) .  

S i m i l a r l y  hydroxy  es te rs  - 8b ( a s  a 7 : 4  m i x t u r e  of erythro 

and t h r e o  i s o m e r s )  and  & ( a s  a 3 ; 7  m i x t u r e  of e r y t h r o  and 

t h r e o  i s o m e r s )  were p r e p a r e d  by  NaBH4 r e d u c t i o n  o f  k e t o  esters 

- 7b a n d  r e s p e c t i v e l y  and t h e  r e s u l t s  are p r e s e n t e d  i n  

T a b l e  1. 
a - H y d r o x y -  p -methyl  s u c c i n a m i d e  (%).- A s o l u t i o n  of - 8a 

(5 g, 28 m l )  i n  m e t h a n o l  ( 2 5  m l )  w a s  s a t u r a t e d  w i t h  ammonia 

a t  OO-5' and  k e p t  a t  t h e  same t e m p e r a t u r e  f o r  30 hr.Methano1 
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SYNTHESTS OF URACIL, 6-lG,THYLURnCIL AND SOME DIHYDROURACILS 

TABLE 1 H y d r o x y  esters &, - 8b and - 8c 

Compd .  Y i e l d  bpo(bath tap) 'H-NMR ( cci4) 

8a 95 140-145/12 IIP~ 1.23 ( d , . J  = 8 H Z ,  C H - c 5 3 ) ,  2 - 9 3  - 
( m ,  l H ,  CH-CH3), 3.40 ( b r  s ,  

e x c h a n g e d  w i t h  D 2 0 ,  1 H ,  og), 3.66 

- 

( s ,  3 H ,  -COOCH3),  - 3 - 8 0  ( S ,  3 H j  

-COOCH3), 4 .23  (m, l H ,  CH-OH). - - 
8b 9 4  140-148/6 mm 0.98 ( m ,  3 H ,  -CH2-Cg3> ,  1 .7Um,2H, - 

-C€12-CH3), 2 .63  ( m ,  1 H ,  Cs2-C2H5), 

3.30 ( b r  s ,  exchanged w i t h  D 2 0 ,  

l H ,  O H ) ,  - 3.60 ( S ,  3 H ,  -=-3), 

3.73 ( s ,  3 H ,  -COOCH3), - 4.20 ( m ,  

l H ,  CH-OH). - 

8c 92 150-155/0.2 mm 3.33 ( s ,  6 H ,  - C O O C ~ 3 > ,  3 - 7 0  ( d ,  - 
J = 6 H Z ,  l H ,  C H - P h ) ,  4 - 1 3  ( d ,  

J = 6 H z ,  l H ,  CH-OH),  6 .73 

- 

- 

( s ,  5 H ,  a r o m a t i c )  

w a s  r e m o v e d  under  reduced p res su re ,  t h e  r e s i d u e  w a s  triturated 

w i t h  c h l o r o f o r m  (15 m l )  and  s o l i d  (g, 3.3 g ,  77.5'30, mp .  

154-156O) w a s  col lected.  

s h o w e d  mp. 156-158O, l i t  . I3  159-160O. 

A sample r e c r y s t a l l i z e d  f r o m m e t h a n o l  

S i m i l a r l y  h y d r o x y  es ters  8b and  8c w e r e  t r a n s f o r m e d  t o  - - 
hydroxy a m i d e s  - 9b ( m p .  168-170O) a n d  

a n d  63% y i e l d  r e s p e c t i v e l y .  

d - A c e t o x y -  P - m e t h y l  s u c c i n a m i d e  ( L a ) .  - A mixture  of 9a ( 2  g ,  

14 m m o l ) ,  ace t ic  a n h y d r i d e  ( 1 0  m l ) ,  ace t ic  ac id  ( 5  m l )  and  

( m p .  160-162O) i n  81 

- 
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BHA.T AND RAO 

sodium acetate ( 0 . 1  g) w a s  s t i r r e d  a t  looo  for  30 min.  Acetic 

a n h y d r i d e  and  acet ic  a c i d  were removed u n d e r  r e d u c e d  pressure 

and t h e  r e s i d u e  w a s  t r i t u r a t e d  w i t h  1:l m i x t u r e  of p e t . e t h e r  

and a c e t o n e  ( 2 0  m l ) .  The s o l i d  ( l O a ,  as a 6 : l  m i x t u r e  of 

e r y t h r o  and t h r e o  isomers, 2 .35  g ,  91%,  mp. 180-18lo)  w a s  

c o l l e c t e d .  A s a m p l e  r e c r y s t a l l i z e d  f rom w a t e r - a c e t o n e  (1:5) 

showed mp. 182-183O. 

I R  ( m u l l )  

- 

: 3300,  3247 ,  1 7 5 7 ,  1681 ,  1 6 5 3 ,  1232 c m - l .  

S i m i l a r l y  a c e t o x y  amides  10b ( a s  a 7 : 4  m i x t u r e  of - 
e r y t h r o  and  t h r e o  i s o m e r s ,  mp. 200-202O) and 1Oc ( a s  t h e  

t h r e o  isomer, mp. 180-181°) w e r e  p r e p a r e d  from hydroxy  

amides  - 9b and  - 9 c  i n  9 5  and 66% y i e l d  r e s p e c t i v e l y  and t h e  

r e s u l t s  are p r e s e n t e d  i n  t h e  T a b l e  2 .  

5-Acetoxy-6-methyl-dihydrouracil (-).- To a s u s p e n s i o n  o f  

- 1 0 a  ( 1 . 8  g ,  9 . 5  mmol) i n  DMF ( 2 5  m l ) ,  Pb(OAc)4 ( 7 . 0 0  g ,  15 

m m o l )  w a s  added  and t h e  r e a c t i o n  mixture  w a s  s t i r r e d  a t  60' 

f o r  40 min.  DMF w a s  removed u n d e r  r e d u c e d  p r e s s u r e .  The 

r e s i d u e  w a s  h e a t e d  a t  100' w i t h  1 0  m l  of water f o r  5 min and  

c o o l e d .  The  s o l i d  [ l l a ,  as a 11:l m i x t u r e  of cis and t r ans  

isomers, 1.35 g ,  76%, mp. 255-258O(dec)]  

A n a l y t i c a l  s a m p l e  w a s  o b t a i n e d  by s u b l i m a t i o n  a t  190° /1  mm,  

mp. 258-260 ( d e c ) .  

I R  ( m u l l )  

w a s  c o l l e c t e d .  

: 3322,  3125 ,  1 7 5 7 ,  1 7 2 4 ,  1 6 6 7 ,  1227 c m - l .  

S i m i l a r l y  d i h y d r o u r a c i l s  l l b  

and t r a n s  isomers, m.p. 282-285O(dec)]  

trans 

y i e l d  s t a r t i n g  from - 10b and  1 O c  r e s p e c t i v e l y  and t h e  r e s u l t s  

are p r e s e n t e d  i n  t h e  T a b l e  2 .  

[ a s  a 5 : 2  m i x t u r e  of c i s  - 
and - l l c  [ a s  t h e  

isomer, mp. 272 ( d e c ) ]  were p r e p a r e d  i n  85 and 70% 

- 
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SYNTHESIS OF URACIL, 6-METHYLURACIL AND SOBE DIHYDROURACILS 

TABLE 2.  Acetoxy amides  10a-c  and  d i h y d r o u r a c i l s  l l a -c  

Compd. E l e m e n t a l  a n a l y s i s  'H-NMR~ 
C a l c d .  (Found)  ( DMSOd6 ) 

C H 

10  a - 

1 O b  - 

1oc - 

l l a  - 

lib - 

1 lc - 

44 .68  

( 4 4 . 9 8 )  

47.52 

( 47.22 

57 .59  

( 5 7 . 4 7 )  

45.16 

( 4 5 . 2 4 )  

47.99 

( 4 8 . 3 1 )  

58 .06  

( 5 8 . 3 8 )  

6 . 4 3  

( 6 . 5 3 )  

6 . 9 8  

( 6 . 9 4 )  

5 .64  

( 5 . 7 2 )  

5 . 4 1  

( 5 . 5 2 )  

6 .04  

( 6 . 0 3 )  

4 .87 

( 5 . 0 1 )  

1 . 0 5  ( d ,  J = 7 H z ,  3 H ,  CH-CH3), - 
2 - 0 2  ( S J  2.60HJ ococE3)J  2.08 ( s J  

0.40H, OCOCH3)J 2 - 7 3  (mj  1 H j  

CH-CH3), 4 . 8 9  ( d ,  J = 10 H z ,  0 .86HJ 
CH-OAc), 5 . 2 3  ( d ,  J = 6 H z ,  0 .14  H 
- 

- 
CH-OAC), 6 .80-7 .56  ( m ,  ~ H J  exchanged - 
w i t h  D 2 0 ,  -NH-2) 

0 . 8 4  ( t  , J = 6 H z ,  -CH2-E3) ,  1.48 

m ,  2H, -Cg2-CH3), 2 . 0 2  ( S ,  1.90HJ 

o c O c c 3 ) j  2 - 0 8  ( s ,  l.loH, OCoCH3)J 

2 . 6 1  (m, l H J  CH-C2H5), - 4 - 8 8  ( d ,  
J = 10 H z ,  0.64H, CH-OAC), 5-15 ( d ,  

J = 6 H z ,  0 .36 H ,  CH-OAC) 
- 
- 

1 . 9 3  ( S ,  3 H ,  OCOCH3), - 4 - 0 0  ( d ,  

J = 8 H z ,  l H ,  CH-Ph), 5 . 5 0  ( d ,  

J = 8 H z ,  l H ,  CH-OAC), 7 . 2 5  ( s ,  5 H ,  - 
a r o m a t i c )  

1 . 0 3  ( d ,  J = 7 H Z ,  3H7 C H - C z 3 ) j  

2 . 0 8  ( s ,  3 H ,  OCOCH3), 3.55 ( m ,  l H ,  
CH3-CZ), 4 . 8 8  ( d ,  J = 1 0  HzJ0.08H, 

CH-OAc), 5 . 2 5  ( d ,  J = 6 H z ,  0 .92HJ 

- 

- 
CH-OAC), 7 .68  (br S ,  1 H ,  NH)j - - 
10 .15  ( b r  s ,  l H ,  NH) - 
1 .00  ( t ,  J = 7 H Z ,  ~ H J  CH2-CE3)J  

1.53 (m, 2HJ C ~ ~ - C H ~ ) J  2 - 2 0  ( s ,  ~ H J  

OCOCH3), - 3.57  (m, 1 H J  Cg-C2H5), 

5 .27  ( d ,  J = 1 0  H z ,  0 . 2 8  H ,  CH-OAC), - 
5 . 5 7 ( d J  J = 6 H z ,  0.72HJ CH-OAc), - 
7 . 9 5  ( b r  S ,  1 H ,  NH), 1 0 . 2 5  ( b r  S ,  - 
1 H ,  N E )  
2 .00  ( S ,  

J = 10 H z ,  l H ,  CH-Ph), 5 - 4 0  ( d ,  

3 H J  o c o c ~ 3 ) J  4 - 7 6  ( d ,  

J = 10 Hz, lH, Q-OAc), 7.33 ( s ,  5H,Ar-H) 
a. h p l i c a t i o n  of sane s igna l s  is due to  stereoisanem. 
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