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SYNTHESIS AND SPECTROSCOPIC STUDIES ON SOME NEW SUBSTITUTED 

L-QUINOXALINECARBOXAMIDES AND THEIR N-OXIDES 

" 
S s l l m  S .  S a b r l  , M u s t a f a  M. E l - A b s d e l a h ,  a n d  Bassam A .  A l - B i t a r  

C h e m i s t r y  D e p a r t m e n t ,  F a c u l t y  o f  Sclence, J o r d a n  U n i v e ; s i t y ,  

Amman , J o r d a n  

A b s t r a c t  - S e r l e s  o f  new 2-(N-phenylcsrbamoyl)-3-methylquino- 

x a l l n e  1 , O - d l o x i d e s ( i ) ,  r n o n o x i d e s ( z , g )  a n d  t h e i r  non-  

o x y g e n a t e d  ana logues( lJ ) ,  a s  w e l l  as  t h e  c o r r e s p o n d i n g  s e r i e s  

l a c k i n g  t h e  C  methyl(!-=) h a v e  been p r e p a r e d ,  a n d  t h e i r  'H-  3- 

n m r  s p e c t r a l  d a t a  a n a l y z e d .  The C  -Me p r o t o n s  i n  t h e  d i - N -  
3  

o x i d e s ( 1 )  r e s o n a t e  a t  h l g h e r  f i e l d  ( 62 .45 -2 .80 )  t h a n  i n  t h e  - 

corresponding n o n - o x y g e n a t e d  a n a l o g u c s ( l \ l )  ( 6  = 3 . 0 ) .  The o b s c r -  

v e d  u p f i e l d  s h i f t  f o r  t h e  C3-Me p r o t o n s  i n  t h e  d l - N - o x i d e s ( i )  

1 s  maximum when m e t h y l e n e  c a r b o n s  w o u l d  s e p a r a t e  t o  t h e  

" i n t e r a c t i n g "  p h e n y l  and  q u i n o x a l i n e  r i n g s .  A c o m p a r a b l e  t r e n d  

i s ' o b s e r v e d  f o r  t h e  q u l n a x a l i n e - 1 - o x l d e s ( c ) ,  w h e r e a s  t h e  i some-  

r i c  4 - o x i d e s ( I I 1 )  - c l o s e l y  r e s e m b l e  t h e  p a r e n t  q u l n o x a l i n c s ( l \ i ) .  

T h i s  b e h a v l o r  m i g h t  b e  due t o  t h e  p redominance  o f  t h e  i n t r a m o l e -  

c u l a r  H-bonded c o n f o r m a t i o n  (G) ~n t h e  d i - N - o x i d e s ( l )  a n d  t h e  

N - 1 - o x i d e s ( s ) .  Comparative nmr s t u d y  o f  c o m p o u n d s ( ! - m )  1 s  

a l s o  n o t e d .  

INTRODUCTION 

R e c e n t  interest i n  t h e  c h e m i s t r y  and  b i o l o g i c a l  a c t l v l t y  o f  q u i n o x a l i n e - N - o x i d e s  

was s p u r r e d  b y  t h e  f i n d ~ n g  t h a t  t h e s e  h e t e r o c y c l e s  c a n  b e  s y n t h e s i z e d  i n  one  s t e p  

f r o m  b e n r o f u r o x a n  (BFO) and  enamines l ,  o r  e n o l a t e  a n i o n s 2 ,  a n d  t h e  s u b j e c t  h a s  

3 
been r e v l e w e d  , F o l l o w ~ n g  t h l s  r o u t e ,  we h a v e  p r e p a r e d  s e r i e s  o f  q u i n o x a l i n e - .  

am ino  a c l d s  a n d   ester^"^, -am1110 a l c o h o l s  and -=m ines6 ,  a n d  t h e l r  N - o x i d e s .  

The d i - N - o x i d e s  show a n  i n t e r e s t i n g  c o n f o r m a t i o n s 1  b e h a v i o u r  a s  d i s p l a y e d  b y  t h e l r  

c d 4  and  nmr4 -6  s p e c t r a l  d a t a .  I n  t h e  a r o m a t i c  amino d e r i v a t i v e s  ( A ,  R z b e n r y l  ; 

R '  = C02Me o r  CH20H),  t h e  C3-CHJ p r o t o n s  r e s o n a t e  a t  a h i g h s r  m a g n e t i c  f i e l d  

( 6  = 2 . 4 )  t h a n  i n  t h e  c o r r e s p o n d ~ n g  a l i p h a t i c  a n a l o g u e s  (A :  - R = A l k y l ;  R '  = C02Me 



or CH20H) ( 6  = 2 . 6 ) 4 - 6 .  T h i s  u p f i e l d  s h l f t  was attributed t o  a r y l - h e t e r o a r y l  " i n -  

t e r a c t i o n "  i n  t h e  d i - N - o x i d e s  t h a t  e x l s t  p r e d o m i n a n t l y  i n  t h e  i n t r a m o l e c u l a r  H -  

bonded c o n f o r m a t i o n  ( A ) 4 s 5 .  T h i s  phenomenon  w a s ,  h o w e v e r ,  n o t  o b s e r v e d  i n  t h e  

c o r r e s p o n d i n g  n o n - o x y g e n a t e d  q u i n o x a l l n e  s e r i e ~ ~ - ~ .  I n  t h e  l a t t e r  s e r i e s ,  con-  

f o r m a t i o n  (!) m i g h t  p r e v a i l  w h e r e  s p e c i f i c  i n t r a r n a l e c u ' l a r  H - b o n d i n g  is l a c k i n g .  

We now investigated t h e  e f f e c t ,  o n  t h e  C 3 - C H 3  c h e a l c a l  s h i f t ,  o f  c h a n g l n g  t h e  s i d e  

c h a i n  l e n g t h  ( O F  t h e  e m i n o  c o m p o n e n t  i n  I )  i n  s u c h  a f a s h l o n  a s  t o  m a d l f y  t h e  d i s -  

t a n c e  b e t w e e n  t h e  p h e n y l  r i n g  a n d  t h e  q u i n o x a l l n e  m o i e t y .  We a l s o  e x t e n d e d  t h l s  

s t u d y  t o  i n c l u d e  t h e  corresponding m o n a x l d e s  =,=, a n d  t h e  p a r e n t  q u l n o x a l l n e s  

IV ( C h a r t  1). The n o r  C -CH3 a n a l o g u e s  1-VIII ( R  r H ,  C h a r t  1) w e r e  a l s o  p r e p a r e d  - 3  

f o r  c o m p a r a t i v e  s t u d y .  

RESULTS ANU DISCUSSION 

A .  SYNTHESIS 

The 2-(N-substituted c a r b a m o y l l - 3 - m e t h y l q u ~ n o x a l i n e  1 , 4 - d l o x l d e s  (=) were s y n t h e -  

sized v i a  interaction b e t w e e n  BFO a n d  t h e  a p p r o p r i a t e  a c e t o a c e t a m i d e s  following t h e  

r e p o r t e d  p r o c e d u r ~ s ~ ' ~ .  The  d e s i r e d  a c e t o a c e t a m ~ d e s  were p r e p a r e d  by  t h e  r e a c t i o n  

o f  d i k c t e n e  w i t h  t h e  a p p r o p r i a t e  amine6" .  S e l e c t ~ v e  n o n o d e o x y g e n a t l a n  o f  (I) w r t h  

t r i m e t h y l  p h o s p h i t e a  f u r n ~ s h e d  t h e  c o r r e s p o n d i n g  4 - o x l d e s  (=), w h i l e  t h e  ~ s o r n e r i c  

N - 1 - o x l d e s  (fi) were o b t a i n e d  f r o m  t h e  r e a c t i o n  b e t w e e n  ( I )  a n d  p h o s p h o r u s  t r i -  

~ h l o r i d e ~ ' ~ .  The p a r e n t  q u l n o x a l l n e s  (2) were o b t a l n e d  by c o m p l e t e  d e u x y g e n a t i a n  
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of (I) uslng e x c e s s  sadlum dithionlte 4-6,lO - 
The 2-(N-substltuted carbamoyl) quinoxallne 1,4-dloxldes (2-5) were synthesized 

by roupling of 1,4-dloxlda-quinoxal~ne-2-carboxyllc acid1' with the approprlate 

a m l n e s  uslng diphenylphosphoryl azlde (DPPA) a s  the coupling reagent1'. The 

correspond~ng 4-oxldes (E) were likewise prepared by the DPPA-cauplinq of 4- 

o x l d o - q u ~ n o u a l i n e - 2 - c a r b o x y l i c  acid5 with the appropriate amines, while the 150-  

m e r l c  1-oxide analogues (c) were obtalncd by the selectlvc removal o f  th? 4- 

5 
oxygen from the respective dl-N-oxides (Y )  using trimsthyl p h a s p h ~ t e  . The parent 

q u i n o x e l i n e s ( ~ ) w e r e  prepared by the reactlon o f  2-qulnaxallnecarbonyl chloride 

13 wlth the approprlate amines, following the reported procedures for related systems . 

The physlcal and analytical data of compounds J-U are presented i n  Table 1. 

These compounds show two rnultlplets centered at 6 B.50(2H) and 7.95(2H) asslgnad 

to the a r a m a t ~ c  protons H-5/H-8 and H-6/W-7, respectively. There is a progres- 

slve decrease in the 6 -value o f  th? amlde N - H  (9.30- 8.30 f o r  & - Ie), - 
probably a s  a result o f  the decrease in inductive effect o f  tho phenyl group whrch 

1s distant from the N-H. 

The C3-CH, protans' chemical shifts i n  CDC13 are:6 2.70, 2.73, 2.45, 2.56 and 

2.66 for compounds &, E,  &, - Id and &, respectively. Thus, the maximum 

shielding of t h  C3-CHJ protons is observed for compound 2 in which two methylene 
units separate the "~nterarting" quinoxaline a n d  phenyl rlngs (Table 2 ) .  The same 

trend i s  also observed in thr solvent DMSO-d6 (Table 3). However, when a rnlxed 

solvent system o f  OMSO-d6 and benzene-d6 is used, the 6 -value o f  the C3-CH3 

protons ~n 9 is almost the same ( 6  = 2.55) at C6D6/DMSO-d6 ratio o f  4:l, v / v  

(Table 3). This rnlght lndlcate that the aromatic solvent C6D6 competes favorably 

with the phenyl slde-chain in I for '~nteractlon" with the hetero rlng. This sltu- 

ation seems to d ~ s f a v o t  any specla1 ~ntramolecular a r y l - h e t e r o a r y 1 3 ' ~ n t e r a c t l o n " .  



Chart 1 

VII : R = H  w* 



Table 1 .  

C o mpd 

No.  

la - 

Ib - 

I c - 

Id - 

IE - 

I I b  - 

IIc - 

IId - 

IIe - .  

I I I b  - 

IIIc - 

IIId - 

l 1 I e  - 

IVb - 

P h y s l c a l  a n d  Analytical D a t a  o f  Compounds 1 - VIII 

A n a l y s e s  ( 8 )  

Calcd/Found 



cant. Table 1 

IVc - 

Va - 

V b - 

vc - 

Vd - 

v F - 

Vlb - 

VIc 
h 

- 

VIIb - 

VIIc 

V I I I ~ '  

VIIIr - 

The y i e l d s  r e f e r  t o  t h e  i s o l a t e d  products. 

P r e v i o u s l y  p r e p a r e d  by t r e a t m e n t  o f  m e t h y l  I,&-dioxida-quinoxaline-2-carboxylate 

1 4  
Wlth 2 - p h e n y l a m ~ n o e t h a n e  . 
P r e v i o u s l y  p r e p a r e d  by t r e a t m e n t  o f  m e t h y l  1-oxldo-quinoxaline-2-carboxylate 

1 4  
with 2 - p h e n y l a m i n o e t h a n e  . 

' P r c v l o u s l y  p r e p a r e d  by p y r o l y s i s  o f  2-(N.benzylcarbamoyl)-I-qu1noxa11necarboxy- 
1 5  

l i c  acid i n  r e f l u x i n g  x y l e n e  f o r  1 h  ( m p  1 5 0 - 1 5 2 ~ ~ ,  f r o m  m e t h a n o l )  . 
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T a b l e  2 .  C h e m i c a l  S h l f t s  o f  t h e  C3-CH3 P r o t o n s  f o r  I-= ~n COC13 

Compd 6 Compd 6 Compd 6 Compd 6 

I a  - 2.70 

I b  - 2.73 I I b  2 . 7 8  I l I b  3 .03 I V b  3 . 0 2  - - 

I r - 2.45 I I c  2 . 6 5  111" 3.01 I V C  3 .04  - 
I d  2.56 I I d  2 .74 1 I I d  3 .03 - 

I e - 2.66 I I e  2 .76 I I I e  3.04 - - 

T a b l e  3. C h e m i c a l  S h i f t s  ( 6 )  o f  t h e  C3-CH3 f o r  (1) i n  t h e  P r e s e n c e  o f  Benzene-d6 

Compd 

No. 

( i i )  Non-Oxygena ted  Q u ~ n a u s l r n e s  (E , r): 

These compounds e x h i b i t  t w o  m u l t i p l e t s  c e n t e r e d  a t  a b o u t  6 8 .04 a n d  7 . 8 0  a s s i g n e d  

t o  t h e  a r o m a t i c  q u l n o x a l l n f  p r o t o n s  H-5/H-8 and  H-6/H-7, r e s p e c t i v e l y .  The amtde  

N-H p r o t o n  r e s o n a t e s  a t  6  8.40 f a r  z, a n d  a t  6 8 .10  f o r  *. 
The C3-CH3 p r o t o n s '  c h e m i c a l  s h l f t  is a l m o s t  t h e  same f o r  and  (6 3 .02  a n d  

3.04, r e s p e c t l v c l y ) .  T h i s  m i g h t  b e  due  t o  t h e  predominance o f  c o n f o r m a t i o n  (8) 

( v i d e  s u p r a )  whe re  any  s p e c i a l  " ~ n t e r a r t i o n "  be tween  t h e  q u i n o x a l i n e  r l n g  and  t h e  

s i d e - c h a l n  p h e n y l  g r o u p  i s  m i n l m a l .  



The aromatlc quinoxaline protons appear as three multiplets centered at about 

6 8.51 (H-5). 7.98 (H-8) and 7.75 (H-6/H-7). The amlde N-H proton resonates i n  

the range6 8.00-8.40. 

The C,-CH3 protons in E - 5  have almost the same chemlral shift ( 6  = 3.00), and 

is comparable to that of the parent quinoxalines (E) (Table 2). This indicates 

the absence of any spcclsl aryl-heteroaryl "intcractlon" a s  w a s  noted above far 

the nan-oxygenated quinoxalines (E). 

The aromatic protons appear a s  two rnultiplets centered around 6 8.35 (H-8) and 

7.76 (H-5/H-6/H-7). The N-H proton resonates in the range 6 8.56-9.15. 

The 6 -value of the C,-CH3 protons for this series is lowest in compound 

(Table 2). This ~ n d i c a t e s ,  a s  i n  the case of the 1,4-dioxides I, t h a t  the maxi- - 

mum shielding effect of the p h ~ n y l  group is observed when it is separated from the 

2 -  carbamoyl - q u i n o x a l ~ n e  moiety by two methylene units. - 

It is worth noting that the shleldlng ~ f f e c t ,  exerted by the side-chain phenyl 

group, i n  the I,&-dloxides ( I )  is marc pronounced than tn the rorrespanding N-l- 
oxides (E)  (Table 2 ) .  It seems, therefore, reasonable to assume that both N- 

oxlde functions are essential, together with carbons separating the rarba- 

moyl - quinoxaline and phenyl rlngs, i n  order to obtaln maximum aryl-heteroaryl 

"~nteraction". 

2. The C3-H Quinoxalines (V-VIII): -- 

The chemical shifts and rnultipllcity pattern of the arornatlc protons H-5/H-6/H-7 

and H-8 i n  these derivatives are comparable to those noted above far the corres- 

ponding CJ-CH3 quinoxalines ( I - 2 ) .  The arnldc N-H proton in the 1,4-dlouldes 

(-1 and 1-oxides (e,~) has larger 6-value ( -10.85) than in the &-oxides 

( z , c )  and non-oxygenated q u ~ n o x a l i n e  analogues (VIIIb,r)(..8.10). This i s  due 

to the prevalence of a n  intramolecular H-bridglng conformation, s~rnilar t o  (A)  

(vide supra), in the N - o x l d e s  (Y-L). 

As expected5, the C,-H proton i n  the 1,4-dloxldes ( V a - e )  and the 4 - m i d d s  

(E,:) has almost the same chemical shift (6=9.10). This 6 -value is smaller 
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t h a n  t h a t  f o r  t h e  C3-H p r o t o n  i n  t h e  C o r r E s p o n d i n g  I - o x l d c s  (9,s) and  non- 

o x y g e n a t e d  q u i n o x a l i n e s  ( V I I I b , c )  ( 6 1 . 9 . 7 0 ) .  

5,6 
As n o t e d  p r e v i o u s l y  , i t  c a n  b c  seen f r o m  t h e  above  d a t a  t h a t  ' ~ - n r n r  s p c r t r a -  

s c o p y  c a n  b e  u s e d  t a  d l f f c r e n t l a t e  b e t w e e n  t h e  i s o m E r i c  q u i n o x a l i n e  m o n o x i d e s  

(c/s a n d  E / E ) .  The c r l t e r l a  e m p l o y e d  a r c  t h e  N-H and  C -CH,/C3-H c h e m i c a l  3 
s h i f t s .  

C .  M A S S  SPECTRA 

The mass s p e c t r a  o f  compounds (I-=) d l s p l a y  t h e  c o r r e c t  m o l e c u l a r  i o n s  [MI? 

e x p e c t e d  f o r  t h e  m o l e c u l a r  f o r m u l a e .  The f r a g m e n t a t i o n  p a t t e r n s  a r e  i n  a c c o r d  

w i t h  t h e  s s s l g n e d  s t r u c t u r e s .  As n o t e d  p r e v i o u s l y  4 ' 5  , t h e  p r l m a r y  c l c a v e g e  o f  

t h e  m o l e c u l a r  i o n  occurs a t  t h e  am ide  b a n d  ( C h a r t  2 )  g i v i n g  r i s e  t o  t h e  a c y l i u m  

i o n  [ ~ ] + ( r n / z  = 1 8 7 / 1 7 > )  i n  t h e  rns o f  t h e  monoxides I I , I I I / V I , .  The p r o m l n a n c e  

o f  f r a g m e n t  [ D ] +  i d e n t i f i e s  t h e  m o n o x i d e s  a s  t h c  4 - o u i d e s ( I I I / V I I ) .  T h i s  i o n  i s  

r o m p l c t e l y  a b s e n t  f r o m  t h e  ms o f  t h e  i s o m ~ r l c  I - o x i d e s .  I n  a l l  c a s e s ,  t h e  q u i n o -  

x a l ~ n l u m  ion [EI+ p r e v a i l s .  

Chart 2 

rn* 
+ 



EXPERIMENTAL 

Meltlng paints were determined on a Gallenkamp apparatus and a r e  uncorrected. 'H- 

nmr spectra w e r e  recorded on Bruker WH-90 spectrometer equlpped with Fourier trans- 

form Facilities, using TMS a s  xnternal standard. Mass spectra were obtained on 

s V s r l a n  MAT CH5 spectrometer using the dtrect inlet technique (70 e V ) .  Elemen- 

tal analyses were carried out in tha laboratory oi the Late D r s .  F. and E. Pascher 

(Bonn ) .  Chromalographic purification of a number of the target compounds was per- 

formed on preparative tlc plates coated wlth sillca gel Hf254+366 (Merck), using 

chloroform as the developing solvent. 

2-Quinoxalinecarbonyl chloride, 4-phenyl-1-aminobutane, 3-phenyl-1-aminopropane and 

acetoacetanrlide, used in this study, were purchased from Aldrich. 8FO was pre- 

pared by hypochlorite oxidation of o-nitroanillne, accardrng to standard 

16 proc6bure . 

General Procedures. 

N-Substituted Acetoacetamides. 

Redistilled diketene (0.12 ma1 ,Fluka) was added gradually, during 40 mln, to a 

stirred solution OF the appropriate allphatlc a m l n e  (0.1 rnol) in methanol ( 5 0  ml) 

cooled to 0-5'~. Stirrrng was continued at ambient temperature far 2-3 h. The 

solvent and e x c e s s  drketene w e r e  then evaporated, leaving crude residue of the 

title compound. These intermediates were  used a s  such f o r  the following reaction 

step. 

N-Substituted 3 - M e t h y l - l , 4 - d i o x i d o - 2 - q u i n a x a l i n e ~ a ~ b o x a m ~ d e s  ( k - e ) .  

A solution of ths appropriate acetoacetamide (0.1 mall in methanol (100 ml) 

was added to a solution of BFO (0.1 mol) in triethylamine (100 ml). The resulting 

reaction mixture was set at r o o m  temperature for 5-10 h. The yellow solld separa- 

ted was collected and recrystallized from methanol. 

N-Substituted 3 - M e t h y l - l - o x ~ d a - 2 - q u i n o x a l ~ n e c a r b a x a m ~ d e s ( ~ b - ~ ) .  

Phosphorus trichloride ( 1 0  ml) was added to a solution of an quinoxallne-1,4-dloxlde 

(I, 0.01 mol) in dry chloroform (40 ml). The reactlon mixture was stirred for 

8-10 h at room temperature, then poured onto cold water (60 ml) and treated wlth 

e x c e s s  saturated aqueous sodium carbonate salutlon. The desired product was 
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lsolated in the conventional purified on preparative tlc plates, and 

flnally recrystall~zed from chloroform-petroleum ether (bp 40-60'~). 

N-Substituted 3 - M e t h y l - 4 - a x ~ d o - 2 - q ~ i n 0 ~ ~ l i n e c a r b o x a m i d e s  (=-el. 

A mixture of a quinoxaline-1,4-dloxide ( I ,  0.01 m o l )  and trimethyl phosphite (0.02 

mol, Merck) in n-propanol (40 ml) was refluxed for 4-5 h. The resulting clear 

solution was  cooled, and the preripltatcd monoxide (z) was collected and recry- 

stallized from chloroform-petroleum ether. 

N-Substituted 3 - M e t h y l - Z - q u i n o x a l 1 n e ~ a r b o x a m 1 d e s ( ~ - ~ ) .  

To a boiling solution of a qu1noxaline-l,4-dioxidE (I, - 0.01 mol) in 60% aqueous 

ethanol (100 ml) was added portionwise, with stlrrlng, a saturated solution of 

sodium dithionite in hot water until a red colouration p e r ~ i s t e d ~ - ~ " O .  The 

mixture was further refluxed for 3-5 h, diluted with water (100 ml) and cooled 

to 5 ' ~ .  The white p r e c ~ p l t a t e  was collected and recrystallized from aqueous etha- 

nol (Norlt). 

An appropriate amine (0.01 mol) and trlethylamlne (0.02 mal) were added s u c c e -  

sslvely to a stirred solution of 1 , 4 - d ~ o x ~ d o - q u ~ n a x ~ l i n e - 2 - c e r b o x y 1 ~ ~  acid (0.01 

mol)ll and OPPA (0.01 mol, Aldrich) in dimethylfarmamide (60 ml) at 0 to -5'~. 

The resulting solution wss Turther stirred at room temperature f o r  5 - 8  h and then 

diluted with cold water (100 ml). The preclpltated yellow solid was collected, 

purifled on preparative tlc plates, and finally recrystallized irom ethanol. 

N-Substituted 1 - O x i d o - 2 - q u i n o x a l ~ n e c ~ r b o x a r n i d e s  (2,:). 

The parent quinoualine-1,4-dioxide (x, 0.01 moll and trimethyl phosphlte (0.02 moll 

I n  n-propanol (40 ml) were refluxed Tor 4-5 h. The resulting clear solutlon was 

cooled. The title monoxides thus precipitated w e r e  collected and recrystallized 

from chloroform-~etroleum ether. 

N-Substituted 4 - 0 x ~ d o - 2 - q u ~ n o x a l i n e c a r b o x e m 1 d e s  (w,~) 
These monoxides were prepared via DPPA-coupling between 4-oxldo-quinoxallne-2-carboxy- 



llc acid ( 0.01 mol )5 and the appropriate amine (0.01 mol) a s  noted for the 

parent qulnoxaline-1,4-dloxide (V)(vide supra). The product was purifled on pre- 

paratlve tlc plates, and finally crystallized f i o m  chloroform-petroleum ether. 

2-Quinoxaloyl chloride (0.01 mol) was added p o r t i o n w ~ s e  to a stirred solution o f  

the appropriate amine (0.01 mol) and triethylamine (0.02 mole) in dry benzene 

(50 ml) at 10-12'~. Afber addition, stirring w a s  continued f o r  2-3 h at 

r o o m  temperature . The resulting benzene  solution was then flltercd, the filtrate 

w a s  washed successively with 10% a q u e o u s  NaHC03 solution (2 x 3 0  ml), and with 

water (30 ml) and drled (MgSO,,). Benzene was then evaporated and the solld re- 

sidue was collected and recrystallized from aqueous methanol. 
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