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ABSTRACT 

The mode o f  a c t i o n  o f  a r y l h y d r a z i n e s  on k o j i c  a c i d  was 
investigated. Some novel types o f  compounds were isolated, and t h e i r  
s t r u c t u r e s  were determined. The mechanism o f  t h e  r e a c t i o n s  i s  
discussed. 

INTRODUCTION 

The an t im ic rob ia l  a c t i v i t y  o f  some k o j i c  ac id  der iva t ives  has been 

recogn ized f o r  a re1 a t i v e l y  1 ong t i  me.2 Recent ly ,  a phenyl hydrazone 

d e r i v a t i v e  o f  k o j i c  a c i d  was found t o  be a c t i v e  a g a i n s t  Trypanosoma 

- cruzi, bu t  i n a c t i v e  against Tetrohymena p y r i f o r m i s ,  Euglena g r a c i l  i s ,  

and As tas ia  cha t ton i .  The compound g i v e s  r i s e  t o  s i g n i f i c a n t l y  

decreased 3H-thymi d i  ne and 3H-uri d i  ne incorporat ion i n the  c e l l  s o f  1. 
- cruzi, w h i l e  14C-1 - euci ne incorporat ion i s  no t  a f f e ~ t e d . ~  The product o f  

t he  reac t ion  o f  k o j i c  ac id  (1) w i t h  phenyl hydrazi ne has been formulated, 

as r e p o r t e d  by C ~ r b e t t , ~  t o  be 1,5-anhydro-4-deoxy-hex-4-eni to1  -2,3- 

d i u l  ose-2,3-bi s-(phenyl hydrazone) (2). On t h e  other  hand, t h i s  reac t ion  

was s t u d i e d  by E l  Ashry,’ 
~~ ~ * To whom correspondence 

I c h i m o t o  e t  a1.,6 as w e l l  as by Thomas and 

shou ld  be addressed. 
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kN-NH-@R 

C*N-NH-@R ' N= N - P h 
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ACTION OF HYDRAZINES ON KOJIK ACID 487 

MarkerY7 and they a l l  found t h a t  the product was a mixture (structures 

3a - 8 a ,  1 0 a ,  and l l a  were proposed)  and t h a t  none o f  i t s  components 
coul d be a s s i g n e d  t o  s t r u c t u r e  2. Consequent ly ,  i t  i s  of i n t e r e s t  t o  

e v a l u a t e  which s t r u c t u r e s  i n  such a m i x t u r e  a r e  r e s p o n s i b l e  f o r  t h e  

b i o l o g i c a l  a ~ t i v i t y . ~  The mode of r e a c t i o n  o f  k o j i c  a c i d  w i t h  

aryl hydrazi nes was i nvesti gated, and the possi bl e mechanistic aspec ts  of 
the reac t ion  a r e  discussed i n  th is  paper. 

RESULTS A130 DISCUSSION 
When k o j i c  ac id  was allowed t o  r eac t  w i t h  - p-bromophenylhydrazine i n  

methanol , the s t a r t i n g  ac id  was recovered unchanged. On the o ther  hand, 
ko j ic  ac id  was found t o  r eac t  readi ly  w i t h  e-bromo- o r  - p-chlorophenyl- 
hydrazine i n  aqueous a c e t i c  ac id  t o  y i e l d  a mixture of various products. 
The mixture from the react ion w i t h  each hydrazine was separated,  and the 
s t ruc tu res  of the products were determined. 

1- (Aryl)-5-[1-(aryl hydrazono)-2-( hydroxy Oeth-l-yl1-2- (hydroxy-meth- 
y 1 ) p y r a t o l e  (4). These types of compounds do not  g ive  the charac te r i s -  
t i c  c o l o r a t i o n  of k o j i c  a c i d  when t r e a t e d  w i t h  f e r r i c  c h l o r i d e ,  
ind ica t ing  the absence of the enol i c hydroxyl group. E l  emental analysi  s 

i n d i c a t e d  t h a t  these p roduc t s  a r o s e  from the r e a c t i o n  o f  one mole of  
k o j i c  a c i d  (1) w i t h  two moles  o f  the  co r re spond ing  hydrazine.  Their 

i n f r a r e d  s p e c t r a  i n d i c a t e d  the absence  of  bands i n  the  carbonyl  
f requency  reg ion .  The l H  NMR spec t rum f o  4b showed a four -pro ton  
d o u b l e t  a t  64.50 f o r  two methylene groups. T h e  two hydroxyl p ro tons  

appeared a s  two triplets a t  65.13 and 5.45 whose at tachment  t o  the two 
methyl ene groups was confirmed by deuterat ion (see experimental 1. The 

s ing1 e t  a t  66.67 was a s s i g n e d  t o  H-4 of  the  pyrazol  e r ing.  T h e  N H  

p ro ton  of t h e  hydrazone residue appeared  a t  69.80, i n d i c a t i n g  t h a t  i t  

does  n o t  p a r t i c i p a t e  i n  hydrogen bonding. These d a t a  a g r e e  w i t h  t h e  

s t ructure  4b r a t h e r  t han  5b a s  compared w i t h  the  d a t a  shown f o r  t h e  

phenyl der iva t ive5  (two separate  s igna l s  shown f o r  two methylene groups 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
2
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1
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and t h e  N H  proton  a t  610.47). T h e  s t r u c t u r e  of 4b  was f u r t h e r  

confirmed by i t s  oxidation w i t h  potassium permanganate t o  a f ford  l-(k- 
bromophenyl 1-pyrazol e-3,5-dicarboxyl i c  ac id  (9b) ,  ind ica t ing  t h a t  4b was 

a 3,5-disubsti tuted pyrazol e derivative.  Furthermore, 4b f a i l e d  t o  give 
a formazan ract ion,  and upon t reatment  w i t h  - p-bromophenyl hydrazi ne, i t  

y ie lded  the bis(hydraz6ne) 3b which gave a pos i t i ve  formazan reaction 
due t o  the formation of 7b. T h i s  behavior confirmed the loca t ion  of the 

hydrazone r e s i d u e s  i n  4 b  and 3b. T h e  - p-chlorophenyl d e r i v a t i v e  4 c  

showed s i m i l a r  s p e c t r a l  da t a  t o  4b,  and, consequent ly ,  a s i m i l a r  

hydrogen-bonded s t ruc tu re  was assigned f o r  it .  

1- (Awl 1-5-C 1,Z-bi s ( aryl hydrazono 1 gl yoxal y l 3  -3- ( hydroxymethyl 1 pyra- 

z o l e  (3).  These t y p e s  of compounds have a y e l l o w  c o l o r ,  and they  a r e  

products  of t h e  r e a c t i o n  of three mol ecul es of the hydrazi  ne w i t h  one 

molecule of 1. The 'H N M R  spectrum of 3b showed a two-proton doubl e t  a t  

6 4.50 and a one-proton t r i p l e t  a t  65.19 corresponding t o  the presence 

of  a hydroxymethyl group. The H-4 of the  pyra ro l  e r i n g  appeared a s  a 

s ing le t  a t  66.63. T h e  H - C = N  of t h e  g lyoxa ly l  r e s i d u e  appeared a s  a 

singlet a t  67.91, while the two N H  protons appeared a s  two singlets a t  

6 10.91 and 12.10. T h e  d i f f e r e n c e  i n  their  chemical  s h i f t s  may be 

a t t r i b u t e d  t o  the involvement  of  the l a t t e r  i n  c h e l a t i o n  between the 
hydrazone residues,  a s  i n  3b, i n  a manner s i m i l a r  t o  t h a t  described f o r  

sugar osazones. 

1- (pCh l  oroani 1 i no)-5-hydro%y-2-( hydroxyeethyl1-4H-pyri di n-4-one 
( l l c ) .  T h i s  p roduct  gave a c h a r a c t e r i s t i c  c o l o r a t i o n  w i t h  f e r r i c  

chlor ide,  ind ica t ing  the presence of an enol ic  hydroxyl group. I t s  'H 
N M R  spectrum showed a s i n g l e t  6 4.31 f o r  a methylene group. T h e  two 

s i n g l e t s  w h i c h  appeared a t  66.31 and 7.25 were due t o  H-3 and H-6, 

r e s p e c t i v e l y .  The  s i g n a l  of  H-6 appeared  a t  a h i g h e r  magnet ic  f i e l d  

than  the  cor responding  pro ton  (ca.  68.0) of  e i t h e r  k o j i c  a c i d  o r  i t s  

d e r i v a t i v e s .  This  s h i e l d i n g  e f f e c t  on H-6 c o u l d  be a t t r i b u t e d  t o  the  

difference i n  the el ectronegativi  ty  o f  the nitrogen and the oxygen atoms 
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A C T I O N  OF HYDRAZINES ON K O J I K  A C I D  489 

o f  t h e  r i n g s .  The N H  p r o t o n  a p p e a r e d  a t  6 9.33. C o n s e q u e n t l y ,  

s t r u c t u r e  l l c  was assigned t o  th i s  product. 

l-(Aryl)-2,2-di[2- (hydroxymethyl)-QH-pyran-4-one-5-yl]-hydrazi ne 
(121. These types  of  compounds d i d  no t  g i v e  a c h a r a c t e r i s t i c  c o l o r a t i o n  
w i t h  f e r r i c  c h l o r i d e ,  i n d i c a t i n g  t he  a b s e n c e  o f  the  e n o l i c  hydroxyl  

group. The ‘H N M R  spectrum of 12b  showed a four-proton doub le t  a t64 .50  

and  a two-p ro ton  t r i p l e t  a t  65.75, i n d i c a t i n g  t h e  presence o f  two  

hydroxymethyl  groups.  T h e  s i  ngl e t  a t  66.43 and the d o u b l e t  a t  68.03 

were due t o  t he  two H-3 and two H-6 protons,  r e spec t ive ly .  A multiplet 

o f  f o u r  a r o m a t i c  p r o t o n s  a p p e a r e d  a t  67.50, and  a hydrogen-bonded NH 

p r o t o n  a p p e a r e d  a t  612.20. T h e  i n f r a r e d  spectrum of 12b showed the  

presence o f  a b s o r p t i o n s  due t o  t h e  C=O, N H ,  and  OH groups.  The - p- 

c h l o r o p h e n y l  d e r i v a t i v e  12c s h o w e d  s i m i l a r  s p e c t r a l  f e a t u r e s .  

F u r t h e r m o r e ,  a c e t y l  a t i o n  o f  1 2 c  w i t h  a c e t i c  a n h y d r i d e  i n  p y r i  d i  ne 
a f fo rded  the corresponding ace ty l  d e r i v a t i v e  13c whose l H  NMR spectrum 

showed a s i n g l e t  a t  62.20 due t o  two  a c e t y l  groups.  The s i n g l e t  a t  6 

5.12 was a s s i g n e d  t o  two  methyl ene g r o u p s ,  whose downfi  el d p o s i t i o n  

i n d i c a t e d  t h e i r  a t t a c h m e n t  t o  t h e  a c e t o x y l  groups.  The H-3 and H-6 

a p p e a r e d  as r e s o n a n c e s  a t  66.58 and 7.89, r e s p e c t i v e l y ,  and  t h e  

intensities agreed w i t h  the presence of  two pyronyl rings. The a romat i c  

p r o t o n s  a p p e a r e d  a t  6 7.50, and the  N H  p r o t o n  a p p e a r e d  a t  611.0. 

Consequently, structures 12  and 13 may be a s s igned  f o r  this product  and 

i ts a c e t y l  d e r i v a t i v e ,  respec ti  vel y. 

Acetyl - a r y l  h y d r a z i  nes. 2-Acetyl-1-aryl hydrazines  were i s o l a t e d  

f r o m  the r e a c t i o n  o f  k o j i c  a c i d  w i t h  e i t he r  t h e  e -b romo o r  - p-ch lo ro -  

phenyl hydrazi ne. 
Mechani s t i c  a s p e c t s .  I t  can be concl uded from the present resul ts, 

a s  w e l l  a s  f rom t h o s e  p r e v i o u s l y  r e p ~ r t e d , ~ , ~ , ’  t h a t  t h e  r e a c t i o n  o f  

hydrazines w i t h  k o j i c  a c i d  i s  very sensitive t o  the molar r a t i o  of the 

r e a c t a n t s ,  the  a c i d  c a t a l y s t ,  and  the  d u r a t i o n  o f  the  r e a c t i o n .  T h e  

v a r i o u s  p r o d u c t s  o b t a i n e d  f r o m  t h e  r e a c t i o n s  o f  h y d r a z i n e  o r  

a r y l h y d r a z i n e s  w i t h  k o j i c  a c i d  draw a t t e n t i o n  t o w a r d s  t h e i r  mode of 
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490 EL ASHRY, EL KILANY, AND MOUSAAD 

f o r m a t i o n .  E l e c t r o p h i l i c  s u b s t i t u t i o n s  on k o j i c  a c i d  t a k e  p l a c e  

e x c l u s i v e l y  a t  t h e  6-posi t ion,  owing t o  t h e  presence o f  t h e  5-hydroxyl 

group.2 Consequent ly ,  i t  has been c o n c l  uded t h a t  n u c l  e o p h i l i c  a t t a c k  

w i l l  be a t  t h e  2 -pos i  t i o n .  T h i s  c o n c l u s i o n  i s  i n  agreement  w i t h  t h e  

p r e s e n t  r e s u l t s .  Thus t h e  a t t a c k  o f  h y d r a z i n e  on t h e  2 - p o s i t i o n ,  

f o l l o w e d  b y  a r i n g  open ing  and s h i f t  o f  e l e c t r o n s  may g i v e  14, w h i c h  

c y c l i z e d  t o  t h e  pyr idone 11. 

I n te rmed ia te  14 seems t o  be t h e  most i m p o r t a n t  one because o f  i t s  

p o s s i b l e  c y c l  i z a t i o n  i n  v a r i o u s  ways. Cyc l  i z a t i o n  can b e  a c h i e v e d  by 

cons ide r ing  any o f  i t s  var ious conformers. Thus, 14 i s  c y c l i z e d  t o  t h e  

py razo le  15. The l a t t e r  py razo le  possesses an enedio l  system as a s i d e  

c h a i n  w h i c h  can be e a s i l y  a t t a c k e d  by t h e  h y d r a z i n e  t o  g i v e  t h e  

hydrazone d e r i v a t i v e  4. However, upon f u r t h e r  r e a c t i o n  w i t h  t h e  

a r y l  h y d r a z i  ne, 4 gave t h e  c o r r e s p o n d i  ng b i  s - a r y l  hydrazone 3 v i a  a 

mechanism s i m i l a r  t o  t h a t  r e p o r t e d  f o r  t h e  f o r m a t i o n  o f  sugar  

a r y l  osazones f rom t h e  corresponding a r y l  hydrazones. It shoul d be noted 

t h a t  s i m i l a r  f o r m a t i o n  o f  b i s h y d r a z o n e s  b y  u s i n g  h y d r a z i n e  i s  n o t  

a n t i c i p a t e d  b e c a u s e  o f  t h e  u n i q u e  o x i d i z i n g  c h a r a c t e r  o f  t h e  

a r y l  hydraz i  ne compared w i t h  t h a t  o f  hydraz i  ne. 

When 4 r e a c t e d  w i t h  t h e  a r y l h y d r a z i n e ,  t w o  m o l e s  o f  t h e  

a r y l h y d r a z i n e  were r e q u i r e d ,  and a m o l e  o f  t h e  a r o m a t i c  amine was 

p roduced  as a b y p r o d u c t  w h i c h  may i n  t u r n  r e a c t  w i t h  k o j i c  a c i d  (1) t o  

g i v e  t h e  corresponding p y r i  done. 

Another conformer o f  14 cou ld  b e  16, which upon c y c l i z a t i o n  a f f o r d s  

p y r i d a r i n e  der ivat ives.  Thi s pathway seems t o  p l  ay an i m p o r t a n t  r o l  e i n  

t h e  case  of  u s i n g  hyd raz ine ,  as v e r i f i e d  e ~ p e r i m e n t a l l y , ~  t o  g i v e  t h e  

c o r r e s p o n d i n g  p y r i d a z i n e  as a m a j o r  p roduc t .  However, i n  case o f  

ary lhydrazines, no product  o f  t h i s  t y p e  c o u l d  be iso la ted.  React ion o f  

16 w i t h  h y d r a z i n e  may a f f o r d  12. Al though,  t h e  f o r m a t i o n  o f  such 
compounds seems improbab le ,  i t  was v e r i f i e d  e x p e r i m e n t a l l y  by t h e  

i s01  a t i o n  o f  t h e  corresponding e-bromo- and - p-chl orophenyl der ivat ives.  
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ACTION OF HYDRAZINES ON KOJIK ACID 491 

However, no such compound has  been i s o l a t e d  from the r e a c t i o n  w i t h  

phenyl hydrazi ne. 

Consequently, the results accumulated from these s tud ie s  ind ica t e  

t h a t  the react ion proceeds through various pathways, and e f f o r t s  shod  d 

be directed towards the i so l a t ion  o f  other  products t h a t  can be expected 

from the  p o s s i b l e  r e a c t i o n  of  the  i n t e r m e d i a t e s .  Most i m p o r t a n t l y ,  

s t r u c t u r e  2 ,  a s  fo rmer ly  p o s t u l a t e d  t o  be a d i r e c t  r e a c t i o n  product ,  

does not exist. 

EXPERIMENTAL 

General procedures .  Me1 t i n g  points  were determined w i t h  a Kofler- 
I n f r a r e d  s p e c t r a  were recorded  block a p p a r a t u s  and a r e  uncorrec ted .  

w i t h  a Pye Unicam SP 200 spec t rometer .  'H N M R  s p e c t r a  were measured 

w i t h  an EM-390 N M R  s p e c t r o m e t e r  f o r  s o l u t i o n s  i n  DMSO-de - o r  i n  CDC13 

using tetramethyl si l  ane a s  external o r  in te rna l  standard, respectively.  

Chemical s h i f t s  a r e  g iven  on the &scale. TLC was performed on "Eaker- 

f l ex"  s i l i c a  gel 1B-F (2.7-7.5 cm'l) p l a t e s .  Elemental  a n a l y s e s  were 
performed i n  the U n i t  o f  Mic roana lys i s ,  F a c u l t y  o f  Science ,  Ca i ro  

University,  Cairo, Egypt 
Reaction o f  k o j i c  ac id  (1) with  e-bromophenylhydrazina A so lu t ion  

of  k o j i c  a c i d  (1.42 g, 1 mmol) i n  w a t e r  (20 m L )  was t r e a t e d  w i t h  - p- 
bromophenyl hydrazi ne hydrochloride (8.94 g, 4 moll, sodium ace ta t e  (3.2 

g, 4 moll, and a c e t i c  ac id  (3 mL). The reac t ion  mixture was heated f o r  

1 h on a boi l ing  water bath and then cooled, whereby a red o i l  separated 

out. The aqueous l a y e r  was decanted and ex t rac ted  w i t h  chloroform. The 

ch lo ro fo rm e x t r a c t  was d r i e d  ove r  anhydrous sodium s u l f a t e  and 

evaporated t o  give col or1 ess c r y s t a l  s of 2-acetyl-l-(p-bromophenyl - 1- 
hydraz ine  (0.2 9): mp 163-164 OC (1  i t.1° mp 167 O C ) .  IR ( K E r ) :  3300 and 

3120 ( N H ) ,  1660 and 1640 Cm-'  ( O C N ) ;  'H N M R  (DMSO-d6): - 69.61, 8.93 ( 2 ~ ,  
1 H ,  5:1, N H ) ,  8.10, 7.80 (2s ,  l H ,  1 :5 ,  N H ) ,  7.30, 6.67 (2d ,  4H, 

a r o m a t i c  p ro tons ) ,  and 1.93 ( s ,  3H, Ac). 
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492 EL ASHRY, EL KILANY, AND MOUSAAD 

The red o i l  t h a t  t h a t  been separated e a r l i e r  was dissolved i n  ho t  

chl oroform and a l l  owed t o  cool whereby the  f o l l  owing compounds coul d be 

f r a c t i o n a l l y  crysta l1  ized. 

(a) l-(p-Bromophenyl)-2,2-di - [2-(hydroxymethyl)-4H-pyran-4-one-5- 

y l l h y d r a z i n e  (12b). Compound 12b was c r y s t a l l i z e d  from ethanol t o  g ive  

c o l o r l e s s  needles (0.3 g, 10% y i e l d ) :  R f  0.36 (4:1, ch lo ro fo rm-  

methanol):  mp 320 OC. I R  ( K B r ) :  3380 (OH),  3180 (NH), 1650 ( C O )  and 

1640 cm-l (C=C); l H  NMR (DMSO-d6): - 6 12.20 (s, l H ,  NH), 8.03 (d, 2H, J 

(1 Hz, 2H-6), 7.50 (m,  4H, a romat ic  protons) ,  6.43 (s, 2 H, 2H-31, 5.75 

(b t ,  2H, 2 OH), and 4.50 (d, 4H, 2CH2). A d d i t i o n  o f  D20 caused t h e  

disappearance o f  the NH and OH s ignals  and the  appearance o f  a resonance 

a t  64.50 as a s i n g l e t .  C, 49.67; H, 

3.47; N, 6.44. Found: C, 49.9; H, 3.7; N, 6.5. 

Anal. Calcd. f o r  C18H15BrN206: 

(b) l-(p-Brosophenyl)-5-[1-(~-bromophenyl hydrazono)-Z-( hydroxyleth- 

l - y l I -3 - (hyd roxyne thy l  I py razo l  e (4b). Compound 4b was rec rys ta l l  i zed  

from ethanol t o  g ive co lo r less  needles (0.1 g, 2% y ie ld) :  

chloroform-methanol); mp 176 OC. I R  (KBr): 3350 and 3320 (OH), 1600 cm' 

(C=N); l H  NMR (DMSO-d6): - 69.80 ( s ,  l H ,  NH), 7.66, 6.40, 7.33, and 

7.16 (4d, 8H, a romat ic  protons) ,  6.67 (s, l H ,  H-C=), 5.45 (t, l H ,  OH), 

5.13 ( t ,  l H ,  OH), and 4.50 (d, 4H, 2CH2). A d d i t i o n  o f  D20 caused t h e  

disappearance o f  t h e  resonances o f  t h e  NH and OH groups and t h e  

appearance o f  a s i n g l e t  a t  64.50. Anal. Calcd, f o r  C18H16Br2N402: C, 

45.03; H, 3.36; N, 11.67. Found: C, 45.3; H, 3.4; N, 11.3. 

R f  0.70 (4: l  

(c) 5-[1,2-Bis(~-bromophenyl hydrazono)glyoxalyl I-l-(p-bromphenyl)- - 
3-(hydroxymethyl I py razo l  e (3bI. Compound 3b was i s 0 1  a t e d  a f t e r  t h e  

separa t i on  o f  t h e  above two compounds and was r e c r y s t a l  1 i z e d  f rom 

e t h a n o l  t o  g i v e  y e l l o w  n e e d l e s  (0.3 g, 5% y i e l d ) :  R f  0.5 ( 4 : l  

ch loroform-methanol ) ;  m p  222-223 OC. I R  (KBr): 3400 (OH), 3260 (NH), 

1585 cm- l  (C=N) ;  'H NMR (DMSO-d6): - 612.10 (s, l H ,  NH), 10.91 ( s ,  l H ,  

NH), 7.91 (s, l H ,  H-C=), 7.65, 6.60, 6.95 and 7.50 (3d, and m, 12H, 

a romat i c  protons) ,  6.63 (s, l H ,  H-41, 5.14 (t, l H ,  OH), and 4.5 (d, 2H, 

CH2). The add i t ion  o f  D20 caused the  disappearance o f  the  resonances a t  
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ACTION OF HYDRAZINES ON KOJIK ACID 493 

6 12.1, 10.91, and 5.19, a s  well as the  t r a n s f o r m a t i o n  o f  t h e  s igna l  a t  

6 4.50 i n t o  a sharp s i n g l e t .  Anal. Calcd. f o r  C24H1gBr3N60: C ,  44.54; 

H ,  2.96; N ,  12.99. Found: C ,  44.2; H ,  3.1; N, 12.6. 

Formaran test. Compound 3b 5 n a mixture o f  p y r i d i n e  (1 mL) and 

methanol (1 mL) was t rea ted  w i t h  benzenediazonium ch lo r ide l l  a t  0-5 OC, 

and a red formazan co lor  developed immediately. 

Reaction of ko j i c  a c i d  (1) w i t h  - p-chlorophenylhydrazine. T h i s  

reaction was processed  as p rev ious ly  desc r ibed ,  and the f o l l  owing 

compounds were i sol ated. 

( a )  2 -Ace ty l - l - (pch l  orophenyl 1-hydrazi ne. Col or1 ess crys ta l  s of 

(0.1 g)  were obta ined:  mp 152-153 OC (lit .12 mp 154 OC). IR (KBr): 

3290, 3100 ( N H )  a n d  1660 cm-l ( O C N ) ;  'H N M R  (DMSO-16): 89.63 a n d  8.93 

(2s, l H ,  8:1, N H ) ,  8.10, 7.80 ( 2 s ,  l H ,  1:8, N H ) ,  7.15, 6.70 (2d ,  4H, 

a romat i c  p ro tons ) ,  and 1.90 ( s ,  3H, Ac). 

(b) l-(@hloroanil i no)-5-hydroxy-2-(hydroxymethyl b p y  ri d i  n-4-one 

(llc). The  aqueous 1 ayer, a f t e r  ex t rac t ion  w i t h  chloroform, was cooled 

overnight, whereby the ti t l  e compound was obtained a s  col or1 ess crys ta l  s 

(0.1 g, 43 y i e l d ) ,  i n  a d d i t i o n  t o  some unchanged k o j i c  ac id  (1, 0.1 9). 

T h e  p roduc t  was r e c r y s t a l  1 i z e d  from e thanol  : R f  0.3 (4 : l  chloroform- 

methanol) ;  mp 235 OC (dec). IR (KBr): 3250 ( O H ) ,  1640 cm-l ( C O ) ;  l H  N M R  

(DMSO-ds): - 69.33 ( s ,  l H ,  N H ) ,  7.30, 6.50 (2d, 4H, a r o m a t i c  p ro tons ) ,  

7.25 ( s ,  l H ,  H - C = ) ,  6.31 (s, l H ,  H-C-1, and 4.31 ( s ,  2H, CH2). T h e  

resonance a t  69.33 d isappeared  upon d e u t e r a t i o n .  Anal. Calcd. f o r  

C12H11ClN203: C ,  54.05; H, 4.16; N ,  10.50. C ,  53.7; H ,  4.0; N ,  

10.2. 

Found: 

(c 1 1 - (E-C hl orop  heny 1 1- 2.2- d i  - C 2 - (hydroxymethyl)-4H-pyran-4-on-5- 
y l l h y d r a r i n e  ( 1 2 ~ ) .  The  red o i l  t h a t  had been i s o l a t e d  e a r l i e r  was 

dissolved i n  hot  chloroform and t h e n  allowed t o  cool, whereby the t i t l e  

compound separated out. I t  was r ec rys t a l l i zed  from ethanol (0.2 g, 5% 

y i e l d ) :  R f  0.62 ( 4 : l  chloroform-methanol) ;  mp 304-305 OC. IR (KBr): 
3300 ( O H ) ,  1645 ( C o ) ,  1620 Cm-' (c=c);  'H NMR (DMSO-d6): 612.2 (bs ,  1 H ,  

N H ) ,  7.90 (d ,  ZH,  J (1 Hz, 2H-6), 7.54 (m, 4H, a r o m a t i c  p ro tons ) ,  6.43 
- 
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494 EL ASHRY, EL KILANY, AND MOUSAAD 

( s ,  2H, 2H-3), 5.77 ( s ,  2H, 20H), and 4.54 ( s ,  4H, 2CH2). The NH and OH 

s i g n a l s  d i s a p p e a r e d  upon a d d i t i o n  o f  D20. A n a l .  Ca lcd .  f o r  

C18H15C1N206: C, 55.33; H, 3.87; N, 7.17. Found: c, 55.5; H, 3.7; N, 

6.9. 

l - ( p C h l  orophenyl)-2,2-di-C2-( acetoxylethylb4H-pyran-4-0n-5-yl1- 
h y d r a r i n e  ( 1 3 ~ ) .  A s o l u t i o n  o f  12c (0.4 g, 1.0 mmol) i n p y r i d i  ne (5 mL) 

was t r e a t e d  w i t h  ace t ic  anhydride (5  mL), and t h e  r e a c t i o n  m i x t u r e  was 

k e p t  overn ight  a t  room temperature. The m i x t u r e  was poured onto crushed 

ice, and t h e  product t h a t  separated o u t  was f i l t e r e d ,  washed w i t h  water, 

and r e c r y s t a l  1 i z e d  f r o m  e thano l  t o  gf ve c o l  o r 1  ess needl es (0.3 g, 62% 

y i e l d ) :  R f  0.7 (4:l chloroform-methanol); mp 237-238 OC. IR(KBr): 1760, 

1720 (OAc), 1660 (CO), 1630 cm- l  (CpC);  'H NMR (CDC13): 811.0 ( b s ,  1H, 

NH), 7.89 (d, 2 H, J <1 Hz, 2H-6), 7.50 ( m ,  4H, a r o m a t i c  p ro tons) ,  6.58 

(s, 2H, 2H-3), 5.12 ( s ,  4H, 2CH2), and 2.20 (5,  6H, 2 AcO). Anal. 

Calcd, f o r  C22H1gClN208: C, 55.63; H, 4.03; N, 5.90. Found: C, 56.0; 

H, 3.6; N, 5.9. 

( d )  l-(~-Chlorophenyl~-5-~l-(~-chlorophenylhydrazono~-2- 

(hydroxy)eth-l-ylI-3-(hydroxymethyl I p y r a r o l  e ( 4 ~ 1 .  The mother 1 i q u o r  

from 1 2 c  was c o n c e n t r a t e d  t o  g i v e  t h e  t i t l e  compound t h a t  was 

r e c r y s t a l  1 i r e d  f r o m  e thano l  t o  g i v e  c o l  o r 1  ess needl es o f  4c (0.1 g, 3% 
y i e l d ) :  R f  0.08 ( 4 : l  ch lo ro fo rm-methano l ) ,  mp 173-174 OC. I R  ( K B r ) :  

(m, 4H, a r o m a t i c  p ro tons) ,  7.02, 6.40 (2d, 4H, a r o m a t i c  p ro tons) ,  6.67 

( 5 ,  l H ,  H-C=), 5.40 ( b t ,  l H ,  OH), 5.12 ( b t ,  1H, OH), and 4.48 ( d ,  4H, 

2CH2). The resonances a t  69.77, 5.40, and 5.12 d isappeared upon 

a d d i t i o n  o f  D20, whereas t h e  d o u b l e t  a t  64.48 c o l l  apsed t o  a s ing1 et. 
Anal. Calcd. f o r  C18H16C12N402: C, 55.26; H, 4.12; N, 14.33. Found: 

C, 55.7; H, 4.4; N, 14.1. 

3300 (OH),  1580 Cm-' (C=N); 'H NMR (DMSO-d6): 6 9.77 (5, l H ,  NH), -7.5 - 
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