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ABSTRACT 

T h e  mono- a n d  b i  s-(p-fl uorophenyl )hydrazones of dehydro-L-ascorbi c 
a c i d  were  prepared .  OxIda t ion  of t h e  b is (hydrazone1  affo'rded 3,6- 
anhydro-3-C- ( p-fl uorophen 1 azo)-&-xyl o-2-hexul osono-l,4-1 actone-2-( p- 
f l  uorophenyl )hydrazone. ave T-(p- 
f l  uorophenyl l-3- (C-threo-glycer8-l-yl).- yrazol i n-4 5-di one-4-7p-fl uori7- 
phenyl )hydrazone; WtmTe per ioda te  0x1 &ti on gave !l-formyl-l-(F-fl uoro- 
phenyl pyrazol  i n-4 5-dione-3-4-(p-f1 uorophenyl )hydrazone t K a t  upon 
r educ t ion  gave 1-(p-fl uoro henyl F3-hydroxymethyl pyrazol in-4,5-dione-4- 
(p-fl uorophenyl )hydfQzone. The compounds were c h a r a c t e r i z e d  a s  t he i r  
aze ta tes  and benzoates. 

i e a r r a  emeAt of t h e  b i  dhydrazone) 

INTRODUCTION 
One of the main object ives  i n  th is  laboratory i s  t h e  synthesis  of 

h e t e r o c y c l  i c  compounds f rom c a r b o h y d r a t e  p r e c u r s o r s ,  whose 
heterocycl i s a t i  on may be achieved via  thei  r correspondi ng hydrazones. 

The importance of organic f l  uori ne compounds3 i n general has become 

gradually apparent i n  t he  second quar te r  of th i s  century,  as  evidenced 

2 
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188 EL K I L A N Y  ET A L .  

f o r  exampl e, i n t h e i  r use as i n s e c t i c i d e s ,  and i n a c o n t i n u i n g  i n t e r e s t  

i n  t h e i r  p r e p a r a t i o n  and manufacture. The rep lacement  o f  hydrogen by 

f l  u o r i  ne i n n a t u r a l l y  o c c u r r i n g  compounds has been shown t o  a1 t e r  t h e i r  

b i o l o g i c a l  p r o p e r t i e s  d r a m a t i c a l l y .  Such o b s e r v a t i o n s ,  comb ined  w i t h  

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

i n f l u e n c e  on ou r  d e c i s i o n  t o  research  t h e  syn thes i s  o f  some f l u o r i n a t e d  

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

he te rocyc l  i s a t i o n  reac t i ons .  The c a r b o h y d r a t e  p r e c u r s o r  u s e d  i n  t h i s  

s t u d y  was d e h y d r o - & - a s c o r b i c  a c i d  t h a t  has  been  c h a r a c t e r i z e d 4  i n  

s o l u t i o n  as 3 ,6 -anhydro -L -xy l  :- o-hexu l  ono-1,4-1 a c t o n e - 2 - h y d r a t e  (2a ,  

Scheme 1). However, t h e  r e a c t i o n  o f  2a w i t h  - p- f l uo ropheny l  hydraz ine  d i d  

n o t  a f f o r d  t h e  cor respond ing  d e r i v a t i v e s  3a and 4a, b u t  i t  gave 3 and 4, 

r e s p e c t i v e l y .  

RESULTS AND DISCUSSION 
I n  t h e  p r e s e n t  work ,  t w o  t y p e s  o f  h y d r a z o n e s  w e r e  p r e p a r e d  f r o m  

dehydro-L-ascorbic ~ a c i d  as p recu rso rs  f o r  t h e  s y n t h e s i s  o f  h e t e r o c y c l i c  

compounds. O x i d a t i o n  o f  ~ L - a s c o r b i c  a c i d  (1) i n  aqueous s o l u t i o n  gave 

dehydro-L-ascorbi - c a c i  d, whose r e a c t i o n  under  c o n t r o l  1 ed c o n d i t i o n s  w i t h  

a mol  a r  e q u i  V a l  e n t  o f  - p - f l  u o r o p h e n y l  h y d r a z i  ne, as  u s e d  b y  E l  Ashry  e t  

a1.2 f o r  o t h e r  a ry lhyd raz ines ,  a f f o r d e d  t h e  y e l l o w  c r y s t a l l i n e  product,  

i d e n t i f i  ed  as  -- L-threo-2,3-hexodiulosono-1,4 1 ac tone Z- (p - f luoropheny l ) -  - 
h y d r a z o n e  (31, and  n o t  t h e  h e m i a c e t a l  3a. The s t r u c t u r e  o f  t h e  

monohydrazone 3 was deduced f rom i t s  i n f r a r e d  (IR) spectrum wh ich  showed 

t w o  bands i n t h e  c a r b o n y l  s t r e t c h i n g  r e g i o n ,  one a t  1760 c m - l  ( d u e  t o  

t h e  l a c t o n e  c a r b o n y l )  and  t h e  o t h e r  a t  1675 c m - l  ( d u e  t o  t h e  C-3 

carbonyl) .  The s t r u c t u r e  o f  t h e  - p-bromophenyl ana log  was con f i rmed  by 

X - ray  ~ r y s t a l l o g r a p h y . ~  

- 

- 

- 

- 

It h a s  been shown t h a t  compounds possess ing  py razo l i ned ione  r i n g  

a r e  o f  chernotherapeuti  c i n t e r e s L 6  Consequently compounds w i t h  va r ious  

s u b s t i t u e n t s  o n  t h a t  r i n g  h a v e  b e e n  p r e p a r e d . 2  S i n c e  t h e  

bis(hydrazones) o f  1,4-butyrolactones a r e  excel1 e n t  p recu rso rs  f o r  t h e i r  
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MONO AND BIS-(p-FLUOROPHENYL) HYDRAZONES 189 
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SCHEME 1 

syn theses ,  =- L -  threo-2,3-hexodiul osono-1,4-1 actone 2,3-bi s(p-fl  - uorophenyl 1 

hydrazone ( 4 )  was prepared  by t h e  r e a c t i o n  of 2 w i t h  two molar  
equi Val en t s  of - p-fl uorophenyl hydrazi ne i n t h e  presence of a c e t i c  aci  d. 

The s t r u c t u r e  4 was based on  t h e  accep ted  s t r u c t u r e '  f o r  the  phenyl 

analog. Heat ing  a s o l u t i o n  of  4 i n  sodium hydroxide ,  fo l lowed by 

a c i d i f i c a t i o n ,  caused  i t s  rear rangement  t o  l - ( p - f l  - uorophenyl)-3-(L- - - 
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190 EL KILANY ET AL. 

c )  CuCl2 ;d) A q O I C g H g N  i e )  NaOH i f ) A c O H  

g) BzCl ICgHgN i h) IOi ; i )  NaBH4 

SCHEME 2 
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MONO AND BIS-(p-FLUOROPHENYL) HYDRAZONES 191 

t h r e o - g 1  y c e r o l - 1 - y l  1-pyrazol i n-4,5-dione-4-(p-fl - uorophenyl )hydrazone (8, 

Scheme 2). The I R  s p e c t r u m  o f  8 showed a band a t  1660 c m - l  ( d u e  t o  t h e  

OCN group), whereas t h e  l a c t o n e  carbonyl  band a t  1745 cm-l, as found i n  

p r e c u r s o r  4 ,  was absent, c o n f i  r m i n g  t h a t  t h e  r e a r r a n g e m e n t  h a d  t a k e n  

place.2 A c e t y l a t i o n  o f  8 w i t h  a c e t i c  anhydr ide  i n  p y r i d i n e  y i e l d e d  3- 

(1,2,3-tr i -O-acetyl  - -L- th reo-g lycero l -1 -y1  - -- ) - l - ( p - f l  - uorophenyl I py razo l  i n -  

4,5-di o n e - 4 - ( p - f l  - u o r o p h e n y l  hyd razone  (9 ) .  The IR s p e c t r u m  o f  t h i s  

a c e t a t e  showed t h e  p r e s e n c e  o f  a band a t  1750 c m - l  ( d u e  t o  OAc), i n  

a d d i t i o n  t o  a band a t  1660 c m - l  (due  t o  OCN). I t s  l H  N M R  s p e c t r u m  

showed t h e  p r e s e n c e  o f  t h e  t h r e e  a c e t y l  g roups  a s  t w o  s i n g l e t s  o f  s i x  

and t h r e e - p r o t o n s  i n t e n s i t y  a t  62.06 and 2.13, r e s p e c t i v e l y .  The H-3 

and H-3' o f  t h e  g l y c e r o l y l  s i d e  c h a i n  appeared  as  t w o  q u a r t e t s  a t  64.4 

and 4.2, r e s p e c t i v e l y .  The s m a l l e r  coup l i ngs  (J2,3 = 4.5 Hz and J2,3' = 

6 Hz) i n  each q u a r t e t  were due t o  t h e  c o u p l i n g  w i t h  H-2, and t h e  l a r g e r  

c o u p l i n g  (J3,31 = 12  Hz) was due t o  g e m i n a l  c o u p l i n g .  The H-2 and H - 1  

appeared  as  a m u l t i p l e t  and a d o u b l e t  a t  65.8 and 6.2, r e s p e c t i v e l y .  

The a r o m a t i c  p r o t o n s  appeared  a t  6 7.1-8.0, and  t h e  i m i n o  p r o t o n  

appeared  a t  6 13.7. The l a t t e r  s i g n a l  d i s a p p e a r e d  upon d e u t e r a t i o n ,  

wh ich  c o n f i r m e d  i t s  assignment. Benzoy la t i on  o f  8 w i t h  benzoyl c h l o r i d e  

i n p y r i  d i  ne y i  e l  ded l - ( p - f l  - uorophenyl l-3- (1,2,3- t r i  -0- - b e n z o y l  -L-  - -- t h  reo -  

g l y c e r o l  -1-yl 1-pyrazol  i n-4,5-dione-4-(p-f1 - uorophenyl )hydrazone (7) .  I t s  

IR spectrum showed bands a t  1725 cm-l  (due t o  OBz) and 1660 cm- l  (due t o  

OCN). P e r i o d a t e  o x i d a t i o n  o f  8 gave 1 - ( p - f l  - u o r o p h e n y l ) - 3 - f o r m y l  

pyrazolin-4,5-dione-4-(p-fluorophenyl)hydrazone - (10 ) .  I t s  IR s p e c t r u m  

showed t w o  bands i n  t h e  carbonyl  f requency region, one a t  1670 (due t o  

OCN) a n d  t h e  o t h e r  a t  1700 c m - l  ( d u e  t o  t h e  CHO group) .  The l H  N M R  

s p e c t r u m  o f  10 showed t h e  p r e s e n c e  o f  one a l d e h y d i c  p r o t o n  as  t w o  

s e p a r a t e  s i g n a l s  a t  69.95 and 9.65 i n  a r a t i o  o f  4:3. The i m i n o  p r o t o n  

appeared a l s o  as two  separa te  s i g n a l s  a t  613.9 and 13.3, i n d i c a t i n g  t h e  

p r e s e n c e  o f  t w o  s p e c i e s  w h i c h  may b e  a t t r i b u t e d  t o  t h e  p o s s i b l e  

i someri sm o f  t h e  a1 dehydic group. 
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192 EL KILANY ET AL.  

Reduct ion o f  t h e  aldehyde 10 w i t h  sodium bo rohydr ide  y i e l d e d  l - ( p -  - 
f l  uorophenyl)-3-hydroxymethyl p y r a z o l  i n-4,5-di  one-4-(  - p - f l  u o r o p h e n y l  1- 
hydrazone (111, whose I R  spectrum showed t h e  disappearance o f  t h e  band 

due t o  t h e  a l d e h y d e  a t  1700 c m - l  a n d  appearance  o f  a h y d r o x y l  band  a t  

3320 cm-l. A c e t y l a t i o n  o f  11 w i t h  a c e t i c  anhydr ide  i n  p y r i d i n e  y i e l d e d  

3-acetoxymethy l - l - (p - f l  - uorophenyl )py razo l  i n-4,5-di one-4- (p - f l  - uorophen- 

y 1 ) h y d r a z o n e  (121, whose I R  s p e c t r u m  showed t h e  p r e s e n c e  o f  a band a t  

1745 cm-l  (due t o  OAc), i n  a d d i t i o n  t o  a band a t  1660 cm-l  (due t o  OCN). 

I t s  'H NMR spectrum showed t h e  presence o f  one a c e t y l  group as a s i n g l e t  

a t  62.12. The 

a romat i c  p ro tons  appeared a t  6 7.1-8.0, and t h e  i m i n o  p r o t o n  appeared a t  

6 13.6. The presence o f  one a c e t y l  group i n d i c a t e d  t h a t  t h e r e  was one 

hydroxy l  group i n  11 which  r e s u l t e d  by  r e d u c t i o n  o f  t h e  a1 dehydic group, 

thus  c o n f i r m i n g  t h e  s t r u c t u r e  o f  t h e  a1 dehyde 10 and, consequently, t h e  

t r i o 1  p recu rso r  8. Benzoy la t i on  o f  11 w i t h  benzoyl c h l o r i d e  i n  p y r i d i n e  

y i  e l  ded 3 - b e n z o y l  o x y m e t h y l  - l - ( p - f l  - uorophenyl I py razo l  in -4 ,5 -d ione-4- (~-  - 

f l u o r o p h e n y l  )hyd razone  (131, s h o w i n g  i n  i t s  I R  s p e c t r u m  bands a t  1730 

cm' (due t o  OBzl and  1660 c m - l  (due t o  OCN). 

I t  i s  known8 t h a t  t h e  b i s ( a r y 1  h y d r a z o n e )  o f  l Y 2 - d i c a r b o n y l  

compounds, a s  w e l l  a s  s u g a r  b i s ( h y d r a z o n e s ) ,  c a n  b e  c o n v e r t e d  i n t o  

t r i a z o l e s  b y  t h e  a c t i o n  o f  o x i d i s i n g  s a l t s .  On t h e  o t h e r  hand, when 

2,3-bis(phenyl hyrazono)-butyro-1,4-1 actone was b o i l e d  w i t h  an  e thano l  i c  

s o l u t i o n  o f  c u p r i c  c h l o r i d e ,  p a r t i a l  h y d r o l y s i s  occurred, and 2-phenyl- 

hydrazono-3-oxo-butyro-l,4-lactone9 was o b t a i  ned. Moreover ,  when 

bis(ary1hydrazones) o f  2 were sub jec ted  t o  s i m i l a r  r e a c t i o n  cond i t i ons ,  

o n l y  a loss o f  t w o  hydrogen atoms took  place.8 Thus when t h e  r e a c t i o n  

was extended t o  4, a y e l l o w  p roduc t  c o u l d  be separa ted  and i d e n t i f i e d  as 

3,6-anhydro-3-C-(p-f1 uorophenyl azo)-L-xyl  o-2-hexul osono-1,4-1 actone-2- 

( p - f l  - u o r o p h e n y l  ) h y d r a z o n e  (5 ) .  The IR s p e c t r u m  o f  5 showed bands a t  

1725 and 1740 cm-l  (due t o  t h e  carbony l  l ac tone ) ,  i n  a d d i t i o n  t o  a band 

a t  3440 cm-' (due  t o  t h e  h y d r o x y l  g roup) .  The 'H NMR s p e c t r u m  o f  5 

showed a s i n g l e t  a t  65 .1  ( d u e  t o  H-41, a m u l t i p l e t  a t  64.6 ( d u e  t o  H -  

The s i n g l e t  a t  6 5.2 was a s s i g n e d  t o  t h e  CH2 group. 

-- - -  
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MONO AND BIS-(p-FLUOROPHENYL) HYDRAZONES 193 

51, and m u l t i p l e t  a t  64.2 (due t o  H-6 and H-6'1, i n  a d d i t i o n  t o  a 

m u l t i p l e t  a t  67.1-8.0 ( t h e  a r o m a t i c  p r o t o n s )  a n d  a s i n g l e t  a t  612.0 

( N H ) .  The hydroxyl pro ton  a p p e a r e d  a s  a doub le t  a t  62.5. A c e t y l a t i o n  

of 5 with a c e t i c  anhydride i n pyri di ne afforded 5-O-a~etyl-3~6-anhydro- 

3-C- (p-f l  uorophenyl azo)  -L-xyl o-2-hexul OSOnO-1,4-1 actone-e-(p-fl uorophen- 

yllhydrazone (6) whose IR spectrum showed the  presence o f  a band a t  1745 

cm-l (due  t o  t h e  OAc) and a band a t  1795 cm-l (due  t o  the  carbonyl  

lactone) .  The l H  N M R  spectrum of t he  ace t a t e  6 showed the  presence of 

t h e  a c e t y l  group a t  6 2.0 a n d  t h e  H-4,5,6,6' a t  64.2, 5.3, and 4.2, 

respect ively.  The aromatic protons appeared a s  mu1 t i p l e t s  a t  67.1-7.9, 

and t h e  N H  appeared  a t  612.0. These s p e c t r a l  d a t a  a n d  the  mode of t h e  

r e a c t i o n  conf i rmed t h e  a s s igned  s t r u c t u r e .  The fo rma t ion  of 5 from 4 

may proceed through 4a. 

- 

-- - - -  

EXPERIMENTAL 

General procedures .  Me1 t i n g  points  (uncorrected) were determined 

w i t h  a "Me1 temp" apparatus equipped w i t h  a 76-mm immersion thermometer. 

Infrared (IR) spectra  were recorded w i t h  a Unicam SP 1025 spectrometer. 

'H N M R  s p e c t a  were de te rmined  wi th  a Varian EM-390 s p e c t r o m e t e r  f o r  

sol  u t i o n s  i n chl  oroform-d - o r  di  methyl sul fOXide-dg - w i t h  tetramethyl- 

s i l a n e  (MeqSi) a s  i n t e r n a l  o r  e x t e r n a l  r e f e r e n c e ,  r e s p e c t i v e l y .  The 

s p e c t r a  a r e  r e p o r t e d  wi th  chemical s h i f t s  downf ie ld  from MeqSi. 

Microanalyses were ca r r i ed  o u t  i n  the u n i t  of Microanalysis, Faculty of 

Science, Cairo University, Cairo, Egypt. 

L-threo-2,3-Hexodiul osono-1,4-1 acton&?-( p-fl uorophenyl )hydrazone 

(3 ) .  A col  d so l  u t ion  of 2, ob ta ined  by t h e  o x i d a t i o n  of 1 (1.76 g, 0.01 

moll i n  w a t e r  (50 mL) w i t h  i od ine ,  was t r e a t e d  w i t h  a s o l u t i o n  of - p- 

f l  uorophenyl hydrazi  ne hydroch lo r ide  (1.63 g ,  0.01 moll i n  e thanol  (25 

mL). Sodium ace ta t e  (0.8 g, 0.01 moll and a few drops of g lac ia l  ace t i c  

a c i d  were  then  added. T h e  r e a c t i o n  mixture was cooled  f o r  10 m i n  and 

kept overnight a t  room temperature, whereby a yellow c r y s t a l l i n e  product 

s e p a r a t e d  o u t .  T h e  p roduct  was f i l t e r e d ,  washed s e q u e n t i a l l y  w i t h  
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194 EL K I L A N Y  ET A L .  

w a t e r ,  e t h a n o l ,  and  e t h e r ,  and  t h e n  d r i e d .  

e t h a n o l  a s  y e l l o w  c r y s t a l s  (1.7 g, 60% y i e l d ) :  

(CO), 1760 (OCO), a n d  3430 (OH) cm-l. 

51.1; H, 3.9; N, 9.9. Found: C, 51.4; H, 3.6; N, 9.8. 

I t  was c r y s t a l l i z e d  f r o m  

mp 182 OC; w,",B,' 1675 

Anal .  Cal  c d  f o r  C12H11FN205: C, 

L-threo-2,3-Hexodiul osono-l,4-1 actone-2,3-bi s( p-fl  uorophenyl 1- 
hydrazone (4). A s o l u t i o n  of  2, ob ta ined  by  t h e  o x i d a t i o n  o f  1 (1.76 g, 

0.01 m o l )  i n  w a t e r  (100 mL),  was t r e a t e d  w i t h  a s o l u t i o n  o f  - p - f l u o r o -  

pheny lhydraz ine  h y d r o c h l o r i d e  (3.26 g, 0.02 m o l l  i n  e thano l  (50 m L )  w i t h  

sod ium a c e t a t e  (1.6 g, 0.02 m o l l  a n d  g l a c i a l  a c e t i c  a c i d  ( 2  m L ) .  The 

r e a c t i o n  m i x t u r e  was heated on a b o i l i n g  w a t e r  b a t h  f o r  30 min, whereby 

t h e  bis(hydrazone1 separated out. It was f i l t e r e d  a f t e r  coo l i ng ,  washed 

s e q u e n t i a l l y  w i t h  w a t e r ,  e t h a n o l ,  and  e t h e r ,  a n d  t h e n  d r i e d .  I t  was 

r e c r y s t a l l i z e d  f rom ethanol  t o  g i v e  r e d  needles (2.2 g, 56% y i e l d ) :  mp 

215 OC; v,",": 1745 (OCO), 3315 (NH), 3430 ( O H )  cm-l. Anal.  C a l c d  f o r  

C18H16FzN404: C, 55.4; H, 4.1; N ,  14.4. Found: C, 55.7; H, 4.0; N, 

14.3. 

l - ( p - F l  uorophenyl)-3-L-threo-glycerol-l-y1~ pyrazol in-4,5-dione-4- 

A s u s p e n s i o n  o f  4 (0.78 g, 2 mmol )  i n  (p-fluoropheny1)hydrazone (8). 
wate r  (25 m L )  was heated  a t  80 OC w i t h  2 N sodium hyd rox ide  (30 mL) f o r  

30 min ,  whereby  t h e  b i s ( h y d r a z o n e 1  was c o m p l e t e l y  d i s s o l v e d .  The 

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

p roduc t  t h a t  separa ted  o u t  was f i l t e r e d ,  washed seve ra l  t i m e s  w i t h  wa te r  

and e t h a n o l ,  and d r i e d .  I t  was r e c r y s t a l l i z e d  f r o m  e t h a n o l  i n  o r a n g e  

c r y s t a l s  (0.55 g, 71% y i e l d ) :  mp 205 OC; v,",": 1660 (OCN), 3420 ( O H )  cm' 

Ana l .  C a l c d  f o r  C18H16F2N404: C, 55.4; H. 4.1; N, 14.4. Found: C, 

55.5; H, 4.0; N ,  14.0. 

1- (p-Fl uorophenyl)-3-( 1,2,3- tri-O-acetyl -L-threo-glycerol -1-yl 1- 
pyrazolin-4,5-dione-4-(p-fluorophenyl) hydrazone (9). A c o l  d s o l u t i o n  

o f  8 (0.936 g, 2.4 mmol )  i n  d r y  p y r i d i n e  (5 m L )  was t r e a t e d  w i t h  a c e t i c  

a n h y d r i d e  (5 m L ) ,  a n d  t h e  m i x t u r e  w a s  k e p t  o v e r n i g h t  a t  r o o m  

temperature. The r e a c t i o n  m i x t u r e  was poured o n t o  crushed i ce ,  and t h e  

p r o d u c t  t h a t  s e p a r a t e d  o u t  was f i l t e r e d ,  washed s e q u e n t i a l l y  w i t h  a 
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MONO AND BIS-(p-FLUOROPHENYL) HYDRAZONES 195 

d i l u t e  s o l u t i o n  o f  sod ium b i c a r b o n a t e ,  w a t e r ,  and  e t h a n o l .  I t  was 

r e c r y s t a l l i z e d  f r o m  e t h a n o l  i n  o r a n g e  c r y s t a l s  (1.1 g, 89% y i e l d ) :  mp 

138 OC; V i,”: 1660 (OCN) and 1750 (OAc) cm‘l; ‘H N M R  (CDC13): 613.7 

(bs, l H ,  NH), 7.8, 7.4, and 7.1 (3 m y  8H, a r o m a t i c  p r o t o n s ) ,  6.2 (d ,  l H ,  

J1 2 = 6 Hz, H-11, 5.8 ( m y  l H ,  H-21, 4.4 (9, l H ,  J2,3 = 4.5 Hz, J3,31 = 

12 Hz, H-31, 4.2 (9, l H ,  J2,31 = 6 Hz, H-3’1, 2.13 ( s ,  3H, CH3CO), and 

2.06 ( s ,  6H, 2 CH3CO). The s i n g l e t  a t  613.7 d i s a p p e a r e d  upon a d d i t i o n  

o f  D20. Found: 

C, 55.7; H, 3.9; N, 10.4. 

Anal .  C a l c d  f o r  C24H22F2N407: C, 55.8; H, 4.3; N, 10.8. 

1- ( p-F1 uorophenyl l -3-  ( 1,2,3- tri -0-benzoyl -L- threo-g1 y c e r o l  -1-yl ) - 
py razo l  in-4,5-dione-4-(p-fluorophenyl) h y d r a t o n e  17). A c o l  d s o l  u t i  on 

o f  8 (0.936 g, 2.4 mmol) i n  d r y  p y r i d i n e  (5 mL) was t r e a t e d  w i t h  benzoyl 

c h l o r i d e  (0.2 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  f o r  24 h a t  room 

t e m p e r a t u r e .  I t  was t h e n  p o u r e d  o n t o  c r u s h e d  i c e ,  and  t h e  s o l i d  t h a t  

s e p a r a t e d  o u t  was f i l t e r e d  and  washed r e p e a t e d l y  w i t h  w a t e r .  I t  was 

r e c r y s t a l  1 i z e d  f r o m  e t h a n o l  t o  g i v e  o r a n g e  need1 es (1.3 g, 77% y i  e l  d): 

mp 148 OC; vk,”; 1660 (OCN)  and 1725 (062 )  c m - l .  Anal .  C a l c d  f o r  

C3gH28F2N407: C ,  66.6; H, 4.0; N, 8.0. Found: C,  66.1; H, 4.0; N, 

8.4. 

l-(p-Fluoropheny1)-3-formyl-pyrazol i n-4,5-dione-4-(p-f1 uorophenyl 1- 
h y d r a z o n e  (10). A s u s p e n s i o n  o f  8 (3.9 g, 0.01 m o l )  i n  d i s t i l l e d  w a t e r  

(50  m L )  was t r e a t e d  w i t h  a s o l u t i o n  o f  sod ium m e t a p e r i o d a t e  (5.4 g, 

0.025 m o l )  i n  w a t e r  (20 m L ) ,  and t h e  m i x t u r e  was s t i r r e d  a t  room 

t e m p e r a t u r e .  The p r o d u c t  was f i l t e r e d  o f f  and  r e c r y s t a l l i z e d  f r o m  

e t h a n o l  t o  g i v e  o r a n g e  n e e d l e s  (2.3 g, 70% y i e l d ) :  mp 225 OC;  v/$i{ 1670 

(OCN) a n d  1700 (CHO) cm- l ;  l H  NMR (DMSO-dg): 613.9, 13.3 (2  bs, 1 H, 

NH), 9.95, 9.65 [ 2  s ,  (4  : 31, l H ,  H C O I ,  7.9, 7.5, and  7.1 (3  m y  8H, 

a r o m a t i c  p r o t o n s ) ;  t h e  s i g n a l  due t o  NH d i s a p p e a r e d  upon a d d i t i o n  o f  

D20. Anal .  C a l c d  f o r  C16H10F2N402: C, 58.5; H, 3.1; ) I ;  17.1. Found: 

C, 58.9; H, 3.2; N, 17.3. 

l-(p-F1 uorophenyl)-3-hydroxymethyl -pyrazol  i n-4,5-dione-4-(p-f1 uoro- 

pheny1)hyd razone  (11). A s o l u t i o n  of 10 (0.56 g, 1.7 mmol) i n  a m i x t u r e  
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of -- N,N-dimethylformamide (15 m L )  and methanol (10 m L )  was t r e a t e d  w i t h  

sod ium b o r o h y d r i d e  (0.7 g),  a n d  t h e  m i x t u r e  was s t i r r e d  a t  room 

t e m p e r a t u r e  f o r  2 h, t h e n  l e f t  f o r  a n  a d d i t i o n a l  4 h. The r e a c t i o n  

m i x t u r e  was d i l u t e d  w i t h  water, and t h e  p r e c i p i t a t e  was f i l t e r e d ,  washed 

w i t h  water,  and dr ied.  The p roduc t  was r e c r y s t a l l i z e d  f rom e thano l  t o  

g i v e  o r a n g e  c r y s t a l s  (0.5 g, 84% y i e l d ) :  mp 219 OC; v;,”: 1660 (OCN) 

cm- l .  Ana l .  C a l c d  f o r  C16H12F2N402.H20: C,  55.2; H, 4.1; N, 16.1. 

Found: C, 55.2; H, 3.7; N, 15.8. 

3-Acetoxymethyl- l-(  p - f l  uorophenyl I p y r a z o l  i n-4.5-dione-4-( p - f l  uoro- 

p h e n y l l h y d r a z o n e  (12). A c o l d  s o l u t i o n  o f  11 (0.835 g, 2.4 mmol) i n  d ry  

p y r i d i n e  ( 5  mL) was t r e a t e d  w i t h  a c e t i c  a n h y d r i d e  (3  m L ) ,  and  t h e  

m i x t u r e  was k e p t  o v e r n i g h t  a t  room temperature.  The r e a c t i o n  m i x t u r e  

was poured on to  crushed i c e ,  t h e  p roduc t  was f i l t e r e d ,  washed repeated ly  

w i t h  w a t e r ,  and  d r i e d .  I t  was r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  g i v e  

o range  c r y s t a l s  (0.8 g, 90% y i e l d ) :  mp 155  OC; V,$t{ 1660 (OCN) and 1745 

(OAc) cm- l ;  ‘H NMR (CDC13): 613.6 (bs, l H ,  NH), 7.8, 7.4, and 7.1 (3 m y  

8H, a r o m a t i c  p r o t o n s ) ,  5.2 ( s ,  2H, CH201, and  2.12 ( s ,  3H, CH3CO). 

Anal .  C a l c d  f o r  C18H14F2N403: C ,  58.1; H. 3.8; N, 15.0. Found: C, 

57.6; H, 3.9; N, 14.7. 

3-Benzoyl oxymethyl-1- ( p- f l  uorophenyl I p y r a z o l  i n-4,5-di one-l-(p- 

f l u o r o p h e n y l l h y d r a z o n e  (13). A s o l u t i o n  o f  11 (0.1 g, 0.28 mmoll i n  d r y  

p y r i d i n e  ( 3  m L )  was t r e a t e d  w i t h  b e n z o y l  c h l o r i d e  (0.1 mL) a n d  l e f t  

o v e r n i g h t  a t  room t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  was p o u r e d  o n t o  

crushed i ce ,  t h e  p roduc t  was f i l t e r e d ,  washed repea ted ly  w i t h  water,  and 

d r i e d  (0.1 g, 77% y i  e l  d). I t  was r e c r y s t a l  1 i z s e d  f r o m  e t h a n o l  t o  g i v e  

o range  n e e d l e s :  mp 205-206 OC; v,$$ 1660 (OCN) and 1730 (OBz)  cm-l .  

Anal .  C a l c d  f o r  C23H16F2N403: C, 63.6; H, 3.7; N, 12.9. Found: C, 63.2; 

H, 4.1; N, 12.5. 

3,6-Anhydro-3-C- ( p - f l  uorophenyl azo) - l -xy l  o-2-hexul osono-1,4-1 ac tone 

2 - ( p - f l  u o r o p h e n y l  )hyd razone  (5).  A s u s p e n s i o n  o f  4 (1.0 g, 2.56 mmol 
and  c u p r i c  c h l o r i d e  (2.0 g, 14.8 mmol)  i n  e t h a n o l  (20  mL) was h e a t e d  on  

a b o i l i n g  wa te r  b a t h  f o r  30 min. The m i x t u r e  was d i l u t e d  w i t h  h o t  wa te r  
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and t h e n  coo led .  The p r e c i p i t a t e d  p r o d u c t  was f i l t e r e d ,  washed w i t h  

water,  ethanol ,  and dr ied.  It was then  r e c r y s t a l l i z e d  f r o m  ethanol  t o  

g i v e  y e l l o w  c r y s t a l s  (0.8 g, 81% y i e l d ) :  mp 185 OC; v 1725, 1740 

(OCO), and  3440 (OH) cm- l ;  l H  NMR (CDC13): 612.0 ( s ,  l H ,  NH), 7.9, 7.1 

(2 m y  8H, a r o m a t i c  p r o t o n s ) ,  5.1 ( s ,  l H ,  H-41, 4.6 ( m y  l H ,  H-51, 4.2 ( m y  

2H, H - 6 ,  -6'1, and 2.5 (d, l H ,  OH); t h e  s i n g l e t  a t  612.0 a n d  t h e  

d o u b l e t  a t  62.5 d i s a p p e a r e d  upon a d d i t i o n  o f  D20. Ana l .  C a l c d  f o r  

C18H14F2N404: C, 55.7; H, 3.6; N, 14.4. Found: C, 55.4; H, 3.3; N, 

14.8. 

5-O-Acetyl-3,6-anhydro-3-C-( p- f l  uorophenyl azol-L-xyl  o-2-hexul osono- 

1,4-1 a c t o n e  2- (p - f3  u o r o p h e n y l )  h y d r a z o n e  (6). A c o l  d s o l u t i o n  o f  5 (0.2 

g, 0.52 mmol)  i n  d r y  p y r i d i n e  ( 3  mL) was t r e a t e d  w i t h  a c e t i c  a n h y d r i d e  

(3 mL). The m i x t u r e  was k e p t  o v e r n i g h t  a t  room temperature,  t hen  poured 

o n t o  c r u s h e d  i c e ,  and t h e  p r o d u c t  t h a t  s e p a r a t e d  o u t  was f i l t e r e d ,  

washed s e q u e n t i a l l y  w i t h  a d i l u t e  s o l u t i o n  o f  sodium bicarbonate,  water,  

and ethanol .  It was r e c r y s t a l l i z e d  f rom e thano l  t o  g i v e  y e l l o w  needles 

(0.16 g, 72% y i e l d ) :  mp 175 OC; wi!: 1745 (OAc) c m - l ;  l H  NMR (CDC13): 6 

12.0 ( s ,  l H ,  NH), 7.8, 7.1 (2  m, 8H, a r o m a t i c  p r o t o n s ) ,  5.3 ( m y  l H ,  H -  

51, 5.2 ( s ,  l H ,  H-41, 4.2 (m,  2H, H-6,6'), and  2.0 ( 5 ,  3H, CH3CO). 

Ana l .  C a l c d  f o r  C20H16F2N405: C, 55.8; H, 3.7; N, 13.0. Found: C, 

56.2; H, 4.0; N, 12.9. 
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