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SUMMARY 

Maleic  anhydride-1- and 2-1 3C were syn thes i zed  r e spec t ive -  
l y  from t h e  a v a i l a b l e  a s p a r t i c  acid-4- and -3-13C by way of t h e  
corresponding bromosuccinic a c i d s  and t h e i r  anhydrides .  The 
m a l e i c  anhydrides  w e r e  converted i n t o  l,Z-dihydro-3,6-pyrida- 
zinedione-3- and -4-1 3C on t r ea tmen t  w i th  aqueous hydrazine 
s u l f a t e .  Nitrogen-15 l abe led  1,2-dihydro-3,6-pyridazinedione 
was ob ta ined  from t h e  l a t t e r  r e a c t i o n  us ing  hydrazine-15N s u l -  
f a t e .  

Key Words: Aspa r t i c  a c i d ,  bromosuccinic anhydride,  ma le i c  anhydride,  ma le i c  
hydr az  i d  e 

INTRODUCTION 

An i n v e s t i g a t i o n  of t h e  p y r o l y t i c  behavior  of t h e  growth r e g u l a t o r ,  ma le i c  

hydraz ide ,  11, (lY2-dihydro-3,6-pyridazinedione) involved a de t e rmina t ion  of t h e  

f a t e  of p a r t i c u l a r  atoms i n  t h e  py rogene t i c  p rocesses  involved. For t h i s  s t u d y ,  

t h e  3 and 4 p o s i t i o n s  of ma le i c  hydraz ide  w e r e  l abe led  w i t h  carbon 1 3  and t h e  

n i t r o g e n s  were l a b e l e d  wi th  n i t r o g e n  15. 

The s y n t h e t i c  sequence r epor t ed  h e r e i n  was determined by t h e  a v a i l a b i l i t y  of 

t h e  l a b e l e d  p r e c u r s o r s  - hydrazine s u l f a t e  and a s p a r t i c  a c i d .  

f o r  t h e  s y n t h e s i s  of ma le i c  hydrazide invo lves  t h e  i n t e r a c t i o n  of ma le i c  anhydride 

w i t h  hydrazine o r  one of i t s  salts i n  water''), e t h a n o l ( 2 )  or a c e t i c  a c i d ( 3 ) .  O f  

t h e  v a r i a t i o n s  t e s t e d ,  t h e  r e a c t i o n  of maleic  anhydride wi th  hydrazine s u l f a t e  i n  

water (1:l mole r a t i o )  w a s  t h e  s imples t  r e a c t i o n  t o  run and gave t h e  p u r e s t  pro- 

duc t  i n  h igh  y i e l d .  

The u s u a l  method 
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I I1 

The procedure u t i l i z e d  f o r  t h e  s y n t h e s i s  of ma le i c  anhydride l a b e l e d  a t  car- 

bon 1 and carbon 2 from a s p a r t i c  a c i d  is o u t l i n e d  i n  Scheme 1. 

- DL-Bromosuccinic a c i d ,  ob ta ined  i n  h igh  p u r i t y  i n  over 90% y i e l d  by t h e  

d i a z o t i z a t i o n  of a s p a r t i c  a c i d  i n  an  HBr-NaBr s o l u t i o n ( 4 ) ,  was converted t o  t h e  

- DL-bromosuccinic anhydride by t r ea tmen t  w i th  N,"-dicyclohexylcarbodiimide (DDC). 

SCHEME 1 

HBr NaBr - DCC HOOCCH2CHCOOH NaN;)2 HOOCCH2-FH-COOH - 
B r  

I 
NH2 

0 
II 

B r C H  / c \o  
I 
CH / 

2'C 
11 

250-60' - I + H B r  

0 

P y r o l y t i c  d e h y d r ~ b r o m i n a t i o n ( ~ )  of t h e  crude anhydride (an oil) u t i l i z i n g  t h e  

c o n t r o l l e d  p y r o l y s i s  appa ra tus  p rev ious ly  desc r ibed (6 )  produced c r y s t a l l i n e  I of 

s u f f i c i e n t  p u r i t y  f o r  t h e  s y n t h e s i s  of ma le i c  hydrazide.  

maleic  hydrazide ob ta ined  from a s p a r t i c  a c i d  was 2. 55%. 

The o v e r a l l  y i e l d  of 

The conversion of t h e  bromosuccinic a c i d  t o  t h e  anhydride p r i o r  t o  t h e  

e l imina t ion  of hydrogen bromide is e s s e n t i a l  because bo th  t h e  pyrolyt ic")  and 

base-catalyzed(*) dehydrobrominations of bromosuccinic a c i d  produce fumaric  ac id .  
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The r e p o r t  t h a t  fumaric  a c i d  can b e  transformed i n t o  ma le i c  anhydr ide  on hea t -  

ing") suggested t h a t  i t  might b e  p o s s i b l e  t o  o b t a i n  I from bromosuccinic a c i d  

v i a  fumaric  a c i d  i n  a s i n g l e  p y r o l y t i c  s t e p .  However, p y r o l y s i s  of bromosuccinic 

a c i d  i n  t h e  appa ra tus  used above y i e lded  on ly  fumaric  a c i d .  

P r e p a r a t i o n  of ma le i c  hydrazide-1,  2-I5N2 was achieved by t r ea tmen t  of ma le i c  

anhydride w i t h  hydrazine-15N2 s u l f a t e .  B e n ~ a l a z i n e - ~ ~ N  was p repa red  from 2 

benzaldehyde and t h e  l a b e l e d  hydrazine s u l f a t e  a s  an  a d d i t i o n a l  means of d e t e r -  

ming i s o t o p i c  con ten t .  

EXPERIMENTAL 

DL-Bromosuccinic acid-4-13C. The procedure is similar t o  t h a t  of Holmberg (4)  , 

To a s t i r r e d ,  ice-cooled s o l u t i o n  o f  1 .01  g (7.52 mmol) J&-aspartic acid-4-13C 

(90%-4-13~, KOR I s o t o p e s  ) and 3.33 g sodium bromide in 7 m l  2N H B r ,  0.93 g of 

pu lve r i zed  sodium n i t r i t e  was added po r t ionwise  over  a pe r iod  of 1.75 h r .  The 

mix tu re  was s t i r r e d  f o r  an  a d d i t i o n a l  1 5  min, 1 .4  m l  of 40% H2S04 was added, and 

s t i r r i n g  and coo l ing  cont inued f o r  a n  a d d i t i o n a l  1 5  min. 

was e x t r a c t e d  w i t h  f i v e  8-ml p o r t i o n s  of e t h e r  and t h e  combined reddish-brown 

e x t r a c t s  were d r i e d  (MgS04). 

(6.75 mmol, 94.1%) E-bromosuccinic  acid-4-13C, mp 164-165'. 

a u t h e n t i c  sample w a s  163-165'. 

* 

The r e s u l t i n g  suspens ion  

F i l t r a t i o n  and s o l v e n t  removal y i e l d e d  1.40 g. 

The mp of an  

Maleic Anhydride-l-13C. To 686 mg (3.48 mmol) of J&-bromosuccinic acid-4-13C 

d i s so lved  i n  8 m l  of a c e t o n i t r i l e ,  a s o l u t i o n  of 728 mg (3.53 mmol) of dicyclo-  

hexylcarbodi imide in 8 m l  of a c e t o n i t r i l e  was added. A w h i t e  p r e c i p i t a t e  began 

t o  form almost  immediately. A f t e r  s t and ing  f o r  1 h r ,  t h e  p r e c i p i t a t e  was removed 

by f i l t r a t i o n  and t h e  s o l v e n t  evaporated from t h e  f i l t r a t e  i n  vacuo. 

amounts of s o l v e n t  remaining do n o t  diminish t h e  y i e l d  o r  q u a l i t y  of t h e  f i n a l  

p roduc t ) .  The r e s u l t i n g  brownish o i l  was placed in a small tube  which in t u r n  

was placed i n  t h e  168 x 1.1 cm (0.9 cm i .d .1  q u a r t z  t ube  pos i t i oned  h o r i z o n t a l l y  

i n  t h e  p y r o l y s i s  appa ra tus (6 ) .  The movable oven, 5-cm long ,  surrounds a s e c t i o n  

(Minor 

* 
F i f t y - s i x  Rogers S t . ,  Cambridge, Ma. 02142. 
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of t h e  tube and is d r i v e n  a long  t h e  p y r o l y s i s  t ube  by a v a r i a b l e  speed p u l l e y  

system. The o i l  was pyrolyzed a t  250" us ing  a H e  f low of 35 mllmin. 

s u b s t i t u t e d  f o r  H e ) ,  and f u r n a c e  speed of 11-12 mm/min over  a d i s t a n c e  of 160 cm. 

The l i q u i d  which t r a v e l e d  t o  t h e  end of t h e  tube  wi th  t h e  fu rnace  s o l i d i f i e d  on 

coo l ing  and, on removal,  melted a t  49-52" (mp of commercial ma le i c  anhydride,  52- 

54'1, and weighed 279 mg (2.84 mmol, 81.8%). 

(N2 may be 

The product  i s  u s u a l l y  w h i t e  b u t  o c c a s i n a l l y  c o n t a i n s  brown-colored impuri- 

These may b e  removed by r e s u b j e c t i n g  t h e  m a t e r i a l  t o  p y r o l y s i s  i n  a c l e a n  ties. 

tube w i t h  almost  complete recovery.  

1,2-Dihydr0-3,6-pyridazinedione-3-'~C. A mix tu re  of 1.147 g (11.70 mmol) 

of maleic  anhydride-l-13C, 1.522 g (11.70 mmol) of hydrazine s u l f a t e ,  and 11.8 m l  

of water  was s t i r r e d  and heated under r e f l u x  f o r  4 h r .  

t e r i n g  and washing s u c c e s s i v e l y  wi th  co ld  w a t e r  (15 m l ) ,  a b s o l u t e  e t h a n o l  ( 3  ml) 

and e t h e r  ( 3  ml ) ,  t h e r e  was ob ta ined  1.027 g (9.17 mmol, 78.4%) of wh i t e  c r y s t a l -  

l i n e  product ,  mp 306-307". I n  some experiments t h e  product  g i v e s  a p o s i t i v e  t e s t  

f o r  hydraz ine ( lO)  . 
water. 

A f t e r  coo l ing  i n  i c e ,  f i l -  

Removal is r e a d i l y  accomplished by r e c r y s t a l l i z a t i o n  from 

A mass spectrum i n d i c a t e d  t h a t  90.7% of t h e  product  contained a 1 3 C  l a b e l .  

Observat ion w a s  made a t  t h e  112,  113 and 114 (P, P+1, P+2) peaks.  

13 1,2-Dihydro-3,6-pyridazlnedione-4- C.  From 3.048 g (22.91 mmol) a s p a r t i c  

13 1 3  C (90% 3- acid-3- 

49.1%) of product ,  mp 312-314'. A mass spectrum i n d i c a t e d  t h a t  90.9% of t h e  

C ,  KOR Isotopes*)  t h e r e  w a s  ob ta ined  1.261 g (11.26 mmol, 

.- 
product  contained a '"C l a b e l .  

15 112-Dihydro-3,6-pyridazinedione-l,2- N2. From 361 mg (3.68 mmol) ma le i c  

anhydride and 461 mg (3.54 mmol) hydrazine s u l f a t e  (97% 15N2, Merck, Sharp and 

Dohme) t h e r e  was ob ta ined  341 mg (5.04 mmol, 85.8%) of product .  Analysis  of t h e  

mass spectrum i n  t h e  p a r e n t  peak r eg ion  i n d i c a t e d  t h a t  92.6% of t h e  molecules  

bo re  a I 5 N  

obtained from t h e  mass spectrum of b e n z a l a ~ i n e - ' ~ N  

l a b e l  and 7.4% bore  a I 5 N  l a b e l .  Th i s  corresponds t o  t h e  v a l u e s  2 

prepared from benzaldehyde 2 
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and hydraz ine  s u l f a t e  I5N2 .  Analysis  was made a t  t h e  131,  132, 133 and 134 

[Ph-CH=N-N=CH] peaks. 
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