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The Feofi laktov reduction of the a ry lhydrazones  of o~-keto acids is a convenient method for  the syn-  
thesis  of the s imple  o~-amino acids,  but its application to the synthesis  of polyfunctional amino acids has 
received little study [1]. The prepara t ion  of f l -hydroxyglutamic acid by the catalyt ic  hydrogenation of 
phenylazoacetonedicarboxyl ic  e s t e r  is known [2]. Glutamic acid de r iva t ives  with functional groups in the 
B-position are  in teres t ing as tas te  in tens i f ie rs  [3]. Consequently, an at tempt  was made to  synthesize o~, fl- 
dLaminoglutaric acid f rom the phenylazoacetonedicarboxyl ic  acid e s t e r s  (Ia-d) via the oxime (Scheme 1). 

The oximation gave two s e r i e s  of compounds: (IIa-d) and (Iila-d), which belong to the substi tuted 5- 
isoxazoliuones,  and (IVb-d), compounds that belong to the triazoLe se r i e s .  The i r  s t ruc tu re  was  proved, 
and a study was made of their  reduction and aLso of some of their  other  p r o p e r t i e s  (Table 1). 

Structure of Obtained Compounds. In the s tar t ing  e s t e r s  (in, b) the keto-enol  equi l ibr ium is shifted 
toward the "azoenol" form,  which is conf i rmed by their  IX, UV, and NM_R spec t ra .  The IR spec t rum of 
(Ib) in CC14 has the absorption band of the hydroxyl around 3300 cm -1, in which connection the c h a r a c t e r  of 
the absorpt ion does not change when the solution is diluted f rom 0.2 to 0.01 M, which indicates the p re sence  
of an in t r amolecu la r  hydrogen bond 
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T A B L E  1. R e a c t i o n  P r o d u c t s  of (Ia-d)  wi th  H y d r o x y l a m i n e  

Com- 
pound 

(Ia) 
(IIa) 

I IIb) 
IId) 

(IIIa) 
IIIb) 
IIIc) 

(IVc) 

56,44 
55,t4 
56,73 
63,50 
55,53 
56,63 
57,89 
6t,93 

Found. % 

5,0t 
4,t6 
4,65 
4,34 
4,3t 
4,74 
5,38 
6,2t 

t0,12 
t6,t4 
t5,27 
12,40 
t6,37 
t5,37 
t4,22 
13,t9 

Empirical 
formula 

C~sHx, N205 
C12HuN304 
C 1 3 H l s N s O ,  
ClsHt~NsO4 
CI~HnNaO4 
ClaHlaNsO4 
Ct4Ht~NaOi 
CI~H~INa04 

Calculated. % 

c H 

56,12 5,03 
55,i7 4,22 
56.,73 4,73 
64,09 4,45 
55,t7 4,22 
56,73 4,73 
58,13 5,19 
61,63 6,35 

t0,07 
t6,09 
t5,27 
t2,46 
t6,09 
15,27 
t4,53 
t2,69 

The s igna l  of an enol  p ro ton  i s  p r e s e n t  in the NMtl s p e c t r u m  (Table  2). The  UV s p e c t r a  of (Ia, b), 
wh ich  have  Xmax 242-243 and 3 6 0 n m ,  a r e  t y p i c a l  f o r  c o m p o u n d s  with  an azo  s t r u c t u r e  [4]. Compound (In) 
w a s  i s o l a t e d  in two c r y s t a l l i n e  f o r m s ,  which  d i f f e r  in c o l o r ,  s o l u b i l i t y ,  and m e l t i n g  point;  a p p a r e n t l y  they  
a r e  g e o m e L r t c a l  i s o m e r s  [5] ( see  E x p e r i m e n t a l  p a r t ) .  

The r e a c t i o n  of c o m p o u n d s  (In-d) wi th  NH2OH can  p r o c e e d  in an a m b i g u o u s  m a n n e r :  wi th  the f o r m a -  
tion of the o x i m e  as  the i n t e r m e d i a t e  p r o d u c t ,  the  c y c l i z a t i o n  of which  should  g ive  e i t h e r  the 3 -  o r  the 3, 4 -  
subs t i t u t ed  5 - i s o x a z o I i n o n e s  [6, 71, o r  wi th  the f o r m a t i o n  of hydroxamic a c i d s  and t h e i r  c o n v e r s i o n  to two 
s e r i e s  of 3 - i s o x a z o l i n o n e s  [8]. I t  is  a l so  known that  the 5 - t s o x a z o l i n o n e s ,  depend ing  on the s o l v e n t  and the 
s u b s t i t u e n t s  in the r ing ,  can  e x i s t  in t h r e e  t a u t o m e r i c  f o r m s  [7, 9]. 

R R' R It' R R' 

.)c_o/ ",c=c/ 
0C N OC NH HO--C N 

\ /  \ /  \ /  
0 0 0 

(CH) (NH) (0~) 

In addi t ion ,  a t r a n s i t i o n  of the  azo  g roup  of the s t a r t i n g  c o m p o u n d s  to the h y d r a z o n e  g roup  could  be  e x p e c t e d  

[10]. 

The ch ie f  r e a c t i o n  p r o d u c t s ,  the  two s e r i e s  of i s o m e r i c  5 - i s o x a z o l i n o n e s  (IIa, b, d) and (IIIa, b,  c), 
and a l so  (IVc), b e l o n g  to the t r i a z b l e  s e r i e s  (see  Scheme  1). The  s t r u c t u r e  of the ob ta ined  c o m p o u n d s  was  
c o n f i r m e d  ~y the  UV, IR, and NMR s p e c t r a .  The  UV s p e c t r a  of ( I I Ia -c ) ,  r e s p e c t i v e l y  wi th  Xma x 378, 400, 
and 396 nm, a r e  c h a r a c t e r i s t i c  fo r  c o m p o u n d s  that  have  an azo s t r u c t u r e .  The  UV a b s o r p t i o n  of (IIa, b, d), 
wi th  Xmax 277-280 rim, i n d i c a t e s  t h e i r  h y d r a z o n e  s t r u c t u r e  [4]. The [R s p e c t r a  of the (IID c o m p o u n d s  have  
an a b s o r p t i o n  band in the  3200-3225 c m  - i  r eg ion ,  which  is  c h a r a c t e r i s t i c  fo r  the NH group;  th is  band  is 
a b s e n t  in tile (II) c o m p o u n d s .  \ 

The NMR s p e c t r a  ( see  T a b l e  2) have  the s i g n a l s  of the p r o t o n s  of the ester, >CH 2 and phenyl  ,% / 
g r o u p s .  The  s i gna l  of the p ro ton  of the  > C H - N  = NC6H 5 g roup  i s  ab sen t  fo r  ( I I Ia -c ) ,  which  i n d i c a t e s  the 

d i f f e r e n t  s t r u c t u r e  of the i s o x a z o l i n e  r i n g  of (II) and (III). In add i t ion ,  the s i g n a l s  of the  p r o t o n s  of the 
phenyl  r i n g  in the compounds ,  which  con ta in  the azo  and the h y d r a z o n e  g roup ,  a r e  d i f f e r e n t .  

As a r e s u l t ,  the (II) c o m p o u n d s  have  the s t r u c t u r e  of 5 - i s o x a z o l i n e s  wi th  a 3 - s u b s t i t u t e d  r i n g  in the 
CH f o r m  and a h y d r a z o n e  s t r u c t u r e  of the subs t i t ue n t .  The  (III) c o m p o u n d s  a r e  3 , 4 - d t s u b s t i t u t e d  

T A B L E  2. NMR S , e e t r a  (6, ppm) in CF3COOH* 

(Ib) (IIa) (Ilb) (lib) (Ild) I(IIIa)(IIIbl(IIIc)(IV) (V} (VI) Group (Ia) 

CH~ . 3,80 
C6H6 7,t7 

OH .3,27 
Others 

3,76 3,97 
7,33 7,20rr 

17,63rr  2,24 t - 

4,t7 
7,60m 
8, t6m 

6,4 ~r 
=N--NH 

4,00[3 ,90[3 ,753,733170 
, m , L , 0 7 ,  

3,9 
7,03m 
7,43m 

3,7 
6,95rr 
7,6m 

4,0 

1,0--2 0m 
(tin) 

*The chemical shifts of the ester groups are not given; m = muttipiet; the other 
signals are singlets. Compound (Ib) in CC14, and (IIb) in D3CCOCD 3. Compounds 
(IVa), (V),and (VI) were taken relative to TMS (external standard), while the others 
Were taken relative to TMDS (internal standard), 
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TABLE 3. Yields and Ratios of Re-  
action Products  

Starting Yield of reaction products, % 
I co17]- 

(II) (liD [ (Iv) total 
pound I 
(la) 
(ib) 
(ic) 
(id) 

94.5 * 85 
80t 57 5 
69r TraSes 
7r 7 

*When based on (Ia). 

9,5 I -- 22,5 Traces 
45_ ITrac~4s 

tWhen based on the acetonedicarboxylic ac id  
ester. 

5-isoxazolinones with a ring in the NH form, in which connec- 
tion the substituent in the 4 position has an azo s tructure.  Ge- 
ometr ica l  i somer i sm is apparently possible for  the (III) com-  
pounds [see Experimental  part, (IIIa)]. The s t ructure  of the (IV) 
compounds is discussed below. Both the yields and the ratio of 
products (II), (III), and (IV) depend on the s t ructure  of the radi -  
cal in the es ter  groups (Table 3). 

Proper t ies  of (II) and (III) Compounds. A charac te r i s t ic  
of the obtained 5-isoxazolinones is their res is tance  toward r e -  
duction; the (II) compounds remain unchanged when treated with 
Zn/CHsCOOH , NaBH4, or  LiAIH 4. Compound (IIa) is converted 
to the t r tazole es ter  (IVa) under the conditions of the Feofi lak-  
toy reaction (Zn and an alcohol solution of HCI gas), f rom which 

the dibasic acid (V) is obtained by hydrolysis .  The same acid is formed by refluxtng (IIa, b) with either 
aqueous acid or  alkali solutions, and also by the acid hydrolysis  of (ivc), which is obtained direct ly  by the 
reaction of (Ic) with hydroxylamine. 

A conjugated sys tem of bonds, charac ter i s t ic  for the hydrazone s t ructure  of (II), is retained in the 
t r iazole  derivatives (IV) and (V), which finds its reflection in the s imilar i ty  of the UV, IR, and NMR spec-  
t ra  of (IV) and (V) with those of (I D. 

The catalytic hydrogenation of (IIa) and (IIb) (skeletal Ni, 80 atm, 80~ alcohol) fails to lead to the 
expected cleavage of aniline and an opening of the isoxazoline ring [2]. The molecule is destroyed under 
more  drast ic  conditions; we were  able to detect t race amounts of the diaminoglutaric acid. Only the phen- 
yl ring is hydrogenated in neutral  medium in the presence  of platinum (see Tables 2-4) 

H~C--C--C--C00CHs H~/Pt H~C--C--C--C--C00CH3 
d II II CH,O~ I Jl [I 

N N--NHCsH5 OC N N--NHC6Hll 

/ "s/ 
(IIa) (VI) 

The acid proper t ies  of the (II) compounds are due to the lability of the protons of the CH~ group, 
which was shown by the deuterium exchange method (NMR). The pK a values of (IIa, b) differ somewhat 
f rom the l i terature data, as can be seen f rom Table 5, for the 4-unsubstituted 5-tsoxazolinones.  The dif- 
ference is caused by the effect of the conjugated sys tem of double bonds in (IIa, b), when compared with 
the effect of Br in the 4 position of the isoxazolinone ring [7]. 

The proper t ies  of the 3, 4-substi tuted isoxazolinones (III) differ f rom the proper t ies  of the 3-subs t i -  
tuted (II). Thus, t r iazole derivat ives are not formed when the (III) compounds are t reated with alcoholic 
HCI solution. In the presence of Pt all of the double bonds in (IIIb, c) are hydrogenated, but again the 
cleavage of aniline and an opening of the isoxazolinone ring fail to occur  

H~C--C--C--COOCHs 'oH OH,H+, [ CHaOOC--CH~--C--C~COOCHs] 
J II [I ~ ' ~ /  It II I 

OC N N--NHC6Hs L HON N--NHCoH~J 
\/ I 
o 

CHsOOC--CH2--C--C--COOCH 
II 11 (IVa) 
N N 
N /  

N 
I 

CsHa 

~ ['~176176176 1 (IIa, b) L HON N--NHC~H5 J 
$ 

HOOC--CH~--C--C--C00H 
, I1 

H,0(H+) N N 
(IVa, c) --> \ / "  (V) 

N 

CsH5 

Scheme 2 
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T A B L E  4. T r a n s f o r m a t i o n  P r o d u c t s  of (II) and (III) 

Corn- Found, % Empirical Calculated, % 

pound c H N formula c ~ N 

(V) 52,89 3,69 t6,62 CuH~N304 53,44 3,64 i7,00 
(IVa) 56,65 4,82 t5,37 C13Hl~N304 56,73 4,73 t5,27 
(Vl) 53,88 6,08 15 ,74  CI~HmN~04 53,93 6,37 15,73 
(VIIb.) 55,90 6,06 15 ,03  C18HITN304 55,91 6,09 15,05 
(VIIc) 57,43 6,88 14 ,03  C~HIgN304 57,31 6,49 14,33 

H, pt 
ROOC--CH2--C=C--N-~NCoHs ROOC--CH~--CH--CH--NH--NHC~H5 

I I I I 
HN CO HN CO 

(m:b, c) ~ \ / O (VII b, c) 
R=C~Hs(b) , i-CaHT(C). 

S c h e m e  2.  (Continued) 

The  s t r u c t u r e  of (-glib, c) was  c o n f i r m e d  b y  the NMR s p e c t r a .  In h a r m o n y  with the s t r u c t u r e  c h a r a c -  
t e r i s t i c s ,  lhe  (III) c o m p o u n d s  a r e  w e a k e r  a c i d s  than the (II) compounds  (see  T a b l e  5). 

E X P E R I M E N T A L  

The a c e t o n e d i c a r b o x y l i c  ac id  (ACDA) e s t e r s  w e r e  ob ta ined  as  d e s c r i b e d  in [11]. The  IR s p e c t r a  w e r e  
taken  as  Nujol  m u l l s  on a Hi tach i  E P I - S 2  s p e c t r o m e t e r ,  the UV s p e c t r a  w e r e  taken  in abso lu t e  a l coho l  
(Hi tachi  E P S - 3 ) ,  and the NMR s p e c t r a  w e r e  taken  on a H i t a c h i - P e r k [ n - E l m e r  l l - 1 2  s p e c t r o m e t e r  at  60 
MHz; the pKa  w e r e  d e t e r m i n e d  p o t e n t i o m e t r i c a l l y .  The  TLC w a s  run  on DSF-5  s i l i c a  ge l  (Schuchardt)  
and Si lufol  UV-254 (Kava l i r ) .  F o r  the co lumn c h r o m a t o g r a p h y  we u sed  e i t h e r  DS-O (15 p)  (Schuchardt)  o r  

KSK s i l i c a  ge l .  

D i m e t h y l  E s t e r  of P h e n y l a z o a c e t o n e d t c a r b o x y l t  c Acid  (Ia). The  coup l ing  of 9.0 g of the me thy l  e s t e r  
of a c e t o n e d i c a r b o x y l t c  ac id  (ACDA) with  p h e n y l d i a z o n i u m  c h l o r i d e  gave  12.3 g of the c r y s t a l l i n e  p h e n y l a z o  
d e r i v a t i v e  with mp 88-90 ~ ( f rom me thano l ) .  E x t r a c t i o n  of the  m o t h e r  l i q u o r  wi th  e t h e r  gave  an add i t i ona l  
0.7 g of p r o d u c t  wi th  mp 92-96 ~ f r o m  which  two c r y s t a l l i n e  f o r m s  of the p r o d u c t  w e r e  i s o l a t e d :  l e m o n  
ye l l ow  c r y s t a l s  wi th  mp 88-90 ~ which  w e r e  l e s s  so lub l e  in me thano l ,  and ye l low c r y s t a l s  wi th  mp 85-87 ~ 
which  w e r e  m o r e  so lub le  in me thano l .  The  m i x e d  m e l t i n g  po in t  was  92-95 ~ The  compounds  have  the 
s a m e  e l e m e n t a l  c o m p o s i t i o n ,  and the s a m e  UV, I l l ,  and NMll  s p e c t r a .  I n f r a r e d  s p e c t r u m  (v, cm-1) :  3 i50  
m, 1725 s, 1690-1675 s,  1600 m, 1525 s. U l t r a v i o l e t  s p e c t r u m :  Xma x 243 nm (e 15,000), 3600 n m  (e 

25,000).  

Die thyI ,  D i i s o p r o p y l ,  and D ibenzy l  E s t e r s  of P h e n y l a z o a e e t o n e d i c a r b o x y l i c  Acid  (Ib, c,  d). The  
coup l ing  of the a p p r o p r i a t e  ACDA e s t e r  wi th  p h e n y l d i a z o n i u m  c h l o r i d e  gave  the (Ib, e, d) d i r e c t l y ,  which  
w e r e  used  in the c r u d e  f o r m  f o r  the  s u b s e q u e n t  t r a n s f o r m a t i o n s .  

C r y s t a l l i n e  (Ib) had mp 45-47 ~ (cf. 48.5 ~ [5]; 61-64 ~ [2]). I n f r a r e d  s p e c t r u m  (v, cm-1) :  3150 m, 
1725 s,  1690-1670 s, 1600 m, 1525 s. U l t r a v i o l e t  s p e c t r u m :  Xma x 242 n m  (e 15,900), 360 nm (e 24,800). 

R e a c t i o n  of (In) wi th  H y d r o x y l a m i n e .  A m e t h a n o l  so lu t ion  of NH2OH c o m p o s e d  of 1.875 g of NH2OH 
�9 HCI and an equ iva l en t  amoun t  of KOH w a s  mixed  with  5 g of (Ia), and the m i x t u r e  was  e i t h e r  r e f l u x e d  fo r  

T A B L E  5. Acid P r o p e r t i e s  

Equiv,-wt. 
Corn- Found/Cal- 
pound ~ K a 

[ culated 

(IIa) 

(lib) 

(vD 

(v) 

(mb) 

3,8 26_...77 
26t 
270 3,9 
275 

3,7 266 
267 
123 3,2; 4,6 
123,5 

6,6 28| 
275 

Com- 
pound 

t-BuC--CH~ 
It I N CO %/ 

/-BuC--CHBr 
[t i N CO 
\o/ 

PKa 

5,25• 

3,17H-0,02 

r, 

Equiv. wt. 
Found/Cal- 

[culated 

{29 
141 

242 
22O 
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2 h or  let stand at 20 ~ for 2 days ( a purer  product is obtained in the lat ter  case). The methanol was dis-  
tilled off to give 4.54 g (96.5%) of a mixture of (IIa) and (IIIa). The mixture was dissolved in chloroform, 
t ransfer red  to a column of sil ica gel, which was filled by the wet method in chloroform,  and eluted with 
a CHCl3-CH3COOH (99 : 1) mixture. Two fract ions were collected: I was collected visually as two very  
close yellow bands, while II was collected as a color less  band that was checked by TLC. The eluate that 
had a sky-blue f luorescence in UV l~ght was collected. The solvent was evaporated, and the compound 
was dried in vaeuo at 50 ~ 

Fract ion I represented 0.45 g (9.5%) of (IiIa), which was obtained as yellow needles with mp 134-141 ~ 
{from MeOH). Infrared spec t rum (~,, cm-1): 3225 m, 1750-1660 b (max 1720 s), 1605 m, 1575-1520 s. Ul- 
traviolet  spectrum: Xma x 249 nm (e 12,000), 378 nm (e 23,700). On rechromatographing we isolated a 
compound with mp 138-141 ~ {first yellow band), which has the same elemental  composition, and identical 
IR and NMR spectra.  Fract ion II represented 4.00 g (85%) of (IIa), which was obtained as color less  plates 
with mp 148-149 ~ (from either C6H 6 or CHC13). Infrared spectrum (v, cm-l ) :  1750-1655 (max 1725, 1715 
s), 1600 m, 1530 s. Ultraviolet spectrum: ;~max 277 nm (e 20,000). Deuterium exchange: (IIa) in D20 
/NaOD solution exchanges both protons of the CH 2 group. NMR spectrum*:  singlet at 3.28 ppm, which 
disappears  completely in 1 h. 

Reaction of (Ib) with Hydrox.yIamine. Compound ([b), obtained f rom 13.2 g of the d~ethyl es ter  of 
ACDA, was treated with a solution of 0.097 M of NH2OH in ethanol. The reaction and separation of the 
products were  run the same as in the case of {IIa) and (Ilia). Fract ion I represented 4.04 g (22.5%) of 
(IIIb), which was obtained as yellow needles with mp 104-106 ~ (from ethanol). Infrared spect rum (~,, cm-1): 
3225 m, 1735 s, 1690 sh, m, 1605 m, 1585-1535 s. Ultraviolet spect rum:  )`max 249nm (el0,600), 400nm 
(e26,500). Fract ion I[ represented 10.31 g (57.5%) of (Iib), whichwas obtained as color less  needleswith mp 140- 
141 ~ {from either CGH 6 or  CHC~s). Infrared spect rum (~, cm -1) : 1760-1640 b (max 1740, 1700 s), 1595 m, 1515 m. 
Ultraviolet spectrum: )'max 280 am (e 20,100). Traces  of (iVb) were  detected by T i C .  

Reaction of (Ic) with Hydroxylamine. The start ing diisopropy[ es ter  of ACDA had bp 154-154.5 ~ (16 
mm); n ~  1.4330. Compound (Ic), Obtained f rom 13.5 g of the ester ,  was treated with 0.06 M of NH2OH in 
isopropanol. After distilling off the alcohol the residue was diluted with a double amount of ether and 
cooled. We isolated 2.7 g (21.5%) of (H~c) as yellow scales ,  mp 119-120 ~ (from isoproparml). The mother  
liquor was separated on a si l ica gel column. Fract ion I represented 3 g (24%) of (IIIc). Infrared spec-  
t rum (v, cm-1): 3200 m, 1720 s, 1605 m, 1570-1530 s. Ultraviolet spectrum: )'max 249 nm (e 9800), 
396 nm (e 19,000). Fract ion II represented 3 g {24%) of (IVc), which was obtained as co lor less  plates with 
mp 102-104 ~ (from C6H6). Infrared spect rum (v, cm-i ) :  1740-1650 b (max 1735, 1715 s), 1605 m, 1515 
m. Traces  of (Iic) were detected by TLC. 

Reaction of (Id) with Hydroxylamine. In a s imi lar  manner, f rom 10 g of the dibenzyl es ter  of ACDA 
was obtained 0.7 g of (lid), mp 139-141 ~ (from CCl4). Infrared spect rum (v, cm-1): 1670-1730 b (max 
1710, 1725 sh, s), 1600 m, 1530 m. Ultraviolet spectrum: )'max 278 nm (e 19,000). Compound (Iiid) was 
not detected by TLC, while t races  of (IVd) were detected. 

Reaction of (IIa) with Methanolic HCI Solution. Compound (IIa) (0.5 g) was allowed to stand foi" 3 days 
[n methanolic HCI solution at 20 ~ {or it was ref[uxed for  1 h). The product was dissolved in ch loroform 
and separated on a sil ica gel column as described above. Two fract ions of the eluate were collected, each 
of which has one f luorescent  spot under UV light (TLC). Fract ion I represented 0.17 g of {IVa), mp 103- 
105 ~ (from methanol), infrared spec t rum (v, cm-t ) :  1740-1670 b (max 1740, 1715 s), 1590 m, 1525 m. 
Ultraviolet spectrum: Xma x 276 nm (e 20,200). Fract ion II represented 0.25 g of the start ing (IIa). 

Hydrolysis  of (IIa, b) and  (IVa, c). A mixture of 0.5 g of (Ha) and 10% HCi solution was refluxed 
for 2 h and then evaporated. We obtained (IV) in quantitative yield, mp 245-246 ~ (from water).  Ultra-  
violet spectrum: ~-max 277 nm (e 20,300). Compound (V) was obtained in a s imi lar  manner by the hydroly-  
sis of (IIb), (IVa), and (IVc). A mixture of 0.5 g of (IIa) and 10% NaOH solution was refluxed for 2 h, the 
mixture was acidified, and the precipitate was fil tered and washed with ice water .  The yield of (V) was 

0.32 g. 

Hydrogenation of (IIa). A solution of 0.5 g of (IIa) in 20 mI of methanol was hydrogenated in the p r e s -  
ence of 0.08 g of PtO 2 for 4 days (40 atm, 20~25~ The c lear  color less  solution, devoid of the start ing 
(Ha) (TLC), was decanted, evaporated, and the residue was diluted with benzene and cooled. We obtained 

*Tetramethylsi lane was used as the external standard. 
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0.2 g of (V[), mp 63-66 ~ . In f ra red  s pec t rum (v, cm-1): 2800-2650 m, 1730-1670 (max 1705 s), 1605 m, 
1535 m. Ultraviolet  spec t rum:  Ptma x 238 nm (e 9200). 

Hydrogenation of (HIb) and (Illc). A solution of 0.65 g of ([Ilb) in 20 ml of ethanol was hydrogenated 
for  3 days in the p r e s ence  of 0.08 g of P ro  2 (30 aim, 20-25~ The mix tu re  was t rea ted  with 30 ml of etha-  
nol, heated up to the boil, the ca ta lys t  was f i l tered,  and the f i l t ra te  was evaporated.  We obtained 0.5 g of 
c rude  (VlIb). A double r ec rys t a l l i za t ion  f r o m  ethanol gave 0.26 g of (Vltb) with mp 171-173 ~ Inf ra red  
spec t rum (v, cm-i )  �9 3100-2500 s (diffuse), 1725 s, 1605 s, 1585-1560 s. NMR spec t rum* (5, ppm): 0.99 
(triplet,  JCH 3 CH 2 = 7.0 Hz, CH3) ; 2.98 (doublet, JCH 2 CH = 6 0 Hz, CH2); 4.02 (quadruplet, JCH CH 

- - ' 2 -  3 

= 7.0 Hz, CH2); 4.75 (multiplet, CH); 7.02 (singlet, C6H5); 7.2 (multiplet, 4H). Ult raviolet  spec t rum:  
Xmax 220 r!m (e 9800), 296 nm (e 11,000), 327 nm (e 20,000). 

A solution of 0.5 g of (lIIc) in 20 ml of lsopropanol  was hydrogenated for  5 h in the p resence  of 0.08 g 
of PtO (50 atm, 50~ After  the above descr ibed  t rea tment  we obtained 0.23 g of (VIIc), mp 166-167 ~ (from 
isopropanol) .  In f ra red  spec t rum (v, cm-1): 3150-2600 s (diffuse), 1725 s, 1605 s, 1560-1550 s. NMR 
spec t rum (5, ppm): 0.98 (doublet, JCH3_CH = 6.2 Hz, 2CH3); 2.96 (doublet, JCH2_CH = 6.0 Hz, CH2); 
4.73 (multiplet, 2H); 6.94 (singlet, C6H5); 7.2 (multiplet, 4H). 

C O N C  L U S I O N S  

1. The react ion of the e s t e r s  of phenylazoacetonedicarboxyl ic  acid with hydroxylamlne gave three 
products  lr~ ra t ios  that depended on the s t ruc tu re  of the radica l  of the e s t e r  group: the e s t e r s  of the phenyl-  
hydrazone of 2 - i soxazo l in -5 -on-3 -y lg lyoxy l i c  acid (IIa), the e s t e r s  of 4 -pheny l azo -3 - i soxazo l i n -5 -o n -3 -  
ylacet ic  acid (HI), and 2 - p h e n y l - 4 - c a r b a l k o x y m e t h y l - 5 - c a r b a l k o x y t r i a z o l e s  (IV). 

2. ~ihe phenylhydrazones  ([I) and phenylazo compounds (II1), which contain an lsoxazoline ring, a re  
r e s i s t an t  to chemica l  reduction in neut ra l  medium; aniline is not c leaved and the isoxazoline ring is not 
opened during catalyt ic  hydrogenation.  

3. The phenylazoacetonedlcarboxyl ic  acid e s t e r s  have an azoenol s t ruc ture .  
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