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I t  was shown by means  of IR, UV, and PMR spec t r a  that f l - (3 -n i t ro -2-pyr idy l )pyruv ic  acid 
e s t e r s  a r e  p rac t i ca l ly  comple te ly  enolized in the c rys t a l  s ta te  and in solution; ethyl B-(3- 
n i t ro -4 -pyr idy l )pyruva te  has an  enol s t ruc tu re  in the c rys ta l l ine  s ta te  and in pyridine so lu-  
tion: but ex is t s  as a mix tu re  of keto and enol f o r m s  in low-pola r i ty  solvents .  

Pyruv ic  acid e s t e r s  have a low capaci ty  for  t rans i t ion to the enol fo rm [1]. However ,  the introduction 
of e l e c t r o n - a e c e p t o r  subst i tuents  of the n i t ropyr idyl  or n i t roary l  type into the t - p o s i t i o n  of these compounds 
should promote  enolization [2, 3]. In fact,  there  a r e  indications that  e s t e r  I [4] and 6-methoxy der iva t ive  II 
[5] exis t  p r i m a r i l y  in the hydroxy form.  However ,  m o r e  detai led invest igat ions of the s t ruc tu re  of these 
types of subs tances  and of the posit ion of the tau tomer ic  equi l ibr ium in them have not been made.  
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We have used the IR, UV, and PMR spec t r a  to examine the s t ruc tu re  and t a u t o m e r i s m  of e s t e r s  I - I I I  
in the c rys ta l l ine  s tate  and in solution; we also examined some of the chemical  t r ans fo rma t ions  of these 
compounds.  

A nar row VCO band of an e s t e r  group at 1725-1745 cln -1 and four bands of the s t re tch ing  v ibra t ions  
of double bonds a r e  obse rved  in the IR spec t ra  of c ry s t a l s  and solutions (in ch lo ro fo rm and dioxane) of e s -  
t e r s  I and II (Table 1). Two of the four bands p rac t i ca l ly  coincide with the bands in the spec t rum of 6- 
me thoxy-3 -n i t ro -2 -me thy lpy r id ine  (IV) (1593 and 1508 em -1) and thus a r e  r e l a t ed  to the v ibra t ions  of the 
pyridine port ion of the molecule ,  while the h igher - f requency  band (1613-1643 cm -1) apparent ly  is a s s o c i -  
ated with the p r e s e n c e  in e s t e r s  I and II of a double bond in the side chain of enol fo rm B. 

A s imi l a r  pa t te rn  in this region of the IR spec t rum is also obse rved  for keto e s t e r  III in the c r y s -  
tal l ine state and in pyridine solutions.  In addition, a broad spl i t  band at  1707-1735 cm - l ,  which is evidently 
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TABLE 2. Chemical Shifts of the Protons  of Es te r  IH (6, ppm) 

Solvent 

CDCts 
CD3COCDs 
CD3OD 
CD3COOD 
CsDsN 
CD~SOC~ 

2-H 

9,40 i 9,14 
9,32 I 9,14 
9,00 t 9 ,~  
9,40 9,18 

9;30 9,04 

A B 

7,30 I 8,24 
7,66] 8,86 
7,58 ] 8,44 
7,63 i 8,49 

830 

5-H 6-H 
A B 

8,80 8,77 
8,90 8,79 
8,68 8,63 
8,92 8,81 
8,71 
8,45 8,40 

CH2 =CH OCH2 

A 

4,59 7,00 I 4,41 4,43 
1 

4,41 4,36 4,82 6,91 1 
- -  4,23 4,60 

7~1 4,41 4,46 
6 4,17 

4,61 6,771 4,20 4,21 

CH3 
A I B  

i 
1,39 1 1,39 
1,41j 1,41 
1,41 J 1,37 

1,37 1,40 
1,05 

1,50 1,50 

associated with the s t re tching vibrations of the two carbonyl groups of fo rm A - the es te r  and ketone c a r -  
bonyl groups - appears  in the spect ra  of solutions of it in CHC13, CC14, and dioxane in the region of the 
s tretching vibrations of double bonds. It  should be noted that the frequencies of the s t re tching vibrations 
of these groups in methyl pyruvate have ve ry  close values [6]. 

Thus an examination of the IR spectra l  data shows that I and II in the crysta l l ine  state and in solu- 
tions have enol s t ructure  B, while III in chloroform,  dioxane, and carbon te t rachlor ide  exists  as a mixture 
of the ketone and enol forms but exists as the enol in pyridine. 

The uOH bands in the high-frequency region of the spect ra  of e s t e r s  I and ]I cannot be followed. This 
is charac te r i s t i c  for compounds with a chelate hydrogen bond, for which one should observe a shift in the 
uOH band to the low-frequency region and a decrease  in its intensity. The ring nitrogen atom and the hy-  
droxyl group (C) can part icipate in the formation of this sor t  of hydrogen bond with closing of a s i x - m e m -  
bered r ing for I and II. An in t ramolecular  hydrogen bond with the participation of the nitro group is un- 
likely, inasmuch as in this case one mus t  assume the development of an e igh t -membered  ring. If the nitro 
groups did part ic ipate  in the format ion  of in t ramolecular  hydrogen bonds, the charac te r  of the absorption 
in the vOH region would be pract ical ly  identical for all of the investigated compounds (I-III). In fact, the 
spec t ra  in this region for es te r s  I and lI, for which the VOH bands are  prac t ica l ly  unobserved, differ f rom 
the spect rum of es te r  III, in which a band at 2600 cm -1 appears for c rys ta l s ,  while a distinct band at 3430- 
3440 cm -1 appears for solutions. The possibil i ty of an in t ramolecular  bond with the participation of the 
hydroxyl group and r ing nitrogen atom in es te r  HI is excluded. The presence  of a UOH band at 3430 em -1 
in the spect rum of a solution of III can therefore  be explained by in t ramolecular  interaction of the OH and 
CO groups with the formation of a f ive -membered  ring (E). The retention of the low frequency when the 
solution is diluted markedly  confi rms the in t ramolecular  charac te r  of this bond. The broad absorption 
bands at 2600 em "1 in the spec t ra  of c rys ta l s  of IH can be assigned with great  probabil i ty to in termolecular  
interact ions of compounds of the D type. 

OH 
I 

. ~  NO2 ROOC--C=~ -NO2 CtI=C~--C--ORo..H..O 

i "  o --CO R 
~,O p 

I E 
C o 

I 
CH=C- -COOR 

NT~ No2 

D 
The UV spect ra l  data a re  in agreement  with the above-descr ibed  s t ruc ture  of the compounds. Thus, 

for example, the UV spect ra  of es te r s  I - I I I  differ appreciably f rom the spect ra  of methoxy derivative IV 
and 3-n i t ro-4-methylpyr id ine  (V), respect ively,  with respec t  to the presence  of longer-wave absorption 
and the considerable increase  in the intensity of the maxima.  This indicates elongation of the conjugation 
chain in the molecule and confi rms the enol s t ruc ture  of the compounds under consideration.  In cont ras t  
to es te r s  I and II, the spect ra  of which in various solvents remain  pract ical ly  unchanged, an appreciable 
decrease  in the intensity of the absorption maximum at 267 nm with an increase  in the polari ty of the sol-  
vent (Table 1) is observed in the spect ra  of es te r  III. The absence of absorption above 250-270 nm in the 
spect rum of nitro pyridine V - a model compound for ketone form HIA -- indicates the presence  of two tau-  
tomer ic  forms in solutions of IH; the percentage of the hydroxy form is reduced as the polar i ty  of the sol-  
vent increases .  
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A signal at 7.52 ppm, which cor responds  to the CH = proton in the CH=C(OH)COOR grouping, and the 
signal of the proton of a hydroxyl  group at 13.8 ppm are  observed in the PMR spec t rum of I {in CDCla). 
Such a weak-field position of the signal of the OH group is an additional confirmation of a ve ry  s t rong che-  
late in t ramolecula r  hydrogen bond. Similar  data were obtained for  II. 

According to the PMR spect ra l  data, III exists  in two tautomeric  forms.  Thus in acetone, in addition 
to the signal of the olefinic proton of the enol form at 6.90 ppm, one observes  a signal at 4.82 ppm of the 
CH 2 group of the ketone fo rm (Table 2); the ra t io  of tautomer  A to B is ~ 2 : 1. A mixture  of two tautomeric  
fo rms  is also observed in CDC13, but in this ease the rat io of A to B is ~ 4 : 1. In CDaOD and CDaCOOD so-  
lutions the CH and CH z signals,  as a resu l t  of rapid deuter ium exchange, do not appear.  However,  the dou- 
bling of the other signals in the spec t ra  at tests  to the presence  of both tautomeric  fo rms  with ketone to 
enol ra t ios  of 3 : 1 and 1.5 : 1, respect ively .  The enol form predominates  in CD3SO2CD 3 (1 : 5), while the 
keto form is p rac t ica l ly  absent  in pyridine.  

We have shown that, in con t ras t  to f l - (3-n i t ro-2-pyr idyl )pyruvic  acid e s t e r s ,  in which Re i s se r t  r e -  
ductive eyelization is readi ly  rea l ized  by hydrogenation with palladium under normal  conditions [7], in the 
case  of ethyl f l - (3-n i t ro-4-pyr idyl )pyruvate  the t ransi t ion f rom hydrogenation in an autoclave [8] to mi lder  
conditions is accompanied by the formation of uneyclized ethyl f l - (3-amino-4-pyr idyl )pyruvate  (VI). 

The development, in addition to ethyl 6 -aza indole -2-carboxyla te  (VII), of aminopyridine VI may be 
associa ted  with the existence of s tar t ing  e s t e r  III in solution as two tau tomer ic  forms with commensurable  

CH2COCOO%H 5 CHr 
~NH~, . __ill ~TN~NHOH § 

H 

Yl VII VIII 

amounts of both t au tomers .  

Cyclization of amino es te r  VI to azaindole derivat ive VII is accomplished with great  difficulty on 
prolonged refluxing in xylene. This makes it possible to a s s e r t  that es te r  VI is not an intermediate  in the 
R e i s s e r t  synthesis  of azaindoles.  

It is also in teres t ing  to note that the reduction of amino es te r  HI on a nickel ca ta lys t  in pyridine does 
not go to completion but is in terrupted at the step involving hydroxylamino derivative VIII. 

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

The IR spec t ra  of minera l  oil pastes  or  solutions in chloroform,  dioxane, and carbon te t rachlor ide  
were  r ecorded  with a Perk in -Elmer  457 spec t romete r .  The UV spec t ra  Of solutions were obtained with an 
EPS-3 spect rophotometer .  The PMR spec t ra  were recorded  with JNIVI-4H-100 and C-60HL spec t romete r s  
with tetramethylsilane as the internal standard. 

Hydrogenation of Ethyl fl-(3-Nitro-4-pyridyl)pyruvate (III). A) A solution of 1.5 g of PdCl 2 in i0 ml 
of 18% hydrochloric acid was added to a solution of 2 g (8 mmole) of III in 150 ml of alcohol, and hydroge- 
nation was carried out at a pressure of 20-30 em (water gauge). After the calculated amount of hydrogen 
had been absorbed, the catalyst was removed by filtration, and the solvent was vacuum evaporated to give 
1.2 g of a substance, which, according to thin-layer chromatography (TLC), was a mixture of ethyl 6-aza- 
indole-2-earboxylate (VII) and ethyl fl-(3-amino-4-pyridyl)pyruvate (VI) [AI203 with methanol as the mobile 
phase and development with iodine vapors; Rf 0.8 for ester VII, and Rf 0 for ester VI]. The mixture was 
crystallized from 60 ml of ethyl ~cetate to give 0.7 g (44%) of ester VII with nap 212-213 ~ The ethyl ace- 
rate solution was evaporated to give 0.5 g (29%) of ester VI as yellow crystals with mp 147-149~ (from ben- 
zene). The substance was quite soluble in alcohol and chloroform, was crystallized from benzene, acetone, 
and ethyl acetate, and was only slightly soluble in water. Found: C 57.5; H 5.4; N 13.5%. CIoHI2N2Oa. Cal- 
culated: C 57.6; H 5.7; N 13.5%. 

]3) A 5 g sample of Raney nickel was added to a solution of 1 g (4 mrnole) of ester III in i00 ml of 
pyridine, and the ester was hydrogenated at 20-30 cm (water gauge) until hydrogen absorption ceased. The 
catalyst was removed by filtration, the solvent was vacuum evaporated, and the residue (0.75 g) was crys- 
tallized from ethyl acetate and alcohol to give 0.23 g (24%) of ethyl fl-(3-hydroxylamino-4-pyridyl)pyruvate 
(VIII) with nap 181 ~ (from alcohol). The white substance was quite soluble in acetone but only slightly sol- 
uble in ether; benzene, chloroform, alcohol, and water. Found: C 53.6; H 5.5; N 12.2%. Ct0HI2N204. Cal- 
culated: C 53.5; H 5.4; N 12.5~0. 
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Ethyl 6-Azaindole-2-carboxylate (VII). A 0.15 g sample of calcined potassium carbonate was added 
to a solution of 0.6 g (3 mmole) of ester VI in 30 ml of xylene, and the mixture was refluxed for 6 h. The 
xylene solution was filtered, and the filtrate was vacuam evaporated to give 0.15 g (27%) of ester VII with 
mp 212-214 ~ (from ethyl acetate) [8]. 

1o 

2. 
3. 
4. 
5. 
6. 
7. 
8. 

LITERATURE CITED 

M. Becker, Ber. Bunsenges. Phys. Chem., 68, 669 (1964). 
G. W. Wheland, in: Advances in Organic Chemistry, Wiley (1960). 
M. Nishio and T. Ito, Agric. Biol. Chem., 29, 1119 (1965). 
B. Frydman, S. J. Reil, J. Boned, and H. Rapoport, J. Org. Chem., 33, 3762 (1968). 
B. Frydman, M. E. Despuy, and H. Rapoport, J. Am. Chem. Soc., 87, 3530 (1965). 
L. Bellamy, Infrared Spectra of Complex Molecules, Methuen (1958). 
L. N. Yakhontov and V. A. Azimov, Tetrahedron Lett., 1909 (1969). 
M. If. Fischer and A. R. Matzuk, J. IIeterocycl. Chem., 6, 775 (1969). 

344 


