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A m m o n o l y s i s  of the methyl  e s t e r s  of t r a n s - f i - ( 3 - c y a n o - 2 - p y r i d y l ) a c r y l i c  (1) and t r a n s - f l - ( 6 -  
m e t h y l - 3 - c y a n o - 2 - p y r i d y l ) a c r y l i c  (I1) acids  gave the  amides  of these  acids .  The addition of 
b romine ,  d iazomethane,  and hydrogen to the double bond of c i s -  and t r a n s - a c i d s  [ and II is des cr ibed.  
Hydrogenat ion of the methyl  e s t e r s  of t r a n s - a c i d s  I and II over  Raneynicke l  at room t e m p e r a t u r e  
and a tmosphe r i c  p r e s s u r e  occu r s  with in t ramolecu ta r  cycl izat ion to two- r ing  l ac t ams  - 7-oxo-  
5 ,6 ,8 ,9 - te t rahydropyr id[3 ,2-c ]azep ine  and 2 -me thy l -7 -oxo-5 ,6 ,8 ,9 - t e t r ahydropyr id [3 ,2 -c ]azep ine .  
Under  the conditens of acid hydro lys i s  of acids  I and I I  the e l emen t s  of water  add to the n i t r i le  
group with i n t r amolecu la r  cycl iza t ion to give, r e spec t ive ly ,  3 - c a r b o x y m e t h y l - l - o x o - 2 , 3 - d i h y -  
drofuro[4 ,3-b]pyr id ine  and 5 -m e t hy l -3 - ca rboxyme thy l - l - oxo -2 , 3 -d ihyd ro fu ro [4 , 3 -b ]py r id ine ,  
whe reas  ref luxing these  acids with aqueous sodium hydroxide g ives  two- r ing  l a c t a m s  - 3 - c a r -  
boxyme thy l - l -oxo -2 ,3 -d ihyd ropyr ro lo [4 ,3 -b ]py r id ine  and its 5 -me thy l  homolog.  The s t r u c t u r e s  
of the compounds w e r e  conf i rmed  by the UV, IR, PMR, and m a s s  spec t ra .  

I n t e r e s t  in the synthes is  of biological ly act ive  subs tances  in the l a c t am se r i e s ,  including l ac t ams  con- 
densed with a pyridine r ing,  has  intensif ied in r e c e n t  y e a r s  (for example ,  see [1]). Thus l ac t ams  of the I type,  
which a r e  cycl ic  de r iva t ives  of o-subs t i tu ted  nicotinic acid, have been studied as  analept ics  [2]. Some i somer ic  
py r ro lopy r id ine s  [3], including l a c t a m s  with s t r u c t u r e s  of the II type,  have been desc r ibed .  However ,  the meth-  
eds that  have been developed for  the  synthes is  of compounds of this type a r e  e x t r e m e l y  complex and do not 
make  it poss ib le  to obtain subs tances  with a functional group in the side chain. 
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I t  has  been shown [4, 5] that  Beckmann r e a r r a n g e m e n t  of the acces s ib l e  5-n i t roso-6-hydroxyquinol ines  
may be a p r e p a r a t i v e  method for  the synthes is  of f i - (3 -cyano-2 -pyr idy l )ac ry l i c  acids ~ and IV); we used these  
acids  for  subsequent  t r a n s f o r m a t i o n s  involving the vinyl  group. 

The  po la r iz ing  ef fec t  of the carboxyl  group on the ~ e lec t rons  of the olefinic grouping in acry l ic  acids  
of the EI  and IV type is  somewhat  weakened because  of the compet i t ive  ef fec t  of conjugation with the a r o ma t i c  
r ing .  The addition of b romine  t he re fo re  p roceeds  r a t h e r  eas i ly ,  pa r t i cu la r ly  in the case  of c i s -ac id  HI, to give 
a mix tu re  of t h r eo -  and e r y t h r o - d i b r o m i d e s  V. I t  has  been prev ious ly  noted that  the c i s - t r a n s  i somer i za t i on  
of acids IV[ and IV p roceeds  ve ry  read i ly  [5]. The t r a n s - a c i d  r e a c t s  with bromine  more  slowly to give the 
e r y t h r o  f o r m  (the PMR s p e c t r u m  of the produc t  contains two doublets at 5.28 and 5.85 p p m  with J = 10.6 Hz).  
Both c i s -  and t r a n s - a c i d s  HI add d iazomethane  with s imul taneous  methylat ion of the carboxyl  group to give 
e s t e r  VI, the s t ruc tu re  of which was de te rmined  on the bas i s  of the r e s u l t s  of e l emen ta ry  ana lys i s  and data 
f r o m  the UV, IR, and PMR spec t r a .  S imi lar  addition, which es t ab l i shes  the polar ized  cha rac t e r  of the vinyl 
group, has  been noted for  other pyr idy lac ry l i c  acids [6]. 

A m m o n i a  in an aqueous alcohol  med ium (at r o o m  t empera tu re )  does not add to the olefinic bond of the 
methyl  e s t e r s  (VII and v m )  of t r a n s - a c i d s  HI and IV. Ins tead,  they undergo smooth ammonolys i s  to give the 
cor responding  t r a n s - a m i d e s  IX and X. The  s ignals  of olefinic protons  a r e  r e ta ined  in the i r  PMR spec t ra  (for 
IX, at 7.53 and 7.98 ppm, J = 1 6  Hz), and the absorp t ion  max ima  in the UV spec t ra  (265 nm for IX and 268 nm 
for  X) a r e  close to the m ax i m a  in the s pec t r a  of t r a n s - e s t e r s  VII and VIII, but the ext inct ions a r e  somewhat  
g r e a t e r .  
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The hydrogenat ion of ac ids  HI  and IV p roceeds  in a complex  manner  to give a mult icomponent  mixture  
of reduct ion  produc ts .  However ,  the hydrogenat ion of e s t e r s  VII and VIII over  Raney nickel a t  r o o m  t e m p e r a -  
tu re  and a t m o s p h e r i c  p r e s s u r e  p roceeds  smoothly  with reduct ion of both the ni t r i le  group and the vinyl group 
with s imul taneous  cycl iza t ion to give 7 -oxo-5 ,6 ,8 ,9 - te t rahydropyr id [3 ,2 -c ]azep ine  (XI) or  its 2 -methyl  homolog 
(XII), which a r e  r e p r e s e n t a t i v e s  of compounds of the p rev ious ly  unknown pyr ido[3,2-c]azepine  s e r i e s .  

The absorp t ion  m a x i m u m  at 263 nm (log e 3.59) in the UV s p e c t r u m  of XI is cha rac t e r i s t i c  for the 
band of pyr idine.  I t  is shifted ba thochromica l ly  and hype rch romiea l l y  as  compared  with the benzo analog, i .e.,  
2 ,3 ,4 ,5- te t rahydro[1H]benzo[c]azepin-3-one ,  for  which the m a x i m u m  [7] l ies  at 250 nm (log e 2.42). The PMR 
s p e c t r u m  of XII contains two t r ip l e t s  at  3.0-3.6 ppm,  which co r re spond  to the CH2CH 2 group. The pro tons  of 
the CH2N f r agmen t  a r e  r e p r e s e n t e d  in the f o r m  of a spli t  s ignal at 4.6 ppm because  of coupling with the proton 
of the NH group.  The  s ignals  of the AB s y s t e m  of pro tons  of the pyr idine r ing  a r e  found at weak field (at 7.4 
and 8.0 ppm).  
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The  m a s s  spec t rum  of XI contains a molecu la r  ion peak  ([M +] 162) and peaks  of f r agmen t  ions* c o r r e -  
sponding to the ass igned  s t ruc tu re  - 145 (M - OH), 134 (M - CO), 133 (M - CHO), and 119 ( M -  HCNO). The 
la t te r  p r o c e s s  is conf i rmed  by the metas tab le  ion with I n / e  87.5. The peak with m / e  118 is the m a x i m u m  peat: 
(evidently M - HCNO - H), the ion r e spons ib l e  for  which subsequently loses  27 m a s s  units  (splitting out of HCN) 
to give an ion with m / e  91; this  is c h a r a c t e r i s t i c  for  pyr id ines  [8]. 

When we heated  the cis  and t r a n s  i s o m e r s  of acids  I ~  and IV in dilute (1 : 1) or  concentra ted hydrochlor ic  
acid,  we detected a r a t h e r  complex mix tu re  of s eve ra l  compounds by means  of paper  chromatography,  but the 
s ame  acid XIII  (pK a 4.12 * 0.02), i .e.,  3 - ca rboxymethy l - l -oxo-2 ,3 -d ihydro fu ro [4 ,3 -b ]py r id ine ,  was obtained 
in 50-70% yields  under more  s eve re  conditions - when both c i s -  and t r a n s - I I I  were  heated in 73-86% sulfuric  
acid for 2-3 h. Thus,  as  we noted in the hydro lys i s  of o -cyanoc innamic  acids  [9], r e g a r d l e s s  of the s t e r e o -  
chemica l  pecu l i a r i t i e s  of the s ta r t ing  acids ,  the e l emen t s  of wa te r  add to the n i t r i le  group with subsequent  or 
s imul taneous  in t r amolecu la r  cycl izat ion.  S imi la r ly ,  c i s -  and t r a n s - a c i d s  IV a r e  conver ted  by acid hydro lys i s  
to lacteno acid XIV [i0]. 

* H e r e  and subsequently,  the m / e  va lues  a r e  given for  the ion peaks .  
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Fig.  1. UV spec t r a  of aqueous 
solutions: 1) 7-oxo-5 ,6 ,8 ,9-  
t e t r  ahydr opyrid [3,2- c]azepine 
(XD; 2) 3 - c a r b o x y m e t h y l - 1 -  
oxo-2 ,3-d ihydrofur  o[4,3-b]py- 
r idine (XI]I); 3) 3 - c a r b o x y m e t h -  
y l -  1- oxo- 2,3-dihydr o p y r r e l o -  
[4,3-blpyridine (XV); 4) 2 -me th -  
y l -  7-oxo-  5, 6,8, 9 - t e t r ahyd ro -  
pyr id[3 ,2-c]azepine  (XII); 5) 
5- methy l -  3- car  boxymethyl -  1- 
oxo- 2,3-dihydr ofur o[4,3-b]py- 
r id ine  (XIV); 6) 5 - m e t h y l - 3 -  
ca rboxymethy l -  1- oxo- 2 ,3-di-  
hyd ropyr r  olo [4,3-b]pyridine (XVI). 

When c i s -  and t r a n s - a c i d s  III  a r e  re f luxed with aqueous sodium hydroxide,  they a r e  converted,  a f ter  
acidif icat ion,  to a l a c t am  with a skeleton of the I I  type,  i .e. ,  3 - ca rboxyme thy l - l -oxo -2 ,3 -d ihyd ropyr ro lo [4 ,3 -b ] -  
pyr id ine  (XV). L a c t a m  acid XVI was s imi l a r ly  obtained f r o m  acid IV: 

The  e lec t ron ic  absorpt ion  curves  of both reduct ion products  XI and XI[ and the products  of lactone (XIII 
and XIV) or  l a c t am  (XV and XVI) r ing  c losure  a r e  s imi l a r  in c h a r a c t e r ,  and the absorp t ion  is s imi l a r  to the 
absorp t ion  of de r iva t ives  of the pyridine s e r i e s  [11] (Fig. 1). The  noted absorpt ion max ima  of l ac t ams  XV and 
XVI a lmos t  coincide with the absorpt ion m ax i ma  of nicot inamide and N-subs t i tu ted  n icot inamides  [12]. 

The  PMR spec t r a  of lactone XIII and l ac t am XV contain a mult iplet  of the proton of a lactone r ing  at  
6.12-6.42 ppm and, r e spec t ive ly ,  a mult iplet  of the proton of a l a c t a m  r ing  cen te red  at  6.13 ppm. The signal  
of the CH 2 group of lactone XILI l ies  at  3.38-3.62 ppm, and the s ignal  of the CH 2 group of l ae t am XV l ies  at 
3.63 ppmo As usual ,  the s ignals  of the pyridine protons  a r e  found at  weak field, but the signal of the y - H  p ro -  
ton is shifted to weaker  field than the signal of the a - H  proton under the influence of the adjacent  CO group. 
Vibra t ions  of the O - C  = O  f ragmen t  of the f i v e - m e m b e r e d  l ac t am r ing  a r e  obse rved  in the IR spec t rum of 
XIK at  1770 c m  -1. The band at 2875 c m  -1 can be ass igned to the v ibra t ions  of a carboxyl  group t ied up in an 
in t r amolecu la r  hydrogen bond, and the bands a t  1375-1590 cm -1 cor respond  to CO0-  vibra t ions ,  which indicates  
that  the compound ex i s t s  p r i m a r i l y  in the f o r m  of an inner salt .  Methyl e s t e r s  XVII-XVI~ (isolated in p i c r a t e  
form) and amides  XIX and XX (without opening of the l a c t a m  ring) were  obtained by es te r i f i ca t ion  of XV and 
XVI in acidic media  and subsequent  ammono lys i s .  

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

Chromatography  on a loose l ayer  of act ivi ty ]7 A1203 or on Leningrad B paper  (by the ascending method) 
was used  to evaluate  the course  of the r e a c t i o n s  and the individuality of the compounds.  The c h r o m a t o g r a m s  
were  developed with iodine vapor s  (the c h r o m a t o g r a m s  of XIII  and XIV were  developed with a 0.05% solution of 
Bromphenol  blue). 

Po ten t iome t r i c  t i t r a t ion  of 0.1 m o l e / l i t e r  solutions of XI-XVI was accompl ished  with an LPU-01 p H - m e t e r  
with a c a r b o n a t e - f r e e  solution of sodium hydroxide at  20~ with a g lass  e l e c t r o d e - c a l o m e l  e lec t rode  couple. 
The  pK a va lues  were  a s s u m e d  to be equal  to the pH values at the ha l f -neut ra l iza t ion  point. 
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The UV spectra of 10 -4 mole / l i t e r  solutions of the compounds were recorded with SF-4A and SF-16 spec- 
t rophotometers .  The PMR spectra of trifluoroacetic acid solutions of the compounds were recorded with an 
RS-60 spectrometer  with hexamethyldisiloxane as the external standard. The IR spectra of mineral oil sus- 
pensions of the compounds were recorded with an IKS-22 spectrometer .  The mass spectrum was recorded 
with an MKh-1303 spectrometer  with introduction of the sample into the ion source. 

~.tfl-Dibromo-fl-(3-cyano-2-pyridyl)propionlc Acid (V). A watch glass containing 0.17 g (0.001 mole) 
of t rans-acid HI was placed in a beaker with a ground glass cover, and 0.2 ml (0.0037 mole) of bromine was 
poured into the bottom of the beaker below the watch glass. The cover was placed on the beaker, and it was 
allowed to stand at room temperature  for 2-3 days. The product was then allowed to stand in the air for 0.5- 
1 h, after  which it was dried in a vacuum desiccator.  This procedure gave 0.3 g (76%) of a yellowish powder 
that was soluble in ethanol, dioxane, ether, and hot benzene but only slightly soluble in carbon tetrachloride.  
The product had mp 140-141~ (dec.) and Rf  0.56 [propanol-5% ammonium hydroxide (4: 1), A12Os]. UV spec- 
t rum in water, Area x (log s 264 nm (3.67). PMR spectrum: two doublets of aliphatic protons at 6 5.28 and 
5.85 ppm (J=10.6 Hz). Found: Br 47.8; N 8.2%. CgH6Br2N202. Calculated: Br 47.9; N 8.3%. 

Addition of Bromine to cis-Acid HI. A similar procedure was used to obtain V from 0.17 g (0.001 mole) 
of cis-acid HI and 0.2 inl (0.0037 mole) of bromine. The bromine vapors vanished after 2-3 h, and the resulting 
powder was converted to a brown liquid mass, which was allowed to stand overnight. It was then treated with 
10-15 ml of acetone, and the mixture was refluxed on a water bath for 15-20 rain. The acetone was removed 
by evaporation until the volume of the concentrate was one-third of the original volume, 10-15 ml of benzene 
was added, and the mixture was s t i r red vigorously until a precipitate formed. The precipitate was removed 
by filtration, washed with carbon tetrachloride,  and dried in a vacuum desiccator to give 0.21-0.22 g (63-66%) 
of a product with mp 125-127~ (dec.) and Rf 0.36 and 0.54 (in the same system as in the preceding experiment). 

3-Carbomethoxy-4-(S-cyano-2-pyridyl)-A2-pyrazoline (VI). A 0.22-g (0.0012 mole) sample of cis-  or 
t rans-IH was dissolved by heating in 15 ml of anhydrous dioxane, the solution was cooled to room temperature,  
and a solution of diazomethane [from 1.67 g (0.016 mole) of nitrosomethylthiourea and 5 ml of 40% potass ium 
hydroxide solution in 17 ml of ether] was added in portions with st irr ing in the course of ~ 0.5-1 h. The mix- 
ture was then allowed to stand at room temperature,  after which it was evaporated at room temperature,  and 
the yellow precipitate was removed by filtration and washed with 5% sodium bicarbonate.  Two reorysta l l iza-  
tions f rom benzene gave 0.15-0.2 g (55-74%) of a yeUow crystal l ine powder, with mp 164-165~ (successively 
from benzene and water) and Rf 0.58 [benzene-absolute ethanol (20 : 1), A1203] , that was soluble in ethanol, 
dioxane, acetone, hot benzene, and hot water but only slightly soluble in carbon tetrachloride.  UV spectrum in 
water, ~max (log s 303 nm (4.02). PMR spectrum in trifluoroacetic acid, 6: s, 3.85 (COOCIIs); m, 4.16-4.93 
(NHCH2CH); pyridine protons 7.6 (fl-H), 8.3 (T-H), and 8.57 ppm (s-H). ]R spectrum: 1740 (unconjugated CO 
group), 2235 (CN), and 3340 cm -1 (NH). Found: N 24.2%. CllH10N402. Calculated: N 24.3%. No melting-poiat 
depression was observed for a mixture of individual substances obtained from the cis and trans isomers of acid 
HI. 

t rans-f l - (3-cyano-2-pyridyl)acrylamide (IX). A 10-ml sample of 25% ammonium hydroxide was added to 
a cooled (to room temperature) solution of 1.88 g (0.01 mole) of VII in 105 ml of methanol (the solution was 
obtained by heating), and the mixture was allowed to stand at room temperature for 8-10 clays [the end of the 
reaction was determined by chromatography with a benzene-ethanol  system (4: 1) and A1203]. The solution was 
then evaporated to a small volume on a water bath, and the resulting prec.~pitate was removed by filtration, 
washed on the filter with 10 ml of water, and dried to give 0.51-0.6 g (30-37%) of a product with Rf 0.55 [ben~ 
zene-e thanol  (5 : 1), A1203] and mp 246-247~ (from ethanol). The white crystalline powder was soluble in 
ethanol, hot dioxane, and hot water but only slightly soluble in carbon tetrachloride.  The PMR spectrum con- 
tained two doublets of olefinic protons at 7.53 and 7.98 ppm (J=16 Hz) and signals of pyridine protons at 8.08 
(fl-H), 8.82 (T-H), and 8.98 ppm (s-H).  Found: N 24.3%. CgHTN30. Calculated: N 24.3%. 

t rans-f l -(6-Methyl-3-cyano-2-pyridyl)acrylamide (X). As in the preceding experiment, 3 g (0.015 mole) 
of ester  VIII was dissolved by heating in 150 ml of methanol, the solution was cooled, 30 ml of 25% ammonium 
hydroxide was added, and the mixture was allowed to stand at room temperature for 14 days (the end of the 
reaction was determined by chromatography). Workup gave 0.7 g (24%) of a white crystalline powder with mp 
266-267~ (from ethanol) and Rf 0.62 (in the same system as in the preceding experiment) and solubilities simi- 
lar  to the solubilities of amide IX. UV spectrum in water, kmax (log ~): 268 nm (4.35). Found: N 22.4%. 
C10HgN30. Calculated: N 22.45%. 

7-Oxo-5,6,8,9-tetrahydropyrid[3,2-c]azepine (XI). A solution of 4.7 g (0.025 mole) of VII in 100 mi of 
methanol and 25 ml of ethyl acetate was added to a Raney nickel catalyst (obtained from 20 g of Raney alloy), 
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and hydrogen was passed through the mixture at normal pressure  until 1.67 l i ters  had been absorbed. The r e -  
sulting solution was decanted, and the precipitate was washed twice with 25-ml portions of methanol. The so- 
lutions were collected and filtered, and the filtrates were evaporated on a water bath. Ethyl acetate was added 
to the residue,  and the mixture was s t i r red.  It was then cooled, and the precipitate was removed by filtratien 
and washed with benzene to give 1.8 g (44%) of a product with mp 163.5-165~ (from water). The light-colored 
crystall ine powder was soluble in hot water and hot benzene and had Rf 0.63 [benzene-ethanol (4 : 1), A1203]. 
UV spectrum in water, kmax (log e): 263 nm (3.59). Found: C 68.0; H 6.9; N 17.3%. CgHIoN20. Calculated: 
C 67.5; H 6.7; N 17.3%. 

27Methyl-7,oxo-5,6,8,9-tetrahydropyrid[3,2-c]azepine (XII). The procedure in the preceding experiment 
was used to obtain 2.5 g (46.5%) of a substance with mp 174.5-176~ (from butyl acetate) f rom 5.05 g (0.025 
mole) of es ter  VIII. The light-colored crystalline powder was soluble in hot benzene, hot water, and dioxane 
and had Rf 0.67 (in the system used for azepine XI). UV spectrum in water, Xmax (log e): 269 nm (3.73). PMR 
spectrum: two tr iplets  at 3.0-3.6 (CH2CH2) , a split signal at 4.67 (CH2N), a singlet at 2.63 (CH3) , and signals 
of pyridine protons at 8.0 (~/-H) and 7.4 ppm (fi-H). Found: N 15.9%. C10H12N20. Calculated: N 15.8%. 

3-Carboxymethy!71-oxo-2,3-dihydrofuro[4,3-b]pyridine (XHI). Concentrated HaSO 4 (1 ml) was added to 
0.87 g (0.005 mole) of cis-  or t rans-acid KI, and the mixture was heated to 60-70~ to dissolve the solid. The 
solution was allowed to stand overnight, after which 0.15-0.46 ml of water was added, and the mixture was 
heated at 90-100~ for 3-4 h. It was then neutralized to pH 3.5-4, and the precipitate was removed by filtration, 
washed with 10 ml of water, squeezed, and dried to give 0.65 g (67%) of a product with mp 163-164 ~ (from etha- 
noD. The light-colored crystalline powder was soluble in aqueous bicarbonate solutions, acids, and water but 
only slightly soluble in benzene and carbon tetrachloride and has Rf 0.63 [methanol-25% ammonium hydroxide 
(4 : 1), paper] and pKa 4.07• 0.02. UV spectrum [10] in water, Xmax (log ~): 270 nm (3.60) [10]. PMI~ spec- 
trum: 6.12-6.42 ppm, t (lactone ring CH); 3.38-3.62 ppm, q (CH 2 group); pyridine ring protons at 9.13 (7-H), 
8.19 (fi-H), and 9.0 ppm (a-H). IR spectrum: 2875 (hydrogen bond), 1770 (five-membered lactone ring OCO); 
1715 (COOH); 1590, 1455, 1400, and 1375 cm -1 (CO0-). Found: C 55.8; H 3.6; N 7.1%. CgI-ITNO r Calculated: 
C 55.9; H 3.6; N 7.2%. 

5-MethyI-3-carbaxymethyl-l-oxo-2,3-dihydrofuro[4,3-b]pyridine (XIV)_. Concentrated H2SO 4 (1 ml) was 
added to 0.47 g (0.0025 mole) of cis-  or t rans-acid IV, and the solid was dissolved by heating to 60-70~ Water 
(0.15-0.46 ml) was added, and the mixkure was heated at 90~ for 2.5-3 h. It was then neutralized to pH 3.5-4, 
and the precipitate was removed by filtration, washed with 10 ml of water, squeezed, and dried to give 0.3-0.35 
g (58-68%) of a white crystall ine powder with mp 186.5-188~ (from ethanol) and Rf 0.67 (in the system used 
for XIII). The solubilities of the product were similar to the solubilities of XIII. UV spectrum [10] in water, 
Xma x (log e): 225 (3.97), 275 nm (3.87). Found: N 6.7%. C10HgNO 4. Calculated: N 6.8%. pK a 4 .12-  0.02. 

3-Carboxymethyl-l-oxo-2,3-dihydropyrrolo[4,3-b]pyridine (XV). A mixture of 1.74 g (0.01 mole) of cis-  
or t rans-acid l]I and a solution of 1.2 g of sodium hydroxide in 11 ml of water was heated at 120~ for 4.5 h, 
after which it was cooled to room temperature,  acidified successively with concentrated hydrochloric acid and 
12% hydrochloric acid to pH 3.5-4, and allowed to stand overnight in a re f r igera tor .  The resulting precipitate 
was removed by filtration, washed with water, and dried to give 0.9-1.1 g (47-57%) of a white crystalline sub- 
stance that was soluble in aqueous solutions of acids, alkalis, and bicarbonates but only slightly soluble in 
nonpolar solvents. The product had mp 182-183~ (dec., from water). Two recrystal l izat ions from 50% ethanol 
gave a product with mp 184-185~ (dec.), Rf 0.68 [ethanol-25% ammonium hydroxide-water  (2: 1: 2), A1203] , 
and pKa 4.07~ 0.02. UV spectrum in water, Xmmx (log e): 262 nm (3.38). PMR spectrum in trifluoroacetic 
acid (at 63-65~ 3.63, d (CH2) (J=7.7 Hz coupling with the CH proton); 6.13, t (laetam ring proton); pyridine 
ring protons at 9.3 (T-H), 8.23 (fi-H), and 9.16 ppm (a-H). Found: N 14.3%. CgHsN203. Calculated: N 14.6%. 

5-Methyl-3-carboxymethyl-l-oxo-2,3-dihydropyrrolo[4,3-b]pyTidine (XVI). The procedure for the syn- 
thesis  of XV was used to obtain 1.2-1.3 g (29-32%) of XVI f rom 3.76 g (0.02 mole) of cis-  or t rans-acid IV, 
2.4 g (0.06 mole) of sodium hydroxide, and 22 ml of water after heating at 120~ for 4.5 h. The white crys ta l -  
line powder, the solubilities of which were similar to the solubilities of XV, had mp 143-144~ (dec.). Two 
recrystal l izat ions from 50% ethanol gave a product with mp 146-147~ (deck) and Rf 0.69 (in the system used 
for XV). UV spectrum in water, 2~max (log e): 270 um (3.65). The product had pK a 4.12 ~- 0.02. IR spectrum: 
2875 (hydrogen bond), 1684 and 1650 (secondary amide), and 1370-1600 cm -1 (inner bond). Found: N 13.3%. 
C10H10N203, Calculated: N 13.6%. 

3-Carbomethoxymethyl-l-oxo-2,3-dihydropyrrolo[4,3-b]pyridine (XVII). A 0.96 g (0.005 mole) sample 
of XV was heated in 10 ml of methanol in the presence of 1 ml of concentrated tt2SO4, after which the methanol 
was removed by evaporation on a water bath, and the residual  solution was neutralized withpotassiumbicarbon- 
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ate to pH 8 and extracted with ethyl acetate. A hot solution of 1.48 g (0.005 mole) of picric acid in 20 ml of 
ethyl acetate was added to the extract. The ethyl acetate was removed by evaporation to a small volume, and 
the resulting precipitate was removed by filtration to give 1.2 g of a yellow crystalline picrate that was soluble 
in hot ethanol and hot water and had mp 163-164~ (from water) and Rf 0.72 [benzene-ethanol (20 : 3), A12Oa]. 
Found: N 16.2%. CIoHIoN203.C6H~N307. Calculated: N 16.1%. 

5-Methyl-3-carbomethoxymethyl-l-oxo-2,3-dihydropyrrolo[4,3-b]pyridine (XVIH). The procedure for 
the synthesis of XVTI was used to obtain the picrate of XVIII from 1.03 g (0.005 mole) of XVI by heating hl 30 
ml of methanol in the presence of 1 ml of concentrated H2SO 4 and subsequent reaction with picric acid. The 
product was a yellow crystalline powder with mp 152-153~ (from water) and Rf 0.66 (in the system used for 
XVID. The picrate was soluble in hot water and hot ethanol. Found: N 15.7%. C11II12N203 �9 C6H3N307. Cal- 
culated: N 15.5%. 

3-Carboxamidomethyl-l-oxo-2,3-dihydropyrrolo[4,3-b]pyridine (XIX). Crude XVII was treated with ex- 
cess (11 ml) 25% ammonium hydroxide immediately after it was prepared by esterification of XV, and the mix- 
ture was allowed to stand at room temperature for ~ 14 h. It was then evaporated to 10-15 ml, and the concen- 
trate was cooled. The resulting precipitate was removed by filtration and washed on the filter with 5 ml of 
water to give 0.5-0.6 g (63% based on the starting acid) of the amide as a white crystalline powder with mp 
245-246.5 ~ (dec., from ethanol) and Rf 0.36 [benzene-ethanol (2 : 1), A1203]. UV spectrum in water, ~max 
(log e): 214 (4.03) and 269 nm (3.75). Found: N 21.9%. C~HsN302. Calculated: N 22.0%. 

5-Methyl-3-carbexamidomethyl-l-oxo-2,3-dihydropyrrolo[4,3-b]pyridine (XX). A 10-ml sample of 25% 
ammonium hydroxide was added to XVKI (immediately after its preparation by esterification of XVI), and the 
mixture was allowed to stand at room temperature for 10-15 h (the end of the reaction was determined by 
chromatography). The solution was evaporated on a water bath to 10 ml, and the concentrate was cooled. The 
resulting precipitate was removed by filtration, washed on the filter with 5 ml of water, squeezed, and dried 
to give 0.6 g (59% based on the starting acid) of the amide as a white crystalline powder with mp 256.5-257~ 
(dec., from ethanol) and Rf 0.46 (in the system used for XIX). The product was soluble in hot water and hot 
ethanol bat only slightly soluble in benzene. UV spectrum in water, Xmax (log e): 219 (4.01) and 275 nm (3.81). 
Found: N 20.6%. Ci0HiiN302. Calculated: N 20.5%. 
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