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The reaction of enamines of some ~-oxo lactams with 1,3-dimethyl- and 1,3-dibenzyl-4-hydra- 
zinouracils gave the uraci lyl-4-hydrazones of these lactams, the catalytic and thermal indoliz- 
ation of which yielded derivatives of pyrido[3,4-b]- and azepino[3,4-b] pyrrolo[2,3-d]pyrimidines. 
Some reactions of the la t ter  were studied. 

The recently developed synthesis of enamines of ~-oxo lactams (Ia, b) [2] has opened up possibilities for 
the preparation of various condensed heterocyclic compounds, including potentially biologically active sub- 
stances. 

The present paper is devoted to a study of the synthesis of representatives of new heterocyclic systems 
- derivatives of pyrido[3,4-b]- (VIII, IX) and azepino[3,4-b]pyrrolo[2,3-d]pyrimidines (X, XI) - from enamines 
Ia, b and oxocaprolactam II [3]. On the basis of the ability of enamines Ia, b to undergo Wtransamination" with 
arylhydrazines and hydrazinopyrimidines [41, we studied the Wtransamination" of enamines Ia, b by 1,3-dimeth- 
yl- (Ilia) and 1,3-dibenzyl-4-hydrazinouracils (IIIb). 

We found that the "transamination ~ of enamine la with hydrazinouracil IIIa proceeds smoothly when the 
reagents are heated in alcohol to give two geometrical isomers of ~ -oxovalerolactam 1,3-dimethyluracilyl-4- 
hydrazone in the form of monohydrates - the anti form (IVb), which is only slightly soluble in alcohol, and the 
more soluble syn isomer (IVa). The assignment of these isomers to the syn and anti forms was made in anal- 
ogy with the data for ~-oxocaprolactam arylhydrazones [4] and derivatives of ~-oxovalerolactam [5, 6]. A 
bathochromic shift of the long-wave absorption maximum of 22 nm is observed in the UV spectrum of syn 
form IVa as compared with anti form IVb. The anti isomer (IVb) undergoes thermal indolization at ~ 190~ 
(rapid heating) to give VIII, whereas in the case of syn form IVa this process takes place under more severe 

conditions (> 200~ 

Compounds V-Vii were synthesized in the same way as hydrazones IVa, b. It does not seem possible to 
draw conclusions regarding the stereoisomerism of these compounds because of the absence of the correspond- 
ing pairs of geometrical isomers and also because of their low solubilities in organic solvents, which hinders 
attempts to obtain their spectral characteristics. It may be assumed that hydrazone V is the syn isomer, since 
its UV spectrum is similar to the spectrum of syn isomer IVa. 

During a study of the conversion of hydrazones IV-VII to three-ring compounds VIII-XI we established 
that their thermal indolization by heating at 215-220~ in diethylene glycol gives the products in higher yields 
than in the ca~e of the catalytic process [in polyphosphoric acid (PPA)]. It is interesting to note that the indol- 
ization of anti isomer IVb (IVb -~ VIII) gives the product in higher yield than the indolization of syn isomer 
IVa. This is in agreement with data that indicate that the hydrogen bond in syn isomers may hinder the indol- 

ization of hydrazones [7]. 

Compounds VIII-XI and their derivatives may be of definite interest as potential biologically active sub- 
stances, since they contain a pyrrolo[2,3-d]pyrimidine fragment, which constitutes the basis of the antitumori- 
genic antibiotics tubercidin, toikomycin, and sangivomycin [8]. In this connection we investigated the possibility 
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of the p r e p a r a t i o n  of de r iva t i ve s  of t h r e e - r i n g  compounds VII I -XI  with r e  speet  to the p y r r o l e  ni t rogen a tom and 
l ac t am ring ca rbon  a tom.  

The alkylat ion of VIII-XI  by alkyl ha l ides  at t h e p y r r o l e N H  group (the acidi ty  of which is reduced due to 
the e l e c t r o n - a c c e p t o r  effect  of the C----- O groups  in the 4 posi t ion of t h e u r a c i l  f ragment)  t akes  place  unde rmi ld  
conditions in d i m e t hy l fo rm am i de  (DMF) at 50-60~ to give the cor responding  alkyl de r iva t ives  XII-XIX. 

React ion of XI with phosphorus  oxychlor ide gave chloro der iva t ive  XX, f r o m  which 9-e thoxy-  and 9-[/% 
(N,N-die thylamino)-  1 ,3-d ibenzyl ] -2 ,4-d ioxo-  7H- 1,2 ,3 ,4 ,5 ,6-hexahydroazepinol3,4-b]  pyrrolo[2,3-d]  pyr imid ine  s 
(XXI, XXII) we re  obtained by t r e a t m e n t  with sodium ethoxide in alcohol and/3-(N,N-die thylamino)e thylamine.  

On the bas i s  of the abil i ty of l a c t a m  XI to r eac t  with phosphorus  oxychlor ide  to give the highly r eac t ive  
ch loro imide  XX, we accompl i shed  the i n t r amolecu l a r  cycl izat ion of XIV, XVI, and XVIII with phosphorus  
oxychlor ide ,  as  a r e s u l t  of which we obtained f o u r - r i n g  compounds XXIII-XXV. 
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la n = l ,  b n=2; Ilia R=CIIa, b R=CH:~CsHs; 1Va,b n = l ,  R=CHa; V n = l ,  R=CIt2C6Hs; 
VI n=2,  R=CII,~; VII ]]=2, R=Ctt2C6Hs; VIII t ]=l ,  R=('H3; IX 11=1, R=CII2C6Hs; 
X H=2, R=CIla; Xi n=2 ,  R=CI-IeC6H~; XII u = l ,  R=CHa, R'=CII2CH2N(C2Hs)2; 
XIll n = l ,  R=Clf2Cg-Is, R'=CII=,CII2N(C~Hs)2; XIV n = l ,  R=CHa, R'=CII2CIIeN(CHa)2; 
XV n = l ,  R=CtI2C6Hs, R'=CII~CtI2N(CHa}_% XVI n=9,  R=CIIa, R'=CIt2CH2N(C2Hs)=; 
XVII n=2, R=CIIa, R'=CtI.:Cgls; XVIII n=2,  R=CIf2C~Hs, R'=CIt2Ctt2N(C~H~)2; 

XIX n=2.  R=CIIa, R'=CIIeCII2N(Clia)2 

Two groups  of absorp t ion  bands at 3360-3380 and 3180-3200 em -1, which co r re spond  to the py r ro l e  and 
l ac t am NH groups ,  r e spec t ive ly ,  a r e  obse rved  in the IR spec t r a  of solid s amples  of t h r e e - r i n g  compounds 
VIII -XI .  The p r e s e n c e  in VIII -XI  of an i n t r amolecu l a r  hydrogen bond was proved  in the case  of XI. In the IR 
spec t rum of this  compound in CC14 the absorpt ion  band of the p y r r o l e  NH groups  is  shifted to 3440 cm -1 and 
c o r r e s p o n d s  to the posi t ion of the absorpt ion  band of the py r ro l e  NH group in ch loro imide  XX. Absorpt ion 
bands at 1700, 1670, 1640, and 1610 cm -~, which co r respond  to two nuracil~ and " l a c t am n carbonyl  groups ,  
and of a C = C bond a re  obse rved  in the IR spec t rum of XXIo 
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XX R=CI; XX1 R=OCoIIs: XXII R=XIICII~CH>X(CgI~):; XXHI n = l ,  R=R'=CtI3;  
XXIV n=2,  R=CtL,  R'=C2H~; XXV u~2,  P,=CII2Cd[> R'=C2I[~ 

The PMR s pec t rum  of l a c t am  XI contains mul t ip le t s  at 1.87 (6-CH 2 pro tons  of the azepine ring) and 3.04 
(5-CH 2 and 7-CH 2 pro tons  of the azepine r ing),  s inglets  at 5.04 and 5.34 (CH~ of the benzyl  f r a g m e n t s  in the 1 
and 3 posi t ions) ,  and mul t ip le t s  at 7.75 (azepine ring NH), 11.77 (pyrro le  r ing NH), and 7.20 ppm (aromat ic  
protons) .  

A doublet  of pro tons  of a d imethylamino group at 3.09 and 3.14 ppm, as  well  as  mul t ip le t s  at 2.28 (fi-CH2), 
5.01 (o~-CH2) , and 3.47 ppm (protons in the 3 and 4 posi t ions  of the carbol ine  ring),  a re  obse rved  in the PMR 
s p e c t r u m  of XIV, in addition to s ingle ts  of p ro tons  of CH 3 groups  of a u rac i l  f r agmen t  at 3.55 and 3.94 ppm. 
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Singlets of p ro tons  of CH 3 groups  of a u r ac i l  f r a g m e n t  at 3.57 and 3.92 ppm a re  re ta ined  in the spec t rum of 
XXIII; the s p e c t r u m  a lso  contains  a s inglet  of the CH 3 group of a p ipe raz ine  f r agmen t  at 3.25 (protons in the 
2 posi t ion),  3.92 (5-CH 2 and 6-CH 2), and 4.80 ppm (1-CH2). 

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

The UV s p e c t r a  of alcohol solut ions of the compounds were  r eco rded  with an EPS-3 spectrophotometero  
The  IR s p e c t r a  of m i n e r a l  oil pas t e s  or  CC14 solutions of the compounds were  r eco rded  with a P e r k i n - E l m e r  
457 s p e c t r o m e t e r .  The PMR s p e c t r a  of CF3COOH (for XIV and XXIII) and (CD3)2SO (XI) solutions of the com-  
pounds were  r eco rded  with a JNM-4H-100 s p e c t r o m e t e r .  

- O x o c a p r o l a c t a m  1 ,3 -Dime thy lu rac i ly l -4 -hydrazone  (VI). A) F r o m  enamine Ib. A 6 .1-g  (30 mmole)  
sample  of 2 - o x o - 3 - ( 1 - p i p e r i d y l ) - l H - 2 , 5 , 6 , 7 - t e t r a h y d r o a z e p i n e  Ib was added to a suspension of 5 g (30 mmole)  
of hydraz inourac i l  I l ia  in 80 ml  of alcohol,  and the mix tu re  was ref luxed fo r  4 h. I t  was  then cooled, and the 
resu l t ing  p rec ip i t a t e  was r e m o v e d  by f i l t ra t ion,  washed with alcohol,  and dr ied  to give 6.1 g (73%) of hydrazone 
VI with mp 233~ (f rom DMF). IR spect rum:  3215 (NH); 1695, 1620-1650 b r  em -1 (amide C---- O, C---- N). UV 
s p e c t r u m ,  ; tma x (log ~): 246 (4.23) and 318nm(4.09) .  Found: C 51.5; H 6.2; N 25.1%. C12H17N503. Calculated: 
C 51o6; H 6.1; N 25.1%. 

B) F r o m  a - o x o c a p r o l a c t a m  II.  A 1.35-g (10 mmole)  sample  of oxocapro lac t am II and a catalyt ic  amount 
of p- to luenesul fonic  acid w e r e  added to a suspension of 1 g (6 mmole)  of hydraz inourac i l  I I Ia  in 12 ml  of a l -  
cohol, and the mix tu re  was  heated  at 50~ fo r  30 rain. I t  was then cooled, and the resul t ing  prec ip i ta te  was 
r emoved  by f i l t ra t ion,  washed with alcohol,  and dr ied to give 1.5 g (95%) of hydrazone  VI with mp 233~ 

Compounds IVa, b,  V, and VII were  s i m i l a r l y  obtained (see Table  1). 

De r iva t i ve s  of 2 ,4 ,9 -Tr ioxoazep ino-  (X, XI) and 2 ,4 ,8-Tr ioxopyr ido[3 ,4-b]  pyrrolo[2 ,3-d]  pyr imid ines  
(VIII, IX). T h e r m a l  Indolization.  A) F r o m  the hydrazones  of oxo lac tams  IV-VII .  A suspens ion of 16.6 g (60 
mmole)  of o x o c a p r o l a c t a m h y d r a z o n e  VI in 150 ml  of diethylene glycol  was heated at 215-220~ for  3 h, a f t e r  
which it was  cooled to 20~ and 100 ml  of wa t e r  was added. The resul t ing  prec ip i ta te  was r emoved  by f i l t r a -  
t ion,  washed with w a t e r  and alcohol,  and dr ied to give X (Table 1)o 

Compound Xt (Table 1) was  s i m i l a r l y  synthesized.  Cycl izat ion of syn i s o m e r  IVaunder  s i m i l a r  conditions 
gave VIII in 51% yield ,  while indolization of anti i s o m e r  IVb gave VIII in 81% yield.  

B) F r o m  u r a c i l y l - 4 - h y d r a z o n e s  and enamines  Ia ,  b without isolat ion of the oxolac tam hydrazones .  A 
suspension of 1.2 g (6.7 mmole)  of enamine Ia  and 1 g (6 mmole)  of u rac i ly lhydraz ine  I I Ia  in 10 ml  of die thyl-  
ene glycol was hea ted  in a s t r e a m  of ni t rogen at 80~ fo r  2 h, and the resu l t ing  solution was  heated at 200- 
220~ fo r  30 rain. A p rec ip i t a t e  f o rm ed  during the heat ing p r o c e s s .  The reac t ion  mix tu re  was cooled and 
t r e a t ed  with 25 ml  of wa t e r ,  and the resul t ing p rec ip i t a t e  was r emoved  by f i l t ra t ion ,  washed success ive ly  with 
water and alcohol, and dried to give VIII (Table I)o 

Compound IX (Table I) was similarly synthesized from enamine Ia and uracilylhydrazine IIIb. 

Catalytic Indolization. A mixture of 1o4 g (5 mmole) of hydrazone VI and polyphosphorie acid (PPA) (ob- 
tained from 5 g of P205 and 3 g of H3PO 4) was heated at 130~ for I0 rain, after which it was cooled, and ice 
was added. The resulting precipitate was removed by filtration, washed with water, and dried to give X in 
67% yield. 

9 - (N ,N -Diethylamino ethyl) - 1,3 -dimethyl-2,4,8-trioxo-I ,2,3,4,5,6,7,8 -octahydropyrido[3,4 -b] pyrrolo[2,3- 
d]pyr imidine  (XII). A suspension of 1.25 g (5 mmole)  of VIII and 0.7 g (5 mmole)  of anhydrous po tass ium c a r -  
bonate  was heated at 80~ for  1 h, a f te r  which it was  cooled to 50-60~ and 0.9 g (6 mmole)  of N,N-die thyl -  
aminoethyl  chlor ide  was added dropwise  at this  t e m p e r a t u r e .  The mix tu r e  was  then heated  at 90~ for  2 h, 
a f t e r  which the hot mix tu re  was f i l t e red ,  and the f i l t r a te  was cooled.  The p rec ip i t a t e  was r emoved  by f i l t ra t ion,  
washed with wa te r ,  and dr ied  to give XII (Table 1). Compounds XIII -XIX (Table 1) were  s i m i l a r l y  synthesized.  

1 ,3 -Dibenzy l -2 ,4 -d ioxo-9-ch lo ro -7H-1 ,2 ,3 ,4 ,5 ,6 -hexahydroazep ino  [3,4-b] pyrrolo[2 ,3-d]  pyr imid ine  (XX). 
A solution of 2 g (5 mmole)  of l ac tam XI in 30 ml  of phosphorus  oxychlor ide  was heated  at 80~ for  1 h, a f t e r  
which it was  evapora ted  to d rynes s ,  and the res idue  was washed with e ther .  Ice was added, and the mix tu re  
was ex t rac ted  with ch lo ro fo rm.  The ex t rac t  was  dr ied with calcined sodium sulfate,  the solvent  was removed  
by evapora t ion ,  and the res idue  was c rys ta l l i zed  f r o m  ethyl a c e t a t e - a l c o h o l  (1 : 1) to give XX (Table 1). 
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1,3-Dibenzyl-2,4-dioxo-9-ethoxy-7H-1,2,3,4,5,6-hexahydroazepino[3,4-b]pyrrolo[2,3-d]pyrimidine (XXI). 
A solution of sodium ethoxide (from 50 mg of Na and 2 ml of alcohol) was added dropwise at 20~ to a solution 
of 1 g (2 mmole) of chloroimide XX in 10 ml of absolute alcohol, and the mixture was s t i r red at 20~ for 1.5 h. 
The mixture was evaporated to a small volume and fil tered to give 0.5 g of product (mp 107-108~ whiehlwas 
dissolved by heating in 5 ml of alcohol. Water was added dropwise to the hot solution until crystals  began to 
precipitate.  The mixture was cooled, and the precipitate was removed by filtration to give XXI (Table 1). 

1,3-Dibenzyl-2,4-dioxo- 9- (N,N -diethylaminoethyl) amino-7H-1,2,3,4,5,6 -hexahydroazepino[3,4-b] pyrrolo-  
[2,3-d]pyrimidine (XXII). A 0.6-g (5 mmole) sample of N,N-diethylaminoethylamine was added to a suspension 
of 1.1 g (2.5 mmole) of chloroimide XX in 10 ml of chlorobenzene, and the mixture was heated at 100~ for 1.5 
h until the precipitate dissolved. The mixture was vacuum evaporated, and the residue was dissolved in 20 ml 
of water. The aqeuous solution was extracted with chloroform, and the extract  was evaporated. The residue 
was t r i turated with ethyl acetate, and XXII was separated (Table 1). 

3-Ethyl- 8,10-dioxo-9,11-dimethyl-5H- 1,2,6,7,8,9,10,11 -octahydropyraz ino [3,2,1-/m] azepino[3,4-b]- 
pyrrolo[2,3-d]pyrimidine (XXIV). A suspension of 4~ g (13 mmole) of XVI in 75 ml of phosphorus oxychloride 
was refluxed for  4 h until the solid dissolved, after  which the mixture was evaporated to dryness,  the residue 
was treated with 50 ml of alcohol, and the mixture was refluxed for  1 h. It was then evaporated, and the residue 
was dissolved in 80 ml of water.  The solution was decolorized with charcoal and made alkaline with ] M NaOH 
to pH ~ 10. The resulting precipitate was removed by filtration, washed with water,  and crystall ized to give 
XXIV (Table 1). 

Compounds XXIII and XXV (Table 1) were similarly synthesized. 

1. 

2. 

3. 
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