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Derivat ives  of py r ro lo - ,  pyr ido- ,  and azepino[2,3-b]quinolones were  synthesized by condensa- 
tion of N-methylbutyro- ,  N-methylva le ro- ,  and N-methylcapro lac tam diethyl aceta ls  with ethyl 
anthranilate.  The corresponding ethoxy der iva t ives  were  obtained by react ion of these com- 
pounds with t r ie thyloxonium te t ra f luorobora te ,  and condensed 4-chloroquinolines were  synthe- 
s ized with POC13. 

It has been demonst ra ted  [I] that the amidine grouping in var ious 2-a ry l imino  der iva t ives  of N-meth-  
y l lac tams act ivates  the /3 position of the molecule  to such an extent that the protons  attached to the C 3 atom 
a r e  exchanged by deuter ium even under  mild conditions. Although par t ic ipat ion of the solvent is specified 
in the p roposed  [1] mechanism of deuter ium exchange, one cannot exclude the possibi l i ty  of thermal  detach- 
ment  of a proton f rom C 3. In this connection. 1 -methyl -2-  (o-earbethoxyphenylimino)hexahydroazepine (III) 
was synthesized by react ion of N-methylcapro lac tam diethyl acets l  (1) with ethyl anthrani late  (If). Heating 
of III to 180-200~ is accompanied by in t ramolecu la r  cycl izat ion to give 1H, l -me thy l -6 -oxo-2 ,3 ,4 ,5 ,6 -11-  
hexahydroazepino [2,3- b] quinoline (IVa). 

In the cycl izat ion of amidine III~ in the p r e sen ce  of catalytic amounts of p- toluenesulfonic  acid, the 
yield of IVa inc reases  cons iderably  (from 44 to 80%): this is in agreement  with the concept of acid cata lysis  
of cleavage of the Cs-H bond [1]. Derivat ives  IVb, c were  s imi la r ly  synthesized but without isolat ion of the 
in te rmedia te  amidines of the HI type. 

C2H5OOC ? 

- L . X N  
I - -  I t H 

CH 3 CH 3 CH 3 

I a - c  Il l  IV a - c  

I, IV a n = 3 ;  b n = ~ ;  a n = l ;  M n = 3  

Compounds IVa-c were  subjected to alkylation with t e r t i a r y  oxonium salts,  which a re  usual ly m o r e  
inclined to undergo O-alkylation reac t ions  [2], although products  of both (3- and N-alkylation were  isolated 
in the reac t ion  of t r ie thyloxonium te t ra f luorobora te  (V) with u r ea  vinylogs [3]. 

Te t ra f luorobora te  sal ts  (Via and VIIa) were  isolated f rom the reac t ion  of IVa with te t ra f luorobora te  
V in chloroform.  The IR spec t rum of salt  Via contains the absorpt ion bands of an OH group at 3530 and 

* See [1] for  communicat ion IX. 
It is not n e c e s s a r y  to isolate  in te rmedia te  amidine HI (see the exper imenta l  section).  
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TABLE 1. PMR Spec t ra  (ppm) 

N-CHa CH3 ] CH2 Compound CH2-2 CH~-3 CH2-4 CH2-5 H(Ar) (O=et)](Ofst) Solvent 

IVa 
vIIa 

VIII a 
VIIIb 
VIIIC 

3,40 
3,81 
3,21 
3,32 
3,29 

1,75 
1,96 
1,77 
1,85 
3,00 

1,75 
1,96 
137 
239 

235 
2,98 
2,86 

3,08 
3,36 
3,05 
3,18 
2,95 

7,05--8,00 
7,40--8,00 
7,05--7,76 
6,92--7,65 
6,92--7,82 

1,5-i 4,76 
1,46 3,98 
1,44 3,92 
1,40 4,17 

d-DMSO 
d=DMSO 
CC14 

' CCt4 
CC14 

3590 cm -1. Signals of a C2H 5 group a r e  not p r e sen t  in the PMR spec t rum of Via, and decomposi t ion of it by 
both aqueous alkal i  and t r i e thy lamine  in benzene gives  s t a r t ing  IVa. Hence it  is apparent  that  sa l t  Via is the 
t e t r a f l uo robo ra t e  of IVa. The PMR s p e c t r u m  of sa l t  VIIa co r r e sponds  to the s p e c t r u m  of the ethylation p r o -  
duct (see Table  1). T r e a t m e n t  of this sa l t  with alkal i  g ives  a compound which, accord ing  to the r e su l t s  of 
e l e m e n t a r y  ana lys i s  and the PMR spec t rum,  is  1 H . l - m e t h y l -  6-e thoxy-  2,3,4, 5 - te t rahydroazepino[2 ,3-b] -  
quinoline WIIIa). An intense  mo lecu l a r  ion peak  with m / e  256 is obse rved  in the m a s s  s p e c t r u m  of VIIIa. 
The c h a r a c t e r i s t i c  pa th  of d is in tegra t ion  of subs tances  of the ViIIa type is  e l iminat ion of an ethyl group 
f r o m  the m o l e c u l a r  ion (to give a f r agmen t  with m / e  227) with subsequent  eject ion of CO, as a consequence 
of which a s table  ion ( m / e  199) with the azepino[2,3-b]indole s t ruc tu re  [4] is fo rmed .  In addition to the m e t a -  
s tab le  peaks  co r respond ing  to this scheme,  the s p e c t r u m  a lso  contains c h a r a c t e r i s t i c  (for f ragmenta t ion  of 
the compounds with an ethoxy group) peaks  of [M-CH3] @, [M-OC2Hs] @, and [M-OC2H4] @ ions.  

Mixtures*  of sa l t s  VIb, c and Vllb,c, wh ichwere  subjected to alkal ine t r e a t m e n t  without separa t ion,  
w e r e  obtained by alkylat ion of IVb, c. The s t r u c t u r e  of ethoxy der iva t ives  VIIIb, c was p roved  by means  of 
IR, PMR (see Tables  1 and 2), and m a s s  spec t r a .  

R 
r 

IVa-c , . ,  ( ~ " 2 ) " - - - ~ / ~  

CH 3 

VIII, IX a - c  

V I I l a - c  R=OC2H5; IXa-C R=CI 

The cor respond ing  chloro de r iva t ives  (IXa-c) we re  then synthes ized  by  reac t ion  of oxo der iva t ives  
IVa-c  with POC13. In the case  of IVa, b, i n t e rmed ia te  sa l ts ,  to which the dichlorophosphate  s t ruc tu re  
(IX-Xa, b) was ass igned  on the bas i s  of m o d e r n  concepts  [5] of the s t ruc tu re  of d imethylformamide/POC13 
complexes ,  were  i so la ted  in this reac t ion .  

The halogen a tom in IXa-c  p l oved  to be  i n a c t i v e -  the s ta r t ing  m a t e r i a l  was  r e c o v e r e d  comple te ly  
even a f t e r  chloro  der iva t ive  IXa was heated with C2H5ONa in a bomb at 200-215 ~ for  6 h. Negative r e su l t s  
we re  a lso  obtained on prolonged heating of IXa with amines  at high t e m p e r a t u r e s .  This deact ivat ion of the 
halogen is a s soc i a t ed  with the s t r o n g - e l e c t r o n - d o n o r  effect  of the N-methy l  group in the 2 posi t ion of the 
quinoline r ing.  

All of the inves t iga ted  compounds had a b a e t e r i s t a t i c  effect  on m i c r o b a c t e r i u m  tubercu los i s  (15-125 
pg /ml )  in expe r imen t s  in vi t ro .  Substances  of the azepine s e r i e s  (IVa and IXa) have the mos t  pronounced 
an t i tubercu la r  ac t iv i ty  (15 #g /ml ) .  Compounds Xa, b have a weak fungistat ic  effect  with r e spec t  to Micro-  
s p o r o m  lanosum, I r ichophyton gypseum,  and Achorion schSnleini (250-500 #g/ml), while IVa, b have a 
weak effect  with r e s p e c t  to Candida a lbicans  (250-500 pg /ml ) .  All of the subs tances  were  inact ive with r e -  
spec t  to inducers  of acute b a c t e r i a l i n f e c t i o n s ,  except  fo r  IXa, which had a weak bac t e r io s t a t i c  effect  with 
r e s p e c t  to g r a m - p o s i t i v e  bac t e r i a  (500/~g/ml). 

EXPERIMENTAL 

The PMR spectra were recorded with a JNM-4H-100 spectrometer with tetramethylsilane as the in- 
ternal standard. The IR spectra of mineral oil pastes were recorded with a Perkin-Elmer 457 recording 

s p e c t r o m e t e r .  The UV s p e c t r a  of alcohol solut ions (~ 10 -4 M) were  r eco rded  with an EPS-3 spec t rophoto-  
m e t e r .  The m a s s  s p e c t r a  we re  obtained with an MKh-1303 s p e c t r o m e t e r ,  equipped with a d i rec t  inlet into 
the source ,  at an ionizing vol tage of 50 eV. 

* The fo rma t ion  of sa l t s  VIa -c  is the r e s u l t  of reac t ion  of t e t r a f luo robora t e  V with the alcohol p r e sen t  in the 
ch lo ro fo rm.  The yield of ethoxy de r iva t ive  VIIIa was 95% in the alkylat ion of IVa in CH2C12. 
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1-Methy l -2 - (o -ca rbe thoxyphenyl imino)hexahydroazep ine  {IIa). A mix tu re  of 12.1 g (60 mmole)  of 
ace ta l  Ia  and 9.9 g (60 mmole )  of II  was  heated at 50-55 ~ fo r  3.5 h, a f t e r  which it was evapora ted  and the 
r e s idue  was dis t i l led to give 14.3 g (87%) of IIIc with bp 197-198 ~ (3 ram). 

1H,1-Methyl -6-oxo-2 ,3 ,4 ,5 ,6 ,11-hexahydroazepino[2 ,3-b]quinol ine  (IVa), 1H.1-Methyl -5-oxo-2 ,3 ,4 ,5 ,10-  
pen tahydropyr ido  [2,3-b]quinoline {IVb), and 1H, 1 -Methy l -4 -  oxo- 2,3.4, 9- te t rahydropyrro lo[2 ,3-b]quinol ine  
(IVc). A) A solution of 1.3 g (5 mmole)  of IIIa in 15 ml  of diethylene glycol  and 0.05 g of p- toluenesulfonic  
acid (TsOH) was heated at 180-200 ~ fo r  40 rain, a f t e r  which it was evaporated,  and the solid was r emoved  by 
f i l t ra t ion.  Workup gave 0.95 g (83%) of IVa with nap 293-295 ~ (from methanol) .  

B) A mix tu re  of 5.2 g (25 mmole)  of aceta l  Ia and 4.1 g (25 mmole)  of e s t e r  II was heated at 50-55 ~ 
fo r  3.5 h, a f t e r  which 0.1 g of TsOH was added, and the mix tu re  was heated at 180-200 ~ for  40 rain. It was 
then evaporated,  and the r e s idue  was f i l t e red  to give 4.2 g {76%) of IVa. The s a m e  method was used to syn- 
thes ize  IVb. with nap > 300 ~ (from methanol) ,  in 71% yield and IVc, with nap > 300 ~ (from methanol),  in 43% 
yield f r o m  IIIb and IIIc, r e spec t ive ly .  

C) Similar ly ,  but without TsOH. IVa was obtained in 44% yield.  

1H,1- Methyl-  6-ethoxy-2,3,4,  5- te t rahydroazepino[2,3-b]quinol ine  Te t r a f luo robora t e  (Via). A solution 
of 1.9 g (10 mmole )  of t r ie thyloxonium t e t r a f i uo robo ra t e  (V) in 15 ml  of d ry  ch lo ro fo rm was added to a sus -  
pens ion of 2.28 g (10 mmole)  of IVa in 15 ml  of d r y  ch loroform,  and the mix tu re  was allowed to stand for  
2 h, a f t e r  which the p rec ip i t a t ed  Via was r emoved  by  f i l t ra t ion  to give 1.1 g (35%) of a product  wi~h mp 154- 
157 ~ The p roduc t  had mp 178-179 ~ (from alcohol) a f t e r  it was washed th ree  t imes  with boiling ch loroform.  
The ch lo ro fo rm solutions were  evapora ted  to give 1.7 g (49%) of ethoxy der iva t ive  ViIa with nap 170-172 ~ 
The produc t  was c rys t a l l i zed  fo r  ana lys i s  to give a s amp le  with mp 195-197 ~ 

1H. 1- Methyl-  6- ethoxy- 2, 3,4, 5- t e t r ahydroaz  epino [2, 3-b] quinoline (VIHa), 1H, 1- Methyl-  5- ethoxy- 2,3, 4- 
t r ihydropyr ido[2 ,3-b]quinol ine  (vIIIb). and 1H, 1-Methyl -  5- ethoxy- 2 ,3-dihydropyrrolo[2 ,  3-b]quinoline (VIIIc). 
Ethanol (150 ml) and a 20% aqueous NaOH solution were  added to a mix tu re  of sa l t s  Via and VIIa, obtained 
f r o m  30 g (0.13 mole) of IVa, until the pH was 9, a f t e r  which the alcohol was evaporated.  Chloroform (50 ml) 
was  added, and the mix tu re  was f i l te red  to  give 10.8 g of IVa with mp 270-272 ~ The l aye r s  were  separa ted ,  
and the aqueous l a y e r  was ex t rac ted  with ch lo ro fo rm (three 20-ml  por t ions) .  The ex t rac t s  were  dr ied over  
Na2SO4, f i l tered,  and evapora ted .  The res idue  was dis t i l led to give 20.0 g (55%) of ethoxy der iva t ive  VIHa 
with bp 177 ~ (1 ram) and nD 2~ 1.6171. Compounds VIIIb, with mp 71-72 ~ (from hexane), and VIIIc, with nap 
131-132 ~ ( f rom p e t r o l e u m  ether) ,  we re  s i m i l a r l y  synthes ized in yields of 34% and 57%. re spec t ive ly .  

1H - 1 - Methyl -6-chloro-2 ,3 ,4 ,5 ,11-pentahydroazepino[2 ,3-b]quinol ine  Diehlorophosphate  (Xa) and 
1 H, 1- Methyl-  5- ch loro-  2,3,4,1 0- t e t r ahydropyr ido  [2,3-b] quinoline Dichl orophosphate  (Xb). A 3.2- g (15 
mmole )  s ample  of IVb was ref luxed in 15 ml  of POC13 fo r  3 h, a f te r  which the mix tu re  was cooled, and the 
p rec ip i t a t e  was r e m o v e d  by f i l t ra t ion  and washed with e ther .  The yield of complex  Xb, with mp 176-178 ~ 
(dec.). was  4.45 g (82%). Compound Xa, with nap 131-133 ~ was s i m i l a r l y  obtained in 78% yield. 

1H, 1- Methyl-  6 -ch lo ro-  2 ,3 ,4 .5- te t rahydroazepino[2 ,3-b]  quinoline (IXa), 1H, 1-Methyl-  5- ch loro-  2, 3,4- 
t r ihydropyr ido  [2,3-b]quinoline (IXb). and 1H, 1- Me thy l -4 -eh lo ro -  2 ,3-dihydropyrrolo[2 ,3-b]quinol ine  (IXc). 
Wate r  (20 ml) and 20 m l  of ch lo ro fo rm w e r e  added to dichlorophosphate  Xc, obtained f r o m  4.5 g of oxo 
compound IVe, and the mix tu re  was made  alkal ine to pH 9 with 20% aqueous NaOH. The l a y e r s  were  sepa-  
ra ted ,  and the aqueous l aye r  was ex t rac ted  with ch lo ro fo rm (two 20-ml  por t ions) .  The ex t rac t  was dr ied 
with Na2SO 4 and f i l te red .  The f i l t r a te  was evapora ted  to give 2.9 g (60%) of IXc with mp 137.5-138.5 ~ (from 
acetone) .  A t s i m i l a r  p r o c e d u r e  was used  to obtain LXb, with mp 73 ~ {from hexane), in 83% yield. Compound 
IXa, with bp 173-175 ~ (3 ram), was s i m i l a r l y  synthes ized  in 79% yield, but the in t e rmed ia te  dichlorophos-  
phate  was not puri f ied.  
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