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Prepara t ive  methods for  the synthesis  of 1H-pyrrolo[3,2-h]quinoline and its 2-methyl -  and 2,3- 
dimethyl-  substituted der ivat ives  a re  proposed.  

In o rder  to sea rch  for  new biologically active prepara t ions  we began a systemat ic  study of pyrroloquino-  
l ines and pyrroloisoquinol ines  for  which no prac t icable  p repara t ive  methods were  available.  

An examination of the possible  methods for  the synthesis  of 1H-pyrrolo[3,2-h]quinoline (HI) and its 2- 
methyl-  and 2,3-dimethyl-subst i tuted der ivat ives  (V and VI) leads to a scheme based on the F i scher  react ion:  

NnNH2 nNN~C(Cna)COOn ]\COOn HN--~ 

1 I !  I I I  

Pyruvic  acid 8-quinolylhydrazone (I) was obtained as a mixture  of the syn and anti i somers  by refluxing 
hydrated 8-quinolylhydrazine hydrochlor ide  with pyruvtc  acid and ammonium acetate  in isopropyl alcohol. 

Polyphosphoric acid (PPA), concentrated hydrochlor ic  acid, and a mix ture  of glacial acetic and sulfuric 
acids a re  suitable as cata lysts  for  cyclization of hydrazone I. 1H-Pyrrolo[3 .2-h]quinol ine-2-carboxyl ic  acid 
(II) was obtained in quantitative yield by cyclizat ion of hydrazone I in glacial  acetic ac id - su l fu r ic  acid (3 : 1). 
In e a r l i e r  papers  [1] it was noted that this hydrazone does not undergo indolization under ac id-cata lys is  
conditions. 

Unsubstituted 1H-pyrrolo[3,2-h]quinoline (III) is formed in 85% yield by thermal  decarboxylat ion of acid 
II. Compound III was obtained for  the f i r s t  t ime in 1891 in ve ry  low yield [1]. Acetone 8-quinolylhydrazone is 
cycl ized in be t te r  yield (87%) in PPA. Other catalysts  lead to res inif icat ion of the react ion products .  In an 
ea r l i e r  paper  [2] it was proposed  that this hydrazone be cycl ized by prolonged heating in ~he p re sence  of ZnC12 
with subsequent decomposit ion of the resul t ing complex, but this reduces  the yield of 2 - m e t h y l - l H - p y r r o l o -  
[3,2-h]quinoline (V). 

2.3-Dimethyl-[1H]-pyrrolo[3,2-h]quinoline (VI) was previous ly  obtained f rom methyl  ethyl ketone 8-quino- 
ly lhydrazoneby refluxing for 3 h in a mixture  of acet ic  and concentrated hydrochlor ic  acid [3]. We did away 
with the step involving the isolat ion of the hydrazone,  and quinoline VI was eas i ly  obtained in 89% yield by br ie f  
refluxing of methyl ethyl ketone with hydrated 8-quinolylhydrazine hydrochlor ide  in a lcoho l .hydroch lor ic  acid. 
Pyrroloquinol ines  III and V e i t h e r  were  not obtained by this method or were  obtained in low yields.  

Two intense absorpt ion bands at 215-223 and 268-277 nm are  observed in the UV spec t ra  of the py r ro lo -  
quinolines (Table 1). An intense absorption band at 268-277 nm is not observed in the UV spec t ra  of e i ther  
indole or  quinoline [4, 5]. An absorption band at 3220-3230 cm -1, which is re la ted  to the s tretching vibrations 
of the NH group, is p r e sen t  in the IR spectra .  
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TABLE 1 

~om - 
pound R 

llI H 

V CH3 

VI CH~ 

R' 

H 

H 

CHa 

mp, "C 
(~om alcohol) 

99,5--100,5 
(94--96) I 

154--155 
(t55--157) 2 

157--158 
(156--158) 3 

[UV spectra (in IR s~eetra, v,[ 
95% alcohol) era- (in min- 

eral oii) r 
NH ring ~qCH3NO~ 

3220 1610 11,21 
1465 
1390 

3220 1580 I 1,51 
1465 
1330 

3220 1570 11,88 
1465 . 
1375 

Xmax, lg s 
nm 

223 4,53 
277 4,62 

217 4,45 
272 4,61 

215 4.22 
268 4160 

pK. 

in H20 

4,73 

4,97 

5,29 

TABLE 2. 

Coln - I 
pound i 

III 

Va 

VI b 

PMR Spec t ra  of  Py r ro loqu ino l ine s  

Solvent 
I-H 

d6"DMSO t 12,18 

ds-DMSO ] 11,94 

I 
CCl4(acetonefor the CH 3 i 10,87 

group) 

~, pprn 

a52_CH 3 2.44 ppm.  

!2H 

7,37 

3-H [ 4-H 

6,57 7,69 

6,25 7,57 

- -  7 , 5 1  

5-H 6-H 7-H 

8,21 7,38 

8,20 7,30 

8,13 7,19 

L Hz 
8- t t  

8,73 ]j,2=2,8; ]1,3=2,0; 
I2,3 =2,9; ]4,5= 
=8,0; ]~,7= 8,0; 
]6,s= 1,6; ]7,8=4,0 

8,73 /I,~=0,5;I3-H, CH = 
= 1,0;  1 4 . ~ = 8 , 0 ;  
16,7=8,0; 16,s= 
= 1,6; IT,s=4,2 

8,66 I4,s=8,4; I6,z=8,2; 
Is,s= 1,6; 17,s=4,2 

b52_CH 3 2.18, 63_CH 3 2.35 ppm.  

A c o m p a r i s o n  of the pK a values  of III, V, and VI with the pK a value of quinoline (11.40 in CH3NO2:4.90 in 
H20) [6] ind ica tes  a s l ight  change in the b a s i c i t y  of  the n i t rogen  a tom of the quinol ine r ing  on condensat ion  with 
the  p y r r o l e  ring, and the  in t roduct ion  of me thy l  g roups  in the l a t t e r  i n c r e a s e s  the b a s i c i t y  somewhat  (Table 1). 

The s ignals  of the  l - H ,  2-H, and 3-H p ro tons  in the  PMR s p e c t r a  of the  py r ro loqu ino l ines  (Table 2) a r e  
c lo se  to the s ignals  of the c o r r e s p o n d i n g  p ro t ons  in the s p e c t r u m  of 6 ,7-benzindole .  As c o m p a r e d  with the 
l a t t e r ,  the h e t e r o a t o m  of the py r id ine  r ing  has  only a s l ight  effect  on the magni tude  of  the  chemica l  shif ts  of the 
p y r r o l e  r i ng  p ro tons  [7]. The s igna ls  of the 4- and 5-H pro tons  w e r e  a s s igned  in ana logy  with 6 ,7-benzindole .  
The  sequence  of the c h e m i c a l  shif ts  in the  s i x - m e m b e r e d  he t e rocyc l i c  r ing  is in a g r e e m e n t  with the sequence  
d e t e r m i n e d  fo r  py r id ine  [8]. 

The m o l e c u l a r  weights  of III, V, and VI d e t e r m i n e d  by m a s s  s p e c t r o m e t r y  a r e  in a g r e e m e n t  with the 
ca lcu la ted  va lues .  The m a s s  s p e c t r u m  of III conta ins  an in tense  [M +] 168 m o l e c u l a r  ionpeak,  the f r agmen ta t i on  
of  which is a ccompa n i e d  by  e l imina t ion  of a hydrogen  a tom to give a f r a g m e n t  ion with m / e  167 and e jec t ion  
of an H2CN p a r t i c l e  to give an in tense  peak  of a f r a g m e n t  ion with m / e  140. The l a t t e r  ion can a l so  be f o r m e d  
b y  e l imina t ion  of an HCN p a r t i c l e  f r o m  the ion with m / e  167. The peak  with m / e  140 f o r m s  an ion with m a s s  
114 by  e jec t ion  of  a CN pa r t i c l e .  The e jec t ions  of  H2CN and CN p a r t i c l e s  f r o m  the c o r r e s p o n d i n g  f r a g m e n t  ions 
w e r e  con f i rmed  by  m e t a s t a b l e  t r ans i t i ons .  The m a s s  s p e c t r u m  a lso  conta ins  a peak  with m a s s  128, which is 
f o r m e d  by  f r agmen ta t i on  of  the m o l e c u l a r  ion with c l eavage  of the C ~ N  and C - C  bonds and r e m o v a l  of  C2NH 3. 

The b io logica l  ac t iv i ty  of III and VI was  inves t iga ted  in the C h e m o t h e r a p y  Divis ion of the S. Ordzhonikidze  
Al l -Union  S c i e n t i f i c - R e s e a r c h  P h a r m a c e u t i c a l - C h e m i s t r y  Inst i tute  by s en io r  sc ien t i f i c  c o - w o r k e r  T. V. Zykova 
unde r  the  supe rv i s i on  of C o r r e s p o n d i n g  M e m b e r  of the A c a d e m y  of Medical  Sc iences  of the USSR P r o f e s s o r  
G. N. P e r s h i n .  Compounds  III and VI have m o d e r a t e  tube reu los t a t i e  ac t iv i ty  in v i t ro  with r e s p e c t  to s t r a in  
H-37Rv  in doses  of 4 and 8 pg /ml ,  r e s p e c t i v e l y .  
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E X P E R I M E N T A L  

The IR spec t r a  of mine ra l  oil suspens ions  of the compounds were  r eco rded  with a UR-1O s p e c t r o m e t e r .  
The UV spec t r a  of 1 - c m  thick l aye r s  of alcohol solutions of the compounds were  obtained with a Specord spec-  
t ropho tomete r .  The pK a values (in CH3NO 2) were  de te rmined  by po ten t iomet r ic  t i t ra t ion  with g lass  and ca lomel  
e lec t rodes  [6]. The pK a values in H20 were calculated f r o m  the equation for  aza  he te rocyc les  [6]. The PMR 
spec t r a  of d~-DMSO and CC14 solutions of the compounds were  r eco rded  with an HA-100D s p e c t r o m e t e r  with 
hexamethyldisf loxane as the in ternal  s tandard.  

The m a s s  spec t r a  we re  r eco rded  with an MKh-1303 s p e c t r o m e t e r  with a modified s y s t e m  for introduction 
of the samples  into the ion source  and a record ing  s y s t e m  at an ioniz ing-e lec t ron  ene rgy  of 50 eV, a cathode 
emiss ion  cu r ren t  of 1.5 mA, and an acce le ra t ing  voltage of 2 kV. 

Pyrnv ic  Acid 8-Quinolylhydrazone (I). A solution of 21 g (0.24 mole) of sodium ace ta te  in 100 ml  of wa te r  
and 8.8 g (0.1 mole) of pyruvic  acid was added all at once to a solution of 25.2 g (0.1 mole) of 8-quinolylhydra-  
zine hydrochlor ide  hydra te  [9] in 150 ml  of i sopropyl  alcohol, a f te r  which the mix tu re  was ref luxed for  40 rain. 
It  was then cooled, and the resul t ing  orange c rys t a l s  were  r emoved  by f i l t ra t ion to give 19.9 g (87%) of a mix-  
tu re  of the syn- and an t i -hydrazones  of I with mp 174.5-175 ~ Found ~:  N 18.40. C12HllN302. Calculated %: 
N 18.33. 

1H-Pyr ro lo[3 ,2-h]qu ino l ine-2-carboxyl ic  Acid (II). A 22.9-g (0.1 mole)  sample  of hydrazone I was r e -  
fluxed for  40 rain in a mix tu re  of 210 ml  of glacial  acet ic  and 70 ml  of concent ra ted  sulfur ic  acid, a f te r  which 
the solution was poured  into 1 l i t e r  of cold water ,  and the g ray i sh -ye l low prec ip i t a te  was r emoved  by fi l trat ion,  
washed with sodium carbonate  solution and wate r  to neutral i ty,  and dried to give II with mp 297-299 ~ (dec.. f r o m  
alcohol) in quanti tat ive yield. Found %. C 62.5: H 4.3: N 12.5. C12HsN202 "H20. Calculated ~r C 62.6. H 4.4: 
N 12.2. Acid II was subsequent ly  decarboxyla ted  without additional puri f icat ion.  

1H-Pyrrolo[3,2-h]quinol ine  {fII). An l l . 5 - g  (0.05 mole) sample  of acid II was heated rapidly  to 240-280 ~ 
and held at this t e m p e r a t u r e  for  20 rain. Pyrroloquinol ine  III was pur i f ied  by ch romatography  with a column 
fil led with AlaO 3 (elution with ether)  to give 7.1 g (84%) of a product  with mp 99.5-100.5 ~ (from alcohol). Found 
%: N 16.6. C11H8N 2. Calculated %: N 16.7. The hydrocblor ide  had mp 258-259 ~ {from alcohol). A r o s e  co lo ra -  
t ion was produced on t r ea tmen t  of III with a hot solution of E r l i ch ' s  reagent .  

2 -Methyl - lH-pyr ro lo[3 ,2-h]quino l ine  (V). A solution of 19.9 g (0.1 mole) of acetone 8-quinolylhydrazone 
(IV) [3] in 180 ml  of polyphosphoric  acid (PPA) was heated to 120 ~ during which the t e m p e r a t u r e  ro se  spon- 
taneously  to 150 ~ The mix ture  was held at 150 ~ for  1 h, a f te r  which 200 ml  of 40% sodium hydroxide solution 
was added, and the mix tu re  was allowed to stand overnight .  The resul t ing  l i gh t -g reen  p rec ip i t a t e  was r emoved  
by  f i l t rat ion,  washed with water ,  and dried.  The product  was pur i f ied  by column ch romatography  with a luminum 
oxide (elution with ether)  to give 15.85 g (87%) of a substance  with mp 154-155 ~ (from alcohol). Found %: 
N 15.2. C12H10N 2. Calculated %: N 15.4. The hydrochior ide  had mp 257-258 ~ (from a lcoho l -e the r ) .  A rose  
colorat ion was produced when V was t r ea t ed  with a hot solution of E r l i ch ' s  reagent .  

2 ,3 -Dimethy l - lH-pyr ro lo[3 ,2-h]qu ino l ine  {VI). A 1.5-g (0.02 mole) sample  of methyl  ethyl ketone was 
added to a mix tu re  of 5 g (0.02 mole) of 8-quinolylhydrazine hydrochlor ide  hydrate ,  40 ml  of alcohol, and 30 ml  
of concentra ted hydrochlor ic  acid, a f te r  which the mix tu re  was ref luxed for  30 rain and poured  into 200 ml  of 
10% ammonium hydroxide.  The resul t ing yellow c ry s t a l s  were  r emoved  by fi l trat ion,  washed with water ,  and 
dr ied to give 3.5 g (89%) of a product  with mp 157-158 ~ (from alcohol). Found %: N 14.5. C13HI2N 2. Calculated 
%. N 14.3. The hydroehlor ide  had mp 307-309 ~ {from water) .  No colorat ion was produced when VI was t r ea t ed  
with Er l i ch ' s  reagent .  

1, 
2. 
3. 
4. 
5. 

6. 

7. 
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S Y N T H E S I S  O F  N A P H T H Y R I D I N E S  

I. NEW METHOD FOR THE PREPARATION 

OF 2,3-DIHYDROBE NZ O[h] [1,6] NAPHTHYRIDIN- 4- (1H)-ONES 

F .  S. M i k h a i l i t s y n ,  E .  M. B r a u d e ,  
a n d  A.  F .  B e k h l i  

UDC 547.831.3'834.2.07 

A new method for  the synthes is  of 2,3-dihydrobenzo[h] [1.6]naphthyridin-4- (1H)-ones, which con- 
s i s t s  in cycl izat ion of 4- ( /3-carboxyethylamino)quinol ine-3-carboxyl ic  acids by heating them in 
acet ic  anhydride in the p r e s e n c e  of po t a s s ium acetate ,  is p roposed .  

In the development  of our r e s e a r c h  on the synthesis  of he te rocycl ic  ketones by cyel izat ion of the c o r r e -  
sponding dicarboxyl ic  acids by  heating them with acet ic  anhydride in the p r e s e n c e  of po ta s s ium aceta te  [1-3] 
we accompl ished  the synthesis  of 2.3-dihydrobenzo[h] [1, 6]naphthyridin-4- f lH)-ones (Va-c). 

The only desc r ibed  r ep re s en t a t i ve s  of the benzo[h] [1.6]naphthyridin- 4- ones - 2,3- dihydro-  8,9- dimethoxy- 
benzo[h] [1 ,6 ]naphthyr id in-4(1H)-one-was  obtained in 41% yield by  cycl izat ion of 4- (B-carboxyethylamino)-6 ,7-  
dimethoxyquinoline [4] - the produc t  of mul t i s tep  synthesis  by the method in [4, 5] - inpolyphosphor ic  acid (PPA). 

We synthes ized the s ame  compound on the bas i s  of the reac t ion  of the m o r e  access ib le  ethyl 4 -ch lo ro-  
qu ino l ine -3-ca rboxyla tes  (Ia  b) [6-8] with B-alanine via the scheme 

CI F cO211 t I N - - C O 2 1 1  fl N ~ / ' C O 2 H  

L-N ' 2 ' NaOH R ' ] (  )1(  ) l  CO':C'2tl5 It 2 - 

r " z ' - . Y ~ /  g,~o., 12o~ , 

! a-r~2 II a r C  I11 a - c  

IV a - c  V a - c  

~-V a R ' = R ' - - H ;  b R ' ~ H ,  R ' = C I ;  C R ' - R " = O C H  3 

The 4- (~-carboxye thy lamino)quino l ine-3-carboxyla tes  ffla-c) fo rmed  in the reac t ion  of I a -c  with f l-alanine 
were  hydrolyzed and conver ted  to dicarboxyl ic  acids I I Ia-c .  which were  then subjected to cycl izat ion to N-acetyl  
der iva t ives  IVa-c ,  which in turn  were  hydrolyzed,  without isolation, to Va-c .  We were  able to pur i fy  Vc only in 
the f o r m  of i ts  hydrochloride,  inasmuch  as ba se  Vc is a highly insoluble compound. 

The p r e s e n c e  of an oxo group in Va-c  is conf i rmed by  the IR spec t r a  (VC= O 1663-1676 cm -1) and also by 
the fo rmat ion  of hydrazones  (in the case  of Va). 
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