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The reac t ion  of 7 -n i t r o -  and 7-unsubst i tuted 4 - c h l o r o - 6 - o x o - 2 , 3 - d i h y d r o - 5 - a z a b e n z o f u r a n s  
with p r i m a r y  and seconda ry  amines  p roceeds  with subst i tut ion of the chlor ine  a toms  by 
amine r e s i dues  and with r ecye l i za t ion  of the compounds to 5- and 7-azaindoline de r iva t ives .  

Methods for  the p r e p a r a t i o n  of 5 -azabenzofu ran  de r iva t ives  containing functional subst i tuents  in the 
4 and 7 posi t ions  and the convers ion  of 6 -oxo -d ihyd ro -5 -azabenzo fu rans  to 5-aza indoles  were  p rev ious ly  
desc r ibed  in [1-3]; i t  was shown that  4 - c h l o r o - 6 - o x o - 2 , 3 - d i h y d r o - 5 - a z a b e n z o f u r a n  (Ia) and i ts  N-alkyl  
(N-methyl- Ib)  de r iva t ives  a re  capable  of r ead i ly  undergoing subst i tut ion of the chlor ine  a tom by an alkoxy 
group.  

It  was  subsequent ly  made c l e a r  that  the l a t t e r  t r ans fo rma t ion ,  which p r o c e e d s  smooth ly  on t r e a t m e n t  
of I with d imethyl  sulfate  in aqueous alkaline media ,  cannot  be r ea l i zed  by the action of sodium methoxide 
on Ia or  i ts  N-a lky l - subs t i tu ted  de r iva t ives  because  of the comple te  des t ruc t ion  of I even under  mild condi-  
t ions .  
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In the reac t ion  of Ia and Ib with p r i m a r y  and seconda ry  amines  (aniline, benzylamine ,  d ie thylamine,  
and dibutylamine) ,  r e p l a c e m e n t  of the chlor ine  a tom begins at 120~ as judged f r o m  the appea rance  in the 
reac t ion  m a s s  of ionic chlor ine ;  however ,  4 - a m i n o - 6 - o x o - 2 , 3 - d i h y d r o - 5 - a z a b e n z o f u r a n s  cannot  be isola ted.  
When I is heated with d ibenzylamine or  am m o n ia  for  8 h at 180 ~ the s t a r t ing  compounds undergo quant i ta-  
t ive convers ion .*  With anil ine at  180 ~ , in addition to r e p l a c e m e n t  of the chlor ine  a toms ,  there  is also con-  
ve r s ion  of the d ihydrofuran ring to a 1 -pheny lpyr ro l ine  r ing,  as obse rved  in the case  of 6 -oxo -2 ,3 -d ihyd ro -  
5 -azabenzofuran  [3]. The re su l t ing  1 -pheny l -4 -pheny lamino -6 -oxo -5 -aza indo l ine s  (IIa and IIb) a re  s table  
and can be i so la ted  in pure  fo rm.  

*We have p rev ious ly  obse rved  a s i m i l a r  o r d e r  of nucleophi l ic i ty  in r eac t ions  with other  h a l o h e t e r o a r o m -  
atic compounds in [4], in which the dependence of these  p r o c e s s e s  on the bas i c i ty  of the amines  and the 
s t e r i c  f ac to r s  was  examined  in g r e a t e r  deta i l .  
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Bands of NtI groups  at  3330-3340 cm -1 and of carbonyl  groups  at 1640-1660 e m  -1, which a t t e s t  
to the l a c t am s t ruck l r e  of these  subs tances ,  a re  obse rved  in the IR s p e c t r a  of Ha and l ib.  The PMR 
s p e c t r a  (in C F3COOH } contain two t r ip le t  s ignals  (2H each} of the - C H  2 - C H  2 - g r o u p o f t h e  py r ro l ine  
r ing (2.82 and 4.27 ppm) with J = 8 Hz, a s ingle t  (1H) for  the proton a t tached to C 7 a t  5.82-5.83 ppm, 
and two mul t ip le ts  (10H) of phenyl r ings  at  7.20-7.50 ppm.  

As expected,  the introduction of the e l e c t r o n - a c c e p t o r  n i t ro  group into the 7 posi t ion of the d i -  
hyd ro -5 -azabenzo fu ran  s y s t e m  faci l i ta tes  nucleophilic substi tut ion of chlor ine and s tab i l i zes  the r e -  
sulting 4 -amino  de r iva t ives  (IV-V1). The reac t ion  p roceeds  a t  100 ~ and amines  IV-VI a re  i so la ted  in 
30-64% yie lds .  In the r eac t ion  of Il ia with aniline a t  100% in addition to r e p l a c e m e n t  of the chlor ine 
a tom by an aniline res idue  and the fo rmat ion  of VI, there  a re  also t r an s fo rma t ions  a s soc ia t ed  with 
opening of the d ihydrofuran r ing  and the fo rmat ion  of VIIa .  In con t r a s t  to Via,  VIIa does not fo rm sa l t s  
with p te r ic  acids ,  and i ts  IR s p e c t r u m  contains bands at 3120 (with KBr) ,  3380 (in CHC13) , and 3450 
cm -I (with KBr) ,  which a re  c h a r a c t e r i s t i c  for  the s t re tch ing  v ibra t ions  of NIt and OH groups ,  an amide 
carbonyl  band at  1680 c m  -I  (in CttCI~), which co r r e sponds  (according to the in tegra l  intensity} to the 
absorpt ion of one carbonyl  group,  and a band of s t re tching v ibra t ions  of C = C  bonds at 1609 c m  -i  . 

Two t r ip le t s  (2H each} at  3.36 and 4,46 ppm with J = 8 Hz, which a re  c h a r a c t e r i s t i c  for the 
CH2CH 2 group of the pyr ro l ine  r ing,  a mul t ip le t  (5H) of the phenyl r ing a t  7.58 ppm,  and a s ingle t  (1H) 
a t  7A5 ppm, which can  be a sc r ibed  to the proton bonded to the ni t rogen of the amide group,  a re  ob- 
s e rved  in the PMR s p e c t r u m  of VIIa  (in C F3COOH). 

All of the above makes  i t  poss ib le  to suppose that  VIIa has  the 1 - p h e n y l - 4 - h y d r o x y - 5 - n i t r o - 6 -  
oxo-7-azaindol ine  s t r u c t u r e .  The fo rmat ion  of VIIa  in the inves t igated reac t ion  can be conceived of 
as being the r e s u l t  of r e p l a c e m e n t  of the chlor ine  a tom in IIIa by an aniline res idue  with subsequent  
opening of the dihydrofuran r ing and closing of the new 1-phenylpyr ro l ine  r ing .  The s t ruc tu re  of VIIa  
is  a lso  conf i rmed  by reduct ion of it  over  a pal ladium ca ta lys t  in acet ic  anhydride to 1 - p h e n y l - 4 - a c e t -  
o x y - 5 - a c e t a m i d o - 6 - o x o -  7H- 7-az aindoline (VIHa). 

EXPERIMENTAL 

The PMR spectra were recorded with a JNM-4H-100 (100 MHz) spectrometer with tetramethylsil- 
ane as the internal standard. The IR spectra were recorded with a UR-10 spectrophotometer. The UV 
s p e c t r a  of ethanol solutions were  r e c o r d e d  with an EPS-3  spec t ropho tome te r .  

1 -pheny l -4 -pheny lamino -6 -oxo -5 -aza indo l ine  (IIa). A mix tu re  of 0.5 g (3 mmole)  of Ia [1] and 6 ml  
of aniline was heated at 180 ~ for  7 h, a f t e r  which it  was cooled, and the resu l t ing  c r y s t a l s  were  r emoved  
by f i l t ra t ion to give 0.37 g (39~ of the hydrochlor ide  of IIa  as c o l o r l e s s  c r y s t a l s  with mp 253-254 ~ (from 
alcohol}. The product  was only sl ightly soluble in wa te r  and  acetone,  but m o r e  soluble in alcohol.  
Found, %: C1 10.5; N 12.7. C18I-I~N30 �9 HC1. Calcula ted,  %: C1 10.8; N 12.8. The base  was obtained as a 
white c rys ta l l ine  substance with mp 242-243 ~ [dec., f r om d imethy l fo rmamide  (DMF)]; i t  was  insoluble in 
e the r ,  benzene,  ch lo ro fo rm,  and water ,  but soluble  in hot DMF, Found, ~ :  C 74.4; H 5.6; N 14.2. 
C18Hl?N30. Calculated,  %: C 74.2; H 5.8; N 14.4. In a s i m i l a r  e x p e r i m e n t  c a r r i e d  out at 160 ~ for  6 h, the 
yield of I Ia  was  reduced to 11.7~c. 

1 - P h e n y l - 4 - p h e n y l a m i n o ' 5 - m e t h y l - 6 - o x o - 5 - a z a i n d o l i n e  (lib). A solution of 0.28 g (1.36 mmole)  of 
I b [ 1 ]  in 0.6 ml  (7 mmole)  of aniline was heated at 180 ~ for  6 h, a f te r  which the e x c e s s  aniline was evapo-  
r a t ed  in vacuo,  and the r e s idue  was t r i t u ra t ed  with e the r .  The resul t ing substance  was d isso lved  in wate r ,  
and the solution was ex t r ac t ed  with benzene.  The e x t r a c t  was  dr ied  with po ta s s ium carbonate  and vacuum 
evapora t ed  to give 0.15 g (35.8%) of IIb as a white c rys ta l l ine  substance that  was  only s l ight ly  soluble in 
water ,  e the r ,  benzene,  and ch lo ro fo rm,  but m o r e  soluble in alcohol .  Found, ~ :  C 75.2; H 5.9; N 13.3. 
C20H19N30. Calculated,  %: C 75.5; H 5.9; N 13.2. In a s im i l a r  e x p e r i m e n t  c a r r i e d  out at 120 ~ for  6 h, the 
yield of IIb was 12%. 

47 (N-Pheny l -N-e t hy l am i no ) -6 -oxo -7 - n i t r o -2 , 3 -d ihyd ro -5 -azabenzo fu ran  (IVa). A 1 g (5 mmole)  
sample  of IIIa [2] was hea ted  in 5 ml  of N-ethylanil ine at 100 ~ for  7 h, a f t e r  which the p rec ip i ta te  was r e -  
moved  by f i l t ra t ion,  washed  with e ther ,  and d isso lved  in DMF. Dilution of the DMF solution gave 0.45 g 
(35.6%) of the monohydra te  of IVa as yellow c r y s t a l s  that  did not me l t  up to 360 ~ The product  was  inso l -  
uble in wa te r ,  e ther ,  benzene,  alcohol,  acetone,  and ch lo ro fo rm,  but soluble in DMF. Found, %: C 56.8: 
H 5.3; N 13.6. C15H15N202 �9 tt20. Calculated,  %: C 56.7; H 5.3; N 13.2. 
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4 - C h l o r o - 5 - m e t h y l - 6 - o x o -  7 - n i t r o - 2 , 3 - d i h y d r o - 5 - a z a b e n z o f u r a n  (IIIb). A 0.25 g (1.3 mmole)  sample  
of Ib was added g radua l ly  with s t i r r i n g  to cooled (to - 1 0 9  3 ml  sample  of fuming ni t r ic  acid, a f t e r  which 
the mix ture  was held at  this t e m p e r a t u r e  for  1 h .  It  was then ca re fu l ly  made alkaline to pH 10 (with s t i r -  
r ing  and ice cooling) with 25% a m m o n i u m  hydroxide and allowed to stand in a r e f r i g e r a t o r  for  10 h. The 
prec ip i ta te  was r e m o v e d  by f i l t ra t ion  to give 0.17 g (55K) of IIIb as c o l o r l e s s  c r y s t a l s  with mp 251-252 ~ 
( f rom wate r ) .  The subs tance  was only s l ight ly  soluble in e the r  and benzene,  but more  soluble in ch lo ro -  
fo rm,  alcohol,  and wa te r .  Found,K: C 41.8; H 3.0; C1 15.4; N 11.8. CsHTC1N204. Calcula ted,K:  C 41.6: 
H 3.0; C1 15.4; N 12.1. 

4 - B e n z y l a m i n o - 5 - m e t h y l - 6 - o x o - 7 - n i t r o - 2 , 3 - d i h y d r o - 5 - a z a b e n z o f u r a n  (Vb). A mix tu re  of 0.25 g (1 
mmole)  of IITb and 0.25 ml  (2.5 mmole)  of benzylamine  in 22 ml  of acetone was ref luxed for  5.5 h, a f t e r  
which the p rec ip i ta te  was r e m o v e d  by f i l t ra t ion,  and the acetone was vacuum evapo ra t ed  to give 0.1 g 
(29.5%) of the monohydra te  of Vb with mp 219-220 ~ ( f rom alcohol) .  The subs tance  was only s l ight ly  soluble 
in e the r ,  benzene ,  and ethyl  ace ta te ,  more  soluble in c h l o r o f o r m  and alcohol,  and soluble in DMF and a c e -  
tone.  Found,K: C 56.8; H 5 2 ;  N 13.6. CtsH15N304 �9 H 2 0 .  Calculated,K:  C 56.7; H 5.4; N 13.2. The p ic -  
ra te  was obtained as l igh t -ye l low c r y s t a l s  with mp 195-196 ~ ( f rom alcohol) .  The subs tance  was only s l ight -  
ly soluble in e the r ,  benzene,  and ch lo ro fo rm,  but more  soluble in alcohol .  Found,%: C 47.6; H 3.6; N 16.2. 
C15H15N304 �9 C6H3N307. Calcula ted,K:  C 47.5; H 3.4; N 15.8. 

4 - P h e n y l a m i n o - 5 - o x o - 6 - n i t r o - 2 , 3 - d i h y d r o - 5 - a z a b e n z o f u r a n  (Via). A mix tu re  of 0.8 g (3 mmole)  of 
IIIa and 8 ml  of aniline was heated  at  100 ~ for 15 h, a f t e r  which i t w a s  cooled, and the p rec ip i t a te  was r e -  
moved  by f i l t ra t ion to give 0.05 g (10K) of VIIa.  The f i l t ra te  was diluted with 80 ml  of e the r  and f i l te red  
to give 0.7 g (64K) of Via as l ight -yel low c r y s t a l s  with mp 255 ~ (dec., f r o m  alcohol) .  The subs tance  was 
only s l ight ly  soluble in e the r ,  benzene,  and water ,  but more  soluble in alcohol and c h l o r o f o r m .  Found,Z: 
C 56.8; H 4.1; N 15.0. C13HilN304. Calculated,go: C 57.1; H 4.0; N 15.4. The p ic ra te  was obtained as l ight -  
yellow c r y s t a l s  with mp 182.5-184 ~ ( f rom alcohol) .  It was  only s l ight ly soluble in e the r  and benzene,  but 
m o r e  soluble in alcohol.  Found,K: C 45.1; H 3.1; N 16.8. C13HIiN304 �9 C6H3N~O 7. Calcula ted ,Z:  C 45.4; 
H 2.8; N 16.7. 

1 - P h e n y l - 4 - h y d r o x y - 5 - n i t r o - 6 - o x o - 7 - a z a i n d o l i n e  (VIIa). A mix ture  of 2 g (8 mmole)  of IIIa and 20 
ml  of aniline was heated at 100 ~ for 6 h, a f t e r  which it  was cooled and the p rec ip i t a te  was r e m o v e d  by f i l t r a -  
tion to give 0.95 g (37.8%) of VIIa as a b r i g h t - r e d  c rys t a l l i ne  subs tance  with mp 208-208.5 ~ ( f rom benzene) .  
The product  was only sl ightly soluble in e the r  and wate r ,  but more  soluble in alcohol and benzene.  Found,Z: 
C 57A; H 4.2; N 1 5 2 .  Ct3HtIN304. Caleulated,~c: C 57.2; H 4.0; N 15.4. The mothe r  l iquor  f r o m  the s e p a -  
ra t ion of VIIa  was diluted with 150 ml  of e the r  and f i l t e red  to give 0.64 g (24%) of Via with mp 255 ~ (de-  
comp. ) .  

1 - P h e n y l - 4 - a c e t o x y - 5 - a c e t a m i d o - 6 - o x o - T H - 7 - a z a i n d o l i n e  (VIIIa). A pa l lad ium ca t a ly s t  (obtained by 
reduct ion of 1.5 g of PdC12 with hydrogen in 18K hydrochlor ic  acid, r e m o v a l  by f i l t ra t ion,  and washing 
thoroughly with alcohol) was added to a solution of 2 g (7 mmole)  of VIla  in 150 ml  of acet ic  anhydride .  
The m a t e r i a l  was  hydrogenated  under  n o r m a l  conditions until hydrogen absorp t ion  ceased .  The ca t a ly s t  
was r e m o v e d  by f i l t ra t ion,  and the solution was evapora t ed  to d rynes s  in vacuo.  The product  (VIIIa) was 
e x t r a c t e d  f r o m  the res idue  with 500 ml  of boiling e ther ,  and the e x t r a c t  was evapo ra t ed  to one fourth of 
i ts  or iginal  volume and cooled.  The resu l t ing  c r y s t a l s  were  r emoved  by f i l t ra t ion  to give 0.15 g of VIIIa .  
The product ,  which was insoluble in e ther ,  was introduced (as a solution in 1 ml  of ch loroform)  into a 
column fil led with A1203 (h 40 cm,  d 2.5 cm) and eluted with 200 ml  of e the r  to give 0.15 g of VIIIa;  the 
overa l l  yield of VIIIa was 0.3 g (12.5K). The c o l o r l e s s  c r y s t a l s  had mp 178-178.5 ~ ( f rom benzene) .  The 
product  was only s l ight ly soluble in e the r  and wate r ,  but more  soluble in alcohol,  acetone,  and ch lo ro fo rm.  
Found,K: C 61.8; H 5.1; N 12.9. C17HI7N304. Calculated,%: C 62.1; H 5.2; N 12.8. 
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