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S Y N T H E S I S  OF 6 - N I T R O - 8 - C H L O R O - 2 , 3 - D I H Y D R O - 4 ( 1 H ) - Q U I N O L O N E  

A. F .  B e k h l i ,  L .  A. B o l o t i n a ,  UDC 547.831.3.6.07 
a n d  B .  V .  L o p a t i n  

6 -Ni t ro -  8- ch lo ro-2 ,3 -d ihydro-4  (1H)-quinolone and its dehydrogenation product  - 6- n i t ro-  8- 
ch lo ro -4 -hyd roxyqu ino l ine -  were  isolated in the cyclizat ion of N- (2-ch loro-4-n i t rophenyl -  
fl-alanine in polyphosphoric  acid. 

In a continuat ionof our  s ea rch  fo r  ant iparas i t ic  prepara t ions  in the dihydro-4-quinolone s e r i e s  [1, 2] we 
have synthesized the previously  unknown 6 -n i t ro -8 -ch lo ro -2 ,3 -d ihydro -4  (1H)-quinolone (V) via the following 
scheme: 
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Cyanoethylation and carbamoyle thyla t ion  of 2 -ch loro-4-n i t roan i l ine  (I) gave the ni tr i le  (II) and amide {III) 
of N- r  which were  saponified to N- (2-chloro-4-ni t rophenyl)-f l -alanine (IV). 
The la t te r  was also obtained by reac t ion  of 3 ,4-dichloroni t robenzene with ~-alanine.  The cycl izat ion of alanine 
IV in polyphosphoric  acid (PPa) gives,  in addition to 2 ,3-d ihydro-4-quinolone  (V), 4 -hydroxy-6 -n i t ro -  8-chloro-  
quinoline (VI), the amount of which inc reases  when heating is prolonged. Similar  a romat iza t ion  was also ob- 
se rved  in the case  of the cycl izat ion of N- (o-nitrophenyl)-f l-alanine [3], which led to the format ion of 8 -n i t ro -  
2,3-dihydro-4(1H)-quinolone and 8-chloro-4-quinolone.  This p ro ce s s  involves reduct ion of the nitro group, 
since the p re sence  of a p r i m a r y  amino group was establ ished in crude V by a qualitative t es t  (diazotization and 
coupling with fl-naphthol). This is conf i rmed by the format ion of aminoquinolines in the dehydrogenation of 
te t rahydroquinol ines  [4]. 

Bands at 1673 (C~O), 3328 (NH), and 1330 cm - i  (NO2) a re  observed  in the IR spec t rum of solid quinolone 
V. The band at 1350 cm -1 (NC h) is re ta ined in the spec t rum of hydroxyquinoline VI, and a broad intense band 
at 3450 cm -1, which should be assigned to the OH group, appears .  This shows that the tau tomer ic  equi l ibr ium 
for  VI in the c rys ta l l ine  s ta te  is shifted to favor  the enol fo rm.  Compound VI evidently has a ketone fo rm in 
solutions, including solutions in acet ic  acid, since V and VI fo rm 2,4-dini t rophenylhydrazones .  The UV spec-  
t r a  of alcohol solutions of quinolones V andVI contain th ree  maxima that a re  close to the maxima of the i r  
ch lo r ine - f r ee  analogs [5]. 

The PMR spec t rum of V contains signals of methylene groups,  and signals of protons attached to a con- 
jugated double bond a re  observed  in the spec t rum of VL 
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TABLE 1. 

Com- 
pound 

II 
III 
IV 
V 

VI 

mp, *c 

13|--132 
148--149 
139--141 
194--196 
312 314 

C h a r a c t e r i s t i c s  of the Synthesized Compounds 

Found, % 
c ] H c i ]  N 

48,2 3,6 15,5 18,9 
44,1 4,3 14,3] 17,3 
439 32 14~l l t5  
47,01 2,9 15__,6 ] 12,5 
48,0 [ 2,6 [ 12~3 

Emp~ical 
~rmu~ 

CgHsCI'N302 
CgHIoCt~zO3 
C9H9C1~204 
CgH7CIN2Oz 
CoHsCIN203 

Calculated, % 
C t4 ] CI 

47,9 3,6 ] 15,7 
44,4 4,1 14,5 
44,2 3,7 14,5 
47,7 3 1 15,7 
48,1 211 -- 

R { | Yield. 
N (er % 

nol) / 

18,6 0,72 75 
17,3 I 0,65 86 
ll,5 ] 0,56 67,4 
12.4 0,76 353 
12,5 0.4 3--4 

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

The IR s p e c t r a  of KBr  pe l le t s  o r  ch lo ro fo rm solutions of the compounds were  r eco rded  with a UR-2 0 
s p e c t r o m e t e r .  The PMR s p e c t r a  of solut ions of the compounds in CD3COOD were  r eco rded  with Tes la  B-487C 
and B r u k e r  WH-60 s p e c t r o m e t e r s  with t e t r ame thy l s i l ane  as the internal  s tandard.  The UV spec t r a  of meth-  
anol solutions of the compounds were  r eco rded  with a Specord UV-vis  spec t ropho tomete r .  Th in - l aye r  chro-  
matography (TLC) was c a r r i e d  out on Silufol-254 p la tes  in ethanol.  

N- ~ -Ch lo ro -4 -n i t ropheny l ) - f l - a l an ine  Ni t r i le  (II). A mix ture  of 43 g (0.25 mole),  of 2 - c h l o r o - 4 - n i t r o -  
aniline, 200 ml  of dioxane, 100 ml  of ac ry ton i t r i l e ,  and 25 ml of Tr i ton  B was allowed to stand at r o o m  tern- 
fo r  48 h, a f t e r  which 1 l i t e r  of wa t e r  was added, and the mix ture  was heated to 80~ It was then cooled, and_ .... 
the p rec ip i t a ted  product  was r em oved  by f i l t ra t ion  and c rys t a l l i zed  f r o m  acet ic  acid to give a l ight-yel low 
powder .  IR spec t rum:  1330 (NO2) , 2262 (C~--N), 3428 and 3362 (NH), and 3434 cm -1 (NH, solution in CHCI3). 
UV spec t rum,  k m a  x (log e): 227 (3.79) and 368 nm (4.207. 

N - ~ - C h l o r o - 4 - n i t r o p h e n y l - p - a l a n i n e  Amide (HI). A solution of 71 g (1.0 mole) of a c ry l amide  in 200 ml 
of dioxane and 50 ml of Tr i ton  B were  added to a solut ionof  86 g (0.5 mole) of 2 -ch lo ro -4 -n i t roan i l i ne  in 200 
ml  of dioxane, and the mix ture  was heated with s t i r r ing  on a bo i l ing -wa te r  bath fo r  6 h. The solvent  was then 
r emoved  by dis t i l la t ion to half the or iginal  volume,  and the res idue  was poured into 1.5 l i t e r s  of water .  The 
resul t ing  prec ip i ta te  was r emoved  by f i l t ra t ion,  washed with water ,  dr ied,  and c rys t a l l i zed  f r o m  acet ic  acid to 
give a l ight-yel low powder.  IR spec t rum:  1335 (NO2) , 1670 (amide I), 1602 (amide II), 3295 and 3229 (amide 
NH), and 3462 cm - I  (amine NH). UV spec t rum,  k m a  x (log e): 227 (3.91) and 370 rim (4.29). 

N-~ -Ch lo ro -4 -n i t r opheny l ) - f l - a l an i ne  (IV)..A) A mix tu re  of 10 g (41.2 mmole)  of III and 125 ml  of 10% 
KOH was heated at  85~ with s t i r r ing  in the cour se  of 5 h until ammonia  evolution ceased.  It was then t r ea t ed  
with charcoa l  and f i l tered,  and the f i l t r a te  was acidified to pH 2-3.  The prec ip i ta te  was r emoved  by f i l t ra t ion,  
washed  with water ,  dried,  and c rys t a l l i zed  f r o m  ch lo ro fo rm to give l ight-yel low c rys t a l s .  IR spec t rum:  1330 
(NO2) , 1712 (CO in COOHT, 2500-3100 (OH inCOOH), and 3419 cm -1 (NH). UV spec t rum,  k m a  x (log e): 227 
(3.87) and 377 nm (4.277. 

B) A mix tu re  of 4.5 g (30 mmole)  of II and 45 ml  of 80% sulfur ic  acid was heated with s t i r r i n g a t  60~ 
fo r  5 h, a f t e r  which it was  cooled and t r ea t ed  with 100 ml of wate r ,  and the resul t ing  prec ip i ta te  was r emoved  
by f i l t ra t ion,  washed with wate r ,  dr ied,  and c rys t a l l i zed  f r o m  ch lo ro fo rm to give the product  in 33.2% yield.  

C) A mix tu re  of 19.2 g (0.1 mole) of 3 ,4-d ichloroni t robenzene ,  l l . 1  g (125 mmole)  of f l-alanine,  20.7 g 
(0.15 mole) of p o t a s s i u m  carbonate ,  and 200 ml  of d ime thy l fo rmamide  (DMF) was ref luxed with s t i r r i ng  for  
10 h, a f t e r  which the DMF was r em oved  by dist i l lat ion,  and 500 ml of wa t e r  was added to the  res idue .  The 
aqueous mix tu re  was acidif ied to pH 2-3,  and the p rec ip i t a te  was r emoved  by f i l t ra t ion,  washed with water ,  
dr ied,  and c rys t a l l i zed  f r o m  ch loroform.  No mel t ing-poin t  dep res s ion  was obse rved  for  a mix ture  of s amp le s  
of IV obtained by methods A and B. The i r  IR s p e c t r a  were  also identical.  The product  was obtained in 76.2% 
yield.  

6 -Ni t ro -8 -ch lo ro -2 ,3 -d ihydro-4 (1H)-qu ino lone  (V). A mix tu re  of 31 g of or thophosphor ie  acid and 31 g 
of P~.O 5 was heated  with s t i r r ing  at 150~ fo r  1 h, a f t e r  which the resul t ing  polyphosphoric  acid (PPA7 was 
cooled to 105~ 12.25 g (0.05 mole) of IV was spr inkled into it, and the mix ture  was mainta ined at  t h i s t e m -  
p e r a t u r e  fo r  2 h. It was  then cooled to 50~ and poured ove r  500 g of ice.  The prec ip i ta te  that  f o rmed  on 
standing was r emoved  by f i l t ra t ion,  washed  with water ,  and heated with 10% sodium carbonate  solution. The 
solid was r emoved  by f i l t ra t ion  and c rys t a l l i zed  f r o m  alcohol to give orange c rys t a l s .  PMR spec t rum:  2.74 
(CO-CH2, m, 2H), 3.77 (N-CH~., m,  2H), 8.24 (Harom, d, J = 2.5 Hz, 1H), and 8.54 ppm (Harom , d, J = 2.5 
Hz, 1H). UV spec t rum,  k m a  x (log e): 363.5 (4.25), 250 (4.01), and 233 nm (4.18). The 2 ,4-d in i t rophenylhydra-  
zone of V was obtained as b r igh t -o range  c r y s t a l s  with mp 315-317~ Found: N 20.8%. C15HIlC1N606. Cal-  
culated: N 20.7%. 
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6-Ni t ro -8 -ch lo ro -4 -hydroxyqu ino l ine  (VI). Repeated c rys ta l l i za t ion  of the p rec ip i t a t e s  obtained by evap-  
ora t ion  of the alcohol mothe r  l iquors a f t e r  separa t ion  of cycl iza t ion product  V gave l ight-brown c r y s t a l s  of VI. 
PMR spec t rum:  6.67 (Ha, d, J = 7.5 Hz, 1H), 7.05 (Hfl, d, J = 7.5 Hz, i l l ) ,  8.23 (Harom , d, J = 2.5 Hz, 1H), and 
8.52 ppm (Harom , d, J = 2.5 Hz, 1H). UV spec t rum,  k m a  x (log e): 332 (4.78), 317 (4.83), and 250 (4.04). The 
2,4-  d ini t rophenylhydrazone of VI was obtained as br ight -  red  c r y s t a l s  with mp 325-327~ (from ethanol). Found: 
N 20.8%. C15HgC1N606. Calculated:  N 20.8%. Compound V was obtained in 8% yield,  and VI was obtained in 
14.5% yield  in the case  of m o r e  prolonged cycl iza t ion  of IV (20 h). 
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C O N D E N S A T I O N  R E A C T I O N S  B A S E D  ON 3 - F O R M Y L I N D A Z O L E  

V.  V .  D i k o p o l o v a  a n d  N.  N~ S u v o r o v  UDC 547.779.07 : 542.953 

The chemica l  p r o p e r t i e s  of 3 - fo rmyl indazo le  we re  studied in the case  of nucleophilic addition 
reac t ions  (Knoevenagel, Rodionov, and crotonic  condensat ions) .  The poss ibi l i ty  of the p r e p a -  
r a t i ono f  Schiff ba se s  in the unsubsti tuted 3 - fo rmyl indazo le  s e r i e s  was invest igated.  3- Inda-  
zo ly lac ry l ic  and/3- (3- indazolyl) - f l -aminopropionic  acids ,  the products  of crotonic  condensa-  
tion, and azometh ines  were  synthesized.  

Despi te  the in te res t  cu r ren t ly  being displayed in the c h e m i s t r y  of indazole, up until now very  little data 
on the chemica l  behav io r  of 3 - fo rmyl indazo le  have been avai lable .  

The chemica l  p r o p e r t i e s  of 1 - m e t h y l - 3 - f o r m y l i n d a z o l e  have been studied [1], and the inc reased  r e a c -  
t ivity of the f o r m y l  group with r e s p e c t  to nucleophilic r eagen t s  and the impossibi l i ty  of ca r ry ing  out s i m i l a r  
r eac t ions  with 3 - fo rmyl indazo le  [2] have been noted. In this connection, it s e emed  of in te res t  to study the 
chemica l  p r o p e r t i e s  of unsubst i tuted 3 - fo rmyl indazo le  under the conditions of nucleophilic addition reac t ions  
(the Knoevenagel  and Rodionov reac t ions  and crotonic  condensation).  In addition, the possibi l i ty  of the p r ep a -  
ra t ion  of Schiff b a s e s  in the unsubst i tuted 3 - fo rmyl indazo le  s e r i e s  was studied. 

We have es tab l i shed  that  unsubsti tuted 3 - fo rmyl indazo le  also quite readi ly  undergoes  condensation with 
malonic  acid in the p r e s e n c e  of pyr idine and cata lyt ic  amounts  of p iper idine  (a modif ied Knoevenagel  r e -  
action). 

In the PMR s p e c t r u m  of 3 - indazo ly lac ry l ic  acid (I) the protons  of the ethylene group f o r m  an AB s y s t e m  
(7.39 and 6.79 ppm) with a s p i n - s p i n  coupling constant  (SSCC) of 16 Hz; this conf i rms  the t r ans  configurat ion 
of the compound.* 

When we c a r r i e d  out the condensation of 3 - fo rmyl indazo le  with malonic acid in the p r e s e n c e  of an a lco-  
hol solution of ammonia  (the Rodionov react ion) ,  we i so la ted/~-(3- indazoly l ) - f l -aminopropionic  acid (II) in 25% 
yield.  The f l -amino acid was obtained in somewha t  h igher  yie ld  (33%) by means  of the Johnson modification.  

The IR spec t r a l  data  show that  the f l -amino acid obtained ex is t s  in the f o r m  of a dipolar  ion, as evidenced 
by the p r e s e n c e  of an amino acid I band at 1640 cm -1 and an amino acid II band at 1550 cm -1 due to the s y m -  

* See display at top of next page a f t e r  Table 1. 
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