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Ethyl cyclopentanonecarboxyla te  r eac t s  with Schiff ba se s  to give amino keto e s t e r s ,  f r o m  
which 5,6-benzoquinoline de r iva t ives  a r e  synthesized in the p r e sence  of hydrochlor ic  acid. 
Compounds of the enamine type a r e  obtained in the p r e s e n c e  of acet ic  acid. 

Ethyl cyclopentanoneearboxyla te  (1) is the s ta r t ing  m a t e r i a l  in the synthes is  of  t e rpenes ,  azulenes ,  
s t e ro ids ,  compounds of the cyclopentenylphenanthrene s e r i e s ,  etc.  The reac t ion  of I with Schiff bases  was 
desc r ibed  in [1], in which the products  of the reac t ion  of benzylideneanil ine (II) and benzylidene-f l  -naphthyl -  
amine  (lid with I in the p r e s e n c e  of acet ic  acid were  e r roneous ly  ass igned the s t ruc tu re  of benzoquinoline 
and quinoline der iva t ives .  

In the p resen t  study it  was es tabl i shed that the reac t ion  of I with benzylideneanil ine (II) and benzy l -  
idene- f l -naphthylamine  (III) and i ts  de r iva t ives  leads ,  depending on the condit ions,  to di f ferent  products  and 
p roceeds  in one s t e p .  Thus,  when w a r m  alcohol solutions of II o r  III and I a r e  mixed without the addition of 
a ca ta lys t ,  cooling of the mix tu re  gives a white c rys ta l l ine  p rec ip i t a te ,  the IR s p e c t r u m  of which contains 
absorp t ion  bands cor responding  to the s t re tching v ibra t ions  of  the N - I t  bonds (3395 c m  -i) , ketone C = O 
(1750 cm-~),  e s t e r  C = O (1730 cm-1) ,  and e s t e r  C - O - R  (1230 c m  -i) [2]. These  data make  it  poss ib le  to 
conclude that  t he re  is nucleophilic addition of I to the azomethine double bond with the genera t ion of a c o m -  
pound of the amino keto e s t e r  type (IV and V, respec t ive ly)  (see the scheme  below). When IV a r e  heated in 
s t rongly  acidic med ia ,  they undergo c leavage  to give the known benzylidene der iva t ive  of keto e s t e r  IX [3, 
4]. The s t ruc tu re  of the l a t t e r  was a lso  proved  by a l te rna t ive  synthes is  f r o m  I and benzaldehyde [4]. Con- 
sequently,  the C 5 posi t ion is the ac t ive  cen te r  of  I in th is  react ion.  The s t r u c t u r e  of the amino keto e s t e r s  
was conf i rmed  by e l emen ta ry  analys is  and the UV spec t ra .  The UV spec t rum of IV contains two bands 
(kma x 262 nm,  log e 4.22 and k m a  x 306-312 nm,  log e 3.94). The UV spec t rum of V (Hg.  1) cons is t s  of  
th ree  bands (kmax 255 nm,  log r 4.47; k m a  x 270 nm,  log e 4.30; k m a  x 320 nm,  log e 3.90). The c h a r a c t e r  
of the IIV s p e c t r u m  of IV is  s i m i l a r  to that  of  the UV spec t r a  of amino ketones of  the cyclopentane s e r i e s  
[5]. (See scheme  on page 630.) 

When hot alcohol solutions of I l / and  I with the addition of one drop of concent ra ted  tIC1 a r e  mixed ,  
one o b s e r v e s  the format ion  of a b r igh t -ye l low crys ta l l ine  p rec ip i t a t e ,  a solution of which has intense lu-  
minescence  {kma x 485 rim, in acetone).  The s a m e  product  can be obtained by heating an alcohol solution 
of amino keto e s t e r  V in the p r e s e n c e  of a drop of concentra ted  I~ICi. One band a t  ~ 1695-1700 c m  - i  r e -  
mains  in the region of the absorp t ion  of the s t re tch ing  v ibra t ions  of the C = O group in the IR spec t ru m of 
this compound; bands cor responding  to the s t re tch ing  v ibra t ions  of the C - O  bokads of an e s t e r  at 1210 c m  - i  
and of N - H  bonds at 3400 c m  - i  a r e  observed .  The UV s p e c t r u m  of a compound of this type is due to a b -  
sorpt ion of the condensed benzene r ings .  A cons iderab le  ba thochromic  shift  of the long-wave band (Hg.  1~  
is  cha rac t e r i s t i c  for  it. These  data make  i t  poss ib le  to a s s u m e  that  amino keto e s t e r  V has cycl ized to d i -  
hydrobenzoquinoline de r iva t ive  VI. The assumpt ion  is  conf i rmed  by the convers ion  of VI to a compound of 
the benzoquinoline s e r i e s  (VII) on heating to 100-130 ~ in the p r e sence  of concent ra ted  HC1 and an oxidizing 
agent  (nitrobenzene). The wa t e r - s o l ub l e  po t a s s ium sa l t  (X) and the acid (X1), which,  as a r e su l t  of  d e c a r -  
boxylat iou,  could be  conver ted  to the prev ious ly  obtained [6] 2 -pheny l -3 ,4 - (1 ,2 -cyc lopen ty lene) -5 ,6 -benzo-  
quinoline (XII), we re  obtained for  benzoquinoline VIIa.; The UV s p e c t r u m  of benzoquinoline der iva t ive  Viia 
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Fig. 1. UV spec t r a  ~n ethanol): 
1) ethyl 5-[  ~ohenyl) ~ -naphthyl -  
amino) methyl] c y c l o p e n t a n - l - o n e -  
2 -ca rboxyla te  (V); 2) 2-phenyl -3 , -  
4 -  (ethyl 2 ,3-cyclopentyl  ene -1 -  
ca rboxy la t e ) -1 ,2 -d ihydro -5 ,6 -  
benzoquinoline (Via); 3) 2-phenyl -  
3,4-  (ethyl 2 ,3 -cyc lopen ty lene-1-  
carboxyla te) -5 ,6-benzoquinol ine  
(VIIa); 4) ethyl 2-{f l -naphthyl-  
amino) -3-benzyl idene  (1 ,2-cyclo-  
pentenyl)carboxylate  (VIIIa); 5) 
ethyl 5 -benzyl idenecyc lopentan-1-  
onecarboxyla te  (IXa). 
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has  the f o r m  cha rac t e r i s t i c  for  compounds of this type (Fig. 1). 
The band at  3400 cm -1 in the IR spec t rum of VUa, which conf i rms  
the proposed s t ruc tu re ,  vanishes ,  and bands at  1728 and 1255 c m  -1, 
which cor respond  to the s t re tching v ibra t ions  of the e s t e r  C = O 
and C - O  bonds,  a r e  observed .  Intense cha rac t e r i s t i c  bands at  
1385 c m  -1, which co r respond  to the a s y m m e t r i c a l  and s y m m e t r i c a l  
v ibra t ions  of  the C O 0 -  group [7], a r e  p re sen t  in the IR spec t ru m 
of X. 

In the p repa ra t ion  of a benzoquinoline der iva t ive  f r o m  the 
Schiff base  and I o r  f r o m  amino keto e s t e r  V in the p r e s e n c e  of a 

ca ta lys t  (HC1) and an oxidizing agent ,  a cons iderab le  amount  of a product  resul t ing f rom cleavage of the 
amino keto e s t e r  - benzyl idene der iva t ive  of I (IXa) - was detected along with benzoquinoline. When a s i m -  
i l a r  reac t ion  was c a r r i e d  out with II, comple te  c leavage of amino keto e s t e r  IV was obse rved  in acidic media .  

Amino keto e s t e r s  (Vb, c,  d) could not be isolated in f ree  fo rm in the reac t ion  of I with benzy l idene - f l -  
naphthylamine de r iva t ives  (R = p-C1, p-OCH~, p-NO2). Dihydro de r iva t ives  of 5,6-benzoquinoline a r e  fo rmed  
under  mild conditions in the reac t ion  with p - c h l o r o -  and p -methoxybenzy l idene-~-naph thy lamine .  The p r e s -  
ence  of a n i t ro  group in the Schiff base  p r o m o t e s  c leavage  of the in te rmedia te  amino keto e s t e r ,  while a 
methoxy group inhibits i t  [8]. In conformi ty  with th is ,  in the reac t ion  with p -n i t robenzy l idene- f l -naph thy l -  
amine ,  we isolated only a c leavage  product  (IXd); on the other  hand, we were  unable to i so la te  a c leavage  
product  (IXc) with p -methoxybenzy l idene- f l -naph thy lamine ,  and only benzoquinoline de r iva t ives  VIc and VIIc 
w e r e  obtained. 

The reac t ion  of I with benzylidene-f l  -naphthylamine and i ts  de r iva t ives  in the p r e s e n c e  of acet ic  acid 
p roceeds  via a di f ferent  scheme.  It is known that  carbonyl  compounds readi ly  r eac t  with amines  in acet ic  
acid to give compounds of the enamine type [9]. When a mix tu re  of an alcohol solution of Va and I is ref luxed 
in the p r e s e n c e  of acet ic  acid,  a yellow c rys ta l l ine  p rec ip i t a te  with a mel t ing point s im i l a r  to that  of the 
compound obtained in [1] is formed.  The IR spec t rum of this compound contains intense bands at 1670 c m  -I  
(chelate C = O) and 1610 c m  -~ (conjugated C = C). A band due to the s t re tching v ibra t ions  of the N - } I  bond 
in compounds of this type [10, 11] is obse rved  at  ~ 3300 c m  -1. An intense long-wave m a x i m u m ,  which a t -  
t e s t s  to inclusion of an e s t e r  group in the conjugation chain,  is  obse rved  in the UV spec t rum (Fig. 1). A r y l -  
idene der iva t ive  I in the enol f o r m  (IXa) is isolated in the hydro lys i s  of the product  with mine ra l  acid.  The 
s t ruc tu re  of  IXa was proved by a l t e rna t ive  synthesis  and the IR s p e c t r u m ,  which contains intense bands at  
1660 and 1615 c m  -1, which a r e  c h a r a c t e r i s t i c  for  the 5-benzyl idene der iva t ive  in the enol f o r m ,  and also 
by absorp t ion  in the UV region with a m a x i m u m  at  ~ 330 mm [3]. All of these  data make  it  poss ib le  to a s -  
s e r t  that a compound of the enamine type (VIIIa) r a t he r  than a benzoquinoline de r iva t ive  (as a s s e r t e d  in [1]) 
is formed inthe reac t ion  of IIIa and I in the p r e s e n c e  of acet ic  acid. The reac t ion  p roceeds  through a step 
involving the fo rmat ion  of amino keto e s t e r  V, which is  c leaved in acet ic  acid to an amine  and an unsa tura ted  
ketone,  which r eac t  with one another  to give the enamine.  The reac t ion  with benzyl idene- f l -naphthylamine  
de r iva t ives  p roceeds  s imi l a r ly .  
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Thus reac t ion  of I with benzy l idene- f l -naph thy lamine  and i ts  de r iva t ives  leads ,  depending on the condi-  
t ions ,  e i ther  to condensed 5,6-benzoquinoline de r iva t ives  V I I a - c  or  to e f a m i n e s  of  the cyclopentane s e r i e s  
(VIIia--d, Table 1). 

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

The individuality and pur i ty  of  the synthes ized  compounds were  moni tored  by ascending th in - l aye r  
ch roma tog raphy  in a loose  l aye r  of  ac t iv i ty-I I  a luminum oxide. The eluent was benzene,  and the c h r o m a t o -  
g r a m  was developed with iodine vapors .  The UV spec t r a  of  10-4 M alcohol solut ions of  the compounds were  
r eco rded  with an SF-4A spec t ropho tome te r .  The IR spec t r a  of KBr pel le ts  we re  r eco rded  with a UR-20 
spec t ropho tome te r  at 3600-4000 c m  -l .  The luminescence  s p e c t r u m  was m e a s u r e d  by the method in [12]. 

Ethyl cyc lopentanonecarboxyla te  (1) was synthes ized  by the method in [13]; the f rac t ion  with bp 86-  
87 ~ (6 ram) and n~  1.4526 was se lec ted  for  the reac t ion .  

Ethyl 5-[(Phenyl) (anilino)methyl] c y c l o p e n t a n - l - o n e - 2 - c a r b o x y l a t e  (1~ and 5-[  (Phenyl) (fi -naphthyl -  
a m i n o ) m e t h y l ] c y c l o p e n t a n - l - o n e - 2 - c a r b o x y l a t e  W), 2 - A r y l - 3 , 4 -  (ethyl 2 ,3 -cyc lopen ty lene- l -ca rboxyla te ) - l l  

-1 ,2-d ihydro-5 ,6-benzoquinol ines  (Via-c,  Table  1), 2 - A r y l - 3 , 4 -  (ethyl 2 ,3-cyclopenty lene-1  -carboxyla te)  -5 ,6 -  
benzoquinolines (VIIa-c,  Table  1), and Ethyl 5 -Ary l idenecyc lopen tan - l -oneca rboxy la t e  (IXa,b,d, Table  ! ) :  
A. Several  d rops  of concent ra ted  HC1 and an equimolecular  amount  of I we re  added to a solution of 0.01 
mole  of the app rop r i a t e  Schiff b a s e  in alcohol ,  and the mix tu re  was heated (see Table 1); IV and V were  
obtained without acid; VIIa-c  and IXa,b,d were  synthes ized  in an ampul  (with the addition of 0.01 mole  of  
n i t robenzene  in the case  of VIIa--c). The reac t ion  mix tu re  was cooled,  and the prec ip i ta ted  c r y s t a l s  were  
r emoved  by f i l t ra t ion,  t r ea t ed  with Ntt4OH, and c rys t a l l i zed  f r o m  alcohol or  toluene.  Compounds VIia,b 
a r e  fo rmed as  a mix tu re  with IXa,b in a yield of  10-15% {based on the amounts  of s t a r t ing  m a t e r i a l s  used). 
The prec ip i ta ted  IXa,b were  sepa ra t ed  and c rys t a l l i zed  f r o m  alcohol; the mothe r  l iquor was evapora ted  
to give VIIa,b which were  worked up by the p rev ious ly  desc r ibed  method.  

B. Compound Via was a lso  obtained f r o m  V: 1 g of  V, 15 ml of  ethanol,  and two drops  of concentra ted  
HC1 were  heated on a bo i l ing-wate r  bath for 2-3 rain. The mix tu re  was cooled,  and the p rec ip i ta te  was 
worked up in the usual m anne r  to give a product  in 58% yield. 

C__ Compounds V g a - c  w e r e  obtained f r o m  Via-c  (general method):  1 g of  VI was dissolved in 10 ml  of 
ethanol,  five drops  of n i t robenzene  and concent ra ted  tIC1 were  added, and the mix tu re  was heated in an a m -  
pul. The conditions used to c a r r y  out the reac t ions  and the yields  a r e  p resen ted  in Table 1. The prec ip i ta te  
that  fo rmed  on cooling was worked up in the usual manner .  

Ethyl 2-  (fl -Naphthylamino}-3-ary l idene  (1,2-cyc lopentenyl) ca rboxyla tes  (VIIia-d, Table 1). A mix tu re  
of 0 . 0 f  mole  of  the appropr i a t e  Schiff base ,  1 ml  of  I, 7 ml of glacia l  ace t ic  acid,  and 7 ml of  absolute  e than-  
ol was ref luxed for  20-30 rain,  a f t e r  which it was cooled,  and the p rec ip i t a te  was c rys t a l l i zed  f r o m  alcohol 
or  toluene.  The yie lds  and conditions used to c a r r y  out the reac t ions  a r e  p resen ted  in Table  1. Under the 
s ame  condit ions,  VlIIa was obtained f r o m  V in 52% yield.  

2 - P h e n y l - 3 , 4 -  p o t a s s i u m  2 ,3 -cyc lopen ty lene - l - ca rboxy la te ) -5 ,6 -benzoqu iuo l ine  (X). A mix tu re  of 1 g 
of  VIIa, 0.2 g of KOtt, and 25 ml  of ethanol was ref luxed on a wa te r  bath for  10 h. The ethanol was removed  
by dis t i l la t ion,  and the sa l t  was  ex t rac ted  with i sopropyl  alcohol.  The alcohol was r emoved  by dist i l la t ion,  
and the res idue  was t r ea t ed  with methylene chlor ide  to give 0.9 g (87~) of a product  with mp 281-282 ~ ~so-  
propyl  alcohol).  Found: C 73.3; tt 4.3; N 3.6~0. C231416KNO 2. Calculated:  C 73.2; H 4.2; N 3.7%. The 
C O 0 -  group absorp t ion  appea red  a t  1580 and 1385 c m  -~ in the IR spec t rum.  

2 - P h e n y l - 3 , 4 -  (carboxy-2 ,3-cyclopenty lene)-5 ,6-benzoquinol ine  Hydrochlor ide  (X1). A 0.5-g sample  
of  X was d isso lved  in wa t e r ,  and the solution was acidif ied to pH 6 with hydrochlor ic  acid. The prec ip i ta te  
(0.45 g) was r emoved  by f i l t ra t ion and washed with wa te r  to give a product  with rnp 198-201 ~ Found: C 
73.3; H 5.2; C1 9.6%: C23H17NO2-ttC1. Calculated:  C 73.6; t t4 .8 ;  C1 9.5%. In the IR s p e c t r u m ,  v C= O 
appea red  at  1728 c m  -~. 

2-Phenyl-3 ,4-{1,2--cyclopentylene)-5 ,6-benzoquinol ine  (XII). A 0.5-g sample  of XI was fused with 0.5 
g of  solid KOH, and the resu l t ing  XII was ex t rac ted  f r o m  the mel t  with benzene and c rys t a l l i zed  f rom a l -  
cohol. The product  did not d e p r e s s  the me l t ing  point of the product  obtained f rom cyclopentanone and IIIa 
by the method in [6]. 

The p r e s e n c e  of an -OC2H ~ group was conf i rmed  for  all  of the compounds by qual i ta t ive reac t ion  with 
m e r c u r y  n i t r a te  [14]. 
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