
1 , 2 , 3 - T R I A  LK O X Y C  A R B  ONY L - 4 H -  

C Y C  L O P E  N T A  [ b ] Q U I N O X A  L I N E S  

N.  V .  S u m l i v e n k o ,  ~ .  A.  P o n o m a r e v a ,  
G .  G.  D y a d y u s h a ,  a n d  G.  F .  D v o r k o  

UDC 547.863.07 

1,2 ,3-Tr ia lkoxycarbonyl -4H-cyc lopenta [b]quinoxa l ines  were  synthesized by condensation of o- 
phenylenediamine with t r i a l koxyca rbony l -2 -hyd roxycyc lopen t ad i en - l -ones .  The compounds 
obtained were  cha r ac t e r i z ed  as ~r-electron analogs of azulene on the bas is  of the i r  spec t r a  and 
quan tum-mechan ica l  calculat ions.  

CyelopentaquinoxalInes obtained by condensation of o-phenylenediamine  with cyelopentenediones  [1] 
may exis t  in two t au tomer i c  f o r m s  (A and B). 
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The 4H- t au tomer s  (B), like the cor responding  t au tomer s  of pyr id ines  (I) [2], a r e  he t e roa roma t i c  7r- 
e lec t ron  analogs of azulene.  The 2-R-cyclopentaquinoxal ines  (R = H, Ph, CH3, OH, and C1) descr ibed  in the 
l i t e r a tu re  [1, 3, 4] have the s t ruc tu re  of the 1H- t au tomer  (A) and a re  co lo r l e s s  [1, 3] or  sl ightly colored 
[4] compounds.  The introduction of an alkyl  group into the 4 posit ion of the cylopentaquinoxaline gives a 
deeply colored he t e roa roma t i c  compound (If) [5]. 

We have found [6] that condensation of o-phenylenediamine with t r i a lkoxyca rbony l -2 -hydroxycyc lo -  
pen t ad i en - l -ones  gives quinoxalines that exis t  en t i re ly  in the fo rm of the 4H- t au tomer  (Table 1). 
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The absorpt ion  band In the IR spec t rum at 3200 cm -1, which is c h a r a c t e r i s t i c  for  an in t r amolecu la r  
NH hydrogen bond, const i tu tes  evidence for  the p r e s e n c e  of an NH group in these  compounds (Table 1). The 
posi t ion of this band is independent of the concentra t ion of the CC14 solutions and the t e m p e r a t u r e .  In addi-  
tion, the PMR s p e c t r u m  of a solution of IIIc in CC14 contains a broad s inglet  at 11.7 ppm, which is c h a r a c t e r -  
is t ic  for  the NH group (Table 2). We did not find signals  that  could be ass igned to the protons of the cyclo-  
pentene r ing (1H-tautomer)  in the s pec t r a  of any of these  compounds.  The mos t  weighty a rgument  indicat-  
Ing the. absence  of apprec iab le  amounts of the 1H- tau tomer  is the comple te  conicidence of the e lec t ronic  
s p e c t r a  of I I Ia -c  (Fig. 1) and of the methyl  der iva t ive  of IIIc (VIc, Table 3) and the s i m i l a r i t y  between the i r  
absorp t ion  s p e c t r a  and the s pec t rum  of II, for  which the re  is no doubt that  the methyl  group is in the 4 pos i -  
tion [5]. The fo rmat ion  of 4H- t au tomers  in our case  is apparent ly  due to the e l e c t r o n - a c c e p t o r  effect  of 
th ree  a lkoxycarbonyl  groups.  
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T A B L E  1. 1 , 2 , 3 - T r i a l k o x y c a r b o n y l - 4 H - c y c l o p e n t a [ b ] q u i n o x a l i n e s  
( I I a - c ,  Vlc)  

:om= mp, *C 
)otmd (dec.) 

Empirical 
forfnula 

F Found, % Calculated, % VNa*' iYield, 
c I H ] N cm-* I% 

IIIb C20H=0N=O6 62,5 5,2 7,3 3260 
IIIc 16 70 C2~H~N2Os T 64,8 6,2 6,6 3170 
VI c 186 C~4H~sN=O~ 65,4 6,4 6,7 - -  

* P o t a s s i u m  b r o m i d e  p e l l e t s  (3285 c m  - i  in CC14 fo r  IIIc).  
T F o u n d  c r y o s c o p i c a l l y  in b e n z e n e :  Mol.  wt.  414.  C a l c u l a t e d :  
wt .  427. 

e l .  IN 
59,5 ! 4,2 8,2 
62,5 5,2 7,2 
64,9 6,2 6,6 
65,2 6,3 6,4 

85 
80 
87 
76 

Mol.  

TABLE 2. PN[R Spectra of Trialkoxycarbonylcyclopentaquinoxalines 

Compound 

Ilia 

IVa 

llIb 

IVb 

llIc1" 

Vlct 

Solvent 

Pyridine 

CF~CO2H 

Pyridine 

CF3CO2H 

CCI~ 

CC14 

Group 6, ppm 

CH3 

CHs 

CHz 

CH2 

CHs 

CH2 

CH3 

NH 
CH3 

NCH3 

3,64 
4,14 
3,70 
3,86 
1,00 
1,25 
3,88 
4,22 
1,09 
1,21 
4,08 
4,21 
1,27 
1,40 

ll,7 
1,41 
! ,28 
4,46 

No. of protons, 
signal 
multiplicity* 

6,s 
3.s 
6, s 
3, s 
6, t 
3, t 
4, q 
2, q 

6, t 
3, t 
4, q 
2, q 

12, d 
6, d 
l , s  

12, d 
6, d 
3, s 

* A b b r e v i a t i o n s :  s i s  s i n g l e t ,  d is  doub le t ,  t i s  t r i p l e t ,  and 

q is  q u a r t e t .  
The  p r o t o n  a t t a c h e d  to  the  t e r t i a r y  c a r b o n  a t o m  of the  i s o p r o p y l  

g r o u p  g i v e s  a c o m p l e x  m u l t i p l e t  at  ~ 5.3 p p m .  

T A B L E  3. E l e c t r o n i c  S p e c t r a  of 4 H - C y c l o p e n t a [ b ] q u i n o x a l i n e s  (II, 
III,  and  VI) and  T h e i r  C a t i o n s  (IV, VII) and  A n i o n s  (V) in  A l c o h o l  

Compound kmax, nm 

IIla 
IIIb 
IIIe 
VIc 
IVa 
IVb 
IVc 
Vllc~ 
Va 
Vb 
Vc 
II ~ 

505, 365, 350, 283, 277 
506, 365, 350, 285, 280 
508, 365, 350, 285, 277 
510, 370, 354, 287 
604, 400, 315", 278 
605, 403, 315', 280 
615, 412, 315, 308, 273 
620, 413, 313, 260 
452, 353, 345, 309, 278 
452, 353, 345, 309, 278 
452, 356, 347, 309, 282 
599, 412, 392, 283 

lEE 

3,39; 4,30; 4,17; 4,80; 4,80 
3,46; 4,37; 4,25; 4,89; 4,89 
3,40; 4,31; 4,19; 4,80; 4,80 
3,48; 4,29; 4,18; 4,83 
3,05; 4,53; 3,49; 4,76 
3,11; 4,51; 3,92; 4,82 
3,23; 4,48; 4,22; 4,22; 4,75 
3,11; 4,48; 4,74; 4,29 
3,59; 4,09; 4,03; 4,53; 4,98 
3,64; 4,13; 4,07; 4,58; 4,97 
3,68; 4,19; 4,16; 4,60; 4,93 
3,00; 4,43; 4,51; 4,62 

* Sh o u l d e r .  
Of an  a l c o h o l  s o l u t i o n  of VIc in  the  p r e s e n c e  of 50 vol .  % H2SO 4. 

L ike  p y r i d i n e s ,  t r i a l k o x y c a r b o n y l - 4 H - c y c l o p e n t a [ b ] q u i n o x a l i n e s  a r e  r e l a t i v e l y  s t r o n g  a c i d s * :  pK a 25 
5.65 fo r  IIIa in 80% a q u e o u s  CH3OH. T h e y  d i s s o l v e  r e a d i l y  in d i l u t e  a q u e o u s  s o l u t i o n s  of a l k a l i s  to  g ive  y e l -  
l o w - o r a n g e  s o l u t i o n s  ( T a b l e  3, V a - c ;  F ig .  1), w h e r e a s  t hey  d i s s o l v e  in  m i n e r a l  a c i d s  and  CF3CO2H to g ive  

* F o r  p y r i d i n e s ,  pK a ~ 5 . 7  [2]. 
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Fig. 1. E lec t ron ic  s p e c t r a  of 1 ,2 ,3 - t r i e thoxyca rbony l -4H-cyc lo -  
penta[b]quinoxaline (IIIb) in alcohol:  1) neu t ra l  solution; 2) in a 
0.2 M solution in (C2Hs)3N; 3) in 50 vol. % H2SO 4. 
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Fig. 2. Molecular  d i ag ram of 1 ,2 ,3 - t r i a lkoxycarbonyl -  
4H-cyclopenta[b]quinoxal ines.  

blue solutions (Table 3, IVa-c ;  Fig. 1). The ease  of these  t r ans fo rma t ions  is apparent ly  assoc ia ted  with 
the format ion  of s tab le  s y m m e t r i c a l  a rom a t i c  anions (V) and cations (IV). 

Alkaline sa l ts  V a re  read i ly  isolated f r o m  alcohol solutions of III when alkoxides a r e  added. On r e -  
action with CH3I they read i ly  fo rm N-me thy l  de r iva t ives  (Table 1, VIc), which a lso  give blue solutions in 
acids (Table 3, VIIc). 

CO2R 

~ i ~  -OH H + 
O2R ~. " I I I  

C02R 

H CO2R 

L E .L---? -c~ 
CO2R 

V IV 

Compound IIIa r e ac t s  r ead i ly  with b romine  to give, as in the case  of benzopyridine [7], a co lo r l e s s  
labile compound (VIII). Hydrogen is evidently rep laced  by b romine  with r e a r r a n g e m e n t  of the v -e l ec t ron  
s y s t e m  of the molecule  as a r e su l t  of t r a n s f e r  of the r eac t ion  center  f r o m  ni trogen to carbon.  

CO~CH 3 CO~CH 3 

I I I  a + Br 2 " = CO2CH3 - CO2CHa 

H Br Br CO2CH 3 

.... Br/ V I I I  

It is apparen t  f rom the PMR s pec t r a  of I I Ia -c  that the pro tons  of the alkoxy carbonyl  groups in the 
i and 3 posi t ions a r e  equivalent,  whereas  the s ignals  of the protons  of the a lkoxycarbonyl  group in the 2 po- 
si t ion a r e  shifted to weaker  field (Table 2). The observed  equivalence of the protons  of the alkoxy carbonyl  
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groups in these positions is apparently provided by rapid in termolecular  exchange of hydrogen between the 
nitrogen atoms.  Evidence for the increased electron density in the 1 and 3 posit ions is provided by our quan- 
tum-mechanica l  calculations (Fig. 2) and also by the direction of electrophilic attack by bromine.  However, 
one must take into account the fact that the three alkoxy carbonyl groups of the cyelopentane ring can hardly 
be located in a single plane. F rom energy considerat ions,  deviation f rom the plane of the alkoxy carbonyl  
group in the 2 position is most  likely, and this possibly also is responsible for the difference in the signals 
of the protons in the 2 position. This assumption also provides a possibil i ty for the explanation of the PMR 
spectrum of the N-methyl  derivative (VIc). In this case, two groups (in the 2 and 3 positions) deviate f rom 
the plane and the signal at 1.41 ppm corresponds to them, whereas the signal at 1.28 ppm corresponds  to 
the group in the 1 position (in the spect rum of IIIc, the signal at 1.40 ppm corresponds  to the alkoxy earbonyl 
group in the 2 position, which deviates f rom the plane, whereas the signal at 1.27 ppm corresponds  to the 
groups in the 1 and 3 positions, which lie in a single plane). 

The electronic spec t ra  of the investigated compounds indicate s imi lar i ty  between thei r  e lectronic  s t ruc -  
ture  and the s t ruc ture  of azulene. As in the case  of azulene, they consist  of ser ies  of bands with gradually 
increas ing intensity on the short-wavelength side [8]. This sor t  of charac te r  of the spectra  is typical for  
compounds with a cyclic sys tem of electrons.  The long-wave band of azulene is very  sensitive to the effect 
of polar substituents in conformity with P la t tne r ' s  rule and its generalization [9]. This is also observed 
in a number of cyclopentaquinoxalines. In conformity with the hypsoehromic effect of e lec t ron-acceptor  sub- 
stituents in the 1 and 3 positions of azulene, the carbonyl  groups in III and VIe lead to a sharp violet shift 
of the long-wave band as compared with well-known II (Table 3). On the other hand, the same substituents 
or replacement  of the carbon atom by a more electronegative atom in the 4 and 8 positions of azulene (this 
corresponds  to the nitrogen atoms in our compounds) should cause a bathochromic shift. Shifts of this sor t  
are  actually observed on passing f rom cyclopentaquinoline (IX) to its 9-methoxycarbonyl  derivat ive "(X) [10] 
and subsequently to quinoxaline II. In our case  this regular i ty  is manifested as a remarkable  change in the 
color on passing f rom anions V to cations IV, during which the long-wave absorption band t r a v e r s e s  a large 
portion of the visible region of the spectrum. The small  bathochromic shift of the bands when the hydrogen 
attached to the nitrogen atom is replaced by a methyl group (transition f rom IIIc to VIc) both in the visible 
region and in the far-UV region, where the absorption is apparently associated with excitation of the e lec-  
trons of the carbonyl  groups, may constitute evidence for disruption of the eoplanarity of the adjacent a l -  
koxycarbonyl groups. 

R ~ C61"1 s 

CH~ 

IX R=H, ~,~:~ 532 am 
X R=CO2CH~, ;~:~ 574 nm 

E X P E R I M E N T A L  M E T H O D  

The electronic spect ra  of alcohol solutions in the presence  of ~0.05 mole / l i t e r  CH3CO2H* for  III, 
,-,0.2 mole/~iter (C2Hs)3N for V, and ~,50 vol. % H2SO 4 for  IV and VIIc were recorded  with a Unicam PS8000 
spectrophotometer .  Under these conditions, the investigated solutions follow the L a m b e r t - B e e r  law. The 
IR spec t ra  were recorded with a UR-20 spec t rometer .  The P1VIR spectra  were recorded with a Tesla BS 
477 spec t romete r  (60 MHz) with hexamethyldisiloxane as the internal standard. The molecular  diagram 
of III was calculated by the Hilckel MO LCAO method with St re i twieser ' s  pa ramete r s  [11]. The ionization 
constant was determined potentiemetr ical ly in 80% methanol [12] with an LPU-01 potentiometer.  

1,2,3-Trimethoxycarbonyl-4H-cyclopenta[b]quinoxaline (IIIa). A solution of 1.04 g (9.6 mmole) of o- 
phenylenediamine in 5 ml of CH3CO2H was added at 100 ~ to a solution of 2 g (7.4 mmole) of t r imethoxycar -  
bonyl -2-hydroxyeyclopentadien- l -one  in 40 ml of CH~CO2H, and the mixture was s t i r red on a water bath 
for 30 rain. The bulk of the solvent was then removed by distillation, the residual  solution was cooled, and 
the result ing red crys ta ls  were removed by fikrat ion.  The product was crysta l l ized f rom CH3OH. 

Compounds IiPo, c were s imi lar ly  obtained; IIIb was crysta l l ized from benzene, and IIIc was c rys ta l -  

lized f rom benzene-hexane  (1 : 5). 

1 ,2,3-Tri isopropoxycarbonyl-4-methyl-4H-cyclopenta[b]quinoxal ine (VIc) .  A solution of 1.32 g (3 
mmole) of HIc in 30 ml of CH3OH and a solution of 0.069 g of sodium (3 rag-atom) in 5 ml of CHsOH were 

* The addition of CH3CC~H is necessa ry  for suppression of the ionization of III. 
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mixed, and the resul t ing  mix tu re  was heated for  10 rain. It was then cooled,  and the resu l t ing  yellow c r y s -  
tals  of the sodium sal t  of IIIc were  r emoved  by f i l t rat ion.  A 0 .35-ml  (7 mmole) sample  of CH~I was added 
to a solution of 1.8 g (4 mmole) of this sa l t  in 40 ml  of D ~ F ,  and the mix tu re  was heated on a wa te r  bath 
for  30 min. It was then cooled, and VIe was prec ip i ta ted  by the addition of water .  The product  was c r y s -  
tal l ized f r o m  benzene.  

The p repa ra t ions  obtained a r e  f inely c rys ta l l ine  intensely red compounds (the cha rac t e r i s t i c  spec t rum 
of IIIb is p resen ted  in Fig.  1). Compounds IIIa, b a r e  sl ightly soluble in pyridine,  DMF, CH3CN , CH3CO2H , 
and CH3OH; IIIc and VIc a r e  quite soluble in ordinary  organic  solvents  (benzene, e ther ,  THF,  CC14, and 
CHC13). 

1 ,2 ,3 -Tr imethoxycarbonyl -1- -b romo- lH-cyc lopen ta [b]qu inoxa t ine  (VII1). A 0.2 M solution of Br  2 in 
CH3CO2H was added to a solution of 0.205 g (0.6 mmole)  of IIIa in 25 ml  of CH3CO2H until the color  of IIIa 
vanished,  a f ter  which the solution was diluted with 15 ml of water ,  and the resu l t ing  white prec ip i ta te  of VIII 
was r emoved  by f i l t ra t ion to give 0.218 g (87%) of a product  with mp 133-135 ~ (dec.). Found: Br  18.9%. 
C17H13BrN206. Calculated;  Br  19.4%. 
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