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A simple method is proposed for the synthesis of the previously unknown 2,6,6-tr imethyl-9- 
phenyl-4,5,6, 7,8,9-hexahydrobenz [f]-4-azaindane-l ,3 ,8- t r iones,  2,5-dimethyl- 6-R-7-phenyl- 
4,7-dihydro-4-az aindane-l,3-diones, and their  derivatives from 2-aryl idene-5-methylcyclo-  
pentane-l ,3 ,4- tr ione and/3-aminovinylcarbonyl compounds. 

it  has already been shown that polynuclear nitrogen-containing compounds, 4-azafluorene derivatives 
[1], and benzoyleneketoquinolines [2] are formed by the reaction of 2-arylideneindane-l ,3-diones with fl- 
aminovinylcarbonyl compounds. In this paper we describe a similar reaction between 2-arylidene-5- 
methylcyclopentane-l ,3,4-tr iones (Ia, b) and/3-aminovinylcarbonyl compounds [3, 4]. As a result  of this 
comparatively simple reaction, we were able to synthesize complex heterocyclic systems containing di- 
hydropyridine and fl - (or r diketone groupings (IVa-i, VIa,b, and V). The fl -aminovinylcarbonyl com- 
pounds that we used were 3-amino- and 3-alkylamino-5,5-dimethyl-2-cyclohexen-l-ones 0Ia-e), ethyl f l-  
aminocrotonate (Ilia), and bisacetonitrile (IIIb). 

Except for the condensation of Ia with IIIa, which proceeded only on fusing the components, the reac-  
tions were car r ied  out in ethanol. Compounds IVa-i and VIa,b are yellow or orange crystalline substances 
which are quite soluble in polar solvents. N-Substituted compounds IVb-f,h,i form dark-blue solutions with 
sodium alcoholates, while N-unsubstituted IVa,g and VIa,b form bright-red solutions with sodium alcoholates. 
The reaction products were separated and purified by means of column chromatography with A1203. 
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Fig. 1. UV absorption spectra of 2,6,6-tr imethyl-9-  
pheny1-4,5, 6, 7, 8,9-hexahydr obenz [f  ] -4-az aindane - 
1,3,8-trione (IVa) and 2,6,6-tr imethyl-9-phenyl-  
4,5,6, 7,8,9-hexahydrobenz [ f ] -4-azaindane- l ,2 ,8-  
trione: 1) IVa in ethanol; 2) IVa in alkaline ethanol 
solution; 3) V in ethanol; 4) V in alkaline ethanol 
solution. 
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Fig. 2. UV absorption spectra of IVa and its 
derivatives in ethanol: 1) IVa; 2) VII; 3) VIII; 
4) IX. 
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TABLE 1. 

R �84 
) H 

vla,b O C 6 H ~  

Comp. 

IVa 
IV b 
IV c 
IV e 
Iu f 

IVi 
V 

Via 
Vlb 

Ar 

C6H5 
C6H5 
C~H~. 
C6H5 
C~Hs 
3,4,5- (CH30)~C~H2 
3,4,5- (CH~O)~C~H~ 
3,4,5- (CH~O)~C~H2 

R'(R) 

H 
CH3 
C4Ho 
CH2COOCHs 
CH2COOC2Hs 
H 
CH3 
CH2COOC2H5 

COOC2H5 
CN 

mp * 

140 
[ 54~0156 

1919092 
180--181 
184--186 
13825140 

1989:00 

Empirical 
formula 

C2tH2tNOs 
C2~H2aNO3 
C25H29NOs 
C24H.~NOs 
C~H27NO5 
C~4H27N06 
C=sH=gN06 
C2sH~NOs 
C2tH21NO3 
CIgH19NO4 
CITH14N202 

Found 

C H 

74,7 6,5 
75,7 7,1 
76,3 7,4 
70,7 6,5 
71,0 6,6 
67,4 , 6,6 
68,5 7,1 
65,4 6,7 
75,0 6,5 
70,3 5,9 
73,6 5,4 

% 

4,2 
4,1 
3,4 
3,6 
3,1 
3,6 
3,5 
3,3 
4,3 
4,4 

10,2 

Corap. 

IVa 
IVb 
IVc 
IVe 
IVf 

IVi 
V 

vie 
vIb 

Calculated, % Yield, % 
c H 1'4 

75,2 
75,6 
76,7 
70,8 
71,0 
57,8 
68,3 
65,7 
75,2 
70,1 
73,4 

IR spectrum, cm'V] " 

~ 4:o2 
6,6 
7,5 3,6 
6,2 3,4 
6,7 3 3  ! 
6,4 3,3 
6,7 3,2 
6,5 2,8! 
6,3 4,2: 
5,9 4,3 
5,1 10,0 

23 
5O 
46,5 
11,55 
24,5 $ 
14,4 
42 
20,  
13 
16 
13,5 

1500s 1598m 1624 w 1656m 1696.s 1742. m 
156~ 1629~sh 164ffs 1683s 1737m 
1561m, 1628.s 1650 s 1681 s 1740s 
15625 1639s 1688 s 173& m 1752s 
1563 s 1640 s 1686 s 1744 $ 
1499s 1594. s 1633, m 1650 m 1694 s 1741m 
1563m 158brn. 1643 s 168r 1740m 
1570 s 1590 m1640 s 1690~s 1739ts -1754,s 
1584,m 164k s 1669~ m 1755m 
1603m 1642.s 1658 s 1686,s 174| m 

1605m 1658,s 1689s 1740. m222s 

*Aqueous  ace tone  was  u s e d  to c r y s t a l l i z e  IVc, f ,h , i ;  m e t h a n o l  was 

u s e d  for  IVb; and aqueous  e thanol  was  u s e d  for  IVg. 
VNH: IVa 3165 m ,  3230 m,  3292 sh,  3350 sh;  IVg 3172 m ,  3221 w; 

V 3116 m,  3186 s,  3239 m;  Via 3159 sh,  3310 s;  VIb 3110 w, 3220 sh,  
3260 s .  
* The  y ie lds  for  IVe f r o m  l id  in  me t ha no l ,  for IVi f r o m  IId in  e thano l ,  
and for  IVf f r o m  IIf  a re  ind ica ted .  

Two compounds  with mp  140 ~ (IVa) and 250 ~ (V) and the s a m e  e l e m e n t a r y  c o m p o s i t i o n  but  d i f f e ren t  UV 
s p e c t r a  (Fig.  1), IR a b s o r p t i o n  s p e c t r a  (Table 1), and r e a c t i v i t i e s  were  ob ta ined  by the c o n d e n s a t i o n  of Ia 
with I Ia .  F r o m  the m e c h a n i s m  p roposed  for  r e a c t i o n  th rough  XI, one migh t  have  expec ted  the f o r m a t i o n  of 
two i s o m e r s ,  v iz . ,  2 , 6 , 6 - t r i r n e t h y l - 9 - p h e n y l - 4 , 5 , 6 , 7 , 8 , 9 - h e x a h y d r o b e n z  [ f ] - 4 - a z a i n d a n e - l , 3 , 8 - t r i o n e  (IVa) 
and 2,6,6 - t r i m e t h y l -  9 - p h e n y l - 4 , 5 , 6 ,  7,8,9 -hexahydrobenz  I f  ] - 4 -  a z a i n d a n e - 1 , 2 , 8 - t r i o n e  (V). The  a - d i k e t o  ne 
g roup ing  of V was p roved  by ob ta in ing  the c o r r e s p o n d i n g  quinoxal ine  (X) with o - p h e n y l e n e d i a m i n e .  The r e -  
ac t iv i ty  of IVa was i n v e s t i g a t e d .  Compound  IVa r e a c t s  with h y d r o x y l a m i n e  to give ox ime VII without  ox ida-  
t ion  of the d ihyd ropy r id ine  r ing ,  as is  u sua l  in  the ox ima t ion  of s i m i l a r  3 , 5 - d i a c y l - l , 4 - d i h y d r o p y r i d i n e . s y s -  
t e rns  [5]. The IR s p e c t r u m  of VII does not con ta in  a VCO band  at 1742 cm -1, and a v C = N  band  a ppea r s  at 
1672 c m  -I  . Compound  IVa r e a c t s  with ace t ic  anhydr ide  in  the p r e s e n c e  of sod ium ace ta te  to give a 2 - a c e t y l  
d e r i v a t i v e  (VIII), the IR s p e c t r u m  of which c on t a i n s ,  in  addi t ion  to bands  c h a r a c t e r i s t i c  for  IVa, a v CO 
band  at 1723 cm - l ,  which c o r r e s p o n d s  to a new keto group,  whi le  VNH does not  change .  The UV s p e c t r a  of 
VII and VIII a re  s i m i l a r  to the s p e c t r u m  of IVa (Fig.  2). N i t ro so  d e r i v a t i v e  IX i s  ob ta ined  by t r e a t m e n t  of 
IVa with n i t r o u s  ac id .  In  th i s  case ,  the d ihyd r opy r i d i ne  r i ng  is  oxid ized  to a p y r i d i n e  r i n g .  

The VNH band  is  absen t  in  the IR s p e c t r u m  of IX, and uCO i n c r e a s e s  to the va lue  c h a r a c t e r i s t i c  for  
2 , 2 - d i s u b s t i t u t e d  4 - a z a i n d a n e - l , 3 - - d i o n e s  [6] (Table 1). The UV s p e c t r u m  of IX d i f f e r s  m a r k e d l y  f r o m  the 
UV s p e c t r a  of IVa,  VII, and VIII (Fig.  2). 
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H 3 C \ ~ N . . A / C H $  

+ O / / ~ \ C H ~  
II I , 
O .C6H ~ O 

V 
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IX 

R' 
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VII 

H El 
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Ar=CeHs,3,4,5-(CH~O)~C6H~: R = CO2C~H 5, CN; R'= H, CH~, C4H~, CH~CO~H~ CH~CO2C~H ~, CH_2CO~CH ~ 

We then synthesized a whole se r ies  of hydrobenzazaindanetr iones (IVb-i) and dihydroazaindanediones 
(Via,b) s tar t ing f rom Ia,b, I Ib-e ,  and lIIa,b. It is in teres t ing to note that IVd (R' = CH2COOH) could not be 
obtained in pure form,  since ester i f icat ion of the carboxyl  group to form es t e r s  (IVe,f,i) occurs  during the 
condensation of Ia,b with IId (R' = CI-I2COOH) in methanol or ethanol. The s t ruc ture  of IVf was proved by a l -  
ternat ive synthesis  f rom Ia and IIe (R' = C I - I 2 C O O C 2 H s )  , and IVe was formed by the action of diazomethane 
on unpurified IVd, which was separa ted  f rom IVe by means  of aqueous sodium bicarbonate.  Compound Ia 
could not be condensed with lid (R' = CH2COOH) in acetic acid. 

The UV absorption spec t ra  of IVa-i  and VIa,b in neutral media (ethanol) are  s imi lar ,  which indicates 
their  s t ruc tura l  s imi la r i ty .  The s imi lar i ty  of these compounds is also observed in the IR spec t ra  (Table 1). 
There  are a number  of intense bands at 6 #m, and the bands of vibrations above 1700 cm -1 belong to the 
e s t e r  group in IVe,f,i  or  to a keto group which is not in conjugation with the ni trogen atom. In some cases  
these vibrations overlap and give one very  intense absorption band (IVe,f). The remaining bands cor respond  
to ~CO and ~C = C  of a conjugated sys tem.  All of the N-unsubstituted compounds {IVa,g, V, and Via,b) have 
a ~NH band in the 3-#m region (Table 1). An intense ~C = N  band appears at 2224 cm -1 in the spec t rum of 
VIb. 

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

2 ,6 ,6 -Tr imethy l -9 -pheny l -4 ,5 ,6 ,7 ,8 ,9 -hexahydrobenz[ f ] -4 -aza indane- l ,3 ,8 - t r ione  (IVa). A mixture of 
solutions of 0.5 g (2.34 mmole) of Ia in 15 ml of ethanol and 0.326 g (2.34 mmole) of IIa in 5 ml of ethanol 
was refluxed for  20 rain. The ethanol was removed,  and the br ight-yel low residue was dissolved in a small  
amount of acetone and chromatographed with a column filled with A1203 (2.4 x 75 cm). The f i rs t  colored 
zonewas  eluted with ethyl acetate and evaporated to dryness  to give 0.18 g of IVa as a yellow crysta l l ine  
substance with mp 140 ~ (from aqueous acetone). The product was soluble in polar  solvents.  It formed a 
b r igh t - r ed  solution with sodium alcoholate.  Found: mol. wt. 335 (mass spectrum).  Calculated: mol.  wt. 
335.4. 

2 ,6 ,6-Tr imethyl -9-phenyl -4 ,5 ,6 ,  7,8,9-hexahydrobenz [ f  ] -4-aza indane-1 ,2 ,8- t r ione  (V). A second f r a c -  
Lion was eluted with ethanol f rom the column after removal  of IVa and was evaporated to dryness  to give 
0.1 g (13%) of yellow c rys ta l s  of IVb which decomposed at 250 ~ (from aqueous acetone) and formed an orange-  
yellow solution with sodium ethoxide. A third band was eluted from the column with water .  Fi l t rat ion and 
evaporat ion of this f ract ion yielded a yellow crysta l l ine  product which did not contain nitrogen. The s t ruc -  
ture  of this compound was not established.  

3-Oximino-2 ,6 ,6- t r imethyl -9-phenyl -4 ,5 ,  6,7, 8,9-hexahydrobenz I f  ] -4-az  aindane-1,8-dione (VII). A 
mixture  of 1.0 g (10 mmole) of hydroxylamine hydrochlor ide,  5 ml of water ,  and 10 ml of 0.I N NaOH was 
added to a solution of 0.5 g (1".5 mmole) of IVa in 15 ml of ethanol, and the mixture was refluxed for 45 rain. 
The solution was poured into water  to precipi tate  0.35 g (67%) of greenish-ye l low VII with nap 245 ~ (decomp., 
f rom ethanol). Fotmd %: C 72.3; H 6.5; N 8.1. C211-122N203. Calcula ted%: C 72.0; H 6.3; N 8.0. 
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2-Nitr•s•-2•6•6-trimethy•-9-pheny•-5•6•7•8-tetrahydrobenz[f]-4-azaindane-•'3•8-trione (IX). Sodium 
ni t r i te  (about 0.5 g) was added in smal l  por t ions  with cooling and s t i r r i ng  to a solution of 0.2 g (0.6 mmole )  
of IVa in 10 ml  of acet ic  acid and 2 ml  of hydrochlor ic  acid (1 : 1) unti l  the solution stopped, giving a red  
solution with sodium methoxide .  The mix tu re  was allowed to s tand for  24 h at room t e m p e r a t u r e  and diluted 
with wa t e r  to isola te  0.15 g (68%) of a yeIlow prec ip i ta te  of IX with m p  140 ~ (from acet ic  a c i d -  water ) .  
Found%: N 7.7. C2tH18N204. Ca lcu la ted%.  N 7.7. 

1 -Oxo-3 ,3 ,6- t r imethy1-13-pheny1-1 ,2 ,3 ,4 ,5 ,13-hexahydro-  6H-5-az  abenz [5,6]indeno [2,3-b] quinoxaline 
(X).. A mix tu re  of 1 g (2.98 mmole)  of V, 0.33 g (3.06 mmole)  of o-phenylenediamine ,  10 ml  of 3% NaOMe, 
and 100 ml  of absolute ethanol was ref iuxed for  15 rain. The mix tu re  was then ch roma tog raphed  through a 
column fil led with A1203 by elution with ethyl ace ta te  and then ethanol to give 0.1 g (8.3) of X with mp 185 ~ 
(decomp.,  f r o m  aqueous ethanol).  Found %: N 10.8. C27H25N30. Calcula ted  %: N 10.3. 

2 -Aee ty l -2 ,6 ,6 - t r ime thy l -9 -pheny l -4 ,5 ,6 ,  7 ,8 ,9-hexahydrobenz I f  ] - 4 - a z a i n d a n e - l , 3 , 8 - t r i o n e  (VIII). 
Sodium aceta te  [0.2 g (2.44 mmole)]  was added to a solution of 0.4 g (0.12 mmole)  of IVa in 20 ml  of acet ic  
anhydride,  and the mix tu re  was ref luxed for  4 h and poured into wa te r  to p rec ip i ta te  0.2 g (49%) of yellow 
c r y s t a l s  of VIII with mp 246 ~ (from ethanol).  The product  gave a red  colora t ion  with sodium methoxide .  
Found%: C 73.5; H 6.3; N 3.7. C23H23NO 4. Ca lcu la ted%:  C 73.2; H 6.1; N 3.7. 

2 , 5 - D i m e t h y l - 6 - c a r b e t h o x y -  7 -pheny l -4 ,7 -d ihyd ro -4 -aza indane - l , 3 -d ione  (Via). A total  of 2 g (9.35 
mmole )  of Ia and 1.22 g (9.45 mmole )  of IIIa was fused at 80-90 ~ for  5 rain, d issolved in 20 ml  of acetone,  
applied to a column fi l led with A1203, and eluted with ethyl ace ta te .  The f i r s t  co lored  f rac t ion  was col lec ted  
and evapora ted  to d rynes s  to give 0.5 g of br ight  yel low VIa. 

4-C arbethoxymethy1-2,6 ,6  - t r ime thy l -9 -pheny l -4 ,5 ,6 ,  7,8, 9-hexahydrobenz I f  ] -4 -az  a indane - l , 3 ,8 - t r i one  
(IVf). A mix tu r e  of 2 g (9.35 mmole)  of Ia and 1.84 g (9.35 mmole)  of IId was  ref luxed in 50 ml  of absolute 
ethanol for  7 h. All of the ethanol was r emoved ,  and the b r igh t -ye l low res idue  was d isso lved  in sa tu ra ted  
NaHCO 3. The insoluble pa r t  was f i l t e red  and washed with NaHCO 3 solution and wa te r  to give 0.8 g (20%) of 
yel low c r y s t a l s  of IVf. 

4-C a rbomethoxymethy l -2 ,6 ,6  - t r ime thy l -9 -pheny l -4 ,5 ,6 ,7 ,8 ,9 -hexahydr  obe nz[f  ] -4 -a  z a indane-1,3,8 - 
t r ione  (IVe). A mix tu re  of 1 g (4.68 mmole )  of  Ia and 0.92 g (4.68 mmole)  of lid was ref luxed in 40 ml  of ab-  
solute methanol  for  7 h. All of the methanol  was removed ,  and the br igh t -ye l low res idue  was d isso lved  in 
sa tu ra ted  NaHCO 3 solution.  The insoluble par t  (IVe) was sepa ra t ed  and washed with NaHCO 3 solution and 
wa te r  to give 0.2 g (11.5%) of yel low c r y s t a l s  of IVe.  The f i l t ra te  was acidified with dilute HC1, f i l tered,  
and dr ied .  The yellow subs tance  obtained (0.5 g) was d isso lved  in 20 ml  of dioxane, and an e the r  solution of 
d iazomethane,  p r e p a r e d  f r o m  0.5 g (4.85 mmole)  of n i t ro somethy lu rea  and 1.5 ml  of 50% KOH in 5 ml  of 
e ther ,  was  added to i t .  The reac t ion  mix tu re  was allowed to stand for  24 h at r oom t e m p e r a t u r e ,  evapora t ed  
to d rynes s ,  applied to a column (2 A • 75 cm) ,  and eluted with ethyl ace ta te .  The f i r s t  co lored  f rac t ion  was 
col lec ted  and evapora ted  to give 0.3 g of yel low c r y s t a l s  of IVe. The overa l l  yield was 0.5 g (28.8%). 

2 - (3 ,4 ,5 -Tr ime thoxybenzy l idene ) -5 -me thy lcyc lopen tane - l , 3 ,4 - t r i one  (Ib). A total  of 1.9 g (8.4 mmole )  
of the glyoxylic e s t e r  of 5 -me thy lcyc lopen tane - l , 3 ,4 - t r i one  and 1.65 g (8.4 mmole)  of 3 ,4 ,5 - t r ime thoxybenz-  
aldehyde were  d isso lved  in 10 m l  of ethanol,  a solution of 1.18 g of NaOH in 50 mI  of d is t i l led  wa te r  was 
added, and the mix tu re  was shaken at r oom t e m p e r a t u r e  for  24 h. Dilute HC1 prec ip i ta ted  1.8 g (70%) of 
b r igh t -ye l low c r y s t a l s  of Ib with mp 210 ~ (from ethanol).  Found %: C 63.6; H 5.5. C16H1606. Calcula ted  %: 
C 63.2; H 5.3. 

The UV sp ec t r a  of 10 -4 M ethanol solutions with a l aye r  th ickness  of 1 c m  were  obtained with an.SF-4 
spec t ropho tome t e r .  The IR s p e c t r a  of m i n e r a l  oil suspens ions  (Via,b, Ve, VIII, and IX in hexachlorobutad i -  
erie) were  obtained with an IKS-14 spec t ropho tome te r  f rom 1400-1800 cm -~ with a NaC1 p r i s m  and f r o m  
3000 to 3500 cm -1 with a LiF p r i s m .  The m a s s  spec t rum was obtained with an MKh-1303 m a s s  s p e c t r o m -  
e t e r .  
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