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6 , 6 - D i m e t h y l - 2 - m e t h y l  (or pheny l ) -9 - e thoxyca rbony l -5 ,6 ,7 ,8 - t e t r ahyd ro -4 -azabenz [ f ] i ndane -  
1 ,3 ,8 - t r iones  were  synthes ized  by r eac t ion  of 3 - e t h o x a l y l - 5 - R - c y c l o p e n t a n e - l , 2 , 4 - t r i o n e s  
with 3 - a m i n o - 5 , 5 - d i m e t h y l - 2 - c y c l o h e x e n - l - o n e .  The p roduc t s  were  a lkylated,  b romina ted ,  
reduced,  and hydrolyzed.  

We r ecen t ly  r epo r t ed  a new o n e - s t e p  method for the synthes is  of  4 - a z a i n d a n e - l , 3 - d i o n e  de r iva t i ve s  
[1] and the t au tomer ie  and prototopic  equi l ibr ia  of these compounds [2]. In the p r e sen t  r e s e a r c h  we made 
a m o r e  detai led invest igat ion of the reac t ion  of 3 - e t h o x a l y l - 5 - R - c y c l o p e n t a n e - l , 2 , 4 - t r i o n e s  (I) with 3 - a m i n o -  
5 , 5 - d i m e t h y l - 2 - c y c l o h e x e n - l - o n e  (II), which gives  6 , 6 -d ime thy l -2 -me thy l (o r  pheny l ) -9 -e thoxyca rbony l -  
5 ,6 ,7 ,8 - t e t r ahydro - -4 -azabenz [ f ] indane - l , 3 ,8 - t r i ones  (IIIa, b), the s t ruc tu re  of which combines  a cycl ic  fl- 
d icarbonyl  grouping and a pyr idine ring, as  a consequence of which they display  p r o p e r t i e s  c h a r a c t e r i s t i c  
for  these two s y s t e m s .  Like f l-diketones,  I IIa  a re  b romina ted  to give VI, the IR spec t rum of which (1735, 
1765 c m  -1) a t t e s t s  to a fixed diketo s t ruc tu re  and is  s i m i l a r  to the spec t r a  of the p rev ious ly  synthes ized  
2-nitr•s•-2•6•6-trimethy•-9-pheny•-5•6•7•8-tetrahydr•-4-azabenzLt]indane-1,3••-tri•ne [3] and 2 -ha lo -  
subst i tuted 4 - a z a i n d a n e - l , 3 - d i o n e s  [4]. T r iones  IIIa,  b r eac t  with t r ie thyloxonium f luorobora te  to give y e l -  
low and b r i g h t - r e d  enol e t he r s  VIIa, b. Reduction of IIIa  with Na2S204 gave 1 ,4-dihydropyr id ine  XI, which is 
s i m i l a r  to the p rev ious ly  synthes ized  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 - h e x a h y d r o - 4 - a z a b e n z [ f ] i n d a n e -  

1,3 ,8- t r ione  [3]. This  p roved  the 4 - a z a  s t ruc tu re  of p roduc t s  IIIa,  b and thereby  excludes  the poss ib i l i ty  of 
cycl iza t ion  to give the i s o m e r i c  5 - a z a i n d a n e - l , 3 - d i o n e  XII. 

Like 2 -pheny l - -4 -aza indane- l ,3 -d iones  [4], the t e t r a h y d r o - 4 - a z a b e n z [ f ] i n d a n e - l , 3 , 8 - t r i o n e s  (IIIa, b) 
a re  dis t inguished by  deep co lora t ion  in neu t ra l  and alkal ine media .  The i r  de r iva t ive  - enol e t h e r s  VIIa, b 
and 2 - b r o m o  der iva t ive  VI - a r e  l e s s  deeply colored.  

In this scheme,  we a r b i t r a r i l y  depicted IIIa and IIIb in the diketo form,  for in the preceding  c o m m u n i -  
cat ion the inves t iga ted  t au tomer ic  and pro to t rop ic  equi l ibr ia  of these  compounds  prove  that  product  IIIa  
ex i s t s  as  a red  anion with a smal l  admix ture  of betaine Xa in alkal ine and neut ra l  solutions.  Betaine f rom 
Xb p redomina t e s  for  IIIb. In solut ions with s u p p r e s s e d  ionization (0.1 N HC1) IIIa  ex i s t s  only in yellow enol 
f o r m  IV, which, like HIa, r e a c t s  with N-b romosucc in imide  (NBS) to give 2 - b r o m o - 2 , 6 , 6 - t r i m e t h y l - 9 - e ~ h o x y -  
ca rbony l -5 ,6 ,7 ,8 - t e t r ahyd ro -4 -azabenz [ j - ] i ndane - l , 3 , 8 - t r i one  (Vt). In s t rongly  acidic media  IHa r e a c t s  with 
HC1 to fo rm yellow sal t  IX, which r e a c t s  with ammonia  to give sa l t  V. The acidi ty  cons tants  [2] were  de -  
t e rmined ,  and it was  found that PKOH = 3.32 for  IIIa and 2.39 for  IIIb in 50 % ethanol.  Compounds Il ia,  b do 
not have definite mel t ing  points but decompose  slowly at  300 ~ C. 

*See [2] for  communica t ion  I. 
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Tr iones  IIIa,  b fo rm c r y s t a l  hyd ra t e s  with two molecu le s  of wa te r ,  which a re  not los t  even on prolonged 
heat ing in vacuo. The p r e s e n c e  of w a t e r  was a lso  proved by m a s s  s p e c t r o m e t r y .  The m o l e c u l a r  ion of 
the co r r e spond ing  compound i s  equal to the t he o r e t i c a l l y  de t e r m i ne d  mo lecu l a r  weight,  d i s r e g a r d i n g  the 
two w a t e r  molecu les .  

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

The IR spec t rum of a dioxane solution of IIIa was  r e c o r d e d  with a UR-10 s p e c t r o m e t e r ,  w h e r e a s  the 
IR spec t r a  of m i n e r a l  oil  suspens ions  of a l l  of the r ema in ing  compounds were  r e c o r d e d  with a UR-20 s p e c -  
t r o m e t e r .  The UV s p e c t r a  of aqueous solut ions of IIIa,  IV, and V and of an a lcohol  solution of XI were  m e a -  
sured with a Specord UV-vis  spec t ropho tome te r ,  and the UV s p e c t r a  of 50 % aqueous alcohol  solut ions of 
IIIa,  IIIb, VII, and X were  r e c o r d e d  with an SFD-2 spec t ropho tomete r .  The PMR spec t rum was m e a s u r e d  
with a P e r k i n - E l m e r  R-12A s p e c t r o m e t e r  (60 MHz) with t e t r a m e t h y l s i l a n e  as  the in te rna l  s tandard .  Deu- 
t e r i um oxide was used  as  the solvent  for  I iIa .  The m o l e c u l a r  weights  were  m e a s u r e d  with an MKh-1303 
m a s s  s p e c t r o m e t e r .  

2~6~6-Trimethy~-9~eth~xycarb~ny~5~6~7~8~tet rahydr~-4~azabenz[f] indane~3~8~tr i~ne (IIIa). A m i x -  
ture  of 4.5 g (0.02 mole} of Ia and 2.8 g (0.02 mole) of II was ref luxed in 150 ml of absolute  ethanol  for  3.5 h, 
a f te r  which the ethanol was removed  by d i s t i l l a t ion ,  and the brown r e s i d u e  was  d i s so lved  in a smal l  amount 
of ethyl  aceta te  and ch romatographed  with a column (3 • 75 cm) f i l led with A1203. The f i r s t  co lo red  zone 
was eluted with ethyl  ace ta te  (the s t ruc tu r e  os the product  was not es tab l i shed) .  The second zone was eluted 
with ethanol .  Removal  of the solvent  by d i s t i l l a t ion  gave 1.8 g (27.3 %) of b r i g h t - r e d  c r y s t a l s  of IIIa with 
mp > 250 ~ (dec., ethanol}. The product  was quite soluble in w a t e r  but insoluble in nonpolar  solvents .  IR 
spec t rum,  c m - t :  1550, 1595; 1630, 1705, 1730, 3430, 3520, and 3590 (OH}. UV spec t rum,  Xmax, nm (log e}" 
232 (4.28), 265 (4.18), 362 (3.96), and 472-478 (3.27). PMR spec t rum,  5 : 2 . 8 9  and 2.51 (broad s ingle ts) ,  
methylene pro tons  in the 5 and 7 pos i t ions ;  1.69 (singlet) ,  methyl  p ro tons  in the 2 posi t ion;  1.05, methyl  
pro tons  in the 6 posi t ion,  4.43 and 1.38 ppm (quartet  and t r ip le t ,  r e spec t ive ly ) ,  methylene and methyl  p r o -  
tons of the e thoxycarbonyl  group. Found: C 59.7; H 6.1; N 3.9)%; M 329 (mass  spec t rum) .  ClBH19NOs"2H20. 
Calculated:  C 59.2; H 6.3; N 3.8 %; M 329.4 (without c r y s t a l l i z a t i o n  water ) .  

2 , 6 , 6 - T r i m e t h y l - 3 - h y d r o x y - 9 - e t h o x y c  a r b o n y l - 5 , 6 , 7 , 8 - t e t r a h y d r o - 4 - a z a b e n z  [ . f ] ind -2 -ene - l ,8 -d ione  
Hydrochlor ide  (IX). A 0.37-g (1 mmole)  sample  of d ry  IIIa was t r e a t e d  with d r y  HC1 unti l  the b r i g h t - r e d  
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substance was conver ted  to a br ight -ye l low substance (1-2 rain). Workup gave 0.21 g (56.8':Vc) of IX with 
mp 160-170 ~ (dec., f r om dry  ethyl acetate) .  IR spec t rum,  c m - h  1565, 1610, 1700, 1740, 3330 (OH). UV 
spec t rum,  ~tmax, nm (log e): 233 (4.46), 265 (3.96), 362 (3.72}, 472-476 (3.0). Found: C 59.6; H 5.3; C1 10.1; 
N 3.7%; M329 (mass  spec t rum) .  C18H19NOh-tIC1. Calculated:  C 59.1; H 5.5; C1 9.7; N 3.8%; M 329.4 (without 
HCI). 

2,6,6-Trimethyl-3-hydroxy-9-ethoxyca rbonyl-5,6,7,8-tetrahydro-4-azabenz [f]ind-2-ene-l,8-dione 
(IV). A 0.l-g (0.27 mmole) sample of IX was refluxed for i0 min in 20 ml of water, after which the mix- 
ture was treated with activated charcoal and filtered. The filtrate was vacuum evaporated to dryness, and 
the residue was crystallized from ethyl acetate to give 0.02 g (21.1 ~c) of bright-yellow crystals of IV with 
mp I05-ii0 ~ (dec.). IR spectrum, cm-l: 1580; 1615; 1695, 1715, 3240, 3335, and 3500. Found: C 62.1; H 
6.1; N3.8~. CtsHtsNOs'H20. Calculated: C 62.2;H 6.2; N4.0%. 

2 ,6 ,6 -Tr ime thy l -9 -e thoxyc  a rbony l -5 ,6 , 7 , 8 - t e t r ahyd ro -4 -azabenz  [ f ! - i n d a n e - l , 3 , 8 - t r i o n e  Ammonium 
.Salt (V). A 0.2-g (0.59 mmole)  sample  of IV was  dissolved in 25 ml of d ry  acetone,  the mixture  was cooled 
with cold water ,  and dry  a m m o n i a  was  bubbled through it for  1-2 min until  the yellow solution became b r igh t -  
red and a red  substance began to p rec ip i t a te .  Workup gave 0.16 g (76%) of V with mp 153-155 ~ (acetone). 
IR spec t rum,  c m - l :  1569, 1611, 1670, 1721, 1744, and 3230 (OH). UV spec t rum,  ~max, nm (log a): 232 
(4.46), 265 (3.96), 362 (3.72), and 472-476 (3.00). Found: C 60.6; H 6.4; N 7.5%. CIsH22N2Oh.0.5H20. Ca l -  
culated: C 60.8; H 6.5; N 7.9 ~.  

2-B r o m o - 2 , 6 , 6 - t r i m e t h y l - 9 - e t h o x y c a r  bony l -5 ,6 ,7 ,8 - te t rahydro-4  ?azabenz [y ] indane- l ,3 , s - t r ione  (vI). 
A 0.23-g (0.13 mmole)  sample  of NBS was added at r oom t e m p e r a t u r e  to a suspension of 0.37 g (1 mmole)  
of IIIa in 10 ml  of ch lo ro fo rm,  and the f lask containing the reac t ion  mix ture  was  shaken for 2-5 min,  during 
which the red  suspension was  conver ted  to a c o l o r l e s s  solution. A white substance began to prec ip i ta te  in 
the cold. Workup gave 0.15 g (36.6%) of VI with mp 163-164 ~ (ethanol). The product  d issolved in sodium 
ethoxide to give a d a r k - b r o w n  solution. IR spec t rum,  c m - l :  1567, 1703, 1735, and 1765. UV spec t rum,  
Amax, nm (log e) in neut ra l  and acidic ethanol: 233 (4.45) and 305 (3.96); in alkaline ethanol: 220 (4.36), 

3 294 (3.94), and 380 (3.88). Found: C 53.2; H 4.5; Br  19.5; N .7 ~. C18H18BrNO~. Calculated:  C 53.2; H 4.4; 
Br  19.5; N 3.4 %. Compound VI was  s i m i l a r l y  obtained f rom enol IV. 

3-Eth•xy-2•6,6-trimethy•-9-ethoxycarb•ny•-5,6,7•8-tetrahydro-4-•zabenz[f]ind-•-ene-••8-dione 
(VIIa). A 0.38-g (2 mmole)  sample  of t r ie thyloxonium f luorobora te  was added to a suspension of 0.37 g (1 
mmole)  of II la in 25 ml  of methylene  chlor ide,  and the mix tu re  was heated on a wa t e r  bath for  15 min.  The 
resu l t ing  da rk -ye l low solution was evapora ted  to 5 ml,  and the condensed solution was  ch romatographed  
with a column filled with A1203. The ethyl ace ta te  eluate was  evapora ted  to d r y n e s s  to give 0.18 g (50 %) of 
VIIa as  fine br igh t -ye l low needles  with mp 105-106 ~ (ethanol). The product  d i sso lved  in sodium ethoxide 
to give an orange solution. LR spec t rum,  em-~: 1571, 1610, 1694, 1710, and 1746. UV spec t rum,  kmax, nm 
(log e): 231 (4.32), 248-250 (4.28), 326 (3.99), 336 (3.99), and 390-396 (3.08). Found: C 67.6; H 6.8; N 3.8%. 
C20H23NOh. Calculated:  C 67.2; H 6.5; N 3.9 %. 

2 -Pheny l -6 ,  6 -d ime thy l -9  - e thox 'ycarbonyl-  5 ,6 ,7 ,8 - t e t r ahyd ro -4 -  azabenz [ f ] indane- l ,3 ,8- t r ione  (IIIb)., 
A mixture  of 2.87 g (0.01 mo le )o f  17o and 1.3 g (0.01 mole)  of II was refluxed fo r  1 h i 'n75 ml  of absolute  
ethanol,  a f t e r  which the da rk -b rown  reac t ion  mix tu re  was evapora ted  to d rynes s ,  and the res idue  was d i s -  
solved in a sma l l  amount  of ethyl  ace ta te .  The solution was ch romatographed  with a column filled with 
Al~O~. The s t ruc tu re  of the l ight -colored  product  obtained in smaI1 amounts  a f t e r  elution with ethyl  a c e -  
tate  was not es tab l i shed .  The second f rac t ion  was eluted with ethanol,  and the eluate was evapora ted  to 
d rynes s  to give 1.2 g (30.7%) of IIIb as  a d a r k - v i o l e t  subs tance  with mp > 300 ~ (dec., ethanol).  The product  
was insoluble in nonpolar  so lvents  and only sl ightly soluble in water .  IR s p e c t r u m ,  cm-~: 1539, 1595, 1612, 
1665, 1676, 1722, 1746, 3475, and 3615 (OH). UV s p e c t r u m ,  t m a x ,  nm (log e): 233 (4.33), 264 (4.32), 390 
(4.21), 506(3~ Found: C 64.3 H 5.5; N 3.3%. C2!H2tNOh.2H20. Calculated C 64.6; H 5.9; 

2 -Pheny l - -3 -e thoxy-6 ,6 -d imethy l -9 -e thoxycarbony l -5 ,6 ,7 ,8 - t e t r ahydro_4_azabenz  [f] ind_2_ene_l,8_ 
dione (VIIb). A 0 .3-g  (1.6 mmole)  sample  of t r ie thyl0xonium f iuorobora te  was added to a suspens i~  of 
0.35 g (0.82 mmole)  of IIIb in 10 rnl of methylene chlor ide ,  a f t e r  which the mixture  was heated on a wa t e r  
bath for  5 rain. The resu l t ing  o r a n g e - r e d  solution was  evapora ted  to 3 ml,  and the condensed solution was 
ch roma tog raphed  with a column filled with A120 ~. The ethyl  aceta te  eluate was  evapora t ed  to 6-8 ml,  a f te r  
which fine b r i g h t - r e d  needles  prec ip i ta ted .  Workup gave 0.2 g (58.8 %) of VIIb with mp 201-203 ~ (ethanol). 
IR spec t rum,  cm- t :  1558, 1610, 1699, and 1742. UV spec t rum,  Amax, nm (log e): 241 (4.38), 266-268 (4.30), 
336-338 (4.11), and 420-424 (3.36). Found: C 71.5; H 6.0; N 3.4 '~.  C25H~NO 5. Calculated:  C 71.6; H 6.0; 
N 3.3 %. 
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2•6•6-Trimethy•-9-hydr•xycarb•ny•-5•6•7•8-tetrahydr•-4-azabenz[-f]indane-••3•8-trione {VIII). A 
solution of 0.5 g of NaOH in 15 ml of absolute ethanol was added to a solution of 0.37 g (1 mmole) of IIIa in 
10 ml of absolute ethanol, and the mixture was refluxed for 5-10 min until a d a r k - r e d  precipitate formed. 
The mixture was neutral ized with concentrated HC1, and the result ing NaC1 was removed by filtration. The 
orange filtrate was evaporated to 15 ml and allowed to stand in a re f r ige ra to r .  Workup gave 0.18 g (56.3 %) 
of orange c rys t a l s  of VIII with mp 265-270 ~ {dec., ethanol), which were quite soluble in water.  IR spectrum, 
cm- l :  1580, 1615, 1686, 1705, and3470.  Found: C 59.8;H 5.3; N4.4%. C16H15NOs. H2 O. Calculated: C 
60.2; H 5.4; N 4.4%. 

2•6•6-Trimethy•-9-eth•xycarb•ny•-4•5•6•7•8•9-hexahydr•--4-azabenz[f]indane-••3•8-tri•ne (XI). A 
solution of 1 g {5.75 mmole) of Na2S204 in 10 ml of water  was added to a solution of 0.5 g {1.37 mmole) of 

IIIa in 20 ml of water ,  and the mixture was s t i r red  at room temperature  for 2 h until the red solution be- 
came yellow. The yellow solution was then stored in a r e f r ige ra to r  [or 24 h and extracted with ethyl acetate 
{five 50-ml portions). The extract  was evaporated to 5 ml, and the condensed solution was chromatographed 
with a column filled with A1203. The ethyl acetate eluate was evaporated to give 0.1 (22 7c) of a yellow sub- 
stance with mp 183-184 ~ {ethyl acetate-heptane).  The product  was soluble in polar  solvents and dissolved in 
sodium ethoxide to give a b r i g h t - r e d  solution. IR spect rum,  cm- l :  1500,1598, 1630, 1665, 1698, 1743, 3170, and 
3235. UV spect rum Xmax, nm (log e), in neutral  and acidic solutions in ethanol: 256 (4.3), 272 (3.98), and 
392 (3.75); in an alkaline solution in ethanol: 272 (4.33), 305 sh {4.0), and 494 (3.87). Found: C 65.6; H 6.7; 
N 4 .3~.  C18H21NO 5. Calculated: C 65.3; H 6.4; N 4.2 ~. 

We thank Yu. Yu. Popelis for recording the PMR spectra.  
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