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Intramolecular cyclization of the diamides and N, N'-dimethylamides 
of a- [indan- 1,3- dion- 2-yl]benzylmalonic acids (I) has given 1- aryl- 
2- carbamoyl- 1,2, 3, 4-tetrahydro- 4- azafluorene- 3,9- diones and 
1- aryl- 4- methyl- 2- methylcarbamoyl- 1,2, 3, 4-tetrahydro- 4- aza- 
fluorene-3,9-diones (II). The structure of compounds II was shown by 
chemical methods: bromination, xanthylation, and hydrolysis in 
alkaline and acid media, and also by a study of IR and UV spectra. 

Continuing investigations [1-3] on the synthesis and 
reactivity of amide derivatives of cyclic fl-diketones, 
we set ourselves the aim ofstudyingtheintraraolecular 
reaction of the amide group. NH with the carbonyl group 
of derivatives of indan-1, 3-dione. For this purpose 
we selected the diamides of ~-[indan-1, 3-dion-2-yl] 
benzylmalonic acids (In-g), which are formed by the 
addition of malondiamides to 2-arylideneindan- 1, 3- 
diones [3]. 

In an acid medium, the in t r amolecu la r  condensa-  
t ion of the carbonyl  group of the indandione and an NIt 
group of the malondiamide res idue  of compounds I a -  
g takes place.  This gives r i s e  to der ivat ives  of a new 
n i t rogen-conta in ing  heterocycle ,  1, 2, 3, 4 - t e t r ahydro-  
4 -azaf luorene-  3, 9-diones ( I Ia-g) .  

We f i r s t  showed the poss ibi l i ty  of this condensat ion 
with compounds I a - d  [4]. 

\~H__CH (CO N tiR,)2 + H :  o�9 
i 

l a 2 g  R 

I 21 ' 
m v "~ ~ \ C O  NIl R" 

~ I R I 
| l a - g  R 

a R = R ' = H ;  b R u N O 2  , R '=H;  c R~ CI, W = H ;  d R - O C H 3 ,  R'~H ; 

r  R '=CH3; f R - N O 2 ,  R'~CH3; g R,~CI, R'=CH a 

Condensation is favored by the spat ia l ly  sui table a r -  
rangement  of the two groups and also by the poss ibi l i ty  
of the format ion of an uns t ra ined  s i x - m e m b e r e d  r ing.  
However, the decis ive role  in the  condensat ion is played 
by the pH of the medium. In a neut ra l  medium no con- 
densat ion takes place when In is subjec tedto  prolonged 
heating in ethanol. Instead of this ,  a r e t r o - ~ i c h a e l  
cleavage of Ia into benzyl ideneindan-1,  3-dione and 
malondiamide takes place.  It is known that condensa-  
t ions of NH groups with carbonyl  groups are  catalyzed 
by acids [2, 5-9] ,  and with a decrease  in the nucleo-  
phil ici ty of the attacking agent, a decrease  in the pH 
of the medium is nece s sa ry  [9]. The condensat ion of 

compounds I to form compounds I I takes  place normal ly  
only in an acid medium, the ra te  of the reac t ion  de- 
pending on the s t rength of the acid. In acetic acid, 
cycl izat ion requ i res  heating for severa l  hours.  The 
addition of p- toluenesulfonic  acid acce le ra tes  the r e a c -  
t ion considerably.  In concent ra ted  hydrochloric  acid, 
condensat ion takes place even at room tempera tu re .  

Compounds I I a - g  are  also formed by the prolonged 
heating of the 2 -a ry l idene indan-1 ,  3-diones with malon-  
diamide and N, N ' -d imethylmalondiamide  in acetic acid. 
Evidently,  the addition of the malondiamide to the 
double bond of the 2-a ry l idene indan-1 ,  3-diones takes 
place f irs t ,  with the subsequent  cycl izat ion of the I 
formed into II. A s imi l a r  s imul taneous  addition and 
cycl izat ion has been shown in the reac t ion  of 2 - a ry l i -  
dene-1,  3-diones with aminovinylcarbonyl  compounds 
[10]. 

The mechan i sm of this in t r amolecu la r  condensa-  
t ion of compound I is a nucleophil ic addition of the 
amide NH group to the carbonyl  group, with the sub-  
sequent spl i t t ing out of water  and the format ion of II. 

The nucleophil ici ty of the n i t rogen atom plays an 
impor tant  par t  in the condensation.  Alkyl subst i tuents  
on the ni t rogen,  having a posi t ive inductive effect, in-  
c rease  the e lec t ron  density on the n i t rogen and favor 
the condensation.  Conversely ,  the introduct ion of a 
phenyl radica l  (I, R = H, C1, NO2; R'  = C6H 5) decreases  
the e lec t ron  densi ty on the n i t rogen to such an extent 
that condensat ion does not take place under  the con- 
ditions given. 

The der ivat ives  of t e t r ahydro -4 -aza f luo rene -3 ,  9- 
diones (II) obtained, in cont ras t  to the co lor less  ini t ia l  
diamides (I), a re  red-orange  c rys ta l l ine  substances  
with high mel t ing points (Table 1). The lowering of the 
mel t ing  point for the N-methyl  der iva t ives  IIe-g as 
compared with those for compounds I I a -d ,  unsub- 
s t i tuted on the ni t rogen atom, shows the s t rong in t r a -  
molecu la r  associa t ion  of the la t te r .  Compounds II 
dissolve in concentra ted sulfur ic  acid with an in tense  
blue colorat ion,  which is  not given by 1 -amino ind-2-  
en-  3-ones [11]. This color reac t ion  is a new quali tat ive 
reac t ion  for compounds containing the t e t r ahydro -4 -  
azafluorenedione sys tem.  The colorat ion is evidently 
connected with the protonat ion of the molecule  and 
the format ion of a conjugated cation. When the sulfur ic  
acid solutions a re  diluted, compounds II are  recovered  
unchanged. Compounds I I a - d  possess  some acidic 
proper t ies .  They dissolve in aqueous and alcoholic 
alkalis with the format ion of v io le t - red  solutions.  

In acetic acid solution, compounds II undergo b ro -  
mination.  Even when an excess  of b r omi ne  is used, 
only the monobromo der ivat ive III is formed;  i ts  s t r u c -  
tu re  being cmffirmed by IR spectra .  
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Table 2 

Infrared Spectra of the Substituted 1, 2, 3, 4~Tetrahydro-4-azafluorene- 
3, 9-diones 

~ 2 

""((" \ R  ~169 
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Ri 

NO2 

OCE 
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C1 
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H 
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CHa 

CH3 I 
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H H 

H H 

R3 
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H 

Br 

H 

H 

R4 

CONH2 

CONH2 

CONH2 

CONHCH3 

CONHCH~ 

CONH2 

} 

~ ONHXanth 

VCO 

1702(61), 
1673 (79), 
1659 (45) 

Shoulder 

1712(70), 
1686(80) 

1708(5o), 
1673(73), 

1658(45) 
Shoulder 

1703(45) 
1688(65), 
1666(62) 

1701(60), 
1688(72), 
1668(50) 
1724(70), 
1677(80), 
1656(50) 

1720(20), 
1656(70) 
1701(70), 
1671(75) 

VC=O 

1621(65) 

1637(60) 

1628(58) 

1618(451 

1623(55) 

1620(45) 

1634(60) 

1622(65) 

Varom 

1587(63) 

1592(50) 

1589 (50) 

1587(5oi 

1584.(5o) 

1584 (60 

1606(25) 

1582 (70) 

v NO2 

152o(7o) 

w 

VNH 

3417(63), 
3340(55), 
3305(68), 
3255(65), 
3175(73) 
3480 (62), 
3359 (62), 
3212 (35), 
3112 (60) 
3399(70), 
3307(42), 
3266(60), 
3208(78), 
3116(60) 
3384(40), 
3356(35), 
3258(80), 
3089(69) 
3377(60), 
3241(55) 

3445(50), 
3339(30), 
3266(45), 
3212(50) 
3301(30) 

3232(72), 
3188(78) 
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Xaathydrol r eac t s  with the exocyelic amide groups 
of compounds II fo rming the  monoxanthenyl der iva t ives  

sorpt ion of the NH groups of the lac tams (VII, IIa-d) 
and of the secondary  amides  (Ha-g). 

In the IR spect ra ,  s t rong absorpt ion at about 250 
nm which shifts ba thochromieal ly  to 265 nm in an 
alkaline medium is cha rac te r i s t i c  for compounds II. 
The color  of the subs tances  is due to the comparat ively  
low max imum in the 430-480 nm region.  

il 

I~, CONH 
0 H Ar ~ / t  / 

\c,-c,,~-coo,, ,, c,,~ cooc H,~ ~, \c,,c~,_coN, 2 

' xAr  ~ c~c~x A~ v A~ 

I +"c' ~ . . . .  1 + ~:,o,, 
H ~ .  

NH 2 ~ " ~ - n  / +s~oH /s\~o "---- e 
1(\ s ~ 

O Ar 0 At - 
VIII  Vii 

a Ar~Csil3; b Ar--p~N02C6tt4; C A r ~ p - C I C 6 H  4 

~ /NH2 

~ ' ~ C  H-C H(COOH ) 
Ar 

VI 

IV. Identical  compounds a re  formed by the more  p ro -  
longed heating of the noncyclic diamides I with xanthy- 
drol in acetic acid solution.  Obviously, during the 
reac t ion  both the cycl iza t ion of I to II and xanthenyla-  
tion take place. 

The s t ruc tu re  of the compounds synthes ized was 
conf i rmed by the i r  IR and UV spect ra .  The IR spec t ra  
of compounds II (Table 2) differ s t rongly  in the 6 p 
region f rom the 4 - aza f l uo ren -9 -ones  [12] and the 1 ,4-  
d ihydro -4 -aza f luo ren -9 -ones  [13]. In the la t ter ,  p a r -  
t i cu la r ly  those containing a b is(ketovinyl)amine group, 
the absorpt ion frequency of the individual  groups is 
low and they are  difficult  to identify. In the der iva t ives  
of 1, 2, 3, 4 - t e t r a h y d r o - 4 - a z a f l u o r e n e -  3, 9-diones ,  the 
chain of conjugation is  shor t e r  and they are  c lose r  in 
s t ruc tu re  to the cyclic acylaminoindenones  [14]. In the 
6 # region,  compounds II absorb in the  1702-1701 cm -1 
region,  which cor responds  to the s t re tch ing  vibrat ions  
of the earbonyt  group of indenone [15]. The absorpt ion  
in the 1688-1771 cm -1 region  re la tes  to the f requen-  
cies of the carbonyl  group of a cyclic  s i x - m e m b e r e d  
lac tam [16]. Amide carbonyl  groups absorb a t iower  
f requencies ,  in the 1668-1656 em -1 region  [17]. What 
has been said is  conf i rmed by the spec t rum of VII, in 
which absorpt ion is  lacking in the region  of amide 
carbonyls ,  while the bands of the lae tam carbonyl  
r e m a i n  unchanged. In some cases ,  the f requencies  
of the absorpt ion  of the carbonyl  groups of the lac tam 
and amide groups overlap.  In compounds II the f r e -  
quency of the double bond of the f i v e - m e m b e r e d  r ing  
of the indenone and those of the a romat ic  r ings  also 
appear in the 6 p region.  Compound IIb also has the 
cha rac te r i s t i c  absorpt ion of the n i t ro  group. The free 
and assoc ia ted  v ibra t ions  of an NH group appear in 
the 3 ~ region.  We asc r ibe  the highest f requencies  
at about 3400 cm -1 to the NH frequencies  of the un-  
subst i tuted exoeyelic amide group of compounds  I I a - d  
and III. The r ema in ing  f requencies  are  due to the ab- 

In cont ras t  to the 4 -aza f luo ren -9 -ones  [18], the 
1, 2, 3, 4 - t e t r ahydro -4 -aza f luo rene -3 ,  9-diones  are  
read i ly  hydrolyzed by alkal is .  The hydrolys is  of com-  
pounds II in 1N caust ic  soda solution takes place with 
the cleavage of the lac tam r ing  and the format ion of 
the monoamide of ~-[1-aminoind-2-en-3-on-2-yl]ben- 
zylmalonic acid (V). The resulting monoarnide V hy- 
drolyzes further in an alkaline medium to a-[1-amino- 
ind-2-en-3-on-2-yl]benzylmalonic acid (VI), which is 
the final product of the alkaline hydrolysis of If. The 
acid VI is also formed directly from II on more pro- 
longed heating in alkali. The hydrolysis of the lactam 
ring of II at the 3--4 bond is confirmed by IR spectra, 
in which, in addition to the earbonyl frequencies of the 
acid, the characteristic absorption of the aminoinden- 
ones [14] appears. The dibasicity of the acid VI was 
established by potentiometric titration. 

The hydrolysis of compounds E in an acid medium 
takes place more slowly and leads to the formation of 
nitrogen-free compounds. The final product of the 
acid hydrolysis of II is p-(indan-l, 3-dion-2-yl)pro- 

picnic acid (IX). The acid IX is also formed from V 
and VI under the condition's of acid hydrolys is .  The 
p resence  of two labi le  hydrogen atoms (enolic and ca r -  
boxylic) in the molecule  of IX was es tabl ished by 
potent iometr ic  t i t ra t ion.  

On being heated in iner t  solvents ,  the diearboxylie 
acid VI decarboxylates .  In t ramolecu la r  acy.lation of 
the free amino group by the carboxyl  group and r ing 
c losure  take place s imul taneously .  The 1-phenyl-1,  2, 
3, 4 - t e t r ahyd ro -4 -aza f luo rene -3 ,  9-dione (VII) formed '  
r e s e mb l e s  compounds II in s t ruc tu re  and proper t ies  
but differs f rom them by the absence of an amidegroup  
in posi t ion II. Closure  of the lac tam r ing is conf i rmed 
by the IR spec t ra  and the format ion  of a blue colora-  
tion when VII is dissolved in concent ra ted  sulfur ic  
acid, which is cha rac te r i s t i c  for der iva t ives  of 1, 2, 3, 
4 - t e t r a hyd r o - 4 - a z a f l uo r e ne - 3 ,9 - d i one .  Compound VII 
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c o n t a i n s  a l a c t a m  r i n g  and i s  r e a d i l y  h y d r o l y z e d  by  
a l k a l i s .  In a c i d s ,  the  f l - [ 1 - a m i n o i n d e n - 2 - e n - 3 - o n -  

2 - y l ] - f i - p h e n y l p r o p i o n i c  ac id  (VIII) o b t a i n e d  by  a l k a l i n e  
h y d r o l y s i s ,  h y d r o l y z e s  f u r t h e r  to  IX. F o r  t he  c o m -  

p l e t e  i d e n t i f i c a t i o n  of t h e  a c i d  IX, i t s  e thy l  e s t e r  X 

was  p r e p a r e d .  

The c h a r a c t e r i s t i c s  of  t he  c o m p o u n d s  s y n t h e s i z e d  
a r e  g iven  in T a b l e  1. 

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

matter gradually became decolorized, and it was separated off and 
purified by recrystallization from bicarbonate solution. Crystallization 
from dilute acetic acid yielded 1.4 g of white crystals of IX with mp 
171-173 ~ C (according to the literature [19], mp 173" C). Compound 
IX was obtained in a similar manner from V, Via, and ViII. 

Ethyl B-[indan-1, 8-dfon-2-yl]- ~-phenylproplonate (X). A few 
drops of concentrated H2SO 4 was added to a suspension of 0.5 g of IX 
in absolute ethanol, and it was heated in the water bath. After cool- 
ing, it was poured into water and the precipitate was separated off to 
give 0.3 g of colorless crystals of X (rap 110-111" C, from ethanol; 
according to the literature [20], mp 109 ~ C). 

4.Methyl-2-methylcarbarnoyl-l-p-nitrophenyl-1, 2, 3, 4.tetra- 
hydro-4-azafluorene-3,9-dione (IIf); When 5 g of If was suspended in 
concentrated hydrochloric acid, it gradually dissolved with the forma- 
tion of a dark red solution. After several hours, the solution waspoured 
into water. The orange precipitate of IIf was separated off and crystal- 
lized from ethanol to give 3.5 g of IIf. 

1- p- Chlorophenyl- 4- methyl- 2- methylcarbamoyl- 1, 20 3, 4- tetra- 
hydro-4-azafluorene-8, 9-dione (IIg). In a similar manner to the 
preparation of IIf, 5 g of Ig yielded 3.6 g of IIg. 

2- Brom o- 2- earbam oyl- 1- phenyl- 1, 2, 3, 4- tetrahydro- 4- azafluo- 
rene-8, 9-dione (III). When 0.6 ml (11.4 mM) of bromine was added 
to a suspension of 1.2 g (3.8 mM) of IIa in 30 ml of acetic acid, the 
solid material dissolved. A precipitate slowly crystallized from the 
red solution and this was separated off and recrystallized from acetic 
acid, giving 1.3 g of IIL 

1 - Phenyl- 2- xanthenylearbamoyl- 1, 2, 3, 4- t err ahydro- 4- azafiuo- 
rene-3,9-dione (IV). a) A suspension of 2 g (6.3 mM) of IIa, 1.25 g 
(6.3 raM) of xanthydrol, and 30 ml of acetic acid was heated in the 
water bath. After cooling, the dark solution deposited a yellow pre- 
cipitate, which was separated off and crystallized from dimethylfor- 
mamide, giving 2.1 g of IV. 

b) A suspension of 2 g (6 mm) of Ia and 1.2 g (6 raM) of xanthy- 
drol in 50 ml of acetic acid was heated in an air bath. As boiling 
proceeded, a precipitate was formed which was separated off. After 
crystallization from dimethylformamide, 1.8 g of IV was obtained. 

Monoamfde of ~-[1-aminoind-2-en-3-on-2-yl]benzylmalonle 
acid (V). Two grams of IIa was added to 1N NaOH, forming, a violet- 
red solution. After some time, the solution became red. It was filtered 
and acidified. The orange precipitate was separated off and crystal- 
lized from ethanol giving 1 g of V. 

a-[1-Aminoind-2-en-3-on-2-yl]benzylmalonic acid (Via). Three 
grams of IIa was suspended in 1N NaOH, and the suspension was left 
overnight, ammonia being evolved. The resulting solution was filtered 
and acidified, and the red precipitate was separated off. O n recrystal- 
lization, prolonged boiling had to be avoided in order to prevent 
possible transformation of the product. This gave 2.2 g of Via. IR 
spectrum (cm-1), VCO 1740, 1690, 1665; V ~ C  1620; VNH 3439, 
3348, 3296. The acid Via can also be obtained by a previous pro- 
cedure [14]. 

a-  [1-Aminoind- 2-on- 3- on- 2-yl]- p- nitrobenzylm alonie acid (vib). 
As for the preparation of Via, 2 g of IIb yielded 1.3 g of VIb. 

a- [1- Aminoind- 2- on- 3- on- 2- yl]- p- chlorobenzylm alonic acid 
(Vie). As for the preparation of Via, 2 gef  IIc yielded 1.2 g of VIc. 

1- Phenyl- 1, 2, 3, 4-tetrahydro-4- azafluorene- 3, 9- dione (VIIa). 
This was obtained by the procedure developed earlier [14]. 

1-(p- Nitrophenyl)- 1.2, 3, 4-tetrahydro- 4- azafluorene- 3, 9- dione 
(VIIb). A suspension of 1 g of VIb in 30 ml of diethyleneglycol was 
heated at 120-130" C until the evolution of carbon dioxide had ceased. 
The reaction mixture became thicker. The precipitate was separated 
off and washed with ether. After recrystallization from ethanol, 
0.3 g of ViIb was obtained. 

8-[1-Aminoind-2-en-8-on-2-yl]-B-phenylpropionic acid (VIII). 
A suspension of 1 g of VIIa in IN NaOH was heated in a hot water 
bath. A violet-red solution was formed which gradually became red. 
The solution was filtered and acidified, and the precipitate was sepa- 
rated off. After crystallization from dilute ethanol, 1.1 g of VIII was 
obtained. 

B- gnd an- 1, 3- dion- 2-:yl]- B- phenylpropionic acid (IX). A suspension 
of 3 g of IIa in concentrated hydrochloric acid was boiled. The solid 
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