
ppm (4H, m, aromatic protons). Mass spectrum, m/z (%): 247 [M +] (i00), 246 [M-- i] (17.1), 
232 [M-- 15] (21.3), 220 [M-- 1 -- CaH2] (8.5), and 206 [M-- 15 -- CaH2] (8.5). Found: 
C 77.6, H 5.7, N 17.2%. C16HIsN3. Calculated: C 77.7, H 5.3, N 17.0%. 

LITERATURE CITED 

i. 

2. 
3. 

e 

5. 
6. 
7. 

N. N. Pogodaeva, V. V. Kononova, and A. A. Semen.v, Khim.-Farm. Zh. (in press). 
S. Goodwin, A. F. Smitz, and E. C. Horning, J. Am. Chem. S,c., 81, 1903 (1959). 
A. A. Semen.v, Natural Antitumorigenic Compounds [in Russian], Nauka, Novosibirsk 
(1979), p. 19. 
M. Sainsbury, Synthesis, !, 437 (1977). 
W. Borsche, M. Wagner-Roemmich, and J. Barthenheier, Lieb. Ann., 550, 160 (1942). 
G. W. Gribble, J. Org. Chem., 38, 4074 (1973). 
G. B. Bachman and R. S. Barker, J. Org. Chem., 14, 97 (1949). 

SYNTHESIS OF 2-CARBOXY-5,6-ETHYLENEDIOXYINDOLE AND ITs 

3-, 4-, AND 7-HALO DERIVATIVES 

V. K. Daukshas, R. S. Martinkus, 
V. L. Gineitite, and S. L. Urbonene 

UDC 547.751'841.07:543.422 

A method for the synthesis of 2-carboxy-5,6-ethylenedioxyindole and its 4- and 7- 
chloro derivatives from 3,4-ethylenedioxyaniline and, correspondingly, its 2- and 
5-chloro derivatives via the Fischer reaction was developed. It was established 
that in the case of bromination or chlorination under mild conditions 2-carb- 
ethoxy-5,6-ethylenedioxyindole forms 3-halo derivatives, while 5,6-ethylenedioxy- 
indole itself forms only 3,7-dihalo derivatives. The closeness in the reactivities 
of the 3 and 7 ring positions of 5,6-ethylenedioxyindole (as compared with indole) 
is in agreement with the results of calculations of the quantum-chemical reactiv- 
ity indexes for electrophilic substitution. 

Derivatives of acids of the ethylenedioxyindole series, particularly those that con- 
tain halogens, display anti-inflammatory activity [I, 2]. In connection with the manifesta- 
tion of anti-inflammatory and analgesic activity by 2-carboxyindole derivatives [3], it 
therefore seems of interest to develop methods for the synthesis of ethylenedioxy-substituted 
2-carboxyindolines and their halo derivatives. 

We have developed the following scheme for the synthesis of the previously unknown 4- 
and 7-halo-2-carboxy-5,6-ethylenedioxyindoles in the preparation of chloro derivatives VIb,c: 

R '~ ~,l 

R'  W 
R'  

I-Illa-C,IV C v-via-  c,Vll a Vlllb, dilX b,d,x .e,f 

I R=NO2; II R=NH2.HCI;  II1 R=NHNH2.HCI; IV R=NHN=C(CH3)COOC=Hs; V, VIII 
R=COOC2Hs; VI, IX R=COOH; VII, X R=H; a R ' = R " = H ;  b R'=H, R"=C1; c R'=Cl,  

R " = H ; d  R '=H,  R " = B r ; e  R'=R"=Br; f R ' = R " = C I  

V. Kapsukas Vilnius State University, Vilnius 232734. Translated from KhimiyaGetero - 
tsiklicheskikh Soedinenii, No. 9, pp. 1215-1219, September, 1982. Original article submitted 
February 3, 1982. 
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TABLE i. Quantum-Chemical Reactivity Indexes 

Index 

3 4 7 2 3 4 I 7 
L 

I 

qa 
[b c I~, eV 

" 2 

Indole [ 5, 6- Ethylenedioxylndole 6qla)___ 

indole ring carbon atoms 

-0,06 
0,32' 
0,41 

-0,10 
0,47 
0,00 

-020 
0,39 
0,52 

-0,05 
0,32 
0,41 

--0,07 
0,33 
0,15 

--0,11 
0,39 
0,05 

I 
--0.04 .t -~o09 

0,34 I 0,37 
O, 11 0,00 

acharge on the atom. bElectron population of the AO due to 
the highest filled MO [4, i0]. CEnergies of the ~ electrons 
in the case of increased absolute values of the ionization 
potentials and the electrostatic integrals of the AO of the 
ring atom attacked (3 and i eV, respectively). The prob- 
ability of electrophilic substitution increases as the E 
values decrease [ii]. 

Nitrochloroethylenedioxybenzenes Ib~c [4] are reduced to amines llb,c, which are con- 
verted to diazonium salts and reduced to hydrazines lllb,c. The latter by reaction with 
ethyl pyruvate (isolation of the intermediate hydrazones IVb,c is not necessary) are con- 
verted to indole derivatives Vb,c and hydrolyzed to acids Vlb,c. We obtained acid Via, 
which has been previously synthesized by a more complex pathway [6], via this scheme from 
amine lla [5]. 

The presence of strong electron-donor substituents in the benzene ring of indole pro- 
motes its electrophilic substitution even when the 3 position of the pyrrole ring is unoccupied 
[7]. However, despite the presence of a 5,6s substituent in the benzene ring 
and a 2-carbethoxy substituent in the pyrrole ring, ester Va is chlorinated and brominated 
under mild conditions only in the 3 position and forms derivatives Vlllb,d, which are hy- 
drolyzed to acids IXb,d. It is interesting to note that 5,6-ethylenedioxyindole (Vlla) it- 
self forms only 3,7-dihalo derivatives Xe,f in the case of halogenation under the same con- 
ditions or even when the amount of halogen used is half the amount necessary for monohalogena- 
tion. 

This phenomenon is evidently due to orbital control of the course of the halogenation 
reaction, which is promoted by the high nucleophilicity of the Vlla molecule, and to the 
small difference between the reactivities of the 3 and 7 positions of its ring, since the 
reactivity indexes calculated within the ~ielectron approximation [Pariser--Parr--Pople (PPP)] 
of the self-consistent field (SCF) MO LCAO method (Table I) indicate the increased capacity 
for electrophilic substitution of the 3 position in indole and the small differences in this 
respect between the 3 and 7 positions in the Vlla molecule. 

The parameters in the calculations were taken from the data in [8]. The bond lengths 
and bond angles were standard values [9]. The ethylenedioxy group was examined in the half- 
chair conformation [I0]. 

The structures of Xe,f are confirmed by the absence in their PMR spectra of signals of 
protons in the 3 and 7 positions of the ring, which are observed at 6.44 and 7.03 ppm in the 
spectrum of starting Vlla. 

Compound Vlla was obtained by decarboxylation of acid Vla. The yield of Vlla was in- 
creased from 63% [6] to 75% by raising the temperature and decreasing the reaction time. 

EXPERIMENTAL 

The UV spectra of solutions of the compounds in ethanol were recorded with a Specord 
UV-vis spectrophotometer. The PMR spectra were recorded with a Tesla BS-487C spectrometer 
(80 MHz) with tetramethylsilane as the internal standard. 

2(or5)-Chloro-3,4-ethylen_edioxyanilineHydrochlorides (llbpc). A mixture of i liter 
of 80% ethanol, 215 g (i mole) of Ib or Ic [4], 280 g (5 moles) of reduced iron powder, and 
32 g (0.5 mole) of copper turnings was refluxed with stirring, and 40 ml (0.4 mole) of con- 
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centrated HCI was added in the course of 1.5 h. After 4 h, the mixture was filtered, the 
filtrate was acidified with hydrochloric acid, the ethanol was removed by distillation, and 
the residue was made alkaline with NaOH and extracted with benzene. Gaseous HCI was then 
bubbled into the dried extract. 

.3,4-Ethylenedioxyphenylhydrazine Hydrochloride and Its 2- and 5-Chloro Derivatives 
(llla-c). A solution of 6.9 g (0.i mole) of NaNO2 ini0 ml of water was added at 0~ to a . 

solution of 0.1 mole of amines lla-c in 120 ml of dilute (i:i) hydrochloric acid, and the 
mixture was added at 0~ to a solution of 38 g (0.2 mole) of SnCI2 in 40 ml ~.4 mole) of 
concentrated HCI. The precipitate was suspended in i00 ml of water, and the suspension was 
made alkaline to pH i0 with NaOH at 5-I0~ The mixture was extracted with ether, and 
gaseous HCI was bubbled into the dried extract. 

Ethyl Pyruvate 2-Chloro-3,4-ethylenedioxyphenylhydrazon e (IVc). Gaseous HCI was 
bubbled for 20 min into a solution of 3 g (0.012 mole) of hydrochloride lllc and 1.5 g 
(0.012 mole) of ethyl pyruvate in 30 ml of absolute ethanol, and the hydrazone was removed 
by filtration. 

2-Carbethoxy-7-chloro-5p6-ethylenedioxyindole (Vc). Gaseous HCI was bubbled for 2 h 
into a solution of 3 g (0.01 mole) of hydrazone IVc in 50 ml of absolute ethanol, after 
which the mixture was refluxed for i h, 20 ml of water was added, and the indole was ex- 
tracted with ether. 

2-Carbethoxy-5,6-ethylenedioxyindole and Its 4-Chloro Derivative (Va, b). Gaseous 
HCI was bubbled for i h into a solution of 0.025 mole of hydrochloride Ilia or lllb and 2.9 
g (0.025 mole) of ethyl pyruvate in 45 ml of absolute ethanol, and the mixture was refluxed 
for 4 h. It was then concentrated to a volume of 20 ml and treated with 50 ml of water. 
The aqueous mixture was extracted with ether, and the extract was washed with 10% Na=CO3 
solution and water and dried with CaSO4. The ether was removed by distillation, and the 
product was extracted with hot octane. 

2-Carboxy-5,6-ethylenedioxyindole and Its Halo Derivatives (Via-c, IXb,d). A mixture 
of 0.01 mole of esters Va-c or Vlllb,d, 1.7 g (0.03 mole) of KOH, and 20 ml of water was 
refluxed for 3 h, after which it was acidified with hydrochloric acid. 

5,6-Ethylenedioxyindole (Vlla). Acid Via was heated to 300~ on a bath, and Vlla was 
removed by vacuum distillation. 

3,Halo-2-carbethoxy,5,6-ethylenedioxyindoles (Vlllb,d) and 3,7-Dihalo-5,6-ethylene- 
dioxyindoles (Xe,f)./_ A solution of 0.07 mole or, respectively, 0.14 mole of the halogen in 
i00 ml of CCI~ was added with stirring at --20~ to a solution of 0.07 mole of VA or Vlla in 
i00 ml of CH2C12, after which the mixture was allowed to stand in the cold for 2 h. The 
solvent was then removed by vacuum distillation. 

The characteristics of the synthesized compounds are presented in Tmble 2. 
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SYNTHESIS AND PHOTOCHROMIC PROPERTIES OF INDOLINOSPIROCHROMENES WITH 

ELECTRON-DONOR SUBSTITUENTS IN THE INDOLINE PART OF THE MOLECULE 

M. A. Gal'bershtam, E. M. Bondarenko, 
L. N. Lavrishcheva, I. V. Man,ova, 
G. K. Bobyleva, N. M. Przhiyalg~vskaya, 
and N. N. Suvorov 

UDC 547.753:541.143 

!,3,3-Trimethylspiro(indoline-2,2'-[2H]chromenes) with CH3 and CHaO groups in the 
4-7 positions and NO2 and CH30 groups in the 6' and 8' positions were obtained by 
the reaction of 4,6-, 4,7-, 5,6-, and 6,7-dimethoxy- and 4-methyl-7-methoxy-2- 
methylene~ndolines and 1,3,3,4,5,6,7-heptamethyl-2-methyleneindoline with 3- and 
5-nitrosalicylaldehydes and their derivatives. Most of the compounds have photo- 
chromic properties. The introduction of electron-donor groups into the indoline 
fragment of the spirochromene molecules changes the rate of the dark reaction 
within the limits of one order of magnitude and has a small effect on the position 
of the long-wave absorption band of the photomerocyanine. 

A large amount of research has been devoted to the study of the relationship between 
the structure of indolinospirochromenes and their photochromic properties [i]; however, the 
peculiarities of the effect of substituents from the 4-7 positions of the indoline part of 
the molecule have not been adequately revealed. In order to study the problem of the degree 
to which the introduction of electron-donor substituents into these positions can change the 
photochromic properties of the molecule we synthesized several series of indolinospiro- 
chromenes that contain methoxy and methyl groups in the 4-7 positions. Indolinospirochro- 
menes (I-VI) were obtained by the reaction of substituted 1,3,3-trimethyl-2-methyleneindo- 
lines (X) with substituted salicylaldehydes. 

R ~ R ~ 
It~ CH. / CH3 - ~  ~ ' ~ C H ~  

r -~ CH a r ~ CH 3 

R4 R 4 CH 3 ! 
VHl A-F IxA-F x A-F 

R' CH3c H 
P J ~  

L 
r . . . .  3 Z,- i-vl a-f R 

I B RI=R4=OCH~; I I E  R3=t~4=OCH3; III D t~2=R~=OCH3; IVA RI-R~=OCH~; 
VC RI=CH3, R4=OCH3; VI F RI=R2=R3=R4=CH3; I - -V i a  Rs=NO2;b Rg=NO~, 
R~ c Rs=NO2, R6=Br; d R~=R6=NO2; e R6=NO2, f Rs=ocI4~, R6=NO2. 

not indicated R~=H 

The methods for the synthesis of the indolenines VIII that are necessary for the prep- 
aration of substituted 2-methyleneindolines X differed depending of the position of the sub- 
stituents. Thus for the preparation of 4,6-dimethoxy- (VIIIA), 4,7-dimethoxy- (VIIIB), and 

D. I. Mendeleev Moscow Institute of Chemical Technology, Moscow 125047. Translated 
from Khimiya Geterotsiklicheskikh Soedinenii, No. 9, pp. 1220-1224, September, 1982. Orig- 
inal article submitted December 21, 1981. 
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