
of potassium carbonate  and extracted with ether.  The ether was removed by evaporation, and the residue was 
chromatographed with a column filled with A1203. 

Compounds IIb-g were s imi lar ly  obtained (see Table 2). 

5,7-Dimethylbenzo[c]-ce-earboline (IIf). A 0.09-g (3 mmole) sample of If was refluxed for 4 h with 2 ml 
of phosphorus oxychloride,  after  which the excess phosphorus oxychloride was removed by distillation, and the 
res idue  was t rea ted  with 10% aqueous potassium carbonate solution and extracted with ether.  The ether was 
evaporated, and 0.025 g (34%) of IIf was isolated preparat ively  in a thick layer  of A1203 [benzene-methanol  
(35 : 1)]. PMR spectrum,  5, ppm: 3.15 (s, 3H, 5-CH3) , 3.93 (s, 3H, 7-CH3) , and 7.48 (m, 8H, aromatic) .  The 
mass  spect rum contained an M +" peak at 246 (calculated value 246). 
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3- (INDOLY LA MINO)V INY L K E T O N E S  

P. A. Sharbatyan, S~ A. u 
A. N. Kost, and L. G. Yudin 

UDC 547.753 : 543.51 

The react ion of 5- and 6-aminoindoles with 1,3-diketones leads to 3-(indolylamino)vinyl ketones, 
which have an enamino ketone structure~ A study of the m a s s - s p e c t r a l  fragmentation of the 
enamino ketones makes it possible to unambiguously determine the direction of the react ion and 
also to distinguish and identify isomeric  pairs~ 

Aromatic  amines reac t  with 1,3-dicarbonyl  compounds to give 3-(arylamino)vinyl  ketones (arylamino 
crotonates  in the case of acetoacetic ester) [1], which, for a ser ies  of models,  are  converted to the cor respond-  
ing ketimines.  The ketimine form was even found to be the p re fe r red  form in the case of the products of con- 
densation of p-phenylenediamines having an e lec t ron-accep tor  group in the ring with acetoacetic es te r  [2]. The 
solution of the problem of the s t ruc ture  of substances of this sor t  in solution frequently requi res  a prec ise  study 
of the PMR spect ra  (for example, see [1]), and in the case of the solid state this can be accomplished by means 
of the mass  spec t ra  [3]. In a number of heteroaromatie  amines the problem is complicated by the fact that for 
e lec t ron-surp lus  compounds (for example, for 2-aminoindoles [4]) condensation with 1,3-dicarbonyl compounds 
general ly may occur  with p r im a ry  attack on the adjacent carbon atom ra ther  than on the amino group, and, 
consequently, the necessa ry  compounds general ly are not formed in this reaction.  Moreover ,  the overall  r e a c -  
tivities of heteroaromat ic  amines depend substantially on the position of the amino group in the aromatic  ring. 
They cannot always be  predicted,  since, for example, for indoles, t ransmiss ion  of the effect of substituents 
through the aromat ic  sys tems  is not subject to simple principles [5]. 

In connection with the above, we made a study of the react ion of 5- and 6-aminoindoles (In and Ib) with 
1,3-diketones. 

As in the condensation with aniline [6], the reaction with acetylacetone proceeds considerably more  readily 
than in the case of dibenzoylmethane, the electrophil ici ty of the carbonyl  atoms of which is considerably lower. 
The PMR spec t ra  of IIa-f  [in dimethyl suifoxide (DMSO)-acetone] contain signals of protons of vinyl and imino 
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g r o u p s ,  and th i s  c o n s t i t u t e s  e v i d e n c e  in f a v o r  of an e n a m i n o  ke tone  s t r u c t u r e .  When the s t a r t i n g  ke tone  c o n -  
t a i n s  a pheny l  g roup ,  t h e s e  s i g n a l s  a r e  sh i f t ed  to  weak  f i e ld  (by up to 1 ppm);  th i s  can  be exp la ined  by the  e f fec t  
of the  r i n g  c u r r e n t  of the  pheny l  r i n g .  As u s u a l  in the  c a s e  of con juga t ed  e n a m i n o  ke tone s  [1], a b r o a d  band at 
1600-1620 c m  -1 i s  o b s e r v e d  in the  IR s p e c t r a .  

H 
~ / C H 3  R ' , . ~ N ~ C H 3  

NH2---- '1 ]! + R'COCH.~COR 

O 

la, b Ha-f 

" ' " NH ' Ia 5-NH2;b 6-NH2: IIa  5-NH, R ' = R = C H ~  b 6 - N H ,  R = R = C H ~ ;  c o- , R =R=C6Hs;  
d 6-NH, R ' = R = C 6 H s ;  e 5-NH, R'=CH3,  R=C6H~;f 6-NH, R '=CHs,  R=C6H5 

An a l t e r n a t i v e  r e a c t i o n  t h r o u g h  one o r  the  o the r  ke to  g roups  could  have been  a s s u m e d  for  IIe and IIf. 
H o w e v e r ,  a c h r o m a t o g r a p h i c  s tudy  d e m o n s t r a t e d  the  i nd iv idua l i t y  of the  p r o d u c t ;  th i s  e l i m i n a t e d  the  a s s u m p -  
t ion of the formation of a mixture. The mass spectra of IIa-f (Table I) are characterized primarily by elimina- 

tion of RCO" from the molecular ion. In this case an aeetyl group is split out from IIa and lib, whereas a 

benzoyl group is split out from lie and lid. Since the molecular ions of lie and IIf split out a benzoyl group, it 

can be asserted that this group is found at the end of the side chain, and, consequently, the condensation of both 
5- and 6-aminoindoles (la or Ib) with benzoylacetone proceeds with the participation of the acetyl group rather 
than the benzoyl group. 

The molecular peak is not the maximum peak for any of these compounds, and fragmentation of the molecu- 
lar ion proceeds via five principal pathways: elimination of a hydrogen atom, elimination of an OH" group, 

e l i m i n a t i o n  of an R" r a d i c a l ,  s u c c e s s i v e  e l i m i n a t i o n  of RCO ~ and CH 3" r a d i e a l s ,  and f o r m a t i o n  of RCO + and R + 
ions  ( see  the  s c h e m e  below).  

H H H H 
R , . . ( ~ ~  R'-.d, ~ ~ R ' . . ~ - . ~ C . ~  R'\r~N-~ ~C"~ 

" 6 ~ " o.  
F5 F1 

H \ "I + 

F4 -RCO-- o M | 

:: I ~ ii I I  f~ i F - - - ~  

F 2 F3 

It 

__ .d "R " 

R,~ ~.N/ x".,x".,x".,x"~\N~\CH a 
H H 

'~ ~,- C It3 ~'J- H" *~0-0 H' -~ -R' 
o / \  ' o / R / 

H R\II / 

. . . .  " ' ..... ! .! ..,--~ I --CH~ 

F' 5 F' z F' 2 F 3 

The formation of [M - H] + ions is evidently due to the indole portion of the molecule, i.e., one of the 
methyl hydrogen atoms is eliminated with expansion of the pyrrole ring. This process is one of the principal 

processes for the mass spectrometric fragmentation of mono- and polymethylindoles [7]. The processes in- 
volving splitting out of OH" and R" radicals are confirmed in all eases by peaks of metastable ions and show 

that the ions of the enamine ketones are rearranged to the corresponding dihydroquinolines (linear or angular) 

to give F 2 and F 3 ions. Successive elimination of RCO" and CH 3" radicals by the molecular ions in all of the 

mass spectra is also confirmed by the corresponding metastable transitions. Ions of the [RCO] + (F6) type with 
R = CGH 5 (benzoyl cations) have higher intensities than aeetyl cations. The benzoyl cations undergo subsequent 

fragmentation with sueeessive splitting out of CO and C2H 4 (metastable ions at m/e 56.5 and 33.7), whereas the 
acetyl cations undergo fragmentation to give CH3 + (FT) ions. 

Thus the fragmentation of enamino ketones IIa-f under the influence of electron impact follows the general 
scheme, but the mass spectra of the 5- and 6-isomers differ markedly. The stabilities of the molecular ions 
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TABLE i. 

Corn - 
pound 

IIa 

i lb  

IIe  

IId 

l ie  

Iff 

Mass  Spec t ra  of I Ia - f  

m / e  value (relative%) of the ion peaks* 

243 (12,8) 242 (100) 24i (8,5) 288 (7,6) 227 (65,6) 226 (8,8) 225 (44,1) 
212 (6,4) 211 (6,1) 200(11,3) 199(82,5) 198 (9,5) 197 (8,5) 285(16,8) 
184 (78,5) 183 (21,4) 182 (7,3) 160 (7,6) 159 (8,8) 158 (14,9) 145 (9,1) 
144 (21,4) 115 (9.5) 112 (7,0) 92 (11,9) 84 (12,5) 77 (9,8) 43 (48,7) 
59 (11,6) 15 (6410) 

243(16,7) 242 (I00) 241 (8,3) 227(36,6) 225(18,7) 212(11,7) 211 (I2,1) 
200 (6,6) 199 (38,0) 198 (6,3) 197 (6,3) 185(12,1) 184(36,6) I83 (14,6) 
160 (10,4) 159(14.6) 158(19,2) 144 (12,1) 143 (12,1) t15 (6,3) 113 (5,8) 
105 (6,6) 85 (6,3) 84 (20,8) 43 (33,4) 15 (53,2) 

367 (4,6) 366 (22,0) 365 (4,3) 349 (42,0) 289 (18,6) 262 (14,7) 261 (I00) 
260 (ll,9) 247 (26,4) 246 (94,5) 245 (12,4) 144 (ll,2) 143 (7,7) 115 (7,0) 
105 (41,0) 91 (6.3) 81 (6,2) 78 (10,9) 77 (51,0) 
367 (24,8) 366 (lO0) 365 (ll,5) 349 (22,8) 289 (14,7) 362 (18,7) 26l (93,6) 
260 (12,5) 259 (8,7~ 247 (13,8) 246 (55,0) 245 (12,5) 159 (16,2) 158 (13,8) 
144 (ll ,3) 143 (83) 105 (75,0) 91 (6,3) 77 (59,4) 
305 (16,3) 304 (80,4) 303 (29,4) 289 (9,8) 288 (9,5) 287 (39,1) 226 (13,7) 
226 (13,7) 200 (13,1) 199 (lO0) 198 (9,8) 197 (4,9) 185 (9,8) 184 (55,1) 
183(16,7) 160 (9,2) 159(10,1) I58 (6,7) 145 (9,5) 144(19,6) 143 (t6,4) 
115 (8,2) 105 (80,2) 91 (9,2) 77 (48,4) 
305(19,5) 304 (100) 303(31,6) 289 (7,8) 288 (7,0) 287(31,6) 226(13,3) 
200 (10,9) 199 (95,7) 198 (9,0) 185 (9,8) 184 (54,6) t83 (19,2) 160 (lO,1) 
159(11,7) 158 (7,8) 145 (7,8) 144(19,2) 143(15,2) l l5  (7,8) 105(82,4) 
77 (46,8) 

* The ion peaks  
p re sen ted .  

with in tens i t ies  up to 5% of the maximum peak a re  

TABLE 2. WM8 Values and Intensi ty Rat ios  of the Molecu la r  and 
F r a g m e n t  Ions in the Mass  Spec t ra  of IIa-f* 

? 
r 
r 7 i I 

17,0 
30,8 

5,9 
23,1 
17,0 
18,0 

0,09 
0,08 
.0,20 
o,1~1 
0,37 
0,32 

0,44 
'0,19 
1,90 

�9 0,23 
0,49 
"0,32 

0,64 
0,37 
0,85 
0,15 
(~,17 
0,14 

0,83 
0:38 
4154 
0,94 
1,24 
0,96 

0,94 
0,97 
0,95 
0,59 
0,55 
0,57 

0,49 
0,33 
1,87 
0,75 
0:99 
0,82 

IIa 
115 
IIc 
lid 
I'le 

2 

1,60 
1,31 
|,25 
0,79 
0,6l 
0,57 

*The ove ra l l  in tensi ty  of the peaks of the examined ions is ~ 70- 
80% of the to ta l  ion cu r ren t .  

with r e s p e c t  to e l ec t ron  impact  (WM8) * and the intensi ty  r a t i o s  (I) of the p r inc ipa l  ions in the mass  s p e c t r a  of 
the inves t iga ted  compounds a r e  p r e sen t ed  in Table  2. The 6 - i s o m e r s  have cons ide rab ly  g r e a t e r  s t ab i l i ty  with 
r e s p e c t  to e l ec t ron  impact  than the 5 - d e r i v a t i v e s .  On the other  hand, the f ragment  ions in the mass  s p e c t r a  of 
the 5 -enaminoke to indo les  have higher s t ab i l i t i e s ,  and this  shows up p a r t i c u l a r l y  marked ly  for the F2-F a ions. 
This  can be explained by r e sonance  s tab i l i za t ion  [8]. In the case  of the F '  n ions the 2 ,3-methyl  groups do not 
p a r t i c i p a t e  in the r e sonance  t r a n s f o r m a t i o n s ,  whereas  in the case  of F n ions the conjugation chain is longer and, 
in addit ion,  the methyl  groups that  p a r t i c i p a t e  in r e sonance  p romote  de loca l iza t ion  of the pos i t ive  charge ;  this  
evident ly  is r e spons ib l e  for the r e l a t i ve ly  high in tens i t ies  of these  ions. The d i f fe rences  in the IRCO/I M r a t i o s  
should be a s c r i b e d  to energy  fac to rs  [9] spec i f i ca l ly ,  s ince  these  values  a r e  lower for  the 6 - i s o m e r s ,  in this  
case  the [RCO] + ions a r e  formed with higher ene rg ie s  and undergo f ragmenta t ion  at higher r a t e s  to give R + 
ions;  this  follows f rom a complex  examinat ion of  the IRCO/I M and IR/IRC O values  for i s o m e r i c  p a i r s .  The 
noted d i f fe rences  in the r e l a t i v e  in tens i t ies  of the molecu la r  and f ragment  ions a re  also observed  for IIe and IIf, 
but they show up more  weakly here.  Never the les s  the i r  mass  spec t r a  make it poss ib le  to r e l i ab ly  dis t inguish 

and identify the i s o m e r i c  p a i r s .  

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

The PMR spec t r a  of so lu t ions  of the compounds in DMSO-ace tone  (1 : 2) were  r e c o r d e d  with a Var ian  
S-60T s p e c t r o m e t e r  with hexamethyld is i loxane  as the in te rna l  s tandard .  The mass  s pe c t r a  were  obtained with 

* The WM 8 values  a r e  the f rac t ions  of the molecu la r  ions in the to ta l  c u r r e n t  of the M + and F n (n = 1-7) ions.  
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an MKh-1303 mass spec t romete r  with direct  introduction of the samples into the ion source  at an ionization 
energy of 50 eV and an emiss ion cur ren t  of l .5 mA at 70-220 ~ The electronic spectra  of ethanol solutions of 
the compounds were recorded  with a Cary-15 spectrophotometer .  The IR spect ra  of mineral  oil suspensions 
of the compounds were recorded  with a UR-20 spec t rometer .  Chromatography was ca r r i ed  out on Silufol in a 
benzene -e thy l  acetate sys tem (5 : 1). 2,3-Dimethylindoline was obtained by the method in [10] and had bp 234- 
236 ~ and nD25 1.557 (bp 224-236 ~ and nD25 1.556 [10]). 

2 ,3-Dimethyl-6-ni t roindole .  A 7.8-g (123 mmole) sample of concentrated nitric acid (sp. gr. 1.5) was 
added in small  portions with s t i r r ing  and cooling to 0-5 ~ to a solution of 18 g (122.7 mmole) of freshly distilled 
2,3-dimethyiindoline in 100 ml of concentrated sulfuric acid, after which the mixture was allowed to stand at 
room tempera ture  for 2 h. It was then poured over ice, and the aqueous mixture was made alkaline with 10% 
ammonium hydroxide. The nitroindoline was extracted with five 100-ml portions of ether,  the ether was 
removed by distillation, and the residue was vacuum fractionated with collection of the fraction with bp 188-192 ~ 
(15 ram). 

A 29-g (132 mmole) sample of ehloranil  was added to a solution of this fraction in 230 ml of p-xylene,  and 
the mixture was r e f h x e d  with constant s t i r r ing  for 7 h. It was then cooled and treated with concentrated 
ammonium hydroxide, and the resul t ing precipi tate  was removed by filtration. The xylene layer  in the fi l trate 
was separated and dried, and the xylene was removed by distillation. The result ing 2,3-dimethyl-6-ni t roindole  
was recrys ta l l i zed  from xylene to give 9 g (39%) of a product with mp 140-141 ~ (rap 142 ~ [11]). 

2,3-Dimethyl-5-nitroindoleo A solution of 2.5 g (21 mmole) of potassium nitrate in 20 ml of 95% sulfuric 
acid was added with cooling and s t i r r ing  to 3 g (21 mmole) of 2,3-dimethylindole in 20 ml of 95% sulfuric acid 
at such a ra te  that the tempera ture  of the mixture did not r i se  above 8 ~ Ten to fifteen minutes after mixing, 
the mixture was poured with s t i r r ing  over ice. The result ing precipi ta te  was removed by filtration, washed 
thoroughly with water,  and air dried to give 3.4 g (80%) of a product with mp 184-186 ~ (from methanol) (rap 185- 
187 ~ [ii]). 

2,3-Dimethyl-5-aminoindole. A catalytic amount of Raney nickel was added to a solution of 0.95 g (5 

mmole) of 2,3-dimethyl-5-nitroindole in i00 ml of methanol, after which 8 ml (150 mmole) of hydrazine hydrate 
was added with stirring. The mixture was heated and stirred for 1.5 h. At the end of the reaction, the hot 

mixture was filtered to remove the catalyst, and the methanol was removed from the filtrate by distillation. 

The solid residue was reerystallized from 50% aqueous alcohol to give 0.51 g (64%) of a product with mp 174 ~ 

(from benzene) (rap 173-174 ~ [12]). 

2,3-Dimethyl-6-aminoindole. This compound, with mp 117-118 ~ (from benzene) (mp 117-118 ~ [12]), was 

similarly obtained in 85% yield from 2,3-dimethyl-6-nitroindole. 

General Method for the Preparation of II.* A) A 0.32-g (2 mmole) sample of aminoindole was dissolved in 

3 g (30 mmole) of acetylacetone, and the mixture was refluxed for 30 mino After all of the aminoindole had been 

converted (chromatographic monitoring), the excess acetylacetone was removed by vacuum distillation. The 

solid slightly yellow residue was recrystallized from aqueous alcohol. 

B) A mixture of 0.5 g (3.1 mmole) of aminoindole and 0.9 g (4 mmole) of dibenzoylmethane or 0.65 g (4 

mmole) of benzoylacetone was heated at 160-165 ~ for 2 h. The condensation product was purified with a column 

filled with activity II aluminum oxide with elution by benzene-ethyl acetate (8 : i). 
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EFFECT OF ARYL SUBSTITUENTS ON THE RATE 

OF DARK DECOLORIZATION OF PHOTOCHROMIC 

SPIROCHROMENES OF THE INDOLINE SERIES 

M. A. Gal'bershtam, N. M. Przhiyalgovskaya, 
N. P. Samoilova, E. V. Braude, 
I. B. Lazarenko, and N. N. Suvorov 

UDC 541.145 : 547.752'814.1.07:543.422.6 

T he introduction of a ry l  substituents in the 3' and 7 positions of the indoline spiroehromene molecule 
gives r i se  to a cer ta in  amount of slowing down of dark decolorizat ion in toluene and dioxane; s imi-  
lar changes in the 5 ' ,  6, and 8 positions do not change the rate  appreciably.  

It is necessa ry  to know the principles that link the s t ruc tures  of compounds with their  photochromic 
proper t ies  for the directed creat ion of photochromic mater ia ls .  These principles are  present ly being studied 
intensively in the case  of a number of indoline sp i rochromenes ,  the most promis ing class  of photochromic sub- 
s tances.  

We have previously established that the introduction of aryl  substituents in the 5'  and 6-8 positions of the 
spi rochromene molecule leads to a bathoc hromic shift of the absorption band of the photomerocyanine to the 
visible region [1-3], whereas the introduction of aryl  substituents in place of methyl substituents in the 3'  posi-  
tion does not give r i se  to substantial spec t ra l  changes [4, 5]. It seemed of interest  to ascer ta in how the indica- 
ted s t ruc tura l  changes would affect such an important charac ter i s t ic  of the photochromic behavior of the sp i ro-  
chromene as the rate  constant for dark decolorization.  In addition to a direct  evaluation of the lifetime of the 
photocolored form, a study of the kinetics of the dark reaction also makes it possible to evaluate the change in 
the light sensit ivity of the photochromic sys tem [6] and thus to obtain an idea regarding the complex change in 
the spect ra l  and kinetic parameters  of the photochromic mater ia l  as the s t ruc ture  of the spi roehromene changes. 

With this in mind, we measured the rate  constants and activation pa ramete r s  of the dark decolorization of 
photocolored solutions of 15 indoline sp i rochromenes  containing a phenyl or p-methoxyphenyl substituent in 
various positions.  In most  of the investigated cases  we observed good compliance of the investigated reaction 
with a f i r s t - o rde r  kinetic equatiml: The sca t t e r  in the ra te  constants for individual points of the kinetic curve 
did not exceed 10% up to pract ical ly  total completion of the decolorizat ion reaction.  Dioxane and toluene, which 
are usually employed for spectra l -kinet ic  studies of sp i rochromenes ,  were used as the solvents.  

The resul ts  are presented in Table 1. The rate  constants that we determined for sp i rochromenes  I and 
XII agreed sat isfactor i ly  with the l i terature data. 

A compar ison of the rate constants and the activation paramete r s  for spi rochromenes  I and II and III and 
IV makes it possible to establish that the introduction of a phenyl substituent in the 6 and 8 positions of the 
sp i rochromene molecule does not give r i se  to appreciable changes in the kinetic behavior of the photochromic 
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