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In the condensation of N-chloromethyl isat in  with indole and 2-methylindole in the presence  
of tr iethylamine,  instead of the expected N-skatylisatins the products of their  subsequent 
t ransformat ions  with opening of the f ive-membered  ring of [ s a t i n -  o- (N-skatylamino)- and 
o[N-(2-methylskatyl)amino]benzoylcaproic acids - were isolated. In addition to the fo rma-  
tion of these a-keto  acids, under the indicated conditions one observes dimerizat ion of N- 
chloromethyl isat in  and N-chloromethyl -5-methyl i sa t in  to give 2-(1- isat inylmethyloxy-3H- 
indolin-3-one and 2- (5-methyl - l - i sa t iny lmethyloxy)-5-methyl -3H-indol in-3-one ,  respec-  
tively, i.e., d imers  containing [satin rings in lactam and lact im forms.  The s t ruc tures  of 
the compounds were confirmed by IR, PMR, and mass -spec t ra l  data. 

The f ive-membered  ring in [satins under cer tain conditions is relatively easily cleaved, and this can be 
used for the synthesis of new interesting compounds, including anthranilic acid derivat ives.  In par t icular ,  one 
should have anticipated that new gramine analogs can be obtained f rom substituted isatins [1]. 

We have shown that when indole or  2-methylindole is t reated with 1-chloromethyl isat in  {I) in chloroform.  
the reaction proceeds very rapidly with an appreciable heating effect: Crysta ls  in the form of red p r i sms  be- 
gin to grow on the bottom of the react ion flask, but after  2-3 rain the entire react ion mixture pract ical ly  in- 
stantaneously turns  completely black, and a crystal l ine compound cannot be isolated. However, if the react ion 
is ca r r ied  out in the presence  of t r iethylamine (to tie up the evolved hydrogen chloride) color less  c rys ta l s  of 
p-(N-skatylamino)benzoylcaproic  acid (V) can be isolated~ 
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A singlet of protons of a methyl group at 2.75, a quartet  of a methylene group at 5.14 (Jgem = 12 Hz), a 
multiplet of aromat ic  protons at 6.6-7.5, and two broad singlets of amino and hydroxyl groups a t 8.7 and 11.89 
ppm (the third signal of the labile proton evidently falls in the region of the signals of the solvent or  the sig- 
nals of other protons) are  observed in the PMR spectrum of V in deuteropyridines.  The intense absorption 
bands at 3400, 3100, 1700, and 1610 cm -I in the IR spectrum confirm the presence  of NH, OH, C =0, and C =C 
groups, respectively.  1-Chloromethylisat in ([) also reacts  s imilar ly  with 2-methylindole:  Instead of the ex- 
pected 1-(2-methylskatyl) isat in (IV), we were able to isolate o-[N-(2-methylskatyl)amino]benzoylcaproic  acid 
(VI). The PMR and IR spectral  data confirm the proposed s t ruc ture  and indicate the p resence  of an int ramo- 
lecular  hydrogen bond in this compound. Opening of the f ive-membered  ring to give the a -ke to  acids that we 
isolated probably occurs  in the initially formed N-skatylisatins ([II, IV) under the influence of water  or  meth-  
anol in the p resence  of t r aces  of t r iethylamine.  

Institute of Chemistry ,  Academy of Sciences of the Moldavian SSR, Kishinev 277028. Translated from 
Khimiya Geterotsiklicheskikh Soedinenii, No. 2, pp. 217-220, February,  1977. Original ar t ic le  submitted Dec- 
ember  29, 1975; revision submitted July 19, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N. K 10011. No part 
o f  this publication may be reproduced, stored in a retrieval System, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written Permission o f  the publisher. A copy o f  this article is available from the publisher for $ 7.50. 

174 



Red-orange  compounds (VII, VIII), which a re  only slightly soluble in methanol ,  acetone,  and cMorofo rm 
but soluble in dimethyl  sulfoxide (DMSO), n i t romethane,  and glacial  acet ic  acid, a re  fo rmed  along with the a -  
keto acids  (V, VI). Special exper imen t s  demons t ra t ed  that these  subs tances  a r e  fo rmed by t r e a t m e n t  of N- 
chIoromethy l i sa t in  with t r i e thy lamine  in refluxing ch loroform.  The i r  fo rmat ion  can be r ep resen ted  as follows: 
In the f i r s t  step a methyl  chlor ide  res idue  is detached to give the isat tn anion, the l ae t im fo rm of which can 
subsequently r e a c t  with cat ion A. 
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The o r a n g e - r e d  co lo r  of the compound makes  it poss ib Ie  to a s s u m e  that the f i v e - m e m b e r e d  ring of isatin 
is not c leaved under  the reac t ion  condit ions.  F r o m  the PMR data we ass igned 2- (1- i sa t iny lmethy loxy-3H-  
indol in-3-one (VII)and 2 - ( 5 - m e t h y I - l - i s a t i n y l m e t h y l o x y ) - 5 - m e t h y l - 3 H - i n d o I i n - 3 - o n e  (VI I I ) s t ruc tu res ,  r e -  
spect ively,  to these  two subs tances .  

The m a s s  s pec t rum  of VII contains a mo lecu l a r  ion peak (306* for  C17H10N204) and peaks  cha rac l e r i s t i c  
for  i sa t ins  at  160 and 146, which undergoes  subsequent  f ragmenta t ion  with eject ion of CO and HCN. 
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Struc tures  VII and VIII a r e  conf i rmed  by the p r e s e n c e  of intense m a x i m a  in the IR spec t r a  in the region 
of absorp t ion  of vinyl e the r s  (1000-1200 cm-1).  

Isatin, 5 -methyl i sa t in ,  and the cor responding  N-hydroxymethyl  der iva t ives  can be detected by t h in - l aye r  
ch romatography  (TLC) when solutions of VII and VIII in an aqueous methanol  solution of alkali  a re  acidified 
(the subs tances  r e m a i n  unchanged in methanol  acidified with HC1). O-Methyl isa t in  is known to behave s imi l a r ly  
[2]. 

We noted that the reac t ion  p roceeds  in different  ways depending on the o r d e r  of addition of the reagents :  
The cor responding  N-ska ty laminobenzoylcapro ic  acids V and VI and VII and VIII we re  obtained in the condensa-  
t ion of 1 -ch loromethy l i sa t in  in ch lo ro fo rm with t r i e thy lamine  and subsequent addition of indole. However, if 
N-ch loromethy l i sa t in  is added, with cooling, in por t ions  to a ch loroform solution of indole containing t r i e thy l -  
amine,  a subs tance  with nap 164-166 ~ and VII a r e  isolated.  The substance with mp 164-166 ~ is evidently " t r i -  
indolyl," s ince it is known that indole p o l y m e r i z e s  in the p r e sence  of hydrogen chlor ide  [3]. 

It should be noted that these  condensat ions a r e  bes t  c a r r i e d  out at 0 ~ for  fu r the r  lowering of the t e m p e r -  
a ture  does not change e i ther  the compos i t ion  of the reac t ion  mix ture  or  the yield.  However,  ra is ing  the r e -  
action t e m p e r a t u r e  and inc reas ing  the reac t ion  t ime  lead to resinif icat ion.  

Compounds VII and VIII can be obtained in high yields  when t r i e thy lamine  is replaced by boron t r i f luor ide  
e thera te .  

*Here  and subsequently,  the m / e  values  a r e  p r e s e n t e d .  
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EXPERIMENTAL 

The individuality of all of the compounds obtained in this research  was confirmed by chromatography on 
Silufol UV-254 plates (development in UV light or  with iodine vapors).  The IR spec t ra  of mineral  oil suspen- 
sions of the compounds were recorded with a Specord 71IR spec t rometer .  The UV spect ra  of methanol solutions 
of the compounds were recorded with a Specord UV-vis spectrophotometer .  The mass  spect ra  were recorded 
with an MKh-1303 mass  spec t romete r  with a sys tem for direct  introduction of the samples into the ionizing 
source at I = 100 mA and a voltage of 70 eV. The PMR spectra  of solutions of the compounds inwarm deutero-  
pyridine were obtained with JNM-4H-100 spec t romete r  with te t ramethyls i lane as the internal standard. The 
melting points were determined with a Boetius apparatus and were  not correc ted .  

o-(N-Skatylamino)benzoylcarboxylic Acid (V). A solution of 0.66 g (0.006 mole) of indole in 3 ml of dry 
chloroform was added dropwise to a cooled (to 0 ~ and s t i r red  solution 9f 1.2 g (0..006 mole) of isatin I and 
0.82 ml of t r ie thylamine in 10 ml of dry chloroform.  After 20-30 rain, the solvent was removed by distillation 
at reduced p r e s s u r e  (at no higher than 30~ and the residue was crysta l l ized f rom methanol to give 0.2 g of 
orange c rys ta l s  of VII with mp 316-317 ~ and 0.9 g (50%) of rose -co lo red  c rys ta l s  of acid V with mp 178-180 ~ 
and Rf 0.64 [ ch lo ro fo rm-methano l  (9 : 1)]. Found: C 69.7; H 5.3; N 10.2%. CtTHt4N203 . Calculated: C 69.4; 
H 4.8; N 9.6~. 

o- [N-(2-Methylskatyl)amino]benzoylcarboxylic Acid (VI). A s imi lar  procedure  gave 1.6 g of acid VI and 0.4 g 
of VII, with mp 174-175 ~ (from ethyl a c e t a t e - p e t r o l e u m  ether), in 52% yield f rom 2 g of isatin I, 1.2 g of 2-methyl -  
indole, and 1.36 m! of t r iethylamine.  IR spect rum:  3400, 3200, 1700, 1620, 1310, 1190 cm -1. Mass spec t rum 
[m/e  (relative intensity)]: 322 (34o01) (M+), 306 (13.52), 277 (11.47), 233 (7.37), 218 (24), 191 (23.35), 146 (100), 
130 (55.73), 118 (19.67), 90 (24.55), 77 (34.42). Found: C 70.2; H 5.6; N 9.2%. C18HI6N203. Calculated: C 
70.1; H 5.2; N 9.1%. 

2-(1-Isat inylmethyloxy)-3H-indol in-3-one (VII). A 1.3-ml sample of t r ie thylamine was added to a sus-  
pension of 1.95 g (0.01 mole) of isatin II in 20 ml dry chloroform, and the resulting d a r k - c h e r r y - r e d  solution 
was refluxed for  20 rain, after  which it was evaporated to dryness .  The residue was washed with water  to re-  
move the t r ie thylamine hydrochloride,  and the residue was dissolved in methanol. Workup gave 1 g (67%) of 
VII with mp 316-317 ~ {from acetic acid). IR spect rum:  1725, 1630, 1600, 1330, 1320, 1230 cm -1. PMR spec-  
trum, 6, ppm: 5.8 s (2H, CH2) and 6.94-7.75 m (5H, Cells). Found: C 66.0; H 3.4; N 8.7%. C17Ht0N20. Calcu- 
lated: C 66.6; H 3.3; N 9.170. 

2- (5-Methyl - l - i sa t iny lmethyloxy)-5-methyl -3H-indol in-3-one  (VIII). A)Simi lar ly ,  0.45 g (57%)of VIII, 
with mp 312 ~ (from acetic acid), was obtained f rom 1 g of isatin II, 0.68 ml of dry tr iethylamine,  and 20 ml of 
dry chloroform.  IR spect rum:  1710, 1650, 1610, 1590, 1320, 1300, 1270, 1240 cm -1. PMRspec t rum:  5, ppm: 
2.1 s (3H, CH3); 5.73 s (2H, CH2); 7.1-7.6 m (5H, CGHs). Found: C 68.1; H 4.2; N 9.0%. C19HltN204. Calcu- 
lated: C 68.2; H 4.2; N 8.47O. 

B) A 0.7-g sample of boron tr if luoride etherate was added to 1.05 g of isatin II in 25 ml of dry ni t ro-  
methane, and the mixture was refluxed for 1 h. It was then cooled and worked up to gore 0.7 g (80%) of in- 
dolinone VIII. 

Condensation of N-Chloromethyl isat in  with Ir~dole in Chloroform. A 0.6-g sample of isatin was added 
in port ions to a s t i r red  and cooled solution of 0.41 ml of t r ie thylamine and 0.33 g (0.003 mole) of indole in 
30 ml of absolute chloroform, and the mixture was allowed to stand at room tempera tu re  for 20 rain. It was 
then evaporated to dryness,  and the residue was separated with a column filled with si l ica gel to give the fol- 
lowing fract ions:  1) 0.14 g of c r eam-co lo red  crys ta ls  of "triindolyl" with mp 164-166 ~ {from benzene). Found: 
C 81.5; H 5.6; N 11.2%. CdHTN 3. Calculated: C 82.1; H 6.0; N 11.9%; 2) 0.22 g of c rys ta l s  of VII, 3) 0.1 g of 
isatin, and 4) 0.2 g of t r ie thylamine hydrochloride.  
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