
R I N G - C H A I N  TRANSFORMATIONS WITH P A R T I C I P A T I O N  

OF THE C=N GROUP 

If.* 2-SUBSTITUTED 3-ALKYLAMINO- AND 3-ARYLAMINO-3- 

PH ENYLISOINDOLINON ES 

R. ]~. V a l t e r  UDC 547.756 : 543.422.4 

R was found that, depending on the s t ruc tu re  of subst i tuents  R i and R 2, the nucleophilic agent  
in the reac t ion  of 2-R1-3-chloro-3-phenyl i so indol inones  II with p r i m a r y  amines  (R2NH2) and 
d ie thylamine  p r i m a r i l y  a t tacks  the p r i m a r y  or  t e r t i a r y  carbon a tom of the isoindolinone (II) 
molecule  to give 2-R1-3-amino-3-phenyl i so indol inones  (IH), substi tuted imines  of 2-benzoyl -  
benzamides  (IV), and the i r  cycl izat ion p roduc t s  - 2-R2-3-amino-3-phenyl isoindol inones  (V). 
The s t r u c t u r e s  of the synthes ized  2-subst i tu ted  3 - a l k y l a m i n o - a n d  3 -a ry l amino-3 -pheny l i so -  
indolinones were  es tabl ished by IR spec t roscopy  and acid hydro lys i s  to 2-subst i tu ted  3 -hy-  
droxy-3-phenyl i so indol inones .  

Monosubst i tuted (at the n i t rogen atom) 2 -acy lbenzamides  ex i s tp redominan t ly in  the r ing f o r m  of 2- 
R 1 - 3 - h y d r o x y - 3 - a r y l  (or alkyl) isoindolinones (I) [1-7]. The p r e s e n c e  of a t au tomer ic  equi l ibr ium that is 
m a r k e d l y  shifted to f avor  r ing f o r m  V was recen t ly  a s sumed  [8] in the case  of 2 -methy l (o r  pheny l ) -3 -amino-  
3-phenyl isoindol inones (IV-~-~ V, R 1 = H, R 2 = CIt3, C6H5). In o r d e r  to invest igate  such r i n g - c h a i n  t r a n s f o r m a -  
tions, in which the r ing f o r m  a r i s e s  as a resu l t  of i n t r amolecu la r  nucleophilic addition of the amide  group 
N - H  to the C = N bond, in the p re sen t  r e s e a r c h  we studied the reac t ion  of 2 -R i -3 -ch lo ro -3 -pheny l i so indo l  - 
inones (IIa-e) with amines .  The  elucidation of the re la t ive  s tabi l i ty  of f o r m s  IV and V and the investigation 
of the c h a r a c t e r  of the i r  in te rconvers ions  s e e m  of in teres t .  

Regardless of whether the reaction of IIa-e with a nucleophilic agent occurs via an SN1 mechanism 
(with the formation of intermediate cation of II [1]) or via an SN2 mechanism, the attack may proceed in two 
directions- at C(I ) or at C(3 ) to give HI or IV. Primary arylamines, which are weak nucleophilic agents, 
attack IIa-e exclusively at C (3) to give 2-RI-3-arylamino-3-phenylisoindolinones (IIId, h-k,p-r,t, Table 1). 
The direction of attack by more nucleophilic primary alkylamines depends on the character of the substit- 
uent (R I) attached to the nitrogen atom in the II molecule. If R I= alkyl (n-propyl, isopropyl), attack pro- 
ceeds primarily at C (3) and products IIIa-c,e-g (Table 1) are formed. Aryl groups attached to the nitrogen 
atom in IIc-e decrease the p-~r conjugation of the electrons of the nitrogen atom and the earbonyl group, as 
a result of which the electrophilicity of the primary carbon atom increases. Anils of 2-benzoyl-N-alkyl- 
benzamides (IVa-d, Table 2) are formed by the action of alkylamines on IIc. In the reactions of IIc with 
isopropyl- and tert-butylamines, 2-RI-3-amino-3-phenylisoindolinones 01In, o) were isolated in addition to 
IVb, while, in the reaction with n-propylamine, in addition to IVa, a small amount of its isomerization prod- 
uct V (Hid) was isolated. Anils IVa-d are cyclized to 2-alkyl-3-phenylamino-3-phenylisoindolinones V (Hid, 
h,l,m) under base catalysis conditions (refluxing in ethanol in the presence of triethylamine). An increase 
in the polarity of the C=N bond, i.e., the presence of eleetron-acceptor substituents (R I) attached to the 
nitrogen atom of the C=N bond, promotes the isomerization IV ~V. For this reason, IV could not be iso- 
lated from the reaction of isopropylamine with Hd and lie, isomerization occurs in the reaction mixture 

* See [1] for  communica t ion  I. 
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(even when the reac t ions  a r e  c a r r i e d  out in benzene solution), and V (IITj,k) a r e  fo rmed .  Compound IIIk is 
f o rmed  as  a mix tu re  with IIIs .  All of the mix tu r e s  of reac t ion  products  were  sepa ra ted  by crys ta l l iza t ion .  

In o r d e r  to es tab l i sh  the s t r u c t u r e s  of the synthesized 2-subst i tu ted  3 -a lky l (o r  a ry l ) amino-3 -pheny l -  
isoindolinones I I Ia - t ,  we hydrolyzed them under  mild  conditions according  to the following scheme:  

I I I - - - I "  I] N--R'  -R2NH~ I II N--R' .O"'- L-.. ].L / N-R1 

CaH ~ NII2R: CaH5 C~H s OH 

I 

The resul t ing 2-R1-3-hydroxy-3-phenyl isoindol inones (I) were identif ied by determinat ion of the mel t -  
i r~ points of mix tures wi th  known samples [1, 3]. The structures of Tttd,hd,k were also confirmed as a re -  
sult  of the i r  product ion by two di f ferent  paths ( I I ~ I I I  and I T - - I V ~ V ) ,  when, thanks to the appropr ia t e  s e l ec -  
t ion of R i and  R 2, the final p roducts  (]II and V) a r e  identical. 

The effect  of the c h a r a c t e r  of R 1 in II on the di rect ion of a t tack of the nucleophilic agent  is a lso m a n i -  
fes ted in the r eac t ions  of IIb, c with diethylamine,  in which 2 - i sopropy l -3 -d ie thy lamino-3 -pheny l i so indo l -  
inone (IIIu, Table  1) and the anil  of 2-benzoyl -N,N-die thylbenzamide  (IVe, Table  2), r e spec t ive ly ,  a r e f o r m e d .  

The  intense band of the C=O v ibra t ions  of an isoindolinone at 1688-1711 em -1, which is s i m i l a r  in 
f requency and in tegra l  intensi ty  to the C==O band in the IR s p e c t r a  of 2-subst i tu ted  3 -hydroxy-3 -pheny l i so -  
ind01inones [1, 3-7], is obse rved  in the IR spec t r a  of dioxane solut ions of I I Ia -u  (Table 1). In the c r y s t a l -  
line state,  the vC= 0 f requency is  lowered as compared  with that in dioxane solution, and in some  cases  
the band is split; this is a consequence of the fo rmat ion  of C = O . . . H - N  in t e rmolecu la r  hydrogen bonds in 
the c r y s t a l  la t t ice .  In the IR s pec t r a  of antis  of 2 -benzoy l -N-a lky lbenzamides  (IVa-d), v C =N and amide  I 
and amide  IT bands a p p e a r  dis t inct ly  in the region of the s t re tching v ibra t ions  of double bonds. The v C = N 
and amide  I bands over lap  in the s p e c t r u m  of d te thylamide IVe. 

The UV spec t r a  of the ani ls  of 2 -benzoy l -N-a lky l (o r  N,N-d!e thyl )benzamides  (IVa-e) eontair~an_ a b s o r p -  
t ion band at  324-326 nm, which is c h a r a c t e r i s t i c  fo r  the - A r - - N = C - - C  ---=" C - - C = O  conjugated s y s t e m  in the s p e c -  
t r u m  of the anil  of 2-carbomethoxybenzophenone [1]. When solutions of IVa,d in ethanol a r e  s tored  at room 
t e m p e r a t u r e  fo r  days,  t h e r e  is a g radua l  d e c r e a s e  in intensity and d i sappea rance  of this band. This  is  ex-  
p la inedby  the i somer i za t i on  IV---V, which is cons iderab ly  acce le ra t ed  a f t e r  the addition of a ba se  ( t r ie thyl-  
amine) to the ethanol solution. An inc rease  in the s t e r i c  volume of R 2 in IV h inders  i somer iza t ion  IV ~ V :  
N-benzy lamide  IVd in ethanol solution at  r o o m  t e m p e r a t u r e  is [ somer i zed  m o r e  slowly than N- (n -p ropy l ) -  
amide  IVa, while N- i sop ropy l -  and N- t e r t -bu ty l ) amides  IVb, c a re  s table  under  these  conditions, and the i r  
i somer iza t ion  can be accompl i shed  only by ref luxing ethanol solut ions containing t r ie thylamine .  

All of the synthesized ]H and IV a re  s table  in dioxane solution at r oom t empera tu r e ,  and, within the 
l imi t s  of the sensi t iv i ty  of the IR spec t roscop ic  method, t au tomer i c  equi l ibr ium IVy--V is not obse rved  when 
solutions of them a r e  s to red  fo r  days.  

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

The IR spec t r a  of suspens ions  of the compounds in pa ra f f in  oi l  and hexachlorohutadiene and solut ions 
in dioxane (c ; 5 • 10 .3 M, l = 0.011 cm) were  r eco rded  with an IKB-14A s p e c t r o m e t e r .  The in tegra l  inten- 
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TABLE 2. Antis of 2 -Benzoy l -N-a lky l (o r  N,N-die thyl )benzamides  
(IVa-e, R 1 = C~H 5) 

..... IR spectra in dioxan~ UV - 
Empixical N ~, v c -t - '  spec- Corn- _ _  , m tra a 

"~ 7 0 

IVa [n-C3H7 
b [i-C3H7 
c [t-C4Ho 
d IC~HsCH~ 

124--125b 
157--158 c 
142--143~ 
135--136 
115--116 c 

CmH~N20 
C23H~N20 
C~H2~N20 
C~rH22N~O 
C24H~4NsO 

I t 8,31 8,2116681530,1627]215 
8,4] 8,2] 1666]560116291230 
7,9 7,9,16691560 16301200 
7:317.2 16711515,16261200 

7,9 1629 800i1629L800 

1527 290 324 2,9 36 
15281290 326I 3,3I 7 
1532 280   24, 3 27 
- - 3 612:3 

aThe s pec t r a  of f r e s h l y  p r e p a r e d  solutions in ethanol were  r eco rded  
s ta r t ing  at 220 nm. The m o l a r  extinction coefficient  (~) d e c r e a s e d  to  
690 (IVa) and 1630 (IVd) a f t e r  s to rage  of the solutions at  r oom t e m -  
p e r a t u r e  f o r  48 h. The coefficient  (e) of solutions of IVb, c, e did not 
change on s torage .  In addition to the band at 324 nm, the UV spec t r a  
of IVa-d contain an inflection at ~ 250 nm (~,T 17,000); the spec t rum of 
IVe has  a m a x i m u m  at 260 nm (~ = 21,300). O F r o m  b e n z e n e - n - h e x a n e .  
c F r o m  cyclohexane,  d F r o m  benzene.  

s i t ies  of the CO bands were  calculated by the Wi l son -Wel l s  method with co r r ec t i ons  fo r  the Ramsay  wings 
[9]. The UV spec t r a  w e r e  r eco rded  with an SFD-2 s p e c t r o m e t e r  (c= 10 -4 M, in ethanol). 

2 -R1-3-Chloro-3-phenyl i so indol inones  (IIa-e). A solution of 0.01 mo le  of Ia -d  [3 - (2 ' -pyr idy l )amino-  
3-phenylphthal ide was used in p lace  of Ie] ,and 0.02 mole  of thionyl chlor ide in 10-20 m l  of dioxane was r e -  
fluxed for  1 h. The solution was vacuum-evapora ted ,  and the res idue,  without isolat ion of I Ia-e ,  was used 
for  the subsequent  syntheses .  2 ,3-Diphenyl-3-cMoroisoindol inone (IIc) was isolated in the c rys ta l l ine  fo rm 
and cha rac t e r i z ed  in [1]. 

Reac t ions  of 1 2-R -3-Chloro-3-phenyl i so indo l inones  with Amines.  A solution of 0.005 mole  of amine  
and 0.005 mole  of t r i e thy lamine  in 5 ml  of dioxane was added with s t i r r ing  to a solution of 0.005 mole  of 
I l a - e  in 10 m l  of dioxane. Af te r  24 h, the solution was diluted with 200 m l  of water ,  and the p rec ip i t a te  was 
separa ted ,  dried,  and r ec ry s t a l l i z ed  to give I I a -k ,n -u  and IVd, e. Mixtures  IVa+ Hid, IVb+ I/In, IVc + I/Io, 
and f f lk+I I I s  were  sepa ra t ed  by crys ta l l iza t ion .  The yields in Tables  1 and 2 a r e  those fo r  the r e c r y s t a l -  
l ized subs tances .  

I somer i za t i on  IV-*V.  A solution of 0.5 g of IVa-d and 1 m l  of t r i e thy lamine  in 10 m l  of ethanol was 
ref luxed fo r  2 h, a f t e r  which it was  vacuum-evapora ted ,  and the res idue  was r e c r y s t a l l i z e d  to give I I Id ,h , / ,m 
(Table 1). 

Acid Hydro lys i s  I I I - - I .  A 0.2-g sample  of l I Ia - t  was suspended in a solution p r e p a r e d  f r o m  0.5 ml  
of concent ra ted  sulfur ic  acid,  5 ml  of ace t ic  acid, and 5 ml  of water ,  and the mix tu re  was heated to 50-60 ~ 
and allowed to stand at r oom t e m p e r a t u r e .  After  24 h, the solution was diluted with 50-100 m I  of water ,  
and the p rec ip i t a t e  was sepa ra ted .  

1 .  

2. 
3. 
4. 
5. 
6 .  

7. 
8 .  

9 .  
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