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In react ions with 3-chloro-3-phenylphthal ides ,  aromat ic  amines attack the pr imary  and 
t e r t i a ry  carbon atoms to give a mixture of 2-aryl -3-hydroxy-3-phenyl iso indol inones  and 
3-arylamino-3-phenylphthal ides .  The effect of the nucleophilicity of the amine on the 
p r imary  direction of attack was studied. The r ing-chain t au tomer i sm of 3 -a ry l amino-3 -  
phenylphthalides and 2-benzoylbenzoic acid aryl imines was studied by IR and UV spec-  
t roscopy.  

It has been demonstra ted [1,2] that 3--chloro-3-phenylphthalide (I) in react ions with p r ima ry  aliphatic 
amines forms 2-alkyl-3-hydroxy-3-phenyl isoindol inones or N-( ter t -a lkyl)amides  of 2-benzoylbenzoic acid, 
depending on the s t ruc ture  of the group attached to the nitrogen atom. The reaction of I with aromat ic  
amines was f i rs t  studied by Meyer  [3,4], but the absence of spectroscopic  methods of investigation made it 
impossible for him to co r rec t ly  establish the s t ructure  of the compounds obtained. The s t ruc ture  and prob-  
lems of the t au tomer i sm of 3-phenylamino-3-pheliylphthalide (IIa) and 2,3-diphenyl-3-hydroxyisoindolinone 
(~Ia) have been investigated by polarography [5]. We [6] and Fli tsch [7] independelltly'showed that the r e -  
sults of these investigations [5] were not in complete agreement  with the data obtained by means of IR spec-  
t roscopy.  It is known [8] that polarographical ly derived judgments regarding the s t ruc ture  of substances 
capable of tautomeric  t ransformat ions  is not always rel iable.  
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In the present  r e sea r ch ,  we have Investigated the s t ruc tures  of the products of the react ion of I with 
aromat ic  amines.  There  are  two electrophilic centers  - C 1 and C 3 - in the I molecule.  Strong nucleophilic 
reagents  - p r imary  and secondary aliphatic amines - polarize the carbonyl  group, as a resul t  of which they 
attack the p r imary  carbon atom exclusively [1,2]. Aromatic  amines,  which are  weaker nucleophilic r e -  
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Fig.  1. UV spect ra  in ethanol: 1) IIa; 
2) V; 3) VI; 4) IIa in the presence  of 
0.1 N KOH in ethanol. 
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Fig. 2. UV spec t ra  of 3-phenylamino-  
3-phenylphthalide (IIa): 1) in d ichloro-  
ethane; 2) in dioxane; 3) in t e t rahydro-  
furan; 4) in dimethyl sulfoxide. 

agents, attack both C 1 and C 3 to give readi ly separable mixtures 
of 3-arylamino-3-phenylphthal ides  (II) and 2 - a r y l - 3 - h y d r o x y - 3 -  
phenylisoindolinones {Ill, Table 1), since II, in contras t  to III, 
dissolve readi ly  in 5~ sodium carbonate solution. The carboxyl-  
ate anion of tautomeric  form IIA is apparently formed in this 
case .  F rom the react ions of I with seven aromat ic  amines ,  it 
appears that a decrease  in the nucleophilicity of the amine by 
introduction of e lec t ron-accep tor  groups into the aromat ic  ring 
increases  the probabili ty of attack at C3, as a resul t  of which one 
observes  an increase  in the yields of II and a decrease  in the 
yields of III. With diphenylamine, the single react ion product 
formed is 3-(N,N-diphenylamino)-3-phenylphthalide (V); i .e. ,  
the attack of a very  weak nucleophilic reagent  proceeds ex- 
clusively at C 3 . 

~ .. j c o  [~.~/cooc,~ 

C6H 5 
V Vl 

In the react ion of I with 2-aminopyridine,  2- (2 ' -pyridyl)-  
3- (2"-pyridyl)amino-3-phenylisoindolinone (fVg) was isolated 
f rom the react ion mixture instead of IIIg. The anil of o - c a r b o -  
methoxybenzophenone (VI) was obtained by the reaction of diazo-  
methane with IIa. Compounds V and VI were used as fixed 
models in the spectroscopic  investigation of the tautomeric  
equilibrium IIA ~ I I B .  

Meyer  [3,4] and Fl i tsch [7] have demonstrated the poss i -  
bility of the isomerizat ion II --- HI. The isomerizat ion is most  
conveniently real ized by success ive  t rea tment  of I Ia-g with 
thionyl chloride and aqueous sodium carbonate solution. The 
mechanism of the isomerizat ion can be represen ted  as follows: 

7 
IIA S~162 /:~.. /COCl ] ~F~.~jCO - " -  i~ I! ~ l n N--Ar  +OItG ] IIIB 

/C=N'\Ar <H~CI 
CsH5 
Vll VIII 

Compound II reac ts  with thionyl chloride in the A form; 
the resul t ing acid chloride (VII) cycl izes  rapidly to VIII. It is 
known [1,2] that o-acylbenzoyl  chlorides,  with a few exceptions 
[9], exist in the chain form of 3-R-3-chiorophthal ides .  The 
g rea te r  polari ty of the C = N  bond as compared  with the C = O  

bond facil i tates the cyclizatioli .  2,3-Diphenyl-3-chloroisoindolinone (VIIIa) is formed in the react ions of 
both IIa and IIIa with thionyl chloride.  

The IR spec t ra  of dioxane solutions of 2-aryl -3-hydroxy-3-phenyl iso indol inones  (IIIa-g, Table 1) con-  
tain an inte~lse C T O  band of isoindolinone at 1707,1720 cm -1. The cons iderably  lower VC=O and broader  
bands of an associated hydroxyl group (v O_H ) in the IR spec t ra  of crys ta l l ine  IIIa-f  attest to a strong 
O - H  . . . O - - C  in termolecular  hydrogen bond. We also observed this [2] in the case  of 2 -a lky l -3 -hydroxy-  
3-phenylisoindolinones. The position of the VC= O band in the spec t rum of IIIg changes only slightly on 
passing f rom the crystal l ine state to a dioxane solution. The presence  of the broad band of an associa ted 
hydroxyl group in the spect rum of crys ta l l ine  IIIg can be explained by in t ramolecular  or  in termolecular  

N ~  (2-pyridyl) hydrogen bonds. The IR spec t ra  of Nujol mulls and dioxane solutions of I I Ia-e ,  g O- -H. . .  

do not contain a 6N_ H (II amide) band. There is a band f rom the antisyxnmetrieal s t retching vibrations of a 
n i t ro  group in the spec t rum of IIIf in Nujol at 1518 cm -I and indioxane at 1523 cm -1 . It follows from the IR 
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TABLE 2. Tautomeric  Equil ibrium 
Constants K = [A]/[B] in Solutions 
of 3-phenylamino - 3-phenylphthalide 
aa) 

Solvent K 

Ethanol 
Dimethyl sulfoxide 
Tet rahydrofuran  
Dioxane 
Dichloroethane 

0.61 
0.87 
0,19 
0.15 
0 

spec t ra  that I IIa-g exist only in the chain form (IIIB) in the c r y s t a l -  
line state and in dioxane solution. The IIIA form is absent within 
the l imits of the sensi t ivi ty of the IR spect roscopic  method. 

The IR spect ra  of Nujol mulls and dioxane solutions of I Ia-g  
conf i rm the presence  of the tautomeric  equilibrium ILk ~ I I B .  The 
spec t rum of fixed model V contains the intense C =-O band of the 
lactone at 1773 cm -I (in dioxane). The same band is observed in 
the spec t ra  of I Ia-g  at 1733-1748 cm -~ (in Nujol) and 1759-1772 
cm -1 (in dioxane). In addition, a low-intensi ty absorption, affili- 
ated with a carboxyl  v C = O  band (HA), appears at 1700-1710 (in 
Nujol) and ~1720 cm -i  (in dioxane}. Judging f rom the IR spect ra  
of IIa-g,  the KA ~ I I B  tautomeric  equilibrium in dioxane is shifted 

markedly  to the r ight .  The intensity of the C ~ O  band of the carboxyl  group (IIA) in the spec t ra  of dioxane 
solutions of I Ia-g  is reduced as the e l ec t ron -accep to r  proper t ies  of the substituents attached to nitrogen in-  
c r e a s e .  E lec t ron-accep to r  groups (p-NO2C6H4, 2-pyridyl) increase  the polari ty of the C = N  bond (iLk), and 
the probabili ty of in t ramolecular  nucleophilic addition consequently increases ,  and the HA ~- IIB equilibrium 
is shifted even more  to the r ight .  Crys ta l l ine  substances I Ia-f  are also mixtures  of both forms with con-  
siderable predominance of IIB. Judging f rom the IR spect rum,  an unrecrys ta l l ized  sample of IIa, obtained 
by precipitat ion f rom alkaline solution, contains considerably la rger  amounts of IIA. 

It follows f rom the UV spec t ra  (Fig. 1) of model substances V and VI that the UV spect roscopic  
method can be successful ly  used for quantitative investigation of the ILk ~- IIB equilibrium in different sol-  
vents.  An absorption baud at 324 nm (e 2930} is observed in the UV spect rum of fixed model VI. This band 
(320 nm, e 3120) is also present  in the spec t rum of the carboxylate  anion of form IIaA, i.e., in a solution of 

IIa in ethanol in the presence  of 0.1 N KOH, and is due to the presence  of a conjugated Ar - -N=C--C=:C- -C- -O 

sys tem in form IIa. Fixed model V does not absorb at ~320 nm (Fig. 1). It is apparent  in Fig. 2 
that the intensity of the band at ~324 nm in the UV spec t ra  of solutions of IIa depends markedly  on the sol -  
vent. Having assumed that the intensities of the bands at 324 nm in the spec t ra  of tautomeric  form IIaA and 
model substance VI are  equal, the tautomeric  equilibrium constant K = [A]/[]3] in different solvents can be 
calculated f rom the mola r  extinction coeff icients .  It is apparent f rom Table 2 that the solvent polari ty has 
a pronounced effect on the tau tomer ic  equil ibrium constant.  

EXPERIMENTAL 

The IR spectra of suspensions in paraffin oil and in hexachlorobutadiene and dioxane solutions were 

recorded with an IKS-14A spectrometer (c 2.5 �9 10 -2 M, L 0.011 cm). The UV spectra were recorded with 

an SFD-2 spectrometer (c 10 -4 M). 

Reactions of 3-Chloro-2-phenylphthalide (I) with Aromatic Amines (Table I). A solution of 0.03 mole 

of I in 30 ml of dioxane was added with stirring to a solution of 0.03 mole of aromatic amine and 0.04 mole 

of triethylamine in 20 ml of dioxane, and the mixture was heated on a water bath at I00 ~ for 3 h. The mix- 

tare was then poured with vigorous stirring into 300 rnl of 5% aqueous sodium carbonate solution. Com- 

pounds IIIa-f and IVg separated after 24 h and were recrystallized. The filtrate was neutralized with dilute 
hydrochloric acid to pH 7, and IIa-g were separated and recrystallized. 

2-(2 ' -Pyr idy l ) -3-hydroxy-3-phenyl i so indol inone  (IIIg) {Table 1). A solution of 0.003 mole of Hg and 
0.01 mole of thionyl chloride in 10 ml of dioxane was refluxed for 1 h and diluted with 50 ml of 5% aqueous 
sodium carbonate  solution. Compound HIg separa ted  after  24 h and was rec rys ta l l i zed .  

3- (N,N-Diphenylamino)-3-phenylphthalide (V). A solution of 0.01 mole of I, 0.01 mole of diphenyl- 
amine, and 0.01 mole of t r ie thylamine in 10 ml of dioxane was heated at 100 ~ for 2 h. The mixture was 
cooled and diluted with 100 ml of water ,  and the precipitate was separa ted  and rec rys ta l l i zed  twice f rom 
ethanol to give 2.0 g (53%) of co lor less  c rys ta l s  of V with mp 193-194 ~ Found: C 83.08; H 5.32; N 3.92%. 
C26H19NO 2. Calculated:  C 82.74; H 5.07; N 3.71%. IR spectrum,  cm -1 (in Nujol): 175'8 (C -~O), 1597 and 
1500 (aromatic ring C = C ) ;  in dioxane: 1773 ~CO), the integral  band intensity, calculated via the Wi l son -  
Wells method with R a m s a y ' s  cor rec t ions  for "wings" [10] was 6.21 pract ica l  units.* 

�9 A prac t ica l  unit is 104 li ter �9 mole -t �9 cm -2 . 
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Anil of o-Carbomethoxybenzophenone {VI). Excess  diazomethane in e ther  solution was added to a 
solution of 1 g of I Ia  in 20 ml  of dioxane. Af ter  24 h, the solution was vacuum-evapora ted ,  and the res idue  
was r ec ry s t aUize d  twice f rom cyclohexane to give 0.45 g (43~) of yellow c r y s t a l s  with mp 127-128 ~ . Found: 
C 79.86; H 5.35; N 4.28%. C2tHITNO 2. Calculated:  C 79.98; H 5.43; N 4.44%. IR spec t rum,  cm -~ (in Nujol): 
1726 (CO), 1623 (C = N ) ,  1591 (C ~ C ) ;  in dioxane (5): 1727 (625) (CO), 1625 (215) (C = N ) ,  1596, 1587 (C = C ) .  

2 ,3-Diphenyl-3-chloroisoindol inone (VIIIa). A solution of 0.004 mole  of IIIa (or IIa) and 0.01 mole  of 
thionyl chlor ide  in 10 ml  of dioxane was ref luxed for  1 h. The mix tu re  was vacuum-evapora ted ,  and the 
res idue  was r ec ry s t a l l i z ed  f r o m  b e n z e n e - n - h e x a n e  (1 : 1) to give 0.9 g (71%) of co lo r l e s s  c ry s t a l s  of VIIIa 
with mp 154-156 ~ Found: C1 11.13; N 4.58v/c. C20HI4C1NO. Calculated:  C1 11.09; N 4.38%. IR spec t ru m 
(in dioxane): 1730 cm -1 (5 750) (CO). 
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