RING-CHAIN TRANSFORMATIONS WITH THE PARTICIPATION
OF A C=N GROUP

I. 3-ARYLAMINO-3-PHENYLPHTHALIDES AND
2-ARYL-3-HYDROXY-3-PHENYLISOINDOLINONES

R. E. Valter and V, P. Tsiekure UDC 547.756'588.21:543.422.4.6

In reactions with 3-chloro-3-phenylphthalides, aromatic amines attack the primary and
tertiary carbon atoms to give a mixture of 2-aryl-3-hydroxy-3-phenylisoindolinones and
3-arylamino-3-phenylphthalides, The effect of the nucleophilicity of the amine on the
primary direction of attack was studied. The ring-chain tautomerism of 3-arylamino-3-
phenylphthalides and 2-benzoylbenzoic acid arylimines was studied by IR and UV spec-
troscopy.

It has been demonstrated [1,2] that 3-chloro-3-phenylphthalide () in reactions with primary aliphatic
amines forms 2-alkyl-3-hydroxy-3-phenylisoindolinones or N-(ert-alkyl)amides of 2-benzoylbenzoic acid,
depending on the structure of the group attached to the nitrogen atom. The reaction of I with aromatic
amines was first studied by Meyer [3,4], but the absence of spectroscopic methods of investigation made it
impossible for him to correctly establish the structure of the compounds obtained. The structure and prob-
lems of the tautomerism of 3-phenylamino-3-phenylphthalide (flIa) and 2,3-diphenyl-3-hydroxyisoindolinone
(I1a) have been investigated by polarography [5]. We [6] and Flitsch [7] independently 'showed that the re-
sults of these investigations [5] were not in complete agreement with the data obtained by means of IR spec-
troscopy. It is known [8] that polarographically derived judgments regarding the structure of substances
capable of tautomeric transformations is not always reliable,
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In the present research, we have investigated the structures of the products of the reaction of I with
aromatic amines. There are two electrophilic centers — C; and C; — in the I molecule, Strong nucleophilic
reagents — primary and secondary aliphatic amines — polarize the carbonyl group, as a result of which they
attack the primary carbon atom exclusively [1,2]. Aromatic amines, which are weaker nucleophilic re-

Riga Polytechnical nstitute. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 4, pp.
502-507, April, 1972. Original article submitted March 16, 1971.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011,
No part of 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 of the publisher. A
copy of this article is available from the publisher for $15.00. .

458



" 8IIT «— 311 uo1}oBSI UOIIRZLISWIOST JO P[OIA oY) ST STUL

“PIL 6T 1 pereIndled " %3E6°63 I #:thm

"%e0° 1% 14 ipere[noled "%8% 1¢ 19 #:Eo.mﬁ.M

“BTL°63 1 iperenoled "%E8°65 I punodg

"%%0 14 Jd ‘pereInofe) %S89’ 0% 1d %zso,mm

*ouUBXOYO[0L0 Woxg °

*Toweyje WOLTy,

"OUEXOIP WOL]

‘pIo® 013908 WOLI q

‘pesn oJe pueq peo.Jq J0J ( pue I9p[NOYs JI0J S SUOTIRIALIAE OUL,

g 18°%1 39'%1 O'N®'HYD — | — | oz8 | 111 | egee €691 pl16—013 Py901-d 3 Al
e 136 91’6 BOINTTHED) — | — | 099 |81l |4¥ese SILI STLI—0L1 1hp1fg-z 81
4 60'8 £0'8 YOENYTHED — | ~— | gg9 | 0Ll |qIlge 8891 q918—81% YHYDON-¢ i
e 85'C 3e'e FLONI"'H®D — | — | 08l | 8141 9q&3ee 1891 q836—L%3 "1%91-d 2111
8¢ 89'¢ 38'e Y *ONIg"HYD — | — | 89 | L121 ,q982e 6191 635833 YHeoIg-d PIII
: ¥0% [¥]
69 s Y0y ON“H!D — | = | apL | 1121 | Wige #2191 q 108007 YD OHD o1q1
v | vy 159 SON“TH™O — | — { o9 {71 |qgee 0891 | q6RI—L81 YOOI qII
g61 [e)
88 89’y LL'Y FONS'HD — 1 — | ¢18 | Loi1 | QI8IE| HS 0991 ‘GL9l q961—G61 SH°D 211
8¥ 15'6 98'6 BOENPTHEID — - 068 | 0.L1 | ogge S A pSLI—TLI 1hpuifd -z 311
a1 60'8 ' FOPN''H™O O11 | 6121 | €8L | /L1 | gige| USOILT ‘8¥LT | o861—961 YHORON-A 111
g 8%'¢ 63'¢ FONIPTH %D 01T | 8BL1 | O¥9 | 1.1 | evee| USZOLI ‘OvLI q.L13—912 PDI1-d eIt
€ 89'c 8¥'g JFONE"THD egl | ¥ell | S3L | g1 | evee| USI0LI ‘Z€L1 q£05—2¢03 YHOOIg-d n1
861 %]
8 €57 S¥'y SONLHED qo1 | €2L1 | 089 | $921 | 9988 | US 5041 ‘B¥LI qe61—a61 YHODORH D I o]
9 a4 1% TONHH™D 021 | €2L1 | 089 | 9921 | ©g8g| USZOLL ‘OWL1 | 45813—LIG YHPOSH O qil
133 el
8 89°'F% 9Ly *ON®'H®D GZ1 | 6IL1 | G¥8 | 6GLI | 968€| US 8691 '€8.1 q 335158 SHD By
*o1e0 punog 3 a 2 & LESS, 0=0,
% ‘PI91X einuso) Teotmdwig| | L ; D, ‘dut 1y dwron
% ‘N i
;0 ‘enoads it

(8AD evoujopuostdusyd~g-ourwe([ApraAd-,z) -6 (1Lp1ILd-.2) -5

pue ‘(8-e[ll) souourjopuiosijAusyd-g-Ax0IpAY-g~1Lay-g ‘(8-ell) sepireydiiuoyd-g-ourmeliy-¢ "1 A 1dV.I

459



agents, attack both C; and C, to give readily separable mixtures
of 3-arylamino-3-phenylphthalides (I) and 2-aryl-3-hydroxy-3-
phenylisoindolinones (III, Table 1), since I, in contrast to III,
dissolve readily in 5% sodium carbonate solution. The carboxyl-
ate anion of tautomeric form IIA is apparently formed in this
case. From the reactions of I with seven aromatic amines, it
appears that a decrease in the nucleophilicity of the amine by
introduction of electron-acceptor groups into the aromatic ring
increases the probability of attack at C;, as a result of which one
. observes an increase in the yields of II and a decrease in the

'3 yields of III. With diphenylamine, the single reaction 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,.
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Fig.1l. UV spectra in ethanol: 1) Ila;

2) V; 3) VI; 4) IIa in the presence of (‘(Cg ié _cooc,
0.1 N KOH in ethanol, g8 Qo
G ONCH,), S,
()

v vi

In the reaction of I with 2-aminopyridine, 2- @' -pyridyl)-
3~ @"-pyridyl)amino-3-phenylisoindolinone ({Vg) was isolated
from the reaction mixture instead of Illg. The anil of o~carbo-
methoxybenzophenone (VI) was obtained by the reaction of diazo-
methane with Ila. Compounds V and VI were used as fixed
models in the spectroscopic investigation of the tautomeric
equilibrium ITA =IIB.

Meyer [3,4] and Flitsch [7] have demonstrated the possi-
bility of the isomerization II — III. The isomerization is most
conveniently realized by successive treatment of Ila-g with
thionyl chloride and aqueous sodium carbonate solution. The
mechanism of the isomerization can be represented as follows:
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Fig. 2. UV spectra of 3-phenylamino- Compound II reacts with thionyl chloride in the A form;
3-phenylphthalide (Ifa): 1) in dichloro- the resulting acid chloride (VII) cyclizes rapidly to VIII. It is
ethane; 2) in dioxane; 3) in tetrahydro- known [1,2] that o-acylbenzoyl chlorides, with a few exceptions
furan; 4) in dimethyl sulfoxide. [9], exist in the chain form of 3-R-3-chlorophthalides. The

v greater polarity of the C =N bond as compared with the C =0
bond facilitates the cyclization. 2,3-Diphenyl-3-chloroisoindolinone (VIIia) is formed in the reactions of
both ITa and Illa with thionyl chloride.

The IR spectra of dioxane solutions of 2-aryl-3-hydroxy-3-phenylisoindolinones (fIla-g, Table 1) con-
tain an intense C =0 band of isoindolinone at 1707-1720 cm™!., The considerably lower V=0 and broader
bands of an associated hydroxyl group (v _py) in the IR spectra of crystalline Ila-f attest to a strong
O—H .. .O0=C intermolecular hydrogen bond. We also observed this [2] in the case of 2-alkyl-3-hydroxy-
3-phenylisoindolinones. The position of the ¥ - band in the spectrum of Illg changes only slightly on
passing from the crystalline state to a dioxane solution, The presence of the broad band of an associated
hydroxyl group in the spectrum of crystalline IIlg can be explained by intramolecular or intermolecular

O—H... N< (2-pyridyl) hydrogen bonds. The IR spectra of Nujol mulls and dioxane solutions of Illa-e, g

do not contain a Sy_g (I amide) band. There is a band from the antisymmetrical stretching vibrations of a
nitro group in the spectrum of IIIf in Nujol at 1518 em™ and indioxane at 1523 cm™. It follows from the IR
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TABLE 2. Tautomeric Equilibrium spectra that Illa-g exist only in the chain form (IIIB) in the crystal-
Constants K = [A]/ [B] in Solutions line state and in dioxane solution. The ITTIA form is absent within
of 3~Phenylamino-3~phenylphthalide the limits of the sensitivity of the IR spectroscopic method.

{a)

The IR spectra of Nujol mulls and dioxane solutions of ITa-g

Solvent K confirm the presence of the tautomeric equilibrium IIA =IIB. The
spectrum of fixed model V contains the intense C =0 band of the
Ethanol 0.61 1 o s . \
Dimethvl sulfoxide 0.87 lactone at 1773 em™ (in dioxane). The same band is observed in
1methy ‘ the spectra of Ila-g at 1733-1748 cm™! @n Nujol) and 1759-1772
Tetrahydrofuran 0.19 1 s 1 aps . . . -,
Dioxane 015 em™ @(n dioxane). In addition, a low-intensity absorption, affili-
Dichloroethane 0' ated with a carboxyl V¢ =@ band ([IA), appears at 1700-1710 (in
Nujol) and ~1720 cm™! (in dioxane). Judging from the IR spectra

of Tla-g, the A =1IB tautomeric equilibrium in dioxane is shifted
markedly to the right, The intensity of the C =0 band of the carboxyl group (IIA) in the spectra of dioxane
solutions of Ila-g is reduced as the electron-acceptor properties of the substituents attached to nitrogen in-
crease, Electron-acceptor groups (p-NO,C¢H,, 2-pyridyl) increase the polarity of the C =N bond (IA), and
the probability of intramolecular nucleophilic addition consequently increases, and the ITA = IIB equilibrium
is shifted even more to the right. Crystalline substances IIa-f are also mixtures of both forms with con-
siderable predominance of IIB. Judging from the IR spectrum, an unrecrystallized sample of Ila, obtained
by precipitation from alkaline solution, contains considerably larger amounts of IIA.

1t follows from the UV spectra (Fig. 1) of model substances V and VI that the UV spectroscopic
method can be successfully used for quantitative investigation of the ITA = IIB equilibrium in different sol-
vents. An absorption band at 324 nm (¢ 2930) is observed in the UV spectrum of fixed model VI. This band
(320 nm, £ 3120) is also present in the spectrum of the carboxylate anion of form ITaA, i.e., in a solution of

I
ITa 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=0

system in form Ila. 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 spectra of solutions of IIa depends markedly on the sol-
vent., Having assumed that the intensities of the bands at 324 nm in the spectra of tautomeric form IIaA and
model substance VI are equal, the tautomeric equilibrium constant K = [A]/ [B] in different solvents can be
calculated from the molar extinction coefficients, It is apparent from Table 2 that the sclvent polarity has
a pronounced effect on the tautomeric equilibrium constant, )

EXPERIMENTAL

The IR spectra of suspensions in paraffin oil and in hexachlorobutadiene and dioxane solutions were
recorded with an IKS-14A spectrometer € 2.5 - 107 M, L 0.011 ¢m). The UV spectra were recorded with
an SFD-2 spectrometer (¢ 1074 M),

Reactions of 3-Chloro-2-phenylphthalide (I) with Aromatic Amines (Table 1), 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 100° for 3 h. The mix-
ture was then poured with vigorous stirring into 300 ml of 5% aqueous sodium carbonate solution. Com-
pounds IIla-f and IVg separated after 24 h and were recrystallized. The filtrate was neutralized with dilute
hydrochloric acid to pH 7, and Ila-g were separated and recrystallized.

2~ (2'-Pyridyl)-3-hydroxy-3-phenylisoindolinone (Iig) (Table 1). A solution of 0.003 mole of lIg and
0.01 mole of thionyl chloride in 10 ml of dioxane was refluxed for 1 h and diluted with 50 ml of 5% agqueous
sodium carbonate solution. Compound IIig separated after 24 h and was recrystallized.

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 triethylamine 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 separated and recrystallized twice from
ethanol to give 2.0 g (53%) of colorless crystals of V with mp 193-194°. Found: C 83.08; H 5.32; N 3.92%.
CysHygNO,. Calculated: C 82.74; H 5.07; N 3.71%. IR spectrum, em™! @n Nujol): 1758 € =0), 1597 and
1500 (@aromatic ring C =C); in dioxane: 1773 (CO), the integral band intensity, calculated via the Wilson —
Wells method with Ramsay's corrections for "wings" [10] was 6.21 practical units .*

*A practical unit is 10 liter . mole=! . cm=2,
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Anil of o-Carbomethoxybenzophenone (VI), Excess diazomethane in ether solution was added to a
solution of 1 g of ITa in 20 ml of dioxane, After 24 h, the solution was vacuum-evaporated, and the residue
was recrystallized twice from cyclohexane to give 0.45 g (43%) of yellow crystals with mp 127-128°. Found:
C 79.86; H 5.35; N 4.28%. CHy;NO,. Calculated: C 79.98; H 5.43; N 4.44%. IR spectrum, cm-! @n Nujol):
1726 (O), 1623 C=N), 1591 (C =C}); in dioxane (g): 1727 (625) (CO), 1625 215) C =N), 1596, 1587 € =C).

2,3~Diphenyl-3-chloroisoindolinone (VIIIa). A solution of 0.004 mole of Illa (or IIa) and 0.01 mole of
thionyl chloride in 10 ml of dioxane was refluxed for 1 h, The mixture was vacuum-evaporated, and the
residue was recrystallized from benzene—n-hexane (1:1) to give 0.9 g (71%) of colorless crystals of VIIIa
with mp 154~156°. Found: C111.,13; N 4.58%. C,H;CINO, Calculated: C111.09; N 4.38%. IR spectrum
(in dioxane): 1730 cm™! (& 750) (CO).
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