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with the acid condensation of diarylglycolic benzylanilides as an ex-
ample, it has been shown that the predominant formation of a five~
membered ring rather than a six-membered ring takes place even in
the case where the internal structure of the anilide permits the simul-
taneous formation of both rings. It has also been shown that it is pos-
sible to determine the size of the ring formed on condensation from
the UV and IR spectra, and the presence of hydrogen bonds in the aryl-
amides of diarylglycolic acids and the formation of the lactim form
and of the quatenary ammonium salt of the base of 8, 3-diphenyl-
oxindole in solutions of sodium ethoxide and concentrated H,SO,,
respectively, have been confirmed.

1t has been shown previously [1-3] that in the acid
condensation of arylides of hydroxy carboxylic acids
the rate of ring closure falls in the sequence: 5 > 6 >
> 7 > 8. It was interesting to determine to what extent
this feature is observed in the case where the internal
structure of the arylide permits the formation of rings
of different sizes. For arylcarboxylic acids, for ex-
ample, it is known that six-membered rings are
formed more easily than five-membered rings [4].

The present investigation was devoted to a study of
the comparative ease of closure of five- and six-mem-
bered rings in the arylides of diarylglycolic acids.

As subjects, we used the diarylglycolic N-benzyl-
anilides II-IV, the synthesis of which was effected by
the reaction of ethyl N-benzyloxanilate I with Grignard
compounds (RMgX, R = CH;, 4~-CH,CH, 2-CH,0CH )
(Table 1). They are crystalline substances soluble in
the usual organic solvents; with concentrated H,SO,
they give a coloration which rapidly disappears (halo-
chromism).
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The arylides II-1IV contain twonucleophilic radicals
(N-phenyl and N-benzyl) and therefore, in the cation
of the halochromic salt V, ring closure may lead both
to a five~-membered (oxindole) ring VI-VIII and to a
six-membered (3-oxotetrahydroisoquinoline) ring IX.
This possibility also depends on the nature of the rad-
icals present on the carbinol carbon [5].

*For part XLII, see [17].

Experiments showed that, in the acid condensation
of the arylides H—IV, 1-benzyl-3, 3-diaryloxindoles
VI-VIII are formed (Table 2). The structure of the lat-
ter was shown by the independent synthesis of one of
them (VI), which was obtained by the benzylation of 3,
3-diphenyloxindole X, and also by the UV and IR ab~
sorption spectra of VI (curve 3, Fig. 3; vo=n 1700
cm~}, They are crystalline substances with higher
melting points than the initial arylides
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In addition, to prove the predominant formation of
the five-membered ring rather than the six-membered
ring, the acid condensation of N-benzyl-4, 4'-dimeth~
oxybenzilanilide (XI) was carried out. This was con-
densed by means of formic acid without preliminary
isolation [6]. According to the literature [3], in XI
only the five-membered ring can form, giving 1-ben-
zyl-3, 3-di(p-anisyl)oxindole (XII).
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An attempt was made to use spectroscopic methods
to determine the size of the rings formed. The UV
and IR absorption spectra of the benzilic acid arylides
(II, XII—-XVIII) and the products of their acid conden-
sation (X, XIX-XXI) were studied.

{CsH5),CR'CONR(CHy) » CsH;
XIll R=H, R'=OH, n=0;
XV R=H, R‘=0OH, n=1;

XVIl R=CH;, R'=H, n=0;

CSHS\/C6hi

X1V R=CH;, R'=0H, n=0;
XVI R=H, R'=O0H, n=2;
XVIIT R=H, R’'=CH;0, n=0.
XiX R=CH; n=0;

XX R=H, n=I;

XX1 R=H, n=2.

The tertiary arylamides XXII are feebly associated
(in the crystalline state, XIV gives bands at 3560 and
1621 em~1! of bound HO and CO groups) and, in spite
of statements in the literature [7], do not contain in-
tramolecular hydrogen bonds. This is confirmed by
the similarity of the UV absorption spectra of II and
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Table 1

Melting Points, Yields, and Analytical Results for the Diaryl-
glycolic N-Benzylanilides

N, %
. . Coloration
C:::d Name Mp,° C* E;nplnclal found calcu- yl;’,ld’ with conc
P ormula lated | 7 H,SO,
' l
11 N-Benzylbenzilanilide 88—89 | Co7HasNO, 362 | 3.56 | 85.2 | Yellow
3.70
I N-Benzyl-4,4’-dimethyl- 126—127 | CooHo?NO;| 3.13 | 3.32 | 93.1 | Crimson
benzilanilide 3.21
v 'N-Benzyl-2,2-dimethyi- 112—113 | CogHozNOy| 3.07 | 3.09 | 90.5 | Green
benzilanilide 3.20

*Compounds IT and IV were crystallized from ethanol and III from glacial acetic acid.

Table 2

Melting Points, Yields, and Analytical Results for the Oxindole Derivatives

Mp." C N, %
Com- P, Empirical r 1 Yield,
d Name (from § ) found calcu- 7
poun ethanol) OrmWa oun lated 7
VI 1-Benzyl-3,3-diphenyloxindole 163 Cx-HzNO | 3.68 3.73 100
3.70
VII 1-Benzyl-3,3-di(p-tolyl)oxindole 154 CooHysNO 3.38 3.47 98.3
3.46
VII 1-Benzyl-3,3-di-(o-anisyl)oxindole 191 CaoHosNO; | 3.15 3.2t 96.2
! 3.26 '
Table 3

IR Absorption Spectra of the Cyclic

Lactams
Position of the absorp- |
Co tion maxima in the o
m- | region of the C=0 Av, | Size of
pound | stretching vibrations, cml | the ring
i cm”
|
X | 1716 —
XIX | 1706 § 1711 _ 5
XX l 1667 44 6
XXI 1645 66 7
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Fig. 1. UV absorp-

Fig. 2. UV absorption spec-
tion spectra in etha-

tra: 1) X (in ethanol); 2) X
nol: 1) XIM; 2) XIV; (in 1 M C,H;ONa); 3) X (in
3) XVII; 4) XV; 5) conc H9S0y); 4) XIX (in 1 M
XVI; 6) I; 7) XVIL, C;H;0Na); 5) XIX (in conc

HySOy).
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Fig. 3. UV absorption spec-
tra in ethanol; 1) X; 2) XIX;
3) VI; 4) XX; 5) XXI.
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XIV to that of XVII (in the latter, the formation of
hydrogen bonds is excluded) (Fig. 1), and also by the
presence in the IR spectrum of XIV in CCl, solution of
bands at 3610 and 1640 cm-! of nonbound HO and CO
groups [8-10].

The secondary arylamides (XXIII) show the presence
of weak intermolecular hydrogen bonds (in the crys~
talline state, XIII gives bands at 1665 and 3560 cm~-!
of bound CO and HO groups) and of strong intramolec-
ular hydrogen bonds (the UV spectra of XIII and XVIII
are displaced in the long-wave direction [11-13], and
the IR spectra have bands at 3610, 1700—1692, and
3405-3400 cm~! of free HO and CO groups and bound
NH groups, respectively), which agrees with data in
the literature [14]. The absorption curves of XV and
XVI are displaced in the shortwave direction, which
is explained by a disturbance of the conjugation be-
tween the nitrogen atom and the benzene ring because
of the introduction of the methylene groups.
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The UV absorption spectra of X in concentrated H,SO,
and sodium ethoxide are displaced by 25-30 nm in the
long-wave direction (Fig. 2), which is explained by
salt formation in the first case XXIV and by a tauto-
meric transformation in the second case XXV,
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The N-methyl derivative XIX undergoes no change
in sodium ethoxide but in concentrated H, SO, it ab-
sorbs similarly to X.

The UV spectra (Fig. 3) and the IR absorption spec-
tra (Table 3) of 5-, 6-, and 7T-membered cyclic lac-
tams have such clear differences that they caneasily
be used to identify the size of the rings formed in the
acid condensation of arylides of diarylglycolic acids.

EXPERIMENTAL

The UV spectra were taken on an SF-4A instrument at concentra-
tions of 2:10%-2.10"% M, The IR spectra were recorded on an
IK8-14 instrument with LiF and NaCl prisms in tablets with KBr (con-
centration of the substance 0.5%) [15] and in CCl, solution (concen-
trations 0.002 M),

Ethyl N-benzyloxanilate (1) . To a solution of 76.7 g (0.42 mole)
of N-benzylaniline in 100 ml of ether was added 28.5 g (0.21 mole)
of the ethyl ester—chloride of oxalic acid. The mixture was heated
in the water bath for 30 min, 100 ml of water was added, and the
ethereal layer was separated off and dried. After evaporation of the
solvent, the residue was distilled at 196~198° C (5 mm); yield 41.3 g
or 34,7%, calculated on the amine, Viscous oil, rapidly solidifying.
Rods (from gasoline) with mp 55-56° C. Found, %: N 4,82, 4.76.
Calculated for Gy, H,;;NOg, %: N 4, 94.
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N-Benzylbenzilanilide (I1)., To the phenylmagnesium bromide
obtained from 6,28 g (0.04 mole) of bromobenzene and 0.97 g (0.04
g-at,) of magnesium in 20 ml of ether was added 2.83 g (0.01 mole)
of 1 in 20 ml of ether and the mixture was heated in the water bath
for 1 hr. The organomagnesium complex was decomposed with a sat-
urated solution of NH,Cl, The ethereal layer was separated off and
treated with steam. Yield 3.4 g.

1-Benzyl-3, 3~-diphenyloxindole (VI). a) A solution of 0.5 g
(1.27 mole) of II in 5 mi of glacial CH;COOH was treated with 5 ml
of conc HpSO,. A yellowish coloration appeared which rapidly dis-
appeared. The mixture was poured into 20 ml of water, and the pre-
cipitate was filtered off and crystallized. Yield 0.48 g.

b) To the sodium ethoxide obtained from 0.11 g (0.005 g-at) of
sodium and 3 ml of ethanol were added 4 ml of xylene and 1.4 g
(0.005 mole) of X, The excess of ethanol was distilled off, and 1 g
(0,007 mole) of benzyl chloride in 2 ml of xylene was added. The
mixture was heated for 5 hr and the precipitate was filtered off and
dried in the air. Yield 1.45 g (78.8%). Needles (from C,H;OH) with
mp 164° C, A mixture with the substance obtained in the previous ex~
periment showed no depression of the melting point.

1-Benzyl-3, 3~-di(p-anisyl)oxindole (XII). The starting materials
were 1,41 g (0,005 mole) of I, 2.8 g (0.015 mole) of p-bromoanisole,
and 0.36 g (0.015 g-at) of magnesium in 20 ml of ether. The ethereal
layer was treated with steam, the residue was dissolved in 15 ml of
glacial CH;COOH, and 85% formic acid was added until a red-violet
color ceased to appear, Then the mixture was poured into 50 ml of
water and the precipitate was treated as described above. Yield1.65 g
(76.4%). Needles (from ethanol) with mp 163-164° C, Found, % :

N 3. 34, 3.28., Calculated for CygHysNOg, %: N 3,21,

N-Methylbenzilanilide (XIV) was obtained in 75.3% yield from
monomethylaniline and chlorodiphenylacetyl chloride with the sub-
sequent replacement of the chlorine in the N-methylchlorodiphenyl-
acetanilide by hydroxyl. Needles (from gasoline) with mp 106~107° C,

N-Methyldiphenylacetanilide (XVII) was obtained by the reaction
of diphenylacetyl chloride with monomethylaniline in pyridine. Plates
(from ethanoly with mp 102° C, Found, %: N 4.83, 4.71, Calculated
for CyyH NO, %: N 4,66,

1-Methyl-3, 3-diphenyloxindole (XIX), a) Obtained with a yield
of 93% by the acid condensation of XIV, Plates (from ethanol) with
mp 176-177° C [16].

b) To a solution of 4.28 g (0.04 mole) of N-methylaniline in
40 ml of ether was added an ethereal solution of 5.3 g (0.02 mole)
of chlorodiphenylacetyl chloride. The solvent was driven off from the
filtrate and the residue was dissolved in methanol with heating, After
24 hr, the precipitate that had deposited was filtered off and crystal-
lized from ethanol. Yield 6.2 g (90%), mp 176~177° C. A mixture
with an authentic sample gave no depression of the melting point,
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