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Abstract—In contrast to the a-chloroamides la— which, when reacted with potassium N-
cyanoanilide, furnish anomalous substitution products (2a-c), the related nitrile and ester yields nor-
mal substitution products (3a and b) under the same conditions. 1,5,5-Triphenylhydantoin (4a) and a
series (5a—8a 13 and 14) of its derivatives have been prepared startmg with 3a and b. Acid hydrolysrs
of 3a yields, in addition to the normal products (4a and 5a) considerable quantities of the rearranged
product 4b. An authentic sample of the latter, as well as a series of its derivatives (Sb—8b and 11) have
been prepared starting with a,a-diphenylglycinonitrile and 2-methylthio-1,4,4-triphenyl-2-
imidazolin-5-one (9). When reacted with ammonia and ammonium iodide, 9 gave, in addition to the
normal ammonolysis product 7b, the Dimroth rearrangement product 16, as well as 5,5-
diphenylglycocyamidine, by apparent dephenylation of 16. The mass spectra of the imidazole deriva-
tives 4-8, aand b, 9, 11, 13 and 14 are discussed.

a-Chloro-a,a-diphenylacetamides (1a—¢) have been
recently found to yield, when reacted upon with

potassium N- cyanoamhde in DMSO, the p-
substituted derivatives 2a-¢ as the anomalous
products of substitution.” In order to explore
the scope and limitations of this new reaction,
a-bromo-a-cyanodiphenylmethane’ and ethyl
a-chlorodiphenylacetate* were reacted under the
same conditions as la—c with potassium N-
cyanoanilide, and in both cases the normal
substitution  products:  N-cyano-N-(a-cyano-
benzhydrylj-aniline (3a) and ethyl a-(N-cyano-
anilino)-diphenylacetate (3b) were obtained in 61
and 32% yield, respectively. The structure as-

sienments of theca nrodncts rested mainlv on the
Signmentis o1 nes proQucis résted maimy on iné

NMR and IR spectra. Thus, the NMR spectrum of
3a contained only aromatic proton signals and that
of 3b only signals of the OEt group as well as of
aromatic protons while the anomalous substitution
products corresponding to 2 (with —C=N and
—COOEt, respectively, instead of —CONRR’)
would, in accordance with compounds 2, exhibit
also benzhydryl proton signals in their NMR
spectra. The IR spectra of 3a and b, on the other

“For Part 35 see Ref 1.
tFor the formation of carbodiimides by alkylation of
VA

anoamide anions cf Ref 5.

hand, clearly demonstrated the presence of
cvanoamino groups in both compounds, excluding
thereby the isomeric carbodiimide structures for
the products which might have resulted by nuc-
leophilic attack of the terminal N atom of the
cyanoanilide anion at the tetrahedral C atoms of
their reaction partners.t

In order to corroborate their structure assign-
ments, 3a and b were subjected to hydrolysis. Al-
kaline hydrolysis of 3b furnished 1,5,5-
triphenylhydantoin (4a) while that of 3a gave 4
imino-i,5,5-triphenyi-2-imidazolidinone {(5a) in ex-
cellent yields. 4a has previously been prepared
in low yield by thermolysis of N-(a-

anilingdinhenvlacetyDNN'_methvhiraa Our at-
allinliVUipliviliyialvity 2j=1 Y vty iuiva. ur av

tempts to reproduce this synthesis failed but the
m.p. (198-199°) of the product obtained by alkaline
(or acid) hydrolysis of 3b was practically identical
with the lit.° m.p. (197-198°) of 4a. Proof of the
structure of our product rests on its mass spectrum
(see below) and its alternative mode of synthesis
through 13 (see below).

The gross structure of 5a follows from its non-
identity with 7a (see below), the other conceivable
product of the alkaline hydrolysis of 3a, from its
alternative synthesis through 14 (see below), its
acid hydrolysis to 4a, as well as from its mass spec-

trum (see below). 8a ig potentially tautomeric and
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might exist also as the corresponding 4-amino
tautomer. That, at least in the crystalline state, this
is actually not the case, follows from the IR spec-
trum which does not exhibit ¥NH, bands and in
which the yC=0 and »C==N bands appear at 1720
and 1650 cm™, respectively, proving thereby that
the corresponding groups are not conjugated.
The result of the acid hydrolysis of 3a was strik-
ing. Treatment of 3a with 20% hydrochioric acid
furnished, in addition to 19% of 4a and 13% of Sa,
an isomer of the former as the main product (25%
yield). This main product was identified as 3,5,5-
triphenylhydantoin (4b) by comparison with an au-
thentic sample prepared by acid hydrolysis of 2-
methylthio-1,4 4-triphenyl-2-imidazolin-5-one  (9).]
A reasonable pathway for the formation of the
anomalous product 4b consists in the acid catalysed
isomerization of 3a to the carbodiimide 12—for
similar isomerizations cf Refs 8 and 9-—and subse-
quent hydrolysis and ring closure of the latter. Sup-
port for this hypothesis comes from the observa-
tion that in the IR spectrum of 3a an intensive car-
bodiimide band gradually develops on heating the
potassium bromide pellet to 110°.° (Similar rear-

mante did nat Aaccnr aithar diring acid houd_
rangements did not occur either during acid hyd-

rolysis, or on thermal treatment of 3b.)
Hydrogen sulfide treatment of 3a and b furnished

compounds 8a and 6a, respectively, in excellent

yields; methylation of the latter led to compounds

14 and 13, respectively. The structure of 13 follows
from its non-identity with 9’ and its transformation
into 7a. The structure of 14, on the other hand, fol-
lows partly from its transformation into 4a and 5a
(establishing its structural relation to 13 whose acid
hydrolysis also led to 4a) and partly from its mass
spectrum (see below). Thus, during hydrogen
sulfide treatment of 3a and b no rearrangements
anaiogous to that experienced during acid hyd-
rolysis of 3a occurred.

Compound 8a is potentially tautomeric and might
eXiSt, Slmllarl'y as the oxo ananogue Sa, as the 4-
amino tautomer. That, at least in the crystalline
state, this is actually not the case, is shown by the
comparatively high wave number (1640 cm™ \ of the
vC=N band (which proves that the C=N group is
not conjugated) and by the absence of ¥NH, bands
from the IR spectrum.

In addition, some experiments were performed
with the purpose of obtaining the 3,5,5-triphenyl
isomers of the 1,5,5-triphenylhydantoin derivatives
discussed above and of establishing possibie differ-
ences between the reactivities of the isomers.

When a,a- dxphenylglycmommle was reacted

with phenyl isocyanate in pyridine, a 57% yield of

a-(3-phenylureido)-diphenylacetonitrile (15) was
obtained; the latter could be cyclized by alka-
line treatment to 5b. Treatment of «,a-
diphenylglycinonitrile with phenyl isothiocyanate
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under the conditions used with phenyl isocyanate,
on the other hand, directly furnished the cyclized
product 8b. Acid hydrolysis and methylation of 8b
furnished 6b’ and 11, respectively, and acid hyd-
rolysis of the latter gave 4b.

The imino group in position 4 seems to be less
reactive if the N-phenyl group is attached to N-1
than if it is attached to N-3. Thus, in contrast to 8b,
8a could not be hydrolysed to 6a even under more
vigorous conditions and at least part of 5a was
found to be stable under the conditions of the acid
hydrolysis of 3a. Similarly, 4b was obtained in
somewhat better yield by hydrochloric acid hyd-
rolysis of 11 even under less vigorous conditions
than 4a by hydrolysis of 14, and refluxing of 11 with
aqueous acetic acid furnished 4b whereas, on simi-
lar treatment of 14, the reaction stopped at the in-
termediate stage 5a.

Ammonolysis of 9 could be achieved only in the
presence of ammonium ions, ¢f Ref 13, and fur-
nished, in addition to the normal product 7b, the
isomer 16 of the latter which was also obtained by
anilinolysis* of 10."” Similar Dimroth rearrange-
ments in the glycocyamidine series have already
been observed earlier.” When prolonged reaction
times were applied in the ammonolysis reaction of
9, 5,5-diphenylglycocyamidine was also formed by
apparent dephenylation of 16, ¢f Ref 15.

The glycocyamidines 7a, 7b and 16 are poten-
tially tautomeric compounds. Although they have
been depicted as the tautomers containing exocyc-
lic double bonds, they might as well exist as one or
the other tautomer with an endocyclic double bond.
Some studies concerning the tautomeric structure
of glycocyamidines have been performed, the re-
sults based on the IR spectra'® and on the stabilities
towards alkaline hydrolysis"” are, however, some-
what conflicting. We therefore abstain at present
from discussing the tautomeric structures of com-
pounds 7a, 7b and 16.

MASS SPECTROMETRY

The mass spectra of the isomeric compounds
4-8, a and b are presented in Figs 1-5, those of the
isomeric pairs 9 and 13, and 11 and 14 in Figs 6 and
7, respectively. The structures of all compounds
could unequivocally be deduced from their mass
spectra and were, in all cases, in full agreement
with the structure assignments based on their
chemistry. The structures of the isomers, in par-
ticular, could unequivocally be assigned on the
basis of their mass spectra.

The spectra of all compounds display abundant
molecular ion peaks permitting to check the ele-
mental compositions of these ions by high resolu-
tion mass measurements. The spectra were, in gen-
eral, highly reminiscent of those of the 1- and 3-Me

*Experiment by the late J. Puskas
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derivatives of 5,5-diphenylhydantoin,”® as well
as of the different Me derivatives of 5,5-
diphenyldithiohydantoin:" several peaks were ob-
served at identical mass numbers, and a substantial
part of the ions is formed by analogous processes.
M-Ph ions as well as ions at m/e 180, 165 and 77
were present in all spectra.

In the spectra of all 1,5,5-triphenyl derivatives
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ion peaks at mfe 257 and/or 258 could be recog-
nized, their intensity being significant in all but the
cases of compounds 6a, 8a and 13. (In the latter
cases different fragmentation processes become
more prominent.) The m/e 257 ions are formed by
cleavage of the N(1)-C(2) and C(4)-C(5) bonds of
the imidazolidine and 2-imidazoline rings, respec-
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tively, (this process being analogous to the forma-
tion of the mje 195 ion from 1-methyl-5,5-
diphenylhydantoin™®) and are likewise capable of
losing subsequently a phenyl radical:

+- -Ph +
Ph,C=N—Ph ——— Ph—C=N—Ph
mje 257 m/fe 180

An abundant m/e 258 peak is found only in the
spectra of those 1,5,5-triphenyl derivatives contain-
ing an imino group, i.e. where hydrogen rearrange-
ments and losses are else more frequent. (e.g. the
M -1 jons are abundant in these cases.)
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The formation of the m/e 181 ion in the spectra
of the 3,5,5- and 1,4,4-triphenyl derivatives is
analogous to the process leading to the m/e 257 ion
in the 1,5,5-triphenyl series. The intensity of this
ion, however, is generally low, the ion being rapidly
converted into m/e 180 and 104 ions, respectively:

+ -H +- —Ph +
Ph—C=N—Ph «——— Ph,C=NH —— PhC=NH
mle 180 mje 181 mle 104

While the m/e 180 ion has been observed in all
spectra, the intensity of the m/e 104 ion is signifi-
cant only in the 3,5,5- and 1,4,4-triphenyl series.
The points of attachment of the S atom and the
imino group may as well be established on the basis
of the mass spectra. Both isomeric pairs 6a and b,
and 8a and b display inter alia the fragmentation
pattern experienced earlier in the case of the two
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and this permits to establish unambiguously the
point of attachment of the S atom: the formation
of the m/e 194 and 193 ions from 6a and 8a,
respectively, is completely analogous to that
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of the mle 210 ion from 1-methyl-5,5-di-
phenyldithiohydantoin,”” while the m/e 225 ion is
a common fragment of 6b, 8b and 3-methyl-5,5-
diphenyldithiohydantoin.

An analogous fragmentation process was ob-
served among compounds 5 and 7 only in the case
of 7b and, on the basis of the appearance of the m/e
194 ion, permitted the unambiguous assignment of
the position of the imino group. When, however,
the observation' that, in general, only the CO group
in position 4 is eliminated from the hydantoin ring is
taken into account, the position of the imino and
CO groups may, by considering the frequencies of
the CO and CO+H losses, respectively, be ascer-
tained in the other cases as well: while practlcally
no CO eliminations occur from the molecular ions
of Sa and b, abundant peaks are formed by such
processes in the case of 7a and, especially, of 7b.
The position of the CO group in 9 may similarly be
established on the basis of the abundant M-28 peak.

The main fragmentation pattern of 11 is identical
with those of the group B derivatives of 5,5-
diphenyldithiohydantoin,*{ viz

M* »239-5224-121,

and this fact establishes the point of attachment of

the methylthio group unambiguously. The same
process was observed with 9 as well, its frequency,
however being inferior in this case since consecu-
tive loss of CO and MeS herg furnishes the exceed-
ingly stable Ph,C=N—C==N—Ph ion (m/e 283).
A certain similarity exists also between the frag-
mentations of 13 and 14, on the one hand, and of
1-methyl-2-methylthio-5,5-diphenyl-2-imidazoline-
4-thione (17) (compound VII of Ref 19): ready
loss of Me and methylthio groups from the
molecular ions occurs in all three cases. The
further fragmentation patterns are, however,

S

P
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Me™ T
SM
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Z
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completely different. Thus, the m/e 311 ion, formed
from the molecular ion of 13 by loss of MeS, fur-

nishes l'\v elimination of

....... minatiol an inn of mace

C.H,.
number 145 whose structure may be represented
most probably by Ph—N=C—N=C==0. The point
of attachment of the methylthio group in 14 is cor-
roborated by the appearance of an ion of the com-
position C,.H N (m/e 193) whose structure is prob-

ably Ph,C=C=NH.

EXPERIMENTAL
NMR spectra were obtained at 60 MHz with the aid of a
Perkin-Elmer spectrometer (Type R 12) with TMS as in-
ternal reference; the & scale was used. Mass spectra were



3576

obtained with the aid of an AEI MS-902 mass spectrome-
ter, equipped with a direct sample insertion system, at an
electron energy of 70 eV and an ion source temperature of
120-150°. The exact mass measurements were carried out
with an accuracy of 2 ppm.

N-Cyano-N-(a-cyanobenzhydryl Yaniline (3a)

A mixture of a-bromo-a-cyanodiphenylmethane®
(27-2 g; 0-1 mole), potassium N-cyanoanilide (46-9 g; 0-3
moles) and anhyd DMSO (150 ml) was allowed to stand
for 4 days at rt to yield 8:3g of crystalline 3a, m.p.
127-128° (EtOH), which was filtered off by suction,
washed with cold EtOH and a large amount of water. A
further crop of 10-5g of 3a, m.p. 127-128° (EtOH), was
obtained by pouring the mother liquor of the first crop into
water (600 ml), separating the oily product thereby formed
from the aqueous soln, triturating it with ether (100 ml)
whereby it turned crystalline, and by collecting the cryst-
als after the mixture had been allowed to stand overnight
in a refrigerator. The total yicld amounted to 61%. (Found
for 3a: C, 81-49; H, 5:01; N, 13:64. C,,H;sN; (309-37) re-
quires: C, 81-53; H, 4-89; N, 13-58%); IR (KBr): 2218
(C=N), 1590, 1485, 1400, 760, 750, 700 (phenyl); NMR
(CDCL): 465-430 Hz (m).

Ethyl a-(N-cyanoanilino)-diphenylacetate (3b)

A mixture of ethyl a-chlorodiphenylacetate* (12-4 g; 45
mmoles), potassium N-cyanoanilide (21g; 135 mmoles)
and anhyd DMSO (100 ml) was allowed to stand 5 weeks
at rt to yield 3-5g of crystalline 3b, m.p. 148-149°
(MeOH), which was filtered off, washed with cold MeOH
and a large amount of water. The mother liquor of the
crude first crop was poured into water (600 ml) and the
crystalline (or, from time to time, oily) ppt was triturated
with ether to yield a second crop of 1-7g of 3b, m.p.
148-149° (MeOH). The total yield was 32-5%. (Found for
3b: C, 7775; H, 5-83; N, 7-64. CsHyN,O, (356-43) re-
quires: C, 77-51; H, 5-66; N, 7-86%); IR (KBr): 2220
(C=N); 1730, 1225, 1012 (ester), 1590, 1490, 1445, 765 (d),
745, 700 (phenyl); NMR (CDCL): 460415 Hz, m, 15H; &
4-25, qu, 2H and & 1-08, tr, 3H, J =7-5 Hz.

1,5,5-Triphenylhydantoin (4a)

(a) A mixture of 3b (0-33 g; 0 9 mmoles), N/1 NaOH and
EtOH (10 ml, each) was refluxed for 4 hr, the EtOH was
distilled off and the residue acidified with conc HCI to
yield 0-28g (92%) of 4a, colourless crystals, m.p.
198-199°C (aqueous EtOH), 1it.° 197-198°. (Found for 4a:
C, 76-65; H, 4:92; N, 8-22. C,,H,(N,O, (328:37) requires
C, 76-82; H, 4-91; N, 8-53%); IR (KBr): 3250~3000 with
local maximum at 3150 and shoulder at 3050 (NH); 1770+
1750*% and 1730+1710* (O=C—N—C==0); 1600, 1500
and 1460 (skeletal vibrations).

(b) A mixture of 3b (0-5g; 1-4 mmoles) and 20% HCl
(20 ml) was refluxed for 7hr. The mixture remained
heterogeneous throughout and the oily insoluble material
solidified on cooling This product was thoroughly washed
with water and recrystallized from aqueous EtOH to yield
0-25 g (54%) of 4a identical, according to its IR spectrum,
with the product obtained as described under (a).

TLC examination of the mother liquors of both the
crude and recrystallized 4a disproved the presence even
of traces of the rearranged product 4b.

*The reason of the dublet splitting of these bands is not
known.
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(c) A mixture of 5a (see below; 0:5 g; 1:5 mmoles), conc
HCl and EtOH (10 ml, each) was refluxed for 8 hr and,
after being allowed to cool, diluted with water. The crys-
talline product was recrystallized from aqueous EtOH to
yield 0-15 g (30%) of 4a, m.p. 198-199°C, identical with the
product prepared according to (a).

(d) A mixture of 13 (see below; 0-30g; 0-8 mmoles),
conc HCl and EtOH (5 ml, each) was refluxed for 5 hr to
yield a crystalline ppt of 0-20g (73%) of 4a, m.p.
197-198°C (aqueous EtOH), identical with the product ob-
tained according to (a).

() A mixture of 14 (see below; 0-30 g; 0-8 mmoles),
conc HCI and EtOH (5 mi, each) was refluxed for 5 hr and,
after being allowed to cool, diluted with water to yield
0-15 g (55%) of 4a, m.p. 198-199° (aqueous EtOH), identi-
cal with the product obtained according to (a).

4-Imino-1,5,5-triphenyl-2-imidazolidinone (5a)

(a) A mixture of 3a (2-0 g; 6:5 mmoles), N/1 NaOH and
EtOH (20 ml, each) was refluxed for 8 hr and the EtOH
was distilled off. The colourless crystalline product which
separated on cooling was recrystallized from EtOH to
yield 2-0 g (85%) of colourless Sa+EtOH, m.p. 286-287°.
The solvent of crystallization was removed by keeping the
product in vacuo (15 Torr) at 110°. The m.p. of 5a is 287°.
(Found for Sa+EtOH: C, 74-10; H, 6-27; N, 11-29.
CH,N,O+EtOH (373-46) requires: C, 73-97; H, 6-21; N,
11:25%); (Found for 5a: C, 76-82; H, 5-24; N, 13-00.
C., Hi:N;O (327-39) requires: C, 77-04; H, 523; N,
12-84%); IR (KBr): 3600-2800 with local maxima at 3350
and 3050 (NH), 1720 (C=0), 1650 (C=N).

The same product was obtained by treating 3a with al-
kaline H,0O..

(b) A mixture of 14 (see below; 0:20 g; 0-56 mmoles),
10% NaOH aq 2 ml) and DMSO (10 ml) was stirred for
16 hr and subsequently poured into water (80 ml). The
crystalline product was worked up as described under (a)
to yield 0-12 g (66%) of 5a, m.p. 280-281° (EtOH), identi-
cal according to the IR spectra with the product obtained
according to (a).

Attempted hydrolysis of 14 with aqueous AcOH (1:1)
furnished a considerably less pure product from which
pure 5a could be isolated only in low yield by repeated re-
crystallizations.

4-Imino-1,5,5-triphenyl-2-imidazolidinethione (8a)

A stream of H,S was introduced at rt into a mixture of
3a (2-0 g; 6-5 mmoles), anhyd pyridine (10 ml) and anhyd
triethylamine (3 ml). After about 15 min the precipitation
of colourless crystals started. The introduction of H.S
was continued for a further hr and the crystalline product,
2-15 g (97%), m.p. 305-306° (EtOH) was filtered by suction
and washed with cold EtOH. (Found for 8a: N, 11:96; S,
9-04. C,,H,;-N,S (343-45) requires: N, 12:23; S, 9-34%); IR
(KBr): 3500-2600 with local maxima at 3350 and 2900
(NH); 1640 (C=N); 1590, 1500, 1450, 760, 750, 700
(phenyl);" UV (EtOH): 280 (4-40); 350 (2-50), sh.

4-Imino-2-methylthio-1,5,5-triphenyl-2-imidazoline (14)
A mixture of 8a (2:0g; 5-8 mmoles), anhyd MeOH
(20 ml) and Mel (0-5 ml; 8-1 mmoles) was gently refluxed
for 15 min and, after being allowed to cool, treated with
N/1 NaOH until alkaline. The crystalline product was pre-
cipitated by dilution with water and recrystalhzed from
gasoline to yield 1-4 g (67%) of the colourless crystals of
14, m.p. 183-184°, (Found for 14: N, 12-19; S, 899.
CHsN:S (357-48) requires: N, 11-77; S, 897%); IR
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(KBr): 3250 (NH); 1640 and 1470 (C==N); 1500, 780, 760,
700 (phenyl); UV (EtOH): 240 (4-33), 280 (4-21).

1,5,5-Triphenyl-2-thiohydantoin (6a)

A stream of H,S was introduced into a refluxing mix-
ture of 3b (3-0 g; 8-4 mmoles), anhyd pyridine (30 ml) and
anhyd triethylamine (10 ml) until (after about 9hr), ac-
cording to TLC (adsorbent: Kieselgel PF.s,. 16, Merck, de-
velopment: benzene, detection: iodine vapour), no more
unchanged starting substance was present. The hot soln
was subsequently poured into water (70 ml) and the cryst-
als of 6a (2-4 g; 83%), m.p. 220-221° (EtOH), which sepa-
rated on cooling were filtered by suction and washed with
cold EtOH. (Found for 6a: C, 73-14; H, 4-82; N, 8-15.
CoHsN.OS (344-44) requires: C, 73-23; H, 468; N,
8:13%); IR (KBr): 3250-2850 with local maxima at 3100
and 2900 (NH); 1730 (C=0); 1590, 1500, 1450, 750, 700
(phenyl); UV (EtOH)" 234 (4-39); 279 (4-38); 328 (2-60), sh.

2-Methylthio-1,5,5-triphenyl-2-imidazolin-4-one (13)

A soln of 6a (0-8 g; 23 mmoles) in a mixture of MeOH
(15ml) and 10% NaOH aq (2 ml) was treated with Mel
(1-0ml; 16 mmoles). After the mixture had been
thoroughly shaken for a few min at rt, the precipitation of
the colourless crystals of 13 (0-6g; 72%), m.p. 185-187°
(EtOH), started. The product was separated after the mix-
ture had been allowed to stand overnight. (Found for 13:
N, 8-02; S, 9-22. C,,H::N,OS (358-46) requires: N, 8-:09; S,
9-25%); IR (KBr): 1740 (C=0), 1530 (C=N); 1500, 1450
(skeletal vibrations); UV (EtOH): 250 (4-25).

1,5,5-Triphenylglycocyamidine (7a)

A mixture of 13 (0-15g; 0-4 mmoles) and 10% (w/v)
ethanolic ammonia soln (10 ml) was heated in a sealed
tube for 6 hr at 100°. The resulting soln was allowed to
cool and poured into water to yield 0-11g (81%) of the
colourless crystals of 7a, m.p. 289-290° from aqueous
EtOH. (Found for 7a: C, 77-28; H, 5-39; N, 12-69.
C,Hi:N;O (327:39) requires: C, 77-04; H, 5:23; N,
12-84%); IR (KBr): 3450 and 3250-2500 with local maxima
at 2900 and 2700 (NH), 1730 (C=0), 1660 (C=N), 1500,
1450, 780, 760, 710 (phenyl).

a-(3-Phenylureido)-diphenylacetonitrile (15)

Phenyl isocyanate (0-65 ml; 6 mmoles) was added to a
solution of a,a-diphenylglycinonitrile” (1-0g; 4-8
mmoles) in pyridine (10 ml). Heat was evolved and the
precipitation of colourless crystals started soon. The mix-
ture was allowed to stand overnight and the first crop of
15 (0-65 g), m.p. 206-207° (EtOH) was filtered off by suc-
tion and washed with EtOH. The mother liquor was di-
luted with EtOH (10 ml), and water was added by drops
until the precipitation of the second crop of 15 (0-25g),
m.p. as above, started. The total yield was 57%. (Found
for 15: C, 76-83; H, 5:53; N, 13-06. C.,H:N,0 (327-39) re-
quires: C, 77-04; H, 5-23; N, 12-84%); IR (KBr): 3400,
3300 and 1560 (NH); 1650 (C==0); 1610, 1510, 1460
(skeletal vibrations).

5-Imino- 1,4,4-triphenyl-2-imidazolidinone (5b)

A mixture of 15 (0-4g; 1-2 mmoles), N/1 NaOH and
MeOH (20 ml, each) was refluxed for 4 hr. When the
MeOH was distilled off, the colourless crystalline pro-
duct, 0-27 g (67-5%) of 5b, m.p. 216-217° (EtOH), sepa-
rated. (Found for Sb°- C, 76:83; H, 5-39; N, 12:77
C.HsN;O (327:39) requires: C, 77-04, H, 5-23; N,
12-84%); IR (KBr): 3300-2800 with local maxima at 3100
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and 2850 (NH), 1760 (C==0), 1670 (C=N); 1600, 1500,
1440, 770, 760, 710 (phenyl).

5-Imino-1,4,4-triphenyl-2-imidazolinethione (8b)

A mixture of a.a-diphenylglycinonitrile (10g; 48
mmoles), pyridine (30ml) and phenyl isothiocyanate
(7-0 ml; 58 mmoles) was allowed to stand for a week at rt.
The product, 8:5 g (52%), m.p. 218-219° (EtOH), was pre-
cipitated by the addition of EtOH. (Found for 8b: C,
73-19; H, 5-08; N, 12-26; S, 9:33. C,,H;7;N,S (343-45) re-
qurres: C, 73:44; H, 4-99; N, 12-23; S, 9-34%); IR (KBr):
3250-2800 with local maxima at 3100 and 2900 (NH); 1670
(C=N), 1520 (BNH); 1600, 1500, 1450, 750, 710, 700
(phenyl); UV (EtOH) 268 (4-48); 304 (2-54), sh.

3,5,5-Triphenyl-2-thiohydantoin (6b)

A soln of 8b (0-5 g; 1-5 mmoles) in a mixture of water
(20 m1), MeOH (30 mi) and conc HCI (5 mi) was allowed to
stand for 2 weeks at rt, whereby 0-4 g (80%) of the pro-
duct, m.p. 254-255° (EtOH), lit.” m.p. 254° (EtOH), sepa-
rated in crystalline form. IR (KBr): 3290 and 1480 (NH),
1735 (C==0), 1230 (thiourea); 1500, 750, 690 (phenyl); UV
(EtOH): 274 (4-33), 322 (2-:27).

Under similar conditions, and even after refluxing an
aqueous methanolic hydrochloric acid solution for 7 hr 8a
remained unchanged.

2-Methylthio-1,4,4-triphenyl-2-imidazolin-5-one (9)

This was obtained as described in the literature;” IR
(KBr): 1735 (C==0), 1565 (C=N); 1580, 1490, 1445, 750,
695 (phenyl); UV (EtOH): only end absorption.

5-Imino-2-methylthio-1,4,4-triphenyl-2-imidazoline (11)

Mel (0-2ml; 3-2 mmoles) was added to a soln of 8b
(0-5 g; 1-5 mmoles) and NaOH (0-1 g; 2-5 mmoles) in 80%
(v/v) aqueous MeOH (10 ml) and, after being thoroughly
shaken, the mixture was allowed to stand at rt for 1 day.
During this time 0-4 g (77%) of the colourless crystalline
product, m.p. 140-141° (gasoline), separated. (Found for
11. C,74-04; H, 5-30; N, 11-92; S, 8:67. C»,H,oN,S (357-48)
requires: C, 73-92; H, 5:36; N, 11:77; S, 8-97%); IR (KBr):
3250 (vw., NH); 1660, 1560 (C=N); 1500, 1450, 760, 740,
710 (phenyl); UV (EtOH): only end absorption.

3,5,5-Triphenylhydantoin (4b)

(a) A mixture of 11 (0+17 g; 0-5 mmoles), conc HCI and
MeOH (5 ml, each) was refluxed for 3 hr, whereby the pre-
cipitation of the crystalline product started. The yield was
0-10 g (64%), m.p. 207-208° (EtOH), lit.” m.p.: 203-5°. The
product was, according to its IR spectrum, identical with
an authentic sample prepared as described in the litera-
ture.” IR (KBr): 3300-3050 with local maxima at 3220 and
3100 (NH); 1770, 1715 (O=C—N—C=0); 1600, 1490,
1445 (skeletal vibrations), 1400 (8NH).

(b) A mixture of 11 (0-5g; 1-4 mmoles), water and
AcOH (5 ml each) was refluxed for 6 hr and subsequently
evaporated to dryness in vacuo. The residue was tritu-
rated with N/1 NaOH (10 ml) and the colourless crystals
of 0-32g (70%) of 4b, m.p. 194-196°C (aqueous EtOH)
thereby obtained were filtered by suction

According to its IR spectrum this product was identical
with the product prepared according to (a).

Ammonolysis of 9

(a) A mixture of 9° (2-0g, 5-6 mmoles), 10% (w/v)
ethanolic ammonia soln (20ml) and NH.I (2-0g) was
heated in a sealed tube for 3-5 hr at 148°. When the soln
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was chilled in ice-water, 0-84 g of a mixture (fraction A)
consisting of 7b, 16 and unchanged 9 was obtained. By
addition of water to the mother liquor of A another frac-
tion (B; 0-81 g), consisting of 7b and unchanged 9 was ob-
tained.

When fraction A was boiled with EtOH (20 ml), 0-27 g
(15%) of 16, m.p. 325-326° (pyridine-EtOH), identical ac-
cording to its IR spectrum with an authentic sample (see
below), was obtained as the insoluble residue. By adding
water to the mother liquor of 16, a mixture (0-46 g) of 7b
and 9 separated. This was boiled up with gasoline, and 7b
(015 g), m.p. 237-238°, was obtained as the insoluble re-
sidue, whereas unchanged 9 (0-3 g), m.p. 141-142°, crystal-
lized from the gasoline soln on cooling.

Fraction B was boiled up with toluene (20 ml), and 7b
(0-3 g), m.p. 240-242°, was obtained as the insoluble re-
sidue. The toluene soln was allowed to cool and light pet-
roleum was added to precipitate a mixture (0-3g) of 7b
0-04g, m.p. 237-238°) and unchanged 9 (0-2g, m.p.
141-142°) which were separated by boiling up with
gasoline as described above. By evaporation of the
toluene-light petroleum soln an additional amount of 9
(0-1 g) was obtained. The total yield was 0-6 g (30%) of
recovered 9, m.p. 141-142° (gasoline), 0-54 g (30%) of 7b,
m.p. 242-243° (aqueous MeOH) and 0-27 g (15%) of 16,
m.p. 325-326° from pyridine-EtOH. (Found for 7b: C,
76-98; H, 5:39; N, 12-50. C,,H,7N,0 (327-39) requires: C,
77-04; H, 5-23; N, 12:84%); IR (KBr): 3450 and 3050
(broad) (NH); 1740 (C=0); 1690 (C=N); 1600, 1500,
1460, 760, 700 (phenyl).

An authentic sample of 16 was obtained* in 80% yield
by refluxing 10" with aniline in ethanolic soln, m.p.
331-333° from DMF. (Found for 16: C, 76:73; H, 5-33; N,
12-73. C,:HsN:O (327:39) requires: C, 77-04; H, 5-23; N,
12:84%); IR (KBr): 3600-2800 with a shoulder at 3350 and
a local maximum at 3060 (broad) (NH); 1695 (C==0); 1640
(C==N); 760 and 700 (phenyl).

®) A mixture of 9 (0-3g; 0-84 mmoles), 5% (w/v)
ethanolic ammonia soln (10ml) and NH.I (0-3g) was
heated for 7hr at 145°. 0-05g (18%) of crystalline 16
separated on cooling. The filtrate was evaporated to dry-
ness in vacuo and the residue was triturated with 20 ml
warm water to vyield 0-14g (67%) of 5,5-
diphenylglycocyamidine, identical by IR spectrum with an
authentic sample,”*® as the insoluble residue.

Hydrochloric acid hydrolysis of 3a

Compound 3a (0-5g; 1-6 mmoles) was refluxed with
20% HCI (40 ml) for 7 hr. The crystalline ppt (0-48 g) was
filtered off by suction after the mixture had been chilled in
ice-water; it was worked up by preparative TLC (4 plates,
20%20 cm, each, adsorbent: Kieselgel PF.si.:6, Merck,
thickness of layer 1-5 mm; development :benzene-MeOH,
9:1; detection. UV light or I, vapour).

The three main components were separately eluted with
MeOH, and by evaporation of the solvent 0-13 g (24-5%)
of 4b, m.p 203-204° (EtOH), lit.” m.p. 203-5°, IR spectrum

*Experiment by the late J. Puskas.
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identical with that of an authentic sample,” and 0-10g
(19%) of 4a, m.p. and mixed m.p. with an authentic sample
(see above) 198-199° (aqueous MeOH), IR spectrum iden-
tical with that of an authentic sample, and the hydro-
chloride of 5a were obtained. The latter was recrystallized
from EtOH containing some NaOH to yield, after drying
in vacuo at 110°, 0-07 g (13%) of Sa, m.p. and mixed m.p.
with an authentic sample (see above) 286-287°, The IR
spectra of this product and that of an authentic sample
were identical.
For the acid hydrolysis of the related 3b, see above.
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