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Abstract—N-Cyanomanines react with aziridinone 1 to yield the amides 2. Base catalysed ring closure of the latter
furnished the glycocyamidines 3. Acid catalysed de-t-butylation, and deimination combined with de-t-butylation of
the compounds 3 leads to 1-substituted $,5-diphenylglycocyamidines (4) and -hydantoins (8), respectively. Part of the
hydantoins § were also directly obtained by hydrochloric acid treatment of amides 2. Selective de-t-butylation in
position 3 of the glycocyamidine 3 (R -Bu) was brought about by heating with methanolic NH, in the presence of
NH.]. Reaction of 1 with the unasubstituted N-cvanoamine furnished carbodiimide 7 which was cychized to the
glycocyamidine 8. The mass specira of some glycocyamidines 4 and hydantoins 8. as well as of compounds 7 and 8
are discussed.

At present there is no gencral method available for the
synthesis  of l-alkyl,- l-aralkyl and l-aryl-55-
diphenylhydantoins (§) and -glycocyamidines (4). As only
special representatives of these two types of compounds
have been prepared,' we now describe a general method
for the synthesis of compounds of types 4 and § (Scheme
1).
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- 3,3 - dipheny! - 2 - aziridinone (1)." The structures of the
products followed unequivocally from their IR spectra
which exhibited »(N)>-C=N and amide | bands in the
regions 2250-2230 and 1685-1680 cm ', respectively.

All our attempts to obtain the 2 - (N - cyano - N -
methylamino) derivative 2 (R = Mc) failed: in all cases the
ring closure product 3 (R = Me) was formed directly. The

s 0
Ph.C—( Ph;,
—N NH Bu(t)— N
A —— R/ w(N\Bu(l)
C=N NH
2 3
I |
0O ()

Ph,/~/<
N _NH
g

NH
4

NH

N
R™ Y
o}

5
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The key compounds of our syntheses are the N - {1 -
butyl) - 2 - (N - cyano - N - substamino) - 2.2 -
diphenylacetamides 2 which were obtained in 48-73%
yield by allowing N-cyanoamines to react with 1 - (1 - butyl)

* Hydantoins, thiohydantoins and glycocyamidines, Part 41. For
Part 40 see Ref. 1.

* Part of the present work has been published as a preliminary
communication, see Ref. 1.

remaining compounds 3 were obtained by ring closure of
the corresponding compounds 2, effected in the presence
of triethylamine.

The v(N)}-C=N band in the IR spectra of the starting
compounds 2 disappcared as a result of the ring closure,
the amide 1 band was shifted towards higher wave num-
bers (1740-1725 cm ') and the IR spectra of the products 3
cxhibited a ¥C=N band in the region 1640-1635cm .
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Treatment of the glycocyamidines 3 with hydrochloric
acid furnished, by elimination of the t-Bu group the
desired 1-alkyl-, 1-aralkyl- and 1-aryl-$5,5-diphenyl-
glycocyamidines, respectively, in 70-90% yield. In the
case of 3 (R = t-Bu) both t-Bu groups were climinated on
such treatment; while heating with methanolic ammonia
in the presence of ammonium iodide resulted in selective
elimination of the 3-t-Bu group. The latter reaction proba-
bly involves a Dimroth rearrangement followed by nuc-
leophilic displacement of the 2-(t-butylamino) group as
shown in Scheme 2 (cf Ref. 3).

Hydrochloric acid treatment of 3 (R = p-MeQC.H.)
furnished mixtures of two de-t-butylated products, viz 4
(R=p-MeOCH, and R =p-HOC.H.). By heating 3
(R = p-MeOCH.) with acetic acid-HBr aq mixtures, the
latter product was obtained in pure form, while heating of
3 (R = p-MeOC.H,) with ethanolic ammonia in the pres-
ence of NH.I resulted in selective removal of the t-Bu
group and formation of pure 4(R = p-MeOC,H.). The mass
spectra demonstrated that the latter two products were
pure and uncontaminated by the other.

The IR spectra of the compounds exhibited amide I and
»C=N bands in the regions 1720-1705 and 1660-1640 cm °,
respectively.

Deimination of the glycocyamidines 3 furnished the
N.N'-disubstituted hydantoins 6 in $3-96% yicld. The IR
spectra of the latter exhibited two bands in the 1760-1750
and 1715-1700 cm ' region, respectively (»O=C-N-C=0).

The synthesis of most of the 1-substituted §,5-
diphenylhydantoins (§) was performed either by de-t-
butylation of the corresponding compounds 6 with 489
HBr ag-acetic acid mixtures (Method A, 75-95% yield)
or, in a few cases, by refluxing the amides 2 with 20%
hydrochloric acid (Method B). No selective de-t-
butylation of 6 (R=1t-Bu) and 2 (R =t-Bu) could be
achieved by Methods A and B. respectively, $.5-
diphenylhydantoin (5, R = H) being the product obtained
in both cases.

When Method A was applied to compound 6 (R = p-
MeOC.H.) de-t-butylation was accompanied by demethy-
lation, § (R = p-HOC¢H.) being the product obtained. §
(R=p-MeOC.H.) was obtained by deimination of the
corresponding compound 4.

The IR spectra of the hydantoins § are characterized by
two bands in the 1760-1750 and 1715-1700cm ' regions,
respectively (vO=C-N-C=0).

Reaction of 1 with unsubstituted cyanoamine furnished
a novel product which, according to its mass spectrum,
proved to be a 2:1 adduct of the reactants. The IR
spectrum of the adduct exhibited characteristic bands at
3330 (sNH), 2130 (vN=C=N) and 1670cm ° (amide I),
respectively. In its NMR spectrum two signals were only
present (at § 7-27 and § 1-30 ppm, respectively, both s,
intensity ratio 10:9). From these data structure 7 was
deduced for the product. The formation of 7 may be
explained by assuming attack of a second molecule of 1

*Potentially tautomeric compound. The tautomeric structure
has not been established.

by the less hindered cyanoamine N atom of the inter-
mediate 2 (R = H).

When refluxed with ethanolic triethylamine, 7 was
isomerised to 8. The structure assignment of the latter
product is based on its IR, NMR and mass spectrum.
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MASS SPECTROMETRY
4and § (R = p-MeOC(H. and p-HOCH.). The fragmen-
tation patterns of 4 and § (R=pMeOCH, and p-
HOCH.) are completely analogous to those of com-
pounds 4 and § (R = Ph) described earlier.’ In the case of
the latter two compounds it was not clear whether in the
course of the transitions
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mie 180 mle 258

the pheny! group attached to nitrogen or one of the phenyl
groups attached to carbon is lost. Since in the case of
compounds 4 and 8 (R = p-MeOC.H. and p-HOC.H.) the
corresponding ions a and b appear to be capable of losing
either a phenyl or a substituted phenyl group, and benzene
or a substituted benzene, respectively, both processes are

Ph,C=N—R — >~ Ph—CuN—Ph

] [y
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R = p-MeOC.H., p-HOC.H,
Scheme 3

possible, as supported by metastables. As shown by the
relative abundances of ions ¢ and d, the losses of the
unsubstituted phenyl group and benzene, respectively,
predominate, probably because these are the more simple
processes leading to the stable symmetric structures.
According to exact mass measurements, the elemental
composition of the isomeric compounds 7 and 8 is
C1»HoNO:. Their mass spectra have many common
peaks and are very similar. The main fragmentation
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patterns are shown in Scheme 4; for the complete spectra
sec Experimental. The main primary fragmentation of
both molecular ions consists in the loss of the CONHBu(1)
group (formation of the mje 472 ion). Characteristic
differences in the behaviour on electron impact of the two
compounds are that only compound 7 is capable of losing
consecutively two such groups, and that in its mass
spectrum the fragment ion corresponding to the basis
peak (m/e 267) arises from the m/e 472 jon, as supported
by metastables. The m/e 267 ion is, in agreement with the
differences in structure of the two compounds, absent
from the mass spectrum of compound 8.

EXPERIMFNTAL

V- (1 - Burvly - 33 - diphenyl - 2 - azindinone (1). This
compound was obtained as described in the literature.’ Slight
modifications of the experimental conditions proved. however,
necessary .

Thus. a soln of (-BuOK (4-8 g 43 mmoles) in dry ether (100 ml)
was added under continuous stirring and ¢xternal cooling with
ice-water within 1/2 hr to a suspension of N - (1 - buty]) - 2 - chloro
- 2.2 - diphenylacetamide® (12 g: 40 mmoles) in dry ether (400 ml).
The crystalline ppt was filtered ofl. Light petroleum (400 m!) was
added to the filtrate. and the soln was concentrated 1o about 400 ml
by distillation in racuo at r.t. The residue was chilled at - 70° to
yield §:3-5-7g (50-%4%) of ). m.p. 84-86°, lit.} m.p. 79-RI°C. The
IR spectrum (KBr) was identical with that described in literature

N-Cyanoamines. The N-cyanoamines R=Me* R~ Et’ R =1-
BuR = PhCH,."R = Ph,*R - m-CIC,H."*and R - p-MeOC.H."
were prepared according to known methods.

N-Cyano-p -toluidine was prepared by a method different from
that described.'? Thus cyanogen bromide (10-6 g; 100 mmoles) was
added to a soln of p-toluidine (20 g. 187 mmoles) in a mixture of
E1OH and water (50 ml, each). The mixture was stirred under
ice-water cooling for 172 hr and poured into water (300 ml) to yield
10-6 g (B6%) of crystalline N - cyano - p - toluidine, m.p. 70-71*
(CHCl,-light petroleum), lit."* m.p.: 69°. (Found C, 72-41; H., 6-23;
N, 21-05 Cak for CqHaN;: (132:17)C, 72-71; H,6-10; N, 21-20%).

N-(t-Butyl)-2-(N - cvano - N - subst. amino) - 2.2 -
diphenyl - acetamides (2) see Table |. Anhyd benzene «olns of

the appropriate N<cyanoamines were treated at r.1. (external
waler-cooling) with 1; the mixtures were stirred for 2-4 hr, al-
lowed to stand overnight and worked up according to methods
A-C.

Method A: the products were precipitated in crystalline form
by addition of light petroleum.

Mecthod B: the mixtures were evaporated to dryness and the
oily residues were crystallized from the appropriate solvent.

Method C: the crystalline product separated from the benzene
soln.

341 - Buryl) - | - methyl - S5 - diphenyiglvcocyamidine (3,
R = Me), 1 (3-0g; 11-2 mmole) was added to a soln of N - cyano -
N - methylamine (1-8g; 32 mmoles) in dry benzene (30 ml). The
mixture was stirred for 4 hr and allowed to stand for one day atr.1.
The oily dry residue of the soln was extracted with two portions of
boiling gasoline (40 ml, each). On cooling. 2-45g (67%) of the
crystalline product separated; for the m.p. and microanalysis
results of the product see Table 2.

3-(t - Butyl) - 1 substituted - 3.5 - diphenylglycocyamidines
(3.R # Me). The compounds 2 were refluxed for 2 hr with FtOH in
the presence of tricthylamine, and the crystalline products were
precipitated by the addition of water (sec Table 2). NMR spectra
(CDC), TMS) 3R = Me): 8 2-63 (s, 3H) and 1-7S ppm (s, 9H): 3
(R Ft): & 3-30 (qu. 2H), 1-75 (s, 9H) and 0-S3ppm (1, 3H): 3
(R - t-Bu): & 1-67 and |- 30 ppm (s, 9H. both). 3 (R = PhCH,): §
4-44 (s, 2H) and 1-78 ppm (s, 9H).

De - 1 - butviation of the X - (1 - buryl) - | - substituted - 5.5 -
diphenylglycocyamidines 3 (R # 1-Bu) (sce Table 3). The starting
compounds were refluxed for 2 hr with 205 H() and the solns
were evaporated to dryness. The resulting bvdrochlorides of the
comresponding compounds 4 were dissolved in FIOH, Njl
NaOH aq was added and the crystalline products were precipi-
tated by dilution with water. In the case of 4 (R — PhCH;) the
crystalline hydrochloride separated from the hydrolysis mixture:
it was fikered off and treated as described ahove.

De -t - butylation of 1.3 - di(t - butyl) - 5.5 - diphenylglyco-
cyamidine (3, R =t-Bu). (a) 3 (R =1-Bu) (60 mg: 0-16 mmole)
was refluxed with 3ml 2097 HClaq for 2hr. The mixture was
worked up as described above to yield 38 mg (859%) of 4 (R - H),
identical according to m.ps and IR spectra with an authentic
W‘I‘

(b) A mixture of 3 (R = (-Bu) (0-6 g: 1-7 mmole), MeOH (30 m)),
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Table 1. Synthesis of N-(1-butyl}-24N-cyano-N-subst. amino)-2,2-diphenylacetamides 2

E=-2yssounzine l 4 I 3 'wc/’vund
Mo dene, ~—{ aet.ce 1
B L3 ancle a ¢ a4 L4 X ap., °C recryst. iros fersuls [V s »s
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o B0 7392.527 78,53 2.03  10.98
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Table 2. Preparation of 3-(t-hutyl)-1-substituted- 5, S-dipheny Iglycoc yamidines 3
' L—— i = = 208, “?" ! - diead ¢ ——JM'O —
'y mole | = al . 3 ., O recryst. from  fcrauwla [ " X
Mo o L8 gsx ilne or :2\,"'25'50 ™8 7.21 15.07
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2/ g, Cole Budsi f.upd B0 %

saturated at O° with dry NH,, and NH,] (0-3g) was heated in a
sealed tube for 6 hr at 160°. The soln was concentrated to about 1/4
of its original volume. The crystalline product (4. R = 1-Bu: 0-40g:
719¢) was precipitated by the addition of water. NMR (CDCy): &
1-31 ppm (s, t-Bu).

De-t-butylation of 3 (R = p-Me(X.H,). (a) 3(R - pMe(XH.)
(0-4 8. 1-0 mmole) was refluxed for 6 hr with a mixture of AcOH
and 48% HBr aq (3 ml, each). The soln was evaporated to dryness
and the residue was triturated with NH,OH aq to fumish 0-29g
(78%) of 4 (R - pHOC H.).

MS (70 eV, direct insertion, 180°): m/e 343 (M, 100%). 314
(4-0%); 274 (52%). 266 (3-1%. M-Ph); 259 (2-6%). 250 (4-0%,
M-p-HOCH.L): 222 (5-29); 207 (5-5%); 196 (29%). 182 (119%);
171-5 (2-6%, M>¥); 165 (415, C,,Hy"); 109 (4-35%); 104 (9-5%); 93

(S5, 77 (%) First field free region: 274 —— 196;

274 —— 180.
(b) A mixture of 3(R = p-MeOC.H.,) (1-0g; 2-d mmoles), FIOH
(40 ml), saturated with dry NH, at 0°, and NH.,] (0-4 g) was heated

for 6 hr at 170° in a sealed tube. The resulting soln was evaporated
to dryness and the residue was tnturated with water to yield 0-70 g
(81%) of crystalline 4 (R = p-McOC.H.).

MS (70 eV, direct insertion, 150°): m/e 357 (M, 1005); 328
(3-8%), M4 (2:7%), 288 (819%); 280 (3-1%, M-Ph). 273 (S-S,
M-69-15); 272 (9-0%); 222 (4-89%); 210 (19%, M-69-78). 180 (5-9%);
178 (1590); 165 (28%. C.\H.*): 138 (129 ); 92 (5-5%). T7 (14%).

Metastable  transitions:  3$7-—— 328, 387 —. 288;
387.—<280. First fiekd free region: 288 —Z. 0
288 — = 180,

For the m.ps and microanalysis data of 4 (R = p HOC.H. and
p-MeOCH.), see Table 3.

Deimination of the glvcocyamidines 3 (see Table 4). 96% AcOH
solns of the glycocyamidines 3 were treated under continvous
stirring with NaNQ; aq solns (added in portions within 1-4 hr) at
r.t. The mixtures were—irespective of the crystalline precipitate
formed in some cases—heated to their b.p. The products ¢ were
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Table 3. Preparation of the glycocyamidines 4 by de-t-butylation of compounds 3
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Table 4. Preparation of the NN’ -disubstituted hydantoins 6
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obtained by the addition of water to the hot solns, and recrystal-
lized from AcOH aq.

Preparation of \-substituted S.S5-diphenvihvdantoins (8) (see
Table §)

Method A. The 1 3-disubstituted hydantoins ¢ were refluxed for
2-7 hr with a mixture of equal volumes of %% AcOH and 48%
HBraq. The products were precipitated by addition of water 1o
the hot mixtures.

Method B. The compounds 2 were refluxed for 2 hr with 209
HClaq. The products separated on cooling.

| - (p - Methoxyphenyl) - $.S - diphenvihydantoin (S, R = p-

McOC.H.). 4 (R - pMeOC.H,) (0-31 g; 9 mmoles) was dissohved
in AcOH (10 ml). and an aqueous (S ml) soln of NaNO, (1-2g) was
added within 2 hr at 80°. The product (0-18 g; 58%) separated on
cooling. For the m.p. and the microanalytical data, see Table 5.

MS (T0eV, direct insertion, 150°C): m/e IS8 (100%, M); 329
(1-0%); 315 (0-4%); 287 (37%); 281 (3-6%). 272 (1252, M-T1-15); 210
(25%). 180 (4-3%): 165 (30%, C . H,®); 143-5 (315, [M-T1]7*); 11§
(2-8%), 92 (S9%). 77 (15%). Metastable transitions:

28724072, 388 87:358 281. First field free reg-

ion: 287 — 210: 287 — "+ 180,
I - (p - Hvdroxvpheny!) - S.S - diphenylhydantoin (S, R = p-
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Table S. Preparation of 1-substituted 5.5-diphenyhhydantoins §
] Starting soopount®/ Resgent®™ : I caicsroums Lit.  Nef
X wethod | T m . . .
Y aole N - p 4 = recryel. Irom  foruule [> 3 = .3 N ~
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HOC.H.). 6 (R - p-MeOCH,) (0-25 g; 6 mmoles) was refluxed for
7 hr with a mixture of AcOH and 48% HBraq (2 ml, each). The
product (0-20g; 92%) was precipitated by dilution with water of
the hot mixture. For the m.p. and the microanalytical data, see
Table $.

MS (70 eV, direct insertion, 160°C): m/e 344 (100%, M); 315
(2-2%); 300 (0-9%); 273 (47%). 267 (5-9%). 239 (1-2%, M-T7-28);
208 (3-4%); 196 (44%); 180 (4-6%); 165 (41%; C ., H.®); 139 (2-1%);
136:S (2:2%, [M-TIT™). 121 (15%); 115 (2-0%); 104 (3-19%); 93

(4-196); T7 (10%). Metastable transition: 344 —» 273. First fickd

free region: 273 N 196; 273 — 80,

5.5-Diphenylhydantoin (8, R - H). (a) 6 (R=1-Bu) (0-13g;
0-36 mmoles) was refluxed for 2 hr with a mixture of AcOH and
48% HBr aq (2 ml, each). The product (0-08 g; 89%) was precipi-
tated by dilution with water of the hot mixture, m.p.: 294° from
EtOH, lit."” m.p.: 295°.

() 2 (R - t-Bu) (0-20 g: 0-55 mmole) was refluxed for 2 hr with
20% HCl aq (2 ml). Water was added to precipitate 0-10 g (64%) of
$ (R = H), mp. 295

2,2 - Carbodiimidobis(N - {t - butyl) - 2.2 - diphenylacetamide)
(7). 1(1-8g; 6-8 mmoles) was added to the soln of Ncyanoamine
(0-35 g 8-8 ml) in anhyd benzene (10 ml). The mixture was stirred
for 4 hr at r.t. and allowed to stand for 2 days. Light petroleum
(90 ml) was added to the mixture in order to precipitate crude 7
which was recrystallized from MeOH to yield 1-05 g (50%) of pure
7. m.p. 190-1°.

Microanalyses could not be performed because the product
underwent microexplosions in the ignition tubes; the punty was,
however, checked with the aid of the IR and NMR (see above) and
mass spectra.

Mass spectrum (70 ¢V, direct insertion, 150°C): m/e 572 (0-8%,
M) 516 (0-2%); 473 (34%); 472 (69%). 416 (S3%); 372 (4-45¢); 267
(100%); 266 (195); 250 (11%); 210 (12%); 208 (37%); 207 (S6%).
182 (55%); 180 (23%); 167 (66%); 165 (67%); 132 (105%); 129 (12%);
104 (41%); B4 (10%): 77 (24%); 57 (63%). Metastable transitions:
4724267, 416210, 250+ 182; 208 -+ 129.

3-(1- Butyl)- 2-{a - (1 - butylcarbamoyl) - benzhydrylimino) -
5.8 - diphenylgiycocyamidine (8). A mixture of 7 (0-30g:
0-5 mmole), EIOH (3 ml) and Et,N (0-3 ml) was refluxed for 2 hr.
On cooling, 0-23g of 8, m.p. 171-2°, separated. A second crop
(0-04g) of 8, m.p. 170-1°, was obtained by adding water to the
mother liquor. The total yield was 90%; m.p. 171-2° (from EtOH).

*Diagnostic for the 341-Bu) group.””

Asoust of 96 £ AcON and of 45 % HEr &¢ /Nethod 4/ or of 20 % BC) eq /Metrhod )/

Por che s)yzifesie of tiis compound, eee text

(Found C, 77-32. H, 6-98: N. 9-66. Cak. for C;:HwN,0,: (572-76)
C.77-59.H,7-04; N, 9-78%). IR (KBr): 3370 and 3140 (vNH), 1740
(vC=0), 1660 cm ™' (vCaN); NMR (CDCl,): §1-87s,3-1-Bu,cf.", 8
1-24 ppm s, 1-Bu in side chain; MS (70 ¢V, direct insertion, 150°C):
mie 572 (M, 0:9%); 516 (0-3%., M-56):* 473 (48%); 472 (100%);
416 (83%); 250 (11%). 210 (14% ). 208 (9-5%); 207 (35%); 182 (55%).
180 (119%); 167 (26%); 165 (39%). 132 (8-3%). 129 (9-1%); 104
(42%). B4 (9:8%). 77 (16%), S7 (34%). Metastable transitions:
472+ 416; 416210, 250+ 182; 416 182.
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