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1,1-Dialkylguanidine reacted with benzil in the presence of sodium ethoxide to give
2-dialkylamino-4-oxo0-5,5-diphenylimidazoline, from which N-acetyl compound was
successfully obtained by heating with an great excess of acetic anhydride. The struc-
tures of these compounds were confirmed by mass spectra and infrared spectra.

It is reported that the reaction of guanidine and monoalkylguanidine reacted with benzil
in the presence of base to give 5,5-diphenylglycocyamidines and 7,8-diphenylglycoluril-2,5-
diimides, the proportions of them depending upon the amount of base.3-® On the other hand;
the condensation of 1,3-diphenylguanidine with benzil in neutral solution results in failure.”
Relating to behaviors of 1,1-dialkylguanidine toward benzil, however, little has been re-
ported. Thus, benzil was allowed to react with 1,1-dialkylguanidine in the presence of base.

In this connection, the formation of hydantoin by the condensation of benzil with urea
in ethanolic potassium hydroxide solution is proposed to involve a molecular rearrangement
in which a phenyl group undergoes a 1,2-shift.¥ The reaction is presumed to proceed step-
wise with the formation of the intermediate 4,5-diphenyl-4,5-dihydroxy-2-imidazolone followed
by a pinacol rearrangement to the hydantoin, though the intermediate is never isolated. The
reaction of benzil with 1,1-dialkylguanidine is also expected to proceed by the similar mech-
anism, through the formation of dihydroxy intermediate (I). In this case, however, two ori-
entaion is possible as shown in Chart 1. The intermediate (I) would be converted by de-
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hydration into the carbonium ion II or III, followed by anionotropic migration of a phenyl
substituent to give 2-substituted amino-4-oxo-5,5-diphenylimidazoline (IV) or 2-substituted
amino-5-oxo-4,4-diphenylimidazoline (V).

Heating of benzil with an equivalent amount of 1,1-dialkylguanidine, such as 1,1-di-
methylguanidine, 1,1-tetramethyleneguanidine, 1,1-pentamethyleneguanidine and 1,1-(3-
oxapentamethylene)guanidine, in ethanol in the presence of catalytic amount of sodium
ethoxide for several hours gave a product in 50—909%, yields. The experimental elementary
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Chart 1

analysis of the product corresponds to that of the condensation product of molecular equi-
valents of the 1,1-dialkylguanidine and benzil with loss of one molecule of water. This was
confirmed by the molecular ion values in the mass spectra of the product. The elementary
analysis values agreed with calculated values of the expected compounds IV and V.

Schiff base type structure (VI) is also possible for the product, because benzil is known
to condense with hydrazine and thiosemicarbazide to give hydrazone® and thiosemicarba-
zone,'® respectively.
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Infrared (IR) spectra of the product exhibited absorptions assignable to carbonyl group
at near 1670 cm! and due to amino or imino group at near 3220 cm™1, though the spectral
data do not allow an unequivocal choice between these possible structures. Though IV
and V are tautomeric isomers, IV in which a carbonyl double bond is in a conjugated posi-
tion in the molecule would be more stable than V. If the structure of the product involves
a primary amide group, facile hydrolysis would occur, because 2-guanidilidene-5,5-diphenyl-
hydantoin (VII)) was readily hydrolyzed with hydrochloric acid in aqueous solution to give
1,1-diphenyl-1-biguanidoacetic acid (VIII). Schiff base type structure (VI) would be also
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easily hydrolyzed to yield benzil and 1,1-dialkylguanidine. In fact, benzil p-methoxy-
phenylimine (IX), which prepared by fusion of benzil with an equivalent amount of p-ani-
sidine, was readily hydrolyzed with hydrochloric acid under the similar condition to afford
benzil and p-anisidine. However, the hydrolysis of the product with hydrochloric acid or
sodium hydroxide was unsuccessful and resulted in the recovery of the materials.
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These results suggest that IV
would be more likely for the struc-
ture of the product. Support for IV
was also obtained by acetylation of
the product. Acetylation was suc-
cessfully carried out with an excess
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Fig. 1. IR spectra of 2-Morpholino-4-0x0-5,5-diphenyl disappeared, as shown in Fig. 1. The
imidazoline and 1-Acetyl-2-morpholino-4-0x0-5,5-di- shift of the ring carbonyl absorption
phenylimidazoline to higher frequency was also obser-

ved, as shown in Table I. Probably,
it depends upon the increased strain of the ring and the steric inhibition of resonance of the
carbonyl group with the adjacent N=C double bond due to the introduction of bulky acetyl
group in adjacent position of the phenyl substituent.
Heating of benzil with a great excess of 1,1-dialkylguanidine also gave only IV and no
expected another compound was isolated, though 7,8-diphenylglycoluril-2,5-dialkylimide
is obtained in the case of monoalkylguanidine.

TasLe I. Ring Carbonyl Absorptions of 2-Dialkylamino-4-0x0-5,5-
diphenylimidazoline and Its N-Acetyl Compounds
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Experimental

2-Dimethylamino-4-ox0-5,5-diphenylimidazoline To a solution of sodium ethoxide (prepared from
0.26 g of Na) in 150 ml of EtOH was added with stirring 1.36 g (0.01 mole) of powdered 1,1-dialkylguanidine
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sulfate on heating. Na,SO, deposited was filtered off and to the filtrate was added 2.10 g (0.01 mole) of
benzil. The solution was heated for 5 hr under reflux and then concentrated. The precipitates deposited
were collected by filtration on cooling. Recrystallization from EtOH gave 1.5 g (549%) of colorless colums
melting at 348—349°. A4nal. Calcd. for C;,H,,0N;: C, 73.09; H, 6.13; N, 15.01. Found: C, 73.17; H, 6.03;
N, 14.87. IR »E: cm~%: 3107, 3060 (NH); 1675 (CO). Mass Spectrum m/fe: 279 (M*).

2-Pyrrolidino-4-0x0-5,5-diphenylimidazoline To a solution of sodium ethoxide (prepared from
0.26 g of Na) in 150 m! of EtOH was added with stirring 1.62 g (0.01 mole) of powdered 1,1-tetramethylene-
guanidine sulfate on heating. The deposited Na,SO, was filtered off and 2.10 g (0.01 mole) of benzil was
added to the filtrate. The solution was heated for 3 hr under reflux and then concentrated. The pre-
cipitates deposited on refluxing were collected by filtration upon cooling. Recrystallization from EtOH
gave 2.0 g (66%) of colorless prisms melting at 334—335°. Awual. Caled. for C;yH,,ON;: C, 74.72; H, 6.28;
N, 13.76. Found: C, 74.41; H, 6.28; N, 13.46. IR »E: cm~!: 3210 (NH); 1678 (CO). Mass Spectrum
mle: 305 (MF).

2-Piperidino-4-0x0-5,5-diphenylimidazoline To a solution of sodium ethoxide (prepared from 0.26 g
of Na) in 100 ml of dehyd. EtOH was added with stirring 1.76 g (0.01 mole) of powdered 1,1-pentamethyl-
eneguanidine sulfate on heating. The deposited Na,SO, was removed by filtration and to the filtrate was
added 2.10 g (0.01 mole) of benzil. The mixture was heated for 8 hr under reflux and then concentrated.
The precipitates deposited on heating were collected by filtration after cooling. Recrystallization from
EtOH gave 2.20 g (709%,) of colorless prisms melting at 308-—309°. Anal. Caled. for C,,H,,ON,: C, 75.20;
H, 6.62; N, 13.16. Found: C, 74.68; H, 6.42; N, 12.90. IR »XE cm~*!: 3238 (NH); 1668 (CO).

2-Morpholino-4-0x0-5,5-diphenylimidazoline To a solution of sodium ethoxide (prepared from
0.07 g of Na) in 30 ml of dehyd. EtOH was added with stirring 0.5 g of powdered 1,1-(3-oxapentamethylene)-
guanidine sulfate on heating. The deposited Na,SO, was filtered off and 0.59 g of benzil was added to the
filtrate. The mixture was refluxed for 3 hr. The precipitates deposited on refluxing were collected by
suction after cooling and recrystallized from EtOH to give 0.80 g (919%) of colorless prisms melting at 316—
317°. Amnal. Caled. for C;iH,,O,N;: C, 71.01; H, 5.96; N, 13.08. Found: C, 70.72; H, 5.81; N, 12.83.
IR »%2: cm—1: 3210 (NH); 1668 (CO).

Benzil p-Methoxyphenylimine A mixture of 1.23 g (0.01 mole) of p-anisidine and 2.10 g (0.01 mole)
of benzil was fused at 100° for 24 hr on a water bath. The mixture solidified on cooling was recrystallized
from EtOH to give 2.56 g (81%) of yellow prisms melting at 124°. Anal. Calcd. for C, H,,0,N: C, 79.98;
H, 5.43; N, 4.44. Found: C, 79.95; H, 5.32; N, 4.52. '

Hydrolysis of Benzil p-Methoxyphenylimine with Hydrochloric Acid To a solution of 0.32 g (0.001
mole) of benzil p-methoxyphenylimine in 5 ml of EtOH was added 2 ml of conc. HCl. The mixture was
heated for 24 hr under reflux and then EtOH was removed by evaporation. The solidified yellow mass
on cooling was collected by filtration and recrystallized from dil. EtOH to give 0.11 g (529,) of benzil. The
filtrate was evaporated to dryness and the residue was recrystallized from water to give anisidine hydro-
chloride.

1-Acetyl-2-dimethylamino-4-o0xo0-5,5-diphenylimidazoline——A suspension of 0.28 g (0.001 mole) of
powdered 2-dimethylamino-4-0xo0-5,5-diphenylimidazoline in 30 ml of acetic anhydride was heated for 48 hr
under reflux. The suspension gradually became clear. After completion of the reaction, the solution was
concentrated under reduced pressure. The precipitates deposited on cooling was collected by filtration,
washed with EtOH and recrystallized from EtOH to give 0.22 g (689,) of colorless prisms, which did not
show regular melting point. Anal. Caled. for C;yH,,0O,N,: C, 71.01; H, 5.96; N, 13.08. Found: C, 70.74;
H, 5.60; N, 12.91. IR %% cm~1: 1726 (ring C=0), 1701 (CH,CO).

1-Acetyl-2-piperidino-4-ox0-5,5-diphenylimidazoline A suspension of 0.32 g (0.001 mole) of powdered
2-piperidino-4-0x0-5,5-diphenylimidazoline in 25 ml of acetic anhydride was heated for 48 hr under reflux.
The clear solution was then concentrated under reduced pressure. The precipitates deposited on cooling
were collected by filtration. Recrystallization from EtOH gave 0.32 g (899%) of colorless prisms, which did
not show regular melting point. Awnal. Calcd. for C,,H,,0,N;: C, 73.10; H, 6.41; N, 11.63. Found: C,
73.38; H, 6.22; N, 12.00. IR #»£% cm~*: 1724 (ring C=0), 1700 (CH,CO).

1-Acetyl-2-morpholino-4-0x0-5,5-diphenylimidazoline A mixture of 0.32 g (0.001 mole) of powdered
2-morpholino-4-ox0-5,5-diphenylimidazoline and 30 ml of acetic anhydride was refluxed for 48 hr. The
clear solution was concentrated under reduced pressure. The precipitates deposited on cooling were col-
lected by suction and recrystallized from EtOH to give 0.33 g (919,) of colorless prisms, which did not show
regular melting point. Anal. Caled. for CyH,,0,N;: C, 69.40; H, 5.83; N, 11.56. Found: C, 70.04; H,
5.71; N, 11.90. IR »%Ef cm~: 1726 (ring C=0), 1703 (CH,CO).
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