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The reactions of N-amidino-O-alkylisourea and 1-substituted 3-amidino-2-thiourea
with benzil were examined. The reaction of N-amidino-O-alkylisourea with an equivalent
amount of benzil in ethanol gave 5,5-diphenylglycocyamidine by heating for 10 hr under
reflux, 5,5-diphenylglycocyamidine and 2-alkoxyamidinylidene-5,5-diphenylhydantoin
by heating for 2 hr under the similar conditions and 2-alkoxyamidinylidene-5,5-diphenyl-
hydantoin and 3a,6a-diphenylglycoluril-2,5-dialkoximidoylimide by treatment for 1 hr at
room temperature. Similarly, heating of 1-aryl-3-amidino-2-thiourea with benzil in
ethanol for 10 hr under reflux gave 5,5-diphenylglycocyamidine. On the other hand, by
heating in ethanol in the presence of potassium hydroxide for 2 hr under reflux, 2-arylthio-
carbamoyl-5,5-diphenylglycocyamidine.

A number of base-catalyzed condensations of guanidines® and ureas? with benzil have
been known to give 5,5-diphenylhydantoins and 3a,6a-diphenylglycolurils, the proportion
of them depending upon the base concentration and the reaction temperature. Analogous
condensations® of guanidine and urea with «,8-dicarbonyl compounds have been also reported.
Recently, we found that 1-substituted biguanides (I) also reacted with benzil by heating
in alcohol in the absence of any catalyst to give 2-substituted guanidylidene-5,56-diphenyl-
hydantoins,® whose formation involved an anionotropic migration of a phenyl group. Owing
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to the structural similarity, N-amidino-O-alkylisoureas (II)” and 1- aryl or alkyl-3- amidino-
2-thiourea (II"I)S) are expected to behave just like as I.
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Chart 1

When N-amidino-O-ethylisourea (II, R=C,H;) was heated with an equivalent amount
of benzil in ethanol in the absence of any catalyst for 10 hours under reflux, 5,5-diphenyl-
glycocyamidine (IV) was obtained in 749, yield, no trace of any other product anticipated
being isolated. IV was also obtained by the treatment of another N-amidino-O-alkylisourea
(IT) with benzil under the similar conditions. Evidence for the structure of IV was provided
by identification with an authentic sample3®? prepared by the reaction of guanidine with
benzil. Probably the reaction between II and benzil would proceed through the formation
of 2-ethoxyamidinylidene-5,5-diphenylhydantoin (V) anticipated followed by decomposition
to give IV. When the same reaction was carried out for a shorter period of reaction time,
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V was practically obtained in a moderate yield, accompanying a small amount of IV, whose
proportion increased by the prolonged reaction time. The structure of V was confirmed
by the elemental analysis and the spectral data which exhibited infrared (IR) absorptions
assignable to the carbonyl group at near 1700 cm~1, due to the amino and imino groups at
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near 3400 cm~!, 3250 cm~! and 3120 cm~! and attributed to the ether group at near 1090
cm~! and the corresponding molecular ion as an abundant peak in the mass spectrum. On
the other hand, when the equivalent amounts of IT and benzil were treated with stirring in
ethanol at room temperature, a different product in addition to V was obtained in a low
yield. In this case no formation of IV was observed. The structure of this product was.
assigned to be 3a,6a-diphenylglycoluril-2,5-dialkoximidoylimide (VI) by the elemental analy-
sis and the mass spectrum in which the molecular ion corresponding to VI was observed as
an abundant peak. Support for the assigned structure of VI was also provided by the IR
spectrum which exhibited absorptions assignable to the amino group at near 3420 cm~?, due
to the imino group at near 3260 cm~' and attributed to the ether group at near 1100 cm=.
The mechanism of the formation of V is presumed to involve a molecular rearangement
in which a phenyl substituent undergoes 1,2-shift just like as benzilic acid rearrangement.
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The rearrangement starts with addition of II onto the carbonyl carbon, resulting in the
formation of VII. Because of the parallel inductive effects of the two negative oxygen func-
tion in VIII, anionotropic migration of a phenyl group results and forms the anion (IX) which
is stabilized by formation of X followed by dehydration to give V. The formation of VI is
explained by a mechanism through XT formed by condensation of VII with further II followed
by dehydration.

Also in the reaction of IIT with benzil, the similar results are expected. When III was
heated with an equivalent amount of benzil in ethanol in the absence of any catalyst for
10 hours under reflux, IV was obtained in a moderate yield. On heating for 2 hours under
the similar conditions, only IV was obtained in a lower yield, no trace of another product
anticipated being isolated. On the other hand, heating of 1-aryl-3-amidino-2-thiourea (III,
R=aryl) with an equivalent amount of benzil in ethanol in the presence of potassium hy-
droxide for 2 hours under reflux, a different product was obtained in 256—609, yields. The
IR spectrum of the product exhibited absorptions assignable to a carbonyl group at near
1740 cm~1, due to an amino or imino group at near 3290 cm~! and 3180 cm™! and attributed
to a thiocarbonyl group at near 1190 cm~, The absorption of the carbonyl group shifts
from the region of 1700 cm—! for V and 2-arylguanidylidene-5,6-diphenylhydantoin® to a
higher frequency than that is expected. In the reaction of III with benzil, several isomeric
compounds (XII—XVT) are possible to form.
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The elemental analysis of the product agreed with the calculated values of these possible
compounds. When the product was heated at 200° for 1 minute under fusion, the product
was readily converted into IV. This suggests that the product is not XV and XVI. The-
shift of the carbonyl absorption.to the higher frequency is consistent with only XIII among
the rest possible compounds. Therefore, it is reasonable to consider that XIII would be more
likely for the product. The facile conversion of XIII into IV can be explained by the hydro-
gen shift through the formatlon of a 51x-membered ring (XVII) with ehmmatlon of isothio-

cyanate.
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leferent from l-aryl 3 armdmo-2—th10urea (III R=aryl), 1-alkyl- 3-amidino-2-thiourea
(I11, ‘Ri=alkyl) gave a different result in the reaction with benzil: In the absence of any
catalyst under the similar conditions, a product was obtained in a low yield. The IR spec-
trum of ‘the: product exhibited the carbonyl absorption at near 1690 cm=! which was similar
to those of IV and V. Therefore, it is likely to consider that the product is XII.  Further
extensions and developments of this work are in progress. : o
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Experimental

5,5-Diphenylglycocyamidine (IV) a)® To an ethanolic solution of NaOEt prepared by dissolving
1.15 g (0.05 atom) of Na was added with stirring 4.8 g (0.05 mole) of powdered guanidine HCl and the mixture
was stirred for additional 1 hr at room temperature. Deposited NaCl was filtered off and to the filtrate
was added 10.5 g (0.05 mole) of benzil. After the solution was heated for 2 hr under reflux and then allowed
to stand overnight, the solution was evaporated to dryness and the residue was recrystallized from EtOH.

b) To a solution of 1.67 g (0.01 mole) of N-amidino-O-ethylisourea HCl in 50 ml of dehyd. EtOH
was added an ethanolic solution of NaOEt prepared by dissolving 0.23 g (0.01 atom) of Na. Deposited
NaCl was filtered off and to the filtrate was added 2.1 g (0.01 mole) of benzil. The solution was heated for
10 hr under reflux and then concentrated. To the resulting oily product separated was added with stirring
a large amount of benzene. The precipitates deposited were collected by filtration and recrystallized from
EtOH to give 2.38 g (74 %) of colorless needles melting at 362°, which was identified with an authentic sample®
prepared by method a by mixed melting point determination and comparison of the infrared (IR) spectrum,
The same compound was obtained by the reaction of another N-amidino-O-alkylisouréa: with benzil under
the similar conditions.

¢) - A mixture of 0.01 mole of 1-aryl-3-amidino-2-thiourea and 0.01 mole of benzil in 50 ml of dehyd.
EtOH was heated for. 10 hr under reflux. The solution was evaporated to dryness and the residue was re-
crystallized from EtOH to give colorless needles melting at 362°, which was identified. with an authentic
sample prepared by method a. :
.. 2-Alkoxyamidinylidene-5,5-diphenylhydantoin (V) To a solution of 0.01 mole of N-amidino-O-
a.lkyhsourea. HCl in 50 ml of dehyd. EtOH was added an ethanolic solution of NaOEt prepared by dissolv
ing0.01 atom of Na in- 10 ml of dehyd. EtOH. The precipitates deposited were filtered off and to the filtrate
was added 0.01 mole of benzil. After the solution was heated for 2 hr under reflux, the solution was con-
centrated and allowed to stand in refrigerator overnight. Recrystallization of the resulting precipitates
from EtOH gave a small amount of 5,5-diphenylglycocyamidine as first. = Concentration of the filtrate and
then recrystallization of the residue gave 2- alkoxyam1d1nyl1dene-5 5—d1phenylhydantom ~Detailed data
were summarized in Table I.

“TasLe I, 2-Alkoxyamidinylidene-5,5-diphenylhydantoin

Q‘@_CI:O

HN\ /NH
G
N“(I%—OR
NH
Analysis 9%,
. IR »X8 cm—?
R o Yé;ﬂd Formula, Caled. Found ——
; Q) (%) — AN NH =NH €O -O-
Cc H N ¢ H N
CH, 216 21  CuH,O,N, 66.22 5.23 18.17 66.19 5.07 18.20 3375 3240 1705 1087
CH,CH, 214 16  C,H,O,N, 67.06 5.63 17.38 67.47 5.47 17.33 3380 3250 1704 1087
CH,CH,CH, 202 39 C,H,O,N, 67.84 5.99 16.66 68.25 5.91 16.16 3400 3250 1704 1089
gﬁsz 204 2 CyuHpO,N, 67.845.99 16.66 67.78 6.16 16.25 - 3380 3280 1700 1090

CH,CH,CH,CH, 198 11 CgHy0,N,  68.55 6.33 15.99 69.04 6.27 16.25 3410 3300 1694 1087

3a,6a-Diphenylglycoluril-2,5-dialkoxyimidoylimide (VI)——To a solution of 0.01 mole of N-amidino-
O—alkyhsourea. HCl in 50 ml of dehyd. EtOH was added an ethanolic solution of NaOEt prepared by dissolv-
ing 0.01 atom of Na in 10 m! of dehyd. EtOH. Deposited NaCl was filtered off and to the filtrate was added
with stirring 0.01 mole of benzil. The mixture was stirred for 1 hr and the precipitates deposited were col-
lected by ﬁltratmn and recrystallized from EtOH to give 3a,6a-diphenylglycoluril-2,5-dialkoxyimidoylimide.
Detailed data were summarized in Table II, The concentration of the filtrate and the recrystallization of
the residue .from EtOH gave 2-alkoxyamidinylidene-5,5-diphenylhydantoin, which -was identified with the
product obtained by the procedure described above by mixed melting point determination and compa,nson
of the IR spectrum.
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TasLe II. 3a,6a-Diphenylglycoluril-2,5-dialkoximidoylimide

,NH—C—NH_
RO—C—N=C | C=N-C-0R
NH NH—-C—NH NH
Analysis %,
. IR »EB cm—t
R (1})1(1:)) S?;l)d Formula Calcd. Found ——
o — o~ — NH =NH -O-
C H N Cc H N
CH, 219 18 CyoH,y,0,Ng 59.10 5.45 27.58 59.38 5.37 27.26 3425 3242 1095
CH,CH, 208 30 CyHyO,Ng 60.79 6.03 25.78 61.19 5.88 25.65 3420 3290 1097
CH,CH,CH, 233 23 C, H;0,N, 62.31 6.54 24.21 62.54 6.14 24.02 3422 3250 1093
CH?'\CH 229 41 C, H;,O,Ng 62.31 6.54 24.21 62.30 6.56 23.81 3420 3160 1100

CH,’
CH,CH,CH,CH, 228 50  C,H,O,N, 63.65 6.99 22.84 63.65 6.78 22.91 3425 3250 1097

2-Arylthiocarbamoyl-5,5-diphenylglycocyamidine (XIII) A solution of 0.0166 mole of 1-aryl-3-
amidino-2-thiourea, 0.0095 mole of benzil and 1 g of potassium hydroxide in 50 ml of MeOH was heated for
2 br under reflux. The solution was poured into H,O and the precipitates deposited were filtered off. The
filtrate was neutralized with HCl and the precipitates deposited were collected by filtration and recrystallized
from a suitable solvent. The compounds obtained did not show a regular melting point. Detailed data
were summarized in Table ITIL. :

Tasie III.  2-Arylthiocarbamoyl-5,5-diphenylglycocyamidine

J

g0

HN, N-C-NH—~ SR
¢ S
NH
Analysis %
. —_— 2 IR #7 cm-
R Y};I)d Appea-  Recryst. pormula Caled. Found T
(% e PN, ——— (CO) (CS) (-0}
C H N ¢ H N
H 37  prism  EtOH  C,H,ON,S 68.38 4.70 14.50 67.87 4.70 14.93 1743 1185
DMF
CH, 42  prism  EtOH  CuH,ON,S 68.99 5.03 13.99 68.78 5.00 14.22 1740 1187
s
DMF
CH,0 34  prism  BtOH  CyHyuO,N,S 66.33 4.84 13.46 66.63 4.74 13.16 1741 1185 1251
, 1174
C,H,0 58  nmeedle DMF  CyH,,0,N,S 66.96 5.15 13.02 66.96 4.97 13.09 1742 1200 1245
2H 1177
2
cl 26  prism  DMF  Cy,H,,ON,SCl 62.78 4.07 13.31 63.06 4.06 13.78 1742 1187
+
H,0

N2-Alkylthiocarbamoyl~5,5-diphenylglycocyamidine (XII)———To a solution of 0.01 mole of 1-alkyl-3-
amidino-2-thiourea maleate in 50—150 ml of dehyd. EtOH was added with stirring an ethanolic solution
of NaOEt prepared by dissolving 0.01 atom of Na in a small amount of EtOH. The precipitates deposited
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Tasre IV. N2-Alkylthiocarbamoyl-5,5-diphenylglycocyamidine

Q@ £=0

HN H
\g/
N -ﬁl —NHR
Analysis %
Yield Appea- Recryst. . IR y5% cm-
R (%) rance  solvent ‘Formula & /__FEBIE__\ )

C H N C H N

CH, 13 needle EtOH  C,H,ON,S 62.95 4.97 17.28 63.27 4.76 17.16 1688
C,H, 78  mneedle EtOH C,H,,ON,S 63.89 5.36 16.56 63.44 5.09 16.28 1688
n-C;H, 17 mneedle EtOH  C,Hy,ON,S 64.76 5.72 15.90 64.94 5.48 15.77 1695

were filtered off and to the filtrate was added 0.01 mole of benzil. After the solution was heated for 10 hr
under reflux, the solution was evaporated to dryness and the residue was recrystallized from EtOH. The
compounds obtained did not show a regular melting point. Detailed data were summarized in Table IV,

Pyrolysis of 2-Arylthiocarbamoyl-5,5-diphenylglycocyamidine 2-Arylthiocarbamoyl-5,5-diphenyl-
glycocyamidine was heated for 1 min at 200—250° under fusion. Solidified mass on cooling was recrystal-
lized from EtOH to give 5,5-diphenylglycocyamidine which was identified by mixed melting point deter-
mination and comparison of the IR spectrum with an authentic sample obtained by the procedure described
above. ‘

Acknowledgement We are grateful to Mr. K. Takeda for measurements of mass spectra and to
Miss. M. Sato for IR data. We also thank Mrs. K. Shiraki for microanalytical data.

NII-Electronic Library Service





