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Reaction of Biguanides and Related Compounds. I.
Reaction of Biguanides with pg-Diketone
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Biguanide derivatives were allowed to react with acetylacetone and benzoylacetone.
"Both of alkyl and arylbiguanides reacted with acetylacetone to give the corresponding 4,6-
dimethyl-2-alkyl or arylguanidinopyrimidine. On the other hand, arylbiguanides were . - -
found to exhibit chemical behaviors different from alkylbiguanides toward benzoylacetone.
Two moles of arylbiguanides reacted with benzoylacetone to give 6-arylamino-4-
amino-2-phenyl-2(6’-arylamino-4’-amino-2’-methyl-1’,2’,-dihydro-s-triazinyl-2’-methyl)-1,2-
dihydro-s-triazine, though alkylbiguanides gave 6-methyl-4-phenyl-2-alkylguanidinopyri-
midine under the similar condition. It was noted that the reaction of 1-methyl-1-phenyl-
biguanide with benzoylacetone resulted in the formation of 6-methyl-4-phenyl-2-methyl-
phenylguanidinopyrimidine without formation of any expected bisdihydro-s-triazine.

It is known that biguanides react with a variety of carbonyl compounds. For example,
arylbiguanides react with monofunctional carboxylic acid derivatives, such as carboxylic
acids,? carboxylic esters,3® carboxamides® and lactones,” to give the corresponding s-
triazines (I). Arylbiguanides also react with bifunctional carbonyl compound, ethyl aceto-
acetate, to afford mainly the corresponding pyrimidine (II; R’=CHj,, R"=O0H) and trace of
s-triazine (I; R’=CH,COCH,).®’ Similarly, the reaction with diethylmalonate gives pyrimidine
(II; R’=R"=0H) and s-triazine (I; R'=CH,CO,C,H; and R’=CH2—<N }\I _ R

“\NH,- _X
Moreover, the reaction between biguanides and diethyl oxalate proceeds to form s-triazines
(I; R’=CO,R) through the formation of five-membered ring intermediate, as reported in the
previous papers.11 On the other hand, the reaction of arylbiguanides with ketones results

in the formation of the corresponding dihydro-s-triazines (IIT or IV).12-1  Thus, it is of in-
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terest to examine the reaction of biguanides with diketones. This paper is concerned with
the reaction of aliphatic and aromatic biguanides with g-diketones.

Alkyl and arylbiguanides were allowed to react with acetylacetone and benzoylacetone
as p-diketone. Heating of acetylacetone with equivalent amounts of biguanides in ethanol
in the absence of any catalyst gave the expected 4,6-dimethyl-2-alkylguanidinopyrimidine
(V) in 40—809%, yields. On the other hand, in the reaction with benzoylacetone, different
chemical behaviors were exhibited between alkylbiguanides and arylbiguanides. Heating
of benzoylacetone with alkylbiguanides under the condition similar to the case of acetylace-
tone gave 6-methyl-4-phenyl-2-alkylguanidinopyrimidine (VI), which exhibited infrared (IR)
absorption patterns analogous to those of 4,6-dimethyl-2-alkylguanidinopyrimidine (V).
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Experimental analyses agreed with the calculated values. The IR absorption spectra of
one of the examples is shown in Fig. 1. On the contrary, the reaction of benzoylacetone
with arylbiguanides afforded an another type of compound. Heating of one mole of benzoyl-
acetone with one mole of arylbiguanides under the similar condition gave the resulting pro-
ducts, whose IR absorption spectra were completely different from those of the respective
4,6-dimethyl-2-arylguanidinopyrimidine (V), as illustrated in Fig. 2. When heated one
mole of benzoylacetone with two moles of arylbiguanides, the yields of the products were in-
creased almost twofold in comparison with those of the same products obtained by heating
benzoylacetone with an equivalent amount of arylbiguanides. The analyses of the products
correspond to the condensation products which eliminated two moles of water from one
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CH mole of benzoylacetone and two
N moles of arylbiguanides. Therefore,
CN@HQN CHs it is evident that benzoylacetone

reacted with two moles of arylbi-
guanides to eliminate two moles of

NCH’ water. It is known that arylbi-

(CONENH guanides react with ketone under basic

v condition to give 2,2-dialkyl-6-aryl-
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aryl-1,2-dihydro-s-triazine is formed, which is readily converted to 2,2-dialkyl-6-arylamino-
4-amino-1,2-dihydro-s-triazine by treatment wtih alkali. These facts suggest that the
products obtained by the reaction of arylbiguanides with benzoylacetone would be
6-arylamino-4-amino-2-phenyl-2- (6’-arylamino-4'-amino-2’-methyl-1’, 2’- dihydro-s- triazinyl-
2’-methyl)-1,2-dihydro-s-triazine (VII) or 4,6-diamino-1-aryl-2-phenyl-2-(4',6"-diamino-1’-
aryl-2’-methyl-1’,2’-dihydro-s-triazinyl-2’-methyl)-1,2-dihydro-s-triazine (VIII). If the
structure of the products is type VIII, it would be converted to type VII by treatment
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with alkali. However, the products were unchanged with alkali. This result suggests that
the products may be type VII. Generally, maximum absorption of 6-arylamino-4-amino-2,
2-dimethyl-1,2-dihydro-s-triazine in ultraviolet (UV) spectra is observed at near 255 muy,
while those of 4, 6-diamino-1-aryl-2,2-dimethyl-1,2-dihydro-s-triazine is shown at near 240 my.
The UV spectrum of the product obtained by the reaction of benzoylacetone with p-methoxy-
phenylbiguanide exhibited the maximum absorption at 250 mp. (log £=4.50), which was
more similar to those of 6-arylamino-4-amino-2,2-dimethyl-1,2-dihydro-s-triazine. The IR
absorption patterns were also analogous to those of 6-arylamino-4-amino-2,2-dimethyl-1,2-
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dihydro-s-triazine.

Therefore, it is presumed that the products would be 6-arylamino-4-amino-

2-phenyl-2-(6’-arylamino-4"-amino-2’-methyl-1’,2’-dihydro-s-triazinyl-2'- methyl) -1, 2-dihydro--
s-triazine (VII).

to those of alkylbiguanides.
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It is noted that 1-methyl-1-phenylbiguanide exhibited the chemical behavior similar
Heating of 1-methyl-1-phenylbiguanide with benzoylacetone-

gave 6-methyl-4-phenyl-2-methylphenylguanidinopyrimidine (X) in 319, yield, without
formation of any expected type VII of compound. Progress is being made to react bigua--
nides with another type of diketone.

R
Va
TaBLE 1. X—C—NH—L cH,
1l N/
IR »&3¢ Analyses (%)
No. X R CI%F)) Xzi.f,ol;i (N(I‘-:In-l(—‘,l—)NH) Formula Caﬁund
.\ —
NH C H N C H N

Va  GiOCHNH CH, 222 676 Soo031%% ¢ H.N,  57.93 8.27 33.79 57.83 8.18 33.80-
Vb <_>—NH CH, 237 587 3200°319% ¢ H,N,  63.13 8.56 28.20 63.39 8.76 27.89-
Ve {i>—CHzNH CH, 204 66.6 5250-310% ¢ H N, 6585 6.71 27.43 66.16 6.39 27.36.
Vd C>-NH CH, 203 542 150033 ¢ H.N,  64.71 6.27 20.02 6454 6.27 29.11
Ve CH3-<:>—NH CH, 196 745 33009060 ¢ m N,  65.85 6.71 27.43 66.23 6.83 27.11
\7: CH30-<—:>—NH CH, 182 70.1 32053062 ¢ b ON, 61.97 6.31 25.81 62.28 6.28 26.02:
Vg C2H50—<—:>—NH CH, 177 982 3310:3080, ¢ m ON, 63.13 6.71 24.54 62.90 6.62 24.37
Vh c1-<:>:;\n{ CH, 205 68.8 5200,3080, ¢ . N,Cl 56.62 5.11 25.41 56.38 5.06 25.201
Vi Br—<i>—NH CH, 185 71.8 3200:3%% ¢ H N.Br 48.76 4.41 21.88 49.02 4.55 21.69.
Vi —Esl— CH, 185 207 o010 ¢ m N, 61.77 8.21 30.02 62.13 8.41 20.65.
Vk cii}r CH, 180 186 35193140 ¢ m, ON, 56.15 7.28 20.76 56.19 7.12 20.81
Via <:>—CH2NH {: > 182 567 52103105, c g N, 71.80 6.03 22.07 71.83 6.05 21.81
VIb :}I <:> 179 284 S205313% com,N,  60.12 7.25 23.71 68.67 7.25 23.90-
Vic o:iv {;> 169 338 S900:3140, ¢ H ON, 64.62 6.42 23.55 64.51 6.59 23.55.
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Experimental

4,6-Dimethyl-2-alkylguanidinopyrimidine——To a hot solution of 0.01 mole of sodium ethoxide prepared
from 0.01 atom of metalic Na and 20 ml of EtOH was added with stirring 0.01 mole of powdered alkylbi-
guanide hydrochloride. The precipitates deposited were filtered off. To the filtrate was added 0.01 mole
of acetylacetone and the solution was heated for 10 hr under reflux. After completion of the reaction,
the solution was concentrated, and the precipitates crystallized on standing were collected by filtration and
recrystallized from EtOH. Details of the data were summarized in Table I.
4,6-Dimethyl-2-arylguanidinopyrimidine To a hot solution of 0.01 mole of sodium ethoxide prepared
from 0.01 atom of metalic Na and 30 ml of dehyd. EtOH was added with stirring 0.01 mole of powdered
arylbiguanide hydrochloride under heating. The precipitates deposited were filtered off during hot. To
the filtrate was added 0.01 mole of acetylacetone and the solution was heated for 10 hr under reflux. The
solution was concentrated, and the precipitates crystallized on standing were filtered and recrystallized
from EtOH. Details of the data were illustrated in Table I.
6-Methyl-4-phenyl-2-alkylguanidinopyrimidine To a hot solution of 0.01 mole of sodium ethoxide
prepared from 0.01 atom of metalic Na and dehyd. EtOH was added with stirring 0.01 mole of powdered
alkylbiguanide hydrochloride. The mixture was filtered and to the filtrate was added 0.01 mole of benzoyl-
acetone. The solution was heated for 15 hr under reflux and then concentrated. The precipitates crystal-
lized on standing were filtered and recrystallized from EtOH. Details of the data were illustrated in Table I.
6-Arylamino-4-amino-2-phenyl-2(6’-arylamine-4’-amino-2’-methyl-1/,2’- dihydro-s-triazinyl-2’-methyl)-
1,2-dihydro-s-triazine——A solution of 0.01 mole of arylbiguanide and 0.005 mole of benzoylacetone in 40 ml
of dehyd. EtOH was heated for 15 hr under reflux. The solution was concentrated, and the precipitates
«crystallized on standing were filtered and recrystallized from EtOH. Details of the data were illustrated

in Table II.
Hsc\/ CH: \/=
N AN
HN N N NH

R—NH—L N D—NHz HzN—ﬂ N J—NH—R

TasLE II.

Analysis (%)

No. R ?él.?) S({)i/f;d IR vﬁz‘%n_(ﬁm—l) Formula Caled. Found

C H N C H N
VIa {:}- 160 814 3475, 3400, 1654 C,HyNj,  65.05 5.88 29.15 65.41 6.24 28.91
Vb CH30-<__>— 173 56.8 3440, 3390, 1655 CoHa,O.N,, 62.20 5.96 25.91 62.54 6.10 25.81
VIc C2H50—<:>— 175 512 3480, 3420, 1660 CyHyOpNyo 63.36 6.38 24.63 63.34 6.11 24.42
VId c1-<:>— 188 58.2 3467, 3385, 1649  CoHuoNyoCly 56.83 4.77 25.50 56.84 4.76 25.47
Ve Br-<i>- 191  58.0 3470, 3387, 1655  CopHypeNyoBr, 48.91 4.11 21.94 49.10 4.02 21.83

4,6-Dimethyl-2-methylphenylguanidinopyrimidine A solution of 1.00 g (0.005 mole) of 1-methyl-1-
-phenylbiguanide and 0.50 g (0.005 mole) of acetylacetone in 10 ml of dehyd. EtOH was heated for 10 hr
-under reflux. The solution was concentrated and the precipitates crystallized on standing were filtered.
Recrystallization from EtOH gave 0.51 g (40.09%) of colorless needles melting at 157—158°. Anal. Calcd.
for C,,H,,N;: C, 65.85; H, 6.71; N, 27.43. Found: C, 65.67; H, 6.69; N, 27.40. IR »5ii cm~!: 3332 (NH).

6-Methyl-4-phenyl-2-methylphenylguanidinopyrimidine A solution of 2.01 g (0.01 mole) of 1-methyl-
‘1-phenylbiguanide and 1.62 g (0.01 mole) of benzoylacetone was refluxed for 15 hr under reflux. The solution
-was concentrated and the precipitates crystallized on standing were filtered. Recrystallization from EtOH
-gave 0.98 g (30.9%) of colorless needless melting at 160°. Anal. Caled. for C,,H,,N;: C, 71.89; H, 6.03;
N, 22.07. Found: C, 71.71; H, 5.93; N, 22.01. IR »Ei cm—1: 3280 (NH).
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