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The reaction of N-amidino—-O-alkylisourea with some carboxylic esters was attempted.
Condensation with diethyl oxalate in alcohol gave alkyl 4-amino—6-alkoxy-s—triazine—2-—
carboxylate through the formation of the five membered-ring intermediate. Alkyl
4-amino-6-alkoxy—s—triazine-2-carboxylate was easily converted into the coresponding
amide with a variety of amines. Condensation with ethyl acetoacetate gave 6-methyl-
2-alkoxyamidino—4—pyrimidinol and 4-amino-2-alkoxy-6-acetomethyl-s—triazine. Con-
densation with ethyl cyanoacetate afforded only 4-amino-2-alkoxy-6-cyanomethyl—s—
triazine, but not any expected pyrimidinol. Condensation with ethyl chloroacetate gave
4-amino—2-alkoxy—6-chloromethyl-s—triazine, which was converted into 4-amino-2—
alkoxy-6-substituted amino-s-triazine with a variety of amines.

In the previous paper,® it was reported that 2,4-diamino-6-substituted—s—triazine
derivatives exerted a weak inhibitory effect on Ehrlich ascites carcinoma with CAP method.
For the purpose of finding antitumor drugs having superior effectiveness in the series of these
compounds, new triazine derivatives possesing a variety of substituent groups were synthesized.
This paper is concerned with the syntheses of 4-amino-2-alkoxy—6-substituted—s—triazine
derivatives.

Up to the present time, a number of s-triazine derivatives have been prepared by the
reaction of biguanide derivatives with carboxylic acids,® carboxylic esters,>~? carboxamides,d
lactones” and so forth. Besides, the new synthetic route of s-triazine derivatives through
the intermediate formation of dioxoimidazolidinylidene guanidine derivatives from biguanide
derivatives as starting materials was found by the authors as described in the previous
papers.}® In order to expand this method toward the syntheses of 4-amino-2-alkoxy—6-
substituted-s-triazine derivatives, the reactions between N-amidino-O-alkylisoureas possesing
the same structural moiety as biguanides and several carboxylic esters, such as diethyl oxalate,
ethyl acetoacetate, ethyl cyanoacetate and ethyl chloroacetate, were attempted in the present
time.

Reaction of N-Amidino-0-alkylisourea with Diethyl Oxalate

These ring closure reactions have been generally carried out using a alkaline catalyst.
However, N-amidino-O-alkylisourea (I) was found to react immediately with alkaline to
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afford cyanoguanidine (II), as shown in Chart 1, so that the reactions with several carboxylic
esters were carried out without any alkaline catalyst.

NaOCsz
RO-C-NH-C-NH;z — —_— NC-NH-C-NH: + ROH
1l
VH  NH NH
1 I
Chart 1

Thus, ethyl 4-amino—2-alkoxy-6-substituted—s—triazine derivatives were obtained in
approximate 509%, yields by refluxing N-amidino-O-alkylisourea with diethyl oxalate in
ethanol. In this connection, in the reaction of biguanide derivatives (III) with diethyl oxalate,
five-membered ring compounds (IV) could be intermediately isolated under milder condition,
from which ethyl 4,6-diamino—s—triazine-2-carboxylates (V) were derived in good yields,
as shown in Chart 2. In the case of N-amidino-O-alkylisourea, however, the similar

COOCHs COOC.Hs
C00C,Hs _NH-CO C;H;0H NN
R-NH-C -NH-C -NH, I R—NH—(l‘T—NzC\NH L N
NH NH NH - ~NH-\7y/-NH:
i v \i
Chart 2

intermediate product was not able to isolate in any degree. Therefore, it was not confirmed
that the reaction proceeded through the intermediate as above. On the other hand, it was
found that the reaction of N-amidino-O-alkylisourea (VI) with diethyl oxalate afforded
ethyl 4-amino-6-alkoxy—s—triazine-2—-carboxylate (VIII) by refluxing in absolute ethanol,
while methyl 4-amino-6-alkoxy-s—triazine-2-carboxylate (IX) by refluxing in absolute
methanol. This finding suggested that an ester exchange took place in the course of the
reaction. To ascertain this assumption, the reaction between ethyl 4-amino-6-alkoxy—s—
triazine—2-carboxylate (VIII) and methanol was examined under the same condition and
any amount of methyl 4-amino-6-alkoxy-s-triazine-2—-carboxylate (IX) was not found in
the reaction mixture. From this fact, it was inferred that the intermediate products might
be produced prior to the formation of triazine derivatives as well as the reaction of biguanides
with diethyl oxalate and the resulting intermediates might give rise to methyl 4-amino-6-
alkoxy—s—triazine—2-carboxylate (IX) and ethyl 4-amino-6-alkoxy—s—triazine-2—carboxylate
(VIII) by reacting with methanol and ethanol respectively, as shown in Chart 3.  These

COOC:Hs
1
COOC:H; 7 NH-CO NH—CO\
RO-C-NH-C-NH, NN ’RO C-N=C | <> RO- C—NH—C<
NH NH L NH NH-CO H “CO
u VI
COOCH;
A
CHOH NN
/ ‘ Ro—LNﬂ-NH2 N\ CONRR!
I RR/NH NN
B e >
COOCH; RO—LNH—Nﬂg
AN
CH,OH NN X
Nl s
RO_*N/"NHZ
X . Chart 3
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methyl and ethyl 4-amino—6-alkoxy-s—triazine-2-carboxylates reacted easily with wvarious
amines, such as diethanolamine, piperidine, morpholine and hydrazine, to afford the cor-
responding amides (X) by refluxing in absolute ethanol.

Reaction of N-Amidino-O-alkylisourea with Ethyl Acetoacetate

In the reaction of N-amidino-O-alkylisourea with ethyl acetoacetate, there should
be two possible courses of the reaction, pyrimidine or triazine formation, due to the tendency
that N-amidino—O-alkylisourea might react with the carbonyl moiety or the carboxyl moiety
in ethyl acetoacetate, as shown in Chart 4.

—
7 RO- c —NH—LNlI—-CHs

RO-C-NE-C-NH, - RCOCH:CO0C.H; Xa: R=CH, Xb: R=CiH,
NH NH CH:COCH;
N NN
——_’ RO—’\\NB—Nﬂz
Chart 4 Xla: R=CH; XIb: R=C,H;

In this connection, it was reported by the author!) that arylbiguanides reacted with
ethyl acetoacetate in the absence of a catalyst to afford only 6-methyl-2-arylamino—4-
pyrimidinols without giving any s-triazine type compounds expected. However, when
N-amidino—O-methylisourea was submitted to react with ethyl acetoacetate in ethanol,
the expected two products (XIa), (XIIa) were obtained in almost same degree in yield, while
N-amidino—O-ethylisourea reacted with ethyl acetoacetate to afford the corresponding two
products (XIb), (XIIb) at the rate of three to one. These two products were readily separated
by the difference of their solubilities in ethanol and identified by the infrared absorption
spectra measurement.

Reaction of N-Amidino-0-alkylisourea with Ethyl Cyanoacetate

In the reaction of N-amidino-O-alkylisourea with ethyl cyanoacetate, there should
be two possible courses of the reaction similar to the case of the reaction with ethyl acetoacetate,
because of the existence of the two functional groups, cyano and carbonyl group, in ethyl

cyanoacetate.
However, when N-amidino-O-alkylisourea was treated with the equivalent amount of

ethyl cyanoacetate in absolute ethanol at room temperature for five days, only a kind of
NN

K>

7 | RO—C—NH—LN ,“—NHa

{l
CN-CH,-COOC;Hs NH gy

RO- CII —NH—(TJ -NH;
| i

NH NH CH,CN

AN
N N
|

/*
l

RO-LN,—NH2
Chart 5 XIV

11) M. Furukawa, Chem. Pharm. Bull. (Tokyo), 10, 1215 (1962).
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Tasre T
Analysis (%)
Compd. , Yield mp R '
No. X R (%) C) Formula Calcd. Found
¢c H N ¢ H N
COR’
A
NN
RO"]\\Nﬂ—NHZ
I  CH, OCH, 94 138—139 C,H,O,N, 42.42 5.08 28.27 41.97 4.92 27.42
I  CH, OCH, 45 123124 C,H,O,N, . 42.42 5.08 28.27 42.44 4.98 28.73
I  CH, OCH, 49 139—140 C,H,,0.N, 45.26 5.74 26.39 45.72 5.85 26.01
¥  CH, NHNH, 80 233—234 C,H,0,N,  34.48 4.63 45.63 35.05 4.81 45.15
V  CH, NHNH, 78 182—183 C,H,,O,N,  36.36 5.08 42.40 36.39 5.43 42.62
W CH, NHCH,CH,0OH 81 174—176 C,H,0,N, 39.44 5.25 32.84 39,94 5.25 32.68
VW  CH, NHCH,CH,OH 44 163—164 C.H,,0,N, 42.29 577 30.82 42.84 5.95 30.85
CH,CH,OH
W CH, N 94 163—164 C,H,,O,N, 42.02 5.87 27.22 41.79 5.86 27.15
\CH,CH,OH
CH,CH,OH
K  CH, N 52 155—156 C,H,ON, 44.27 6.32 25.82 44.29 6.28 25.93
\CH,CH,OH
CH:R’
NN
RO~LNE—NH2
X CcH, «a 26 162163 C,H,ON,Cl 3439 4.04 32.09 34,76 4.31 32.34
X CH, 27 139—140 C,H,ON,Cl 38.21 4.80 29.69 37.83 4.72 29.40
X CH, CN 18 206—207 C,H,ON,  44.84 4.27 42.40 44,85 4.59 42.47
XI CH, CN 22 140—141 CH,ON,  46.92 5.06 40.74 46.47 4.92 40.52
XIV CH, N~ 52 152153 C,H,,ON,  51.65 7.22 33.47 51.64 7.16 33.53
\
XV CH, N 56 117—118 C,H,ON, 53.79 7.67 31.36 53.58 7.80 31.08
ST .
XVI CH, N > 98 156—157 C,H,ON, 53.79 7.67 31.36 53.73 7.94 30.85
XVI CH, N 80 121—122 C,H,ON, 55.70 8.07 29.51 56.05 8.19 29.35
AN
,CH,CH,OH
XVI CH, N 70 126—127 C,H,O.N, 44.43 7.04 28.78 44.26 7.19 28.64
\CH,CH,0H
| ,CH,CH,OH
XIX CH, N 68 132133 C,H,O,N, 46.68 7.44 27.22 46.76 7.48 27.12
\CH,CH,0H
XX CH, N :o 9 170—171 C,H,,0,N, 47.99 6.71 31.09 47.85 6.70 30,97
Ne—
XXI  C,H, N: :o 69 116—118 C, H,O,N, 50.19 7.16 29.27 49.91 7.05 29.03
XXI CH, COCH, 39 195196 C,H,O,N, 46.15 5.53 30.75 46.57 5.54 30.22
XXI C,H, COCH, 26 209—210 C,H,,0,N, 48.97 6.21 28.54 49.71 6.31 28.31

XXIV C,H, 502~<~> 58 160—161 C,H,O,N,S 48.97 4.79 19.03 49.44 4.89 19,40

XXV  CH, SO,- >—CH3 54 178179 C,H,,O,N,S 50.63 5.23 18.23 50.83 5.42 17.75
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crystalline product was obtained in approxymate 209, yield accompanying the tar formation.
The infrared spectra of these compounds showed the absorption assigned to cyano group near
2350 cm~1. Therefore, these compounds should be 4-amino-2-alkoxy—6-cyanomethyl-s—
triazine (XIV), but not 6-amino—2-alkoxyamidino—4-pyrimidinol (XIII) as shown in Chart 5.

Reaction of N-Amidino-0-alkylisourea with Ethyl Chlorcacetate

It was known that biguanide derivatives reacted with ethyl chloroacetate to give 2,4-
diamino—6-chloromethyl-s—triazine derivatives in the presence of alkaline catalyst. In the
same way, 4—-amino-2-alkoxy—-6-chloromethyl-s—triazine derivatives (XV) were obtained by
the reaction of N-amidino—O-alkylisourea with ethyl chloroacetate in low yields.

These chloromethyl-s—triazine derivatives (XV) obtained were easily aminated by
refluxing in absolute ethanol with two moles of several amines, such as ethanolamine, diethanol-
amine, piperidine and morpholine, as shown in Chart 6.

CH,Cl1 CH:NRR".
A A
' CICH:COOC,Hs N N RR’'NH N N
RO-C-NH-C -NH: — ' “
ﬂIH IQIH ’ RO“\} N /—NHZ RO"\\‘N/"NH2
XV XV
Chart 6

The whole compounds obtained by these several reactions are listed in Table 1.
The antitumor and pharmacological effects of these compounds will be described in the
other paper.

Experimental

N-Amidino-0-alkylisourea Hydrochloride
Kawano method.!?

Alkyl 4-Aminoe-6-alkoxy-s-triazine-2-carboxylate (I)— (III) A solution of 0.02 mole of N-amidino-O-
alkylisourea hydrochloride in 80 cc of anhyd. alcohol was treated with an alcoholic sodium alkoxide solution
prepared by dissolving 0.02 mole of metalic Na in a suitable amount of anhyd. alcohol and the resulting
precipitates were filtered off. To the filtrate was added 0.02 mole of diethyl oxalate. The solution was
heated for 24 hr under reflux and then concentrated. The resulting precipitates deposited on cooling were
collected by suction and recrystallized from EtOH as colorless prisms. »

4-Amino-6-alkoxy-s-triazine-2-carboxamide (VI) — (IX) A solution of 0.01 mole of alkyl 4—amino—6—
alkoxy—s—triazine-2—carboxylate and 0.01 mole of amine in 5 cc of anhyd. EtOH was refluxed for 5 hr.
After the completion of the reaction, the precipitates deposited on cooling were collected by filtration and
recrystallized from EtOH as colorless prisms.

4-Amino-6-alkoxy-s-triazine-2-carboxyhydrazide (IV)—(V)——To a solution of 0.01 mole of ethyl
4-amino-6-alkoxy—s—triazine-2—carboxylate in 10 cc of anhyd. EtOH was added with stirring 0.01 mole of
hydrazine hydrate at room temperature. The resulting precipitates were collected by suction, washed with
EtOH and recrystallized from EtOH as colorless prisms or needles.

4-Amino-2-alkoxy-6-chloromethyl-s-triazine (X), (XI)—A solution of 0.1 mole of N-amidino-O-
alkylisourea hydrochloride in 80 ml of anhyd. EtOH was treated with an ethanolic NaOEt solution prepared
by dissolving 0.1 mole of metalic Na in a small amount of anhyd. EtOH and the resulting precipitates were
removed by filtration. To the filtrate was added with shaking 0.1 mole of ethyl chloroacetate on cooling.
After standing overnight, the resulting precipitates were recrystallized from EtOH as colorless needles.

4-Amino-2-alkoxy-6-substituted-amino-s-triazine (XIV)-—(XXI) To a solution of 0.01 mole of 4-
amino—2-alkoxy-6—chloromethyl—s-triazine in 5 cc of anhyd. EtOH was added 0.02 mole of amine. After
refluxing for 2 to 5 hr, the solution was concentrated. The precipitates deposited on cooling were collected
by suction and recrystallized from EtOH as colorless prisms.

4-Amino-2-alkoxy-6-cyanomethyl-s-triazine (XII), (XIII)——A solution of 0.02 mole of N-amidino-O-
alkylisourea hydrochloride in 30 ml of anhyd. EtOH was treated with an ethanolic NaOEt solution prepared
by dissolving 0.02 mole of metalic Na in a small amount of anhyd. EtOH and the resulting precipitates
were removed by filtration. To the filtrate was added 0.02 mole of ethyl cyanoacetate. After standing

It was prepared from dicyandiamide and alcohol by

12) K. Kawano, Kyushu Kogyo Daigaku Kenkyu Hokoku (Japan), 12, 69 (1962).
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for 5 days at room temperature, the precipitates deposited were collected by suction and washed with ether.
Recrystallization from EtOH gave colorless prisms,
Reaction of N-Amidino-O-methylisourea with Ethyl Acetoacetate A solution of 4.58g of N-amidino-
O-methylisourea hydrochloride in 30 ml of
Wave length anhyd. EtOH was treated with an ethanolic
100 T T NaOEt solution prepared by dissolving 0.69
80¢ g of metalic Na and the precipitates depos-
60 A ited were removed by filtration. To the
40 () filtrate was added 3.90 g of ethyl acetoace-
tate, After refluxing for 5 hr, the resulting
precipitates were collected by suction and
recrystallized from a large volume of EtOH
as colorless prisms of 6-methyl-2-methoxy-
amidino-4-pyrimidinol, mp 187—188°,yield
2.25 g. Anal. Calcd. for C,H,,0,N,: C,

3600 2800 2000 1800 1600 1400 1200 1000 800 600 46.15; H, 5.53; N, 30.75. Found: C, 46.48;
Wave number H, 5.58; N, 30.56.

Fig. 1. Infrared Absorption Spectra of 6-Methyl-2— ) C(.)ncentrfa’;mg of th; ﬁltrtaife ga,\ée colgr-
methoxyamidino-4-pyrimidinol (A) and 4-Amino- essﬂf’rismst? ,'amjg;’('n‘me OXZ;,‘a‘;% 600'
2-methoxy-6-acetomethyl-s—triazine (B) ;nizl d};—ls(;;azme ( ), mp 195—196%

Transmittance

IR spectra of these compounds are shown in Fig. 1.

Reaction of N-Amidino-O-ethylisourea with Ethyl Acetoacetate Treatment of N-amidino-O-
ethylisourea with ethyl acetoacetate by the same method as described above gave colorless prisms of 6—
methyl-2-ethoxyamidino—4-pyrimidinol, mp 144—145°, yield 64.0%. A4nal. Calcd. for CgH,,0,N,: C,
48.97; H, 6.21; N, 28.54. Found: C, 49.62; H, 6.36; N, 28.31, and colorless prisms of 4-amino-2-ethoxy-
6-acetomethyl-s—triazine (XXIII), mp 209—210°, yield 25.5%,.

4-Amino-2-ethoxy-6-benzenesulfonylmethyl-s-triazine (XXIV) To a solution of 0.50 g of 4-amino—
2-ethoxy-6-chloromethyl-s—triazine (XI) in 10 ml of anhyd. EtOH was suspended 0.54 g of powdered
sodium benzenethiosulfonate. The reaction mixture was heated with stirring for 24 hr under reflux and
then concentrated. The resulting precipitates were collected by suction and recrystallized from EtOH
as colorless needles, mp 160—161°, yield 0.45 g.

4-Amino-2-ethoxy-6-( p-toluenesulfonyl) methyl-s-triazine (XXV) It was obtained from 5.0g of
4-amino-2-ethoxy—6-chloromethyl-s—triazine (XI) and 5.6 g of sodium p-toluenethiosulfonate by the same
procedure as described above, as yellow colums, mp 178—179°, yield 4.4 g.
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