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The reactions of N-benzoylaminoacetamidine(IIla) and N-benzyloxycarbonylaminoacetamidine(IIIb)
with various 1,3-bifunctional compounds were investigated. Both IIIa and IIIb were found to react with ace-
tylacetone to produce 2-amino-3-benzoylamino-4,6-dimethylpyridine and 2-amino-3-benzyloxycarbonylamino-

4,6-dimethylpyridine, respectively.

On the other hand, ITla reacted with ethyl acetoacetate or diketene to pro-

duce 2-(N-benzoylaminomethyl)-4-hydroxy-6-methylpyrimidine. Reaction of IIIb with malononitrile gave
1-amino-2-( N-benzyloxycarbonylaminoethylidene) malononitrile.

Amidines and 1,3-bifunctinal compounds react
generally to form pyrimidines, and rarely to form an-
other heterocyclic ring system. The reaction of malo-
namideamidine(I) with B-ethoxyacrolein diethyl-
acetal or 1,3-dicarbonyl compounds has been re-
ported+? to produce 2-aminonicotinamide derivatives

m. R
1
H,NCOCH,C(-NH)NH, “/\l/CONHz
I R'/A\N7\NH,
I

Goldberg and Kelly® reported that the reaction
product between N-benzoylaminoacetamidine(IIIa)
and acetylacetone was 2-(N-benzoylaminomethyl)-4,6-
dimethylpyrimidine(IVa) on the basis of elemental
analysis only. We have followed their procedure to
prepare IVa and obtained a product having an em-
pirical formula C;,H;;ON; and the same melting point
as described. However, the IR spectrum of the product

1) A. Dornow and K. Peterlein, Chem. Ber., 82, 257 (1949).
2) A. Dornow and E. Neuse, ibid., 84, 296 (1951).
3) A. A. Goldberg and W. Kelly, J. Chem. Soc., 1947, 1372.
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TaBrLe 1. REeactioN oF 111a®) wITH ACETYLACETONE
Reaction Solvent Reaction Alkali Molar ratio of Yield of
. H o,

Temp. (°C) Time (hr) IIIa HCI : alkali Va (%)
1o C,H,OH reflux 4 K,CO, 1 :1 23
2 C,H,OH reflux 4 K,CO, 1 : 2.5 17
3 C,H,OH reflux 9 K,CO, 1 :1 20
4 C,H;OH reflux 15 K,CO, 1 :1 11
5 C,H;OH reflux 4 C,H;ONa 1 : 0.19 20
6 DMF 70 4 K,CO, 1 : 2 21
7 DMF 20 4 K,CO,; 1 : 2 18

a) Used in the form of hydrochloride except in Reaction 5.
b) The same conditions as given in Ref. 3.
c ) Ratio of free IIla : alkali.

showed absorptions attributed to =NH, -NH,, and
an amide carbonyl group. Additional information
was obtained from the NMR spectrum. There were
singlet peaks at 7 0.50(1H) and 7 4.37(2H) which disap-
peared with the addition of deuterium oxide, and two
at v7.73(3H) and ©7.93(3H) due to unequivalent
two methyl groups.

On the basis of spectral results it is reasonable to
consider that the reaction proceeded, as in the case of
formation of II from I, to form 2-amino-3-benzoyl-
amino-4,6-dimethylpyridine(Va).

NH

RCONHCH,CNH, -+ CH,COCH,COCH,
1IIa, IIIb
CH,
(N
H,C~\N“~CH,NHCOR
IVa, IVb

—

CH,
|
_A\NHCOR

_ I
H,C/\N7\NH,
Va, Vb

a: R=CH; b: R=CH,CH,0

In order to collect chemical evidences on the as-
signed structure of Va, the following reactions werc
carried out. Treatment of Va with benzoyl chloride
led to 2,3-dibenzoylamino-4,6-dimethylpyridine(VI).
Hydrolysis of Va yielded 2,3-diamino-4,6-dimethyl-
pyridine(VII) which condensed with benzil to produce
2,3-diphenyl-6,8-dimethylpyrido[2,3-4]-pyrazine(VIII).
These properties can be explained satisfactorily only
with Va and do not seem to occur with IVa.

CH,
|
CeH;COCI N\NNHCOCH;
Va — ()
H,C"N”"NHCOC H;
l Hydrolysis VI
CH, CH,
| |
|/\/NH2 CyI1,COCOC, H; NN CH;
[ — [
H,C/\N7\NH, H,C N/ \N7\CH,
VII VIII

In order to learn whether the pyrimidine derivative
(IVa) could be formed by the present reaction and
for the purpose of improving the yield of Va, the
reaction was carried out under various conditions
(Table 1). All efforts to improve the yield of Va were
unsuccessful. This can be attributed to the facile hy-
drolysis of free amidine(IIla) in alkaline medium
which competes with the formation of Va. In fact, a
considerable amount of N-benzoylaminoacetamide
was obtained as a by-product in each experiment.
The reaction at room temperature, in benzene, or in
acetic acid in the presence of sodium acetate gave no
Va.

The reaction of N-benzyloxycarbonylaminoace-
tamidine(IIIb) with acetylacetone in ethanol in the
presence of sodium ethoxide proceeded in a similar
way affording 2-amino-3-benzyloxycarbonylamino-4,6-
dimethylpyridine(Vb) in a poor yield. The assign-
ment of structure Vb was based on its composition,
IR and NMR spectra.

The reactivity of the methylene groups in IIla
and IIIb is considered to be much lower than that of
the methylene group in I. It is notable that the
methylene group in III participated in the ring for-
mation.

Next, the rcaction of IIla with ethyl acetoacetate
in the presence of sodium hydroxide was studied. The
product, having an empirical formula C,3H;30,N, is
soluble in aqueous sodium hydroxide and devoid of
primary amino absorption in the IR spectrum. The
doublet centered at 7 5.65 (2H, /=2.8 Hz) in the NMR
spectrum assigned to methylene protons changed to a
singlet, the triplet at = 1.10(1H, J=2.8 Hz) disappearing
with the addition of deuterium oxide. This indicates
that the methylene protons are coupled with the =NH
of the neighboring amide group. Elemental and spec-
trometric analyses identified the product as 2-(N-
benzoylaminomethyl) - 4 - hydroxy- 6 -methylpyrimidine
(IX).

As an alternative synthesis of 1X, diketene was made
to react with IIla in ethanol at 0 °C. The product was
identical with that previously prepared.

CH;COCH,;COOC;Hs CH,
1
L, ("~
Iila — , = .
Diketene | " HO/\N7“CH,NHCOC,H,
IX
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The reaction of IIla with other 1,3-bifunctional
compounds was also studied. The following reagents
were used as 1,3-bifunctional compounds, i.c., benzoyl-
acetone, dibenzoylmethane, ethyl dimethylmalonate,
methyl acrylate, and acetylacetaldehyde dimethylacetal.
The reactions were carried out in ethanol at 45 °C for
2 days or under reflux for 4 hours in the presence of
potassium carbonate or sodium ethoxide. All trials
to isolate the expected product were unsuccessful.

Amidine IIla is known to react with malononitrile
and ethyl cyanoacetate to vyield l-amino-2-(N-
benzoylaminoethylidene)malononitrile and ethyl 1-
amino-2-( N-benzoylaminoethylidene)cyanoacetate, re-
spectively.® A similar condensation of ethyl cyano-
acetate with formamidine or benzamidine in the ab-
sence of alkali was reported.¥ We have now found
that the reaction of IITb with malononitrile proceeds
analogously, l-amino-2-(N-benzyloxycarbonylamino-
ethylidene)malononitrile(X) being obtained.

IIIb + CH,(CN), —> CzH,CH,0CONHCH,C-C(CN),
1
NH,
X

Experimental

All melting points were uncorrected. The NMR spectra
were recorded at 60 MHz using tetramethylsilane as an
internal standard.

2-Amino-3-benzoylamino-4,6-dimethylpyridine(Va). To a
solution of 9 g (90 mmol) of acetylacetone in 75 ml of ethanol
was added 15 g (70 mmol) of IITa hydrochloride® and 10 g
(72 mmol) of potassium carbonate, and refluxed for 4 hr with
stirring. The reaction mixture was concentrated and the
residue was dissolved in 70 ml of 109, hydrochloric acid.
Insoluble N-benzoylaminoacetamide [mp 183 °C (lit,*
186 °C), 5 g (40%)] was removed by filtration, the filtrate
being made alkaline with 109, aqueous sodium hydroxide.
Precipitates were collected and recrystallized from methanol
to give colorless needles of Va, mp 197—198 °C, 3.9 g (23%).

Found: C, 69.57; H, 6.51; N, 17.719,. Calcd for
G, H,;;ON,: C, 69.69; H, 6.27; N, 17.42%,. IR(KBr)
cm~1: 3425, 3300, 3180, 1635, 1530. NMR (CDCl,)t:

0.50 (s, 1H), 1.80—2.67 (m, 5H), 3.55 (s, 1H), 4.37 (s, 2H),
7.73 (s, 3H), 7.93 (s, 3H).
2,3-Dibenzoylamino-4,6-dimethylpyridine( VI). To a
solution of 1.2 g (5 mmol) of Va in 20 ml of 109, hydro-
chloric acid was added 0.7 g (5 mmol) of benzoyl chloride
under ice cooling. Aqueous sodium hydroxide (109) was
added dropwise until the solution became alkaline. The
precipitates were collected and recrystallized from dimethyl-
formamide to give white powder of VI, mp 223—225 °C,

1.1g (649%).

Found: C, 73.01; H, 5.61; N, 12.279%. Caled for
C,H,,0,N;: G, 73.03; H, 5.54; N, 12.17%. IR(XBr)
cm~1: 3215, 1653, 1532. NMR (DMSO-dy)r: 1.77—

2.63 (m, 10H), 2.90 (s, 1H), 5.87 (s, 2H) 7.54 (s, 3H), 7.71
(s, 3H).

2,3-Diamino-4,6-dimethylpyridine( VII). A solution of
2 g (8.3 mmol) of Va in 30 ml of 109, hydrochloric acid was
heated under reflux for 6 hr. On cooling, benzoic acid which
separated out was removed by filtration. The filtrate was
treated with charcoal, concentrated to ca. 10 ml, and then made

4) G. W. Kenner, B. Lythgoe, A. R. Todd, and A. Topham,
J. Ghem. Soc., 1943, 388.
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strongly alkaline with 109, aqueous sodium hydroxide to
give crystalline substance. Recrystallization from water
afforded colorless needles of VII, mp 156—158 °CG, 0.9g
(79%).

Found: C, 61.59; H, 7.99; N, 30.329,. Calcd for
C.H;;N,: C, 61.29; H, 8.08; N, 30.639%,. IR(KBr)cm!:
3380, 3320. NMR (DMSO-dg)r: 3.81 (s, 1H), 4.74 (s,
2H), 5.86 (s, 2H), 7.88 (s, 3H), 8.00 (s, 3H).

2,3-Diphenyl-6,8-dimethylpyrido[ 2,3-b] pyrazine( VIII). A
mixture of 0.69 g (5 mmol) of VII and 1.05g (5 mmol) of
benzil was heated for 30 min, the temperature being main-
tained at 120 °C. The reactants melted first and solidified
again. Recrystallization from a mixture of ethanol and
benzene gave colorless prisms of VIII, mp 189—190 °C, 1.4 g

(89%). Found: C,81.19; H, 5.56; N, 13.27%. Calcd for
Cy,H,.N,: C, 81.00; H, 5.50; N, 13.50%. IR (KBr) cm-1:
3030, 1590, 770, 700. NMR(CDCly)7: 2.23—2.87 (m,

10H and 1H of CH), 7.20 (s, 6H).
2-(N-Benzoylaminomethyl ) -4-hydroxy-6-methylpyrimidine(IX).

An ethanol solution of sodium ethoxide prepared from 0.7 g
(30 mmol) of sodium and 30 ml of ethanol was added to a
solution of 6.4 g (30 mmol) of IITa hydrochloride in 20 ml
of ethanol under ice cooling and the precipitated sodium
chloride was removed by filtration. To the filtrate was added
3.9 g (30 mmol) of ethyl acetoacetate. This was transferred
to an evaporating dish and evaporated to dryness in a desic-
cator over sulfuric acid. The residue was added to a mixture
of 10ml of 209, aqueous sodium hydroxide and 30 ml of
ethanol, and stirring was continued at room temperature for
2 days. The reaction mixture was concentrated in vacuo
and 20 ml of water was added. The water-insoluble sub-
stance was removed by filtration, and filtrate was neutralized
with 5% hydrochloric acid to afford the precipitate. Re-
crystallization from dimethylformamide gave colorless nee-

dles of IX, mp 241—242 °C, 2.1g (29%).

Found: C, 63.80; H, 5.26; N, 17.08%. Caled for
C,H,;;0,N;: G, 64.19; H, 5.38; N, 17.29%. IR(KBr)
em-!: 3300, 1633. NMR (DMSO-d)r: 1.10 (t, 1H),

2.1—2.5 (m, 5H), 3.93 (s, 1H), 5.65 (d, 2H), 6.67 (s, 1H),
7.87 (s, 3H).

Reaction of Illa with diketene. A solution of IITa (30
mmol) in ethanol was prepared by the same procedure as in
the preceding experiment. To this was added dropwise
2.6 g (30 mmol) of diketene at 0 °C. Crystals began to sepa-
rate out after 30 min. The reaction mixture was stirred at
room temperature for 1 day. Precipitates were collected
and recrystallized from dimethylformamide to give 2.2¢g
(32%) of IX, mp 241—242 °C. Found: C, 63.96; H, 5.30;
N, 17.449%,. Spectral data were identical with those ob-
tained in the preceding experiment.

N-Benzyloxycarbonylaminoacetamidine (IIIb)  hydrochloride.

To a solution of ammonia in ethanol (50 ml, 159, by wt) was
added 10g (37 mmol) of ethyl imino(N-benzyloxycarbo-
nylamino)acetate hydrochloride® and stirred for 1 hr. The
resulting solution, after being allowed to stand at room
temperature for 2 days, was concentrated in a desiccator
over sulfuric acid. Recrystallization of the residue from
acetonitrile gave colorless plates of IIIb hydrochloride, mp
112—113 °C (lit,» 78 °C), 5.5 g (629%,). Found: C, 48.93;
H, 5.52; N, 17.48%,. Calcd for C,,H;,O,N;Cl: C, 49.39;
H. 5.79; N, 17.24%,. IR(KBr)cm~!: 3500-—2700, 1690,
1525. NMR(DMSO-dg)r: 0.87 (b.s, 4H), 2.17 (b.s, 1H),
2.63 (s, 5H), 4.90 (s, 2H), 5.92 (d, 2H).

Reaction of IIIb with acetylacetone. To an ethanol solu-
tion of sodium ethoxide prepared from 0.76 g (33 mmol) of

5) M. Mengelberg, Chem. Ber., 89, 1185 (1956).
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sodium and 30 ml of ethanol was added a solution of 6.8 g
(28 mmol) of IIIb hydrochloride in 30 ml of ethanol under
ice cooling. After removing sodium chloride 3.6 g (36 mmol)
of acetylacetone was added and refluxed for 4 hr and then
concentrated. To the residue was added 50 ml of chloro-
form. The crystal, insoluble in chloroform, was col-
lected and recrystallized from ethanol to give colorless needles
of N-benzyloxycarbonylaminoacetamide, mp 133—134 °C,
2.4 g (41%).

Found: C, 57.40; H, 6.05; N, 13.709,. Caled for
CH,ON,: G, 57.68; H, 5.81; N, 13.459%. IR(KBr)
cm-1: 3380, 3315, 3180, 1690, 1655, 1535.

The chloroform solution was concentrated and the residue
was subjected to column chromatography on alumina and
eluted with ethyl acetate to afford Vb. Recrystallization
from a mixture of benzene and ligroin gave colorless needles,
mp 162—163 °C, 1.0g (13%). Found: GC, 66.51; H, 6.19;
N, 15.419%. Caled for C;;H,,0,N,: G, 66.40; H, 6.31;
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N, 15.499%. IR(KBr)cm~-1: 3450, 3300, 3180, 1700,
1617, 1602. NMR(CDCL)r: 2.71 (s, 5H), 3.13 (bs, 1H;
exchanged with D,0), 3.67 (s, 1H), 4.87 (s, 2H), 5.27 (s, 2H;
exchanged with D,0), 7.79 (s, 3H), 7.99 (s, 3H).

1-Amino-2-( N-benzyloxycarbonylaminoethylidene )malononitrile (X ).
A solution of ITIb (10 mmol) in 20 ml of ethanol containing
sodium ethoxide (2 mmol) was prepared by a similar
procedure to that in the preceding experiment. To this
solution was added 0.66 g (10 mmol) of malononitrile and
refluxed for 30 min. After cooling to room temperature,
crystals which separated out were recrystallized from ethanol
to give colorless needles of X, mp 169—170 °C, 1.5 g (62%,).
Found: C, 60.68; H, 4.46; N, 22.139,. Calcd for Cj;-
H,;,O,N,: G, 60.93; H, 4.72; N, 21.86%,. IR(XBr)cm:
3400, 3350, 2220, 2190, 1715, 1650, 1548. NMR (DMSO-
dg)r: 1.33 (bs, 1H), 1.57 (b.s, 1H), 2.61 (b.s, 1H), 2.63 (s,
5H), 4.93 (s, 2H), 5.98 (d, 2H).






