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Abstract — Triformylmethane (1} reacted with benzamidine, guanidine and S-methyliso-
thiourea to give 2-substituted 5-formylpyrimidines (2a-c}, whose phenylhydrazones (3a-c)
readily underwent ring transformation into 4-formyl-l-phenylpyrazole (4) on heating in

acidic methanoi.

Some amidinohydrazone derivatives exhibit good antitumor activities.l In caontinuation of our stud-
ies on amidinchydrazones of 4-acylpyrazoles and S—acylpyrimidines,z—B we previausly reported that
the reaction of triacetylmethane with amidine derivatives did not lead to the expected 5-acyl-4,6-
dimethylpyrimidines, but, due to the great susceptibility of triacetyimethane to hydrolysis, to

different condensation products depending on the nuclecphiles used. We observed, in contrast with
triacetylmethane, that triformyimethane reacted with some amidine analogues tu afford the expec-

ted 5-formylpyrimidines. We now wish to describe this direct synthesis of 2-substituted 5-formyl-

pyrimidines and the ring transformation of their phenylhydrazones intc 4-formyl-1-phenylpyrazole

Treatment of triformylmethane (1) with an eguimolecular amount of benzamidine, guanidine or S-meth-
yl-isothiourea in boiling anhydrous ethanal for 20 h gave 2-substituted 5-formylpyrimidines (2a-c).
The structural elucidation of these pyrimidines was based on elemental analysis and spectral data.
Especially, in the 1H-nmr spectra of 2a-c¢, the signals due to the formyl proton (& 9.63-10.25 ppnm,
s, 1H) as well as the signal assignable to C4 and C6 protons (& 8.56-9.15 ppm, s, 2H) are guite

1

characteristic. The ir spectra of 2a-c showed absorpticn band at 1678-1705 cm”~ attributed to C=0

stretching vibration.

Similar reaction of 1 with formamidine and acetamidine did not afford the expected pyrimidine
derivatives. Heating 1 with thiourea in anhydrous ethanol in the presence of sodium ethoxide or
hydrochloric acid, resulted in the formation of degradation products. The fact that thiourea, which
is usually a good agent for the formation of pyrimidines, did not lTead to the expected pyrimidine,

either in alkaline or acidic media, is very likely due to the ring instability of the type of
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pyrimidine to which it should have 1ed.6

Pyrimidines {?a-¢)were readily converted to the corresponding phenylhydrazones {3a-c) by the usual
method. When heated with hydrochloric acid in methanol, these phenylhydrazenes underwent ring
transformation into 4-formyl-1-phenylpyrazole (4)7 which was directly obtained by reaction of 1
with phenylhydrazine in acidic methanol at room temperature. The mechanism of this ring contrac-
tion involves ring opening of the pyrimidine nucieus by nucteophilic attack of NH group of the
phenylhydrazono moiety on 4- {or 6-) position of the pyrimidine ring. Previously, we reparted
analogous ring transformation of 5-acylpyrimidines into pyrazole derivatives by the action of some
hydrazines without (always) isclating the hydrazone 1ntermediates.2_4’8 Howeyer, our attempts to
directly transform pyrimidine (2c) into 4 by the reaction with an excess of phenylhydrazine in

boiling acidic methancl was unsuccessful.

It is worth noting that 5-formyl-2-methylthiopyrimidine amidinohydrazone (5}, prepared by conden-
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sation of 2c with aminoguanidine in acidic methanol, did not undergo ring transformation into
pyrazole derivative on heating in methanol in the presence of hydfoch1or1c acid. We recovered in
this case the starting hydrazone. Such difference of reactivity between amidinohydrazones and

phenylhydrazones of 5-acyipyrimidines have aiready been pointed 0ut.4

EXPERIMENTAL

Melting points were determined using a Kofler bench apparatus and are uncorrected. 1H—Nmr spectra
were recorded an a Hitachi-Perkin Elmer 60 MHz spectrometer or a Varian 390 90 MHz spectrometer
using tetramethylsilane as internal standard. Mass spectra were taken on a Ribermag R10-10 appa-
ratus using a direct inlet system. Infrared spectra were obtained on a Perkin-Eimer model 1710

spectrophotometer.

2-Substituted 5-Formylpyrimidines (Za-c).

To an ethanclic sodium ethoxide solution (50 mg of sodium in 25 ml of anhydrous ethanol) were

added benzamidine hydrochioride (0.38 g, 2.4 mmol} and l9

(0.2 g, 2.0 mmol}. The mixture was
stirred at room temperature for 1 h, and then refluxed for 20 h. After evaporation of the solvent,
the residue was treated with water (20 ml}. The mixture was made acidic (pH 1} by addition of
hydrachioric acid, and extracted with ethyl acetate. The extract was washed with water, dried

{Mgs0,) and concentrated to yield 2a which was cristallised in cyclohexane. In the same manner by

4!
using guanidine hydroechloride or S-methylisothiourea hydroiodide in place of benzamidine hydro-
chloride, pyrimidine 2b or 2¢ was obtained (in the case of 2b, after removal of the solvent from
the reaction mixture, water was added to the residue and the resultant solution was macde acidic

by addition of hydrochloric acid and then neutralized with sodium hydrogencarbonate before extrac-
tion with ethyl acetate).

— 2a, yield 0.22 g (50%), mp 131-132° {cyclohexane), LT, (DMSO-dg): & 7.2-7.6 (m, 2H, Ph),
8.1-8.5 {m, 2H, PhY, 9.15 (s, 2H, C4- and C6-H), 10.25 (s, 1H, CHO). Ms m/z: 184 (75, My, 158
(13}, 104 {36}, 103 (100), 77 (20}, 76 (25). Ir {KBr): v 1705 (C=D) L, Anal. Caled for

C11H8N20: C, 71.73; H, 4.38; N, 15.21. Found: C, 71.65; H, 4.56; N, 15.45.

— 2b, yield 0.12 g (49%), mp 208-210° (benzene/ethanol ). 1H-Nmr (DMSU-dﬁ): 8§ 7.53 (br s, ZH, NHZL
8.56 (s, 24, C4- and C6-H), 9.63 (s, 1H, CHO). Ms m/z: 123 (100, ¥y, 122 (88), 95 (25), 94 (38),

68 (38), 66 (39), 53 (48). Ir {(KBr): v 3287, 3181 (NH,}, 1678 (C=0) cm}. Anal. Caled for CeHe N0

2
C, 48.78; H, 4.0%; N, 34.12. Found: C, 48.85; H, 3.83; N, 34.44,

—— 2¢, yield 0.1 g {33%), mp 83-84° (cyclohexane) (1it.'C mp 84°).
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Phenylhydrazones of 2-Substituted 4-Formylpyrimidines {3a-c).

A mixture of 2a, b or ¢ (1.0 mmcl), phenylhydrazine (0.22 g, 2.0 mmol} and 2 drops of conc. hydro-
chloric acid in methanol (15 ml) was stirred at room temperature for 18 h. After evaporation of
the solvent, the residue was treated with water (20 m1). The mixture was made acidi¢c (in the case
of 3b, the resultant acidic solution was neutralized with sodium hydrogencarbonate) and extracted
with ethyl acetate. The organic layer was washed with water, dried (Mgsoq) and concentrated to
yield 3a, b or c¢. The crude products, collected by filtration, washed with methanol and dried,

were practically pure without further purification.

1

— 3a, yield 0.24 g (88%), mp 225-226°. “H-Nmr {DMSO-d 6.7-7.4 {m, BH, Ph}, 7.4-7.7 (m, 3H,

6"
Ph), 7.87 (s, 1H, -CH=), 8.2-8.5 (m, 2H, Ph), 9.07 (s, ?H, Cd- and C6-H}, 10.67 (s, H, NH). Ms

m/z: 274 (14, M7}, 128 (9), 103 (50}, 92 (71), 77 (64), 65 (100). Anal. Calcd for CiaMiahy: €,

74.43; H, 5.14; N, 20.46. Found: C, 74.56, H, 5.02; N, 20.19.

— 3b, yield 0.11 g (51%), mp 240-242°. 1H-Nmr (DMSOAdG): 6.4-7.3 (m, 5K, Ph), 6.70 (s, 2H, NHz),

7.67 (s, 1M, -CH=), 8.47 (s, 2H, C4- and C6-H), 10.00 (s, 1H, NH). Ms m/z: 213 (100, M'), 172 (9},

96 (38), 92 (68), 83 (18), 77 (23), 65 (57). Anal. Calcd for Cy My Ne: C, 61.965 H, 5.20; N,

32.84. Found: C, 61.77; H, 5.03; N, 33.13.

1

— 3c, yield 0.15 {61.5%}, mp 189-190°. “H-Nmr (DMSO-d 2.47 (s, 3H, CH3), 6.5-7.2 (m, 5H, Ph},

)
7.57 (s, 1H, -CH=), 8.63 (s, 2H, C4- and C6-H), 10.5-10.8 (br, 1H, NK). Ms m/z: 244 (100, M'),

124 {4y, 96 (5), 92 (21}, 77 (13), 65 (30}. Anal. Calcd for C._H. N

12Hy7 S: C, 58.99; H, 4.95; N, 22.93;

4

S, 13.12. Found: C, 58.53; H, 4.89; N, 23.42; S, 13.06.

4-Farmyl-1-phenylpyrazole (4).

A mixture of 1 (0.1 g, 1.0 mmol), phenylhydrazine (0.13 g, 1.2 mmol) and conc. hydrochloric acid
{0.2 ml) in methanol (15 ml) was stirred at room temperature for 24 h. After removal of the soi-
vent, the residue was treated with water {20 ml} and the mixture was extracted with ethyl acetate.

The extract was washed with water, dried (MgS0,) and evaporated to yield a crystalline solid.

7

4!

Recrystallization from cyclohexane gave 4 (0.11 g, 64%), mp 84-85° (1it." mp 85°)

Transformation of 3a-c into 4.

A mixture of 3a, b or ¢ (0.5 mmol) and conc. hydrochloric acid (0.5 ml) in methanol {20 ml} was
refluxed for 20 h, After removal of the solvent, the residue was treated in the same manner as
described above to yield 4, mp 85°, yields 43 mg (50%) from 3a, 71 mg (83%) from 3b and &1 mg

1

(71%) from 3c. The "H-Nmr spectra of the products were identical with that of 4 prepared from 1

and phenylhydrazine.
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5-Formyl-2-methylthiopyrimidine Amidinohydrazone (5).

A mixture of 2c (0.46 g, 3 mmol), aminoguanidine hydrogencarbonate (0.5 g, 3.6 mmoi) and conc,
hydrochloric acid {1 ml) in methanol (20 m1} was stirred at room temperature for 5 h. After eva-
poraticn of the solvent under reduced pressure, a crystalline solid was collected by filtration,
washed with ethanol and dried to yield 5 (0.63 g, 85%} which was practically pure, mp 263-264".

Recrystaliization from ethanol gave an analytical sample. 1H-Nmr {DMS0-d & 2.54 (s, 3H, CH3),

6
7.85 (br s, 4H, exch.), &.12 (s, 1H, -CH=), 8.04 (s, 2H, Cd- and C6-H), 12.5 {br s, 1M, exch.).

Ms m/z: 210 (80, M'), 209 (78}, 195 (7}, 167 (14), 121 (13). 111 (9), 96 (68), 59 (21}, 43 (100).
Anal. Caled for C,H) NS HCI: C, 34.08; K, 4.49; N, 34.065 S, 12.99; C1, 14.37. Found: €, 33.91;

H, 4.68; N, 33.74; 5, 12.48; 1, 14.07,
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