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96. Akira Takamizawa and Kentaro Hirai : Studies on the Pyrimidine
Derivatives. XXVIIL* Reactions of Amidines with 3-Ethoxy-2-
methoxymethylenepropionitrile, 3—Ethoxy—2~ethoxymethoxymethyl-
propionitrile, Ethyl 3—Ethoxy—2—methoxymethylenepropionate,
and Ethyl 3—Ethoxy—2—ethoxyrnethoxymethylpropionate.

(Shionogi Research Laboratory, Shionogi & Co., Lid.*2)

In earlier experiments on the synthesis of vitamin B, we found that acetamidine
reacted with 3~ethoxy—Z—methoxymethylenepropionitrile (I) to give 4-amino-5-ethoxy-
methyl-2-methylpyrimidine (II),» with 3—ethoxy—2~ethoxymethoxymethylpropionitrile (Ir)
it gave S—acetamidomethyl—4—amino—2—methylpyrimidine (V) via 2,7-dimethyl-5,6-dihydro-
pyrimido[4,5-d]pyrimidine (N ),” and with ethyl 3—ethoxy—Z—methoxymethylenepropionate
(V) 5-ethoxymethyl-2-methyl-4-pyrimidinol () was obtained.®
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*1 Part XXVI: Vitamins (Kyoto), in contribution.

*2 Sagisu, Fukushima-ku, Osaka (BRR m, SEH R ER). :
1) A. Takamizawa, K. Tkawa, K. Tori: Yakugaku Zasshi, 78, 647 (1958).
2) A. Takamizawa : Ibid., T4, 756 (1954).
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Recently, Ogawa, ef al.? synthesized 2-ethyl homologues of II and V by using pro-
pioamidine, and described the biological action on animals and microbes.

The present study is concerned with the reaction of various amidine derivatives
with I, Il, and VI. First of all, we obtained 4-amino-5-ethoxymethylpyrimidine (V)
from the reaction of I with formamidine in ethanol solution. In a similar way, 1
reacted with butanamidine to give 4-amino-5-ethoxymethyl-2-propylpyrimidine (X),
and with benzamidine (I) gave 4-amino-5-ethoxymethyl-2-phenylpyrimidine (X).

oD Two molar equivalent of butanamidine
reacted with Il in ethanol solution and the
process of the reaction was traced by ultra-
violet absorption spectra of the reaction mix-
ture (Fig. 1). After refluxing for one hour,
an absorption maximum at about 265 mp
appeared and the formation of the inter-
mediate was suggested,? by continued reflux-
ing the maximum shifted to 300 mp. When
no change in ultraviolet spectrum was seen
after 5 hours, the reaction mixture was con-
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Fig._l. Ultraviolet Spectra of the Reaction centrated to give crystals of m.p. 96°. The

Mixture at the Different Time ultraviolet spectrum of this compound show-
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_____ After 1 hia.ltrl'zguxing ed the maximum at 298 mp and conjugation

“““““ After 2 hr. refluxing with pyrimidine was supposed. From the

——m——— — After 5hr. refluxing . .
elemental analysis and the nuclear magnetic

resonance spectrum, the structure of this compound was confirmed to be 2,7-dipropyl-
5,6-dihydropyrimido[4,5-dJpyrimidine (X). X was hydrolyzed under mild conditions to
give 4-amino-5-butyramidomethyl-2-propylpyrimidine (XI), which was hydrolyzed again
to afford 4-amino-5-aminomethyl-2-propylpyrimidine (XII). Xl was converted into the
original XI by the reaction with butyryl chloride.

Also, I reacted with benzamidine to yield 2,7-diphenyl-5,6-dihydropyrimido[4,5-d]-
pyrimidine (XIV), which was hydrolyzed to give 4-amino-5-benzamidomethyl-2-phenyl-
pyrimidine (XV). With formamidine, Il gave 4-amino-5-formamidomethylpyrimidine
(XVI), and although dihydropyrimidopyrimidine (XVI) could not be isolated as crystals
the formation of XVI was confirmed by the ultraviolet spectrum of the reaction mix-
ture, showing the absorption maximum at about 300 mp. Hydrolysis of XVI yielded
4-amino-5~-aminomethylpyrimidine (XVII), which was converted into XVI by the action
of formamide.

The reaction of VI with formamidine gave 5-ethoxymethyl-4-pyrimidinol (XIX), with
butanamidine it gave b5-ethoxymethyl-2-propyl-4-pyrimidinol (XX), with benzamidine
5-ethoxymethyl-2-phenyl-4-pyrimidinol (XXI) was obtained, and with phenylacetamidine
it yielded 2-benzyl-5-ethoxymethyl-4-pyrimidinol (XXII).

Treatment of XXI with phosphoryl chloride afforded 4-chloro-5-ethoxymethyl-2-
phenylpyrimidine (XXMI). The reaction of XXl with ammonia in ethanol gave an amino
compound which was identical with X obtained from the reaction of I with benzami-
dine.

The reaction of benzamidine with acetal ester compound (ethyl 3-ethoxy-2-ethoxy-
methoxymethylpropionate (XXIV))® also gave XXI and the difference in the reaction
pattern between the reactions using acetal ester (XXIV) and enol ester (V) was not seen.

3) S. Ogawa, et al.: Vitamins (Kyoto), 27, 75, 325 (1963), Ibid., 28, 238 (1963).
4) A. Takamizawa, K. Tokuyama, H. Sato: Yakugaku Zasshi, 79, 664 (1959).
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This result was analogous to the early experiment® using acetamidine and more detai-
led experiment has not been made.

Experimental*?

General Procedure for Synthesis of 2-Substituted 4-Amino-5-ethoxymethylpyrimidine——To a solution
of 0.01 mole of Na in 10ml. of abs. EtOH, 0.01 mole of amidine-HCl (formamidine, butyramidine or
benzamidine) was added, and the mixture was allowed to stand at room temperature for 1 hr. To this
mixture, 0.01 mole of 3-ethoxy-2-methoxymethylenepropionitrile (I) was added and refluxed for 5 hr.
The reaction mixture was filtered and the filtrate was evaporated ix vacuo, the residue was purified with
Al;O; column chromatography (W), distillation (X), or recrystallization (X). IR »N4 em™: 1075~1090.
NMR*¢: 7=8.75~8.79 (CH,, triplet J=7 c.p.s.), 6.48~6.52 (~CH,~, quartet J=7 ¢.p.s.), 5.54~5.58

(J—CHZ—O\, 4.28,~4.45 (NH,), 1.87~1.90 (6-H), 1.47 (2-H). The data for the compounds are listed in
Tables I and II.

R,
AI
N YWCH:R;
TasLe I. [ ‘
Rl—‘N ;
Subitituents :
Compd m.p. Yield
i Appearance
No. R R2 Rs 0 ppearane (%)
il H NH,; OC.H; ca. 79 hygroscopic prisms 61
VIl picrate n 7 I 186 (decomp.) yellow needles®
VIi- HC1 " " " 196 ( # )  colorless needles®
X CsHy; " " (108»{2115 /1 mm. H) pale yellow prisms 51.3
X CeHs " " 132 colorless prisms® 44
26
d
X CsH, n  NHCOC;H, 179 colorless needles® (from butyramidine)
XV CeH; " NHCOCH; 219~220 colorless rhombics (trom Xfl%
) . 6.6
XVI H n  NHCHO 171~172 colorless prisms® (from formamidine)
XVI-picrate » 1 " 265 (decomp.) yellow prisms®
XVII-HC1 " n  NH, 290< colorless needles?® 97.2
XII-HC1 CsH; 17 I 210 colorless prisms 79.2
XIX H OH OC.H; 98 colorless needles 27
XX C;H; " " 131 I 5 25
XXI CeH; " I 157 colorless scales/) 53
XXX CeHs;CHz 7 " 148 colorless rhombics/) 7.2

Recryst. from a) EtOH; &) aq. EtOH; c¢) benzene-petr. ether; d) HyO; e) MesCO; f) AcOEt.

General Procedure for Synthesis of 2,7-Disubstituted 5,6-Dihydropyrimido[4,5-dIpyrimidine——A
solution of 0.02mole of Na, 0.02mole of amidine-HCI (butyramidine or benzamidine), and 0.01 mole of
Il in 20 ml. of abs. EtOH was refluxed for 5 hr. The reaction mixture was filtered and the filtrate
was evaporated i# vacuo. The residue was purified with Al,O; column chromatography (X) or recrystal-
lization from EtOH-AcOEt (XIV). After collection of X, the residue was hydrolyzed with 20 ml. of
H:0 and 0.3g.(12.7%) of XI was obtained. NMR: +=5.10~5.45 (C-5 methylene), 1.75~1.93 (4-H).
The data for the compounds are listed in Table 1I.

General Procedure for Synthesis of 2-Substituted 4-Amino-5-acylaminomethylpyrimidine—a) A
solution of 0.001 mole of 2,7-disubstituted 5,6-dihydropyrimido[4,5-dJpyrimidine in 3 ml. of 109 NaOH
and 10 ml. of EtOH was refluxed for 2 hr. The separated crystals were collected and recrystallized
Xv).

*#3 All melting points are uncorrected.
*t The NMR spectra were taken with a Varian A-60 spectrometer in CDCl; solution containing Si(CHs)s
as an internal reference.
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Tape I. Analytical and Ultraviolet Spectral Dat

Analysis (%)
C&rg.pd. Formula Calcd Found UV AEQH my (log &)
— —— ~
C H N C H N
VII-picrate CisHiOsNg  40.84  3.69 21.98 41.18 3.85 21.64
VI-HC1 CH,ON:Cl 44.31 6.38 22.15 43.70 6.56 22.03
X C10H1,ON;3 6l.51 8.78 21.53 61.74 8.78 20. 58 234.5(3.97), 273 (3. 66)
X C13H150N; 68.10 6.59 18.32 67.61 6.61 17. 81 240 (3.75), 281.7(3.94)
X C12H20ONy 60.98 8.53 23.71 61.45 8.70 23.82 236 (3.93), 277.8 (3.75)
XV Cy1sH160ONy 71.03 5.30 18.41 71.02 5.51 18. 23 238 (4.49), 284 (3. 99)
XVI CeHsON, 47.37 5.30 36.83 47.12 5.42 35.66 235.5(3.99), 274 (3.63)
XVI-picrate CioH110sNy 37.80 2.91 25.73 38.29 3.47 25. 46
XVII-HC1 C:HoN,Cl; 30.47 5. 11 28.43 30.73 5.46 28.25
X HC1 CsH1:N(Clo 40.17 6.75 40.43 6.92 235 (3.95), 262 (3.73)
XIX C7H100:N2 54.53 6.54 18,17 54.23 6. 61 17.87 224. 3 (3. 80), 270 (3.62)
XX CioH1s0:N, 61.20 8.22 14.28 61.41 8.26 14.00 224. 2 (4. 15), 275 (4.18)
XXI CisH1O.N;, 67.81  6.13 12.17 67.62 6.16 12.54 241.5(4.10), 293.7 (3. 95)
XXI C.HiO:N, 68.83 6.60 11.97 69.11 6.71 11.44 (Shozuzl%ei 5.02), 256 (383)
R_AN\/N\\_R
Tasee II. l
N NH
&//\\/
Analysis (%)
Compd. tslilebns‘f - m-D. - Appearance Yield Formula Caicd Found UV A
No. R (°C) (%) P P, my (log &)
C H N C H N
X CH, 96 ;‘;fg;igss 46 CuoHuN. 66.02 831 25.67 65.43 8.31 25.21 298
pale yellow 254 (4. 42)
XIV CeHs 212 prisms 22.7 CigHuNg 75.51 4.93 16 57 75.81 5.03 19.04 315 (3.78)

b) The residue obtained in the synthesis of 2,7-disubstituted 5,6-dihydropyrimido[4,5-d]pyrimidine
was added 20 ml. of H,O and boiled for 1 hr. Separated crystals were collected and recrystallized (XI,
XVI). The data for the compounds were listed in Tables 1 and II.

General Procedure for Synthesis of 2-Substituted 4-Amino-5-aminomethylpyrimidine——A solu-
tion of 0.02 mole of 4-amino-5-acylaminomethylpyrimidine in 6 ml. of 109 HCl was heated at 70° for
1 hr. (XVI), or in 13 ml. of 14% EtOH-HCI at 130° for 6.5 hr.(XM). The reaction mixture was concen-
trated to give the crystals and washed with EtOH to give XVII and XII, respectively as hydrochloride.
The hydrochloride obtained was dissolved in H,O and neutralized with NaHCO; and evaporated in vacuo.
The residue (XVII) was refluxed with 0.5g. of NH,CHO for 4 hr. in an oil bath. To the reaction mix-
ture, EtOH was added and filtered. The filtrate was evaporated in vacuo, and the residue was dissolved
in EtOH and picric acid solution was added. The separated crystals were collected and recrystallized
from EtOH to give the yellow needles, m.p. 211°(decomp.), which was identified by IR spectra as the
picrate of XVI. XII.HCI (0.12 g.) was neutralized as above and dissolved in 3 ml. of pyridine. To this
solution, 0.06 g. of butyryl chloride was added and heated at 120° for 3 hr. To the reaction mixture,
H,O was added and extracted with CHCl;. After drying over anhyd. MgS0,, CHCl; was removed. H;0
was added to the residue and separated crystals, m.p. 175~176°, were collected. It was identified by
IR spectra as XI.

General Procedure for Synthesis of 2-Substituted 5-Ethoxymethyl-4-pyrimidinol—~—A solution of 0.02
mole of Na, 0.02mole of amidine-HCl (formamidine, butyramidine, benzamidine, or phenylacetamidine),
and 0.02mole of VI in 20 ml. of abs. EtOH was stirred for 3 hr. below 10° and for 2 hr. at 40°. The
reaction mixture was filtered and the filtrate was concentrated in vacuo. To the residue, 4ml. of 10%
NaOH was added and heated on the steam bath. The reaction mixture was adjusted to pH 6 by adding
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AcOH. Extracted with CHCls, dried over anhyd. MgSO, and CHCl; was removed. The residual crystals
were washed with Et:O. The data for the compounds are listed in Tables I and II.

4-Chloro-5-ethoxymethyl-2-phenylpyrimidine (XXIII) ‘The mixture of 1g. of XXI and 8 ml. of
POCl; was heated at 78° for 3hr. The reaction mixture was evaporated iz wvacwo, the residue was
added H;O and neutralized with NaHCO; and extracted with CHCl;. After drying over anhyd. MgSOy,
CHCl; was removed to afford the prisms, m.p. 88°(1.05g.).

Recrystallized from EtsO-petr. ether to give 0.7 g. of colorless prisms, m.p. 91°. Anal. Calcd. for
CisHisONCl: C, 62.77; H, 5.27; N, 11.26; Cl, 14.26. Found : C, 62.70; H, 5.33; N, 11.16; Cl, 14.17.

Anmination of XXIII The solution of 0.5g. of XXII in 10 ml. of 15% NH;-EtOH was heated at
140° for 3 hr. The reaction mixture was evaporated in vacuo, the residue was added dil. NaHCO; solu-
tion and extracted with CHCl;.  After drying over anhyd. MgSQO4, CHCl; was removed to afford 0.3 g.
of prisms, m.p. 131°. Recrystallized from benzene-petr. benzin to give 0.28 g. of colorless prisms, m.p.
134°. It was identified by IR spectra as X.

Reaction of Benzamidine with Ethyl 3-Ethoxy-2-ethoxymethoxymethylpropionate (XXIV)——A solu-
tion of 0.46 g. of Na, 3.8 g. of benzamidine-HCI, and 2.34g. of XXIV in 20 ml. of abs. EtOH was treated
as described in the synthesis of 2-substituted 5-ethoxymethyl-4-pyrimidinol and 0.5 g. of XXI was
obtained. The identity with the product obtained above was confirmed by the comparison of IR spectra.

The authors express their deep gratitude to Prof. M. Tomita, Prof. S. Uyeo of Kyoto University,
and Dr. K. Takeda, Director of this laboratory, for their encouragement throughout this work. Thanks
are also due to Drs. T. Kubota, Y. Matsui, and K. Tori for UV, IR, and NMR spectral measurements,
to the members of Analysis Room of this laboratory for elemental analyses, and to Mr. T. Ishiba for
his assistance.

Summary

The reaction of 3-ethoxy-2-methoxymethylenepropionitrile (I) with various kind of
amidine gave 2-alkyl(aryl)-4-amino-5-ethoxymethylpyrimidine derivatives. The reac-
tion of 3-ethoxy-2-methoxyethoxymethylpropionitrile () with various amidine deriva-
tives afforded 2,7-dialkyl(aryl)-5,6-dihydropyrimido[4,5-d]pyrimidine, which was con-
verted into 2-alkyl(aryl)-4-amino-5-acylaminomethylpyrimidine. The reaction with ethyl
3-ethoxy-2-methoxymethylenepropionate (V) or ethyl 3-ethoxy-2-ethoxymethoxymethyl-
propionate (XXIV) yielded 2-alkyl(aryl)-5-ethoxymethyl-4-pyrimidinol. 2-Phenyl deriva-
tive (XXI) was converted into 4-amino compound through 4-chloro compound.

(Received October 7, 1963)
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