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Dimethylamination and Formylation of Pyrimidines with Dimethylformamide?
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The convenient dimethylamination using dimethylformamide (DMF) of chloropyri-
midines has been accomplished. Reaction of a chloropyrimidine and a 5-activated
pyrimidine in DMF resulted in the simultaneous formation of a dimethylaminopyrimidine
and a 5-formylpyrimidine which is further transformed in some cases.

The reaction of disubstituted formamide such as dimethylformamide with phosphorus
oxychloride which displays the formylation of aromatic,3*-® heterocyclic,%*~® and activated
olefinic compounds® is well known as Vilsmeier-Haack reaction.® The use of dimethylfor-
mamide (DMF) to replace the chlorine atoms in active chloro-compounds by dimethylamino-
groups is also known.”¢ Recently the extension of this application to some simple halo-
geno-pyridines and -quinolines to give the corresponding dimethylamino derivatives has
been reported by Heindel and Kennewell.®’

As an independent observation, we have found that the dimethylamination can be ex-
tended to some chloropyrimidine; heating of 4-amino-6-chloro-2-methylpyrimidine (Ia)®
with phenol and anhydrous potassium carbonate in DMF give a mixture of expected 4-amino-
2-methyl-6-phenoxypyrimidine!® and 4-amino-6-dimethylamino-2-methylpyrimidine (IIa).1v
The failure to obtain exclusively 4-amino-2-methyl-6-phenoxypyrimidine prompted us to
study the dimethylamination of chloropyrimidines with DMF. Thus treatment of Ia with
excess DMF for several hours at 185° resulted in the formation of the hydrochloride of IIa
in satisfactory yield, which was converted to Ila by neutralization with aqueous ammonia.
The reaction was extended successfully to 4-amino-2,6-dichloropyrimidine (Ib),® 4-amino-6-
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chloro-2-phenylpyrimidine (Ic),!® 6-chloro-2,4-diaminopyrimidine (Id)'¥ and 6,6’-dichloro-2,
2’-dimethyl-4,4"-iminodipyrimidine (Ie)!® to give 4-amino-2,6-bis(dimethylamino)pyrimidine
(ITb),'® 4-amino-6-dimethylamino-2-phenylpyrimidine(IIc),}” 2,4-diamino-6-dimethylamino-
pyrimidine (IId) and 6,6’-bis(dimethylamino)-2,2’-dimethyl-4,4’-iminodipyrimidine (IIe),'
respectively.

cl N(CHy).
|
NN DMF NN
‘ .
R/\N/NH; R/SN/\NH,
Ia : R=CH; Ia : R=CH3;
Ib : R=CI b : R=N(CHs):
Ic : R=CeHs IIc : R=CeHs
Id : R=NH, Td : R=NH.
ci cl N(CHy)z N(CHs):
|
NY N DMF NN N
‘ —_———y
C}-Is/\‘bl/\N/\Nf\c}l3 CHa/QN/\N/\NV\CHa
H H
Ie Ie
Chrat 1

In the course of studies for the dimethylamination by DMF, we found the simultaneous
utilization of formyl-group of DMF. Namely heating of Ia with equimolecular 6-amino-1,
3-dimethyluracil (If)*® in excess DMF at 185° for 10 hours gave a mixture of the corresponding
dimethylaminopyrimidine (IIa) and 1,3,7,9-tetramethyl-2,4,6,8-tetraoxo-1,2,3,4,6,7,8,9-octa-
hydropyrido [2,3-d, 6,5-d] dipyrimidine (IIf),2*» in 93 and 539, vyield respectively. Com-
pound IIf was also prepared by heating of If and other chloropyrimidines such as Ib, Ie, 4-
amino-5,6-dichloro-2-methylpyrimidine?® and 4-amino-2,5,6-trichloropyrimidine?® in DMF
in similar yields. The product IIf was identical in all respects with authentic sample pre-
pared by alternative routes.’®® The formation of IIf is apparently initiated by formyla-
tion of If followed by condensation of the resulting 6-amino-5-formyl-1,3-dimethyluracil
with unchanged If. The use of 6-amino-1,3-diethyluracil (Ig)'® instead of If in this reaction
afforded 1,3,7,9-tetraethyl-2,4,6,8-tetraoxo-1,2,3,4,6,7,8,9 -octahydropyrido[2,3-d, 6,5-d"]di-
pyrimidine (IIg) in 459, yield. Similarly, the reaction of Ia and 4-amino-6-hydroxy-2-phenyl-
pyrimidine (Ih) in DMF gave a mixture of IIa and 4,6-dioxo-2,8-diphenyl-3,4,6,7-tetrahydro-
pyrido(2,3-d, 6,5-d']dipyrimidine (ITh). It should be mentioned here that when only If or
Ig was heated under the same conditions, none of IIf or IIg was formed, starting materials
being recovered. .

When the reaction was applied to 4-amino-6-anilino-2-methylpyrimidine (Ii),?? the
reaction was stopped in the stage of 4-amino-6-anilino-5-formyl-2-methylpyrimidine (IIi).
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The structure assigned to Ili was based on elemental analysis, infrared (IR) spectrum mass
spectrographic fragmentation and nuclear magnetic resonance (NMR) spectrum. The IR
spectrum shows a carbonyl stretching absorption band at 1697 cm~t. The Mass spectrometry
reveals a parent ion (m/e 228), M-28 and M-29 fragment ion which correspond to fragmen-
tations of the formyl group. The absence of C-5 proton and the presence of formyl proton
in the NMR spectrum indicate that the formyl group was introduced to C-5 position of pyrimi-
dine.

The reaction described above is the first examples of intermolecular simultaneous di-
methylamination and formylation, which are applicable, in principle, to the reactions of other
series as well as pyrimidine series. Although this reaction appears formally to be a new
varient of Vilsmeier-Haack reaction, it can not be explained by the reaction mechanism
described in books?® for Vilsmeier-Haack reaction. The mechanism is currently under
investigation.

Experimental?®

4-Amino-6-dimethylamino-2-methylpyrimidine (Ila) A mixture of 0.43 g (0.003 mole) of 4-amino-6~
chloro-2-methylpyrimidine (Ia) and 5 ml of DMF was heated for 5 hr at 185°. After excess DMF was removed

23) For example, L.F. Fieser and M. Fieser, “Reagents for Organic Syntheses,” John Wiley and Sons, Inc.,
New York, 1967, p. 284.

24) Melting points are uncorrected. IR spectra were determined on a Japan Spectroscopic Co., Ltd. spectro-
photometer, Model IR-E, from samples mulled in Nujol. NMR spectra were taken at 60 Mc with a
Japan Electron Optics Lab. Co., Ltd. Model JNM-C-60-H spectrometer using tetramethylsilane as
the internal references.



No. 8 1529

under reduced pressure, the residue was dissolved in 2N HCI, neutralized with 5% aq. NH, and subjected
to extraction with CHCl;. The CHCI, solution was dried (Na,SO,), and evaporated to dryness to give 0.3 g
(66%) of pale yellow crystals. Recrystallization from benzene gave colorless crystals, mp 189—191°. Anal.
Calcd. for C;H,;,N,: C, 55.24; H, 7.95; N, 36.82. Found: C, 55.53; H, 7.88; N, 36.65.

4-Amino-2,6-bis(dimethylamino)pyrimidine (IIb) A mixture of 0.8 g (0.005 mole) of 4-amino-2,6-
dichloropyrimidine (Ib) and 10 ml of DMF was heated for 7 hr at 180°.  After cooling the reaction mixture,
separated needles were collected by filtration and dried to give pale yellow crystlas. The reaction product
was dissolved in 2N HCI, neutralized with 5% aq. NH,; and extracted with CHCl;. The extracts were
dried (Na,SO,) and evaporated to 0.4 g (44%) of pale yellow crystals. Recrystallization from H,O gave
pale yellow needles, mp 114—116° (Lit.1® 116—117°). Anal. Calcd. for CgH,;N,: C, 53.01; H, 8.34; N,
38.04. Found: C, 53.13; H, 8.37; N, 37.86.

4-Amino-6-dimethylamino-2-phenylpyrimidine (IIc)——A mixture of 0.82 g (0.004 mole) of 4-amino-6-
chloro-2-phenylpyrimidine (Ic) and 5 ml of DMF was refluxed for 3 hr at 180°. After standing overnight
at room temperature, the separated crystals were collected by filtration, washed with cold DMF and dried
to give 0.7 g of faint yellow needles as hydrochloride of IIc. The hydrochloride was dissolved in a mixture
of 2N HCl and EtOH with warming and neutralized with 5% aq. NH;. After cooling the solution, separated
crystals were collected by filtration, washed with H,O and dried to give 0.55 g (64%) of colorless small needles.
Recrystallization from EtOH and H,O gave colorless needles, mp 89—90.5°. Anal. Calcd. for C;,H,;,N,:
C, 67.26; H, 6.59; N, 26.15. Found: C, 67.49; H, 6.83; N, 25.44.

2,4-Diamino-6-dimethylaminopyrimidine (IId) A mixture of 0.87 g (0.006 mole) of 6-chloro-
2,4-diamino (Id) and 5 ml of DMF was refluxed for 5 hr at 180—185°  After excess of DMF was re-
moved under reduced pressure, the resulting yellow residue was dissolved in 10 ml of 2x HCI with warming
and made alkaline with 5% aq. NH;. The solution was subjected to extraction by CHCl;. The CHCl,
solution was dried (Na,SO,) and evaporated to give 0.5 g (54%) of pale yellow powder. Recrystallization
from benzene-EtOH gave colorless needles, mp 180—181°. Anal. Calcd. for CgH,;,N,: C, 47.04; H, 7.24;
N, 45.72. Found: C, 46.81; H, 6.95; N, 45.42.

6,6’-Bis(dimethylamino)-2,2’-dimethyl-4,4’-iminodipyrimidine (IIe) A mixture of 0.54 g (0.002 mole)
of 6,6’-dichloro-2,2’-dimethyl-4,4’-iminodipyrimidine (Ie) and 10 ml of DMF was refluxed for 6 hr at 185°.
The reaction mixture was allowed to stand at room temperature to precipitate the crystals, which were
collected by filtration and washed with cold DMF to give 0.6 g of pale yellow crystals as hydrochloride of
IId. The hydrochloride was dissolved in 10 ml of 2N HCl, and neutralized with 5% aq. NH,. After stand-
ing overnight at room temperature, separated crystals were collected by filtration, washed with H,O and dried
to give 0.42 g (77%) of colorless crystals. Recrystallization from acetonitrile gave colorless needles, mp
160—162°. Anal. Calcd. for C,H,,N,: C, 58.51; H, 7.37; N, 34.12. Found: C, 58.29; H, 7.44; N, 34.20.

1,3,7,9-Tetramethyl-2,4,6,8-tetraoxo-1,2,3,4,6,7,8,9-octahydropyrido[2,3-d, 6,5-d’] dipyrimidine (IIf)——
A mixture of 0.72 g (0.005 mole) of Ta and 0.78 g (0.005 mole) of 6-amino-1,3-dimethyluracil (If) in 5 ml of
DMF was heated under refluxing for 10 hr. After cooling at room temperature, separated crystals were
collected by filtration, washed with cold DMF and dried to give 0.4 g (53%) of pale yellow crystals of IIf.
Recrystallization from AcOH gave colorless needles, mp 320°, (Lit. 1%4:b) mp 319—320°, 315—316°). Anal.
Calcd. for C,3H,;0,N;: C, 51.48; H, 4.32; N, 23.09. Found: C, 51.54; H, 4.13; N, 22.88.

The filtrate was evaporated under reduced pressure. The resulting residue was dissolved in 28 HCl
and neutralized with 59, aq. NH;. The solution was extracted with CHCl;, the extracts were dried (Na,SO,)
and evaporated to dryness to give 0.71 g (93%) of pale yellow crystals of IIa.

1,3,7,9-Tetraethyl-2,4,6,8-tetraoxo-1,2,3,4,6,7,8,9-octahydropyrido[2,3-d, 6,5-d’]dipyrimidine (IIg)—A
mixture of 0.57 g (0.004 mole) of Ia and 0.73 g (0.004 mole) of 6-amino-1,3-diethyluracil (Ig) was heated
at 185—190° for 10 hr. After cooling the reaction mixture at room temperature, separated crystals were
collected by filtration and dried to give 0.3 g (45%) of yellow needles of IIg. Recrystallization from DMF
gave colorless needles, mp 194—196°. Anal. Calcd. for C,,;H,,O,N,: C, 56.81; H, 5.89; N, 19.49. Found:
C, 56.58; H, 5.86; N, 19.77.

In similar fashin to the preparation of IIf described above, 0.5 g (829%) of IIa was obtained as yellow
powder from the filtrate.

4,6-Dioxo-2,8-diphenyl-3,4,6,7-tetrahydropyrido[2,3-d, 6,5-d’] dipyrimidine (ITh) A mixture of 0.72 g
(0.005 mole) of Ia and 0.94 g (0.005 mole) of 4-amino-6-hydroxy-2-phenylpyrimidine (Ih) in 5 ml of DMF
was heated at 200° for 10 hr. After cooling the reaction mixture, precipitated crystals were collected by
filtration and dried to give 0.28 g (30%,) of brown powder of ITh. Recrystallization from dimethyl sulfoxide
(DMSO) gave pale yellow crystlals, mp > 360°. Anal. Calcd. for C,,H,;0,N;: C, 68.66; H, 3.57; N, 19.07.
Found: C, 68.83; H, 3.49; N, 19.25.

The NMR spectrum (CF;COOH) exhibited a ten-proton multiplet at 7.82—8.47 ppm (2C¢H;) and a one
proton singlet at 9.96 ppm (C® H).

From the filtrate 0.7 g (92%) of IIa was obtained as yellow powder.

4-Amino-6-anilino-5-formyl-2-methylpyrimidine (IIi) A mixture of 0.57 g (0.004 mole) of Ia and
0.8 g (0.004 mole) of 4-amino-6-anilino-2-methylpyrimidine (Ii) in DMF was refluxed for 8 hr at 180—185°.
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After excess of DMF was removed under reduced pressure, the resulting residue was dissolved in 10 ml
of 2N HCl with warming and made alkaline with 59, aq. NH;. After standing overnight at room temperature,
separated crystals were collected by filtration, washed with H,O and dried. The resulting crystals were
extracted with hot benzene. The benzene insoluble materials were collected to give 0.5 g (53%) of pale
yellow crystals of IIi. Recrystallization from EtOH-H,O gave colorless crystals, mp 177—178°. Anal.
Calcd. for C,,H,,ON,: C, 63.14; H, 5.30; N, 24.55. Found: C, 63.30; H, 5.25; N, 24.72.

The NMR spectrum (DMSO-d) exhibited a three—proton singlet at 2.27 ppm (CHj), a one proton singlet
at 5.70 ppm (NH) and 8.80 ppm (CHO), a two—proton singlet at 6.21 ppm (NH,) and a five-proton multiplet
at 6.94—7.62 ppm (CgHy).

In similar fashion to the preparation of IIa, 0.55 g (90%) of IIa was obtained as yellow powder from
the filtrate.



