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In this study, twenty-nine 2-aminopyrimidine derivatives are synthesized in good to excellent
yields by fusing 2-amino-4,6-dichloropyrimidine with different amines in the presence of
triethylamine without using any solvent or catalyst. Nucleophilic substitution reactions of 2-
amino-4,6-dichloropyrimidine with amines have also been performed in ethanol. Comparisons
of the yields and reaction times for both solvent and solvent-free conditions have shown that the
newly developed solvent-free protocol is high yielding, more efficient, and simpler compared to
conventional methods.

2009 Elsevier Ltd. All rights reserved.

Among heterocycles, pyrimidines constitute a
pharmaceutically important nucleus-which is the key constituent
of a variety of bioactive compounds available by synthesis or
from Nature, and are often of considerable complexity.® Amino-
and imino-pyrimidines are constituents of various biological
systems and play a significant role in many biological processes.
They are constituents of DNA, RNA, B group vitamins,
antibiotics, and vessel-expanding medicines, and correct heart
action and stimulate metabolic processes.'***

Therefore, syntheses of highly substituted pyrimidine rings
have attracted significant attention from organic chemists. A
number of protocols have been developed for the synthesis of
substituted pyrimidines either by using a variety of substituted
starting materials, or by substitution on newly synthesized
pyrimidine rings. These procedures include condensation of
cyanic acid with N-vinyl or N-arylamides in the presence of 2-
chloropyridine and trifluoromethanesulfonic  anhydride,"
coupling of enamines, triethyl orthoformate and ammonium
acetate using ZnCl, as the catalyst,"® organolithium-promoted
three-component approaches,"”*® copper iodide and PdCl,(PPh,)
mediated substitutions on pyrimidine rings,"**° etc. Moreover,
nucleophilic substitution of 2-amino-4,6-dichloropyrimidine
leads to the formation of several complex structures, for example,
7-deazaguanine-based urea (DeUG)* and pteridines® have been
synthesized by using 2-amino-4,6-dichloropyrimidines as

intermediates. Some of these methods suffer from shortcomings
such as tedious work-ups, low vyields, the use of expensive and
uncommon starting materials or catalysts, and non-eco-friendly
solvents. Consequently, simpler, high yielding, and efficient
approaches towards this valuable nucleus are still desirable.

We have developed a new and rapid route for the synthesis of
substituted  pyrimidine  derivatives, i.e., 2-amino-4-(N-
alkyl/arylamino)-6-chloropyrimidines, without using any solvent
or catalyst and starting from 2-amino-4,6-dichloropyrimidine,
which was in turn synthesized from cheap and commercially
available starting materials: guanidine hydrochloride and
dimethyl malonate in the presence of sodium methoxide. 2-
Amino-4-(N-alkyl/arylamino)-6-chloropyrimidine derivatives
were also synthesized using ethanol as the solvent to compare the
yields and reaction times of both strategies (see Figures 2 and 3).

2-Amino-4-(N-alkyl/arylamino)-6-chloropyrimidine  derivatives
3-31 were synthesized in high yields in a three-step sequence.
Firstly, commercially available guanidine hydrochloride and
dimethyl malonate were reacted in the presence of sodium
methoxide to yield 2-amino-4,6-dihydroxypyrimidine (1). This
was then converted into 2-amino-4,6-dichloropyrimidine (2) on
treatment with POCI; in the presence of N,N-dimethylaniline.
Subsequently, a range of 2-amino-4-(N-alkyl/arylamino)-6-
chloropyrimidine  derivatives 3-31 was synthesized by
nucleophilic substitution of 2-amino-4,6-dichloropyrimidine (2)
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with substituted amines in the presence of triethylamine under
solvent-free conditions”® (Scheme 1). The structures of the
compounds synthesized were confirmed by 'H and *C NMR

Tetrahedron Letters

spectroscopy and by mass spectrometry.” The structures of the
synthesized pyrimidine derivatives are shown in Table 1. Of the
twenty-nine  synthesized  2-amino-4-(N-alkyl/arylamino)-6-
chloropyrimidine derivatives, compounds 4, 5, 7-12, 14, 17-22,
24 and 26, are novel.
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(a) NaOMe, MeOH, reflux, (b) POCl;, N,N-dimethylaniline, 60 °C, (c) Et;N, H,NR/Ar, fusion
Scheme 1: Synthesis of 2-amino-4-(N-alkyl/arylamino)-6-chloropyrimidine derivatives

Table 1: Structures of the 2-amino-4-(N-alkyl/arylamino)-6-chloropyrimidine derivatives 3-31

Mp Mp Mp
Product R o Product R y Product R o
(°C) (°C) (°C)
e g .
\ - ' 2' - M -
42 ¢ ©2' 175- | s ‘T 190-| s | R 178
SN AP 177 : 192 5 180
4 Br CH;
CH,
o o o
¢ OCH; | 240- ¢ 2 180- 6 2 | 172-
4 N 14 24 s 3
5 242 s s | 182 174
4 4 C2H5
| e A
AN 178- o | 182- N
5 6©i 152% A 257" 6[ ]§ >300
5 och, | 180 184 SN
4' Cl H
| ' I{I '
vy e 6[ ]2
6 2 222- . : 177- 5 3| 200-
625 . N 1625 6©i 26 N
223 5 - 179 | 202
\ 6"
OCH, 4 o g
e
| s
o N OCH; | 182- o N [ 280-| | oA | 210-
7 3v 17 5' 3' 27 | '
H3CO 184 252 5' N/2 212
1
oo A, CH;
6 2 245- . 170- «© 140-
8 s 18 6 ' CH3 2828 5\ / ;\
OCH, | 247 5 3 172 43 142
CH,4 4




A ¥
o 185- 19 @[CH} 176- 9?8 6 255-
N
187 Aew, | 178 Sy | 257
4 )
o |
. 6 N2 185 . CH; | 173- - 257-
' ' 3! I
N 187 me A | 175 R | 258
OCgH,; o §
e |
6 N2 180- . CH; | 175- St 116-
11 sl 21 ° ’ a1t | N
182 o 3 177 2 118
OC,H, 4
J\/l\N VAV Vavy
6 N2 175- 478
12 3y 3 22 s - ] _
177 180

During the course of this work, we observed that 2-
nitroaniline did not undergo the nucleophilic substitution reaction
with 2-amino-4,6-dichloropyrimidine, and we assumed that this
may have been due to the electron-withdrawing nature. of the
nitro group, which decreases the nucleophilicity of the amino
group in nitroaniline. In order to confirm our hypothesis, we
performed reactions with other anilines possessing electron-
withdrawing substituents. We observed that all the nitro- and
carboxyl group containing anilines examined failed to produce
the required product. In the case of  halogen-substituted
compounds, we discovered the -following behavior of the
differently substituted haloanilines: 2-chloro-, 2-bromo-, and 2-
iodoanilines did not undergo any reaction, however, 3-bromo-, 4-
bromo-, 3-chloro-, 4-chloro-, and 4-iodo- gave the expected
products in satisfactory yields.

This interesting situation set a new direction to our research:
we assumed that 2-chloro-, 2-bromo-, and 2-iodoanilines were
unable to yield the required product due to their electron-
withdrawing nature and due to steric hindrance which hampers
the approach of the nucleophile to the electrophilic center. To
validate our assumption, we focused on anilines with bulky
groups at both the 2 and 6 positions. 2,6-Disubstituted anilines,
regardless of the electron-withdrawing or electron-donating
nature of the substituents, did not undergo any reaction even after
prolonged heating. However, if the aniline was only singly 2- or
6-substituted then, depending on the electronic nature and size of
the substituent, it underwent nucleophilic substitution. A list of
anilines that did not undergo this reaction is given (Figure 1).

Figure 1: Examples of anilines that did not undergo the nucleophilic substitution reaction with

2-amino-4,6-dichloropyrimidine
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The last step was also repeated using ethanol as the solvent, and
was found to be more time-consuming and lower vyielding
compared to solvent-free conditions. Moreover, in some cases,
the reaction was not complete even after 24 hours and therefore
column chromatography was performed to purify the resulting
crude products. Comparisons of the reaction times and yields are
given in Figures 2 and 3.

In conclusion, a simple and efficient protocol for the synthesis
of 2-amino-4-(N-alkyl/arylamino)-6-chloropyrimidines has been
developed using readily available starting materials. The newly
developed method shows advantages in terms of its simplicity,
short reaction times and high yields. Furthermore, this protocol
does not require any expensive catalyst.
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Figure 2: C(;mparison of the reaction time (h) for the syntheses performed in EtOH and under solvent-free conditions, respectively.
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Figure 3: Comparison of the yields for the syntheses performed in EtOH and under solvent-free conditions, respectively.
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