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A highly efficient one-pot approach for the synthesis of
carbonyl 2-amino-pyrimidines from 1,3-diynes and guanidine
in the presence of Cs,CO3; and DMSO has been described. In
these reactions, 1,3-diynes act as precursor of buta-1,2,3-
trienes and guanidine serves as a N-C=N source for the
construction of pyrimidines. This methodology proves to be a
tandem regioselective heterocyclization of 1,3-diyne with
guanidine and selective oxidation with DMSO.

Pyrimidines are recognized as extremely important heterocycles
in bioorganic and medicinal chemistry owing to their biological
properties and therapeutical importance.! Amino-pyrimidine
fragment widely emerges in naturally occurring compounds and
biological molecules, especially in DNA and RNA.'®'® Among
these pyrimidines, 2-amino-pyrimidine derivatives serve as
commercial (Meridianins)2,
antimicrobial (Diaveridine)®, decrease the cholesterol level

drugs such as antitumour
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Fig. 1 Representative 2-aminopyrimidine derivatives.
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(Rosuvastatin)*, and treatment of anemia (Peroyl-L-glutamic)’
(Figure 1).

Conventionally, the construction of 2-aminopyrimidines
relies on condensation of guanidines with 1,3-dicarbonyl
derivatives®, ynones’ or o,B-unsaturated ketones®. These
syntheses often suffer from the drawbacks such as multistep
reactions, harsh reaction conditions, low efficiency and the use
of special starting materials.'® &8 Therefore, the significance of
straightforward, efficient and green methods for the synthesis
of 2-amino-pyrimidines can scarcely be overestimated. 1,3-
Diyenes are versatile intermediates for the synthesis of hetero
(N, O and S)—cycles.9 However, 1,3-diyenes are often
applicable for [4+1] annulations, which gave five-membering
heterocycles. Only one example for [4+2] heterocyclization of
1,3-diyenes with benzylamine under copper -catalysis was
reported by Chalk.! In our previous paper,!' we found that
1,3-diynes may be a precursor of substituted buta-1,2,3-trienes.
Thus, we speculated that [3+3] heterocyclization of 1,3-diynes
with guanidine may occur to provide methylene-substituted 2-
amino pyrimidines, meanwhile the methylene may be oxidized
in one-pot (Scheme 1). The direct oxidation of C—H bonds is
one of the powerful methods to form complex carbonyl
compounds.'? The oxidation of the aliphatic group that directly
attached to the heteroaromatic ring has attracted great attention
during the latest decade.'®> To the best of our knowledge, the
synthesis of carbonyl 2-amino pyrimidines through a tandem
[3+3] heterocyclization of 1,3-diynes with guanidine and
oxidation has not been investigated yet. In this paper, we report
such a reaction in the presence of Cs,CO3; and DMSO, which
regioselectively affords carbonyl 2-amino-pyrimidines.
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Scheme 1 Regioselective heterocyclization and oxidation.
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To explore our hypothesis, we initiated our studies with a
reaction of 1,4-diphenylbuta-1,3-diyne 1la with guanidine
hydrochloride 2 in the presence of CuCl' and Cs,CO; in
dimethyl sulfoxide (DMSO) at 120 °C for 12 h. To our delight,
a formation of 4-benzyl-6-phenylpyrimidin-2-amine 3a and (2-
amino-6-phenylpyrimidin-4-yl)(phenyl)methanone 4a'*  was
indeed observed; five-member ring heterocycles, 4-phenyl-5-
(phenylethynyl)-1H-imidazol-2-amine, and other heterocycles
were not obtained (Table 1, entry 1). Other transition-metal
species such as Pd(OAc), was probed and it gave a similar
result (entry 2). These results revealed that 2-amino-pyrimidine
3a was formed, followed by an oxidation of methylene of 3a
with DMSO'", to produce 4a. It is of interest to note that
AgOAc only afforded the desired product 4a in 60% yield
(entry 3). More significantly, this reaction gave a 99% yield of
4a in the absence of transition-metal catalyst (entry 4).
Inspirited by these outcomes, a variety of solvents such as
toluene, dioxane and 1,2-dichlorocthane (DCE) was screened
and they were ineffective (entries 5—7). Thus, DMSO is not
only the optimum solvent but also an oxidant in this reaction
(entry 4). The nature of bases has a crucial impact on the
reactions. Consequently, a series of bases including K,CO;,
K;3PO,, and potassium tert-butoxide (~-BuOK) was evaluated.
K,COj; and K;3PO, resulted in a mixture of 3a and 4a (entries 8
and 9). Either Cs,COj; or ~-BuOK gave rise to 4a in excellent
yields (entry 10). The reaction was also carried out at 110 °C
and it gave a 67% yield of 4a (entry 11). Note that other
heterocyclic compounds were not observed in all cases.

Table 1 Screening the reaction conditions”

NH; NH, NH,
N~ _~NH- HCI 41\ )\
2 Cat, Solvent N |N N |N
Ph———— - pp Base T PhM PhY oS | g
T 1a 3a 4a g
Entry Catalyst Solvent Additive Temp Yield” (%)
(°c) 3a 4a
1 CuCl DMSO Cs,COs 120 45 31
2 Pd(OAc), DMSO Cs,COs 120 41 20
3 AgOAc DMSO Cs,COs 120 - 61
4 - DMSO Cs,COs 120 - 99
5 - Toluene Cs,COs 120 - -
6 - Dioxane Cs,COs 120 - -
7 - DCE Cs,CO; 120 - -
8 - DMSO K,CO; 120 19 78
9 - DMSO K5PO, 120 24 72
10° - DMSO t-BuOK 120 - 90
11 - DMSO Cs,CO; 110 - 67

“Reaction conditions: Transition—metal catalyst (5 mol%) for entries
(1-3), 1,3-diyne 1a (0.2 mmol), guanidine hydrochloride 2 (0.24 mmol
) and base (0.40 mmol) in solvent (2 mL) in a sealed tube for 12 h.
’Isolated yield. “1 mmol of -BuOK was used.

Upon using the optimized reaction conditions shown in entry
4 of Table 1, the scope and generality of varying 1,3-diynes 1
with guanidine hydrochloride 2 was further examined. 1,3-
Diynes 1a and 1,3-diynes 1b—h bearing electron-rich (e.g., p-
Me, p-MeO, p-pent and m-Me) or electron-poor group (e.g., p-
F, p-Br, m-Cl and 0-Cl) on the phenyl ring afforded 4b—h, k in
good to excellent yields. Notably, 1b, 1d, and 1h occurred the
selective oxidation of methylene which directly attached on the
aromatic ring; and the other aliphatic group (e.g., Me and
pentyl) on the phenyl ring was not oxidated in this process. 2-
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Thienyl substituted 1,3-diyne 1i provided the corresponding
product 4i'® in a 91% yield. Moreover, aliphatic substrate such
as pentadeca-6,8-diyne 1j worked well and it gave a 90% yield
of 4j. Unsymmetrical 1,3-diyne 11 was examined and it gave a
mixture of 41 and 41' (41/41' = 1/1.2) in total 94% yields.

Table 2 Scope of 1,3-diynes 1 with guanidine hydrochloride 2
b

NHz Cs,CO;, DMSO N "N
R— _— | R
1 " RN SNHeHOl 120°C12h RN
2 4 g
H2 H2 NH,
N )\ OMe
W g M
99% yield 99% yield 0% yield
NH NH,
X X r
NZON NTON O
X ! X
O i ® i
(0] F 0]
4d 4e
98% yield 90% yield

i 4 4k
91% yield 90% yield 85% yield
NN NG ‘N OMe
S )
| O
0o (0]
MeO 41 ar
43% yield 4141 =1/1.2 51% yield

“Reaction conditions: 1,3-diynes 1 (0.2 mmol), guanidine hydrochloride 2
(0.24 mmol) and Cs,COs5 (0.4 mmol) in DMSO (2 mL) in a sealed tube for 12
h. ’Isolated yield.

The amino group on the aromatic ring can undergo various
transformations and it shows the great tolerance in all cases.
Compounds 4a—i are structural analogue of emmacin'’ and they
may exhibit good bioactive properties. Note that other
heterocyclic compounds were not observed in all cases. Both 3
and 4 could be isolated from DMSO by a dilution with brine,
extraction with AcOEt, and silica gel chromatography,
respectively.

To test the synthetic utility of this method, 4a was prepared
on a gram scale. For example, 1,3-diyne 1a (10 mmol, 2.02 g)
and guanidine hydrochloride 2 (12 mmol, 1,13 g) were tested
under the optimal conditions, and it gave 4a (2.69 g) in 98%
yield (Scheme 2). The molecular structures of 4a'* were
established by its X-ray crystallographic analysis (Figure 2).
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10 mmol 12 mmol 98% yield

selectively produced carbonyl 2-amino-pyrimidines in excellent
yields. This is the first example for the synthesis of carbonyl 2-

Scheme 2 Gram-scale synthesis of 4a.

Fig. 2 Molecular structures of 4a.

The controlled experiments were conducted under the
optimized conditions: (i) the component solvent (2 mL of
(CD3),SO and 50 pL of H,O) was used, a di-deuterated
methylene (CD,/CH, = 9/1) and a deuterated pyrimidine ring
(D/H = 1/1) both were obtained in the course of the reaction
(see: '"H NMR spectra in SI); in contrast (ii) the component
solvent (2 mL of (CH3),SO and 50 puL of D,O) was employed
and no deuterated products were observed; and (iii) 3a (0.2
mmol, 52.2 mg) was converted into 4a (50.1 mg, 91% yield).

A plausible mechanism was proposed and illustrated in
Scheme 3. The treatment of guanidine hydrochloride 2 with
Cs,CO; in DMSO at 120 °C forms an anion of guanidine, the
addition of which to 1,3-dyine 1 affords an anion of buta-1,2,3-
triene A. A protonation of A with DMSO, followed by a
A
heterocyclization of B undergoes, followed by quenching with
DMSO to form C. The aromatization reaction of C occurs to
provide 3, the latter is oxidised with DMSO' to produce 4

deprotonation in the presence of Cs,CO; gives B.

(Scheme 3).
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Scheme 3 The plausible mechanism of the present reaction.
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