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A novel and convenient one-pot synthesis of multisubstituted pyrimidine analogues via multicomponent reactions is disclosed. This catalyst-
free domino reaction proceeded smoothly in good to excellent yields and offered several other advantages including short reaction time, a
simple experimental workup procedure, and no toxic byproduct. In addition, the obtained products in our experiments are interesting nitrogen

heterocyclic molecules containing o~ and S-amino acid blocks.

Pyrimidines and their analogues represent an important clasship (SAR) studies of the tetrahydropyrimidine derivatives

of nitrogen heterocycles, which is found in both various

biologically active natural compounds and designed medici-

nal agents. Specifically, tetrahydropyrimidines containing

showed that the substituent groups on the rings are all critical
for the activity® However, to our knowledge, rare methods
were developed to construct multiply substituted tetra-

an amino acid unit have attracted much attention due to theirhydropyrimidine rings. Moreover, some of these protocols
interesting and unique properties such as muscarinic agonishave not been entirely satisfactory because of such drawbacks

activity 2 protein—nucleic acids interacticrantiviral activ-
ity,* and inflammatory activity.Structure-activity relation-
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as low yields, long reaction time, and cumbersome experi-
mental processes. Recently, one-pot multicomponent reac-
tions (MCRs) have emerged as a powerful tool in synthetic
organic chemistry because of their significant advantégés.
The convergent synthesis of these multisubstituted pyrimidine
analogues from readily available starting materials along this
line has also remained to be developed. In this context, we
explore a novel multicomponent coupling strategy to syn-
thesize multisubstituted tetrahydropyrimidines containring

and 3-amino acid units. Our approach could comprise the

(4) (a) Nair, V.; Chi, G.; Ptak, R.; Neamati, N. Med. Chem2006,49,
445. (b) Zhou, S. M.; Kern, E. R.; Gullen, E.; Cheng, Y. C.; Drach, J. C;
Matsumi, S.; Mitsuya, H.; Zemlicka, J. Med. Chem2004,47, 6964.

(5) Pattarini, R.; Smeyne, R. J.; Morgan, JNeuroscienc®007,145,
654.

(6) (a) Nair, A. C.; Jayatilleke, P.; Wang, X.; Miertus, S.; Welsh, W. J.
J. Med. Chem2002,45, 973. (b) Lucca, G. V. De; Liang, J.; Lucca, |. De
J. Med. Chem1999,42, 135.



relay process of the following three domino sequences
(Scheme 1): (1) two-component hydroamination; (2) three-
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component Mannich-type reaction; (3) two-component amine
aldehyde dehydration—cyclization process.
But-2-ynedioic acid diethyl estdrreacts with anilinea,
formaldehyde 3, and benzylamine2b to afford diethyl
1-benzyl-3-phenyl-1,2,3,6-tetrahydropyrimidine-4,5-dicar-
boxylate 4ab, one of the tetrasubstituted tetrahydropyrim-
idines witha- andS-amino acid building blocks, in excellent
yield (Scheme 1, 92%%. The hydroamination of but-2-
ynedioic acid diethyl estet with aniline 2a could rapidly
form the active intermediate,'® which would then undergo
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a Mannich-type reaction with benzylami@é and formal-
dehyde3 to give intermediat®. The presence of formalde-
hyde promotes the amin@ldehyde dehydratiencyclization
process to afford the target compouddb. Significantly,
these reactions occurred in a catalyst-free fashion with high
selectivity and atom efficiency. To our knowledge, the use
of three different catalyst-free reactions, namely, hydro-
amination, Mannich-type reaction, and sequent dehydration
cyclization, has not been reported previously.

Screening of the reaction conditions established the
suitable solvents and the mole ratio of reactants for the
desired MCRs (Table 1). It was exciting that the chosen

Table 1. Optimization of Reaction Conditions for the
Multicomponent Reactioris

COuEt Et0,C. N N
+ + HCHO + solvent, reflux | |
I ————— E0.C N &
CO,Et NH, NH,
1 2a 3 2b 4ab
1:2a:3:2b
entry solvent [mole ratio] t (h) yield (%)°
1 dioxane 1:1:6:2 5 72
2 DMF 1:1:6:2 1 92
3 MeCN 1:1:6:2 3 86
4 toluene 1:1:6:2 3 83
5 DMSO 1:1:6:2 3 85
6 EtsN 1:1:6:2 3 63
7 none 1:1:6:2 3 complex
8 DMF 1:1:6:1.2 1 93
9 DMF 1:1:6:1 1 84
10 DMF 1:1:6:1.1 1 92
11 DMF 1:1:3:1.1 1 78
12 DMF 1:1:4:1.1 1 92

a All reactions were carried out in DMF (2 mL) at 10C using the
substrates according to the indicated ratio in the mmol séallolated
yields.

solvents, such as dioxarnd,N-dimethylformamide (DMF),
acetonitrile (MeCN), toluene, dimethyl sulfoxide (DMSO),
and triethylamine (EN), were suitable for the MCRs (Table
1, entries 1-6). DMF proved to be the best one among them
(Table 1, entry 2). Under solvent-free conditions, a complex
result was obtained (Table 1, entry 7). To modulate the ratio
of reactants and improve the yield, we examined various
ratios of but-2-ynedioic acid diethyl estdr, aniline 2a,
formaldehyde3, and benzylamin&b by using DMF as the
solvent (Table 1, entries8L2). The best result was obtained
when but-2-ynedioic acid diethyl estgfaniline 2a/formal-
dehyde3/benzylamine2b = 1:1:4:1.1—-1.2.
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With the optimized conditions in hand, we examined the first resulting in producttab in 93% vyield (Table 2, entry
scope of the multicomponent reactions (Table 2). We were 6). On the contrary, 1-phenyl-3-benzyl-1,2,3,6-tetrahydro-
pyrimidine-4,5-dicarboxylic acid diethyl este¢ba was
_ obtained in 86% yield when benzylamiflb was added first
Tale 2. -7 Sy o e o e e
Tetrahydropyrimidines via the MCRs )

CO,Et

e |
|{| + R'NH, (fequiv) + HCHO + R2NH, (1.1equiv) DM, reflux ]\/\)

CoEt Bo N Scheme 2
1 2a-2e 3 2a-2g 4aa - 4ee, 4ab - 4ag, 4ba
No. R'NH R*NH t Product  Yield EtO.C HZ‘\
’ ’ (h) (%)° SRl BN
1 PhNH, 2a 3 4aa 89 Eo,0” St co.C | 4320,
2 BnNH, 2b 1 4bb 92 4 2
3 n-C,H,NH, 2¢ 1 4ee 96 ‘
4 /©/NH2 3  4dd 86
2d
4ab 4ba
5 NH, 3 dee 88 2
F/©/ 2% C-H correlations from HMBC of 4ab and 4ba
6 PhNH, BnNH, 1 4ab 93
2a 2b ) . .
7 BnNH,  PhNH, 1 4ba 86 the correlation between thé-garbon in the benzene ring
2b 2a and hydrogen of Ckin the tetrahydropyrimidine ring is quite
8 PhNH,  n-BuNH, 1T 4ac 90 different in 4ab and 4ba. The HMBC spectrum oftab
2a 2 showed the correlation from C-fi¢ H-2, while the correla-
9 PhNH, NH, 3  4ad 83 > '
2a /©/ tions from C-1to H-2 and H-6 are clearly observed4ba.
2d Similarly, other different amines were also successfully
10 PhNH, NH, 3  dae 80 employed to produce the 1,3-position (Iji.ﬁerently substituted
2a F/©/ cyclic products according to the addition order (Table 2,
2% entries 8-12). All the substituted aryl, alkyl, and benzyl
1 PhNH, “w NHz 6  Adaf 62 amines perform well, and the corresponding products were
2a | obtained in good to excellent yields, although the steric
of hindrance associated with the methyl group on dntho-
12 thHz \©/N”2 3 4ag 82 position of the benzene ring resulted in a lower yield (Table
a
2).
2g In conclusion, we have described a novel and convenient
one-pot synthesis of multisubstituted pyrimidine analogues
a All the reactions were carried out with(1 mmol), amine (2.1 mmol), ; ; i i _ i
formaldehyde (4 mmol), and DMF (2 mL) at 10C for the desired time. via multlcomponent react|0n§. This CatalySt free .dommo
b |solated yields. reaction proceeded smoothly in good to excellent yields and
y!

offered several other advantages including short reaction
time, simple experimental workup procedure, and no toxic
pleased to find that the reaction proceeded smoothly, andbyproduct. In addition, the obtained products in our experi-
the desired products were afforded in excellent yields. ments are interesting nitrogen heterocyclic molecules con-
Interestingly, although the reaction time of aliphatic primary taining o- and -amino acid blocks. Further studies and
amines (Table 2, entries 2 and 3) was shorter than that ofapplications on this domino reaction are ongoing in our
aromatic primary amines (Table 2, entries 1, 4, and 5), laboratory and will be published in due course.
aliphatic primary amines gave higher yields. The results .
indicated that the activity of aliphatic amines is higher. ~ Acknowledgment. We thank the National Natural Foun-
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