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A direct and metal free one-pot method has been developed for
the stereoselective synthesis of tetrahydropyrimidinone
derivatives from vinyl arene and formaldehyde using tartaric acid-
dimethylurea (TA:DMU) melt as a green reaction medium. The
substrate scope of this method is very general and the
tetrahydropyrimidinone (THPM) derivatives are synthesized in
good vyields with high degree of diastereoselectivity. In this
reaction, the melt plays a triple role as solvent, catalyst and
reagent.

Heterocyclic motifs such as pyrimidinone derivatives are key
structural units present in a wide variety of biologically active
molecules.? The pyrimidinones are known to exhibit potent
biological activities such as antiarrhythmic,? antihypertensive,3
antibacterial,* antiproliferative> as well as calcium channel

modulator.® Moreover, hydropyrimidinones exhibit
antineoplastic’ and anti-HIV  activities® by inhibiting
dihydroorotase and HIV-protease enzyme.>1 Similarly,

monastrol (1)12 exhibits potent antiproliferative activity by
inhibiting kinesin Eg5, a molecular motor protein, which is
responsible for the formation of bipolar spindle during cell
division. In addition, piperastrol (6) displays antiproliferative
activity against HT-29 (colon) and MCF-7 (breast) cell lines,4
whereas pyrimidinone-hybrid molecule (7), derived from
dihydropyrimidinone (DHPM) and palmitic fatty acid, exhibits
potent antiproliferative activity against gliomas cell line (Figure
1).15

The chromopynones are glucose uptake inhibitors that target
glucose transporters Glut-1 and 3, and thus stop the growth of
cancer cell. Intriguingly, tetrahydropyrimidinones (THPMs)
have also served as precursors in the biology-oriented
synthesis (BIOS) of pseudo natural chromopynones.16
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Fig. 1 Pyrimidinone based biologically important molecules.
Various metal mediated methods have been developed for the
synthesis of THPM derivatives, which include W(CO)g catalyzed
oxidative carbonylation of diamine,” ZnO mediated synthesis
of cyclic urea derivatives under microwave conditions,8
palladium-catalyzed synthesis of tetrahydropyrimidinones,?®
indium facilitated synthesis of hexahydro-pyrimidine from
alkene and formaldimines,?® and iridium  assisted
hydrogenation of pyrimidines.?! In 2006, Wu and co-worker
reported TMSC| mediated reaction of alkene with iminium ion,
derived from aldehyde and urea/thiourea, furnished the
corresponding 2-amino-4,5-dihydro-1,3-oxazine/1,3-thioazine
derivatives (Scheme 1a).22 Nevertheless, development of a
simple and efficient approach for the synthesis of THPMs is
highly desirable due to their broad spectrum of biological

activities.
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Scheme 1 Synthesis of heterocyclic compounds from vinyl arene.
Low-melting mixture as a reaction medium is an emerging area
in organic synthesis due to their interesting physicochemical
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properties.> Low-melting mixture, a sustainable reaction
medium, consists of nontoxic, non-volatile and biodegradable
compounds readily available from natural resources. Thus, the
synthetic versatility of eutectic mixtures as novel green
reaction medium is expanding very rapidly.?* Herein, we
describe a three-component based approach for the synthesis
of THPM derivatives using environmentally benign low melting
mixture as a green reaction medium.2>

We anticipated that an iminium ion, derived from urea and
aldehyde, upon addition to alkene followed by in situ
cyclization would provide an easy and direct access to
tetrahydropyrimidinone derivative. To test our assumption, 4-
methyl styrene (8) was treated with formaldehyde in citric
acid-dimethylurea (CA:DMU) melt at 70 °C and the resultant
mixture was stirred at the same temperature for 26h. To our
delight, upon work-up it afforded tetrahydropyrimidinone
derivative (8a) in 37% vyield. The structure of 8a was
unambiguously established on the basis of 1TH NMR, 13C NMR,
HRMS, and IR analyses. In order to optimize the reaction
conditions, different melt combinations were explored and the
results are summarized in Table 1. Among the melts screened,
the tartaric acid- dimethylurea (TA:DMU) melt was found to be
the most effective green reaction medium for the synthesis of

THPM derivative (Table 1, entry 2).
Table 1 Optimization of reaction conditions®

Me

/©/\ Reagent, 70 °C Z‘e o
Me (HCHO),, (2 equiv) \’\T
8 8a “Me
Entry Reagent Time (h)  Yield (%)°
1 CA:DMU(4:6) melt 26 37
2 TA:DMU(3:7) melt 22 53
3 TA:ChCI(1:2) melt 29 42
4¢ TFA:DMU in DCE 30 0

9Reaction conditions: A mixture of 4-methyl styrene (1 equiv) and formaldehyde
(2 equiv) was used in 1.5g of melt. Yield based on the isolated product. cDMU
(1.5 equiv) was added. A mixture of TFA (1 equiv) and DMU (2 equiv) was used in
DCE.

After optimizing the reaction conditions, the generality of this
methodology was examined with various substrates and the
results are summarized in Table 2. Under the reaction
conditions, the substituted styrene derivatives 9, 10, 11, 12
and 13 afforded the corresponding THPM derivatives 9a, 10a,
11a, 12a and 13a, respectively, in good yields (Table 2, entries
1-4).26 Under similar reaction conditions, 1-(allyloxy)-4-
vinylbenzene (14) afforded THPM derivative 14a as the only
product in good yield (Table 2, entry 5). Intriguingly, the allyl
ether functional group was found to be stable under the
reaction conditions and moreover the unactivated alkene
moiety did not participate in the pyrimidinone reaction.

Unlike simple alkene, the electron rich 3,4-dihydropyran (21)
reacted readily under the conditions to furnish bicyclic
tetrahydropyrimidinone derivative 21a in good yield (Table 2,

2| J. Name., 2012, 00, 1-3
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Me
7 Qi\_\ 18 (19:1)
o_o
69
8 d 24 (19:)
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72
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81
10 d 16 (19:1)
1 Q 16 66
21
.o wl|
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13 @ 17 74
23, Ar = 4-OMeCqH, 23, Ar = 4- OMeCGH4

9Reaction conditions: styrene (1 equiv), formaldehyde (2 equiv) in TA:DMU(3:7,
w/w) melt at 70 °C. Yield based on isolated product.
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entry 11). Similarly, electron rich 1-aryl-cycloalkene derivatives
22 and 23 afforded the corresponding bicyclic THPM
derivatives 22a and 23a, respectively, in very good yields
(Table 2, entries 12 & 13).

Encouraged by these observations, the scope of this reaction
was further tested with 1,2-disubstituted styrene derivatives.
Under the melt reaction conditions, cis-vinyl arene derivative
15 underwent smooth reaction to furnish trans-4,5-
disubstituted tetrahydropyrimidinone derivative 15a as the
only product in good yield (Table 2, entry 6). Remarkably, both
cis- and trans-1,2-disubstituted vinyl arene derivatives 15-20
underwent smooth reaction to furnish trans-4,5-disubstituted
THPM derivatives 15a-19a, respectively, in good yields with
excellent diastereoselectivity (dr = 19:1) (Table 2, entries 6-10).
The exclusive formation of trans-diastereomer can be
attributed to the generation of stable benzylic carbocation.
Based on these observations, a plausible mechanism for the
formation of THPM is shown in Figure 2. The iminium ion A,
derived from formaldehyde and dimethylurea, would react
with vinyl arene to generate a stable benzylic carbocation B,
which on subsequent intramolecular cyclization could then
lead to THPM derivative.

o —
Me\x,MeMMee& e — AT Y L Y
N° N -H0 N-Me
H H u “Me

A B
Fig. 2 Plausible mechanism for the formation of THPM derivative.

Moreover, under tartaric acid-diallylurea (TA:DAU) melt
conditions, 4-methyl styrene (8) reacted with formaldehyde at
70 °C to furnish the corresponding bis-allyl THPM derivative 24
in 19% yield along with 3,5-diallyl-1,3,5-oxadiazinan-4-one (25)
in 32% yield. However in TA:ChCl melt,?” dibenzylurea reacted
readily to furnish 3,5-dibenzyl-1,3,5-oxadiazinan-4-one (27) as
the only product in 72% yield (Scheme 2).28

Y 5
TA/DAU(3:7), 70 °C
©/\ N (o] * \/\N N/\/
(HCHO), 16 h hd L
N\/\ o
24, 19% 25, 32%
X
TA/ChCI(1:2), 70 °C
/©/\ Ph—>Ph/\N N Ph o+
(HCHO), 2h ko) Recovered,
97%
26 27,72%

Scheme 2 Reaction of diallylurea and dibenzylurea under melt conditions.

To demonstrate the scalability of this method, a gram-scale
reaction was performed with vinyl arene 8 under optimized
reaction conditions. The gram-scale reaction proceeded
smoothly and provided the corresponding THPM derivative 8a
in 56% yield which was in good agreement with the small-scale
reaction. Moreover, the melt medium can be recovered and
recycled. Using recovered melt, the THPM derivative (8a) was

isolated in 49% vyield.
Me
Me
N._O
\G\U
N.
Me

Q/\ TA/DMU(3:7), 70 °C
Me (HCHO),

8(19) 8a (1.04 g)

Scheme 3 Gram-scale synthesis of THPM derivative 8a.
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The 1,3-diamine functionality is a ubiquitous strugtural.featyre
present in a wide range of natGral0 lPFYBAER00GHA
pharmaceuticals.??®  The six-membered cyclic urea,
tetrahydropyrimidinone 8a on LiAlHs reduction followed by
acid hydrolysis afforded 1-aryl-1,3-diamine 8c in very good

yield (Scheme 4).30
Me Me M
N o _ LAH, _ S%HCI _
\fé dry THF MeOH
Nove 74% 90%

Scheme 4 Synthesis of 1,3-diamine.

In summary, a mild and highly efficient protocol has been
developed for the synthesis of tetrahydropyrimidinones using
tartaric acid-DMU melt as a novel reaction medium. Under these
conditions, vinyl arenes reacted readily with formaldehyde to
furnish THPM derivatives in good yields with high degree of
diastereoselectivity. In this reaction, melt plays a triple role as
solvent, catalyst as well as reagent.
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