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a b s t r a c t

A simple protocol has been established for the preparation of a family of crystalline N-aryl g-hydrox-
ycrotonamides, useful four-carbon synthons. These were further elaborated to analogs of monastrol
having variant ester sidechains, that were evaluated for their anticancer activity employing the NCI 60
cell line panel.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Multicomponent reactions (MCRs),1e5 are of increasing impor-
tance in organic and medicinal chemistry because of their sim-
plicity, high atom economy, and bond forming efficiency, allowing
the rapid establishment of molecular complexity. Further, MCRs
can provide products with the diversity needed for the discovery of
new lead compounds or for lead optimization.6e10 One such MCR is
the Biginelli reaction,11 a procedure developed over a century ago.
This is a one pot protocol for the assembly of dihydropyrimidin-
2(1H)-ones via the acid-catalyzed cyclocondensation reaction of
an aldehyde, a b-ketoester, and urea or thiourea.

Over the past decade, dihydropyrimidin-2(1H)-ones and their
derivatives have attracted considerable attention in organic and
medicinal chemistry as they display diverse pharmacological and
therapeutic properties.12e14 In particular, monastrol 1 (Eq.1) is a cell-
permeable inhibitor15 of the mitotic kinesin Eg5, a motor protein
responsible for the formation andmaintenance of the bipolar spindle
in mitotic cells.
ð1Þ

del.edu (D.F. Taber).
Monastrol is considered as a lead molecule for the de-
velopment of new anticancer drugs. Although a relatively weak
inhibitor (IC50¼14 mM),15 monastrol has been used as a model
compound for the development of more potent analogs. Several
publications have described the optimization of monastrol-based
dihydropyrimidine analogs.11c,16e24 To summarize these stud-
ies17,19,22,23 the thiocarbonyl group at position 2, the 3-
hydroxyphenyl group at position 4 as well as the methyl group
at position 6 are all necessary for high inhibitory effect of the
mitotic kinesin Eg5. On the contrary, structural modifications at
position 5 did not abolish drug activity and many of those prod-
ucts showed encouraging results.24

Given these results, it seemed reasonable to prepare mon-
astrol analogs 2 having variant ester sidechains. To date, no
study of such variant esters of monastrol had appeared. We
hypothesized that the additional esters should probably be of
comparable polarity to monastrol itself. This led us to consider
amides such as 3 (Scheme 1), that could be exchanged with
acetoacetate to prepare the b-ketoesters 4, that would in turn
participate in the MCR. We adopted this approach when simple
alkene metathesis25 between allyl acetoacetate and an acryl-
amide derivative gave little of the desired cross product. The
nearest literature analogy to this approach was the work of
Kaushik,24 who employed a variety of simple alkyl b-ketoesters
in the Biginelli reaction, although not to prepare monastrol
analogs.
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Table 1
Reaction of amines with crotonoyl chloride

Entry R R0 Ratioa

1 H 73:27

2 H 64:36

3 H 72:28

Scheme 1. Plan for the synthesis.
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In the course of these studies, we also prepared the simple allyl
ester 6 (Eq. 2) as well as the homodimer 7 and evaluated their
anticancer properties.
4 H 83:17

5 H 88:12

6 H 68:32

7 H 60:40

8 C2H5 74:26

9 H 83:17

ð2Þ
2. Results and discussion

The key to our approach (Scheme 2) was the efficient assembly
of the amides represented by structure 3. We envisioned a three-
step protocol beginning with the amine. Acylation could give the
b,g-unsaturated amide. Epoxidation followed by eliminationwould
deliver the desired amides, that could be exchanged with methyl
acetoacetate to give the Biginelli precursors 4.
10 H 80:20

11 H 50:50

a Ratio of b, g- to a, b- by integration of the 1H NMR spectra of the crude product.

Scheme 2. Synthesis of monastrol analogs.
While the amides 10might have been prepared fromvinyl acetic
acid,26,27 or by other methods,28e30 wewere intrigued by the single
report by Theodoru31 of the condensation of the inexpensive cro-
tonoyl chloride with tritylamine to prepare the corresponding b,g-
unsaturated amide. We applied this protocol to a series of amines
(Table 1) andwere pleased to observe that in each case a substantial
amount of the b,g-unsaturated amide was formed. The ratio be-
tween the isomers was calculated by integration of the 1H NMR
spectrum.32e34
In the next step epoxidation was carried out on the crude
product by exposure to m-chloroperbenzoic acid (m-CPBA) in
dichloromethane for 48 h at room temperature.35 Under these re-
action conditions the N-substituted-3-butenamide underwent se-
lective epoxidation to yield the N-substituted-b,g-epoxyamide 11,
while the N-substituted-2-butenamide remained unreacted.

The mixture of N-substituted-b,g-epoxybutanamide and the
unreacted N-substituted-2-butenamide was not separated, but
rather carried on to the target alcohols 3.

The lithium amide-mediated isomerization of epoxides into al-
lylic alcohols is an attractive approach that has been thoroughly
investigated due to its synthetic potential and interesting mecha-
nistic features.36 In the present investigation, the N-substituted-
b,g-epoxybutanamide 11 prepared from aniline was converted into
the corresponding 4-hydroxy-2-butenamide 3a by treatment with
lithium diisopropylamide36 in THF at 0 �C. The product formed



Table 3
Preparation of transesterification products

Entry Compound Yielda

1 4a 61
2 4b 67
3 4c 62
4 4d 51
5 4e 56
6 4f 57
7 4g 75
8 4h 62
9 4i 61
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exclusively as the trans isomer as shown by the large coupling
constants of the alkene hydrogens (15e17 Hz).

We then sought a more convenient protocol for the elimina-
tion. We investigated bases such as anhydrous K2CO3, triethyl-
amine and DBU, and solvents including acetone, methanol,
dichloromethane, and tetrahydrofuran. Two combinations
proved particularly useful for the conversion of 11 into the cor-
responding alcohol, anhydrous K2CO3/methanol, and DBU/
methanol, of which the former was more convenient (rt, 1 h). The
product was the same as that obtained by the LDA procedure. A
similar isomerization of one b,g-epoxyamide into the corre-
sponding trans allylic alcohol using methoxide in methanol has
been reported.37

Each of the hydroxy amides so prepared (Table 2) was crystal-
line, except for 3h and 3k. Remarkably, only one such N-aryl g-
hydroxycrotonamide had previously been reported, prepared38 by
a less convenient procedure. The highly-functionalized amides of
Table 2, readily purified on scale without chromatography, will be
useful four-carbon synthons with many other applications.
Table 2
(E)-4-Hydroxy-N-substituted-2-butenamide 3ae3k

Entry R R0 Compound Yielda Mp �C

1 H 3a 40 156e157

2 H 3b 43 165e167

3 H 3c 35 139e141

4 H 3d 38 178e180

5 H 3e 68 134e135

6 H 3f 36 157e160

7 H 3g 39 168e169

8 C2H5 3h 60 d

9 H 3i 48 134e136

10 H 3j 44 137e139

11 H 3k 38 d

a Isolated yields, three steps from starting amine.

10 4j 55
11 4k 55

a Isolated yield, based on the starting alcohol.

Table 4
Preparation of the Biginelli products

Entry Compound Yielda

1 4a 33
2 4b 31
3 4c 31
4 4d 38
5 4e 47
6 4f 32
7 4g 33
8 4h 34
9 4i 33

a Isolated yields based on the starting b-ketoester.
Acid-catalyzed ester exchange had been known for some time.39

Bader40 was the first to report the more facile transesterification of
b-ketoesters. Since that time, catalysis of this process has been
reported using 4-dimethylaminopyridine,41 DBU,42 titanium tetra-
alkoxide,43 distannoxanes,44 p-toluenesulfonic acid,45 and Znmetal
with a catalytic amount of iodine.46 The b-ketoesters 4 (Table 3)
required for the Biginelli condensationwere prepared in good yield
by transesterification of methyl acetoacetatewith the 4-hydroxy-2-
butenamides 3 using the ZnI2 protocol.46
As we approached the preparation of the Biginelli products,
we were concerned as to whether or not the b-keto esters that
we had prepared would stand up to the reaction conditions,
HCl in ethanol at reflux. In fact, we were able to achieve (Table
4) reasonable preparative yields of the Biginelli products. These
polar products were most easily purified by concentration of
the reaction mixture followed by direct chromatography of the
crude product. To complete the set, esters 6 and 7 (Eq. 2) were
prepared from, respectively, allyl acetoacetate and the acetoa-
cetate of ethylene glycol. The Biginelli reaction failed with 4j
and 4k.
3. In vitro antitumor screening

While the primary focus of this project was to develop a di-
versity-oriented approach to Biginelli esters, the products were
evaluated against the NCI 60-cell tumor lines.47e49 The screen was
performed with a single dose of 10 mM of each of the synthesized
compounds. The screening methodology has been described in
detail elsewhere.50 The data (Supplementary data) were reported
as mean graph of the percent growth of the treated cells, and
presented as percentage growth inhibition (GI%).

It is clear that the ester of the Biginelli products had a significant
effect on activity. Esters 5ae5d and 5h with less polar phenyl
substituents had no significant activity, nor did 6 or 7. The Biginelli
products with more polar substituents, 5e, 5f, 5g, and 5i, began to
show some activity, with 5f and 5g being the more noteworthy.
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This suggests that such esters have potential for further
investigation.
4. Conclusion

We have developed a general strategy for the preparation of
monastrol derivatives with variant esters. Although none of the
derivatives prepared in the course of this study is active enough in
itself to warrant further development, the variation of response
from one to another suggests that the ester side chain can mod-
ulate the monastrol antineoplastic activity. The four-carbon hy-
droxy amides 3ae3k prepared in the course of this study, many of
which are crystalline, will be of general utility in organic
synthesis.
5. Experimental section

5.1. General procedures

1H NMR and 13C NMR spectra were recorded as solutions in
deuteriochloroform (CDCl3), deuteriodimethylsulfoxide (DMSO-
d6) or deuterioacetone (CD3COCD3) at 400 or 600 and 100 or
150 MHz, respectively. Chemical shifts were given in ppm (d) us-
ing TMS as an internal standard. Coupling constants (J) were given
in Hz. 13C multiplicities were determined with the aid of a JVERT
pulse sequence, differentiating the signals for methylene and
quaternary carbons as ‘u’ from methyl and methine carbons as ‘d’.
The infrared (IR) spectra were determined as neat samples. Ac-
curate mass was done using a high resolution time-of-flight mass
spectrometer with either electron impact (EI) direct insertion or
liquid injection field desorption ionization (LIFDI) with a tolerance
of 10.0 ppm. Rf values indicated refer to thin-layer chromatogra-
phy (TLC) on 2.5�10 cm, 250 m analytical commercial plates pre-
coated with silica gel GF, developed in the solvent system
indicated. The plates were visualized by UV light and staining with
cerium ammonium molybdate (CAM) or KMnO4, and the melting
points were measured in open capillary tubes and are un-
corrected. Toluene and dichloromethane were distilled from cal-
cium hydride under dry nitrogen. MTBE is methyl tert-butyl ether
and PE is 30e60 petroleum ether. All reactions were stirred
magnetically.

The following known compounds were prepared according to
the literature procedures:

Ethane-1,2-diyl bis(3-oxobutanoate)51

2-Propenyl 3-oxobutanoate46

1-Methoxy-4-(4-nitrophenoxy)benzene52

4-(4-Methoxyphenoxy)aniline52

N-Phenyl-2-propenamide53
5.1.1. Preparation of 4-hydroxy-N-substituted-2-butenamides 3ae3k

5.1.1.1. Step 1. Synthesis of N-substituted-3-butenamides 1 (gen-
eral procedure). A mixture of aromatic amine (1 mmol) in dry
CH2Cl2 was cooled to 0 �C in an ice bath under nitrogen atmo-
sphere. The mixture was stirred vigorously while triethylamine
(4.3 mmol) was added portionwise. Then a solution of crotonoyl
chloride (1.45mmol) in dry CH2Cl2 was slowly added dropwise. The
reaction mixture was stirred at 0 �C for 30 min. The reaction was
quenched by adding 5% aqueous hydrochloric acid. The organic
layer was isolated and washed with saturated aqueous NaHCO3
solution and thenwith water until neutral. The organic extract was
dried over anhydrous Na2SO4 and concentrated under reduced
pressure to give a mixture of the N-substituted-3-butenamide and
the N-substituted-2-butenamide.
5.1.1.2. Step 2. Epoxidation of N-substituted-3-butenamide (gen-
eral procedure). The crude mixture of N-substituted butenamides
(1.0 mmol) in CH2Cl2 was cooled to 0 �C in an ice bath. A solution of
m-chloroperoxybenzoic acid (2.0 mmol) in dichloromethane was
added dropwise over 10e15min. The ice bath was removed and the
reactionmixturewas left stirring at room temperature for 48 h. The
reaction mixture was washed with 5% aqueous NaOH and extracted
3 times with CH2Cl2. The organic extracts were combined, dried
over anhydrous Na2SO4 and concentrated under reduced pressure
to give a mixture of N-substituted-3,4-epoxybutanamide and
unreacted N-substituted-2-butenamide.

5.1.1.3. Step 3. Opening and base induced isomerization of epox-
ide. (E)-4-Hydroxy-N-phenyl-2-butenamide (3a): The crude mix-
ture containing N-phenyl-3,4-epoxybutanamide and (E)-N-phenyl-
2-butenamide (1.98 g, 1 equiv) was combined with anhydrous
K2CO3 (4.60 g, 3.0 equiv) in methanol (30 mL). The reaction was
stirred at room temperature for 1 h. The reaction mixture was con-
centrated under reduced pressure and the residue was chromato-
graphed usingMTBE/CH2Cl2 and acetone/CH2Cl2 to give awhite solid
(0.76 g, yield 40% (3 steps from starting amine)); mp 156e157 �C;
TLC Rf¼0.23 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3335, 3310, 3294,
3136, 1675, 1634, 1549, 1339, 1096; 763; 1H NMR (600 MHz, DMSO-
d6) d 4.18 (t, J¼5.2 Hz, 2H), 5.12 (t, J¼5.2 Hz, 1H), 6.35 (d, J¼15.3 Hz,
1H), 6.88 (dt, J¼15.3, 3.6 Hz, 1H), 7.04 (t, J¼7.2 Hz, 1H), 7.31 (t,
J¼7.8 Hz, 2H), 7.67 (d, J¼7.8 Hz, 2H),10.05 (s,1H); 13C NMR (150MHz,
DMSO) d u: 164.0, 139.8, 60.8, d: 145.4, 129.2, 123.6, 122.8, 119.6;
HRMS calcd for C10H11NO2 (Mþ) 177.0790, found 177.0782.

5.1.1.3.1. (E)-4-Hydroxy-N-(2,4,6-trimethylphenyl)-2-butenamide
(3b). White solid, yield 43% (3 steps from starting amine); mp
165e167 �C TLC Rf¼0.25 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3251,
2921, 2851, 1635, 1521, 1093, 712; 1H NMR (400 MHz, DMSO-d6)
d 2.08 (s, 6H), 2.23 (s, 3H), 4.15e4.17 (m, 2H), 5.10 (t, J¼5.4 Hz, 1H),
6.36 (d, J¼15.4 Hz, 1H), 6.80 (dt, J¼15.4, 3.6 Hz, 1H), 6.88 (s, 2H),
9.27 (s, 1H); 13C NMR (100 MHz, DMSO) d u: 163.8, 135.7, 135.2,
133.0, 60.7; d: 144.4, 128.7, 122.3, 40.3, 21.0, 18.6; HRMS calcd for
C13H18NO2 (MþH)þ 220.1338, found 220.1341.

5.1.1.3.2. (E)-N-(4-Fluorophenyl)-4-hydroxy-2-butenamide
(3c). White solid, yield 35% (3 steps from starting amine); TLC
Rf¼0.20 (MTBE/CH2Cl2, 6:4); mp: 139e141 �C; IR (neat, cm�1) 3298,
3273, 3151, 2913, 1687, 1643, 1509, 1215, 1105, 836; 1H NMR
(400 MHz, DMSO-d6) d 4.18 (ddd, J¼5.6, 3.6, 2 Hz, 2H), 5.15 (t,
J¼5.2 Hz, 1H), 6.32 (dt, J¼15.2, 2.0 Hz, 1H), 6.88 (dt, J¼15.2, 3.6 Hz,
1H), 7.13e7.17 (m, 2H), 7.66e7.70 (m, 2H), 10.13 (s, 1H); 13C NMR
(100 MHz, DMSO) d u:163.8, 158.4 (d, J¼240 Hz), 136.2, 136.2, 60.7;
d: 145.6, 122.5, 121.25 (d. J¼10 Hz), 115.75 (d, J¼30 Hz); HRMS calcd
for C10H11FNO2 (MþH)þ 196.0774, found 196.0771.

5.1.1.3.3. (E)-N-(4-Cyanophenyl)-4-hydroxy-2-butenamide
(3d). Yellow solid, yield 38% (3 steps from starting amine); mp
178e180 �C; TLC Rf¼0.16 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3298,
3273, 3151, 2913, 1687, 1643, 1509, 1215, 1105, 836; 1H NMR
(400MHz, DMSO-d6) d 4.19e4.21 (m, 2H), 5.19 (t, J¼5.2 Hz,1H), 6.37
(dt, J¼15.2, 2.2 Hz,1H), 6.96 (dt, J¼15.2, 3.6 Hz,1H), 7.78 (d, J¼9.2 Hz,
2H), 7.85 (d, J¼9.2 Hz, 2H), 10.51 (s, 1H); 13C NMR (100 MHz, DMSO)
d u: 164.6, 144.0, 119.6, 105.3, 60.7; d: 147.2, 133.7, 122.0, 119.6;
HRMS calcd for C11H11N2O2 (MþH)þ 203.0821, found 203.0822.

5.1.1.3.4. (E)-4-Hydroxy-N-(4-ethoxycarbonylphenyl)-2-
butenamide (3e). For the preparation of this alcohol, ethanol was
used instead of methanol with anhydrous potassium carbonate for
the epoxide isomerization to prevent transesterfication. White
solid, yield 68% (3 steps from starting amine); mp 134e135 �C; TLC
Rf¼0.2 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3311, 3116, 2982, 1683,
1597, 1539, 1278, 770; 1H NMR (400 MHz, DMSO-d6) d 1.31 (t,
J¼7.2 Hz, 3H), 4.20 (t, J¼5.2 Hz, 2H), 4.28 (q, J¼7.2 Hz, 2H), 5.18 (t,
J¼5.2 Hz, 1H), 6.38 (d, J¼15.2 Hz, 1H), 6.94 (dt, J¼15.2, 3.6 Hz, 1H),
7.81 (d, J¼8.8 Hz, 2H), 7.92 (d, J¼8.8 Hz, 2H), 10.42 (s, 1H); 13C NMR
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(100, MHz, DMSO) d u: 165.8, 164.4, 144.2, 124.5, 60.9, 60.7; d:
146.6, 130.7, 122.3, 119.0, 14.7; HRMS calcd for C13H15NO4 (Mþ)
249.1001, found 249.1001.

5.1.1.3.5. (E)-4-Hydroxy-N-(4-methoxyphenyl)-2-butenamide
(3f). Buff solid, yield 36% (3 steps from starting amine); mp
157e160 �C; TLC Rf¼0.25 (acetone/CH2Cl2, 1:1); IR (neat, cm�1)
3296, 3132, 2959, 2930, 2837, 1635, 1511, 1500, 1244, 831; 1H NMR
(400 MHz, DMSO-d6) d 3.72 (s, 3H), 4.17 (t, J¼5.2 Hz, 2H), 5.12 (t,
J¼5.2 Hz, 1H), 6.30 (d, J¼15.2 Hz, 1H), 6.81e6.86 (m, 1H), 6.89 (d,
J¼8.8 Hz, 2H), 7.58 (d, J¼8.8 Hz, 2H), 9.94 (s, 1H); 13C NMR
(100 MHz, DMSO) d u: 163.5, 155.6, 133.0, 60.7; d: 144.8, 122.8,
121.0, 114.3, 55.6; HRMS calcd for C11H13NO3 (Mþ) 207.0895, found
207.0897.

5.1.1.3.6. (E)-4-Hydroxy-N-[4-(4-methoxyphenoxy)phenyl]-2-
butenamide (3g). Yellow solid, yield 39% (3 steps from starting
amine); mp 168e169 �C; TLC Rf¼0.22 (MTBE/CH2Cl2, 6:4); IR (neat,
cm�1) 3278, 2837, 1541, 1604, 1501, 1241, 834; 1H NMR (400 MHz,
DMSO-d6) d 3.74 (s, 3H), 4.18 (t, J¼5.2 Hz, 2H), 5.13 (t, J¼5.2 Hz, 1H),
6.32 (d, J¼15.2 Hz, 1H), 6.83e6.88 (m, 1H), 6.89e6.95 (m, 6H), 7.64
(d, J¼8.8 Hz, 2H), 10.06 (s, 1H); 13C NMR (100 MHz, DMSO) d u:
163.7, 155.7, 153.6, 150.6, 135.0, 60.7; d: 145.2, 122.7, 121.2, 120.4,
118.5, 115.4, 55.8; HRMS calcd for C17H17NO4 (Mþ) 299.1158, found
299.1173.

5.1.1.3.7. (E)-4-Hydroxy-N-ethyl-N-phenyl-2-butenamide
(3h). Orange oil, yield 60% (3 steps); TLC Rf¼0.28 (MTBE/CH2Cl2,
6:4); IR (neat, cm�1) 3396, 3061, 2975, 2933, 2873,1633,1615,1592,
1495, 769, 701; 1H NMR (400 MHz, CDCl3) d 1.14 (t, J¼7.1 Hz, 3H),
2.32 (s, 1H), 3.82 (q, J¼7.1 Hz, 2H), 4.19 (s, 2H), 5.91 (d, J¼15.2 Hz,
1H), 6.95 (dt, J¼15.2, 4.2 Hz, 1H), 7.14 (d, J¼7.6 Hz, 2H), 7.34 (t,
J¼7.6 Hz, 1H), 7.41 (t, J¼7.6 Hz, 2H); 13C NMR (100 MHz, CDCl3) d u:
165.3, 141.7, 62.1, 44.5; d: 144.1, 129.6, 128.4, 127.8, 120.5, 13.0;
HRMS calcd for C12H15NO2 (Mþ) 205.1103, found 205.1093.

5.1.1.3.8. (E)-N-(4-Acetylphenyl)-4-hydroxy-2-butenamide
(3i). Yellow solid, yield 46% (3 steps from starting amine); mp
134e136 �C; TLC Rf¼0.20 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3307,
3109, 2924, 1671, 1594, 1532, 1275, 1179, 837; 1H NMR (400 MHz,
DMSO-d6) d 2.53 (s, 3H), 4.19e4.22 (m, 2H), 5.18 (t, J¼5.4 Hz, 1H),
6.38 (dt, J¼15.2, 2.0 Hz, 1H), 6.95 (dt, J¼15.2, 3.4 Hz, 1H), 7.80 (d,
J¼8.6 Hz, 2H), 7.94 (d, J¼8.6 Hz, 2H), 10.42 (s, 1H); 13C NMR
(100MHz, DMSO) d u: 197.0,164.4,144.2,132.1, 60.8; d: 146.7,130.0,
122.3, 118.9, 26.9; HRMS calcd for C12H14NO3 (MþH)þ 220.0974,
found 220.0965.

5.1.1.3.9. (E)-N-[4-Chloro-2-(phenylcarbonyl)phenyl]-4-hydroxy-
2-butenamide (3j). Canary yellow solid, yield 44% (3 steps from
starting amine); mp 137e139 �C; TLC Rf¼0.45 (MTBE/CH2Cl2, 6:4);
IR (neat, cm�1) 3309, 3101, 2922, 2852, 1683, 1637, 1577, 1508, 1245,
948, 700; 1H NMR (400 MHz, CDCl3) d 2.10 (s, 1H), 4.43 (s, 2H), 6.30
(dt, J¼15.2, 2.0 Hz, 1H), 7.07 (dt, J¼15.2, 3.6 Hz, 1H), 7.48e7.52 (m,
4H), 7.62 (d, J¼7.2 Hz, 1H), 7.68 (d, J¼7.2 Hz, 2H), 8.64 (d, J¼9.2 Hz
1H),10.89 (s, 1H); 13C NMR (100MHz, CDCl3) d u: 198.6,164.2, 139.1,
137.8, 124.5, 123.2, 62.0; d: 144.9, 134.1, 133.0, 132.8, 129.9, 128.6,
127.4, 123.1; HRMS calcd for C17H14ClNO3 (Mþ) 315.0662, found
315.0652.

5.1.1.3.10. (E)-4-Hydroxy-N-(1-phenylethyl)-2-butenamide
(3k). Yellow oil, yield 38% (3 steps); TLC Rf¼0.15 (MTBE/CH2Cl2,
6:4); IR (neat, cm�1) 3280, 3266, 3063, 2974, 1671, 1629, 1544,1494,
1094, 699; 1H NMR (400 MHz, CDCl3) d 1.45 (d, J¼6.8 Hz, 3H), 4.12
(s, 2H), 4.29 (s, 1H), 5.11 (p, J¼6.8 Hz, 1H), 6.09 (d, J¼15.4 Hz, 1H),
6.80 (dt, J¼15.4, 3.6 Hz,1H), 7.05 (d, J¼7.9 Hz,1H), 7.19e7.24 (m,1H),
7.27e7.28 (m, 4H); 13C NMR (100 MHz, CDCl3) d u: 165.4, 143.3,
61.4; d: 143.4, 128.6, 127.2, 126.2, 122.3, 48.9, 21.9; HRMS calcd for
C12H15NO2 (Mþ) 205.1103, found 205.1112.

5.1.1.4. Transesterfication of methyl acetoacetate. 5.1.1.4.1. (E)-4-
(Phenylamino)-4-oxo-2-buten-1-yl 3-oxobutanoate (4a). A mixture
of methyl acetoacetate (1.06 g, 9.12 mmol), (E)-4-hydroxy-N-
phenyl-2-butenamide (0.81 g, 4.56 mmol) and zinc metal (0.60 g,
9.12 mmol) were combined in toluene (15.0 mL). A catalytic
amount of iodine (0.10 g) was added and the reaction was stirred
and heated at 115e120 �C for 3 h while the flask was open to allow
methanol evaporation. The reaction was quenched with saturated
aqueous NH4Cl (25.0 mL) and filtered through Celite. The filtered
reactionmixturewas extracted with diethyl ether (3�100mL). The
organic extracts were combined and dried over anhydrous Na2SO4
and concentrated under reduced pressure. The residue was chro-
matographed to give compound 4a as a yellow oil (0.73 g, 61%
yield); TLC Rf¼0.41 (MTBE/CH2Cl2, 8:2); IR (neat, cm�1) 3306, 3137,
3062, 2932,1716,1683,1651,1151; 1H NMR (400MHz, CDCl3) d 2.21
(s, 3H), 3.47 (s, 2H), 4.73 (dd, J¼4.9, 1.4 Hz, 2H), 6.29 (d, J¼15.4 Hz,
1H), 6.87 (dt, J¼15.4, 4.9 Hz, 1H), 7.07 (t, J¼7.3 Hz, 1H), 7.26 (d,
J¼7.2 Hz, 2H), 7.58 (d, J¼8.0 Hz, 2H), 8.80 (s, 1H); 13C NMR
(100 MHz, CDCl3) d u: 200.7, 166.5, 162.8, 137.8, 63.5, 49.8; d: 137.5,
129.0, 125.3, 124.5, 120.0, 30.4; HRMS calcd for C14H15NO4 (Mþ)
261.1001, found 261.1005.

5.1.1.4.2. (E)-4-[(2,4,6-Trimethylphenyl)amino]-4-oxo-2-buten-1-
yl 3-oxobutanoate (4b). White solid, yield 67%;mp 122e124 �C; TLC
Rf¼0.532 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3229, 3027, 2922,
2853, 1743, 1718, 1635, 1529, 1150, 857; 1H NMR (400 MHz, CDCl3)
d 2.11 (s, 6H), 2.25 (s, 3H), 2.29 (s, 3H), 3.54 (s, 2H), 4.77 (s, 2H), 6.29
(d, J¼15.6 Hz, 1H), 6.88 (s, 3H), 7.53 (s, 1H); 13C NMR (100 MHz,
CDCl3) d u: 200.6, 166.5, 163.6, 135.1, 131.0, 63.7, 49.8; d: 136.9,
129.3, 128.8, 125.1, 30.4, 20.9, 18.3; HRMS calcd for C17H21NO4 (Mþ)
303.1471, found 303.1481.

5.1.1.4.3. (E)-4-[(4-Fluorophenyl)amino]-4-oxo-2-buten-1-yl 3-
oxobutanoate (4c). Yellowish brown oil, 62% yield; TLC Rf¼0.49
(MTBE/CH2Cl2, 6:4); IR (neat, cm_1) 3292, 3077, 1747, 1716, 1682,
1646, 1544, 1508, 1212, 836; 1H NMR (400 MHz, CDCl3) d 2.26 (s,
3H), 3.53 (s, 2H), 4.77 (d, J¼4.8 Hz, 2H), 6.23 (d, J¼15.6 Hz, 1H), 6.88
(dt, J¼15.6, 4.8 Hz, 1H), 6.96 (t, J¼8.4 Hz, 2H), 7.52 (dd, J¼8.4, 4.4 Hz,
2H), 8.48 (s, 1H); 13C NMR (100 MHz, CDCl3) d 201.0, 166.5, 163.3,
159.4 (d, J¼240 Hz), 133.9, 63.6, 49.7; d: 137.5, 125.5, 122.05 (d,
J¼10 Hz), 115.6 (d, J¼23 Hz), 30.4; HRMS calcd for C14H14FNO4 (Mþ)
279.0907, found 279.0924.

5.1.1.4.4. (E)-4-[(4-Cyanophenyl)amino]-4-oxo-2-buten-1-yl 3-
oxobutanoate (4d). Yellow solid, 51% yield; mp 102e105 �C; TLC
Rf¼0.40 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3326, 3106, 2927,
2225, 1746, 1715, 1696, 1595, 1528, 1176; 1H NMR (400 MHz, CDCl3)
d 2.31 (s, 3H), 3.85 (s, 2H), 4.85 (dd, J¼4.5, 1.7 Hz, 2H), 6.28 (d,
J¼15.4 Hz, 1H), 6.99 (dt, J¼15.4 Hz, 4.4 Hz, 1H), 7.61 (d, J¼8.6 Hz,
2H), 7.77 (d, J¼8.6 Hz, 2H), 8.34 (s, 1H); 13C NMR (100 MHz, CDCl3)
d u: 200.9,166.5,163.4,142.2,118.9,106.9, 63.5, 49.7; d: 139.0,133.3,
124.7,119.9, 30.5; HRMS calcd for C15H14N2O4 (Mþ) 286.0954, found
286.0949.

5.1.1.4.5. (E)-4-[(4-Carboxyphenyl)amino]-4-oxo-2-buten-1-yl 3-
oxobutanoate (4e). Orange oil, 56% yield; TLC Rf¼0.45 (MTBE/
CH2Cl2, 6:4); IR (neat, cm�1) 3481, 3338, 3118, 2983, 1746, 1713,
1599, 1538, 1278, 1174, 1107, 771; 1H NMR (400 MHz, CDCl3)
d 1.40 (t, J¼7.2 Hz, 3H), 2.32 (s, 3H), 3.58 (s, 2H), 4.37 (q, J¼7.2 Hz,
2H), 4.87 (dd, J¼6.4, 2.0 Hz, 2H), 6.28 (dt, J¼15.2, 1.8 Hz, 1H), 7.00
(dt, J¼15.2, 4.4 Hz, 1H), 7.70 (d, J¼8.4 Hz, 2H), 7.90 (s, 1H), 8.03 (d,
J¼8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3) d u: 200.8, 166.3, 163.1,
141.9, 130.8, 126.1, 63.5, 61.0, 49.8; d; 138.6, 124.8, 119.0, 77.4,
30.5, 14.4; HRMS calcd for C17H19NO6 (Mþ) 333.1212, found
333.1223.

5.1.1.4.6. (E)-4-[(4-Methoxyphenyl)amino]-4-oxo-2-buten-1-yl 3-
oxobutanoate (4f). Yellow solid, 57% yield; mp 136e138 �C; TLC
Rf¼0.44 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3303, 2934, 2360,1748,
1716, 1683, 1540, 1511, 1244, 1172, 831; 1H NMR (600 MHz, CDCl3)
d 2.29 (s, 3H), 3.54 (s, 2H), 3.79 (s, 3H), 4.80e4.82 (m, 2H), 6.21 (d,
J¼15.0 Hz, 1H), 6.85 (d, J¼8.4 Hz, 2H), 6.91 (dt, J¼15.0, 4.8 Hz, 1H),
7.48 (d, J¼8.4 Hz, 2H), 7.64 (s, 1H); 13C NMR (150 MHz, CDCl3) d d:
200.8, 166.5, 163.0, 156.5, 130.9, 63.7, 49.8; d: 137.2, 125.5, 121.9,
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114.1, 55.5, 30.4; HRMS calcd for C15H17NO5 (Mþ) 291.1107, found
291.1101.

5.1.1.4.7. (E)-4-[[4-(4-Methoxyphenoxy)phenyl]amino]-4-oxo-2-
buten-1-yl 3-oxobutanoate (4g). Yellow solid, 75% yield; mp
146e148 �C; TLC Rf¼0.43 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3282,
2937, 2838, 1739, 1715, 1635, 1507, 1241, 1226, 834; 1H NMR
(400 MHz, CDCl3) d 2.33 (s, 3H), 3.58 (s, 2H), 3.82 (s, 3H), 4.87 (dd,
J¼4.0, 1.2 Hz, 2H), 6.24 (d, J¼15.2 Hz, 1H), 6.87e7.00 (m, 7H),
7.49e7.53 (m, 3H); 13C NMR (100 MHz, CDCl3) d u: 200.6, 166.4,
162.7, 155.8, 155.1, 150.3, 132.4, 63.6, 49.9; d: 137.5, 125.1, 121.7,
120.5, 118.2, 114.8, 55.7, 30.4; HRMS calcd for C21H21NO6 (Mþ)
383.1369, found 383.1374.

5.1.1.4.8. (E)-4-[Ethyl(phenyl)amino]-4-oxo-2-buten-1-yl 3-
oxobutanoate (4h). Yellow oil, 62% yield; TLC Rf¼0.28 (MTBE/
CH2Cl2, 6:4); IR (neat, cm�1) 3480, 3061, 2975, 2934, 2874, 1747,
1717, 1668, 1403, 770, 702; 1H NMR (400 MHz, CDCl3) d 1.08e1.12
(m, 3H), 2.13e2.15 (m, 3H), 3.33 (d, J¼3.2 Hz, 2H), 3.80 (p, J¼7.2 Hz,
2H), 4.62 (s, 2H), 5.83 (d, J¼14.8 Hz, 1H), 6.79e6.85 (m, 1H), 7.13 (d,
J¼6.4 Hz, 2H), 7.33e7.43 (m, 3H); 13C NMR (100 MHz, CDCl3) d u:
200.0, 166.3, 164.2, 141.5, 63.8, 49.6, 44.4; d:136.9, 129.6, 129.5,
128.3, 127.9, 123.6, 30.2, 12.9; HRMS calcd for C16H19NO4 (Mþ)
289.1314, found 289.1333.

5.1.1.4.9. (E)-4-[(4-Acetylphenyl)amino]-4-oxo-2-buten-1-yl 3-
oxobutanoate (4i). Orange solid, 61% yield; mp 128e130 �C TLC
Rf¼0.24 (MTBE/CH2Cl2, 6:4); IR (neat, cm�1) 3324, 3106, 2925, 1745,
1677,1595,1530,1272,1177, 840; 1H NMR (400MHz, CDCl3) d 2.27 (s,
3H), 2.57 (s, 3H), 3.53 (s, 2H), 4.80 (d, J¼3.6 Hz, 2H), 6.30 (d,
J¼15.4 Hz, 1H), 6.96 (dt, J¼15.4, 4.4 Hz, 1H), 7.72 (d, J¼8.4 Hz, 2H),
7.91 (d, J¼8.4 Hz, 2H), 8.77 (s,1H); 13C NMR (100MHz, CDCl3) d 200.9,
197.5,166.5,163.5,142.7,132.8, 63.6, 49.7; d: 138.4,129.7,125.2,119.3,
30.4, 26.5; HRMS calcd for C16H17NO5 (Mþ) 303.1107, found 303.1121.

5.1.1.4.10. (E)-4-[[4-Chloro-2-(phenylcarbonyl)phenyl]amino]-4-
oxo-2-buten-1-yl 3-oxobutanoate (4j). Yellow oil, 55% yield; TLC
Rf¼0.6 (MTBE/PE, 7:3); IR (neat, cm�1) 3734, 3282, 2937, 2838,1739,
1715, 1635, 1507, 1241, 1226, 1033, 834; 1H NMR (400 MHz, CDCl3)
d 2.32 (s, 3H), 3.59 (s, 2H), 4.88 (dd, J¼4.4, 1.6 Hz, 2H), 6.27 (dt,
J¼15.2, 1.6 Hz, 1H), 7.00 (dt, J¼15.2, 4.8 Hz, 1H), 7.56 (m, 4H), 7.66 (t,
J¼7.3 Hz, 1H), 7.70e7.75 (m, 2H), 8.73 (d, J¼9.2 Hz, 1H), 10.92 (s,
1H); 13C NMR (100 MHz, CDCl3) d u: 200.1, 198.7, 166.5, 163.4, 138.9,
137.8, 128.6, 124.5, 63.5, 49.8; d: 138.3, 134.1, 133.1, 132.9, 129.9,
127.6, 125.7, 123.2, 30.4; HRMS calcd for C21H18ClNO5 (Mþ)
399.0874, found 399.0865.

5.1.1.4.11. (E)-4-[(1-Phenylethyl)amino]-4-oxo-2-buten-1-yl 3-
oxobutanoate (4k). Yellow oil, 55% yield; TLC Rf¼0.5 (MTBE/
CH2Cl2, 6:4); IR (neat, cm�1) 3288, 3063, 3031, 2973, 2924, 2852,
1748, 1716, 1635, 1540, 1149, 700; 1H NMR (400 MHz, CDCl3) d 1.48
(d, J¼8.4 Hz, 3H), 2.25 (s, 3H), 3.49 (s, 2H), 4.74 (d, J¼3.6 Hz, 2H),
5.12e5.19 (m, 1H), 6.07 (d, J¼15.2 Hz, 1H), 6.51 (s, 1H), 6.78 (dt,
J¼15.2, 4.8 Hz, 1H), 7.24e7.30 (m, 5H); 13C NMR (100 MHz, CDCl3)
d u: 200.6,166.5,164.0,143.0, 63.7, 49.8; d: 136.3,128.6,127.4,126.2,
125.3, 48.9, 30.3, 21.7; HRMS calcd for C16H19NO4 (Mþ) 289.1314,
found 289.1306.

5.1.1.5. Synthesis of dihydropyrimidines 5ae5i. 5.1.1.5.1. (E)-4-
Phenylamino-4-oxo-2-buten-1-yl 4-(3-hydroxyphenyl)-6-methyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (5a). A mixture
of (E)-4-(phenylamino)-4-oxo-2-buten-1-yl 3-oxobutanoate (4a)
(0.32 g, 1.23 mmol), 3-hydroxybenzaldhyde (0.43 g, 1.50 mmol),
thiourea (0.11 g, 1.50 mmol), and conc aqueous HCl (0.15 mL) in
ethanol (5.0 mL) were combined. The mixture was heated under
reflux for 4 h. The reactionmixture was chromatographed directly to
give the product as white solid (0.17 g, 33% yield); mp 130e132 �C;
TLC Rf¼0.25 (MTBE/CH2Cl2 2:8); IR (neat, cm�1) 3262 (br), 2985,
1683, 1652, 1558, 1540, 1457, 1109, 754, 667; 1H NMR
(400 MHz,CD3COCD3) d 2.49 (s, 3H), 4.84 (td, J¼4.6, 2.0 Hz, 2H), 5.43
(d, J¼3.6 Hz,1H), 6.21 (dt, J¼15.4, 2.0 Hz,1H), 6.77e6.80 (m,1H), 6.88
(d, J¼7.6 Hz, 2H), 6.94 (dt, J¼15.4, 4.6 Hz, 1H), 7.08 (t, J¼7.4 Hz, 1H),
7.20 (t, J¼7.9 Hz,1H), 7.32 (t, J¼7.9 Hz, 2H), 7.73 (d, J¼7.9 Hz, 2H), 8.57
(s, 1H), 8.76 (s, 1H), 9.17 (s, 1H), 9.33 (s, 1H); 13C NMR (100 MHz,
CD3COCD3) d u: 175.5, 164.8, 162.7, 157.7, 145.3, 145.1, 139.3, 101.2,
62.39; d: 138.4,129.7,128.7,124.9,123.5,119.4,117.8,114.8,113.6, 55.0,
17.2; HRMS calcd for C22H21N3O4S (Mþ) 423.1253, found 423.1237.

5.1.1.5.2. (E)-4-(2,4,6-Trimethylphenylamino)-4-oxo-2-buten-1-yl
4 - ( 3 - h y d r o x y p h e n y l ) - 6 - m e t h y l - 2 - t h i o x o - 1 , 2 , 3 , 4 -
tetrahydropyrimidine-5-carboxylate (5b). White solid, 31% yield;
mp 132e134 �C; TLC Rf¼0.48 (MTBE/CH2Cl2 4:6); IR (neat, cm�1)
3232 (br), 2920, 1675, 1640, 1566, 1484, 1460, 1276, 1106, 700; 1H
NMR (400 MHz, CD3COCD3) d 2.16 (s, 6H), 2.25 (s, 3H), 2.50 (s, 3H),
4.85 (d, J¼4.4 Hz, 2H), 5.45 (d, J¼3.6 Hz,1H), 6.28 (dt, J¼15.6, 2.0 Hz,
1H), 6.77e6.87 (m, 1H), 6.88e6.91 (m, 5H), 7.20 (t, J¼8.2 Hz, 1H),
8.41 (s, 1H), 8.52 (s, 1H), 8.74 (s, 1H), 9.32 (s, 1H); 13C NMR
(100 MHz, CD3COCD3) d u: 175.5, 164.8, 162.7, 157.6, 145.3, 145.1,
136.0, 135.2, 132.3, 101.2, 62.4; d: 137.5, 129.8, 128.3, 124.5, 117.8,
114.8, 113.6, 55.0, 20.0, 17.7, 17.2; HRMS calcd for C25H27N3O4S (Mþ)
465.1722, found 465.1720.

5.1.1.5.3. (E)-4-(4-Fluorophenylamino)-4-oxo-2-buten-1-yl 4-(3-
hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5c). Yellow solid, 31% yield; mp 158e160 �C; TLC
Rf¼0.22 (MTBE/CH2Cl2 2:8); IR (neat, cm�1) 3257 (br), 2925, 1676,
1645, 1558, 1508, 1184, 1108, 835, 785; 1H NMR (400 MHz, DMSO-
d6) d, 2.35 (s, 3H), 4.72 (dd, J¼16.1, 2.9 Hz, 1H), 4.85 (dd, J¼17.7,
4.4 Hz, 1H), 5.17 (d, J¼3.6 Hz, 1H), 6.19 (d, J¼15.5 Hz, 1H), 6.65e6.69
(m, 3H), 6.79 (dt, J¼15.5, 4.5 Hz, 1H), 7.11e7.16 (m, 2H), 7.18 (d,
J¼8.9 Hz, 1H), 7.67 (dd, J¼9.1, 5.0 Hz, 2H), 9.49 (s, 1H), 9.75 (s, 1H),
10.17 (s, 1H), 10.45 (s, 1H); 13C NMR (100 MHz, DMSO) d 174.64,
165.24, 163.03, 157.97, 146.19, 145.06, 138.87, 135.86, 130.05, 124.83,
121.56, 121.48, 117.43, 115.95, 115.73, 115.15, 113.63, 100.60, 62.93,
54.32, 40.57, 31.19, 18.06; HRMS calcd for C22H20FN3O4S (Mþ)
441.1159, found 441.1128.

5.1.1.5.4. (E)-4-(4-Cyanophenylamino)-4-oxo-2-buten-1-yl 4-(3-
hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5d). Yellowish white solid, 38% yield; mp 137e139 �C;
TLC Rf¼0.20 (MTBE/CH2Cl2 2:8); IR (neat, cm�1) 3311 (br), 2958,
2924, 2854, 2226, 1699, 1684, 1593, 1558, 1457, 1183, 1107, 839; 1H
NMR (400 MHz, CD3COCD3) d 2.49 (s, 3H), 4.82 (ddd, J¼16.4, 4.4,
1.9 Hz, 1H), 4.89 (ddd, J¼16.4, 4.4, 1.9 Hz, 1H), 5.44 (d, J¼3.4 Hz, 1H),
6.26 (dt, J¼15.3, 1.9 Hz, 1H), 6.76e6.79 (m, 1H), 6.80e6.84 (m, 1H),
6.85e6.91 (m, 2H), 7.00 (dt, J¼15.3, 4.6 Hz,1H), 7.19 (t, J¼7.8 Hz,1H),
7.73 (d, J¼8.8 Hz, 2H), 7.94 (d, J¼8.8 Hz, 2H), 8.79 (s,1H), 9.36 (s,1H),
9.69 (s, 1H); 13C NMR (100 MHz, CD3COCD3) d u: 175.5, 164.7, 163.3,
157.7, 145.3, 145.1, 143.3, 118.6, 106.2, 101.2, 62.3; d: 139.9, 133.1,
129.8, 124.1, 119.5, 117.8, 114.8, 113.6, 54.9, 17.3; HRMS calcd for
C23H20N4O4S (Mþ) 448.1205, found 448.1210.

5.1.1.5.5. (E)-4-(4-(Ethoxycarbonyl)phenylamino)-4-oxo-2-
buten-1-yl 4-(3-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (5e). Yellow solid, 47% yield;
mp 155e157 �C; TLC Rf¼0.25 (MTBE/CH2Cl2 2:8); IR (neat, cm�1)
3395 (br), 2950, 1686, 1646, 1598, 1532, 1275, 1180, 1108, 771, 698;
1H NMR (400 MHz, CD3COCD3) d 1.37 (t, J¼,7.2 Hz, 3H), 2.50 (s, 3H),
4.34 (t, J¼7.1 Hz, 2H), 4.83 (ddd, J¼16.2, 4.6, 2.0 Hz, 1H), 4.90 (ddd,
J¼16.2, 4.6, 2.0 Hz, 1H), 5.44 (d, J¼3.6 Hz, 1H), 6.24 (dt, J¼15.3,
2.0 Hz, 1H), 6.77e6.80 (m, 1H), 6.87e6.89 (m, 2H), 6.99 (dt, J¼15.3,
4.4 Hz, 1H), 7.20 (t, J¼8.0 Hz, 1H), 7.85 (d, J¼8.8 Hz, 2H), 7.99 (d,
J¼8.8 Hz, 2H), 8.53 (s, 1H), 8.76 (s, 1H), 9.34 (s, 1H), 9.48 (s, 1H); 13C
NMR (100 MHz, CD3COCD3) d u: 175.5, 165.4, 164.7, 163.1, 157.7,
145.3, 145.1, 143.4, 125.3, 101.2, 62.3, 60.3, d: 139.4, 130.3, 129.8,
124.4, 118.6, 117.8, 114.8, 113.5, 55.0, 17.2, 13.7; HRMS calcd for
C25H26N3O6S (MþH)þ 496.1542, found 496.1542.

5.1.1.5.6. (E)-4-[(4-Methoxyphenyl)amino]-4-oxo-2-buten-1-yl 4-
(3-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (5f). Yellow solid, 32% yield; mp 136e138 �C; TLC
Rf¼0.40 (MTBE/CH2Cl2 4:6); IR (neat, cm�1) 3403 (br), 2950, 1674,
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1642, 1510, 1460, 1184, 1108, 700; 1H NMR (400 MHz, CD3COCD3)
d 2.49 (s, 3H), 3.78 (s, 3H), 4.79 (ddd, J¼16.0, 4.4, 1.8 Hz, 1H), 4.86
(ddd, J¼16.0, 4.4, 1.8 Hz, 1H), 5.45 (d, J¼3.2 Hz, 1H), 6.21 (dt, J¼15.2,
1.6 Hz, 1H), 6.77e6.79 (m, 1H), 6.88e6.93 (m, 5H), 7.13e7.21 (m,
1H), 7.51 (d, J¼8.8 Hz,1H), 7.65 (d, J¼9.2 Hz, 2H), 8.79 (s,1H), 9.08 (s,
1H), 9.34 (s, 1H); 13C NMR (100 MHz, CD3COCD3) d u: 175.5, 164.8,
162.4, 157.7, 156.0, 145.2, 145.1, 132.4, 101.2, 62.4; d: 137.8, 129.8,
125.1, 120.9, 117.7, 114.8, 113.8, 113.6, 54.9, 54.7, 17.2; HRMS calcd for
C23H23N3O5S (Mþ) 453.1358, found 453.1378.

5.1.1.5.7. (E)-4-[[4-(4-Methoxyphenoxy)phenyl]amino]-4-oxo-2-
buten-1-yl 4-(3-hydroxy phenyl)-6-methyl-2-thioxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (5g). Yellow solid, 33% yield;
mp 140e142 �C; TLC Rf¼0.31 (MTBE/CH2Cl2 2:8); IR (neat, cm�1)
3273 (br), 2925, 1688, 1652, 1558, 1497, 1220, 1182, 1102, 831, 667;
1H NMR (400 MHz, CD3COCD3) d 2.48 (s, 3H), 3.80 (s, 3H), 4.81 (d,
J¼15.8 Hz, 2H), 5.43 (d, J¼3.3 Hz, 1H), 6.20 (d, J¼15.4 Hz, 1H),
6.76e6.80 (m, 1H), 6.86e6.93 (m, 5H), 6.95e6.98 (m, 4H), 7.20 (d,
J¼7.6 Hz, 1H), 7.69 (d, J¼8.9 Hz, 2H), 8.57 (s, 1H), 8.79 (s, 1H), 9.17
(s, 1H), 9.36 (s, 1H); 13C NMR (100 MHz, CD3COCD3) d u: 175.4,
164.8, 162.6, 157.6, 156.0, 154.4, 150.5, 145.2, 145.1, 134.2, 101.2,
62.4; d: 138.2, 129.8, 124.8, 121.0, 120.2, 117.9, 117.8, 114.8, 113.6,
55.0, 17.3; HRMS calcd for C29H27N3O6S (Mþ) 545.1621, found
545.1603.

5.1.1.5.8. (E)-4-[Ethyl(phenyl)amino]-4-oxo-2-buten-1-yl 4-(3-
hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5h). Yellow solid, 34% yield; mp: 142e145 �C; TLC
Rf¼0.26 (MTBE/CH2Cl2 2:8); IR (neat, cm�1) 3232 (br), 2974, 2934,
1665, 1619, 1589, 1453, 1278, 1183, 1108, 700, 574; 1H NMR
(400 MHz, CDCl3) d 1.15 (t, J¼7.2 Hz, 3H), 1.27 (s, 1H), 2.15 (s, 3H),
3.78e3.89 (m, 2H), 4.49 (dd, J¼15.2, 4.8 Hz, 1H), 4.58 (dd, J¼15.2,
4.8 Hz, 1H), 5.16 (d, J¼2.4 Hz, 1H), 5.82 (d, J¼15.6 Hz, 1H), 6.71e6.75
(m, 2H), 6.77e6.85 (m, 2H), 7.09e7.12 (m, 1H), 7.14e7.18 (m, 2H),
7.37e7.46 (m, 3H), 8.27 (s, 1H), 8.64 (s, 1H); 13C NMR (100 MHz,
CDCl3) d u: 174.1, 165.2, 164.7, 156.7, 144.0, 143.7, 141.1, 102.1, 63.3,
44.7; d: 138.1, 130.1, 129.8, 129.6, 128.3, 123.5, 118.1, 115.7, 114.0,
55.5, 18.3, 12.9; HRMS calcd for C24H25N3O4S (Mþ) 451.1566, found
451.1581.

5.1.1.5.9. (E)-4-(4-Acetylphenylamino)-4-oxo-2-buten-1-yl 4-(3-
hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (5i). Yellow solid, yield 33%; mp 118e120 �C; TLC
Rf¼0.27 (MTBE/CH2Cl2 4:6); IR (neat, cm�1) 3392 (br), 2920, 1653,
1593, 1559, 1275, 1181, 1107, 668; 1H NMR (400 MHz, CD3COCD3)
d 2.49 (s, 3H), 2.55 (s, 3H), 2.90 (s, 1H), 3.14 (s, 1H), 4.83 (ddd,
J¼,16.1, 4.5, 1.9 Hz, 1H), 4.89 (ddd, J¼16.2, 4.5, 1.8 Hz, 1H), 5.43 (d,
J¼3.2 Hz, 1H), 6.24 (dt, J¼15.3, 1.8 Hz, 1H), 6.77e6.80 (m, 1H),
6.88e6.89 (m, 1H), 6.99 (dt, J¼1.5.2, 4.6 Hz, 1H), 7.20 (t, J¼8.0 Hz,
1H), 7.85 (d, J¼8.8 Hz, 2H), 7.98 (d, J¼8.8 Hz, 2H), 8.54 (s, 1H), 8.76
(s, 1H), 9.33 (s, 1H), 9.47 (s, 1H); 13C NMR (100 MHz, CD3COCD3)
d u: 195.7, 175.5, 164.8, 163.1, 157.7, 145.3, 145.1, 143.4, 132.5, 101.2,
62.4; d: 139.5, 130.5, 129.8, 129.4, 118.7, 117.8, 114.8, 113.5, 55.0,
26.6, 17.3; HRMS calcd for C24H23N3O5S (Mþ) 465.1358, found
465.1349.

5.1.1.5.10. 2-Propen-1-yl 4-(3-hydroxyphenyl)-6-methyl-2-
thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (6). A mixture of
2-propenyl 3-oxobutanoate (0.5 g, 3.52 mmol), 3-
hydroxybenzaldhyde (0.43 g, 3.52 mmol), thiourea (0.32 g,
4.22 mmol), and conc aqueous HCl (0.15 mL) in ethanol (5.0 mL)
were combined. The mixture was heated under reflux for 3 h. The
reaction mixture was chromatographed to give the product as
a white fluffy solid (0.67 g, 63% yield); mp 148e150 �C; TLC Rf¼0.24
(MTBE/PE 2.5:7.5); IR (neat, cm�1) 3197, 2985, 1695, 1652, 1575,
1558,1457,1273,1185,1111, 699; 1H NMR (400MHz, CDCl3) d 2.16 (s,
1H), 2.32 (s, 3H), 4.51e4.61 (m, 2H), 5.15e5.19 (m, 2H), 5.33 (d,
J¼10.0 Hz, 1H), 5.82 (ddt, J¼15.7, 11.0, 5.6 Hz, 1H), 6.74e6.83 (m,
3H), 7.12 (t, J¼7.6 Hz, 1H), 8.18 (s, 1H), 8.49 (s, 1H); 13C NMR
(100 MHz, CDCl3) d u: 173.8, 165.3, 156.2, 143.8, 143.6, 118.4, 102.5,
65.4; d: 131.8, 130.2, 118.9, 115.7, 113.8, 55.7, 18.4; HRMS calcd for
C15H16N2O3S (Mþ) 304.0898, found 304.0898.

5.1.1.5.11. Ethane-1,2-diyl bis [4-(3-hydroxyphenyl)-6-methyl-2-
thioxo-1,2, 3,4-tetrahydro pyrimidine-5-carboxylate] (7). A mixture
of ethane-1,2-diylbis(3-oxobutanoate) (0.50 g, 2.17 mmol), 3-
hydroxybenzaldhyde (0.53 g, 4.34 mmol), thiourea (0.40 g,
5.21 mmol), and conc aqueous HCl (0.20 mL) in ethanol (5.0 mL)
were combined. The mixture was heated under reflux for 20 h. The
reaction mixture was chromatographed using PE/wet EtOAc to give
the homodimer as a yellow solid (0.863 g, 72% yield); mp
164e165 �C; TLC Rf¼0.11 (P.E/Wet EtOAc 6:4); IR (neat, cm�1) 3306
(br), 1698, 1651, 1569, 1186; 1H NMR (400 MHz, (CD3COCD3) d 2.39
(s, 3H), 2.42 (s, 3H), 4.24e4.33 (m, 4H), 5.29 (d, J¼3.6 Hz, 1H), 5.35
(d, J¼3.2 Hz, 1H), 6.74e6.78 (m, 2H), 6.80e6.83 (m, 4H), 7.13 (td,
J¼8.0, 2.8 Hz, 2H), 8.47 (s, 2H), 8.72 (s, 2H), 9.29 (s, 2H); 13C NMR
(100 MHz, (CD3COCD3) d u: 175.4, 175.3, 165.1, 165.0, 157.6, 145.1,
145.0,145.0,101.4,101.4, 61.9, 61.8; d: 129.6,117.8,114.8,113.4,113.4,
55.0, 17.2, 17.1; HRMS calcd for C26H26N4O6S2 (Mþ) 554.1294, found
554.1270.
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