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Abstract

In this paper it is established a protocol leading to a series of dihydropyrimidine-5-carboxamides
under Biginelli reaction conditions starting directly from 3-ketoamides as the 1,3-dicarbonyl
component of the process. The best results have been found when chloroacetic acid is used as the
catalyst under solvent free conditions.
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Introduction

Organic chemists have found in the development of known and new multicomponent reactions
(MCRs) an inspiration to quickly design straightforward entrances to large families of novel
compounds, especially when these syntheses are coupled with combinatorial strategies.! Among
them, the venerable 3-MCR Biginelli reaction has recently attracted a renewed interest based,
primarily, on the discovery of many different catalysts that allow the preparation of the resultant
dihydropyrimidines (DHPMs) with excellent results, as opposed to the limited success
encountered in the original reports.” In addition, the finding of therapeutic and pharmacological
properties® as channel blockers, antihypertensive agents, o.ia antagonists and neuropeptide Y
(NPY) antagonists, for example,* explains the widespread presence of studies related to the
“Biginelli compounds” in the specialized literature,’ not to mention the fact that several marine
alkaloids, with interesting biological activities as well, include the DHPM motif in their
structures.® Apart from subtle modifications from the original design,” the Biginelli reaction
takes place by mixing an aldehyde (mainly aromatic aldehydes), substituted or unsubstituted urea

Page 115 ©ARKAT-USA, Inc.


mailto:imanol.tellitu@ehu.es
http://dx.doi.org/10.3998/ark.5550190.0012.209

(or thiourea), and an active 1,3-dicarbonyl compound under appropriate conditions,® in
combination with a selected catalyst (see Figure 1).
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Figure 1

Most of the recent progress of this transformation is revealed from the large amount of
publications showing the benefits of a number of different species that are able to catalyze the
construction of the Biginelli adducts,’ a research that, in the vast majority of cases, has been
developed using a 3-ketoester (Z=OR in Figure 1) as the active methylenic component of the
reaction. In addition, post-transformations of the DHPM skeleton can be considered as an active
field of research that has led to the preparation of a number of heterocycles of great interest. In
particular, some of these structural alterations rely on the hydrolysis of the ester group followed
by an amidation process to render 5-carboxamide substituted DHPMs (Z=NHR in Figure 1).!
On the other hand, it has to be mentioned that several examples of such type of derivatives have
attracted the attention of medicinal chemists due to their well-recognized properties, examples of
which are shown in Figure 2. Of special interest are the N3-acylated DHPMs, such as SNAP
6201 1, which are known to be excellent calcium channel modulator, as well as selective oa
adrenergic receptor antagonists.>*® Similarly, DHPMs of type 2 have also shown good binding
affinity (<1 nM) and excellent subtype selectivity for the o1, adrenergic receptor.!! In addition to
the mitotic kinesin Eg5 inhibitor monastrol, screening of a library of related compounds in
phenotype-based screens also led to the DHPM 3 which showed the colchicine-like property of
destabilizing microtubules.!? Finally, the preparation of 4, which was found to have Ki values of
2.9, 537, and 1513 nM vs the a.1a, olib and auig receptors, respectively, has been also described.!!
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Figure 2

Our own overview of the related literature has led to the conclusion that, in addition to the
comparatively insignificant amount of reports including the construction of DHPM-5-
carboxamides starting directly from 3-ketoamides,!® there is no account, to the best of our
knowledge, in which a specific optimization protocol has been established for the one-step
preparation of such kind of derivatives. Moreover, the resulting derivatives can be considered
interesting starting points for future post-modifications. This paper shows our results in this area.

Results and Discussion

Selection of the catalyst

Initially, we explored the action of a series of catalysts with the aim of selecting the best protocol
to ensure an efficient synthesis of a number of DHMP-5-carboxamides of type 8. The catalysts
under study were selected on the basis that (1) all of them had succeeded when applied to the
same reaction employing 3-ketoesters, (2) they must be economically advantageous, (3) strongly
acidic catalysts should be avoided to prevent undesired processes in highly functionalized
substrates, and (4) the reaction and the work-up have to be as simple as possible. With these
conditions, seven catalysts were selected and applied to our model reaction, exemplified in
Scheme 1, that includes in all cases commercially available substrates. Thus, the reaction
between acetoacetanilide 5a, benzaldehyde 7a and urea 6a (molar rate 1:1:1.5) was set up in the
presence of 10 mol% of a series of catalysts 1-7 in the indicated solvent (assays 1-4) or under
solvent free conditions (assays 5-7) at the particular temperature.
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cat. 1: CaF,, EtOH, 40 °C, 8 h; cat. 2: SiCls, MeCN/DMF (2/1), rt, 72 h; cat. 3: SbCls, MeCN, reflux, 24 h; cat. 4:
tartaric acid, MeOH, reflux, 18 h; cat. 5: CICH,COOH, 90 °C, 7 h; cat. 6: L-pro, rt, 18 h; cat. 7: Ce(NO3)-6H,0, 80
°C; cat. 8:** AcOH, reflux; cat. 9:% AcOH/EtOH/uw, 120 °C; cat. 10: AcOH/EtOH/Yb(OTf);, 120 °C; cat. 11:1%
Tungstophosphoric acid, 80 °C; cat. 12:* AcOH/EtOH/CFsSOsH/YbCls, 120 °C.

Scheme 1. Experimental (cat 1-7) and reported values (cat 8-12) for DHPM 8a.
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The graphic (see Scheme 1) shows that the expected cyclization takes place in moderate to
good vyields in five out of the seven assays. The superior conditions (92% yield) were found
when chloroacetic acid was used to assist the reaction, and slightly diminished results were
obtained when catalysts 2, 3, 4 and 7 were employed. On the contrary, while the use of calcium
fluoride resulted in a complex mixture of unidentified compounds, the use of L-proline did not
promote the desired cyclization at all, and unreacted substrates were the only materials detected.
The benefits from the use of chloroacetic acid over previously reported conditions are
highlighted in the last portion of the graphic. Thus, previous reported syntheses of DHPM 8a
assisted by the use of catalysts 8-12 have shown diminished results except for catalyst 11, for
which a comparable yield has been reported. However, tungstophosphoric acid (H3PW1204) is
not commercially available and must be prepared.'® In addition, solvent-free reactions have many
advantages and important aspects are reduced pollution, lower costs and the simplicity of the
processes involved.!”

Extension to the preparation of a series of DHMP-5-carboxamides (8a-t)

Once the best conditions have been established, a series of DHPM-5-carboxamides 8a-t were
prepared by heating, under solvent free conditions, mixtures of 3-ketoamides 5a-d, substituted or
unsubstituted ureas 6a-d, and aromatic or aliphatic aldehydes 7a-i in the presence of 10 mol% of
chloroacetic acid for the required time (7-10 hours).

NHR!

NHR? R*  CICH,COMH
|
© AL t o e /&
R°HN O
Me 0 (solvent-free) Me
5a-d 6a-d Ta-i

8a-t

Table 1. Synthetic data for the series of DHPMs 8a-t prepared. Yields for isolated compounds

RRF° R R R 8 (%) R R2 R R 8 (%)

Ph H H Ph 8a (92) H Me H Ph 8k (73)
Ph H H 3-MeOC¢Hs 8b (63) Ph Me H  3-MeOC¢Hs 81 (97)

Ph H H 2-thienyl 8c (89) Ph Me Me 3-MeOCe¢Hs 8m (36)
Ph  H H 4-NOCeH. 8d (36) Ph Me Me Ph 8n (43)
Ph  Me H Ph 8e (75) 4-NOCeHs  Me  Me Ph 80 (42)
Ph Me H  3-HOC¢Hs 8f (93) Ph Et Et 3-MeOC¢Hs 8p (21)
Ph  Me H  2-BrCsHs 8g(75) 24-Me,CeHs  Me  Me Ph 8q (51)
Ph  Me H Pr 8h (27) H Me Me Ph 8r (23)
Ph Me H '‘Bu 8i (47) Ph Me  Me 2-thienyl 8s (40)
H H H Ph 8j (94) Ph Me Me 2-NO.CeHs 8t (42)
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The identity of the new heterocyclic compounds was established by spectroscopic means or
by comparison with reported data. A clarifying piece of information comes from the *H NMR
spectrum (CDCl3z) which reveals a singlet at ~5.5 ppm corresponding to H-4, a signal that
confirms the construction of the DHPM skeleton. As expected, the same proton absorbs at higher
field (~3.5 ppm) when aliphatic substituents are placed at C-4 position 8h,i. Some other signals,
especially N-H protons, experience clearly marked shifts when running the NMR spectra in
different solvents. In particular, N(3)-H moves from ~5.5 ppm when the NMR is taken in CDCl3,
to ~9 ppm when DMSO-ds was employed in order to improve the solubility of some of these
derivatives. In view of the synthetic results summarized in Table 1, it can be firstly concluded
that the reaction is clearly affected by two structural features: the substitution pattern of the urea
component 6 and the nature of the aldehyde 7. Thus, when unsubstituted and monosubstituted
ureas 6a,b were employed, the corresponding DHPM 8a-c,e-g,j-1 was obtained satisfactorily (63-
93%) with non-activated, activated and heteroaromatic aldehydes, but disappointingly when
starting from deactivated aldehydes (DHPM 8d). It is known>® that simple monosubstituted alkyl
ureas generally react well, and in a regioselective manner, to provide good yield of N(1)-
substitutedDHPMs. Contrarily, and as previously reported, the use of N,N’-disubstituted ureas
6¢,d afforded heterocycles 8m-t in a diminished yield in all cases (21-51%) regardless of the
electronic nature of the aldehyde component 7 or the substitution of the 3-ketoamide 5.!® The
method under study seems to show also limitations with respect to the aliphatic nature of the
aldehyde component. In both cases (DHPMs 8h,i), either the iso-propyl or the tert-butyl
substituted analogs were prepared in only moderate yields. Finally, it should be emphasized that
all assays carried out with unsubstituted ketoamide 5b pleasingly resulted once again in the
formation of DHPM s 8j,k in excellent yields.

Conclusions

The direct preparation of a series of DHPM-5-carboxamides by the Biginelli multicomponent
reaction starting from acetylacetamides has been optimized with respect to the use of an adequate
catalyst. This study has shown that the use of catalytic amounts of chloroacetic acid promotes the
cyclocondensation reaction under solvent free conditions in most cases in good to excellent
yields and with a superior behavior with respect to previously reported methods. The present
direct approach avoids the hydrolysis/amidation steps that would be required to transform the
most commonly employed 5-ethoxycarbonylDHPM derivatives into the final 5-carboxamido-
substituted dihydropyrimidines.
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Experimental Section

General. All reagents were purchased and used as received. Melting points were measured using
open glass capillaries. Infrared spectra were recorded as KBr as thin films and peaks are reported
in cm™®. Only representative absorptions are given. NMR spectra were taken in DMSO-ds on a
Bruker AC-300 instrument at 20-25 °C. Chemical shifts (8) were measured in ppm relative to
solvent (8=2.50 for *H or 39.4 for 13C) as internal standard. Coupling constants, J, are reported in
hertz. DEPT experiments were used to assist with the assignation of the signals and structural
determinations.

Typical procedure for the synthesis of DHPMs (8a-t)

A mixture of 3-ketoamide 5 (1 mmol), urea 6 (1.5 mmol), aldehyde 7 (1 mmol) and chloroacetic
acid (10 mol %) was heated in an oil bath (90 °C) for 7-10 h in the absence of solvents. The
progress of the reaction was monitored by TLC. When the reaction was completed, the flask was
removed from the oil bath and allowed to stand at room temperature. Then, the mixture was
poured into water and extracted with CH>Cl,. The organic extracts were dried with NaxSOg4
(anh), solvent was evaporated under reduced pressure, and the resultant residue was purified, if
necessary, by column chromatography (Hexanes/EtOAc, 3/7) followed by crystallization from
the appropriate solvent.
6-Methyl-2-0x0-VN,4-diphenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide (8a). According
to the general procedure DHPM 8a was obtained from acetoacetanilide 5a, benzaldehyde 7a and
urea 6a in 92% yield as an orange pale solid: mp 236-240 °C (hexanes, lit.'*¢ 239-240).
4-(3-Methoxyphenyl)-6-methyl-2-oxo-/N-phenyl-1,2,3,4-tetrahydropyrimidin-5-
carboxamide (8b). According to the general procedure DHPM 8b was obtained from
acetoacetanilide Sa, 3-methoxybenzaldehyde 7b and urea 6a in 63% yield. This material had to
be purified by column chromatography (CH2Cl2/MeOH, 9/1) and triturated with hexanes to
afford DHPM 8b as a yellowish pure solid: mp 180-185 °C (hexanes); IR (film) v 3237, 1672,
1400, 1200; '"H NMR (300 MHz, DMSO-ds) 2.02 (s, 3H), 3.67 (s, 3H), 5.37 (s, 1H), 6.52-6.80
(m, 4H), 6.82-6.99 (m, 3H), 7.20-7.23 (m, 3H), 8.33 (br s, 1H), 9.54 (br s, 1H); '*C NMR (75
MHz, DMSO-dg) 17.5, 55.4, 105.8, 112.7, 112.7, 118.8, 120.0, 123.5, 129.0, 130.0, 138.9, 139.7,
149.3, 153.1, 159.8, 165.8; HRMS calcd for C19H19N303-H* 338.1517, found 338.1505.
6-Methyl-2-0xo0-N-phenyl-4-(2-thienyl)-1,2,3,4-tetrahydropyrimidin-5-carboxamide  (8c).
According to the general procedure DHPM 8¢ was obtained from acetoacetanilide 5a, 2-
thiophenecarboxaldehyde 7c¢ and urea 6a in 89% yield as a yellowish solid: mp 174-178 °C
(hexanes); IR (film) v 3249, 1655, 1596; '"H NMR (300 MHz, DMSO-ds) 2.04 (s, 3H), 5.70 (s,
1H), 6.91-7.02 (m, 3H), 7.22-7.37 (m, 3H), 7.55-7.57 (m, 2H), 7.79 (br s, 1H), 8.85 (br s, 1H),
9.54 (br s, 1H); '*C NMR (75 MHz, DMSO-dg) 17.6, 51.0, 106.8, 120.2, 127.2, 129.0, 123.6,
124.0, 125.4, 139.7, 140.0, 149.2, 153.0, 165.4; HRMS calcd for C16H1sN3O2S-H* 314.0997,
found 314.0963.
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6-Methyl-4-(4-nitrophenyl)-2-oxo-/N-phenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide
(8d). According to the general procedure DHPM 8d was obtained from acetoacetanilide 5a, 4-
nitrobenzaldehyde 7d and urea 6a in 36% yield as a yellowish solid: mp 307-309 °C (hexanes,
lit."” 304-306); IR (film) v 3364, 1720, 1518, 1533; 'H NMR (300 MHz, DMSO-ds) 2.04 (s,
3H), 5.48 (s, 1H), 6.96-7.01 (m, 1H), 7.20-7.25 (m, 2H), 7.50-7.53 (m, 3H), 7.73 (br s, 1H), 8.22
(d, J=8.7, 2H), 8.85 (br s, 1H), 9.60 (br s, 1H); '*C NMR (75 MHz, DMSO-ds) 17.6, 55.2, 104.9,
120.1, 123.7, 124.3, 128.0, 129.0, 139.5, 139.8, 147.2, 151.9, 152.8, 165.5.
1,6-Dimethyl-2-ox0-/N,4-diphenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide (8e).
According to the general procedure DHPM 8e was obtained from acetoacetanilide Sa,
benzaldehyde 7a and N-methylurea 6b in 75% yield as a white solid: mp 216-222 °C (hexanes);
IR (film) v 3295, 1696, 1626, 1434; 'H NMR (300 MHz, DMSO-ds) 2.15 (s, 3H), 3.05 (s, 3H),
5.28 (s, 1H), 6.98-7.03 (m, 1H), 7.16-7.35 (m, 7H), 7.52-7.56 (m, 2H), 7.71 (br s, 1H), 9.80 (br s,
1H); 1*C NMR (75 MHz, DMSO-ds) 17.1, 29.8, 54.4, 109.9, 120.1, 123.7, 126.5, 127.8, 129.0,
139.5, 139.6, 144.1, 154.0, 166.3; HRMS calcd for C19H19N302-H* 322.1556, found 322.1558.
4-(3-Hydroxyphenyl)-1,6-dimethyl-2-oxo-/N-phenyl-1,2,3,4-tetrahydropyrimidin-5-
carboxamide (8f). According to the general procedure DHPM 8f was obtained from
acetoacetanilide Sa, 3-hydroxybenzaldehyde 7e and N-methylurea 6b in 93% yield as a white
solid: mp 238-242 °C (hexanes); IR (film) v 3301, 1676, 1626, 1434; '"H NMR (300 MHz,
DMSO-de) 2.12 (s, 3H), 3.06 (s, 3H), 5.20 (s, 1H), 6.55-6.67 (m, 3H), 6.96-7.08 (m, 2H), 7.21-
7.28 (m, 2H), 7.55-7.59 (m, 2H), 7.65 (br s, 1H), 9.37 (s, 1H), 9.78 (s, 1H); 1*C NMR (75 MHz,
DMSO-ds) 17.1, 29.8, 54.3, 110.1, 113.3, 114.77, 116.9, 120.1, 123.7, 129.0, 129.9, 139.3,
139.7, 145.7, 154.1, 158.0, 166.4.
4-(2-Bromophenyl)-1,6-dimethyl-2-0xo-N-phenyl-1,2,3,4-tetrahydropyrimidin-5-
carboxamide (8g). According to the general procedure DHPM 8g was obtained from
acetoacetanilide 5a, 2-bromobenzaldehyde 7f and N-methylurea 6b in 75% yield as a white
solid: mp 201-204 °C (hexanes); IR (film) v 3211, 1693, 1627; '"H NMR (300 MHz, DMSO-ds)
2.13 (s, 3H), 3.10 (s, 3H), 5.64 (s, 1H), 6.95-7.02 (m, 1H), 7.15-7.54 (m, 8H), 7.61 (s, 1H), 9.89
(s, 1H); *C NMR (75 MHz, DMSO-ds) 17.1, 29.8, 54.6, 109.0, 120.0, 120.1, 122.2, 123.7,
128.8, 129.0, 130.1, 133.1, 139.3, 139.5, 142.7, 153.4, 165.8; HRMS calcd for
C19H15"°BrN3O2-H* 400.0668, found 400.0661.
1,6-Dimethyl-4-isopropyl-2-oxo-N-phenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide (8h).
According to the general procedure DHPM 8h was obtained from acetoacetanilide Sa,
isobutyraldehyde 7g and N-methylurea 6b in 27% yield. This material had to be purified by
column chromatography (EtOAc/hexanes, 3/7) and triturated in hexanes to afford DHPM 8h as a
white pure solid: mp 239-241 °C (hexanes); IR (film) v 3305, 1692, 1653; 'H NMR (300 MHz,
DMSO-dg) 0.77-0.83 (m, 6H), 1.52-1.62 (m, 1H), 2.07 (s, 3H), 2.93 (s, 3H), 3.96 (s, 1H), 7.02-
7.04 (m, 1H), 7.20-7.32 (m, 3H), 7.57-7.64 (m, 2H), 9.78 (s, 1H); 3*C NMR (75 MHz, DMSO-
de) 16.9, 17.0, 18.2, 29.7, 35.0, 56.1, 109.3, 120.9, 123.7, 129.0, 139.5, 139.8, 154.7, 167.3;
HRMS calcd for C16H21N3O2-H* 288.1723, found 288.1712.
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4-tert-Butyl-1,6-dimethyl-2-oxo-/N-phenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide (8i).
According to the general procedure DHPM 8h was obtained from acetoacetanilide Sa,
pivalaldehyde 7h and N-methylurea 6b in 47% yield. This material had to be purified by column
chromatography (EtOAc/hexanes, 9/1) and triturated in hexanes to afford DHPM 8i as a white
pure solid: mp 259-262 °C (hexanes); IR (film) v 3290, 1675, 1653; 'H NMR (300 MHz,
DMSO-ds) 0.80 (s, 9H), 2.09 (s, 3H), 2.96 (s, 3H), 3.83 (s, 1H), 7.01-7.04 (m, 1H), 7.24-7.30 (m,
3H), 7.57-7.60 (m, 2H), 9.78 (s, 1H); *C NMR (75 MHz, DMSO-ds) 16.8, 25.4, 29.7, 38.7, 59.5,
109.3, 120.1, 123.6, 129.0, 139.8, 140.2, 155.1, 168.1; HRMS calcd for Ci7H23N302-H"
302.1873, found 302.18609.
6-Methyl-2-0x0-4-phenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide (8j). According to the
general procedure DHPM 8j was obtained from acetoacetamide Sb, benzaldehyde 7a and urea 6a
in 94% yield as a white solid: mp 218-224 °C (hexanes); 'H NMR (300 MHz, DMSO-ds) 2.04 (s,
3H), 5.21 (s, 1H), 6.82 (br s, 2H), 7.20-7.34 (m, 5H), 7.42-7.51 (s, 1H), 8.54 (s, 1H); 3C NMR
(75 MHz, DMSO-ds) 17.6, 55.1, 104.9, 126.9, 127.6, 128.8, 139.3, 144.9, 153.2, 168.6; HRMS
calcd for C12H13N3O2-H* 232.1086, found 232.1093.
1,6-Dimethyl-2-0x0-4-phenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide (8k). According to
the general procedure DHPM 8k was obtained from acetoacetamide Sb, benzaldehyde 7a and N-
methylurea 6b in 73% yield as a white solid: mp 252-259 °C (hexanes); IR (film) v 3375, 1690,
1654, 1396; 'H NMR (300 MHz, DMSO-ds) ): 2.18 (s, 3H), 3.01 (s, 3H) 5.15 (s, 1H), 6.96 (br s,
2H), 7.20-7.32 (m, 5H), 7.64 (s, 1H); '*C NMR (75 MHz, DMSO-ds) 16.8, 29.8, 54.0, 109.2,
126.6, 127.7, 128.8, 139.9, 144.2, 154.1, 169.2; HRMS calcd for Ci3H1sN3O2-H" 246.1243,
found 246.1240.
4-(3-Methoxyphenyl)-1,6-dimethyl-2-oxo-N-phenyl-1,2,3,4-tetrahydropyrimidin-5-
carboxamide (8l1). According to the typical procedure DHPM 8l was obtained from
acetoacetanilide Sa, 3-methoxybenzaldehyde 7b and N-methylurea 6b in 97% yield as a pale
brown solid after triturating of the residue from hexanes: mp 148-152 °C (hexanes); IR (film) v
3290, 1655, 1488; 'H NMR (300 MHz, CDCls) 2.29 (s, 3H), 3.23 (s, 3H), 3.77 (s, 3H), 5.30 (s,
1H), 6.55-7.25 (m, 11H); *C NMR (75 MHz, CDCls) 16.7,29.9, 55.2, 55.6, 109.0, 112.1, 113.8,
118.4, 119.9, 124.4, 128.9, 130.4, 137.7, 140.2, 143.9, 153.8, 160.3, 165.7; MS [M+1] m/z: 352
(100), 309 (32), 259 (79), 233 (31), 122 (35), 94 (56); HRMS calcd for CaoH21N3O3-H™:
352.1661, found: 352.1670.
4-(3-Methoxyphenyl)-1,3,6-trimethyl-2-oxo-N-phenyl-1,2,3,4-tetrahydropyrimidin-5-
carboxamide (8m). According to the typical procedure DHPM 8m was obtained from
acetoacetanilide 5a, 3-methoxybenzaldehyde 7b and N,N’-dimethylurea 5S¢ in 36% yield as a
pale brown solid after purification by column chromatography (Hexanes/EtOAc, 3/7) followed
by crystallization from hexanes: mp 66-68 °C (hexanes); IR (film) v 3290, 1648, 1532; '"H NMR
(300 MHz, CDCl3) 2.22 (s, 3H), 2.88 (s, 3H), 3.21 (s, 3H), 3.71 (s, 3H), 5.08 (s, 1H), 6.78-6.80
(m, 3H), 7.00-7.09 (m, 2H), 7.21-7.33 (m, 5H); *C NMR (75 MHz, CDCI3) 16.6, 30.1, 33.9,
55.2, 62.3, 108.7, 112.4, 113.3, 118.7, 119.8, 124.4, 129.9, 130.4, 137.7, 140.0, 141.8, 153.7,
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160.3, 165.7; MS [M+1] m/z: 366 (64), 350 (30), 309 (79), 233 (30), 273 (100); HRMS calcd for
Co1H23N303-H™: 366.1827, found: 366.1818.
1,3,6-Trimethyl-2-oxo0-/N,4-diphenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide (8n).
According to the typical procedure DHPM 8n was obtained from acetoacetanilide S5a,
benzaldehyde 7a and N,N’-dimethylurea 6¢ in 43% yield as a yellowish oil after purification by
column chromatography (Hexanes/EtOAc, 3/7): IR (film) v 3295, 1654, 1540; 'H NMR (300
MHz, CDCl) 2.22 (s, 3H), 2.88 (s, 3H), 3.21 (s, 3H), 5.10 (s, 1H), 6.80-6.91 (br s, 1H), 7.00-
7.41 (m, 10H); '*C NMR (75 MHz, CDCls) 16.7, 30.6, 34.2, 62.4, 108.9, 119.9, 124.4, 124.6,
126.5, 128.7, 129.0, 129.5, 137.7, 140.0, 140.2, 153.7, 165.7; MS [M+1] m/z: 336 (73), 335 (33),
320 (32), 243 (100); HRMS calcd for C20H2:N3O2-H™: 336.1712, found: 336.1707.
N-(p-Nitrophenyl)-1,3,6-trimethyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropyrimidin-5-
carboxamide (80). According to the typical procedure DHPM 80 was obtained from N-p-
nitrophenylacetoacetamide 5c¢, benzaldehyde 7a and N,N’-dimethylurea 6¢ in 42% yield as a
yellowish solid after purification by column chromatography (Hexanes/EtOAc, 3/7) followed by
crystallization from hexanes: mp 224-228 °C (hexanes); IR (film) v 3266, 1646, 1501; 'H NMR
(300 MHz, CDCls) 2.31 (s, 3H), 2.88 (s, 3H), 3.28 (s, 3H), 5.07 (s, 1H), 7.24-7.31 (m, 3H), 7.35-
7.41 (m, 2H), 7.46-7.53 (m, 2H), 7.58-7.62 (br s, 1H), 8.10-8.16 (m, 2H); '3C NMR (75 MHz,
CDCl3) 30.7,34.8, 60.5, 64.6, 98.9, 126.4, 128.6, 128.7, 129.0, 130.9, 137.4, 137.8, 138.9, 151.9,
158.1, 169.6; (Compound 6e resulted to be unstable under all conditions employed to register its
MS/HR mass spectrum).
1,3-Diethyl-4-(3-methoxyphenyl)-6-methyl-2-oxo-/N-phenyl-1,2,3,4-tetrahydropyrimidin-5-
carboxamide (8p). According to the typical procedure DHPM 8p was obtained from
acetoacetanilide Sa, 3-methoxybenzaldehyde 7b and N,N’-diethylurea 6d in 21% yield as a pale
brown solid after purification by column chromatography (Hexanes/EtOAc, 3/7) followed by
crystallization from hexanes: mp 64-70 °C (hexanes); IR (film) v 2916, 1668, 1596; 'H NMR
(300 MHz, CDClz) 1.00-1.14 (m, 3H), 1.19-1.26 (m, 3H), 2.23-2.37 (m, 1H), 2.88-2.94 (m, 1H),
3.63-3.70 (m, 1H), 3.74 (s, 3H), 3.94 (m, 1H), 5.12 (s, 1H), 6.83-6.92 (m, 4H), 7.02-7.14 (m,
1H), 7.22-7.32 (m, 5H); '3C NMR (75 MHz, CDCls) 12.7, 15.2, 16.2, 38.0, 41.3, 55.3, 59.9,
100.0, 109.1, 112.2, 114.0, 119.0, 124.4, 129.1, 130.3, 137.6, 139.3, 143.3, 152.6, 160.4, 166.0;
MS [M+1] m/z: 394 (100), 393 (31), 378 (33), 323 (40), 301 (71); HRMS calcd for
C23H27N303-H*: 394.2130, found: 394.2115.
N-(2,4-dimethylphenyl)-4-phenyl-1,3,6-trimethyl-2-oxo-1,2,3,4-tetrahydropyrimidin-5-
carboxamide (8q). According to the typical procedure DHPM 8q was obtained from N-(2,4-
dimethylphenyl)acetoacetamide 5d, 3-methoxybenzaldehyde 7b and N,N’-dimethylurea 6¢ in
51% yield as a yellowish solid after purification by column chromatography (Hexanes/EtOAc,
3/7) followed by crystallization from hexanes: mp 185-190 °C (hexanes); IR (film) v 3261,
1655, 1515; 'H NMR (300 MHz, CDCls) 1.78 (s, 3H), 2.31 (s, 3H), 2.34 (s, 3H), 2.87 (s, 3H),
3.23 (s, 3H), 5.07 (s, 1H), 6.49-6.56 (m, 1H), 6.83-7.00 (m, 2H), 7.20-7.41 (m, 5H), 7.46-7.53
(m, 1H); *C NMR (75 MHz, CDCls) 16.7, 17.3, 20.8, 30.5, 34.1, 62.4, 108.6, 123.3, 126.7,
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127.1, 128.5, 129.3, 129.5, 131.0, 133.3, 135.0, 139.7, 139.9, 153.7, 166.0; MS [M+1] m/z: 364
(100), 363 (42), 243 (61); HRMS calcd for C22H2sN302-H*: 364.2025, found: 364.2027.
1,3,6-Trimethyl-2-0x0-4-phenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide (8r). According
to the typical procedure DHPM 8r was obtained from acetoacetamide 5b, benzaldehyde 7a and
N,N’-dimethylurea 6¢ in 23% yield as a yellowish solid after purification by column
chromatography (Hexanes/EtOAc, 3/7) followed by crystallization from hexanes: mp 204-208 °C
(hexanes); IR (film) v 3197, 1646, 1601; '"H NMR (300 MHz, CDCls) 2.29 (s, 3H), 2.86 (s, 3H),
3.20 (s, 3H), 5.04 (s, 1H), 5.36-5.57 (br s, 2H), 7.20-7.32 (m, 5H); '*C NMR (75 MHz, CDCls)
16.7,30.7, 34.2, 62.7, 107.3, 126.6, 128.5, 129.2, 139.9, 141.4, 153.7, 169.4; MS [M+1] m/z: 260
(91), 244 (100), 242 (96), 378 (33), 203 (64), 182 (59), 164 (55); HRMS calcd for
C14H17N302.H*: 260.1399, found: 260.1406.
1,3,6-Trimethyl-4-(2-thienyl)-2-0xo0-N-phenyl-1,2,3,4-tetrahydropyrimidin-5-carboxamide
(8s). According to the typical procedure DHPM 8s was obtained from acetoacetanilide Sa, 2-
thienylcarboxaldehyde 7¢ and N,N’-dimethylurea 6b in 40% yield as a pale brown solid after
purification by column chromatography (Hexanes/EtOAc, 1/1) followed by crystallization from
hexanes: mp 137-140 °C (hexanes); IR (film) v 3285, 1653, 1438; 'H NMR (300 MHz, CDCls)
2.35 (s, 3H), 2.97 (s, 3H), 3.25 (s, 3H), 5.33 (s, 1H), 6.97-7.10 (m, 3H), 7.26-7.36 (m, 6H); 1*C
NMR (75 MHz, CDCls) 16.4, 30.6, 34.2, 57.4, 108.2, 119.8, 124.3, 125.9, 126.5, 127.1, 129.0,
137.7, 142.4, 143.1, 153.7, 169.4; MS [M+1] m/z: 342 (100), 341 (45), 285 (34), 258 (65), 249
(100); HRMS calcd for C18H19N302S-H™: 342.1276, found: 342.1282.
1,3,6-Trimethyl-4-(o-nitrophenyl)-2-oxo-/N-phenyl-1,2,3,4-tetrahydropyrimidin-5-
carboxamide (8t). According to the typical procedure DHPM 8t was obtained from
acetoacetanilide Sa, 2-nitrobenzaldehyde 7i and N,N’-dimethylurea 6¢ in 42% yield as a pale
brown solid after purification by column chromatography (Hexanes/EtOAc, 2/8) followed by
crystallization from hexanes: mp 236-239 °C (hexanes); IR (film) v 3285, 1653, 1437; 'H NMR
(300 MHz, CDCl3) 2.40 (s, 3H), 2.84 (s, 3H), 3.29 (s, 3H), 6.04 (s, 1H), 7.03-7.12 (m, 1H), 7.23-
7.30 (m, 3H), 7.37-7.68 (m, 5H), 7.74-7.84 (m, 1H); *C NMR (75 MHz, CDCls) 17.1 30.8,
33.9, 56.3, 106.3, 120.2, 124.3, 124.5, 128.9, 129.5, 129.6, 134.1, 134.6, 137.6, 143.1, 153.0,
164.0, 176.2; MS [M+1] m/z: 381 (100), 363 (36), 349 (33), 228 (40), 301 (65); HRMS calcd for
CooH20N404-H": 381.1563, found: 381.1565.

Supporting Information

Copies of NMR spectra for compounds 8a-t are included.
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