
Tetrahedron Letters 65 (2021) 152760
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/locate / tet le t
Synthesis of novel 6-unsubstituted 2-aminodihydropyrimidines by Sc
(OTf)3-mediated amination and their antiproliferative effect on HL-60
cells
https://doi.org/10.1016/j.tetlet.2020.152760
0040-4039/� 2021 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail address: nishimura-y@yasuda-u.ac.jp (Y. Nishimura).
Yoshio Nishimura a,⇑, Hidetomo Kikuchi b, Takanori Kubo a, Ibuki Nakakita a, Mari Oguni a, Misaki Ohta a,
Rie Arai c, Bo Yuan b, Katsuyoshi Sunaga b, Hidetsura Cho d

a Faculty of Pharmacy, Yasuda Women’s University, 6-13-1, Yasuhigashi, Asaminami-ku, Hiroshima 731-0153, Japan
b Faculty of Pharmacy and Pharmaceutical Sciences, Josai University, 1-1, Keyakidai, Sakado, Saitama 350-0295, Japan
c Futaba Nutrition College, 2-11-2, Kichijojihoncho, Musashino-shi, Tokyo 180-0004, Japan
dGraduate School of Pharmaceutical Sciences, Tohoku University, 6-3 Aoba, Aramaki, Aoba-ku, Sendai 980-8578, Japan

a r t i c l e i n f o a b s t r a c t
Article history:
Received 24 October 2020
Revised 9 December 2020
Accepted 14 December 2020
Available online 5 January 2021

Keywords:
Dihydropyrimidine
Amination
Sc(OTf)3
Antiproliferative effect
HL-60 cells
An efficient method of synthesis of novel 6-unsubstituted 2-aminodihydropyrimidines 9 has been devel-
oped. The substitution reaction of 2-methylthiodihydropyrimidines 7 and primary amines in the pres-
ence of a catalytic amount of Sc(OTf)3 with heating proceeds smoothly to give 9 in good to high yields.
This amination protocol can be applied to various aryl- and alkylamines. Other 2-methylthiodihydropy-
rimidines 10 having different substituent patterns at 4- and 6-positions also reacted with aniline under
the same conditions to give corresponding 2-anilinodihydropyrimidines 11 in high yields. These com-
pounds 9 were assessed for their antiproliferative effect on the human promyelocytic leukemia cell line
HL-60. The 2-benzyl derivative 9i showed a relatively high activity with an IC50 of <100 nM. The high
activity of 9i was comparable to that of all-trans retinoic acid (223.1 nM). The results of the trypan blue
exclusion test of 9i indicated that necrosis-like cell death occurred.

� 2021 Elsevier Ltd. All rights reserved.
Introduction

Dihydropyrimidines (DPs) show a wide range of biological
activities for medicinal applications. They display calcium channel
inhibitory, anticancer, antiviral, antibacterial, antifungal, antimi-
crobial, anti-HIV, antimalarial, anti-inflammatory, antihyperten-
sive, and antioxidation activities. Many reviews on the
development of synthetic methods for these heterocycles and their
biological activities have recently been published, which suggest
their great and significant potential as leading compounds for
developing medicines [1–7].

Multisubstituted DPs such as 1 have been well investigated
because of their accessibility and synthetic and biological studies
on these compounds have been well documented (Fig. 1). For the
synthesis of 1, a three-component reaction known as the Biginelli
reaction involving urea or thiourea, aldehydes, and b-dicarbonyl
compounds has been generally used [1–7]. On the other hand,
methods of synthesis of 6-unsubstituted 2-oxo and 2-thioxo DPs
2 (Y = O, S) have rarely been reported. A few methods of synthesis
of 2 have been reported, in which a 3,3-dialkoxypropanoate, alkyl
propiolate, or alkyl enaminoate is used instead of a b-dicarbonyl
compound in a three-component reaction [8–14]. As for 6-unsub-
stituted 2-amino DP 3, no synthetic study has been conducted;
to the best of our knowledge, the general formula of 3 has not been
reported.

Previously, we developed an efficient method of synthesis of 2
(Y = O, S) [15]. In three-component reactions, urea or thiourea,
aldehydes, and ethyl dimethylaminoacrylate in the presence of
AlCl3 proceeded smoothly to give 2 in high yields. Additionally,
the antiproliferative effect of these compounds on the human
promyelocytic leukemia cell line HL-60 was examined; we found
a related 6-methyl DP derivative showing high activity with an
IC50 of 952 nM. To expand the structural diversity of DP and carry
out further structure–activity relationship studies, we need to syn-
thesize hitherto unavailable 3.

Conventionally, 2-amino DPs having 6-substituent have been
synthesized using a multicomponent condensation reaction [16–
20], or a nucleophilic substitution reaction of DPs with the amines
at the 2-position [21–27]. Generally, the nucleophilic substitution
reactions for synthesis of 6-substituted 2-amino DPs employed 2-
methoxy, 2-alkylthio, or 2-pyrazoyl DPs as electrophiles, in which
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Fig. 1. Multisubstituted DP 1 and 6-unsubstituted DPs 2 and 3.
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the reactions were promoted by simple heating or microwave irra-
diation. To obtain a variety of 2-aryl- or 2-alkylamino DPs 3 con-
vergently, we employed nucleophilic substitution of 2-
methylthio DPs prepared from 2 (Y = S). We developed a nucle-
ophilic substitution reaction of 6-unsubstituted 2-methylthio DP
4 protected by a Boc group at N1-position with amines for the syn-
thesis of 2-amino DPs 5 (Scheme 1) [27]. In this reaction, the intro-
duction of a Boc group on the nitrogen of 4 increased the reactivity
of the amination reaction. However, in the case of the reaction of
4,6-unsubstituted 2-methylthio DP 6 (R = H) protected by a Boc
group at N1-position with amines, it did not give 2-amino DP,
but rather an unexpected product 8 by ring cleavage between
the N1–C2 bond [28]. Thus, the effect of a Boc group in the reaction
of 1,4-DP should be clarified; we found that the introduction of a
Boc group only induced the ring opening to give 8 in the reaction
of 6. Consequently, a suitable substrate for nucleophilic substitu-
tion of 1,4-DP was determined to be N-unprotected DP 7. As part
of our studies on the synthesis of less substituted DPs [29–33],
we realized that Sc(OTf)3 acted as an effective mediator to promote
the amination reaction of 7 to give 2-amino DP 9 in this article. The
in vitro antiproliferative effect of these compounds on HL-60 cells
was also evaluated.

Initially, we confirmed our previous finding that the reaction of
1,4-DP 6a (R = H) with 4-methoxyaniline in the presence of 0.1 eq
of pyridinium p-toluenesulfonate (PPTS) in CH2Cl2 at reflux for 24 h
Scheme 1. Reactions of N-Boc substituted 1,6-DP 4, N-Boc substituted 1,4-DP 6,
and N-unsubstituted 1,4-DP 7 with amines.

2

gave the ring opening product 8a (R = H) in 76% yield (Scheme 2)
[28]. Careful analysis of the reaction revealed the 2-substituted
product 9a (R = H) having no Boc group, albeit in a low yield of
6%. Increased amount of PPTS (1.2 eq) in the reaction of 6a showed
no effect; 8a and 9a were obtained in 80% and 7% yields, respec-
tively. Encouraged by these results, we turned our attention to
the effect of 4-substituents on the reactivity to improve the yield
of 9. In the reaction of 6b (R = C6H5) with 4-methoxyaniline in
the presence of PPTS (0.1 eq), 8b (R = C6H5) and 9b (R = C6H5) were
obtained in 14% and 19% yields, respectively, with recovery of 6b in
66%. The reaction of 6b with the amine in the presence of PPTS
(1.2 eq) gave 9b in 67% yield accompanied by 8b in 25% yield.
The reaction of 6c (R = n-C3H7) with the amine exclusively gave
9c (R = n-C3H7) in 74% yield with no 8c detected. These results indi-
cate that the 2-substitution reactions of 6b and 6cwith amine pro-
ceeded smoothly in contrast to that of 6a. Different 4-substituents
(H, C6H5, n-C3H7) had a masked effect on the reactivity; the prefer-
ence for 2-substitution over ring opening is n-C3H7 > C6H5 � H; the
reason for this preference is not clear.

In our previous report, the introduction of a Boc group on the
nitrogen at the 3-position of 1,6-dihydropyrimidine increased the
reactivity of the 2-substitution reaction [27]. In this reaction, no
ring opening product such as 8 was detected at all. To determine
a suitable substrate for the 2-substitution reaction of 1,4-DP, we
compared the reactivities of N-Boc substituted 6b and N-unsubsti-
tuted 7b (Scheme 3). In the reactions of 6b and 7b with 4-
methoxyaniline in the presence of PPTS at room temperature, the
yields of 9b were 26% and 33%, respectively. In the reactions of
6b and 7b at reflux, the yields of 9b were 67% and 62%, respec-
tively. Although the reaction of 6b gave a considerable amount of
8b (17% at rt, 25% at reflux), no such byproduct was detected in
the reaction of 7b. These results indicate that the reactivities in
the 2-substitution reactions of 6b and 7b are about the same;
the introduction of a Boc group on the nitrogen at the 1-position
only induces the ring opening reaction. Thus, a suitable substrate
was determined to be 7b for the 2-substitution reaction of 1,4-DP.

Next, we examined and optimized the reaction conditions in the
reaction of 7b with aniline. The reaction in 1,2-dichloroethane at
reflux for 3 h gave the corresponding 2-substituted product 9d in
only 4% yield (Table 1, entry 1). The addition of an acid was evalu-
ated in an attempt to improve the yield and determine its effect. All
catalysts including protonic acids and Lewis acids improved the
yield of 9d to some extent. Metal triflates such as Sc(OTf)3, Y
(OTf)3, or Yb(OTf)3 effectively promoted the reaction to give 9d
in good yields. (entries 9–11). The highest yield of 41% was
achieved using Sc(OTf)3 while the reaction using Yb(OTf)3 showed
relatively better mass balance among the three reactions (entries
9–11). Subsequently, effect of Sc(OTf)3 and Yb(OTf)3 was further
compared, and other conditions including reaction time, concen-
tration, and amounts of reagents were optimized. The detail was
shown in Supplementary Material (Table S1). As a result, the reac-
tion using Sc(OTf)3 at higher concentration for 15 h gave 9b in high
yield of 86% (entry 13). The reaction using reduced amounts of ani-
line (1.5 eq) and Sc(OTf)3 (10 mol%) resulted in a satisfactory yield
of 85% (entry 14).

Under the optimized reaction conditions (Table 1, entry 14),
various primary aryl- and alkylamines were subjected to the reac-
tion to assemble 6-unsubstituted 2-amino DPs 9; the results are
summarized in Table 2 [34]. Electron-rich 4-methoxyaniline
showed high reactivity, and the corresponding products 9b and
9c were obtained in high yields (entries 1 and 2). Although ary-
lamines having electron-withdrawing groups showed relatively
lower reactivity than aniline, their reactions gave 9e and 9f in good
yields (entries 4 and 5). 1-Naphthylamine was also applicable to
the reaction to give 9g in acceptable yield (entry 6). The reactions
using alkylamines such as n-decylamine, benzylamine, and cyclo-



Scheme 2. Effect of 4-substituents of 6 on the reactivity.

Scheme 3. Comparison of reactivity of 6b and 7b for 2-substitution reaction.

Table 1
Screening of acid catalyst, and optimization of other reaction conditions.

Entry Acid Yield of 9b (%)a Recovery of 7b (%)a

1 None 4 96
2 PPTS 27 72
3 CF3CO2H 30 64
4 BF3�Et2O 21 75
5 AlCl3 24 71
6 InCl3 25 66
7 CeCl3 8 91
8 AgOTf 21 74
9 Sc(OTf)3 41 47
10 Y(OTf)3 39 48
11 Yb(OTf)3 39 56
12 La(OTf)3 18 80
13a Sc(OTf)3 86 3
14a,b Sc(OTf)3 85 10

a For 15 h. 1,2-dichloroethane (0.5 mL) was used.
b C6H5NH2 (1.5 eq) and Sc(OTf)3 (10 mol%) were used.

Table 2
Synthesis of 6-unsubstituted 2-amino DPs 9 using Sc(OTf)3-mediated amination.

Entry R R’ 9 Yield (%)

1 C6H5 4-CH3OC6H4 9b 92
2 n-C3H7 4-CH3OC6H4 9c 74
3 C6H5 C6H5 9d 85
4 C6H5 4-ClC6H4 9e 74
5a C6H5 4-MeO2CC6H4 9f 62
6a C6H5 1-Naphthyl 9g 52
7 C6H5 n-C10H21 9h 79
8 C6H5 C6H5CH2 9i 75
9a C6H5 cyclo-C6H11 9j 59
10b H C6H5 9k 28

a For 40 h. Sc(OTf)3 (20 mol%) and amine (3.0 eq) were used.
b For 5 h.

Scheme 4. Synthesis of a variety of 2-amino DPs 11 using Sc(OTf)3-mediated
amination.
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hexylamine proceeded smoothly to afford the corresponding prod-
ucts 9h–9j in good to high yields (entries 7–9). The reactions using
relatively hindered 1-naphthylamine, cyclohexylamine, or elec-
tron-deficient aniline needed to employ increased amount of the
amines (3.0 eq) and Sc(OTf)3 (20 mol%) for 40 h to achieve good
yields (entries 5, 6 and 9). In the case of 4,6-unsubstituted DP in
entry 10, the reaction was sluggish, and the desired product 9k
was obtained in a low yield of 28%. This result is probably due to
the instability of 9k and the starting material. Regarding as for
the synthesis of 4,6-unsubstituted derivatives such as 9k, succes-
sive reactions previously reported by our group provide alternative
and useful approach [28]. We also tested the reaction using a sec-
3
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ondary amine, N-methylaniline; however, the amination gave a
corresponding product in low yield of <17%. Although application
of such hindered amine was difficult using the optimized condi-
tion, further examination to overcome the problem is in progress.
As shown in Table 2, we demonstrated that the amination using
the Sc(OTf)3 mediator proceeded efficiently to give a variety of
novel derivatives 9.
Fig. 3. A dose-dependent decrease in cell viability of HL-60 cells treated by ATRA, 9d, 9g,
and 9i (D) for 96 h, the cell viability of HL-60 cells was determined by TB exclusion test a
as the ratio of TB-negative cells of each treatment group against those of the correspondi
in HL-60 cells treated with each concentration of ATRA, 9d, 9g, and 9i were calculated.

Fig. 2. Antiproliferative effects of ATRA, Am80, 7b, 9b–9g, and 9i on HL-60 cells.
After treatment for 96 h with each compound at 1000 nM, the cell viability of HL-60
cells was determined by TB exclusion test as described in ‘‘Supplementary
Material”. Relative cell viability was calculated as the ratio of TB-negative cells of
each treatment group against those of the corresponding untreated control group.
Data are shown as the means and SD (standard deviation) from three independent
experiments. yp < 0.01 vs. control.

4

The Sc(OTf)3-mediated amination protocol was applied to the
synthesis of other 2-amino DPs 11 with different substituent pat-
terns at the 4- and 6-positions. As shown in Scheme 4, the 4-
unsubstituted 6-substituted derivative 11a, 4,6-disubstituted
derivative 11b, and 4,4,6-trisubstituted derivative 11c were
obtained in high yields employing condition A or B. In the case of
11b and 11c having both 4- and 6-substituents, condition B using
increased amounts of reagents was required. The cyclic guanidino
structures of 9 and 11 are unique and might have promising bio-
logical activity.

To explore the antiproliferative effect of the eight compounds of
7b, 9b–9g, and 9i in comparison with all-trans retinoic acid (ATRA)
and Am80 on HL-60 cells, the viability of the cells after treatment
for 96 h with each compound at 1000 nM was determined by the
trypan blue (TB) exclusion test [15]. As shown in Fig 2, 9d, 9g,
and 9i showed higher antiproliferative activities than Am80
(p < 0.01, 0.05, and 0.05, respectively), although there was no sig-
nificant difference between these DPs and ATRA.

To determine the accurate IC50 values of ATRA, 9d, 9g, and 9i,
HL-60 cells were further treated for 96 h with various concentra-
tions (100, 300, 700, and 1,000 nM) of each compound. As shown
in Fig. 3 (left), a dose-dependent decrease in the number of TB-neg-
ative cells (viable cells) was observed in ATRA-, 9d-, 9g-, and 9i-
treated HL-60 cells. The IC50 values of ATRA, 9d, and 9g were
223.1 nM (95% confidence interval, 120.3–383.3; R2 = 0.7726),
320.8 nM (95% confidence interval, 255.9–412.1; R2 = 0.8913),
and 328.6 nM (95% confidence interval, 262.3–397.3;
R2 = 0.9206), respectively. Among the tested DPs, the antiprolifer-
ative activity of 9i was the highest with an IC50 of < 100 nM. In
addition, a dose-dependent increase in the ratio of TB-positive cells
(dead cells)/TB-negative cells in HL-60 cells treated with ATRA, 9d,
9g, and 9iwas observed [Fig. 3 (right)], indicating that necrosis-like
cell death occurred in the treated cells.

In summary, a Sc(OTf)3-mediated amination reaction of 2-
methylthio DPs has been developed. This method is general and
and 9i. Following treatment with various concentrations of ATRA (A), 9d (B), 9g (C),
s described in ‘‘Supplementary Material”. (Left) Relative cell viability was calculated
ng untreated control group. (Right) the ratio of TB-positive cells to TB-negative cells
Data are shown as the means and SD from three independent experiments.
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efficient for the synthesis of various 6-unsubstituted 2-aryl and 2-
alkylamino DPs 9 in good to high yields. The method is also appli-
cable to the synthesis of other 2-amino DPs 11 with different sub-
stituent patterns at the 4- and 6-positions. Their in vitro
antiproliferative effect on HL-60 cells was also evaluated. The
activities of 9d, 9g, and 9i were higher than those of ATRA and
Am80. The results of the TB exclusion test of 9d, 9g, and 9i indi-
cated that necrosis-like cell death occurred. Further structure–ac-
tivity relationship and biological studies using 9i as the main
compound are underway.
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