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Abstract: Several new chiral TADDOL-derived phosphoric acids bearing two hydroxyl
groups have been successfully synthesized via highly regioselective 2,3-
cyclosulfitation as asymmetric catalysts for Biginelli-like reaction. The obtained results
clearly demonstrated that these catalysts are able to effectively catalyze both types of
the reactions with good to excellent enantioselectivities. A control experiment indicated
that two hydroxyl groups are indispensable for high enantioselectivity of the Biginelli-

like reaction.



Introduction

Dihydropyrimidinethiones (DHPMs), which have important biological activities, are
an important class of heterocyclic compounds. They feature in a large number of natural
and unnatural compounds with important biological activities and serve as key
intermediates for the synthesis of many kinds of drug candidates. During the last decade,
chiral DHPMs derivatives have shown important pharmacological properties such as
antiviral>, antitumour’, antibacterial, anti-inflammatory?, and antihypertensive’
activities. However, the individual enantiomers of DHPMs have been found to exhibit
different or even opposite pharmaceutical activities.®® For example, (S)-monastrol is
15-fold more powerful in the inhibition of Eg 5 ATPase than (R)-monastrol.” (S)-L-
771688 (3) is a more powerful and selective aia receptor antagonist for the treatment of
benign prostatic hyperplasia (BPH) than (R)-enantiomer.'® As more reports on the
enantiospecific biological activity are identified, developing an efficient and reliable
asymmetric synthesis of chiral DHPMs becomes ever more valuable.

Multicomponent Biginelli and Biginelli-like reactions of aldehydes, urea/thiourea,
and enolizable carbonyls are very efficient tools to prepared pharmacological
DHPMs.!'! Though Biginelli reaction was firstly recognized over a century ago'?, little
attention is substantially given to asymmetric catalytic Biginelli reaction. Until 2013,
Juaristi and Mun“0z-Mun“iz reported asymmetric catalytic the Biginelli reaction of
benzaldehyde, urea, and methyl acetoacetate using a chiral amide with CeClz, however,
only 40% ee was obtained.'> Zhu reported the first efficient asymmetric catalytic
Biginelli reaction with a chiral ytterbium catalyst to provide excellent
enantioselectivities up to >99% ee.'* Gong reported the first organocatalytic Biginelli
reaction using BINOL derived chiral phosphoric acids as catalysts, furnishing DHPMs
with up to 97% ee.'>!® Recently, our group reported chiral phosphoric acids bearing
dihydroxyl groups derived from natural tartaric acid catalyzed asymmetric Biginelli
reaction, up to 99% ee was obtained.!” This type of phosphoric acids feature with easy
preparation and low-cost. To further expand a broad scope of enolizable ketones for

Biginelli-like reactions, Biginelli-like reaction of aldehydes, benzylthiourea and



cyclohexanone catalyzed by chiral phosphoric acids bearing dihydroxyl groups were
explored in this work. Herein we report the full results of our studies, which provided
a highly efficient method to access DHPMs with structural diversity and excellent

levels of enantioselectivity (up to 95% ee).
Results and Discussion

Enantiomerically pure 1,1,4,4-tetrasubstituted butanetetraols 1 are parent compounds
of TADDOLSs, which conventionally obtained from chiral tartaric acids. The hydroxyl
group composition of 1 ensures their diverse reactivity. In 2010, our group established
a convenient accesses to 1 via direct alkylation of diethyl tartrates with RMgBr'® with
further modifications involving highly regioselective 1,4-cycloetherization'?, 13-
cycloboration®” and 2,3-spiroboration®!, 2,3-sulfitation’”** and 2,3-methylation® of 1.
Therefore, the strategy for the catalyst’s preparation was based on established
regioselective 2,3-sulfitation reaction of 1 and ready hydrolysis of the corresponding
intermediate in NaOH solution to yield several new chiral phosphoric acids (R,R)-3

bearing free dihydroxyl groups at 2- and 3- positions, as shown in Scheme 1.
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Scheme 1 Synthesis of chiral phosphoric acid 3a-3f.

The synthesized chiral phosphoric acids 3 were examined to catalyze asymmetric
Biginelli-like reaction. Firstly, the reaction of benzenaldehyde, cyclohexanone and N-
benzyl thiourea was set as the reaction model. As shown in table 1, screening of

catalysts indicated that all the chiral phosphoric acids 3 could promote this reaction



(entries 1-6) and 3a had the best performance (89% ee) in toluene. To our pleasure,
screening of solvent showed that the aimed product could be obtained with 95% ee
catalyzed by 3a in CHCls (entry 9). Reaction temperature also was investigated (entries
14,15). Based on these results, the optimal conditions were as following: 10 mol% 3a
as the catalyst, CHCIs as the reaction solvent at 50 °C for 6 days.

Table 1 Optimization of reaction conditions.?
S
0 )J\N,Bn

O s HN
3 (10 mol %) P
H o+ HZN)J\NHBn + —
solvent, T, 6d

4a 5a
entry catalyst solvent T/°C yield / %° ee/%°
1 3a toluene 50 76 89
2 3b toluene 50 74 70
3 3c toluene 50 39 17
4 3d toluene 50 43 44
5 3e toluene 50 65 53
6 3f toluene 50 50 50
7 3a THF 50 43 51
8 3a acetone 50 56 44
9 3a CHCI3 50 85 95
10 3a CHxCl, 50 75 76
11 3a CH;CN 50 43 32
12 3a THF 50 83 32
13 3a EtOH 50 82 0
14 3a CHCI3 30 60 33
15 3a CHCl3 70 50 47

@ Reaction was carried out on a 0.2 mmol scale, the ratio of 4a/N-benzyl thiourea/cyclohexanone was 1.5/1.0/5.0 and
10 mol % of 3.* Isolated yields. ¢ ee was determined by HPLC.
With the optimal conditions in hand, the scope of aromatic aldehydes 5 was explored.

As shown in table 2, a range of aromatic aldehydes gave aimed products in high yields



with moderate to excellent enantioselectivities. In particular, benzaldehyde and 3-
bromobenzaldehyde gave 7 in 95% and 91% (entries 1 and 3). While the introduction

of electron-withdrawing group such as nitro resulted in declining of stereoselectivity

(entry 8).
Table 2 Results of the Biginelli-like reaction catalyzed by 3a.?
S
0 S i HNJ\N’Bn
R Y H ¥ H2NJ\NHBn + é _3a (10 mol %) @2\@
= solvent, T,t R-7 _
4 5
entry R T/C solvent yield/ % e.e./%

1 H 50 CHCl3 85 95
2 2-Br 50 CHCl3 86 77
3 3-Br 50 CHCl3 83 91
4 4-Br 50 CHCl3 90 87
5 4-CH3 50 CHCl3 88 80
6 4-CH30 50 CHCl3 85 83
7 4-F 50 CHCl3 89 73
8 4-NO; 50 CHCl3 79 42

@ Reaction was carried out on a 0.2 mmol scale, the ratio of 4/N-benzyl thiourea/cyclohexanone was 1.5/1.0/5.0 and
10 mol % of 3a.? Isolated yields. ¢ ee was determined by HPLC.

To confirm if the two hydroxyl groups in chiral phosphoric acids 3 played a crucial
role in the asymmetric catalyzed Biginelli-like reaction. Chiral phosphoric acid 3g was
designed and synthesized. As shown in Scheme 2, (2R,3R)-1 underwent highly regio-
selective 2,3-dimethylation with NaH/Mel to give (2R,3R)-6, then the corresponding

chiral phosphoric acid 3g was synthesized according to previous procedure.
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Scheme 2 Synthesis of chiral phosphoric acid 3g.

Then the synthesized 3g was applied to catalyze the model reaction of
benzenaldehyde, cyclohexanone and N-benzyl thiourea under the above optimal

conditions. As shown in Scheme 3, the aimed product was obtained in 60% yield with



7% ee. This controlled experiment clearly indicated that the two hydroxyl groups in 3g

did have a very important influence on the stereoselectivity of Biginelli-like reaction.

Ph_Ph
MeO O\P//O
MeO"" o “OH S
0 s o P pp HNJ\N’Bn
3g (10 mol %) -

H * H,N” NHBn * -~
CHCl, 50 °C, 6 d

60% vyield, 7% ee
Scheme 3 The controlled experiment.

Based on these results, a plausible transition state structure was proposed. As shown
in figure 1, the chiral phosphoric acid catalyst activated the imine, which was formed
by a condensation of benzenealdehyde with N-benzyl thiourea. The two hydroxyl
groups formed a five-numbered intramolecularand a seven-numbered intermolecular H
bond with the enolizable ketone, respectively. This rigid transition state structure is
favorable for stereoselective attack of enol on imine. Once the two hydroxyl groups
were etherified, the enolizable ketone was activated by the oxygen atom of phosphoryl,

loss of rigid structure would lead to low enantioselectivity.
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Figure 1 The proposed activation model and reaction pathways of the stereogenic

step in the phosphoric acid 3a-catalyzed Biginelli-like reaction.

Conclusion

In summary, we have designed and synthesized several novel phosphoric acids
carrying dihydroxyls based on highly regio-selecive transformation of chiral 1,1,4,4-

tetrasubstituted butanetetraols. And the phosphoric acids were applied to asymmetric



catalysis of Biginelli-like reactions. The results demonstrated that this type of chiral

phosphoric acids could effectively promote Biginelli-like reaction and furnish moderate

to

excellent enantioselectivities. Controlled experiment indicated that the two

hydroxyls in the phosphoric acid backbone played a pivotal role in improving the

stereoselectivity of Biginelli-like reaction. Based on the controlled experiment, a

plausible activation model and reaction pathways of the stereogenic step in the

phosphoric acid 3a-catalyzed Biginelli-like reaction was proposed.
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