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Multicomponent reactions in which three or more reactants are Scheme 1. Proposed Chiral Phosphoric Acid-Catalyzed Biginelli

combined in a single vessel to generate new molecules that containR€action
portions of each reactant undoubtedly maintain great importance o )Xk o o R: COR’
in organic and medicinal chemistry due to the synthetic efficiency R‘fI\H TN ) NH, RZ)J\:;)J\ORS HN};—NI—; R
and molecular diversity required in the discovery of new lead o X 4
compounds. The Biginelli reactior?, one of the most useful '5207;%_0Hl Condensaton |
multicomponent reactions, offers an efficient way to access Ro N xyNHz
multifunctionalized 3,4-dihydropyrimidin-2-f1)-ones (DHPMs) "RO\/E\O/H\;‘ wl U U i ,
and related heterocyclic compounds. Such heterocycles show a wide ‘RO a2y 1R 3 OR® R i ':
scope of important pharmacological properties and make up a large 5 O
family of medicinally relevant compoundsAsymmetric Biginelli
reactions have therefore received renewed atteAt@ompounds OO Ar ‘O Ar
containing the DHPM moiety have an inherent stereogenic center, OF [ Inh=pn Of 88 Ar=ph,
/ , Ar= 64

= 2-nal 8c, Ar=4-CICgHy4
center on the biological activity has been extensively investigated. 7 Ar= Znaphiny °
The individual enantiomers have been found to exhibit different
or opposite pharmaceutical activiteThe procedure most often

used for manufacturing optically pure 3,4-dihydropyrimidin-Ed reaction behavior. In general, increasing the size df&8)Bstituents

ones relies on resolution and chiral auxiliary-assisted asymmetric , 1o catalyst resulted in decreased yields and enantioselectivities
synthesi¢. Despite its importance for preparing enantioenriched o yries 14 and 5-7), which is in contrast to the substituent effect
DHPMs, the catalytic asymmetric Biginelli reaction has rarely been of the other phosphoric acid-catalyzed reacti&hBor instance
StUd'e,d? To date, onlly one asymmetrlc variant V\{'th a chlral the catalyst7c, which is highly efficient in catalyzing the hydro-
ytterbium catalyst provided synthetically use_ful enantlosglec_tﬂl_lty. _ phosphonylation of imine&® afforded only 25% yield and 52%
There has been no report of organocatalytic asymmetric Biginelli ee (entry 3). Trace amounts of the product were obtained Tuith

dihydropyri_midi_ne synthesis, WhiCh essentially ayqids the metal which bears two 2-naphthyl substituents at thé-Bsitions (entry
contamination |n.the prgparatlon of 'these med'c'”a”Y rglevant 4). Surprisingly, the configuration of the product was inverted using
compounds.Herein, we will report the first organocatalytic highly ¢ pighly hindered Bransted acitt (entry 3). Of binol-derived
enantlo_s_electlve Biginelli re?C"O”- ) . . phosphoric acidg, 7aturned out to be the most enantioselective
Traditionally, Brgnsted acids are primarily used for promoting (80% ee), albeit affording only a moderate yield (entry 1). To our

the Biginelli reactior:* Recently, chiral Brensted acids have gajight the yield and enantioselectivity were both improved from
appeared to be efficient organocatalysts for asymmetric additions 67 to 84% and 80 to 85% ee, respectively, when thebirol-

of nucleophiles to imine¥ Among them, chiral phosphoric acids

have received increasing attention since their first application in Table 1. Screening Catalysts and Optimization of Reaction

the asymmetric catalysignd have frequently been the catalyst of ~Conditions?

Ar

and the influence of the absolute configuration of the stereogenic OO o 7c, Ar= 3,5-(CF3),CeHs ‘O o 8bA=4-FCeH,
7 o Ar

substituents on the phosphoric acids considerably impacted the

choice for transformations related to enantioselective activation of I )Sk o o Me_  COMEt
imines?!? In light of these successes as well as the mechanism of ﬁ“ e P N Aomote Tor8 NO,
the Biginelli reactiort* we envisioned that chiral phosphoric acids %"~ za s e M
would effectively catalyze the asymmetric Biginelli reaction by
forming chiral N-acyliminium phosphate ion pairs, to which entry catalyst yield (%)" ee (%)°
enantioselective addition gfketo ester8 should occur to generate 1 7a 67 30
optically active4 via the enantioenriched intermedidg€Scheme 2 7b 41 53
1). 3 7c 25 -52
Validati P : e 4 7d <10
alidation of the hypothesis started by evaluating the ability of 5 8a 84 85
binol- and H-binol-based phosphoric aci@sand8 to catalyze the 6 8b 45 70
Biginelli reaction of 4-nitrobenzaldehydéd), thiourea Ra), and 7 8c 24 68
ethyl acetoacetate3d). Indeed, the reaction proceeded in the 8 8a 75 82
presence of 10 mol % of chiral phosphoric acids to afford the 1?) g: 8‘31 gg
desired optically active produdaa As shown in Table 1, the 3;3
t Chengdu Institute of Organic Chemistry. 2The reaction was carried out on a 0.2 mmol scale, and the ratio of
* University of Science and Technology of China. lal2al3ais 1/1.2/3.PIsolated yield based on the aldehy@®etermined
§ Graduate School of Chinese Academy of Sciences. by HPLC.d Addition of 5 A MS. © The reaction time is 6 day5At 35 °C.
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Table 2. Organocatalytic Enantioselective Biginelli Reaction with
Phosphoric Acid 8a?

o X o o Me_  CO.R?
R,)J\H + H2NJ\NH2 . )J\)J\ORZ 10 mol% 8a Wan W
1 2a,X=S 3 CH,Cl,, 25°C J—NH
2b,X=0 X 4

entry 4 R! 2 R? yield (%)° ee (%)°

1 4ba 3-FGH4 2a Et 86 91

2 4ca 3-NO,CeH4 2a Et 80 88

3 4da 2-CICgH4 2a Et 77 91

4 dea 3-CICsH4 2a Et 73 90

5 4Afa 2-NO,CeH4 2a Et 52 90

6 4ga 3-BrCsH4 2a Et 85 91

7 4ha 3,5-BrCgH3 2a Et 66 96

8 dia 3,5-(CR)2CeH3 2a Et 56 97

9 4ja 4-MeO,CCsH4 2a Et 67 90
10 4ka 1-BrCioHs 2a Et 64 91
11 4la c-CgH11 2a Et 40 92
12 4ma  PhCH=CH 2a Et 44 88
13 4na 3-MeOGH4 2a Et 83 90
14 4gb 3-BrGsHa 2a Me 85 91
15 4hb 3,5-BrCgH3 2a Me 51 96
16 4gc 3-BrCsHs 2a i-Pr 65 92
17 4bc 3-FGH4 2a i-Pr 70 94
18 4jd 3-BrCsH4 2a t-Bu 64 92
19 4bd 3-FGHa 2a t-Bu 65 94
20 4o0c 2-FGHa 2a  i-Pr 86 91
21 4o0d 2-FGeH4 2a t-Bu 84 92
22 4cbh 3-NO,CeH4 2b i-Pr 75 90
23 4hc 3,5-BrCeH3 2b Et 51 97
24 4pb 3,5-RCgH3 2b Me 84 o3

aThe reaction was carried out on a 0.2 mmol scale, and the ratio of
1/2/3is 1/1.2/3.P Isolated yield based on aldehydeDetermined by HPLC.
dThe ratio of 1/2/3 is 1/1.2/5.

based phosphoric aci8h replaced7a as a catalyst (entries 1 and
5). A survey of solvents revealed that dichloromethane is a better
solvent than the others examined (see Supporting Information).
Importantly, the water generated from the condensation steps of
forming N-acyliminium intermediaté and the final productiaa
(Scheme 1) has little effect on the reaction since the addition of 5
A molecular sieves did not enhance the yield (entry 8). Further
improvement in the yield without sacrificing the stereochemistry
could be achieved by prolonging the reaction time (entry 9).
However, increasing reaction temperature slightly eroded the
enantioselectivity, albeit with 93% vyield (entry 10).

After we established the optimal conditions, we explored the
generality of the phosphoric acid-catalyzed asymmetric Biginelli
reaction (Table 2). The scope of the aldehyde component was first
investigated by reaction with thiouredd) and ethyl acetoacetate
(3a) (entries +-13). A variety of aromatic aldehydes bearing various
types of substituents underwent the reaction to afford high enan-
tioselectivities ranging from 88 to 97% ee. The reaction conversion

and enantiochemical outcome depend, to some degree, on the

substituent on the aldehydes (entrieslD). The reaction ofmeta-
substituted benzaldehydes amtho-chlorobenzaldehyde proceeded
in high yields (entries 4 and 6).metaDisubstituted benzalde-
hydes resulted in excellent enantioselectivities{98% ee), albeit
with a slight decrease in the yields (entries 7 and 8). An aliphatic
aldehyde was less reactive but afforded high enantioselectivity of
92% ee (entry 11). The electron-rich 3-anisaldehyde and cinnam-

aldehyde provided 90 and 88% ee, respectively (entries 12 and 13).

The scope off-keto ester components in the organocatalytic
asymmetric Biginelli reaction was examined next (Table 2, entries
14—21). Primary experimental results indicated that variation of
the R, substituent of5-keto ester8 could be tolerated, and generally
high enantioselectivities (9196% ee) were provided for the
reactions related to these substrates (entries214. Biginelli

reactions of urea2p) with various aldehydes anf-keto esters
were carried out to give corresponding DHPMs with up to 97% ee
(entries 22-24).

Individual enantiomers of monastrol show distinct pharmaceutical
propertie? The enantioenriched monastrol could be readily
prepared in high optical purity (91% ee), commencing with the
Biginelli reaction ofmetaTBSO-benzaldehydel ) with thiourea
(2a) and ethyl acetoacetat8d) (See Supporting Information).

In summary, we have discovered the first organocatalytic
asymmetric Biginelli reaction. The optimal chiral phosphoric acid,
derived from H-binol, afforded the reaction in high yields with
excellent enantioselectivities of up to 97% ee. A wide variety of
substrates, including aldehydes ghketo esters, could be tolerated.
This reaction has an advantage of avoiding the contamination of
transition metals in the manufacture of the medicinally relevant
chiral 3,4-dihydropyrimidin-2-(#)-ones.
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