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Efficient Synthesis of Chiral Cyclic Acetals by Metal 

and Brønsted Acid Co-Catalyzed Entioselective Four-

component Cascade Reactions  

Lin Qiu, Xin Guo, Chaoqun Ma, Huang Qiu, Shunying Liu*, Liping Yang and 
Wenhao Hu* 

Four-component Mannich reactions subsequently followed 

by an intramolecular oxo-Michael addition were developed 

to efficiently produce chiral cyclic acetals with high 

diastereoselectivity and enantioselectivity. 

Multicomponent reactions (MCRs)1 and cascade reactions2  are 5 

highly attractive to efficiently construct structurally complex 
organic molecules with formation of multiple chemical bonds in 
one step. The combination of a multicomponent reaction and a 
cascade process in one system would maxmize the synthetic 
efficiency of complex molecules from simple starting materials in 10 

an atom- and step-economic fashion.3 However, due to the great 
challenges of the control of stereoselectivity and the order of 
bond formation, only a few successful examples of 
enantioselective cascade multicomponent reactions have been 
developed.4 

15 

Stereogenic acetals are important structure in various 
natural products and biologically active agents, ranging from 
simple carbohydrates to complex spiroketal polyketides.5 
They are also known as versatile intermediates for 
asymmetric synthesis.6 A number of useful strategies have 20 

been devised for their preparations, such as synthesis from 
chiral starting materials or by the use of stoichiometric chiral 
reagents,7 and catalytical methods for the enantioselective 

synthesis.8-9 These motivate us to seek for an efficient 
reaction to install optically active acetals in a mild, rapid and 25 

step-economic approach. 
In recent years, our group has reported several highly 

selective multi-component reactions by trapping in-situ-
generated active intermediates (including oxonium ylides, 
ammonium ylides and ziwwtterions) with electrophiles.10-12 30 

The trapping process presents an extremely fast reaction rate 
under mild conditions to construct β-amino-α-hydroxy acid 
derivatives from simple starting materials in one step. 10   
Inspired by these results, we intended to use a bifunctional 

component (3a) containing a carbonyl group and a Michael 35 

acceptor functionlity in the multicomponent reaction 
(Scheme 1). The protic oxonium ylide I generated from 
diazo compound and water was designed to be trapped by a 
bifunctional electrophile 5a, containing an imine group and 
Michael acceptor with an oxygen atom in the contiguous 40 

position. The electrophilic trapping process of oxonium ylide 
I by imines followed an intramolecular addition by Micheal 
acceptor will possibly offer optical acetal drivatives (Scheme 
1). The bifunctional electrophile 5a can be easily in situ 
generated from aniline 2a and methyl 3-(2-45 

formylphenoxy)propenoate 3a13  in one pot. 
 

Scheme 1. Designed reaction pathway for the four-component 
cascade reactions of aryl diazoesters 1a with water, anilines 2a 50 

and methyl 3-(2-formylphenoxy)propenoates 3a. 

For this designed four-component cascade reaction, one 
particular challenge is how to achieve an excerllent 
stereoselectivitive control in both the multi-component and 
the cascade processes. Another challenge is that how to 55 

control the order of multiple bond formaiton, mainly 
including the competition of nucleophilic Mannich addition 
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vs. Michael addition (Scheme 1, path a vs. path b) as well as 
that of intramolecular oxy-Michael additon14 vs. aza-Michael 
addtion15 (Scheme 1, path c vs. path d). Addtionally, for the 
multi-component process, the aniline will competitively 
attack diazo compound to form the undesired ammonium 5 

ylides, which will deteriorate the generation of the important 
intermediate oxonium ylide I.  

We began our investigation with the Rh2(OAc)4 (1 mol%)  
catalyzed four-component coupling reaction of aryl 
diazoesters 1a, water, anilines 2a, and methyl 3-(2-10 

formylphenoxy)propenoates 3a in DCM at 25°C. To 
suppress the side reaction pathway and achieve 
enantioselective control of the desired process, we chosen 
the ratio of 1a: H2O: 2a: 3a as 1.5:0.5:1.2:1.0. By extensive 
reaction condition optimization (see ESI, Table S1), we 15 

found that the best result was achieved with 5 mol% of 4 as 
the co-catalyst and one equivalents of DBU as base in the 
presence of 4 Å molecular sieve (MS) in DCM at 25oC and 
gave the desired product 6a in 45% yield with >95:5 dr and 
91% ee value. 20 

 
Table 1. Enantioselective four-component cascade reactions of 
aryldiazoacetates 1 with water, anilines 2 and methyl 3-(2- 
formylphenoxy)propenoates 3.a 

 25 

Entry 1/Ar1 2/Ar2 3/R1 6/ 
yield(%) b,c 

ee 
(%) d 

1 1a/Ph 2a/4-BrC6H4 3a/H 6a/45 91 
2 1b/4-MeC6H4 2a/4-BrC6H4 3a/H 6b/43 95 
3 1c/4-ClC6H4 2a/4-BrC6H4 3a/H 6c/51 99 
4 1d/4-BrC6H4 2a/4-BrC6H4 3a/H 6d/47 96 
5 1e/3-BrC6H4 2a/4-BrC6H4 3a/H 6e/46 98 
6 1f/2-MeOC6H4 2a/4-BrC6H4 3a/H 6f/38 95 
7 1a/Ph 2b/4-ClC6H4 3a/H 6g/46 90 
8 1a/Ph 2c/3-ClC6H4 3a/H 6h/42 90 
9 1a/Ph 2d/3,4-Cl2C6H3 3a/H 6i/52 92 
10 1a/Ph 2e/3,4-F2C6H3 3a/H 6j/53 94 
11 1a/Ph 2f/3,5-F2C6H3 3a/H 6k/43 93 
12 1a/Ph 2g/3-F,4-BrC6H3 3a/H 6l/41 88 
13 1a/Ph 2a/4-BrC6H4 3b/4-MeO 6m/47 76 
14 1a/Ph 2a/4-BrC6H4 3c/6-MeO 6n/45 98 
15 1a/Ph 2a/4-BrC6H4 3d/4-Cl 6o/51 98 
16 1a/Ph 2a/4-BrC6H4 3e/4-Br 6p/53 97 
17 1a/Ph 2a/4-BrC6H4 3f/4-tBu 6q/42 97 
a Reaction conditions: 1/H2O/2/3 was 1.5/0.5/1.2/1.0. b Isolated yield 
of 6. c  only single diastereoisomer. d Determined by chiral HPLC with 
IC or OD-H column. 

 
Under the optimized reaction conditions, the generality of this 

enantioselective cascade protocol for preparation of seven-
membered-ring O, O-acetals was investigated, and the results are 
shown in Table 1. Several subtituted aromatic diazoesters 30 

afforded the corresponding O, O-acetals 6 in moderate yields and 

execllect steroselectivity (entries 1-6). The daizo substrate 1b 
bearing 4-methyl substituent also gave the desired product with a 
high diastereoselectivity (>99:1) and enantioselectivity (entry 2). 
It is worthy to mention that 2-MeO-phenyldiazoacetate 1f with 35 

large steric hindrance was equally effective, providing the desired 
product 6f in 38% yield with 95% ee (entry 6). Moderate yields 
with high dr and ee values were obtained for the substrates 
bearing halogen groups in 3- or 4-position of the aryl rings of 
anilines (entries 7-11). However, when 3-fuloro-4-bromo 40 

phenylamine were used, the ee value slightly decreased to 88% 
(entry 12). A number of substituted methyl 3-(2-
formylphenoxy)propenoates were also employed in this reaction 
(entries 13-17), and varying substitution patterns were found to 
be tolerated except 4-MeO substrate 3b, which reacted in a 45 

moderate yield (47%) with high diasteroselectivity but relatively 
lower enantioselectivity (76% ee, entry 13). 

To probe the reaction mechanism, Mannich additional 
products 7i and 7i’, 10g the potential intermediate, were 
successfully isolated in 65% yield with 90:10 dr, and gave 50 

the major intermediate 7i with 92% ee and the minor 7i’ 
with no enatioselectivity (see ESI, Scheme S1). Furthermore, 
7i can offer the corresponding product 6i under the standard 
DBU-catalyzed conditions in 90% isolated yield with a good 
steroselectivity (dr >99:1 and ee 91%). While the minor 55 

intermediate 7i’ cannot be transferred into 6i’ under the same 
conditions even the reaction time was extended to 48 hours. 
These results indicated that Mannich additional products 7i 
from the ylide trapping process were the possible 
intermediates in this four-component cascade transformation. 60 

The similar dr and ee values of intermediate 7i to the 
resulting product 6i also imply that the first and second 
chiral carbon centers in 6 are catalytically introduced by 
chiral phosphoric acid 4, and the third chiral carbon center is 
well controlled by the first and second chiral carbon centers. 65 
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Scheme 2. The possible transition state for the specified 
stereoselectivity of oxy-Michael additon. 

 70 

On the basis of these preliminary results, this multi-
component transformation was possible promoted as 
expectation (see ESI, Scheme S2). The in situ formed protic 
oxonium ylide (I) 10  was immediately trapped by Brønsted 
acid-activated bifunctional electrophile II 16 that generated 75 

from aniline 2 and methyl 3-(2-formylphenoxy) propenoate  
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3, leading to the optically active intermediate 7. A possible 
transition state of oxy-Michael addition for the excellent 
diastereoselectivity had been proposed and illustrated in 
Scheme 2. The observed product 6d (favorable product) 
arised from the intermediate 7d via the transition state A in 5 

which the enol group maintained in an equatorial position. 
The possible minor product 6d’’ was not observed in this 
reaction, which was possibly attributed to the more steric 
hindrance between the ester group and the enol group in the 
unfavorable transition B. The absolute structure of major 10 

product 6d was confirmed by X-ray crystal structures (see 
ESI).   

Conclusions 

We have developed a four-component cascade 
transformation based on Rh2(OAc)4 and chiral Brønsted 15 

acids-co-catalyzed Mannich/base-catalyzed oxy-Michael 
additional reaction. The transformation features a mild, rapid 
and efficient method to synthesize densely substituted seven-
membered-ring O,O-acetals bearing a quaternary stereogenic 
carbon center from simple starting precursors in moderate 20 

yields with high diastereoselectivity and enantioselectivity. 
Further expansion of substrates is being pursued in our lab.  
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