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An organocatalytic construction of optically enriched substituted

pyran derivatives via amine-catalyzed Michael addition and

subsequent enolization/cyclisation has been described starting

from electronically poor alkenes. Functionalized pyrans were

obtained in high enantioselectivities (up to 96%) and good yields

(up to 90%) having three contiguous chiral centers.

Substituted pyran rings are an important class of core structures

found in a number of naturally occurring and biologically

active molecules.1 Accordingly, several methods have been

developed for the synthesis of substituted pyrans.2 In recent

years organocatalysis has emerged as a promising synthetic tool in

organic synthesis to challenge various synthetic problems.3 Hence,

the development of organocatalytic asymmetric approaches

allowing the construction of these structural frameworks in

optically active forms remains an attractive goal in organic

synthesis.4 Literature survey reveals that trans-trisubstituted

electron-poor alkenes such as trans-2-aroyl-3-arylacrylonitriles5

(1) are restricted substances in organocatalysis, given the fact that

very limited literature reports are available on these substances

although their functionalities offer possibility of additional

transformations.

Herein, we wish to report a practical solution by using an

organocatalyst to address the problem of using electron poor

alkenes to construct pyran derivatives having three contiguous

chiral centers. Our strategy was an amine-catalyzed Michael

reaction of cyclohexanone (or anals) with trans-2-aroyl-3-aryl-

acrylonitriles 1 and subsequent enolization and hemi-ketalization/

acetalization to give pyran derivatives (Scheme 1).6

We began our investigation using trans-2-benzoyl-3-(4-benzo-

nitrile)acrylonitrile (1a) and cyclohexanone (2) as the model

substrates in the presence of Cinchona-based primary amine7

catalysts (Fig. 1). Gratifyingly, substituted pyran 3awas obtained

with 80% ee in 79% yield (Table 1, entry 1) using I as catalyst.

Encouraged by this result, a series of catalysts II–V (entries 2–5)

were screened under the same conditions to find out the most

suitable one. From the preliminary screening it was found that

the catalyst IV was superior to others in terms of enantio-

selectivity and yield. Only a trace amount of the desired

product could be detected when secondary amine catalyst VI

was used in neat conditions (entry 6). To further optimize the

reaction conditions, a series of solvents and additives were

examined, and the key results are presented in Table 1.

Although the reactions proceed readily in various solvents

(for details see ESIz) and also under solvent-free conditions,

dichloromethane seems to be the better one. The use of various

acidic co-catalysts (entries 9–11, for details see ESIz) revealed
that the enantioselectivity (96% ee) can be finely tuned using

2-fluorobenzoic acid (entry 10) accompanied by fair diastereo-

selectivity (5.4 : 1) and good yield. Importantly, the major

diastereomer can be easily isolated by simple flash column

chromatography. Using our protocol, it is also possible to

obtain ent-3 albeit with lower ee (87%, entry 3).

With an effective protocol for the enantioselective synthesis of

pyran derivatives in hand, the substrate scope and generality of

the method were examined (Table 2). A variety of substituents

on both the aryl rings of 1 were well tolerated in our catalytic

system, providing the desired substituted pyran adducts in

Scheme 1 A general strategy for the organocatalytic enantioselective

synthesis of substituted pyrans.

Fig. 1 Catalysts screened for this study.
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moderate to high yields (up to 90%), high diastereoselectivity

(up to 9.0 : 1) and excellent enantioselectivities (up to 96%).

The electronic feature of the aryl substituents Ar2 seems to

have little effect on the stereoselectivity or the chemical yield.

As a result, the compounds 3a–e with electron-withdrawing

substituents (entries 1–5) and the compounds 3g, h (entries 7

and 8) having electron-donating substituents were obtained

in excellent enantioselectivity ranging from 92 to 96% ee.

Heteroaromatic residues as Ar2 were also applied well in our

optimized protocol, achieving high stereocontrol (93, 95% ee)

in the products 3i, j in much shorter time (entries 9 and 10). We

have also observed slight decrease in ee but with significantly

diminished yield when an ortho-Br substituent was used in Ar2

compared to a para-Br substituent (entry 2 vs. 12). Poor

enantioselectivity was also obtained in the case of para sub-

stituents in the benzoyl moiety (Ar1) of 1 (entries 13 and 14).

Instead of Ar2, a less reactive group like cyclohexyl showed no

product formation under the optimized reaction conditions.9

Meanwhile, in preparative synthesis, the reaction (3b) can also

be performed with a fourfold excess without any significant

loss of selectivity (98% ee) or yield (80%). The absolute

configuration of 3b10 was determined by single crystal X-ray

data analysis and those of others were assigned by analogy.

After successfully demonstrating the utility of our protocol

to synthesize substituted pyrans using cyclohexanone, we

turned our attention towards anals for our study.We have chosen

1a and butyraldehyde (4a) as reaction partners for optimization

of reaction conditions (some representative results are sum-

marized in Table 3; for details, see ESIz). In our preliminary

study, the use of catalyst IV was not encouraging as it led to

very poor chemical yield of our desired product 5a (Table 3,

entry 1). Then we switched to a pyrrolidine based catalyst11

and carried out the same reaction with the most promising

diphenylprolinol trimethylsilyl ether as catalyst (VI) leading to

the successful formation of product 5a in good yield (73%)

and ee (90, 80%) (entry 2). The catalytic ability was further

examined by using a,a-bis[3,5-bis(trifluoromethyl)phenyl]-

2-pyrrolidinemethanol trimethylsilyl ether (VII), but surpris-

ingly no product formation was observed (entry 3). The use of

catalyst VIII was also not much interesting (entry 4). Further

optimizations of the reaction conditions by changing molar

ratio of reactants, solvents and employing neat conditions

(entries 5–8, for details see ESIz) were not beneficial. The

screening of acidic co-catalysts revealed that both the amount

and nature of the acid influenced the results (see ESIz).

Table 2 Enantioselective synthesis of substituted pyrans using 1 and 2a

Entry Ar1 Ar2 t/days drb
Yield of
3
c (%) eed (%)

1 Ph 4-CNC6H4 2.5 5.4 : 1 90 (3a) 96
2 Ph 4-BrC6H4 2.5 4.8 : 1 84 (3b) 94
3 Ph 4-NO2C6H4 2.0 5.6 : 1 77 (3c) 96
4 Ph 4-ClC6H4 2.5 3.7 : 1 85 (3d) 94
5 Ph 3-NO2C6H4 4.0 5.4 : 1 79 (3e) 92
6 Ph Ph 3.5 4.9 : 1 78 (3f) 95
7 Ph 4-MeC6H4 4.0 5.0 : 1 81 (3g) 93
8 Ph 4-OMeC6H4 4.0 4.5 : 1 78 (3h) 94
9 Ph 2-Furyl 1.0 5.2 : 1 88 (3i) 93
10 Ph 2-Thienyl 2.0 3.2 : 1 85 (3j) 95
11 Ph 2-Naphthyl 4.0 4.3 : 1 82 (3k) 60
12 Ph 2-BrC6H4 4.0 3.6 : 1 32 (3l) 86
13 4-BrC6H4 4-BrC6H4 2.0 4.6 : 1 81 (3m) 65
14 4-OMeC6H4 4-BrC6H4 4.0 9.0 : 1 86 (3n) 75

a
1 (0.25 mmol), 2 (0.5 mmol), IV (20 mol%) and 2-FC6H4CO2H

(20 mol%) were used in 0.25 mL CH2Cl2.
b Determined by 1H NMR

analysis of the crude reaction mixture.8 c Isolated yields of the mixture

of isomers. d Determined by HPLC analysis.

Table 3 Evaluation of the reaction conditiona

Entry Cat. Solvent t/days drb Yieldc (%) eed (%)

1 IV CH2Cl2 3.0 1 : 1.2 21 nde

2 VI CH2Cl2 3.5 1 : 0.9 73 90, 80
3 VII CH2Cl2 3.0 — — —
4 VIII CH2Cl2 4.0 1 : 1.7 45 36, 86
5f VI CH2Cl2 3.0 1 : 1.1 69 88, 75
6 VI Toluene 2.5 1 : 1.2 66 88, 72
7 VI CHCl3 2.5 1 : 1.1 63 88, 76
8 VI Neat 3.5 1 : 1.0 40 84, 72
9g VI CH2Cl2 2.5 1 : 1.3 75 90, 87

10h VI CH2Cl2 7.0 1 : 1.8 20 80, 60

a
1a (0.1 mmol), 4a (0.2 mmol), catalyst (20 mol%) and 2-FC6H4CO2H

(20 mol%) were used in 0.1 mL solvent. b Determined by 1H NMR

analysis of the crude reaction mixture.8 c Isolated yields of the mixture

of isomers. d Determined by HPLC analysis. e Not determined.
f 5 equiv. of 4a was used. g 40 mol% 2-FC6H4CO2H was used.
h 10 mol% VI and 20 mol% 2-FC6H4CO2H were used.

Table 1 Optimization of enantioselective synthesis of substituted pyransa

Entry Catalyst Solvent t/h drb Yieldc (%) eed (%)

1 I CH2Cl2 36 4.6 : 1 79 80
2 II CH2Cl2 18 2.8 : 1 72 �77
3 III CH2Cl2 20 3.0 : 1 67 �87
4 IV CH2Cl2 24 3.5 : 1 95 92
5 V CH2Cl2 40 4.2 : 1 99 �83
6 VI Neat 24 — Trace nde

7 IV CHCl3 48f 2.7 : 1 70 93
8 IV Toluene 48 4.6 : 1 95 90
9g IV CH2Cl2 36 5.6 : 1 94 90
10

h
IV CH2Cl2 60 5.4 : 1 97 96

11i IV CH2Cl2 120 6.6 : 1 67 94

a 1a (0.15 mmol), 2 (0.3 mmol) and cat. (20 mol%) were used in 0.15 mL

solvent. b The diastereomeric ratio was measured by 1H-NMR analysis of

the crude reactionmixture. c Determined by 1HNMR analysis of the crude

reaction mixture using CH2Br2 as an internal standard. d Enantiomeric

excess determined by HPLC analysis. e Not determined. f 90% conversion.
g C6H5CO2H (20 mol%) used as an additive. h 2-FC6H4CO2H (20 mol%)

used as an additive (85% ee for the minor diastereomer).8 i 2-NO2C6H4-

CO2H (20 mol%) used as an additive.
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In fact, higher loading of 2-fluorobenzoic acid (40 mol%) led

to slight increase in ee for both the diastereomers (90%, 87%)

and yield (75%) in shorter time, but reducing the catalyst

loading led to considerable loss of selectivity and yield (entries 9

and 10).

Having suitable conditions, the scope of the enantioselective

synthesis of pyran derivatives using aldehydes (4a,b) and trans-2-

aroyl-3-arylacrylonitriles (1a–c) was further demonstrated and is

given in Table 4. Both butyraldehyde (4a) and propionaldehyde

(4b) were successfully employed with the differently aryl-substituted

1 thus affording desired products 5a–e in high chemical yields

(up to 87%) and enantiomeric excess (up to 95% ee). Although

the products 5a–c generated from 4a were afforded with poor

diastereomeric ratios, the enantioselectivities of both isomers were

comparably good (entries 1–3). But in the case of 4b, the products

5d and 5e were obtained in better diastereomeric ratios and

high enantioselectivities (95%, 87%) only for major isomers

(entries 4 and 5). The absolute configuration of 5d10 was

determined by single crystal X-ray data analysis and those of

others were assigned by analogy.

In conclusion, we have demonstrated an efficient enantio-

selective cascade Michael addition–cyclisation reaction sequence

to generate highly functionalized pyrans of synthetic and bio-

logical importance. Cyclohexanone and aliphatic aldehydes were

successfully employed for the scope of the reaction with various

trans-trisubstituted alkenes (1a–n) to provide the corresponding

adducts in very high enantioselectivities (up to 96%) and very

good yields (up to 90%) having three contiguous chiral centers

one of which is quaternary (3a–n). The synthetic usefulness of

this method lies in the fact that electron-poor alkenes were

efficiently functionalized to access pyrans derivatives.

We thank the NSC of the Republic of China (NSC 99-2119-

M-003-004-MY2) and National Taiwan Normal University

(NTNU100-D-06) for financial support.
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