View Article Online / Journal Homepage / Table of Contents for thisissue

Organic &

ChemComm Chemsiry

This article is part of the

Organocatalysis

web themed issue

Guest editors: Professors Keiji Maruoka, Hisashi
Yamamoto, Liu-Zhu Gong and Benjamin List

Downloaded by UNIVERSITY OF ALABAMA AT BIRMINGHAM on 30 November 2012
Published on 10 April 2012 on http://pubs.rsc.org | doi:10.1039/C2CC31445B

All articles in this issue will be gathered together online at
www.rsc.org/organocatalysis



http://dx.doi.org/10.1039/c2cc31445b
http://pubs.rsc.org/en/journals/journal/CC
http://pubs.rsc.org/en/journals/journal/CC?issueid=CC048045

Downloaded by UNIVERSITY OF ALABAMA AT BIRMINGHAM on 30 November 2012

Published on 10 April 2012 on http://pubs.rsc.org | doi:10.1039/C2CC31445B

ChemComm

Cite this: Chem. Commun., 2012, 48, 5590-5592

www.rsc.org/chemcomm

Dynamic Article Links °

COMMUNICATION

Enantioselective synthesis of substituted pyrans via amine-catalyzed
Michael addition and subsequent enolization/cyclisationt

Utpal Das, Chan-Hui Huang and Wenwei Lin*

Received 27th February 2012, Accepted 9th April 2012
DOI: 10.1039/c2cc31445b

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.! Accordingly, several methods have been
developed for the synthesis of substituted pyrans.? In recent
years organocatalysis has emerged as a promising synthetic tool in
organic synthesis to challenge various synthetic problems.® 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.* Literature survey reveals that trans-trisubstituted
electron-poor alkenes such as frans-2-aroyl-3-arylacrylonitriles’
(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).°

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 amine’
catalysts (Fig. 1). Gratifyingly, substituted pyran 3a was 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)
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Scheme 1 A general strategy for the organocatalytic enantioselective
synthesis of substituted pyrans.
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Fig. 1 Catalysts screened for this study.

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 ESI}) 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 ESIT) 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
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Table 1 Optimization of enantioselective synthesis of substituted pyrans”
)‘\(@ ij I-VI (20 mol%)

Solvent , 25°C

Entry Catalyst Solvent t/h  dr’

1 I CH,Cl, 36 46:1 79 80
2 I CH,Cl, 18 28:1 72 =77
3 I CH,Cl, 20 3.0:1 67 —87
4 v CH,Cl, 24 35:1 95 92
5 A% CH,Cl, 40 42:1 99 —83
6 \%! Neat 24— Trace nd®
7 v CHCl; 48 2.7:1 70 93
8 v Toluene 48 46:1 95 90
9¢ v CH,Cl, 36 56:1 94 90
10" v CH,Cl, 60 54:1 97 96
1’ v CH)Cl, 120 6.6:1 67 94

“1a (0.15 mmol), 2 (0.3 mmol) and cat. (20 mol%) were used in 0.15 mL
solvent. ® The diastereomeric ratio was measured by "H-NMR analysis of
the crude reaction mixture. ¢ Determined by "H NMR analysis of the crude
reaction mixture using CH,Br, as an internal standard. ¢ Enantiomeric
excess determined by HPLC analysis. ¢ Not determined. ¥ 90% conversion.
& CgHsCO,H (20 mol%) used as an additive. " 2. FC¢H4CO,H (20 mol%)
used as an additive (85% ee for the minor diastereomer).® ’ 2-NO,CsH,-
CO,H (20 mol%) used as an additive.

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

0] [0] IV (20 mol%)
CN 2-FC¢H,CO,H (20 mol%)
asleh
| CH,Cl,, 25 °C
Ar?
la-n 2
Yield of

Entry Ar! Ar? t/days dr®  3°(%) ee? (%)
1 Ph 4-CNC¢Hy; 25  54:1 90(3a) 96
2 Ph 4-BrC¢Hy; 25 48:1 84(3b) 94
3 Ph 4-NO,C¢Hy 20  56:1 77(3¢) 96
4 Ph 4-CICH, 25  37:1 85(3d) 94
5 Ph 3-NO,CeHy 4.0  54:1 79 (3e) 92
6 Ph Ph 35 49:1 783f) 95
7 Ph 4-MeC¢Hy; 40  50:1 81 (3g) 93
8 Ph 4-OMeCgH, 40  45:1 78(3h) 94
9 Ph 2-Furyl 1.0 52:1 8(3i) 93
10  Ph 2-Thienyl 2.0  32:1 85(@3j) 95
11 Ph 2-Naphthyl 4.0  43:1 82 (3k) 60
12 Ph 2-BrC¢H, 40  3.6:1 323D 86
13 4-BrCgH; 4-BrCH, 2.0  4.6:1 81 (3m) 65
14 4-OMeC¢Hs 4-BrC¢H, 40  9.0:1 8 (3n) 75

“1 (0.25 mmol), 2 (0.5 mmol), IV (20 mol%) and 2-FCsH4CO,H
(20 mol%) were used in 0.25 mL CH,CL. ? Determined by '"H NMR
analysis of the crude reaction mixture.® ¢ Isolated yields of the mixture
of isomers. ¢ Determined by HPLC analysis.

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 Ar? 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 Ar*> 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 Ar?
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 (Ar') of 1 (entries 13 and 14).
Instead of Ar?, a less reactive group like cyclohexyl showed no
product formation under the optimized reaction conditions.’
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 3b'® 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
la and butyraldehyde (4a) as reaction partners for optimization
of reaction conditions (some representative results are sum-
marized in Table 3; for details, see ESIf). 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 catalyst!!
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 o,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 ESI{) were not beneficial. The
screening of acidic co-catalysts revealed that both the amount
and nature of the acid influenced the results (see ESIi).

Table 3 Evaluation of the reaction condition®

Ph
CN
" oS
Solvent, 25 °C HO
CN
5a
Entry Cat. Solvent  f/days dr’ Yield® (%) ee? (%)
1 v CH,Cl, 3.0 1:12 21 nd®
2 \%! CH,Cl, 3.5 1:09 73 90, 80
3 v CH,Cl, 3.0 — — —
4 VIII CH)Cl, 4.0 1:1.7 45 36, 86
5 \%! CH,Cl, 3.0 1:1.1 69 88, 75
6 VI Toluene 2.5 1:1.2 66 88, 72
7 \%! CHCly 2.5 1:1.1 63 88, 76
8 \%! Neat 3.5 1:1.0 40 84, 72
9¢ VI CHCl, 25 1:1.3 75 90, 87
10" \%! CH,Cl, 7.0 1:1.8 20 80, 60

“1a (0.1 mmol), 4a (0.2 mmol), catalyst (20 mol%) and 2-FCcH,CO,H
(20 mol%) were used in 0.1 mL solvent. > Determined by 'H NMR
analysis of the crude reaction mixture.® ¢ Isolated yields of the mixture
of isomers. ¢ Determined by HPLC analysis. © Not determined.

75 equiv. of 4a was used. £ 40 mol% 2-FC¢H,CO,H was used.

710 mol% VI and 20 mol% 2-FC4H,CO,H were used.

This journal is © The Royal Society of Chemistry 2012
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Table 4 Enantioselective synthesis of substituted pyrans using 1 and 4“

o 0 VI (20 mol?%) Fh
Ph)kmcri H 2-FC4H,COH (40 mol%) 07X CN
e R CH,Cl,, 25 °C HO g2
la-c 4 R! Sa-e
Entry R' Ar? t/days dr’ Yield of 5¢ (%) ee? (%)
1 Et 4-CNC¢H; 2.5 1:1.3 75(5a) 90, 87
2 Et 4-BrCsH; 2.5 1:1.6 87 (5b) 89, 83
3 Et 4-NO,CgH, 3.0 1:1.6 84 (5¢) 88, 87
4 Me 4-BrC¢Hy 1.5 1:3.0 81(5d) 55, 95
5 Me 4-CNC¢H; 1.5 1:3.0 79 (5e) 61, 87

“1 (0.25 mmol), 4 (0.5 mmol), VI (20 mol%) and 2-FC4H4,CO,H
(40 mol%) were used in 0.25 mL CH,Cl,. ? Determined by 'H NMR
analysis of the crude reaction mixture.® ¢ Isolated yields of the mixture
of isomers. ¢ Determined by HPLC analysis.

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 rrans-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 Sa—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 5d'° 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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