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Despite the fact that the chemistry of thiopyrans has been much Scheme 1. Tandem Organocatalyzed Enantioselective

less explored than that of the analogous pyrans, recently the interestichael—Aldol Reaction
in the sulfur-containing heterocycles has been significantly surged
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(0] Ar
since a wide range of biological activities associated with the J)LH . %r N )H Q\LN
scaffold have been identifiddFor example, 1-benzothiopyrans R | N Ar |// \d OTMS
exhibit anti-inflammatory, anti-bacteri& anti-hyperplasid, anti- 1 OTMS X", SH | A
psychiatrics analgesic, and anti-canéexctivities. Accordingly, the W
development of new and facile synthetic strategies to access such tandem

. . . . . Michael-aldol
heterocycles is of considerable interest. Various methods for their 0 OH O
preparation have been repor€e7dr_lowever, survey of the literature Ny X 4 dehydration N
reveals that these approaches involve multistep sequences; more- | " B | H
over, to date, to the best of our knowledge, only two studies of the X 33 R x// 7R

B

asymmetric version for synthesis of the scaffold have been described
using either optically pure star_ting matefial a chiral auxiliary? . Table 1. Organocatalytic Asymmetric Cascade

Tandem or cascade reactions are a powerful tool for rapid Michael—Aldol—Dehydration Reaction of 3-Phenylpropenal (1a)
assembly of complex structur&sUnlike stepwise bond formation  with 2-Mercaptobenzaldehyde (2a)?
toward a target molecule, such a process has the advantages of cHO 10 mol% catalyst CHO
greatly enhanced synthetic efficiency, while producing less waste -~ CHO + @[ __ additve m
and minimizing the excessive handling. Organocatalytic enanti- . - sH t°lf&es'" s” > Ph
oselective tandem processes are even more appealing because of 3a
their operational simplicity and environmental friendlin€skn this
communication, we wish to disclosure a new organocatalyzed
enantioselective tandem Michaedldol reaction by furnishing 1 I none 12 80 —-10

entry catalyst additive t(h) % yield® % ee®

synthetically useful thiochromenes in high yields €@7%) and 2 I none 12 87 —50
ood to high enantioselectivities (895% ee) 3 it PhCGH 12 93 0
9 9 _ ‘ _ ) 4 \Y HCI 48 <10 ND®
Our strategy for developing a one-pot synthesis of chiral g v PhCGQH 4 90 53
thiochromenes is described in Schem¥-£:13Activation of a,3- 6 VI PhCQH 1 62 86
unsaturated aldehydeby a chiral organocatalyst produces iminium 7 M PhCOH 16 85 94
8 Y PhCOH 12 92 83

A. Conjugate addition of a nucleophilic thiolphenol aldehyde
the resulting active iminiunA triggers a cascade Michaesldol aReaction conditions: unless specified, a mixture of 3-phenylpropenal
process to afford intermediaB which subsequently undergoes a (14 (0.1 mmol), 2-mercaptobenzaldehyd2e) (0.15 mmol), 10 mol %
dehydration reaction to give,S-unsaturated aldehyd& CaSil)’St, bt?nzglctaCld (?-l equ\?,dil? A MS (_5]9 &ﬂt%lntfltuedne_ (I%-S
s . mL) was stirred at room temperature for a specified tifisolated yields.
To explore the poss'b'“ty_ of the propose_d tandem Mickael Enantiomeric excess was determined by HPLC analysis (Chiralpak AS-
aldol process, a model reaction betwerms-cinnamaldehydéda H). ¢ Reaction at C°C. ¢ Not determined.

and 2-mercaptobenzaldehy@awas performed in toluene at room

temperature in the presence of an organocatalyst (Figure 1 and Table O o 7/
(P coon Lo {3 N
" M N

1). Seven chiral pyrrolidineb—VII were screened for promoting

the cascade reactions because they can activfteinsaturated Hm

aldehydes by formation of active iminium species (Figuré*1)? v
The results showed that the catalysts probed exhibited significantly Ph Ar Ar=35(CFa),CoHs
different catalytic activity and enantioselectivity toward the process u Ph Oﬁg R = MesSi, Vi

(Table 1). L-Proline 134 and ©)-pyrrolidine trifluoromethane- y O™ H AT R=EGSLVI

sglfon_amidell 15 were good promoters for the_ process, achieving Figure 1. Screened organocatalysts.

high yields (80 and 87%, respectively) but giving poor to moderate

enantioselectivities (10 and 51% ee, respectively, entries 1 and 2).was completed withi 1 h togive product3a with 86% ee. When

No enantioselectivity for diaminil 16 (entry 3) and poor catalytic  the reaction temperature was lowered t&Q) both reaction yield
activity for MacMillan’s catalystlV 17 (entry 4) were observed.  (85%) and ee (94%) were improved, although reaction time was
Among the organocatalysts surveye8)-gyrrolidine silyl ethers prolonged (16 h, entry 7). The analogv@ with a TES group
V—VII 18 showed promising results (entries 5, 6, and 8). It was displayed similar results (92% yield and 83% ee, entry 8) under
realized that catalys¥I18 was found to be the best one for the same reaction conditions, but with long reaction time even at
catalyzing the cascade process (entry 6). In this instance, the reactiomoom temperature. After extensive optimization of reaction condi-
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Table 2. Catalyst VI-Promoted Cascade Michael—Aldol Reactions
of a,-Unsaturated Aldehydes (1) to 2-Mercaptobenzaldehydes

Supporting Information Available: Experimental procedures and
IH and'3C NMR and HRMS data for produc and X-ray crystal-
lographic information oBa (CIF file). This material is available free
of charge via the Internet at http:/pubs.acs.org.

(2
CHO 10 mol% VI CHO
I PhCO,H m
4 /2 SH toluene, rt 77 >8R
1 X 2 4AMS X 3
entry R X t(h) % yield® % ee®
1 Ph H 16 85 94
2d 4-MeO—CgHq4 H 16 82 85
3 2-MeO-CgHg4 H 12 96 94
4 4-F—CeHa H 12 93 86
5 4-NO,—CgHy H 12 95 92
6 Me H 12 90 92
7d Et H 12 81 95
8 n-CsHy H 12 96 94
9 n-CsHi1 H 12 94 93
10 Me 5-Cl 12 91 91
11 Me 5-MeO 12 80 93
12 Me 5-Me 12 97 90
13 Me 3,4-(CH) 12 72 89
14 Me 46-(Me0) 12 96 89

aReaction conditions: unless specified, see footnote a in Table 1.
b|solated yields¢ Determined by chiral HPLC analysis (Chiralpak AS-H
and Chiralcel OD-H or OJ-HY Reaction performed at €C.

tions, including screening reaction media and acid additives, we
found that the use of toluene as solvent and P#€C@&s additive
gave the best results (entries 6 and 7). The absolute configuration
of 3a prepared under the conditions was determined by X-ray
crystallography to b& (see Supporting Information).

TheVI-promoted tandem Michaehldol-dehydration processes
between a variety ofy,f-unsaturated aldehydek and various
2-mercaptobenzaldehyd@sunder optimized conditions (10 mol
% of VI in toluene) were investigated (Table 2). The results showed
that, in general, the reactions took place efficiently in high yields
(72—97%) with good to excellent levels of enantioselectivity{85
95% ee). The reactions were applicable to a varietyogi-
unsaturated aldehydésbearing both aryl and alkyl groups (entries
1-14). Aromatica,f-unsaturated aldehydes, regardless of electron-
donating (Table 2, entries 2 and 3) and electron-withdrawing
substituents (entries 4 and 5) on the phenyl ring and the substitution
pattern (entries 25, ortho vs para), participated in this process in
high efficiency (82-96% vyield and 8594% ee). More signifi-
cantly, generally, even higher enantioselectivities for less reactive
alkyl a,f-unsaturated aldehydégentries 6-14, 89-95% ee) were
observed. The investigation of 2-mercaptobenzaldehydesth
variation in their electronic and steric features (entries-149)
revealed that th¥/| -catalyzed processes proceeded smoothly with
high ee values (8993%) and high yields (7297%).

In summary, the new organocatalytic tandem Michastiol
reaction, promoted by organocataly4t, described above serves
as an efficient method for preparation of synthetically useful chiral
thiochromenes with good to high enantioselectivities. A broad range
of a,3-unsaturated aldehydes and 2-mercaptobenzaldehydes can b
tolerated in the process. Further investigation of the scope of the
cascade reaction and its application to the synthesis of biologically
interesting molecules is underway.

Acknowledgment. Support was provided by the donors of the
ACS PRF and the start-up funds from University of New Mexico.
The expert X-ray crystallographic measurements made by Dr. Eileen
N. Duesler are greatly appreciated.

References

(1) (a) Ingall, A. H. InComprehensie Heterocyclic Chemistry jIBoulton,
A. S., McKkillop, A., Eds.; Pergamon Press: Oxford, 1996; Vol. 5, p
501. (b) Schneller, S. WAdv. Heterocycl. Chem1975 18, 59. (c)
Katrizky, A. R.; Bonlton, A. JAdv. Heterocycl. Chem1975 18, 76.

(2) Rogier, D. J., Jr.; Carter, J. S.; Talley, J. J. WO 2001049675, 2001.

(3) Brown, M. J.; Carter, P. S.; Fenwick, A. E.; Fosberry, A. P.; Hamprecht,
D. W.; Hibbs, M. J.; Jarvest, R. L.; Mensah, L.; Milner, P. H.; O’Hanlon,
P. J.; Pope, A. J.; Richardson, C. M.; West, A.; Witty, D. Bloorg.
Med. Chem. Lett2002 12, 3171.

(4) Quaglia, W.; Pigini, M.; Piergentili, A.; Giannella, M.; Gentili, F.; Marucci,
G.; Carrieri, A.; Carotti, A.; Poggesi, E.; Leonardi, A.; Melchiorre,JC.
Med. Chem2002 45, 1633.

(5) van Vliet, L. A.; Rodenhuis, N.; Dijkstra, D.; Wikstrom, H.; Pugsley, T.
A.; Serpa, K. A.; Meltzer, L. T.; Heffner, T. G.; Wise, L. D.; Lajiness,
M. E.; Huff, R. M.; Svensson, K.; Sundell, S.; Lundmark, W. Med.
Chem.200Q 43, 2871.

(6) (a) Berlin, K. D.; Benbrook, D. M.; Nelson, E. C. U.S. Patent 6586460,
2003. (b) Sugita, Y.; Hosoya, H.; Terasawa, K.; Yokoe, I.; Fujisawa, S.;
Sakagami, HAnticancer Res2001, 21, 2629.

For selected examples of recent methods for synthesis of thiochromenes,
see: (a) Katritzky, A. R.; Button, M. A. Cl. Org. Chem2001, 66, 5595.

(b) Takido, T.; Takagi, Y.; Itabashi, KI. Heterocycl. Chem1995 32,
687. (c) Jafarzadeh, M.; Amani, K.; Nikpour, Fetrahedron Lett2005

46, 7567. (d) Saito, T.; Horikoshi, T.; Otani, T.; Matsuda, Y.; Karakasa,
T. Tetrahedron Lett2003 44, 6513. (e) Nenajdenko, V. G.; Sanin, A.
V.; Churakov, A. V.; Howard, J. A. K.; Balenkova, E. £hem.
Heterocycl. CompoundE999 35, 549. (f) Bath, S.; Laso, N. M.; Lopez-
Ruiz, H.; Quiclet-Sire, B.; Zard, S. Zhem. Commur2003 204.

(8) Kumar, A.; Ner, D. H.; Dike, SInd. J. Chem., Sect. B992 31, 803.
(9) Ali, A.; Ahmad, V. U.; Liebscher, JEur. J. Org. Chem2001, 529.

(10) For recent reviews of tandem reactions, see: (a) Guo, H.; Magkw.
Chem., Int. EdA2006 45, 354. (b) Pellissier, HTetrahedron2006 62,
1619. (c) Pellissier, HTetrahedron2006 62, 2143. (d) Tietze, L. F;
Rackelmann, NPure Appl. Chem2004 76, 1967.

For selected reviews of organocatalysis, see: (a) Berkessel, A.; Groger,
H. Asymmetric Organocatalysis: From Biomimetic Concepts to Applica-
tions in Asymmetric SynthesWiley-VCH Verlag GmbH & Co. KGaA:
Weinheim, Germany, 2005. (b) Dalko, P. I.; Moisan,Angew. Chem.,

Int. Ed.2004 43, 5138. (c) Special Issue on Asymmetric Organocataly-
sis: Acc. Chem. Re004 37, 487.

For organocatalyzed Michael addition of thiols and thioacids, see: (a)
Hiemstra, H.; Wynberg, Hl. Am. Chem. So¢981, 103 417. (b) McDaid,

P.; Chen, Y.-G.; Deng, LAngew. Chem., Int. EQR002 41, 338. (c)
Wabnitz, T. C.; Spencer, J. Brg. Lett.2003 5, 2141. (d) Marigo, M.;
Schulte, T.; Franzen, J.; Jargensen, KJAAm. Chem. So2005 127,
15710. (e) Li, H.; Wang, J.; Zu, L.-S.; Wang, Wetrahedron Lett2006

47, 2585.

For selected examples of organocatalytic tandem reactions, see: (a)
Dudding, T.; Hafez, A. M.; Taggi, A. E.; Wagerle, T. R.; Lectka,drg.
Lett. 2002 4, 387. (b) Ramachary, D. B.; Chowdari, N. S.; Barbas, C. F.,
Ill. Angew. Chem., Int. E@003 42, 4233. (c) Ramachary, D. B.; Barbas,
C. F., lll. Chem—Eur. J.2004 10, 5323. (d) Yamamoto, Y.; Momiyama,
N.; Yamamoto, HJ. Am. Chem. So2004 126, 5962. (e) Marigo, M.;
Schulte, T.; Franzen, J.; Jargensen, KJAAm. Chem. So2005 127,
15710. (f) Casas, J.; Engquist, M.; Ibrahem, I.; Kaynak, B.rdowa, A.
Angew. Chem., Int. EQRO05 44, 1343. (g) Huang, Y.; Walji, A. M_;
Larsen, C. H.; MacMillan, D. W. CJ. Am. Chem. So€005 127, 15051.

(h) Wang, Y.; Liu, X.-F.; Deng, LJ. Am. Chem. So2006 128 3928.

(i) Enders, D.; Httl, M. R. M.; Grondal, C.; Raabe, Q\ature 2006
441, 861.

(14) For an example af-proline promoted reaction, see: List, B.; Lerner, R.
A.; Barbas, C. F., lllL.J. Am. Chem. So200Q 122 2395.

(15) For an example ofg-pyrrolidine sulfonamide promoted reaction, see:

e Wang, W.; Wang, J.; Li, HAngew. Chem., Int. EQ005 44, 1369.

(16) For an example of §-pyrrolidine diamine promoted reaction, see:
Betancort, J. M.; Sakthivel, K.; Thayumanavan, R.; Barbas, C. F., Ill.
Tetrahedron Lett2001, 42, 4441.

(17) For an example of chiral imidazolidinone promoted reaction, see: Austin,
J. F.; MacMillan, D. W. C.J. Am. Chem. So002 124, 1172.

(18) For examples of)-diphenylpyrrolinol silyl ether promoted reactions,
see: (a) Marigo, M.; Wabnitz, T. C.; Fielenbach, D.; Jgrgensen, K. A.
Angew. Chem., Int. EQ005 44, 794. (b) Hayashi, Y.; Gotoh, H.; Hayashi,
T.; Shoji, M. Angew. Chem., Int. EQR005 44, 4212.

JA063328M

@)

(11)

(12)

13)

J. AM. CHEM. SOC. = VOL. 128, NO. 32, 2006 10355





