JIAICIS

COMMUNICATIONS

Published on Web 11/19/2002

Highly Enantioselective 1,3-Dipolar Cycloaddition Reactions of
2-Benzopyrylium-4-olate Catalyzed by Chiral Lewis Acids
Hiroyuki Suga,* Kei Inoue, Shuichi Inoue, and Akikazu Kakehi

Department of Chemistry and Material Engineering, Faculty of Engineering, Shinsheetdity,
Wakasato, Nagano 380-8553, Japan

Received September 24, 2002

Intramolecular carbenoid-carbonyl cyclization of diazocarbonyl Chart 1

compounds catalyzed by rhodium(ll) catalysts is one of the most X
convenient methods for generating carbonyl ylid@dthough this | = O\((j\r’o
procedure has been efficiently applied in the syntheses of biologi- o | N> ,\O) (/lN N N'
cally active natural products and their skeletons, such as brevi- S/N N~/

comin? zaragozic acid$,epoxysorbicillinol¢ and illudins® the R R (Im RO
procedure could only be applied in the production of racemates, R = [-Pr: (S,S)-Pybox-i-Pr

- Ph: . -~ R =TBS: (S,S)-Pybox-TBSm
. . o . R = Ph: (5,5)-Pybox-Ph
and therefore development of an enantioselective version is desirable

for the synthesis of medicinally important compounds. Recently, rapje 1. Enantioselective Cycloadditions of Carbonyl Ylide 2 with
Hodgsofi and Hashimotbhave separately reported on enantiose- Benzyloxyacetaldehyde (3) Catalyzed by (S,S)-Pybox—Rare Earth
lective carbonyl ylide cycloadditions that were catalyzed by chiral Metal Triflate Complexes®

rhodium complexes, in which the chiral rhodium(ll)-associated
carbonyl ylides were proposed as participating in the transition state. ey M
However, this method still has limitations in terms of utility with

g.
®

yield % ee®

Pybox  MS4A>  temp® % endo:exo endo exo

. . . . . . Sc  i-Pr no rt 91 55:45 85 16
a variety of dipolarophiles, chemical yields, and requirements for S i-Pr no 94 7624 86 34
specific conditions. On the other hand, previous to our first report Sc  i-Pr no  reflux 87 7723 88 16

96 88:12 91 18
85:15 87 15
92 71:29 75 18
57 86:14 92 14
99 9:91 40 40
98 991 35 36
quant 14:86 38 7

in 19988 the attempt to use Lewis acids in the cycloaddition of

carbonyl ylides for controlling enantio-, or even diastereo- or regio-

selectivity has not been studied, probably due to the lability and

the Lewis-basic character of carbonyl ylides. Herein, we report on

the first example of significant levels of enantioselectivity obtained

in the 1,3-dipolar cycloadditions of 2-benzopyrylium-4-olate with 1

dipolarophiles, which are capable of coordinating in a bidentate i ' o

fashion, using rare earth metal triflate complexes of chiral 2,6- The reaction was carried out atl0 °C in the presence of the Sc or

5.‘5 v g - - p " . 97 Yb catalyst (10 mol %) and REOAC)s (2 mol) in CHCl. ® The conditions

bis(oxazolinyl)pyridine (Pybox) as the chiral Lewis acid catafyst. for the preparation of the catalystDetermined by HPLC analysis (Daicel
Initially, a mixture of S9-Pyboxi-Pr (see Chart 1) (10 mol  Chiralpak AS). Absolute configuration of the product was not determined.

b ) - "
%) and Sc(OTH (10 mol %) in CHCl, was stirred at room The reaction was carried out a25 °C.

Sc  i-Pr yes rt
Sc  i-Pr yes rt
Sc TBSm no rt
Sc Ph yes rt
Yb i-Pr no rt

Yb i-Pr yes rt

Yb Ph yes rt
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temperature for 2 h. To this catalyst solution were addeg®#c), Scheme 1

(2 mol %), powderd 4 A molecular sieves (MS 4A), and ~ OMe ]
benzyloxyacetaldehyde3), Addition of o-methoxycarbonyb- No+
diazoacetophenond)(over a period b1 h at —10 °C (Table 1, o “ | (s.9-Pybox
entry 1) affordecende andexcocycloadducts (55:45 ratio) in 91% oMe Ra(0AS)s 2§ M('OTI)3

total yield (Scheme 1). The enantiomeric excesses of the adducts o IOMe 5

were determined as 85% een@g and 16% eedxd using HPLC : oy )J\/OCHzAr
analysis. Surprisingly, on the basis of investigations using various ? /O 2 At'_ Ph
conditions in the preparation of the Sc(lll) catalysts (Table 1, entries & Are CeHa-0-OMe
2—4), the presence of MS 4A during the catalyst preparation was - O- = 5 Ar=CeHe-pOMe
shown to greatly improvendeselectivity gndoexo = 88:12)10 OM; OM; 6: Ar = CHy-p-F
and to increase the level of enantioselectivity (91% ee) oétitn 0., + o : ﬁ:: g:::gg:
cycloadduct (entry 43 The Sc(lll) complex of §S)-Pybox-Ph (see (|)CH2 Ar OCHAr

Chart 1) was similarly effective in preferably yielding teedo endo O exo ©

isomer, with high enantioselectivity of tledecycloadduct (entry

7). In contrast, the use of Yb(OEfjnstead of Sc(OTH for the catalyzed reactions of benzyloxyacetaldehyde derivatidves

preparation of the catalyst resulted in highoselectivity with (Scheme 1) proceeded smoothly without significant loss of enan-

modest enantioselectivity of both adducts (entries.@). tioselectivities of theendocycloadducts (Table 2, entries-B).
Although substituents on the benzene ring of the arylmethyl |nterestingly, in contrast to aldehyd8s-8, reactions using alkyl

group showed minor effects on the diastereoselectivities, Sc(lll)- pyruvate9 and 10, which were catalyzed by Sc(lll) complexes,
*To whom correspondence should be addressed. E-mail: sugahio@gipwc. showed_highaxc_}selectivity; this can be attributable to unfavorable
shinshu-u.ac.jp. dipolar interactions between the carbonyl groups of ydand
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Table 2. Enantioselective Cycloadditions of Carbonyl Ylide 2 with
Aldehydes 3—8, Pyruvates 9 and 10 Catalyzed by
(S,5)-Pybox—Sc(OTf); Complexes

temp, vyield,
entry  dipolarophile additive? °C % endo:exo % ee®
1 3 no —-10 96 88:12 91dnd9g
2 4 no —-10 82 85:15 824ndg
3 5 no —-10 53 91:9 89éndg
4 6 no -10 97 82:18 93dnd9g
5 7 no —25 84 73:27 86€nd9g
6 8 no =25 77 67:37 83€ndg
7 9 no —-10 84 12:88  45€x0
8 9 yes (10 mol %) —10 88 4:96 78¢x0
9 10 no —-10 82 18:82 11dx9
10 10 yes (20mol %) —10 88 7:93 87é&x0

aThe reaction was carried out in the presence of pyruvic acid.
b Determined by HPLC analysis. Absolute configuration of the product was
not determined¢ 20 mol %,endaexo= 6:94, 72% eedxd. ¢ 10 mol %,

endoexo= 7:93, 82% eedx0.
OMe
c? s‘\Me
COR

Scheme 2

Rha(OAc)s o]
. )OJ\ (2 mol%) e
Me” "COR  (s,5)-Pybox-i-Pr OMe
Sc(0Th),
9:R=Me (10 mol%) A COR
10: R=Bn MS 4A Me
in CHxCly
endo O

Table 3. Enantioselective Cycloadditions of Carbonyl Ylide 2 with
3-Acryloyl-2-oxazolidinone (11) Catalyzed by (S,S)-Pybox—Rare
Earth Metal Triflate Complexes

o
(o]
g s
o O Rhx(OAc),
2 mol% exo o
1 SN, G | “ o %
\_/  (SSr-Pybox Meo N/ TO
11 M(OTf)s N
(10 mol%)
MS 4A O&
in CH,CI.
= endo O
entry M Pybox  temp,°C  time2h  vyield%  exoiendo® % ee, exo®
1 Sc  i-Pr -10 1 65 10:90 1(8)
2 Sc Ph -10 1 86 11:89 14 (7
3 Yb i-Pr -10 1 90 12:88 22 (13)
4 Yb Ph —10 1 94 54:46 89
5 Yb Ph —10 3 97 70:30 91
6 Yb Ph —-25 6 89 88:12 98

a Addition time of1. ® Determined byH NMR (400 MHz). ¢ Determined
by HPLC analysis (Daicel Chiralpak AS). Absolute configuration of the
product was not determineéi% ee ofendoproduct.
the ester in thendoapproach (Scheme 2, Table 2, entrieslD).
In the case of methyl pyruvat®), maximum enantioselectivity

was 78% ee, which was observed when the reaction was carried

out in the presence of pyruvic acid (10 mol %). Satisfactory results
were obtained in terms of enantioselectivity (87% ee) when benzyl
pyruvate (0) was used in the presence of the additive (entry 10).

From examinations using several ketones and carboxylic acids as

additives and 550 mol % of pyruvic acid, 1620 mol % of

pyruvic acid produced the best results in terms of diastereo- and
enantioselectivity. This implies that the complex of Sc(HBybox-

i-Pr and pyruvic acid is probably an active catalyst for high
enantioselectivity in the reaction with pyruvates.

Although the reaction with 3-acryloyl-2-oxazolidinong&lj in
the presence of9)-Pyboxi-Pr—Sc(OTfi complex (10 mol %)
proceeded to give cycloadducts with high regio- aeddoc
selectivities (Table 3, entry 1), asymmetric induction was only
weakly observed for cycloadductendg 8% ee;exq 1% ee).
However, in this reaction, we have found that the combination of
(S9-Pybox-Ph and Yb(OT§)was extremely effective in affording
a high level of enantioselectivity. Under Yb(lll) complex-catalyzed
conditions, theexa andendoecycloadducts were obtained with a
ratio of 54:46, with 89% ee of thexcadduct (entry 4). By
optimizing the reaction conditions (lowering the temperature 256
°C, and slowing the addition to 6 h), diastereoselectivity was
improved toexaendo= 88:121? and the enantioselectivity exo
cycloadduct was increased to 98% ee (entry 6).

In conclusion, we were successful in carrying out highly
enantiselective cycloaddition reactions of 2-benzopyrylium-4-olate
(2) catalyzed by chiral Pyboxrare earth metal triflate complexes.
Further studies to extend this enantioselective cycloaddition meth-
odology, not only for other carbonyl ylides but also for other 1,3-
dipoles generated from diazo compounds, are currently underway.

Supporting Information Available: Representative experimental
procedures and spectroscopic data of the reaction products (PDF). This
material is available free of charge via the Internet at http://pubs.acs.org.
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%) without Pybox ligands, the reactions proceeded with hiyie
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Enantioselectivities in the reaction with benzaldehyde under the same
conditions were only 3% eedg and 14% eedx0 (28% yield,endo
exo= 40:60). The reaction with benzyloxyacetaldehyde in the absence
of Sc(OTf) did not exhibit asymmetric induction. These results indicate
that bidentate coordination of a dipolarophile to the catalyst, as a Lewis
acid, is important for this reaction.

Although the reason is not clear at this point, only Pybox-Ph-Yb(DTf)

complex specifically exhibitegxaselectivity in contrast to the other
complexes (Table 3, entries-B, Pybox-TBSm-Yb(OTf);; endoexo=
77:23, Pybox-TBSm Sc(OTfy; endoexo= 85:15).
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