JIAIC[S

COMMUNICATIONS

Published on Web 01/19/2007

Chiral Oxazaborolidine —Aluminum Bromide Complexes Are Unusually
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The oxazaborolidiné is a valuable chiral catalyst for the borane- Table 2. Enantioselective Diels—Alder Reactions of
mediated enantioselective reduction of achiral unsymmetrical ke- gyggogZ?;f‘“s'fg?nW'cthHVca}”ous Quinones in the Presence of 4 mol
tonest Protonation ofL with triflic acid generates a chiral oxazaboro- 0 Y Ze
lidinium cation2, which is an extraordinarily useful broad-spectrum temp. (°C);
catalyst for numerous DielsAlder reactiong. It has been applied Guinone product® Uma(h)  Yield%; ee

to the synthesis of many complex molecuie$Because the oxaza- 0
borolidinel is quite a weak base, its full protonation can only be
achieved using a very strong acid such as triflic acid or triflimide. -78; 0.5 99; 99
HP HP hen 0
O_k CF3$03H N® 0 m i
B
gjrme (CF;S0 M d @""e BQM%Me /Q\ m\ 782 99; 97
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Even methanesulfonic anstoluenesulfonic acids are not efficient
proton donors witH.. In early studies, it was observed that various —78; 12 97;72
Lewis acids did not appear to coordinateltsufficiently to generate OMe OMe
useful catalysts for DielsAlder reactions. For instance, with BF
or CH:AICI, in CH,CI; solution, no useful catalysis was observed.
Recently, we decided to reinvestigate Lewis acid activation despite
-78; 12 99; 88
Table 1. Enantioselective Diels—Alder Reactions of
Cyclopentadiene with Diverse Dienophiles in the Presence of 4
mol % of Catalyst 3 in CH,Cl,
temp. (°C); _ yield %; ee _2Each reaction was carried out at 0.2 M with respect to dienophile and
dienophile product time (h) (endo:exo) with 5 equiv of cyclopentadiené.Toluene was used as solvent.
Q §_cHo the unpromising results obtained earlier. Using the very strong
\I‘)LH @/ 78, 2 o Lewis acid AIBg, it was found that complete complexation to form
3 occurred with 1 equiv each dfand AlBr; (by 'H NMR analysis),
o despite the fact that AlBris sterically bulkier than Bg The H
CO,CH,CFs 78,80 08: 99 NMR spectrum of3 in CD,Cl, showed downfield shifts for the
ﬁ OCH,CF, @/ (97:3) pyrrolidine protons and the-tolyl methyl comparable to those
observed for N-protonation by triflic acitdwe were surprised not
only by the clean formation o8 from 1 but also by its strength
OFt mcozﬂ and effectiveness as a Dielalder catalyst. Excellent DietsAlder
-78, 6° 95; 98 . . ;
Et0 co,Et conversions were rouynely qbserved with only 4 mol "_/ﬁcrfnd _
H various dienes and dienophiles. The results of experiments with

cyclopentadiene as the test diene and various dienophiles with 4
mol % of 3 as catalyst are summarized in Tables 1 and 2.
—40; 10 95; 92 Taken together with previous studies on catal&td the data

©7:3) shown in Tables 1 and 2 indicate clearly that catal$sis
considerably more efficient thah(10—20 mol % generally required
for optimum results). Because of this fact, in most cases, only 4
—20: 6® 99: 95 mol % of catalyst3 produces excellent results in terms of both

(94:6) reaction yield and enantioselectivity. The use of catalyss
especially advantageous for larger scale synthesis not only because

) ) ) ) of the low catalyst requirements but also because the chiral ligand
aReaction was carried out at 0.5 M concentration with respect to

. ; ) - . i - precursor is easily and efficiently recovered.
dienophile and with 5 equiv of cyclopentadiefid’he reaction was carried . . - .
out at 2.0 M concentration with respect to dienophile and with 5 equiv of ~ 1he wide applicability of catalys3 is also underscored by the

cyclopentadiene. nine examples shown in Table 3 which involve a collection of
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Table 3. Enantioselective Diels—Alder Reactions of an Table 4. Enantioselective Diels—Alder Reactions with Furans in
Assortment of Dienes and Dienophiles in the Presence of 4 mol % CH,Cl, with 3 as Catalyst
of Catalyst 3

temp. (°C); vyield %; ee
furan dienophile product? time (h) (endo:exo)
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2 The reaction was carried out at 2:2.5 M concentration with respect

[0}
H
OEt to dienophile in CHCI, with 5 equiv of furan in the presence of 4 mol %
OFt -20; 487 71;97 of catalyst.” 8 mol % of catalyst was useéYield based on conversion to
Ay
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product time (h) yield %; ee

A

$
X
L

-40;24°  72% 91

\

L
L

\

the hydrogenated product.

HQ of Table 4 is transformed into trifluoroethyl Rl-2,5-dimethylcy-
/< “O ~78; 167 99; 84 clohexa-2,4-diene-1-carboxylate af@ for 1 hr (76%).
We were not able to find Lewis acids other than AlBtich were
Ho o capable of activating to generate useful catalysts for Dielalder
~ H reactions. It is perhaps surprising that AJ@hd GaCJ were much
L m 7810 00: 9 inferior to AlBr; as activators ofl. Although activation was ob-
TIPSO TIPSO H O ’ ’ served with BGJ, the reaction rates and yields were diminished rela-

tive to AlBrz. The greater turnover efficiency of catalysstelative

o
i to 2 may be the result of greater steric screening of the catalytic

z ’ ; . S
/( “O 78, 16° 99; 96 boron site by the adjacent AlBsubunit and diminished product
TIPSO TIPSO H inhibition. Weaker Lewis acids were totally unpromising as activa-
0 tors of 1. In conclusion, our work indicates that the AlRterived
~ Me catalyst3 is both special and highly useful as a chiral catalyst.
_ f .
TIPSOL TIPSO 0 7812 9598 Acknowledgment. E.C. is the recipient of a Pfizer postdoctoral
Meo fellowship.
aThe reaction was carried out at 0.2 M initial concentratiGg) (with Supporting Information Available: Experimental procedures and
respect to dienophile in Ci&l, with 5 equiv of diene? C, = 0.5 M with characterization data for all reactions and products. This material is

respect to dienophile in Gi€l,. °C, = 1.0 M with respect to dienophile  available free of charge via the Internet at http://pubs.acs.org.
in CH.Cl,. 9 The reaction was carried out neat with 3 equiv of di€ng,

= 0.3 M with respect to dienophile in PhMe with 1.5 equiv of diehiEwo
equivalents of diene was used.
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For example, the-tolyl methyl peak was shifted downfield from)2.63

D_iels_Alder reaction with two furans as di?ne cqmponent ar.]d in 1to 2.81 in3, and the pyrrolidine methine proton was shifted from
trifluoroethyl acrylate and ethyl fumarate as dienophile partner with 4.54in1to 5.26 in3 (all at 23°C). ,

h Its th lined in Tablé B f ial int t (4) Catalyst3 was generated by addition of 0.8 equiv of AlBn CH,Br
the results that are outlined in Ta urans are of special interes solution (Aldrich Co.) to the oxazaborolidirte

as Diels-Alder reactants since the products can be used to prepare (5) Inlarge-scale experiments, the chiral ligand diphenylpyrrolidinomethanol
. L . . is easily recovered in pure condition for reuse upon workup, being soluble
chiral cyclohexane derivatives in which most or even all of the in aqueous acid and easily extracted from the basified aqueous solution.

ring members are functionalized or chiral. The furan adducts are This ligand is used industrially and produced on large scale.

. . (6) Enantioselectivities were determined by either HPLC or gas chromatog-
also useful since they can be deoxygenated by treatment with excess raphy using chiral columns; for experimental details, see Supporting
zinc dust and 3 equiv of TMSBr in GJ&N to form the corre- Information.

sponding 1,3-cyclohexadiene; for example, the adduct in entry 3 JA068637R
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