V=R

(m ) TETRAHEDRON
W LETTERS
Pergamon Tetrahedron Letters 39 (1998) 8287-8290

Novel Diastereo- and Enantioselectivities in the Chiral Oxazaborolidinone-

a4t A RTD_T a AN

Promoted Asymmetric Aldol Reaction of Highly Hindered Aldehydes Having
a Quaternary Carbon at o Position and
Limitations Observed on Catalyst (Promoter) Control'

Syun-ichi Kiyooka,** Hirofumi Maeda,* Mostofa Abu Hena,” Mai Uchida,?
Chul-Sa Kim,®* and Michio Horiike®

Department of Chemistry, Kochi University, Akebono-cho, Kochi 780-8520, Japan
*Department of Biosources Science, Kochi University, Nankoku, Kochi 783-0093, Japan

Received 24 July 1998; revised 24 August 1998; accepted 28 August 1998

Abstract: The chiral oxazaborolidinone (1 and 2) -promoted asymmetric aldol reaction of pivalaldehyde with silyl
nucleophile 3 resulted in excellent syn selectivity of the corresponding aldol with 96% ee. The catalyst (promoter)
coniroi was examined in the reaction with highly hindered aidehydes, 4 and $. The reaction of 4 in the presence of 2
gave almost enantiopure aldol 7 (>50 : 1) with syn selectivity (4 : 1) in good yield. © 1998 Elsevier Science Ltd.

All rights reserved.

During the development of the chiral oxazaborolidinone (1 and 2)-promoted asymmetric aldol reaction, we
have reported an interesting “catalyst (promoter) control” of reaction stereochemistry,? in which the new stereogenic

(8)-Oxazaborolidinone 1 (R)-Oxazaborolidinone 2

center is definitely created by the effect of the stereochemistry of the catalyst (promoter) almost independent of
that of the substrate aldehyde even in the presence of an a-chiral center in the aldehyde.® This catalyst (promoter)
control has proved to be remarkably straightforward for achieving enantioselective acyclic stereoselection.* When
our attention was focused on aldehydes having a formyl group adjacent to a quaternary carbon in searching for the
scope and the limitations of the catalyst control, we found novel enhanced diastereo- and enantioselectivities on
the catalyst control in our chiral oxazaborolidinone-promoted asymmetric aldol reaction. We disclose herein
crucial results bound with the effectiveness in constructing complex acyclic sequences involving marine macrolides,
e.g., bryostatin, aplasmomycin, epothilone, and actiphycin.
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The first result is concerned with an unexpected SW’]LLmng of diastereoselect |v'it'y' along with very high
enantioselectivity in the reaction with pivalaldehyde. We have already reported that the asymmetric aldol reaction
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of a variety of aldehydes with a silyl nucleophile derived from phenyl propionate (E-isomer 98%) resulted in
moderate anti-diastercoselectivity with relatively low enantioselectivity.® Contrary to the generality, when we
used pivalaldehyde and silyl nucleophile 3 (E/Z = 85 : 15), the syn isomer was obtained as a major product
(22 : 1) with 96% ee, as shown in eq. 1.7 The result is really surprising. This unexpected switching of
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diastereoselectivity observed in the reaction of the bulky aldehyde can be rationally explained by merging Corey’s
hydrogen bond model between the aldehyde hydrogen and the catalyst borane-ring oxygen® and Yamamoto’s
extended transition model® as A depicted in Fig. 1 where B is destabilized by the gauche interaction between the
methyl and fert-butyl groups.'®
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Table 1 Chiral Oxazaborolidinone-Promoted Aldol Reaction with Aldehyde 4

Chirai Borane % Yield syn/ anti® syn B/ 5 anti® 8/6
1 (L-Valine) 34 2:1 75 53
2 (D-Valine) 87 4:1 >50:1 2>50:1

a) The syn/antiratio (5 + 7 /6 + 8 ) is corresponding to the diastereoselectivity of the reaction. b) The

SO

each syn(?7/5)and “anti 8/6) ratio is correspondmg to the enantloselectwlty of the reaction.
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satisfactory. However, by using chiral bora 2 d nved flom D—valme reaction procecded more smoothl),
aldols with moderate syn selectivity (7 is oredommanﬂ in 87% yield. Surprisingly, each

oive the corresnonding alds redominan
give the corresponding O 1th moderale syn selec

isomer obtained was almost enantiomerically single. The spatial orientation of the siloxy group at C-3 presum-
by the introduction of two methyl groups at C-2 affects the whole conformation of the aldehyde and

when the chiral borane coordinates to the aldehyde, an adequate fitness between the stereocenters of the catalyst
the substrate (at C- 3) might be requested for the stereochemical outcome expected from the catalyst control.
The reaction with 1 (from L-valine) lost the catalyst control because of the stereochemically mismatching interac-

tions. However, even in such a complex case, the reaction with 2 gave the products with the stereochemistry at



C-3 which is the same as that expecied from the cataiyst controi. An effective approach of the siiyl nucieophiie
may lake place via a path like B in Fig.2.?
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Next, we shifted our attention to the reaction of more complex aldehyde 9, in which the arrangement of the
trimethylsiloxy group is more compressed by an allylic strain from the back olefin (eq. 3)." The enhanced steric
TBSO TMSO © Chiral Borane (1.1 equiv.)
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Table 2 Chiral Oxazaborolidinone-Promoted Aldo! Reaction with Aldehyde 9
Chiral Borane % Yield syn/anti® syn® 1012  anti® 11 13
1 (L-Valine) 92 101 12:1 10:1
2 (D-Valine) 54 451 41 1.5 1
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iol
bulkiness slightly depressed both diastereo- and enantioselectivities, as summarized in Table 2. However, chiral
borane 1 underwent the condensation to give the aldols with rather high syn selectivity (10 : 1) in 92% yield. The
facial selectivity of each syn and anti isomer was still considerably high (>10: 1). This result is also a casc of the
catalyst control; here the stereochemistry at C-3 of aldehyde 9 is reverse to that of aldehyde 4 so that the catalyst
control appeared in the reaction with 1, according to the same mutual stereochemical relationship, as shown in
Tables 1 and 2.

The most impressive feature of this report is the finding of the limitations of the catalyst control in the chiral
oxazaborolidinone-promoted asymmetric aldol reaction, which will allow us to use in safety the catalyst control
for a variety of aldehydes in practical cases of synthesis. Further studies to develop this methodology in the
synthesis of macrolides are underway in our laboratories.
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Prolonged reaction time (> 20 h) is necessary to get acceptable yields along with the use of a stoichiometric
amount of chiral oxazaborolidinones. The stereochemistry of all products was confirmed by using NOE
experiments of the derived acetonides.

Aldol 7: [a]®,, -8.4 (c 0.48, CHCL,). IR (neat): 3478, 1736, 1712 cm™. IH NMR (CDCl,, 400 MHz): &
(ppm) 0.00 (s, 6H), 0.08 (s, 9H), 0.67 (s, 3H), 0.77 (s, SH), 0.78 (s, 3H), 1.10(d, 3H, J =7.08), 1.13 (t, 3H,

J=7.08), 1.32- 141 (m, 1H), 1.74-181 (m, 1H), 2.62 (dq, 1H, J = 5.36,7.07), 2.83 (d, 1H, ] = 3.90),3.48
-3.64 (m,3H),3.77 (dd 1H, 1 =3.88,5.12),3.99 (¢, 2H, ] = 7.07). 13C NMR (CDCl3, 100 MHz): & (ppm)
-58,0.2,129,13.5,17.7, 19.0, 19.5, 254,353, 41.0,42.2, 59.8,60.4, 74.5, 76.1, 176.5.

Aldol 10: [a]P,, +22 (¢ 0.60, CHCL,). IR (neat): 3485, 1712 cm™. 'H NMR (CDCL,, 400 MHz): & (ppm)
0.05 (s, 3H), 0.06 (s, 3H), 0.10 (s, 9H), 0.70 (s, 3H), 0.89 (s, 9H), 0.88 (1, 3H, J = 7.07), 0.92 (s, 3H), 1.23 (d,

0
3H,J=7.07),1.25(d,3H,J=7.07), 1.22 - 1.41 (m, 8H), 1.59 (s, 3H), 2.18 (br. t, 2H, ] = 6.83), 2.65 (dq, 1H,
J=6.59,7.07),3.67-3.73 (m, 1H),3.71 (d, 1H,J =1.71),3.93 (dd, 1H, J = 1.71, 6.59),3.99 (s, 1H), 4.12 (m,
2H), 5.38 (t, 1H, J = 6.83). 13C NMR (CDCI3, 100 MHz): & (ppm) -4.5, -4.3, 0.0, 13.8, 14.1, 14.2, 16.9,
18.12,21.51,22.7,25.2, 26.0,32.0,35.6,36.7, 41.7, 43.0, 60.3, 71.8, 77.7, 87.4, 126.4, 136.35, 176.8.
The aldol reaction of the TBS-protected aldehyde no longer proceeds because of over steric bulkiness. The

evidence supports the mechanistic explanation with Fig. 2



