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Unexpected Diastereoselectivity in AD of an
L.-Proline.Derived 1,1-Disubstituted Alkene
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(DHQ)?PHAL. or (DHQD)2PHAL unexnectedlv leads to preference for the same diastereomer 7, oth reacnons

proceeding with apparently matching double diastereoselectivity. In contrast, AD using the analogous
(DHQ)2PYR or (DHQD)2PYR ligands leads to preferences for diols 7 or 8 respectively.
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Catalytic asymmetric dihydroxylation (AD) using cinchona alkaloid-derived catalysts developed by
Sharpless and co-workers! has become a widely used methodology in recent years. The mnemonic proposed by

Sharpless and co-workers is
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of examples illustrating the subtleties of mechanism which can lead to unanticipated changes in selectivity. For
example, while appropriately substituted 1,1-disubstituted alkenes can be dihydroxylated in good e.e., the nature
of the substituents can drastically affect the degree and even the sense of selectivity. Such substrates with similar
substituents or with an oxygen containing substituent tend to be poor substrates.!2-b Hale's group have reported
that the nature of an oxygen substituent on 1,1-disubstituted alkenes can switch the facial selectivity,* while the
enantiofacial preference of AD of a-substituted styrenes has recently been shown to switch with a change in the

Using chiral enantiopure substrates offers the prospect of matching and mismatching diastereomeric

s f i {ent on the substrate facial selectivity for dihiydroxylation and the catalyst-
mediated facial selectivity related to the substituents on the double bond (using either Corey or Sharpiess
rationales). Recently, Smith and co-workers reported the use of AD in a synthesis of calyculin where both ligand
series catalysed AD reactions of a terminal, mono-substituted, alkene within a complex homochiral intermediate
with the same sense of diastereoselectivity.0 Similarly, unexpected diastereomeric outcomes have been observed
by Carreira's group with a chiral trans-disubstituted alkene during synthesis of the zaragozic acids.’

Herein we report that AD of the chiral 1,1-disubstituted alkene § proceeds with the same sense of

diastereoselectivity using either pseudo-enantiomeric AD ligands (DHQD )>PHAL or (DHQ)2PHAL., and, in both

rasos with enhanced diastereoselectivity comnared to the use of achiral dihvdroxvlation reaction conditions. This
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analogous AD reactions with PYR series ligands gave the predicted differing diastereomeric preferences.
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In several nroiects we have addressed the utilitv of AD for matchine double diastereoselective reactions. and
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! We aimed to evaluate firstly the extent of substrate
diastereoselectivity, and to then compare this with the use of either pseudo-enantiomeric AD ligands in both
PHAL and PYR series, expecting one ligand in each series to lead to enhanced diastereoselectivity through
matching double diastereoselection. Alkene § was prepared from L-proline 1 via the known CBZ-protected
methyl ester derivative 2. Reduction to the alcohol and oxidation using either Swern conditions or Dess-Martin
periodinane provided aldehyde 3. Reaction with MeMgBr tfollowed by oxidation then provided ketone 4, which
underwent Wittig reaction to provide the substrate alkene 5. Alternatively, using the method reported by
Overman and Bell 8 the intermediate ketone was converted dire ctly to the tertiary alcohol 6 by reaction with 2
equivalents of MeMgl, which then underwent elimination using SOCly to provide alkene §, however, in our
hands this elimination proceeded only in modest yield (and

internali aikene).

;/"COEH 2%  Tcno  71% ?I'//O 55% i
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i, benzy! succinimidyl carbonate, ~_ \ vii
NaHCO;; ii, BH .DMS; iii, Swern NZ
or Dess-Mar perlodmane iv, MeMgBr; "KOH 55%

v, Ph3P=CH2, vi, (MeO),Me,, cat. HCI;
vii, MeMgl (2 eq.); vii, SOCl,, Py. 6

Dihydroxylation of § was carried out using OsO4 under achiral catalytic conditions, and under standard AD
conditions using either AD-mix o (containing (DHQ)2PHAL as chiral ligand) or AD-mix B (containing

(DHQD),PHAL). The diastereomeric ratios were determined by g.c. analysis? (Figure 1) and corroborated by
1 NMR 10 inteoratione of the methyl cionale (Kiagure 21 The achiral dihvdroxvlation reaction affarded an
H NMR! integrations of the methyl signals (Figure 2). The achiral dihydroxylation reaction afforded an

approximately 1:1 mixture of diastereomeric products 7 and 8 in good yield, with a slight excess of 7 (about 2%
d.e.). This indicates little significant substrate directing ability for any mismatching catalyst-substrate
combination to overcome. Catalytic AD reactions using AD-mix f§ or AD-mix « in both cases gave ciean diol
products. Applying the Sharpless mnemonic would predict that AD-mix & would favour formation of 7, and
using AD-mix B would favour 8. When the AD reaction using AD-mix o was carried out on 5. the
diastereomeric ratio of products 7:8 was 1.9:1,!1 an enhancement on the diastereoselectivity observed in the
absence of chiral additives, and in the direction anticipated from the simplest application of the mnemonic for this

(i.e. DHQ) ligand type. This could indicate matching double diastereoselection, in which case, it would be

if any, in the opposite sense, and thus lead to

diastereofacial selectiviry, though differing enhancement relative to substrate control.






