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Abstract: A dramatic reversal of n-facial selectivity in the osmium-catalyzed asymmetric
dihydroxylation (AD) of an exocyclic olefin is reported; wherein, switching from a phthalazine-
linked ligand to a pyrimidine-linked ligand led to the opposite enantiomer using the same psuedo-
enantiomer of the cinchona alkaloid.

In the course of a process research project, the osmium-catalyzed asymmetric dihydroxylation (AD) of
olefin 1 was studied using Sharpless' heterocycle linked, bis-cinchona alkaloid ligand system.l As detailed
below, a remarkable dependance of the m-facial selectivity on the nature of the heterocyclic linker was
discovered.

Table. Asymmetric Dihydroxylation of 1
Me

MeO Me 4o — OH
Me a MeO. Me
Me 0 Me Me o Me

Entry  Alkalold  Linker ee(%)° Abs Cont®

1 DHQ PHAL 32 s \/Z;ﬂ
L
2 DHQD PHAL 36 R MeO.
.
3 DHQ PYR 86 R N
DHQ (dihydroquinine) DHQD (dihydroquinidine)
4 DHQD PYR 93 s
Linkers
2) 1 mol% K,050,(0H),, 3.0 eq K,Fe(CN),, 2.0 eq N:N Ph
p-TolSO,;NH,, 3.0 ¢q K,CO;, 1 mol% ligand, 'BuOH/H,0, ri. A0 - OAK AlkO\A( OAlk
b) Determined by 'H NMR of the mono Mosher's ester derivative. Ng N
¢} See text for sl Y
Ph
PHAL-class (AD-mix) PYR-class

3-Methylidene-4-methoxy-2,2,3,5,6-pentamethyl-(2H)-benzofuran (1) was prepared according to a
procedure described elsewhere.2 Treatment of 1 with the commerically available, phthalazine based AD-mix o
or B® under standard conditions resulted in minimal conversion after 48 hr. Fortification of the AD-mix® with
additional osmium (total loading 1 mol%) and addition of p-toluenesulfonamide3 (2.0 eq relative to olefin) did,
however, lead to smooth conversion of this sterically demanding olefin to the desired diol 2 in good yield (85-
90%). The enantiomeric excess (ee) of the respective dihydroxylations was, however, far from satisfactory with
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the DHQ-ligand (AD-mix o) giving a 32% ee and the DHQD ligand (AD-mix B) providing only a marginally
improved 36% ce.

Much better results were observed when the dihydroxylation was performed in the presence of the
pyrimidine based ligands (DHQD2PYR and DHQ2PYR).4 The DHQD2PYR reaction gave a 93% ee while the
DHQ?2PYR gave a slightly reduced 86% ee. Surprisingly, the major enantiomer in the pyrimidine
(DHQD2PYR and DHQ2PYR) catalyzed reactions was the minor enantiomer in the phthalazine catalyzed
(DHQD2PHAL and DHQPHAL) reactions. In other words, changing the heterocyclic spacer from phthalazine
to pyrimidine while keeping the chiral, cinchona alkaloid constant reversed the sense of the n-facial selectivity of
the dihydroxylation.

Attempts to unequivocally assign the absolute configuration of the diol products (2) have not been
successful. The absolute stereochemical assignments indicated in the table are tentatively based on the
assumption that the PHAL ligands follow the facial selection rules established by Sharpless’ mnemonic> while
the PYR ligands generate the opposite facial selectivity. Concurrent results from the Sharpless lab concerning
the AD of a series of sterically hindered 1,1-disubstituted styrenes related to 1 have confirmed the generality of
the observed heterocycle-dependant reversal of facial selectivity and support the absolute configuration
assignments in the table.6 Among the several olefins that have been shown to undergo linker-dependant reversal
of facial selectivity, olefin 1 displays the largest change in ee yet observed.6a

Any attempts to rationalize these results based upon the models and mnemonics developed to predict the
enantioselectivities of the AD are beyond the scope of this Letter.? Still, it seems quite clear that the dramatic,
linker-dependant reversal of facial selectivity in the osmylation of this 1,1-disubstituted olefin must represent
profound changes in the binding of the olefin (1) to the OsO4L complex. We hope that these data will be useful
in the further refinement of such models and will be of use in future synthetic applications of the cinchona
alkaloid based AD technology.
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