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ABSTRACT

A strategy for the synthesis of differentiated vicinal tertiary diols is described. The key step is a high-yielding, diastereoselective LaCl3 3 2LiCl-
mediated addition of a Grignard or organolithium reagent to ketone 2a. The reaction is believed to proceed via a 1,3-chelated intermediate. One of
the adducts has been transformed into a functionalized cyclopentenone resembling the core structure of pactamycin.

Vicinal tertiary diols and their derivatives occupy a
prominent place in organic chemistry, in part because
of their presence in bioactive natural products such as
zaragozic acidC,1 pactamycin,2 and ryanodine3 (Figure 1).
A variety ofmethods4 including dihydroxylations,5 pinacol

couplings,6 and rearrangements7 have been utilized for
their synthesis. However, most of these protocols were
developed for specific applications and have not been
generalized. Accordingly, there is a clear need for an
efficient, stereoselective, and broadly applicable strategy
for constructing vicinal tertiary diols.

Figure 1. Naturally occurring vicinal tertiary diols.
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We recognized that sequential additions of Grignard
reagents or related nucleophiles to ketones would provide
a straightforward means of accessing the desired com-
pounds. This strategy is outlined in Scheme 1. Addition
of isopropenylmagnesium bromide to differentiated dihy-
droxyacetone derivative 1would furnish a tertiary alcohol.
Protection of this alcohol and ozonolysis of the alkene
would provide ketone 2. Then, addition of Grignard or
organolithium reagents to the ketone would deliver the
targeted vicinal tertiary diols 3. The judicious choice of
protecting groups R1�R3 would permit selective elabora-
tion of these compact, highly functionalized adducts.
We were intrigued by the simple and direct nature of this
route combined with the expected utility of the products.
Nucleophilic additions to protected R-tert-hydroxy ke-
tones have been reported, primarily in the context of total
synthesis efforts.4a,8However, to the best of ourknowledge
a study of the stereoselectivity, scope, and limitations
of additions to simple ketones of type 2 has not been
described. With the goal of developing a broadly useful
method for constructing vicinal tertiary diols, we set
out to identify suitable protecting groups R1�R3 capable
of enabling high-yielding, diastereoselective additions of
Grignard and organolithium reagents to 2.

A set of ketones bearing different protecting groups
was synthesized, and the preparation of 2a is shown in
Scheme2asa representative example.9Methoxymethylation
of known 1,3-dihydroxyacetone derivative 410 provided
the differentially protected intermediate 5. Addition
of isopropenylmagnesium bromide to 5 was facile, but
TBS protection of the resulting tertiary alcohol 6 was
sluggish, furnishing 7 in moderate yield along with some
recovered starting material. Then, ozonolysis of the
1,1-disubstituted alkene delivered methyl ketone 2a.
Upon examining the addition of isopropenylmagnesium

bromide to ketone 2a, we discovered that LaCl3 3 2LiCl
11

was essential to obtaining high yields of the adduct 3a

(Table 1). Notably, this additive was significantly more
effective thanCeCl3.

12Wewerepleased to find that alcohol
3a couldbeobtained in excellent (19:1) drwhen the reaction
was conducted in a THF�CH2Cl2 mixed solvent system.
Additions performed in pure THF were characterized by
lower dr values (ca. 7�10:1),13 so the mixed solvent system
was employed to study additions to ketones 2b�g. Repla-
cing the TBDPS ether of 2a with a smaller TBS ether (i.e.,
2b) afforded decreased diastereoselectivity. Substitution of
a benzyl ether for theMOMgroup led to similar or slightly
attenuated dr values (cf., 2a and 2e, 2b and 2c). A bulkier
BOMgroup could be used in place of theMOMgroupwith
excellent results (cf., 2a and 2g). Importantly, all of the
ketones examined underwent LaCl3 3 2LiCl-promoted
Grignard addition with high yields and synthetically useful
levels of diastereoselectivity with the sole exception of 2d.
Presumbly, the presence of two protecting groups capable
of chelation allows nucleophilic addition to this substrate to
occur via competing pathways.

Scheme 1. Proposed Synthetic Strategy

Scheme 2. Synthesis of Ketone 2a

Table 1. LaCl3 3 2LiCl-Mediated Grignard Additions to 2a�g

ketone R1 R2 R3 % yielda drb

2ac MOM TBDPS TBS 96 19:1

2b MOM TBS TBS 90 5.1:1

2c Bn TBS TBS 89 5.8:1

2d Bn TBS MOM 74 1.6:1

2e Bn TBDPS TBS 98 10:1

2f Bn TBS TES 76 7.7:1

2g BOM TBDPS TBS 91 19:1

aCombined isolated yields of both diastereomers. bDetermined by
1H NMR. cTHF�CH2Cl2 3:1 was employed as solvent.
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The relative stereochemistry of alcohol 3a was assigned
as outlined in Scheme 3. Selective removal of the MOM
ether failed under a variety of conditions but was accom-
plished via the protocol of Tokuyama and Fukuyama,
which enlists pentamethylbenzene as a cation scavenger
and BCl3 as a Lewis acid.14 This method was initially
devised for the deprotection of aryl benzyl ethers, and we
are unaware of any prior examples of its use for MOM
ether cleavage. Notably, unreacted pentamethylbenzene
could be recovered cleanly from the reaction mixture.
Then, formation of a six-membered cyclic acetonide from
the resulting diol 8 furnished 9. Diol epi-8, which was
derived from MOM deprotection of a mixture of 3a and
its epimer followed by chromatographic separation, was
transformed into the corresponding acetonide epi-9. Inter-
estingly, the ketalization of epi-8 proceeded in the presence
of PPTS, whereas TsOH 3H2O was required to promote
ketalization of its diastereomer 8. The NOESY spectra of
9 and epi-9 displayed several diagnostic through-space
correlations as illustrated in Scheme 3, thereby enabling
us to determine the relative stereochemistry of the vicinal
tertiary diol moiety.

The observed diastereoselectivity in the LaCl3 3 2LiCl-
promoted Grignard addition to ketone 2a is consistent
with the pathway depicted in Scheme 4. The improved dr
obtained with the noncoordinating cosolvent CH2Cl2
suggests that 1,3-chelation control15 may be operative.
Thus, addition of the nucleophile to the less-hindered
face of 1,3-chelated intermediate A provides the observed
product 3a. When the reaction is conducted in pure THF,
a less-selective nonchelated addition process may become

competitive because of disruption ofA by the coordinating
solvent. Although other alcohol protecting groups might
be suitable, from the ketones 2a�g examined to date it is
clear that the combination of the bulky TBDPS ether and
the somewhat smaller TBS ether enables a high degree of
diastereocontrol.

The scope of diastereoselective additions to ketone 2a

was then explored with various nucleophiles. Alkyl and
allyl nucleophiles furnished the tertiary alcohol adducts in
excellent yields and dr’s (no minor isomers were detected),
and an alkyllithium reagent was viable as long as the reac-
tion was performed in pure THF (Table 2, entries 1�3). In
contrast, phenyl and vinyl Grignard reagents reacted with
attenuated levels of diastereoselectivity (entries 4 and 5).
Although an alkynyllithium reagent did not undergo
addition to 2a (entry 6), ethynylmagnesium bromide furn-
ished adduct 15 in good yield and dr (entry 7).

Differentiated vicinal tertiary diols 3 and 10�15 contain
several functional groups that are amenable to further
elaboration. To demonstrate the synthetic potential of
these compounds, diol 8 (derived from adduct 3a, see
Scheme 3) was transformed into cyclopentenone 18, which
contains the vicinal tertiarydiol subunitof the cyclopentane

Scheme 3. Assignment of Relative Stereochemistry

Scheme 4. Rationale for Stereocontrol

Table 2. Additions of Selected Nucleophiles to Ketone 2a

entry Nu�X product % yielda drb

1c Bu�Li 10 99 >19:1

2 Bu�MgCl 10 99 >19:1

3 Allyl�MgBr 11 93 >19:1

4 Ph�MgCl 12 98 5.1:1

5 Vinyl�MgBr 13 98 5.0:1

6 TMSCtC;Li 14 nrd �
7 HCtC;MgBr 15 64 10:1

aCombined isolated yields of both diastereomers. bDetermined by
1HNMR. cPure THFwas employed as the solvent, and the reactionwas
conducted at�20 �C. dNo reaction occurred in either THF�CH2Cl2 1:1
or pure THF.
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core of pactamycin.16,17 Oxidation of the primary alcohol
by IBX furnished aldehyde 16, which was subjected to a
one-pot ozonolysis/aldol cyclization process. Diol 17 was
obtained in 48% overall yield from 8 along with a small
amount (9%) of cyclopentenone 18. Selective dehydration
of 17 produced 18 in 60% yield, raising the overall yield of
18 to 38% from 8 (Scheme 5).
In conclusion, we have devised a strategy for the diaster-

eoselective synthesis of differentiated vicinal tertiary diols.
A range of Grignard and organolithium reagents can be

employed in high-yielding LaCl3 3 2LiCl-promoted addi-
tions to ketone 2a, which in turn is available via a short
sequence from a known 1,3-dihydroxyacetone derivative.
We propose that a 1,3-chelated intermediate is responsible
for the high diastereoselectivities of the addition reactions.
To illustrate theutility of thismethod,we convertedadduct
3a into cyclopentenone 18, which resembles the congested
cyclopentane core of pactamycin. In order to access targets
such as zaragozic acid C and ryanodine, more elaborate
ketones replacing the methyl group of 2a with functiona-
lized alkyl groups would be required. Although our study
was limited to racemic compounds, 2a or related ketones
should be accessible in optically active form via enantio-
selective cyanosilylation18 or enzymatic desymmetriza-
tion.19 Future work will involve the application of this
strategy to the construction of complex natural products.
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Scheme 5. Synthesis of Cyclopentenone 18
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