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Abstract: The symmetry breaking of meso primary diols
bearing a tetrahydropyran ring was employed, using catalytic
asymmetric acyl transfer, to control all-carbon quaternary
stereocenters. The planar chiral Fu DMAP catalyst was used in
this reaction to reach a high degree of enantioselectivity (up to
97:3 e.r.) through a synergic effect combining a desymmetriza-
tion step and a kinetic resolution. Moreover, a beneficial effect
was exhibited by C6F6 solvent, yielding the first example of an
organocatalyzed asymmetric acyl transfer. The desymmetrized
monoesters were then used to obtain, after a straightforward
ring opening sequence, complex polyketide building blocks
bearing all-carbon quaternary stereocenters.

Enantioselective access to all-carbon quaternary centers has
been clearly identified as a challenging area of research,[1]

particularly for acyclic systems. Among the catalytic processes
used to reach this goal, the classic approach consists of the
creation of the quaternary center concomitant with its
stereocontrol. An alternative to this approach is the enantio-
selective desymmetrization of molecules bearing the pre-
existing all-carbon quaternary center(s). Indeed, this power-
ful strategy separates the task of quaternary center generation
from the task of its enantiocontrol. In this field, two types of
achiral molecules could then be envisioned: prochiral pre-
cursors or meso compounds[2] (Scheme 1). Whereas prochiral
molecules hold a unique quaternary center in their plane of
symmetry, meso compounds possess several stereogenic
centers out of their symmetrical element. As a consequence,
the level of complexity reached through desymmetrization of
meso molecules is much higher than that from prochiral
molecules. Surprisingly, although several studies have been
published on the catalytic enantioselective desymmetrization
of prochiral precursors to control all-carbon quaternary
stereocenters,[3–5] none, to the best of our knowledge, has

been reported starting from meso compounds bearing qua-
ternary centers out of the plan of symmetry.[6]

To fill this gap, we targeted the desymmetrization of meso
diols bearing revealable stereocenters. Among the enantio-
selective catalytic methods of desymmetrization of meso diols,
asymmetric acyl transfer takes a central place with a long
hegemony of biocatalysis.[7] This transformation furnished
several valuable building blocks for total synthesis.[8] We
recently reported the desymmetrization of meso primary diols
with a high level of enantioselection using an enzyme,
Rhizomucor meihei lipase.[9] However, this catalyst was not
effective with hindered meso compounds bearing all-carbon
quaternary stereocenters, such as 2a (Scheme 2). To circum-
vent this absence of reactivity, we envisioned a chemical
alternative requiring a nucleophilic organocatalysis approach
as a valuable answer to the major drawbacks encountered
with enzymes, namely the lack of tolerance towards substrates
and the access to only one out of two enantiomers. Never-
theless, few studies have been conducted on prochiral primary
diols bearing a quaternary center[10] (Scheme 2, Eq. (1)). As
for the organocatalyzed desymmetrization of meso primary
diols by acyl transfer, a unique case was reported by Oriyama
et al.[11] (Scheme 2, Eq. (2)). We assume that the difficulty in
reaching a good level of enantioselection[12] mainly explains
this lack of studies on meso primary diols. As a consequence,
these substrates can be considered as challenging ones for
non-enzymatic desymmetrization by acyl transfer.[13] In this
paper, we aim to report the first efforts towards the
stereocontrol of all-carbon quaternary centers by desymmet-

Scheme 1. Comparison of desymmetrizing approaches using prochiral
or meso compounds in the stereocontrol of all-carbon quaternary
centers.
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rization of meso primary diols using nucleophilic organo-
catalysis (Scheme 2, Eq. (3)).

Among the variety of organocatalysts able to desymme-
trize meso diols,[14] chiral dialkylaminopyridines derivatives[15]

are very popular for enantioselective acyl transfer, owing to
their efficiency.[16] The commercially available and versatile
ferrocenyl Fu catalysts[17] exhibited a single excellent result
with a meso secondary diol,[18] but no study was reported on
meso primary diols with these catalysts. Moreover, this
catalyst is known to be highly selective in the case of
enantioselective acyl transfer on secondary alcohols bearing
b substituents with p substituents, such as aromatic rings or
multiple bonds in the vicinity of the hydroxy group.[17]

Based on these considerations, we started the optimiza-
tion[19] with catalysts 1a and 1b, using 2a as model substrate.
The first attempts, using catalyst 1a under the conditions
described by Fu and using 2-methyl-2-butanol (tert-amyl
alcohol, t-AmOH) as solvent gave encouraging results.
Indeed, monoacetate 3 a was obtained in 57% yield with
a very good enantioselection (e.r. = 92:8; Table 1, entry 1)
accompanied by a significant amount of diacetate 4a. Catalyst
1b led to a racemic mixture (entry 2), thus showing the strong
influence of the cyclopentadienyl (Cp) ring substituents.
Replacing Et3N as the base by iPrNEt2 slightly improved the
yield and the enantioselectivity up to 94:6 e.r. (entry 3). A
solvent screen highlighted the high selectivity obtained for
monoacetate 3a in CHCl3 (88 %), but also it revealed a drop
in enantioselectivity for this solvent (entry 4). Hexafluoro-
benzene gave monoacetate 3a with excellent enantioselec-
tivity (e.r. = 95:5), but poor conversion (entry 5).

In an attempt to combine the excellent conversions in t-
AmOH or CHCl3 with the high enantioselectivity in C6F6, we
found that a mixture of these solvents in a 1:1 ratio was
effective (entries 6 and 7), and avoided the production of
diester 4a. Increasing the equivalents of base and acylating
reagent allowed to improve the yield and retain the level of
enantioselectivity. Various acylating reagents were also tested
in this reaction, but they did not improved both the reactivity
and the enantioselectivity.[19]

Interestingly, control experiments without catalyst
(entries 9 and 10) exhibited the formation of significant

amounts of monoacetate 3a and diacetate 4a after 16 h in t-
AmOH, but no acylation reaction occured in the C6F6/CHCl3

solvent system, except when increasing the amount of
acylating reagent and base (entry 11).

To explain the high level of enantioselection during this
non-enzymatic symmetry breaking, we proposed that the
present desymmetrization belongs to a particular class of
reactions characterized by the synergic combination of a true
desymmetrization reaction and a kinetic resolution
(Scheme 3),[20] with the nucleophilic catalyst being involved
in both processes. The formation of the initially undesired
diacetate 4a could be beneficial, if it arises from the
consumption of the minor enantiomer of 3a. Typically, the
case where k1> k2 and k4> k3 represents a favorable scenario
to obtain monoacetate 3a with high enantioselectivity. To
experimentally underscore this synergic connection, a follow-
ing of the enantioselectivity of the product 3a versus time was
conducted using 1a as catalyst (Scheme 3). Under condi-
tions A (using t-AmOH as solvent) the enantiomeric ratio
increased over the course of the reactions from 81:19 after
30 min to 93:7 after 46 h. The same tendency was observed
under conditions B (with a solvent system combining C6F6

and CHCl3) starting from an e.r. of 75:25 after 30 min to 90:10
ratio after 48 h. These observations validated our hypothesis
in both solvent systems (Scheme 3). It is important to notice
that the enantioselectivity obtained under conditions A
(Table 1, entry 3) results from a desymmetrization reaction/
kinetic resolution process, whereas the enantioselectivity in
C6F6 (e.r. = 95:5) comes from a true desymmetrization

Scheme 2. Desymmetrization with prochiral or meso primary diols.

Table 1: Optimization of the non-enzymatic desymmetrization of 2a.

Entry Cat. Solvent Conv. [%][a] 3a [%][b] 4a [%] e.r.[c]

1[d] 1a t-AmOH 90 60 (57) 30 92:8
2[d] 1b t-AmOH 53 41 (23) 12 50:50
3 1a t-AmOH 96 72 (68) 24 94:6
4 1a CHCl3 98 93 (88) 5 77:23
5 1a C6F6

[e] 7 7 (5) 0 95:5
6 1a C6F6/t-AmOH[f] 60 57 (53) 3 91:9
7 1a C6F6/CHCl3

[f ] 65 65 (58) 0 90:10
8[g] 1a C6F6/CHCl3

[f ] 90 83 (75) 7 90:10
9 none t-AmOH 50 32 18 –
10 none C6F6/CHCl3

[f ] 0 0 0 –
11[g] none C6F6/CHCl3

[f ] 7 7 0 –

[a] Determined by 1H NMR analysis of the crude reaction mixture.
[b] Yields of isolated products are given in parentheses. [c] Determined
by HPLC analysis on a chiral stationary phase (Chiralpak AS-3),
n-hexane/isopropanol 80:20, 1 mLmin�1, DAD and polarimeter. [d] Et3N
was employed as base. [e] Performed at 4 8C. [f ] 1:1 ratio. [g] Ac2O
(3 equiv) and iPrNEt2 (3 equiv) were employed.
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reaction (Table 1, entry 5). Owing to the aromatic structure of
the catalyst 1a, p–p complexation(s) could be postulated
between C6F6 and the chiral DMAP derivative 1a (DMAP =

dimethylaminopyridine).[21] The role of this solvent remains
unclear, but it seems that the observed enhancement in
enantioselectivity would result from a hindered supramolec-
ular entity more discriminating than the catalyst without C6F6.
This hypothesis could also explain the lower conversion.
Additionally, no evolution of the enantiomeric ratio of
monoacetate 3a was observed under conditions A without
acetic anhydride, which demonstrates the irreversibility of the
acylation reaction (thus avoiding an eventual racemization
process during the transformation).

The absolute configuration of the desymmetrized mono-
acetate ent-3a, obtained using (R)-ferrocenyl-DMAP ent-1a
as catalyst, was determined by X-ray diffraction of the
corresponding crystalline tosylate[23] (see the Supporting
Information).

With these optimized conditions, several meso primary
diols were submitted to both desymmetrization conditions A
and B (Scheme 4). Generally, slightly better enantioselectiv-
ity was observed under conditions A than under conditions B,
but higher yields were obtained with the latter. The sub-
stitution pattern on the a-face of the two quaternary centers
has a significant effect on the stereoselectivity. Indeed, when
this face was blocked by methyl groups in the 3 and 5 positions
of the tetrahydropyran (THP) ring (3 a, 3b, and 3c) very good
selectivities (up to 94:6 e.r.) were observed. The level of
enantioselectivity was improved by exchanging the methyl
groups for ethyl groups, as in 3d, 3 e, and 3 f, reaching up to
97:3 e.r. This transformation also tolerates several hydroxy
protecting groups on the prostereogenic 4 position, such as
methylether (3a), benzylether (3b), or benzoate (3 i). The

inversion of the prostereogenic center in the 4 position of the
THP ring of diol 2g led to a significant loss of enantioselec-
tivity for monoester 3g, as compared to its diastereomer 3a,
which was formed from 2a. The lower reactivity and
selectivity for 2h could be explained by a dramatic increase
in steric hindrance around the quaternary centers bearing
here phenyl and benzyl groups. Interestingly, the desymmet-
rization conditions also gave good results with substrate 2 i,
which was successfully employed in reactions with Rhizomu-
cor meihei lipase.[9] Lower yields were obtained under both
conditions owing to the higher reactivity of diol 2 i with less
steric hindrance in the 3 and 5 positions of the THP ring,
which gave larger amounts of diester. Additionally, the
desymmetrizations of ent-3a and 3d were performed on
larger scales (respectively on 600 mg and 300 mg) under
conditions A with reproducible yields and enantioselectivi-
ties.

With these building blocks in hand, we decided to convert
the two diastereomeric enantioenriched monoacetates 3a and
3d, which contain the THP systems in acyclic stereotetrads
(Scheme 5). The three-step sequence (iodination of the
hydroxy group, Zn-mediated reductive ring opening, and
mild hydrolysis) provided diastereomeric diols 5a and 5d
from 3a and 3d, respectively, without erosion in enantiose-
lectivity. This global transformation offers privileged access to
stereotetrads using an enantioselective organocatalytic
method. A high level of complexity was obtained with
building blocks bearing three differentiable hydroxy func-
tions, and four contiguous stereogenic centers, including two

Scheme 3. Experimental evidence for the combination of a desymmetri-
zation reaction coupled to a kinetic resolution by monitoring of the
enantioselectivity over time. Conditions A (^), conditions B (&).

Scheme 4. Scope and limitation of the non-enzymatic desymmetriza-
tion. Unless otherwise specified, reactions performed with 2 on
a 0.2 mmol scale. [a] Performed on a 600 mg scale. [c] Performed on
a 300 mg scale. Ac = acetyl, Bn = benzyl, Bz = benzoyl.
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all-carbon quaternary ones. In both cases, the quaternary
stereocenters bear methyl and ethyl groups, which are quite
difficult to discriminate through other approaches.[23]

In conclusion, in this preliminary communication we have
described the first cases of catalytic enantioselective non-
enzymatic desymmetrizations of meso compounds bearing
all-carbon quaternary centers. This was achieved through
a challenging transformation, an asymmetric acyl transfer to
primary diols, with an enantioselective ratio of up to 97:3. This
is the first example of the use of a chiral Fu DMAP to
desymmetrize meso primary diols. From a mechanistic point
of view, we showed that this symmetry breaking was in fact
the result of the combination of a desymmetrization reaction
and a kinetic resolution. Moreover, it was shown that building
blocks containing up to five stereogenic centers can be easily
converted into complex polyketide fragments, which could be
useful in the synthesis of analogues of natural products.
During this study, important solvent effects were noted with
C6F6 which, we assume, interacts with the catalyst to produce
a supramolecular entity that is more efficient, in terms of
enantioselectivity, than the catalyst alone. This hypothesis will
be examined in further detail in due course.
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