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ABSTRACT

We describe the desymmetrization of meso-glutaric anhydrides to chiral hemiesters using a bench-stable homodinuclear Ni2-(Schiff base)
complex as the catalyst in good to excellent yield (up to 99%) and enantioselectivity (up to 94%). Using the opposite enantiomer of the catalyst, we
obtained the same yield and enantioselectivity with the opposite configuration, thereby gaining access to both hemiester enantiomers.

Stereoselective catalytic desymmetrization of meso-an-
hydrides is a versatile tool in organic synthesis for the
construction of many bioactive scaffolds1 and provides
direct access to chiral compounds containing two chemi-
cally different carbonyl groups. Of particular importance is
the desymmetrization of meso-glutaric anhydrides, as the
resultant hemiesters are key intermediates inmany pharma-
cologically important molecules (Figure 1).2 In our pursuit
of an enantioselective total synthesis of caprazamycin B,

we envisioned desymmetrization of 3-methyl glutaric anhy-
dride as a key transformation.

Although there are a number of methods for the enantio-
selective ring opening of meso-cyclic succinic anhydrides3

(mostly using cinchona alkaloid-derived catalysts),

Figure 1. Structures of pharmacologically important compounds.
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desymmetrization with meso-glutaric anhydrides as
substrates using the same catalysts results in lower
enantioselectivity.
Recently, Song et al. reported enantioselective alcoholy-

sis of meso-glutaric anhydrides using a cinchona-based
sulfonamide catalyst.4 Although this synthetic method
affords chiral hemiesters with good enantioselectivity,
substrates having bulky 3-substituents such as OTBDPS,
OTBDMS, and i-Bu are generally used, and there is only
one example for a simple methyl-substituted glutaric anhy-
dride.Moreover, quinine andquinidine (pseudoenantiomer
of quinine)-derived cinchona organocatalysts do not have
similar reactivity and enantioselectivity in the desymmetri-
zation reactions.5Given the importance of these hemiesters,
however, a practical and more convenient method for
providing access to both enantiomers just by changing the
absolute configuration of the catalyst is desirable.
Initial screening of various metal catalysts (Figure 2)6

developed by our group for the methanolysis of 3-methyl
glutaric anhydride led us to select homodinuclear (R)-Ni2-
(Schiff base) complex (III)6d�f as a promising catalyst for
this reaction (Scheme 1).

Once we determined the catalyst system, we then
screened various solvents for the desymmetrization reac-
tion using 3-methyl glutaric anhydride and methanol as
the substrate. In general, the reaction gave slightly better
enantioselectivity and yieldwith halogenated solvents such
as CHCl3 and CH2Cl2 (Table 1, entries 5 and 6). The reac-
tion also gave almost similar enantioselectivity when using
1,4-dioxane andTHFas solvents (Table 1, entries 1 and 2). On the other hand, use of toluene, MTBE, and diethyl

ether (entries 7, 8, and 9) as solvents afforded lower
enantioselectivity but good yield.
In the next step, using CHCl3 as the solvent, we studied

the effect of reaction temperature and concentration.
Decreasing the reaction temperature from room tempera-
ture to�20 �C led to an increase in the enantioselectivity to
94%, which is the best enantioselectivity reported to date
for 3-methyl glutaric anhydride as the substrate (Table 1,
entries 10 and 11) in non-enzymatic reactions. Also, in-
creasing the concentration from 0.1 to 0.5 M reduced the
reaction time in contrast tomanyurea- and thiourea-based
organocatalysts as they generally require higher dilutions

Figure 2. Structures of various metal catalysts.

Scheme 1. Catalyst Screening

Table 1. Optimization of Reaction Conditionsa

aThe reaction was performed using 0.2 mmol of 1a and catalyst III.
bDetermined by 1H NMR analysis of the crude mixture. c ee was
determined by chiral HPLC analysis (see Supporting Information).
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to avoid hydrogen-bonding aggregates (Table 1, entries 13
and 14).3a,3d,7 Further increases in concentration reduced
the enantioselectivity.

After successfully optimizing the reaction conditions,
we attempted the desymmetrization of other anhydrides
with methanol (10 equiv) and 5 mol % of the catalyst to
show the generality of our methodology (Table 2). First,
ethyl-substituted glutaric anhydride was subjected to the
desymmetrization reaction, which gave the corresponding
hemiester in almost quantitative yield with good enantio-
selectivity (Table 2, entry 2). Phenyl-substituted glutaric
anhydride gave the resultant hemiester with slightly lower
enantioselectivity (80% ee) in 93% isolated yield (Table 2,
entry 3),whereas other aryl-substituted glutaric anhydrides
(Table 2, entries 5 and 6) gave better enantioselectivity with
good yield.

Ofparticular importance is the 4-fluorophenyl-substituted
glutaric anhydride 1e,8 which is a potential synthetic
precursor for the synthesis of potent P2X7 receptor
antagonists.2c Given the importance of fluoro compounds
inmedicinal chemistry, we also attempted the desymmetri-
zation of 3-trifluoromethyl-substituted glutaric anhydride.
Only moderate enantioslectivity was observed (Table 2,
entry 7), but this is notable as the first example of desym-
metrization with 3-trifluoromethyl glutaric anhydride as
the substrate.
We next attempted the desymmetrization reactionwith

various alcohols using anhydride 2a as the substrate.
The reaction was slow under the standard conditions

Table 2. Desymmetrization of Various Anhydridesa

aThe reaction was performed using 0.2 mmol of anhydride and
catalyst III. b Isolated yields. c ee was determined using chiral HPLC
analysis (see Supporting Information). d 0.05MCHCl3 solutionwasused.

Table 3. Alcoholysis of 3-Methyl Glutaric Anhydride 1aa

aThe reaction was performed using 0.2 mmol of 1a and catalyst III.
b Isolated yields. c ee was determined by chiral HPLC analysis (see
Supporting Information). dReaction was performed at�20 �C for 72 h.

Scheme 2. Synthesis of theOppositeEnantiomerofHemisester2aa

aThe reaction was performed using 0.2 mmol of 1a. b Isolated
yields. c ee was determined by chiral HPLC analysis (see Supporting
Information).
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(CHCl3,�20 �C;Table 2, entry 4); therefore,we performed
the alcoholysis of 3-methyl glutaric anhydride at 0 �C.
The reaction gave almost similar enantioselectivity at
0 �Candat�20 �C(Table 3, entries 3 and4). In general, the
enantioselectivity remainedalmost the same (90�92%) for
most of the alcohols (Table 3). Propargyl alcohol
derived hemiester 4e was obtained in excellent yield
(Table 3, entry 5).
Finally, to show the versatility of our reaction, we per-

formed the desymmetrization reaction using the (S)-Ni2-
(Schiff base) complex (opposite enantiomer) as the
catalyst. As expected, 3-methyl glutaric anhydride 1a

afforded an almost similar yield and the same enantio-
selectivity (Scheme 2, ent-2a). This widens the scope for
access to both of the enantiomers of hemiesters and
provides a major advantage over many of the previous
methods.
In summary, we developed a practical and more con-

venient method for the desymmetrization of 3-substituted
glutaric anhydrides using a bench-stable and commercially
availableNi2-(Schiff base) complex9 as the catalayst.Other
advantages include easy access to both hemiester enantio-
mer of using the corresponding Ni2-(Schiff base) complex

as the catalyst. Moreover, the hemiesters can be isolated in
good purity using simple workup procedures without
column chromatographic purification (see Supporting
Information). Studies of the desymmetrization of anhy-
drides using other nucleophiles are underway.
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