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Introduction

Enantiomerically pure 1,1′-biaryl-2,2′-dicarboxylic
acids 1 have received considerable attention as chiral
building blocks for such valuable compounds as chiral
catalyst for asymmetric epoxidation.1 While some excel-
lent asymmetric syntheses of 1 have been developed, they
still have such drawbacks as need for expensive chiral
catalyst or covalently bound chiral auxiliary for inducing
high stereoselectivities.2 Consequently, a number of
enantiomerically pure 1,1′-biaryl-2,2′-dicarboxylic acids
have still been prepared by the conventional optical
resolution.

We have recently reported a practical synthesis of a
C2-symmetric chiral binaphthyl ketone 2, an efficient
catalyst for asymmetric epoxidation (Scheme 1).3 The key
step of the synthesis involves an optical resolution of (()-
1,1′-binaphthyl-2,2′-dicarboxylic acid (()-1a with (R)-1-
cyclohexylethylamine used as a resolving agent to obtain
(R)-1a. To enhance the efficiency of the optical resolution,
an effective racemization of the unwanted enantiomer
(S)-1a has been highly desirable. However, (S)-1,1′-
binaphthyl-2,2′-dicarboxylic acid (S)-1a is too configura-
tionally stable to racemize even at 210 °C in tetralin.4

Concerning the racemization of the biaryl derivatives,
bridged biaryls have been reported to be configurationally

more labile than the corresponding ring-opened ones.5 We
thus envisioned a possibility to effect the racemization
of (R)- or (S)-1 by heating more planar acid anhydride
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Scheme 1

Scheme 2

Table 1. Racemization of (S)-1a

conditions

entry solvent T (°C) period (h) yield (%) R/Sa

1 toluene 110 6 96a 0:100
2 xylene 140 3 91a 1:99
3 mesitylene 165 64 84a 21:79
4 tetralin 210 40 83b 44:56

a Determined by HPLC. b Isolated yield.
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derivatives (R)- or (S)-3 (Scheme 2). We report herein a
successful result that enabled the facile racemization of
(R)- or (S)-1 through conversion to the acid anhydrides
(R)- or (S)-3 and subsequent heating and hydrolysis.

Results and Discussion

Our initial study was focused on the racemization of
1,1′-binaphthyl-2,2′-dicarboxylic acid (S)-1a (Table 1).
Treatment of (S)-1a with triethylamine and thionyl
chloride provided the acid anhydride (S)-3a. The crude
(S)-3a was subjected immediately to the racemization
under various conditions. Although any racemization did
not take place by heating (S)-3a in refluxing toluene or
xylene, partial racemization (R/S ) 0:100 to 21:79) was
observed when (S)-3a was heated in mesitylene at 165
°C for 64 h (Table 1, entries 1-3). Encouraged by this

result, the reaction was conducted at a higher tempera-
ture and for a longer period in tetralin (210 °C, 40 h) to
effect further racemization. After alkaline hydrolysis of
the reaction mixture, almost racemized dicarboxylic acid
(R,S)-1a (R/S ) 44:56) was isolated in 83% yield based
on (S)-1a (Table 1, entry 4). To the best of our knowledge,
this represents the first example for the racemization of
1,1′- binaphthyl-2,2′-dicarboxylic acid 1a.

The procedure through heating the acid anhydride
(method A) was then applied to the racemization of other
1,1′-biaryl-2,2′-dicarboxylic acids (R)- or (S)-1b-e involv-
ing 1,1′-biphenyl-2,2′-dicarboxylic acid derivatives (R)- or
(S)-1c-e (Table 2). Attempts to effect the direct racem-
ization of the dicarboxylic acids by heating (method B)
were also investigated for the control experiments. 3,3′-
Dichloro-1,1′-binaphthyl derivative (S)-3b racemized faster

Table 2. Racemization of Chiral 1,1′-Biaryl-2,2′-dicarboxylic Acids 1a-e

a Isolated yield. b Determined by HPLC unless otherwise noted. c Determined by comparing the specific rotation of (S)-1b with that of
the pure material. d Not determined.
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(reflux in tetralin, 24 h) than that of (S)-3a to provide,
after hydrolysis, (R,S)-1b in good yield (80% yield, R/S
) 0:100 to 45:55) (Table 2, entry 3). In contrast, direct
racemization of the dicarboxylic acid (S)-1b failed to be
accompanied by considerable decomposition (reflux in
tetralin, 24 h, 33% yield, R/S ) 0:100 to 9:91) (Table 2,
entry 4). While 3,3′-dimethoxy-1,1′-biphenyl-2,2′-dicar-
boxylic acid (S)-1c racemized when heated in refluxing
1,4-dioxane for 24 h (R/S ) 100:0 to 85:15), the corre-
sponding acid anhydride (S)-3c racemized more rapidly
than (S)-1c (reflux in 1,4-dioxane, 9 h, R/S ) 0:100 to
36:64) (Table 2, entry 5 vs entry 6). Although the
enantiomeric purity of 3,3′-dimethyl derivative (R)-1d did
not vary at all in refluxing DME in the course of 24 h,
the corresponding acid anhydride (R)-3d completely
racemized under the same reaction conditions (R/S )
99:1 to 50:50) (Table 2, entry 7 vs entry 8). It should be
noted that 3,3′-dinitro derivative (R)-1e, which might be
dangerous when heated at high temperature, could
racemize by heating the acid anhydride (R)-3e in reflux-
ing 1,4-dioxane for 18 h (R/S ) 99:1 to 50:50) (Table 2,
entry 9).

To explain the facile racemization of the acid anhy-
drides 3, isolation and X-ray crystallographic analysis of
3 were conducted. Among the acid anhydrides (R)- or
(S)-3a-e derived from the dicarboxylic acids (R)- or
(S)-1a-e, 3,3′-dichloro-1,1′-binaphthyl derivative (S)-3b
formed sufficiently large prisms suitable for the X-ray
crystallographic study. The dihedral angle between the
two naphthalene rings of the acid anhydride (S)-3b
(56.45°) proved to be much narrower than that of the
corresponding dicarboxylic acid (S)-1b (88.80°).6 The acid
anhydride (S)-3b is thus more planar than the corre-
sponding dicarboxylic acid (S)-1b. There is another
significant feature in the acid anhydride (S)-3b. The
carbon atoms of each naphthalene ring in (S)-3b are not
in the same plane in contrast with those of (S)-1b. The
naphthalene rings of the acid anhydride (S)-3b therefore
have a highly strained helicene-like distorted structure.
In good agreement with the reported correlation of the
planarity and the ring strain of the biaryl derivatives
with the ease for racemization,5 the X-ray crystal-
lographic results might provide structural evidences for
the facile racemization of the acid anhydrides (R)- or
(S)-3a-e compared to the dicarboxylic acids (R)- or
(S)-1a-e.

In conclusion, we have demonstrated for the first time
that 1,1′-biaryl- 2,2′-dicarboxylic acids can be efficiently
racemized through heating the corresponding acid an-
hydrides under comparably mild conditions. This method
is efficient in terms of versatility, good yields, simple
operation and use of inexpensive reagents. The present
racemization procedure, when combined with the con-
ventional optical resolution, should permit a more practi-
cal access to the enantiomerically pure 1,1′-biaryl-2,2′-
dicarboxylic acids 1 of recent synthetic importance.

Experimental Section

General Methods. Melting points are uncorrected. 1H NMR
spectra were recorded with tetramethylsilane as an internal
standard. Optical rotations were measured at the indicated
temperature with a sodium lamp (D line, 589 nm). Silica gel
column chromatography was performed using Kieselgel 60 (E.
Merck). Thin-layer chromatography (TLC) was carried out on
E. Merck 0.25 mm precoated glass-backed plates (60 F254).
Development was accomplished using 5% phosphomolybdic acid
in ethanol-heat or visualized by UV light where feasible. All
solvents and reagents were used as received. The preparation
of optically active 1a,3 1b,1c 1c,7 1d,8 and 1e9 were conducted
according to the reported procedures.

A Typical Procedure for the Racemization of Biaryls:
Racemization of (S)-1a. To a solution of (S)-1,1′-binaphthyl-
2,2′-dicarboxylic acid (S)-1a (1.03 g, 3.0 mmol) and Et3N (668
mg, 6.6 mmol) in CH2Cl2 (21 mL) was added SOCl2 (419 mg, 3.3
mmol) at 0 °C. After being stirred for 2 h at 25 °C, the reaction
mixture was treated with water, and the organic layer was dried
(MgSO4) and evaporated. The residue was suspended in tetralin
(21 mL) and was heated at 210 °C for 40 h. After evaporation of
the solvent, the residue was treated with NaOH (480 mg, 12
mmol) in THF (6 mL) and water (6 mL) at 50 °C for 4 h. The
mixture was acidified (pH ) 1) by adding concentrated HCl and
extracted with EtOAc. The extracts were combined, washed with
water, and dried (MgSO4). After evaporation of the solvent, the
residue was purified by silica gel column chromatography
(hexane/EtOAc/AcOH ) 50:50:1) to give racemized 1,1′-binaph-
thyl-2,2′-dicarboxylic acid (R,S)-1a (850 mg, 83% yield, R/S )
44:56). The enantiomeric purity was determined by HPLC
(Chiralcel OD (Daicel), hexane/EtOH/TFA)90:10:0.1, 1.0 mL/
min, 35 °C, 254 nm). Racemization of (S)-1b,c and (R)-1d,e was
carried out by using the same procedure as that of (S)-1a except
the reaction solvent, temperature and period (see Table 2).
Determination of the enantiomeric purity of (S)-1c and (R)-1d,e
was carried out by the use of the same procedure as that of (S)-
1a. The enantiomeric purity of (S)-1b was determined by
comparing the specific rotation with that of the pure material
[[R]25

D -111 (c 1.0, MeOH)].
(S)-2,6-Dichlorodinaphtho[2,3-c:3′,2′-e]oxepin-2,7-di-

one (3b). To a solution of (S)-3,3′-dichloro-1,1′-binaphthyl-2,2′-
dicarboxylic acid 1b (200 mg, 0.486 mmol) and Et3N (0.15 mL,
1.07 mmol) in CH2Cl2 (2.4 mL) was added SOCl2 (69 mg, 0.584
mmol) in CH2Cl2 (0.58 mL) at 0 °C over 15 min. After being
stirred for 11 h at 25 °C, the reaction mixture was treated with
10% aqueous citric acid and extracted with CH2Cl2. The organic
layer was washed successively with saturated aqueous NaHCO3
and brine and dried (MgSO4). After evaporation of the solvent,
the residue was purified by silica gel column chromatography
(hexane/EtOAc ) 20:1 to 10:1) to give the acid anhydride 3b
(145 mg, 76% yield) as colorless crystals: mp 248-258 °C dec;
[R]20

D +68 (c 0.10, CHCl3); 1H NMR (CDCl3) δ 8.16 (s, 2H), 7.92
(d, J ) 8.3 Hz, 2H), 7.64 (ddd, J ) 1.3, 6.7, 8.9 Hz, 2H), 7.36
(ddd, J ) 1.3, 6.7, 8.9 Hz, 2H), 7.25 (d, J ) 8.1 Hz, 2H); IR (KBr)
1800, 1777 cm-1; SIMS m/z 393 (M+ + H). Anal. Calcd for C22H10-
Cl2O3: C, 67.20; H, 2.56. Found: C, 66.77; H, 2.51.

Supporting Information Available: ORTEP figures and
table of X-ray crystallographic data of compounds (S)-1b and
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