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Racemic 6,6’-dimethylbiphenyl-2,2’-dicarboxylic acid (1) could be conveniently synthesized and efficiently
resolved by the recrystallization of the brucine salts in satisfactory yields. Each enantiomer, thus obtained, was
confirmed to be optically pure from a high-performance liquid chromatographic (HPLC) analysis on an opti-

cally active column.

N,N- and N,N:N’,N’-[(Axially dissymmetric bi-
phenyl-2,2’-diyl)dimethylene]-substituted ethylenedi-
amines, such as 2 and 3, have been found to serve as
very efficient chiral ligands for organolithium com-
pounds in the asymmetric polymerization of triphen-
ylmethyl methacrylate’:? and the enantioface-dif-
ferentiating alkylation of aldehydes.¥ A highly
asymmetric induction in these reactions is considered
to be due to a complementary effect between the high
ability of the biphenyl unit for chiral recognition® and
the flexibility of the tetramethylethylenediamine side-
arm for chelation with organolithium compounds.’
The key intermediate in the syntheses of ligands 2 and
3 is axially dissymmetric 6,6’-dimethylbiphenyl-2,2’-
dicarboxylic acid (1) as optically pure forms. There-
fore, the development of a convenient method for the
synthesis and optical resolution of the diacid is practi-
cally important from the viewpoint of a ready applica-
tion of such ligands to asymmetric reactions.
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Recently, we have reported asymmetric polymeriza-
tions of triphenylmethyl methacrylate by using chiral
complexes of organolithium with 2 or 3.2 During
the course of these investigations, we intended to
develop a more convenient preparation of the chiral
ligands. In this paper, we wish to describe a facile
synthesis of (RS)-1 and its efficient optical resolution
through the recrystallization of the brucine salt. The
resolved acids were confirmed to be optically pure by
means of a high-performance liquid chromatography
(HPLC) with an optically active column.

The synthesis of (RS)-1 has been outlined briefly by
two research groups.” However, these papers failed
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to give the detailed procedures. Our approach to (RS)-
1 is represented in the above scheme; details are
described in Experimental. The first stage of the syn-
thesis is the nitration of m-toluic acid. Even after the
optimization of the reaction conditions, the yield was
as low as 49%, owing to an inevitable formation of
nitrated isomers. However, the poor solubility of 2-
nitro-3-methylbenzoic acid (5) in cold fuming nitric
acid facilitated the separation of 5 from undesirable
isomers by a simple suction-filtration. The subse-
quent steps were conducted in a combination of com-
mon procedures, resulting in satisfactory yields.

The first optical resolution of (RS)-1 was carried out
with morphine by Bell.” Since then, this method has
been followed essentially by later investigators.8?
However, different specific rotations ranging from
+15 to +25° in methanol at 589 nm have been reported
for the (+)-acid resolved.”~® Moreover, it has been very
difficult to obtain optically pure (—)-enantiomer, since
the recrystallization of morphine salt of (—)-1 was not
successful.”

Bell? also reported that an attempt to resolve (RS)-1
with brucine was unsuccessful. We succeeded to
resolve the diacid by using this alkaloid.? Details of
the procedure is as follows. A reaction of (RS)-1 with
an equimolar amount of brucine gave a mixture of the
diastereomeric salts. In order to effectively separate
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this mixture into each salt, it was found that solvent
systems for recrystallization were extremely important.
One recrystallization of the diastereomeric salts from a
mixture of methanol-acetone (7/3 v/v) gave levorota-
tory brucine salt of (S)-1, the yield of which was 40%
based on (RS)-1 used. The optical purity of this salt
seemed to be nearly 100%, since further recrystalliza-
tion did not cause any noticeable change in the optical
rotation. Subsequently, when the solvents of the
mother liquor were replaced with acetone alone, crys-
tallization of another diastereomeric salt started. The
(+)-salt obtained was recrystallized from acetone con-
taining a small amount of methanol to give pure bruc-
ine salt of (R)-1 in 43% yield. Further recrystallizations
of the last residue remaining in the acetone solution
led to additional yields of the individual salts. The
decomposition of each salt with diluted hydrochlo-
ric acid gave (S)- and (R)-1 in 43 and 42% overall
yields, respectively; the absolute configuration has
been established.? As a matter of course, most of the
resolving agent was recovered.

Optical purities of (+)- and (—)-1, thus resolved,
were determined from HPLC analyses of the dimethyl
esters 9 derived from the diacids. The column used
was an optically active column, CHIRALCEL OC,
which is commercially available from Daicel Chemical
Industries Ltd.; the packing material is cellulose tris-
(phenylcarbamate) coated on a macroporous silica
gel.19 Base-line resolution of racemic 9 was accom-
plished with this column, using hexane-2-propanol
(9/1 v/v) as an eluent.!V Figure 1 shows the chromat-
ograms of (+)- and (—)-9 under the same operation
conditions as those for the racemate. Each major peak
in the curves appeared at a different retention volume,
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Fig. 1. Chromatograms of the dimethyl esters 9
derived from optically resolved 1. The peaks marked
with arrows are probably due to the minor en-
antiomers. Column: CHIRALCEL OC (Daicel
Chemical Industries Ltd.), 25X0.46 (i.d.) cm; elu-
ent: hexane-2-propanol (9/1 v/v); flow rate: 0.2
mlmin~t at 25°C; detector: UV at 254 nm.
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which is nearly in agreement with that of either two
peaks in the enantiomeric separation observed for the
racemate. An inspection of the curves reveals that each
of the samples probably contains a very small amount
of the opposite enantiomer. Based on the relative peak
area, the optical purities of (+)- and (—)-diesters were
estimated to be 99.1 and 99.6%, respectively. From the
chromatographic results, each of the diacids 1 resolved
in the present study may be regarded as almost opti-
cally pure. The completely pure enantiomers, if
required, are obtainable by a recrystallization from
benzene.

The present procedure for the optical resolution of
(RS)-1 seems advantageous regarding the use of
cheaper brucine, an easy access of nicely recrystalliza-
ble salts with both enantiomers and, above all, an
operational simplicity and high efficiency of the
resolution.

Experimental

Melting points are uncorrected. IR and 'H NMR spectra
were recorded on a JASCO A-202 and a JEOL JNM-FX-100S
(100 MHz) spectrometer, respectively. Optical rotations were
measured on a JASCO DIP-360 digital polarimeter. A
determination of the optical purities of (+)- and (—)-9 was
performed by using an HPLC on an optically active column,
CHIRALCEL OC (Daicel Chemical Industries Ltd.; 25X0.46
(i.d.) cm). Resolution was carried out with hexane-2-
propanol (9/1 v/v) at a flow rate of 0.2 ml min~! at 25°C.

Preparation of (RS)-2,2’-Dimethylbiphenyl-6,6"-dicarbox-
ylic Acid (1). 2-Nitro-3-methylbenzoic Acid (5): m-Toluic
acid (4) (200 g, 1.47 mol) was added in small portions to 500
ml of fuming nitric acid (d=1.52) with stirring at —10°C.
Stirring was continued for an additional 1 h at this tempera-
ture. The precipitate was collected by a suction-filtration
with a large sintered-glass filter as quickly as possible, and
thoroughly washed with water. Recrystallization from
ethanol yielded 130 g (49%) of 5. Mp 218—219°C (lit,'?
219°C); IR (KBr) 3200—2400, 1690, 1550, 1375, and 1300
cm™; TH NMR (DMSO-d¢/D,0) 6=2.32 (s, 3H), 7.5—7.9 (m,
3H).

2-Amino-3-methylbenzoic Acid (6): Tin powder (220 g,
1.85 mol) was suspended in a solution of 5 (120 g, 0.66 mol)
in ethanol (500 ml). To the stirred mixture was added drop-
wise 1.3 1 of 9 mol dm™3 hydrochloric acid at 50—60 °C. The
resulting solution was stirred for 1.5 h at 70 °C, cooled, and
then made alkaline by the addition of concd. aqueous NHs.
Inorganic precipitates were removed and the filtrate was
freed from ethanol by evaporation under reduced pressure.
The resulting solution was acidified with acetic acid
(pH=5). The precipitate was collected and dissolved in ace-
tone. After the removal of insoluble materials and then the
solvent, recrystallization of the residue from ethanol gave 89
g (89%) of 6. Mp 174—175°C (lit,'® 172 °C); IR (KBr) 3500,
3380, 3200—2400, 1670, 1575, and 1240 cm~!; 'HNMR
(CDCl3/D,0) 6=2.18 (s, 3H), 6.5—7.9 (m, 3H).

2-Iodo-3-methylbenzoic Acid (7): A suspension of 6 (75 g,
0.5 mol) in a mixture of concd. H,SO, (300 ml) and water (600
ml) was stirred for 1 h at room temperature, and then a
solution of NaNO, (45 g, 0.65 mol) in 75 ml of water was
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added drop by drop at 10°C. The excess nitrite was decom-
posed with urea. To the solution were added in one portion
a saturated aqueous solution of KI (420 g, 2.5 mol) and a
small amount of copper powder,!¥ which was prepared by
the reduction of copper(II) sulfate with zinc powder. Vigor-
ous stirring was continued for 3 h at about 30°C, and the
mixture was allowed to stand overnight. The supernatant
solution was decanted and a brownish precipitate was dis-
solved in benzene. The benzene solution was decolorized
with aqueous NaHSO;, followed by evaporation under
reduced pressure. Recrystallization from aqueous ethanol
yielded 106 g (81%) of 7. Mp 143—144 °C (1it,® 145—146 °C);
IR (KBr) 3200—2400, 1700, and 1290 cm™!; TH NMR (CDCl;)
6=2.56 (s, 3H), 7.2—7.7 (m, 3H), 9.5 (br s).

Methyl 2-Iodo-3-methylbenzoate (8): A solution of 7 (129
g, 0.49 mol) in 650 ml of methanol was saturated with hy-
drogen chloride; the gas was then passed through the reflux-
ing solution for 1 h. The usual extractive work-up, followed
by distillation under reduced pressure, gave 128 g (94%) of 8.
Bp 130—140°C (5 mmHg (1 mmHg=133.322 Pa)) (li,®
156.5—157.5°C (13 mmHg)); IR (liquid film) 1730, 1295,
and 1145 cm™!; TH NMR (CDCl3) 6=2.50 (s, 3H), 3.92 (s, 3H),
7.2—7.4 (m, 3H).

Methyl 6,6’-Dimethylbiphenyl-2,2’-dicarboxylate (9): A
solution of 8 (209 g, 0.76 mol) in 210 ml of N,N-
dimethylformamide was mixed with activated copper
powder!® (100 g), and gently refluxed for 5 h. The copper
was filtered off and thoroughly washed with hot benzene.
The combined filtrates were washed with water, 1 moldm™
HCI, aqueous NaHCOj3, and then brine. After the solvents
were removed, distillation under reduced pressure gave 91 g
(80%) of 9. Bp 150—160°C (0.05 mmHg) (lit,¥ 197—198°C
(13 mmHg)); IR (liquid film) 1735, 1280, and 1150 cm™};
'H NMR (CDCI;) 6=1.91 (s, 6H), 3.57 (s, 6H), 7.2—7.9 (m,
6H).

6,6’-Dimethylbiphenyl-2,2’-dicarboxylic Acid (1): The
diester 9 (116 g, 0.39 mol) was refluxed in a solution of 150 g
of NaOH in 800 ml of water for 5 h. The mixture was
acidified by the addition of concd. HCI with cooling and the
precipitate was collected. Recrystallization from aqueous
ethanol yielded 100 g (95%) of 1. Mp 240—241 °C (lit,% 236—
237.5°C); IR (KBr) 3300—2400, 1700, and 1280 cm™};
THNMR (DMSO-dg¢/D;0) 6=1.81 (s, 6H), 7.3—7.8 (s, 6H).
Found: C, 71.06; H, 5.05%. Calcd for C,¢H;4,04: C, 71.10; H,
5.22%.

Optical Resolution of (RS)-1. Brucine (100 g, 0.26 mol)
and (RS)-1 (69 g, 0.26 mol) were dissolved in a refluxing
mixture of methanol (420 ml) and acetone (180 ml). After the
solution was cooled at room temperature overnight, the
colorless needles deposited were collected by filtration and
washed with cold methanol: Brucine salt of (S)-1, 68 g (40%
yield); [@]®® —39.2° (¢ 1.0, methanol). When a part of the first
crop was recrystallized from acetone, the resulting salt
showed a similar rotation of [@]Z —38.9°. The solvents of
the mother liquor were evaporated under reduced pressure
and the oily residue was dissolved in 200 ml of acetone on
heating. Cooling the solution in a refrigerator overnight
gave 78 g of colorless cubics, which showed [@]% +37.1° (¢
1.0, methanol). After the recrystallization of the (+)-salt
from acetone containing a small amount of methanol, the
resulting (+)-salt showed a slightly higher rotation of [a]&
+38.1 (¢ 1.0, methanol), and the rotation was not changed by
further recrystallization. The yield of brucine salt of (R)-1
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was 43% (73 g). Additional recrystallizations of the last
residue, in turn from methanol-acetone (7/3 v/v) and ace-
tone alone, gave small amounts of the (—)- and (+)-salts in 5
and 2%, respectively.

The combined (—)-salts (77 g, 0.12 mol) were decomposed
in 250 ml of 1 moldm™ HCI and the equal volume of ethyl
acetate with stirring at 50°C. The organic extracts were
washed with 1 moldm™ HCI and brine, dried over Na,SO,,
and evaporated under reduced pressure. The residual oil,
which gradually solidified, was dried under reduced pressure
to give 30 g of (S)-1 (43% yield based on (RS)-1 used).’® It was
possible to recrystallize the diacid from benzene. Mp 211—
212°C (1it,? 211.5—213.5°C); [a]&® +22.1° (¢ 1.0, methanol)
(1it,? [a]® +25° (¢ 1.2)).

The (+)-salt (76 g, 0.11 mol) was similarly converted back
to (R)-1 in 42% yield.’» Mp 213—214°C (lit,” 207—211 °C);
[a]® —21.3° (c 1.0, methanol) (lit,? [a]3 —22° (¢ 1.0)). More
than 90% of brucine used were recovered from the acid
extracts combined, by the recrystallization from ethanol.

In order to determine the optical purity of the resolved 1, it
was converted to the dimethyl ester 9. Thus, an ethereal
suspension of optically active 1 before recrystallization was
treated with a large excess of diazomethane in tetrahydrofu-
ran at room temperature; then, the solvents were removed.
The chromatographic sample was purified by a simple dis-
tillation of the residue under reduced pressure. The yield of
9 was nearly quantitative. (R)-9, [a]® —55.3° (¢ 2.0, benzene)
(1it,8 [a]® —45.1° (¢ 1.3)). (S)-9, [@]®’ +55.8° (¢ 2.0, benzene)
(1it,® [a]g® +55.2° (¢ 2.0)).

The authors are indebted to Dr. Akito Ichida of Dai-
cel Chemical Industries Ltd. for the chromatographic
resolution of 9 on the optically active column. This
work was supported in part by a Grant-in-Aid for
Scientific Research No. 61470105 from the Ministry of
Education.
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