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(—)-Sparteine (TEMPO = 2,2,6,6-tetramethylpiperidin-1-yloxyl)
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Constant potential electrolysis of 2-naphthol, 2-methoxynaphthalene and 10-hydroxyphenanthrene at 0.6 V vs. Ag/AgCl
on a TEMPO-modified graphite felt electrode in the presence of (—)-sparteine in acetonitrile yields, enantioselectively,
(S)-binaphthyl type dimers in >92% isolated yield and with >88% current efficiency with enantiomeric excesses of 98,

91 and 97% respectively for each dimer, respectively.

Since optically pure binaphthyls such as (5)-(=)- or (R)-(+)-
2,2'-dihydroxy-1,1’-binaphthyl have been utilized in a variety
of synthetic reactions to induce chirality,! much attention has
been devoted to their synthesis. Optically active binaphthyls
have been synthesized directly by three enantioselective
routes: (a) an intermolecular Ullman coupling,2 (b) a
nucleophilic aromatic substitution3# and (c¢) an oxidative
dimerization of 2-naphthols with copper(i1) amine complexes
as oxidants.5>-8 We have recently reported that 2-naphthol,?
2-methoxynaphthalene® and 2- and 4-methylquinolines!® in
the presence of 2,6-lutidine are quantitatively oxidized to the
corresponding binaphthyls and biquinolinyls with >90%
current efficiency on a graphite felt (GF) electrode coated
with a thin poly(acrylic acid) (PAA) layer bonded to
4-amino-2,2,6,6-tetramethylpiperidin-1-yloxyl (4-amino-
TEMPO) by an amide bond. So far, few electrochemical
coupling methods!! have been reported, because electrolysis
of naphthols deposits a polymer film on electrodes which halts
the reaction. The use of the mediator-modified electrode in
the presence of a deprotonation reagent such as 2,6-lutidine
made the coupling reactions of binaphthyls possible and the
use of a chiral alkaloids such as (—)-sparteine instead of
2,6-lutidine has now led to highly enantioselective oxidative
couplings of naphthol, naphthyl ether, and phenanthrol.

The TEMPO-modified electrode was prepared according to
our established procedure.10 A layer of PAA (M 1.4 x 105)
about 40 nm thick was deposited on the GF electrode
(National Electric Carbon Corp., WDF graphite felt). This
layer was bonded to 4-amino-TEMPO to give a coverage of
about 64% (by titration), cross-linked with hexamethylene-
diamine to give a coverage of 16% and, finally, butylated with
butyl sulfate to remove any remaining carboxylate groups.
The concentration of TEMPO was 24 umol cm—3. The cyclic
voltammogram of the TEMPO-modified electrode afforded a
well defined electrocatalytic peak at ca. +0.55 V vs. Ag/AgCl
in 0.2 mol I-! NaClO, acetonitrile containing 10 mmol 1-!
(—)-sparteine 1 and 10 mmol 1! 2-naphthol 2 as shown in Fig.
I (curve a).

Based on the cyclic voltammetry results, preparative,
controlled-potential electrolysis was performed in MeCN
solution, using an H type divided cell separated by cationic
exchange membrane (Nafion 117). The anolyte contained 5
mmol of substrate, 2 mmol of tetralin as a chromatographic
standard, 5 mmol of 1 and 1 mmol of NaClO, as a supporting
electrolyte in a total volume of 5 cm3. The catholyte was 5 cm?
of an MeCN solution containing 1 mmol of NaClO,. Con-
trolled potential electrolysis was carried out at +0.60 V under
an argon atmosphere. The size of the modified anode was 1.0
X 1.0 X 0.5 cm. The anolyte was sampled at appropriate
intervals for GC analysis (Unicarbon A-100 3 m; column
temp. 220 °C, inj. temp 240 °C, detn. temp 260 °C) and HPLC
(Chiralcel-OT 0.46 ¢ cm X 25 cm; column temp. 30 °C; flow
rate 0.5 cm? min—!, solvent: methanol). The end of electroly-
sis was usually decided by disappearance of the substrate by
GC or diminishing current (ca. 6 h of electrolysis). After the
clectrolysis was over, the anolyte was evaporated, dissolved in
30 cm3 of ethyl acetate, and the mixture was washed with 0.1

mol I-1 HCl and H,O, dried with sodium sulfate and
concentrated. For example, the pale brown reaction mixture
from 2 was fed onto a silica gel column (Wako Gel C-200, 3 cm
¢ X 50 cm) and eluted with light petroleum—ether (1:1 v/v).
The eluted solution was evaporated and recrystallized from
toluene. The product was identified by conventional methods.
The reaction mixtures for the other substrates were treated
similarly.

The purity of (8)-(—)-2,2’-dihydroxy-1,1’-binaphthyl 3 in
the isolated product (669 mg, 93.6% yield) was found to be
99.4% (98.5% ee) from its [«]p2? of —33.6 (¢ 1.25, THF) {[«]p
of pure 3 —34 (¢ 5.0, THF)7} and 99.7% (99.5% ee) from
HPLC;12 mp 209-212 °C (lit.7? mp 210-214 °C). The current
efficiency for 3 was 88.8%. The electrode maintained its
oxidizability (see curve ¢ in Fig. 1) even after electrolysis.
Sparteine remained without decomposition (95% of 1 was
recovered). On the other hand, a bare GF electrode in 0.2
mol 1-1 NaClO4~MeCN containing 5 mmol of 2, 5 mmol of 1
and 0.5 mmol of 4-acetylamino-TEMPO yielded 3 with only
10% ee (92.4% current efficiency). Chemical oxidation of 2
with 5 mmol of the oxoammonium tosylate of 4-acetylamino-
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Fig. 1 Cyclic voltammograms of TEMPO-modified graphite felt
electrode (1.0 X 1.0 X 0.5 cm) in 0.2 mol 1-! NaClO4~MeCN at a scan
rate of 10mV s—1. Curve (a) in the presence of 10 mmol 1! 2-naphthol
and 10 mmol 1-! (=)-sparteine; curve (b) in the absence of both
2-naphthol and (—)-sparteine; curve (c) electrode after one
macroelectrolysis
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TEMPQO!3 dissolved in acetonitrile afforded the product!# in
90.2% yield and 6% ee. These results are summarized in
Table 1. It is clear that enantioselective coupling of 2 proceeds
only on the TEMPO-modified electrode.

The results for electrolysis of 2-methoxynaphthalene and
10-hydroxyphenanthrene performed under the same condi-
tions as for 2 are shown in Table 2. The coupling products also
showed high enantiopurity: 93.3% ece by polarimetry!S and
93.6% ee by HPLC for (8)«(—)-2,2'-dimethoxy-1,1'-
binaphthyl from 2-methoxynaphthalene, and 97.9% ee by
polarimetry {[«]p2? (CHCl;) of 98% purity compound; —715}
and 98.3% ee by HPLC for (5)-(—)-10,10'-dihydroxy-9,9'-
biphenanthryl from 10-hydroxyphenanthrene.

The oxidation of 2 by means of copper(i1) chiral amine
complexes as oxidants has been reported®s to yield enan-
tioselectively 2,2'-dihydroxy-1,1’-binaphthyl which is formed
by selective precipitation of the copper(n)-(+)-amphetamine-
(8)-(—)-binaphthyl complex with a simultaneous enantiomeri-
zation of (+)-binaphthol when (+)-amphetamine is used as a
chiral base (second-order transformation in the reaction). We
confirmed that (R)-binaphthyl in MeCN solution kept at 0.6 V
on the electrode was neither enantiomerized in the presence of
1 (0.2 C of electric charge was passed after 24 h and [«]p2” of
binaphthyl was +33.8), nor enantiomerized in the presence of
the oxoammonium tosylate of 4-acetylamino-TEMPO. These
results suggest that the asymmetric induction by the present
electrochemical method does not arise from second-order
transformations but arises from a direct electrochemical
reaction though we have not investigated at a molecular level
the behaviour in the modified layer of the electrode. The
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above highly enantioselective coupling reactions may result
from a strong interaction between substrate, sparteine and
mediator-TEMPO moiety in a suitably sized PAA domain
formed by the cross-linking of hexamethylenediamine.
Because the clectrode is not deactivated during electrolysis,
the binaphthyl and biphenanthryl formation can proceed via
coupling of naphthyl” and phenanthryl radicals, respectively,
formed by one-electron oxidation and deprotonation in which
the reaction is enantiomerically controlled by the interaction
of naphthyl and phenanthryl radicals with sparteine. Primary
amines such as amphetamine cannot be used due to their
reactivity with TEMPO.1¢ Therefore, we have examined the
enantioselective coupling reaction using (—)-strychnine as
another chiral tertiary amine. The optical purity of 3 in the
isolated product (656 mg, 91.8% yield) was found to be 71.9%
(43.8% ee) from its [o]p2® —14.8 (¢ 1.25, THF) and 72.4%
(44.8% ec) from HPLC (90.5% current efficiency). The
results suggest that the strength of interaction between the
components of the reaction depends on the chiral bases.
Possessing useful features such as full consumption of sub-
strate, highly enantioselective product formation and easy
isolation of product from reaction solution, this electrochem-
ical process can be expected to be the simplest and most
convenient way to synthesize optically pure binaphthyl and
biphenanthryl derivatives from naphthols, naphthyl ethers
and phenanthrols.

We thank Professor Kunio Ogasawara (Tohoku University)
for helpful discussion on the enantioselective reactions. This
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Research on Priority Areas (No. 05235102) and Encourage-

Table 1 Oxidative coupling reactions of 2-naphthol to 1,1'-binaphthol in the presence of (—)-sparteine?

Charge Current Isolated Eed

Method passed/C  efficiency (%) yicld (%) [«]p?® R:5¢ (%) Turnover¢
Elcctrocatalytic 0.6:99.4 98.8

on TEMPO-modified GF 5132 88.8 93.6 -33.6 0.3:99.7 99.5 410
Electrocatalytic 45:55 10

on bare GF? 5199 92.4 93.4 -3.4 445:555 11.1 10
Chemical 47:53 6

oxidation¢ — — 90.2 —2.0 46.7:53.3 6.7 1

« In the presence of 5 mmol 2-naphthol and 5 mmol (—)-sparteinc in each reaction. » 0.5 mmol of 4-acetylamino-TEMPO in 5 ml of
0.2 mol I-1 NaClO,~MeCN. ¢ 5 mmol of oxoammonium tosylate of 4-acetylamino-TEMPO in 5 ml of MeCN, 24 h. ¢ Upper row: obtained by
polarimetry (20 °C, ¢ 1.25, THF), lower row: obtained by HPLC. ¢ Calc. from [1,1’-binaphthyl (mol)] x 2[/TEMPO (mol).

Table 2 Enantioselective, electrocatalytic coupling reactions of 2-methoxynaphthalene and 10-hydroxyphenanthrene on TEMPO-modified GF

electrode in the presence of (—)-sparteine«

Charge Current Isolated Ec®
Substrate Product passed/C efficiency (%) yield (%) |«]p20 (%) Turnover
9@
OMe 5715 91.0 923 742 93.6 410
OMe
9%
(o 9@
O OH 97.9
O QO OH 5313 89.6 91.2 —69.5 98.3 410

« Carricd out under the same clectrolysis conditions as for 2-naphthol (Table 1). » Upper row: obtained by polarimetry (20 °C, ¢ 1.25.

THF), lower row: obtained by HPLC.
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