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2,%’-Dihydroxy-1,1’-binaphthyl (1) is an established and
highly potent chiral ligand,! both enantiomers of which
have been utilized in a variety of synthetic reactions to
induce chirality.? In contrast, the diamine 2 has received
much less attention,®* while the hydroxy amine 3 was
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Recently, we have described a facile method for the
preparation of racemic hydroxy amine 3 by cross coupling
of 2-naphthol (4) and 2-naphthylamine (5) under con-
trolled conditions, using a CuCl,-benzylamine complex in
methanol.’ Similarly, 1 and 2 have been obtained from
the homo coupling of 4 or 5, respectively.’

Since a number of amino alcohols have proved to be
highly efficient as chiral auxiliaries for asymmetric re-
ductions®® and other reactions,?? it was desirable to de-
velop a method for the preparation of optically active 3.
In this paper we report on the synthesis of enantiomerically
pure amino alcohol 3 and modified procedures for ob-
taining pure enantiomers of 1 and 2.

Brusse!® has prepared optically active 1 by coupling of
2-naphthol with a CuCl,~amphetamine complex. He has
also provided evidence for the second-order transformation
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operating in the reaction. In view of the well-known bio-
logical activity of amphetamine, it was desirable to explore

(1) (a) Noyori, R.; Tomino, L; Tanimoto, Y. J. Am. Chem. Soc. 1979,
101, 3128. (b) Noyori, R.; Tomino, 1.; Nishizawa, M. J. Am. Chem. Soc.
1979, 101, 5843. (¢) Noyori, R.; Tomino, I.; Tanimoto, Y.; Nishizawa, M.
J. Am. Chem. Soc. 1984, 106, 6709. (d) Noyori, R.; Tomino, L; Yamada,
M.; Nishizawa, M. J. Am. Chem. Soc. 1984, 106, 6717. (e) Nishizawa, M.;
Yamada, M.; Noyori, R. Tetrahedron Lett. 1981, 22, 247. (f) Seebach,
D.; Beck, A. K.; Rogo, S.; Wonnacott, A. Chem. Ber. 1985, 118, 3673. (g)
Olivero, A. G.; Weidmann, B.; Seebach, D. Helv. Chim. Acta 1981, 64,
2485, (h) Ji-Tao, W.; Xinju, F.; Ji-Min, Q. Synthesis 1989, 291. (i)
Miyano, S.; Tobita, M.; Nawa, M.; Sato, S.; Hashimoto, H. J. Chem. Soc.,
Chem. Commun. 1980, 1233. (j) Kyba, E. P.; Gokel, G. W.; de Jong, F.;
Koga, K.; Sousa, L. R.; Siegel, M. G.; Kaplan, L.; Sougah, G. D. Y.; Cram,
D. d. J. Org. Chem. 1977, 42, 4173. (k) Tamai, Y.; Park, H.-C.; lizuka,
K.; Okamura, A.; Miyano, 8. Synthesis 1990, 222. (1) Gottarelli, G.;
Spada, G. P.; Bartsch, R.; Solladi§, G.; Zimmermann, R. J. Org. Chem.
1986, 51, 589. For the synthesis of pure enantiomers, see: (m) Kaz-
lauskas, R. J. J. Am. Chem. Soc. 1989, 111, 4953 and references cited
therein. (n) Gottarelli, G.; Spada, G. P. J. Org. Chem. 1991, 56, 2096. (o)
Jacques, J.; Fouquay, C. Org. Synth. 1988, 67, 1. (p) Truesdale, L. K. Org.
Synth. 1988, 67, 13.

(2) (a) Morrison, J. D. Asymmetric Synthesis; Atademic: New York,
1983-1985; Vols. 1-5. (b) Kotovsky, P.; Turedek, F.f Hijitek, J. Synthesis
of Natural Products: Problems of Regioselectivity; CRC: Boca Raton,
FL, 1986; Vols. I and II. (c) Narasaka, K. Synthésis 1991, 1.

(3) (a) Miyamo, S.; Nawa, M.; Mori, A.; Hashimoto, H. Bull. Chem.
Soc. Jpn. 1984, 57, 2171. (b) Kabuto, K.; Yoshida, T.; Yamaguchi, S.;
Miyano, S.; Hashimoto, H. J. Org. Chem. 1985, 50, 3013. (c) Kawakami,
Y.; Hiratake, J.; Yamamoto, Y.; Oda, J. J. Chem. Soc., Chem. Commun.
1984, 779. (d) Sakatomo, A.; Yamamoto, Y.; Oda, J. J. Am. Chem. Soc.
1987, 109, 7188. (e) Lin, J.-H.; Che, Ch.-M.; Lai, T.-F.; Poon, Ch.-K.; Cui,
Y. X. J. Chem. Soc., Chem. Commun. 1991, 468.

(4) For other binaphthyl derivatives, see, e.g.: (a) Brown, K.; Berry,
M. S.; Murdoch, J. R. J. Org. Chem. 1985, 50, 4345. (b) Tomoda, S.;
Iwaoka, M. J. Chem. Soc., Chem. Commun. 1988, 1283. (c) Tomoda, S.;
Fujita, K.; Iwaoka, M. J. Chem. Soc., Chem. Commun. 1990, 129. (d)
O’Malley, S.; Kodadek, T. Tetrahedron Lett. 1991, 22, 2445. (e) De
Lucchi, O.; Fabri, D. Synlett 1990, 287. (f) Krishnamurti, R.; Kuivila,
H. G.; Shaik, N. S.; Zubieta, J. Organometallics 1991, 10, 423.

(5) Smréina, M.; Lorenc, M.; Hanug, V.; Kofovsky, P. Synlett. 1991,
31.

2

(8) For the uge of quinine as the first chiral ligand in LjAIH, reduc-
tions, see: (a) Cervinka, O. Chimia 1959, 13, 1959. (b) Cervinks, O.;
Bélovsk§, O. Collect. Czech. Chem. Commun. 1967, 32, 3897. For ap-
plication of (2S,3R)-(+)-4-(dimethylamino)-1,2-diphenyl-3-methyl-2-bu-
tanol to asymmetric reductions, see: (c) Yamaguchi, S.; Mosher, H. 8.
J. Org. Chem. 1973, 38, 1870. See also: (d) Terashima, S.; Takanno, N.;
Koga, K. J. Chem. Soc., Chem. Commun. 1980, 1026. (e) Itsuno, S,;
Nakano, M.; Miyazaki, K.; Masuda, H.; Ito, K. J. Chem. Soc., Perkin
Trans. 1 1985, 2039. For the first use of an oxazaborolidine, see: (f)
Hirao, A.; Itsuno, S.; Nakahama, S.; Yamazaki, N. J. Chem. Soc., Chem.
Commun. 1981, 315. (g) Itsuno, S.; Hirao, A.; Nakahama, S.; Yamazaki,
N. J. Chem. Soc., Perkin Trans. 1 1983, 1673.

(7) (a) Corey, E. J.; Bakshi, R. K.; Shibata, 8. J. Am. Chem. Soc, 1987,
109, 5551. (b) Corey, E. J.; Bakshi, R. K.; Shibata, S.; Chen, C.-P.; Singh,
V. K. J. Am. Chem. Soc. 1987, 109, 7925. (c) Corey, E. J.; Shibata, S.;
Bakshi, R. K. J. Org. Chem. 1988, 53, 2861. (d) Corey, E. J.; Gavai, A.
V. Tetrahedron Lett. 1988, 29, 3201. (e) Corey, E. J.; Jardine, P. Da Silva;
Mohri, T. Tetrahedron Lett. 1988, 29, 6409. (f) Corey, E. J.; Reichard,
G. A. Tetrahedron Lett. 1989, 30, 5207. (g) Corey, E. J.; Chen, C.-P.;
Reichard, G. A. Tetrahedron Lett. 1989, 30, 55647. (h) Joshi, N. N,;
Srebnik, M.; Brown, H. C. Tetrahedron Lett. 1989, 30, 65651. (i) Corey,
E. J.; Link, . O. Tetrahedron Lett. 1989, 30, 6275. (j) Corey, E. J.;
Jardine, P. Da Silva. Tetrahedron Lett. 1989, 30, 7297. (k) Corey, E. J.;
Link, J. O. Tetrahedron Lett. 1990, 31, 601. (1) Corey, E.; J.; Bakshi, R.
K. Tetrahedron Lett. 1990, 31, 611. (m) Corey, E. J.; Link, J. O. J. Org.
Chem. 1991, 56, 442. (n) Corey, E. J.; Naef, R.; Hannon, F. J. J. Am.
Chem. Soc. 1986, 108, 7114. (o) Corey, E. J.; Hannon, F. J. Tetrahedron
Lett. 1987, 28, 5233, 5237. (p) Corey, E. J.; Yuen, P.-W.; Hannon, F. J.;
Wierda, D. A. J. Org. Chem. 1990, 55, 784. (q) Itsuno, S.; Sakurai, Y.;
Ito, K.; Maruyama, T.; Nakahama, S.; Fréchet, J. M. J. J. Org. Chem.
1990, 55, 304. (r) Mathre, D. J.; Jones, T. K.; Xavier, L. C.; Blacklock,
T. J.; Reamer, R. A.; Mohan, J. J.; Jones, E. T. T.; Hoogsteen, K.; Baum,
M. W.; Grabowski, E. J. J. J. Org. Chem. 1991, 56, 751. (8) Brown, J. M;
Lloyd-Jones, G. C. Tetrahedron: Asymmetry 1990, 1, 869.

0022-3263,/92/1957-1917$03.00/0 © 1992 American Chemical Society



1918 J. Org. Chem., Vol. 57, No. 6, 1992

Notes

Table I. Preparation of Optically Active Binaphthyls 1-3

entry product method® reagent isolation® yield,* % [a]p, deg ee, %
1 1 A CuCl,;-sparteine? P 14 -34 100/
2 A CuCl,—sparteine® S 42 -7 20/
3 1 B CuCl,-sparteine® P 36 -34 100/
4 1 B CuCl,-sparteine® S 60 -20 59
5 1 B CuCl,-sparteine® PS 94 -27 80/
6 2 A CuCl,-sparteine® P 19 -134 848
7 2 A CuCl,—sparteine? S 49 +50 318
8 2 B CuCly-sparteine® PS 95 -1 <18
9 3 A CuCl,-PhCH(NH,)Me* P 43 -54 46"
10 3 A CuCl,-PhCH(NH,;)Me* S 42 +54 46"
11 3 B CuCl,-PhCH(NH,)Me* PS 96 +2 2h

¢ A = coupling experiment; B = deracemization (see the text). >P = from precipitate; S = from solution; PS = from a mixture of P and
S. °For optimized method and overall yields of pure enantiomers, see the text. 4In MeOH. ¢In i-PrOH. /Calculated from the maximum
value [a]p —34° (ref 1j). ¢Calculated from the maximum value [a]p +159° (ref 3). *Calculated from the maximum value [a]p -117° (this

paper, see the text).

less problematical chiral amines, and (-)-sparteine and
(R)-(+)-a-methylbenzylamine were selected as inexpensive,
commercially available candidates.!!

Results and Discussion

Coupling of 2-naphthol, using an in situ generated
complex of CuCl, and (-)-sparteine, resulted in the for-
mation of a precipitate and mother liquor. Working up
the precipitate led to the isolation of (~)-binaphthol (1)
(14%) whose enantiomeric purity was found to be ~100%
according to the optical rotation! (Table I, entry 1). The
mother liquor afforded, after workup, 42% of (-)-bi-
naphtho! of only 20% enantiomeric purity (entry 2).

Since we suspected that, as in Brusse’s case,!’ the
preferential formation of (-)-1 was due to the second-order
asymmetric transformation rather than to asymmetric
coupling, we ran a control experiment in the following way:
Racemic binaphthol was treated with the CuCl,-sparteine
complex under the same conditions as those used for the
coupling experiment. The formation of a precipitate was
observed again, and both the precipitate and the mother
liguor were worked up separately. The precipitate fur-
nished 36% of enantiomerically pure (-)-1 (entry 3), while
the mother liquor gave the same enantiomer of 59% ee
(60% yield; entry 4). Workup of the whole mixture (i.e.,
without the separation) gave a crude product of 80% ee
in 94% yield (entry 5). Hence, this experiment confirmed
the operation of a second-order asymmetric transformation
and demonstrated that the “deracemization” of racemic
binapgthol is superior to the attempted asymmetric cou-
pling.

In contrast to binaphthol (1), derivatives 2 and 3 have
been obtained in much higher enantiomeric purity from
the coupling rather than from the “deracemization” ex-

(8) For reviews, see ref 2b, and the following: (a) Granbois, E. R.;
Howard, S. L; Morrison, J. D. InAsymmetnc Synthests; Morrison, J. D.,
Ed; Academlc New York, 1984; Vol. 2, p 71. (b) Noyori, R.; Kltamura,
M. Angew. Chem., Int. Ed. Engl. 1991, 30, 49. (¢) Tomioka, K. Synthests
1990, 541.

(9) For the recent use of amino alcohols to construct other chiral

ligands, see: (a) Fritschi, H.; Leutenegger, U.; Pfaltz, A. Helv. Chim. Acta
1988 71 1553. (b) Leutenegger,U Madin, A Pfaltz,A Angew. Chem.,
Int. Ed Engl 1989, 28, 60. (c) Pt‘a]tz,A Bull Soc Chim. Belg. 1990, 99,
729. (d) Miiller, D.; Umbricht, G.; Weber, B.; Pfaltz, A. Helv. Chim. Acta
1991, 74, 232. (e) Evans, D. A.; Woerpel, K. A.; Hinman, M. M Faul,
M. M. J. Am. Chem. Soc. 1991, 113 726. (f) Corey,E J.; Imai, N
H.-Y. J. Am. Chem. Soc. 1991 113,728. (g) Helmchen, G,; Krotz A
Ganz, K.-T.; Hansen, D. Synlett 1991 257. (h) Nishiyama, H.; Sakaguchl
H.; Nakamura, T.; Horihata, M.; Kondo, M.; Itoh, K. Organometalltcs
1989, 8, 846. (i) Nishiyama, H.; Kondo, M.; Nakamura, T.; Itoh, K.
Organometallics 1991, 10, 500.

(10) Brusse, J.; Groenendijk, J. L. G.; te Koppele, J. M.; Jansen, A. C.
A. Tetrahedron 1985, 41, 3313.

(11) A few experiments were also carried out with (S)-(-)-a-methyl-
benzylamine.

(12) Less satisfactory results were obtained with PhCH(NH,)CH;.

periment (compare entries 6 and 7 with 8, and 9 and 10
with 11).18

Further purification of the samples partially enriched
in (-1 ([a]p -27°; 80% ee)'* proved difficult,'® because
repeated crystallization to a constant optical rotation af-
forded a product of [a]p -28° (82% ee), indicating that a
eutecticum had been reached.!®* However, formation of two
different types of crystals was observed on the crystalli-
zation, and these were separated mechanically. Those of
a large size (several cubic millimeters) turned out to be
enantiomerically pure as they exhibited [a]p —=34°.14 On
the other hand, powder-like crystals were almost racemic
([@]p =1°).1¢ In a carefully run “kinetic” crystallization
starting from the eutectic mixture ([a]p —28°; 82% ee)?
and substance-to-solvent (benzene) ratio 1:10, we were able
to grow crystals of [a]p ~84° (~100% ee) in 77% yield
within 6-12 h which could be isolated by filtration. When
the solution had been set aside for 48 h, gradual deposition
of the second-type crystals was observed.’®* Thus, the
enantiomerically pure (-)-1 can be obtained by a carefully
controlled “kinetic” crystallization from enantiomerically
enriched material, which, in turn, is available by “de-
racemization” of the racemate employing a second-order
asymmetric transformation.!?

Diamine 2 proved to be more difficult to purify. After
much experimentation with solvents, concentration, and
temperature, we found acetic acid to be the best choice for
crystallization. In one of the most successful experiments
(carried out on an 8-g scale), a sample of 2% exhibiting [a]p
—68° was crystallized from a 12-15% solution in AcOH.

(13) For 2, sparteine was superior to a-methylbenzylamine, whereas
the opposite was found for 3.

(14) For enantiomerically pure 1, see refs 1i,j.

(15) All the binaphthyls 1-3 form racemic compounds as confirmed
by IR spectroscopy in Nujol. See also: Jacques, J.; Fouquey, C.; Gabard,
J.; Douglas, W. C. R. Seances Acad. Sci. Ser. C 1967, 265, 260.

(16) The ratio of these two crops was ~4:1, which corresponds to the
~80% ee of the whole mixture.

(17) The only possible way to obtain a pure enantiomer from a eu-
tecticum by crystallization will require careful monitoring of the crys-
tallization process and collecting the initially and spontaneously formed
crystals (which may contain more of the desired enantiomer than does
the eutecticum) before the eutectic or subeutectic mixture starts to
crystallize. For this method of surmounting the thermodynamic obstacle
posed by the existence of a eutecticum, we propose the term “kinetic
crystallization”.

(18) Out of 10 parallel experiments, half of them gave this result;
others were less successful, indicating a partly random process, which can
hamper the resolution. For review on optical resolution by direct crys-
tallization of enantiomer mixtures, see; Collet, A.; Brienne, M.-J.; Jac-
ques, J. Chem. Rev. 1980, 80, 215.

(19) Seeding a solution, enriched in one enantiomer (eutectic or su-
pereutectic mixture), with crystals of pure enantiomer (once obtained
from previous experiments) also resulted in the crystallization of pure or
nearly pure enantiomer.

(20) Obtained by partial resolution of the racemate via camphor-
sulfonate.?
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Figure 1. CD spectra of binaphthyls (S)-(-)-1, (S)-(-)-2, and
(S)-(-)-8 in MeCN at concentration 0.14 M.

Crystals that precipitated over a period of 10 h (in 37%
yield)?! had [a]p -149°. The next crop (21%), collected
after 48 h, exhibited optical rotation of only -1.4°1*22 One
recrystallization of the former crop produced the enan-
tiomerically pure (-)-2 in 86% yield.® Another coupling
experiment giving enantiomerically pure (-)-2 and (+)-2
is described in Scheme I.

Similarly to 1, formation of two types of crystals was
observed on crystallization of the enantiomerically enriched
samples of hydroxy amine 3: long needles and micro-
crystalline clusters. Hence, as with 1, “kinetic” crystalli-
zation was attempted. Starting from a sample of [a]p —54°
(mp 190-202 °C)# dissolved in benzene,? we have obtained
a crystalline product (26%) of [a]p —-8° in 20 min, while
the residue, after evaporation (74%), showed [«]p —-72°
(Scheme I). Crystallization of the latter material from
benzene over 3 h afforded long needles (23% overall yield)
of [a}p—117°. No change in [a]p or mp could be observed
after further crystallizations, suggesting that this sample
was enantiomerically pure in analogy with the behavior
of 1 and 2. Finally, the NMR spectrum (400 MHz) of the
corresponding Mosher acid derivative proved the enan-
tiomeric purity of this sample to be ~98%.%

The absolute configuration of 3 was determined by CD
measurement (Figure 1).28% The (-)-3 enantiomer ex-

(21) Calculated from the mass balance: 3.04 g of the product was
obtained by crystallization of 8.25 g. Calculation on the enantiomeric
enrichment would give the rather different figure of 87%.

(22) Solvents considerably influence the composition of a eutecticum.
Thus in other solvents, such as CgHg, dioxane, EtOH, and DMSO, the
eutecticum is presumably closer to the racemate, so that the attempted
enhancement of ee was unsuccessful with samples at this level of ee. For
general discussion, see: Jacques, J.; Collet, A.; Willen, S. H. Enantiomers,
Racemates, and Resolutions; J. Wiley: New York, 1981.

(23) Starting from a sample of [a]p +95°, we were able to get a 42%
yield of an enantiomerically pure® product ([a]p +158°) by single crys-
tallization.

(24) Obtained from a coupling experiment (Table I, entry 9).

(26) The compound to solvent ratio was 1:15.

(26) The chloride (2.2 equiv), prepared from (R)-(+)-a-methoxy-a-
(trifluoromethyl)phenylacetic acid (MTPA) of 99%+ ee?” (purchased
from Aldrich), was reacted with a sample of (-)-3 (1 equiv) to afford the
corresponding ester amide. For comparison, an analogous experiment was
carried out with (+)-3. The 'H NMR spectrum of the MTPA derivative
of (-)-3 showed two peaks at 2.606 and 2.874 ppm corresponding to amide
MeO and ester MeO, respectively. In contrast, two additional peaks at
2.756 and 3.049 ppm appeared in the spectrum of the MTPA derivative
of (£)-3. Those were very low in the spectrum of the (-)-3 derivative,
indicating 98% ee, according to integration.?

(27) (a) Hub, L.; Mosher, H. S. J. Org. Chem. 1970, 35, 3691. (b) Dale,
J. A.; Mosher, H. S. J. Am. Chem. Soc. 1973, 95, 512. (c) For review on
MTPA, see: Yamaguchi, S. Nuclear Magnetic Resonance Analysis Using
Chiral Derivatives. In Asymmetric Synthesis; Morrison, J. D., Ed.; Ac-
ademic: New York, 1983; Vol. 1, p 125.
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hibited the same behavior as did (-)-1 and (-)-2, whose
absolute configuration is known.!® An excellent overlap
of the three curves (Figure 1) has been achieved, with
Cotton effects for 3 being Ae ~129.2 (226 nm) and +148.5
(243 nm). Thus, in analogy with 1 and 2, the levorotatory
enantiomer of 3 can be assigned the S configuration.

Conclusion

We have found conditions for the preparation of enan-
tiomerically pure binaphthyls 1-3 and assigned the S ab-
solute configuration to the levorotatory enantiomer of
hydroxy amine 3 from its CD spectrum. While pure (-)-1
can be best obtained by a second-order asymmetric
transformation from (&)-1 (Table I, entry 3) in 36% overall
yield, 2 and 3 are prepared stepwise by the Cu(II)-medi-
ated coupling (entries 6, 7, 9, and 10) followed by “kinetic”
crystallization that gives enantiomerically pure compounds.
Thus, pure (-)-2 and (-)-3 have been obtained in 13% and
23% overall yields (Scheme I), respectively (calculated for
4 and 5). It is pertinent to note that this method can
produce both enantiomers of 2 and 3 (compare entries 6
and 7, and 9 and 10); (+)-2 and (+)-3 were thus prepared
analogously in 22% and 24% overall yields, respectively.
The combined yields of pure enantiomers of 2 and 3 were
35% and 47%, respectively. We are confident that this
relatively inexpensive method will considerably amplify
the value of 1, 2, and 3 as chiral ligands, particularly be-
cause it makes both enantiomers of each available in a
simple way.* We also believe that our method of “kinetic”
crystallization will prove useful for the preparation of other
enantiomerically pure compounds.

Experimental Section

Materials and Equipment. Melting points (uncorrected) were
obtained on a Boetius microapparatus. Optical rotations were
measured on a Pye Unicam 143A polarimeter with an error of
<*1° 'H NMR spectra were recorded on Varian XL-400 (FT
mode) and Tesla XBS 100 instruments for acetone-dg solutions
at 25 °C with TMS as internal reference. The high-resolution
mass spectra were measured on a JEOL JMS D-100 double-fo-
cusing spectrometer (65 eV, 3 kV) using direct inlet and the lowest
temperature enabling evaporation; the accuracy was <5 ppm. The
CD spectra were measured in MeCN on a Dichrographe Mark
V apparatus (Jobin-Yvon). All the solvents used for the coupling
reactions or for crystallization experiments were degassed by
purging with argon (20 min; 60 mL of Ar/min). Light petroleum
refers to the fraction boiling in the range 4060 °C. Yields are
given in milligrams of isolated product showing one spot on a
chromatographic plate and no trace of impurities detectable in
the NMR spectrum.

(S)-(-)-2,2-Dihydroxy-1,1"-binaphthyl (1). (A) By Cou-
pling. To a solution of copper(Il) chloride tetrahydrate (400 mg;
2 mmol) in degassed methanol (20 mL) was added (-)-sparteine
(936 mg; 4 mmol) in degassed methanol (20 mL), and after purging
with argon for 10 min, a solution of 2-naphthol (288 mg; 2 mmol)®
in degassed methanol (20 mL) was added. The mixture was stirred

(28) For determination of enantiomeric purity and absolute configu-
ration of MTPA derivatives of substituted biaryls by NMR, see: Kabuto,
K.; Yasuhara, F.; Yamaguchi, S. Tetrahedron Lett. 1980, 21, 307; 1981,
22, 659,

(29) For determination of absolute configuration of biaryl systems by
CD and for quantum chemical calculations, see: Mason, S. F.; Seal, R.
H.; Roberts, D. R. Tetrahedron 1974, 30, 1671.

(30) The synthetic utility of 3 is now being intensively studied in our
laboratories.

(31) Brusse!® had optimized the ratios of naphthol:Cu(II):amine as
1:2:8. We have reduced this ratio to the present one, which still gave
acceptable results, in order to save the optically active amine.

(32) Samples crystallized from benzene originally showed maximum
[e]p -97° as a result of inclusion of benzene molecules (as revealed by
mass spectrometry). Drying of samples in vacuo at 35 °C for 24 h af-
forded benzene-free material of the same mp and [«]p —117°. Identical
mp and {a]p were obtained by recrystallization of the former samples
from toluene.
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Scheme I. Optimized Procedures for Obtaining Pure
Enantiomers of 2 and 3

5 (286 mg)
Precipitate Solution
workup and l
l chromatography
(+)+2: 54 mg (19%) (+)-2: 140 mg (49%)
[alp -134° (84% ee) [a]p +50° (31% ee)
l crystallization l
(-)-2: 37 mg (13% overall) (+)-2: 62 mg (22% overall)
[adp -159° (~100% ee) [a]p +158° (~ 100% ee)
4 (144 mg) + 5 (143 mg)
Precipitate Solution
workup and l
l chromatography
(-)-3: 122 mg (43%) (+)-3: 121 mg (42%)
[a]p -54° (46% ee) [a]p +54° (46% ce)
¢ crystallization i

Crystals: 26%; [a]p -3° Crystals: 21%; (a]p +4°
Mother liq.: 74%; [a]p -72° (61% ee) Mother liq.: 78%; [a]p +73° (62% e¢)

¢ crystallization of i
mother liquors
(-)-3: 66 mg (23% overall)
[a]p -117° (2 98% ee)

at rt for 20 h under an argon atmosphere. Then concd HCI (5
mL) was added, followed by water (100 mL). The precipitate was
filtered off, suspended in acetone with silica gel (20 g), and
chromatographed on a silica gel column (40 g) using a light pe-
troleum—ether mixture (1:1) as eluent. The eluate was evaporated
to afford 1 (43 mg; 14%): mp 205-207 °C (no depression was
observed for a mixture with an authentic sample of enantiom-
erically pure 1); [a]p —34° (¢ 5.0, THF; 100% ee) (lit.Xs mp 207-209
°C and [a]p —-35.5° or —33.4°, respectively, for optically pure
compound and [a]p +34.3° for the enantiomer.) Analogous
workup of the solution furnished 1 (121 mg; 42%): mp 210-214
°C; [a]p —6.8° (¢ 5.0, THF; 20% ee).

(B) By Deracemization of (+)-1. To a degassed solution of
CuCl;4H,0 (200 mg; 1 mmol) in methanol (10 mL) was added
a solution of (-)-sparteine (468; 2 mmol) in methanol (10 mL),
and the mixture was stirred at rt for 10 min under argon. A
solution of (z)-1 (286 mg; 1 mmol) in degassed methanol (10 mL)
was added, and the mixture was stirred under argon at rt for 20
h. The mixture was then worked up as above to give 1 (267 mg;
94%): mp 212-214 °C; [a]p -27.2° (¢ 5.0, THF; 80% ee). For
further resolution, see the text.

(R)-(+)- and (S)-(-)-2,2"-Diamino-1,1"-binaphthyl (2). (A)
By Coupling. A mixture of (~)-sparteine (702 mg; 3 mmol) and
2-naphthylamine (286 mg; 2 mmol) in degassed methanol (15 mL)
was added to a solution of CuCly:4H,0 (400 mg; 2 mmol) in
degassed methanol (15 mL), and the mixture was stirred under
argon at rt for 4 h. The precipitate was filtered off, washed with
methanol (5 mL), decomposed with coned HCl (3 mL), and then
neutralized by coned aqueous ammonia (15 mL) and water (100
mL). The crude solid product (67 mg; 24%) was chromatographed
as described for the first experiment to yield enriched (-)-2 (54
mg; 19%): mp 235-239 °C; [a]p -134° (¢ 2.0, pyridine; 84% ee).
On single crystallization from acetic acid, this crop gave enan-
tiomerically pure (-)-2 (27 mg; 13% overall). The mother liquor
from the reaction was worked up separately in the same way and
furnished enriched (+)-2 (140 mg; 49%): mp 184-216 °C; [«]p
+50° (c 5.0, pyridine; 31% ee). Further resolution furnished
enantiomerically pure (+)-2 (62 mg; 22% overall): mp 245-246

(+)-3: 68 mg (24% overall)
{a]p +116° (~97% ee)

°C; [a]p +158° (c 2.0, pyridine)® (lit.> mp 245-246 °C and [e]p
+159° for enantiomerically pure product).

(B) By Diastereoselective Crystallization of (+)-2. A hot
solution of (+)-2 (284 mg; 1 mmol) in degassed methanol (30 mL;
minimal amount) was added to a mixture of CuCly4H,0 (200 mg;
1 mmol) and (-)-sparteine (234 mg; 1 mmol) in degassed methanol
(5 mL), and the resulting mixture was stirred under argon at rt
for 40 h and then worked up as described for the previous ex-
periment. The precipitate and mother liquor were worked up
separately, and the crude products were purified by chromatog-
raphy as above. The precipitate afforded (-)-2 (51 mg; 18%): mp
231-239 °C; [a]p ~134° (¢ 2.0, pyridine; 84% ee). The mother
liquor furnished (+)-2 (132 mg; 46%): mp 190-218 °C; [a]p +72°
(¢ 5.0, pyridine; 456% ee).

(R)-(+)- and (§)-(-)-2-Amino-2’-hydroxy-1,1’-binaphthyl
(3). A solution of (R)-(+)-a-methylbenzylamine (1.21 g; 10 mmol)
in degassed 2-propanol (10 mL) was added to a solution of
CuCl;4H,0 (500 mg; 2.5 mmol) in degassed propanol (10 mL),
the mixture was stirred for 10 min under argon, and then a solution
of a mixture of 2-naphthylamine (143 mg; 1 mmol) and 2-naphthol
(144 mg; 1 mmol) in degassed propanol (10 mL) was added. The
mixture was stirred under argon at rt for 20 h. Both the precipitate
and the mother liquor were worked up and chromatographed
separately as above. The precipitate afforded (-)-3 (122 mg; 43%):
mp 212-228 °C; [a]p -54° (¢ 1.0, THF). The mother liquor yielded
(+)-3 (121 mg; 42%); mp 212-230 °C; [a]p +54° (¢ 1.0, THF).
Further resolution by “kinetic” crystallization of the former
product from benzene (see the text and Scheme I) afforded (-)-3
(66 mg; 23% overall): mp 171-173 °C; [a]p -117° (ref 32); 'H
NMR6.78 (1 H, J = 6.8, 1.4, 0.9, and 0.6 Hz), 6.96 (1 H, J = 6.8,
1.3, 1.1, and 0.5 Hz), 6.99 (1 H, J = 6.8, 6.8, and 1.7 Hz), 7.02 (1
H,J =6.8,6.8, and 1.4 Hz), 7.10 (1 H, J = 6.8, 6.8, and 1.4 Hz),
712 (1 H,J =88 Hz),7.17 (1 H, J = 8.0, 6.8, and 1.3 Hz), 7.26
(1H,J=88Hz),7.64 (1H,J =6.8,1.7, 0.6, and 0.5 Hz), 7.65
(1H,J =8.8and 0.5 Hz), 7.77 (1 H, J = 8.0, 1.4, 0.5, and 0.5 Hz),
7.81 (1 H, J = 8.8 and 0.5 Hz); 1*C NMR 110.71 (s), 115.87 (s),
119.33 (d), 119.45 (d), 122.20 (d), 123.79 (d), 124.43 (d), 125.34
(d), 126.93 (d), 127.13 (d), 128.80 (s), 128.80 (d), 128.97 (d), 130.06
(d), 130.18 (s), 130.46 (d), 134.80 (s), 135.55 (s), 145.55 () 154.04
(s); HRMS (EI 70 eV) m/z (relative intensity) 286 (27.5), 285 (100,
M+, CyqH;sNO), 284 (10.4), 268 (20, CooH;3N), 267 (11.3, CoH;50),
256 (13), 239 (12.2), 143.5 (12.2), 142.5 (9.6 M?*), 129.5 (15.6),
metastable transitions 285'% — 268°* + 17, 285+ — 267** + 18.
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