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Abstract—Enantiopure 8-ethoxy-, §8'-hydroxy-, and 8’-methoxy-1,1’-binaphthalen-8-ol were readily resolved by separating the
corresponding chiral camphanic esters [derived from the esterification of the alcohols with (-)-(1S)-camphanic chloride] based
upon their differing solubility in diethyl ether and their differing chromatographic behavior. © 2001 Elsevier Science Ltd. All

rights reserved.

1. Introduction

Chiral 8,8'-disubstituted 1,1’-binaphthyls have recently
attracted great attention regarding their synthesis,! res-
olution,? and utilization® in asymmetric catalysis. In our
studies of asymmetric catalysis involving transition
metals, a series of enantiopure 8,8-dialkoxy-1,1'-
binaphthalenes, 8'-alkoxy-1,1’-binaphthalen-8-ols, and
1,1’-binaphthalen-8,8'-diol were required. Herein, we
report an easy resolution of the naphtholic molecules
via the camphanic ester derivatives.

2. Results and discussion

We first attempted to resolve 1,1’-binaphthalene-8,8'-
diol 1 wvia the reported bis-l-menthyl carbonate
method?® through recrystallization, but no crystals were
obtained after several trials.* Resolution via a
diastereomeric mixture of camphanic esters was then
investigated. Hence, treatment of racemic diol 1 with
(-)-(1S)-camphanic chloride 2, triethylamine, and a
catalytic amount of 4-(N,N-dimethylamino)pyridine
(DMAP) in methylene chloride gave a 1:1 mixture of
diastereomers 3R and 4S (Scheme 1). Fortunately, the
more polar diastereomer, 3R (R;=0.23 in hex-
ane:CH,Cl,:toluene:ether =3:2:2:1) is much less soluble
in diethyl ether than 4S (R;=0.31), so that the addition
of diethyl ether to a mixture of 3R and 4S resulted in a
solution which was highly enriched in 4S. The remain-
ing insoluble material was identified as pure (-)-3R
{40% vyield; [¢]Z=-207 (¢ 0.5; CHCl,)}. The ether
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solution was concentrated and subjected to silica gel
column chromatography to give a 47% yield of pure
(+)-4S {[«]E=+75 (c 0.53; CHCIl;)} along with a 7%
yield of (-)-3R (a total of 47% yield of 3R was
obtained). 'H NMR spectra of 3R and 4S indicate pure
diastereomers (the chemical shifts of 3R and 4S are
different). The stereochemistry along the C1,1" axis was
easily determined by basic hydrolysis of 3R and 4S
separately with KOH in methanol and 1,4-dioxane at
25°C to give diols (-)-(R)-1R {[«]E=-21 (c 0.69;
CHCl,)}° and (+)-(S)-1S {[«]E=+20 (¢ 0.69; CHCIl,)},
which are reported in the literature.?52c3

Similarly, enantiopure  §-methoxy-8-hydroxy-1,1'-
binaphthyl 5R or 5S and 8-ethoxy-8-hydroxy-1,1'-
binaphthyl 6R or 6S were obtained from (+)-5 and
(x)-6, respectively (Scheme 2). Esterification of racemic
methyl ether (+)-5 or ethyl ether (+)-6 with 1 equiv. of
(-)-(1S)-camphanic chloride 2, triethylamine and
DMAP in methylene chloride gave, respectively, a 1:1
mixture of 7R and 8S or 9R and 10S. When the mixture
was treated with ether 7R dissolved completely (less
polar in TLC; hexane:CH,Cl,:ether=1:1:0.5; R;=0.16),
along with a trace amount of 8S (more polar in TLC;
hexane:CH,Cl,:ether=1:1:0.5; R,=0.10).

The ecther soluble material was purified by column
chromatography to give a 43% yield of pure (-)-7R and
4% vyield of 8S. The ether insoluble material was found
to be pure (+)-8S based on 'H NMR analysis (40%
yield; total yield 44%).

The ethyl derivatives (—)-9R and (+)-10S were similarly
separated. Again, the 10S diasterecomer has a smaller R;
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value, is less soluble in ether, and was obtained in
47% yield; the less polar isomer, 9R, was obtained in
42% yield, via chromatographic separation. The rela-
tive stereochemistry of (+)-10S was confirmed by a
single-crystal X-ray analysis (Fig. 1).° Based on the
known absolute configuration of the (1S)-camphanic
ester, the absolute configuration of the axially dissym-
metric binaphthyl ring was determined to be (S).
Based on the directions of their optical rotations,
the absolute configurations of 7R and 8S were
assigned.

Basic hydrolyses of 7R and 9R with KOH in MeOH-
dioxane gave ~98% yields of (-)-(R)-5R and (-)-
(R)-6R, respectively. (—)-(1S)-Camphanic acid (96%
yield) was also isolated from the hydrolysis and was
converted into the (—)-(1S)-camphanic chloride by
treatment with oxalyl chloride. Similarly, hydrolysis
of (+)-8S and (+)-10S gave ~96% yields of (+)-(S)-
58 and (+)-(S)-6S, respectively. 8'-Methoxy-1,1"-
binaphthalen-8-ol 5 was obtained in a 71% yield from
the selective demethylation of 8,8-dimethoxy-
1,1’-binaphthyl 11'* with 3 equivalents of boron
trichloride in methylene chloride at 25°C for 2 days
along with a 15% yield recovery of binaphthyl 11.
Alkylation of enantiopure binaphthalenol SR or 6R
with various alkyl halides provided enantiopure
8,8"-disubstituted 1,1’-binaphthyls. For instance, alkyl-
ation of 6R with NaH and ethyl iodide gave a quan-
titative yield of (—)-(R)-8,8'-diethoxyl-1,1’-binaphthyl
12.

3. Conclusion

In conclusion, enantiopure 1,1’-binaphthalen-8,8'-diols
1R and 1S, 8-methoxy-1,1"-binaphthalen-8-ol SR and
5S, and 8’-ethoxy-1,1’-binaphthalen-8-ol 6R and 6S
were readily resolved by separating the corresponding
diastereomeric chiral camphanic esters based upon
their differing solubilities in diethyl ether and their
differing chromatographic behaviors. Studies of these
compounds as ligands in asymmetric catalysis will be
reported in due course.

4. Experimental

4.1. General

Nuclear magnetic resonance spectra were obtained at
400 MHz for 'H and 100 MHz for *C in deuteri-
ochloroform. Infrared spectra are reported in
wavenumbers (cm™!). Mass spectra were taken from a
Hewlett—Packard 5890A Series II, GC-MS. FAB
spectra were taken by using Xe beam (8 KV) and
m-nitrobenzyl alcohol as matrix. 1-Methoxynaph-
thalene 3, terz-butyllithium, boron trichloride, and
boron tribromide were purchased from Aldrich Chem.
Co. Davisil silica gel, grade 643 (200-425 mesh), was
used for the flash column chromatographic separa-

tion. Tetrahydrofuran and diethyl ether were distilled
from sodium and benzophenone before use. Methyl-
ene chloride and cyclohexane were distilled from
CaH, and toluene and benzene were distilled from
LiAlH,,.

4.2. 8,8-Bis{(15,4R)-[3-0x0-4,7,7-trimethyl-2-oxa-
bicyclo|2.2.1]heptan]-1-carbonyl}oxy-(aR)-1,1'-bina-
phthalene 3R and 8,8-bis{(15,4R)-[3-0x0-4,7,7-
trimethyl-2-oxabicyclo[2.2.1]heptan]-1-carbonyl}oxy-
(a$)-1,1"-binaphthalene 4S

To a solution of 1'* (0.58 g, 2.02 mmol), 4-(N,N-
dimethylamino)pyridine (DMAP, 0.10 g, 0.8 mmol) and
(=)-(1S)-camphanic chloride (0.88 g, 4.04 mmol) in
methylene chloride (10 mL) under argon, was added
triethylamine (1.7 mL, 12 mmol) via syringe. The solu-
tion was stirred at 25°C for 18 h, diluted with aqueous
ammonium chloride (80 mL), and extracted three times
with diethyl ether. The combined extracts were washed
with brine, dried (Na,SO,), and concentrated to give
3R and 4S as solids (1.30 g). '"H NMR indicated two
diastereomers (1:1). Diethyl ether (~15 mL) was added
to the solids, stirred, and the ether was decanted. This
process was repeated with smaller amounts of ether
until the remaining solid (less soluble in ether) was
shown by TLC to be a single isomer (hex-
ane:CH,Cl,:ether =2:2:0.5 as eluent; R;=0.1). The solid
was dried under vacuum to give pure (—)-(aR)-3R
(0.523 g, 40%). The diethyl ether layers were combined,
concentrated, and purified by column chromatography
on silica gel using a gradient mixture of hexane, methyl-
ene chloride, and ether as solvent to give pure (—)-(aS)-
4S (0.614 g, 47%, less polar on TLC compared with 3)
and 3R (0.091 g). Compound (+)-(aS)-4S: Mp 289-

Figure 1. ORTEP drawing of the structure of (+)-10S as
determined by X-ray crystallography.
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290.5°C; [«]Z +75 (¢=0.53; CHCL); 'H NMR 5 7.94
(dd, J=8, 1.6 Hz, 2H), 7.86 (dd, J=8, 1.6 Hz, 2H),
7.54 (dd, J=8, 8 Hz, 2H), 7.48 (dd, /=8, 8 Hz, 2H),
7.21 (dd, J=8, 1.6 Hz, 2H), 6.99 (dd, J=8, 1.6 Hz,
2H), 1.52-1.43 (m, 2H), 1.26-1.16 (m, 4H), 0.96 (s, 6H,
Me), 0.95 (s, 6H, Me), 0.82 (s, 6H, Me), 0.05-0.02 (m,
2H); 3C NMR ¢ 177.6 (s, C=0, 20), 166.1 (s, C=0,
2C), 146.7 (s, 2C), 136.7 (s, 2C), 136.3 (s, 2C), 130.8 (d,
2C), 128.0 (d, 20), 127.4 (d, 2C), 126.0 (d, 2C), 1254
(d, 2C), 124.8 (s, 2C), 120.1 (d, 2C), 90.3 (s, 2C, C-0),
54.7 (s, 2C), 54.5 (s, 2C), 28.6 (t, 2C), 28.0 (t, 2C), 16.9
(q, Me), 16.5 (q, Me), 9.6 (q, Me). Anal. calcd for
C,oH;3505: C, 74.29; H, 5.92. Found: C, 74.01; H,
6.17%.

Compound (-)-(aR)-3R: Mp 280-281°C (dec.); [«]E
-207 (¢=0.5; CHCl;); '"H NMR ¢ 7.88 (dd, J=8, 1.6
Hz, 2H), 7.84 (dd, /=8, 1.6 Hz, 2H), 7.53 (dd, /=8, 8
Hz, 2H), 7.42 (dd, /=8, 8 Hz, 2H), 7.12 (dd, J=8, 1.6
Hz, 2H), 7.04 (dd, /=8, 1.6 Hz, 2H), 1.61-1.55 (m,
4H), 1.34-1.27 (m, 2H), 0.93 (s, 6H, Me), 0.93-0.86 (m,
2H), 0.84 (s, 6H, Me), 0.81 (s, 6H, Me); *C NMR ¢
177.6 (s, C=0, 20), 166.8 (s, C=0, 2C), 147.4 (s, 2C),
137.8 (s, 2C), 136.1 (s, 2C), 129.8 (d, 2C), 128.1 (d, 2C),
127.3 (d, 2C), 126.2 (s, 2C), 126.0 (d, 2C), 125.2 (d, 2C),
120.6 (d, 2C), 89.0 (s, 2C, C-0), 54.8 (s, 2C), 54.5 (s,
2C), 29.6 (t, 2C), 28.6 (t, 2C), 16.9 (q, Me), 16.7 (q,
Me), 9.7 (q, Me). Anal. calcd for C,,H;5045: C, 74.29;
H, 5.92. Found: C, 73.98; H, 5.66%.

4.3. General procedure for the basic hydrolysis of cam-
phanyl ester. (+)-(a$)-1,1'-Binaphthalene-8,8-diol 1S

To a solution of (+)-(5)-4S (0.27 g, 0.42 mmol) in
MeOH (10 mL) and 1,4-dioxane (10 mL), was added
KOH (0.234 g, 4.2 mmol). The mixture was stirred at
25°C for 2 h then acidified with 1N HCI and extracted
three times with ethyl acetate. The combined organic
extract was washed twice with saturated aqueous
sodium bicarbonate, once with brine, dried (MgSO,),
concentrated, and purified by column chromatography
on silica gel using a gradient mixture of hexane and
ether as eluent to give of (+)-(aS)-1S (95 mg, 79%);
[]B=+204 (c=0.69; CHCl,); lit.>®* +16.5 (¢ 1.0,
CHCl,); mp 118-119°C (lit.!* 117-119). '"H NMR data
are the same as those reported.'* The aqueous sodium
bicarbonate layer was acidified with HCI and extracted
twice with ethyl acetate. The ethyl acetate layers were
dried (MgSO,) and concentrated to give (—)-camphanic
acid (0.160 g, 96%).

4.4. (-)-(aR)-1,1'-Binaphthalene-8,8'-diol 1R

Similar reaction conditions to those described above
were used in the basic hydrolysis of (-)-(aR)-3R.
Column chromatographic purification of the crude
product gave a 78% yield of (-)-(aR)-1R. [x]F=-21
(¢=0.69; CHCI,).

4.5. (*)-8'-Methoxy-1,1'-binaphthalen-8-ol 5

To a solution of (+)-8,8'-dimethoxy-1,1"-binaphthyl 11'?
(2.00 g, 6.40 mmol) in methylene chloride (130 mL)

under argon was added BCl; (1 M solution in heptane,
32 mL, 0.032 mol) and the resulting solution was stirred
at 25°C for 2 days. The solution was carefully poured
into water (125 mL) and extracted with CH,Cl, three
times. The combined extracts were washed with
aqueous sodium bicarbonate and brine, dried (MgSO,),
concentrated, and purified by column chromatography
on silica gel using a gradient mixture of hexane and
methylene chloride as eluent to give (x)-5 (1.363 g,
71%) and (#)-11 (0.300 g, 15% recovery). Compound 5:
IR (neat) v 3300, 3052, 2925, 2853, 1665, 1578, 1456,
1254 ecm™'; '"H NMR ¢ 7.94 (d, J=8 Hz, 1H), 7.81 (d,
J=8 Hz, 1H), 7.56-7.38 (m, 5H), 7.35 (dd, J=8, 8 Hz,
2H), 7.06 (dd, /=38, 1.6 Hz, 1H), 6.80 (dd, J=8, 1.6
Hz, 1H), 6.75 (d, J=8 Hz, 1H), 5.47 (s, 1H, OH), 3.14
(s, 3H, OMe); *C NMR ¢ 157.0 (s), 153.7 (s), 139.4 (s),
137.0 (s), 135.8 (s), 135.2 (s), 129.5 (d), 129.4 (d), 127.5
(d), 127.2 (d), 126.9 (d), 126.4 (d), 125.7 (d), 124.6 (d),
124.4 (s), 123.0 (s), 121.4 (d), 120.9 (d), 111.1 (d), 107.3
(d), 55.7 (g, Me). MS, CI, m/z 301 (M+1). Anal. calcd
for C,H,;0,: C, 83.98; H, 5.37. Found: C, 83.69; H,
5.11%.

4.6. 8-Methoxy-8'-{(1S,4R)-[3-0x0-4,7,7-trimethyl-2-
oxabicyclo|2.2.1]heptan]-1-carbonyl}oxy-(aS$)-1,1'-
binaphthalene 8S and 8-methoxy-8'-{(1.5,4R)-[3-0x0-
4,7,7-trimethyl-2-oxabicyclo[2.2.1]heptan]-1-car-
bonyl}oxy-(aR)-1,1"-binaphthalene 7R

To a solution of (x)-5 (0.16 g, 0.53 mmol), 4-(N,N-
dimethylaminopyridine (DMAP, 13 mg, 0.11 mmol)
and (-)-(1S)-camphanic chloride (0.138 g, 0.64 mmol)
in methylene chloride (10 mL) under argon, was added
triethylamine (0.23 mL, 1.6 mmol) via syringe. The
solution was stirred at 25°C for 10 h, diluted with
aqueous ammonium chloride (80 mL) and extracted
three times with diethyl ether. The combined extracts
were washed with brine, dried (Na,SO,), and concen-
trated to give 0.26 g of solid. The 'H NMR spectrum
indicated two diastereomers (1:1) of 7R and 8S. Diethyl
ether (~10 mL) was added to the solids, stirred, and
the ether was removed. This process was repeated with
smaller amounts of ether until the remaining solid (less
soluble in ether) was indicated by TLC to be a single
isomer (hexane:CH,Cl,:ether=1:1:0.5 as eluent; R;=
0.1). The solid was dried under vacuum to give pure
(+)-8S (0.102 g, 40%). The diethyl ether layers were
combined, concentrated, and purified by column chro-
matography on silica gel using a gradient mixture of
hexane, methylene chloride, and ether as solvent to give
pure (-)-7R (0.109 g, 43%) of (less polar on TLC
compared with 8S) and pure (+)-8S (0.01 g, 4%).

Compound (+)-8S: Mp 244.5-246.5°C; [a]% =+406 (c=
I; CHCLy); IR (neat) v 3051, 2965, 2930, 1790, 1768,
1575, 1256, 1097, 1042 cm™!; 'H NMR ¢ 7.86 (dd, J=38,
1.6 Hz, 2H), 7.80 (d, /=8 Hz, 1H), 7.52 (dd, J=8§, 8
Hz, 1H), 7.48-7.41 (m, 3H), 7.34 (t, J=8 Hz, 1H), 7.28
(dd, J=8, 1.6 Hz, 1H), 7.06 (dd, /=8, 1.6 Hz, 1H),
6.94 (dd, /=8, 1.6 Hz, 1H), 6.63 (d, /=8 Hz, 1H), 3.07
(s, 3H, OMe), 1.47-1.40 (m, 1H), 1.29-1.19 (m, 1H),
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0.95 (s, 3H, Me), 0.91 (s, 3H, Me), 0.9-0.79 (m, 1H),
0.75 (s, 3H, Me), 0.33-0.26 (m, 1H); '*C NMR 6 177.9
(s, C=0), 166.5 (s, C=0), 157.0 (s), 147.6 (s), 140.3 (s),
139.3 (s), 135.8 (s), 135.3 (s), 129.3 (d), 128.4 (d), 127.5
(d), 127.4 (d), 127.1 (d), 126.4 (s), 126.3 (d), 126.1 (d),
125.3 (d), 124.9 (d), 124.7 (s), 121.0 (d), 119.3 (d), 105.8
(d), 90.6 (s, C-0), 55.2 (q, OMe), 54.9 (s), 54.7 (s), 28.8
(1), 28.2 (1), 17.1 (q, Me), 16.8 (q, Me), 9.8 (q, Me). MS,
El, m/z 481 (M+1), 300 (M—camphanyl+1), 268. Anal.
calcd for C5;H,3O04: C, 77.48; H, 5.87. Found: C, 77.53;
H, 5.59%.

Compound (-)-7R: Mp 141.5-143.5°C; [¢]Z=-170
(c=1; CHCly); IR (neat) v 3051, 2967, 2932, 2835,
1790, 1770, 1616, 1575, 1256, 1099 cm™!; 'H NMR §
7.87 (d, J=8 Hz, 2H), 7.79 (d, /=8 Hz, 1H), 7.48-7.38
(m, 5H), 7.19 (dd, J=8, 1.6 Hz, 1H), 7.08 (dd, /=38, 1.6
Hz, 1H), 6.96 (dd, /=8, 1.6 Hz, 1H), 6.70 (d, /=8 Hz,
1H), 3.11 (s, 3H, OMe), 1.55-1.54 (m, 1H), 1.30-1.24
(m, 1H), 1.12-1.07 (m, 1H), 0.96 (s, 3H, Me), 0.88 (s,
3H, Me), 0.83 (s, 3H, Me), 0.51-0.48 (m, 1H); '*C
NMR 6 177.6 (s, C=0), 166.4 (s, C=0), 156.6 (s), 147.4
(s), 140.3 (s), 139.7 (s), 135.5 (s), 135.0 (s), 129.1 (d),
127.4 (d), 127.3 (d), 127.0 (d), 126.9 (d), 126.6 (d), 126.2
(s), 125.1 (d), 125.0 (d), 124.7 (d), 124.6 (s), 120.5 (d),
119.0 (d), 106.1 (d), 90.2 (s, C-O), 54.9 (q, OMe), 54.4
(s), 54.3 (s), 28.5 (1), 28.4 (1), 16.7 (q, Me), 16.6 (q, Me),
9.5 (q, Me). MS, EI, m/z 481 (M+1), 300 (M—cam-
phanyl+1), 268. Anal. calcd for C;;H,;O5: C, 77.48; H,
5.87. Found: C, 77.20; H, 5.62%.

4.7. (+)-(aS)-8'-Methoxy-1,1"-binaphthalen-8-ol 5S

Following the above general procedure described for
the basic hydrolysis. Hydrolysis of (+)-(aS)-8S (0.10 g,
0.21 mmol) afforded pure (+)-(aS)-5S (61 mg, 96%).
Mp 117.5-120°C. 'H NMR and TLC are identical with
those of the racemic sample, 5. [a]¥=+195 (¢=0.52;
CHCI,). The aqueous layer was acidified with 2N HCI
and extracted twice with methylene chloride. The com-
bined methylene chloride extracts were dried (MgSO,)
and concentrated to give pure (—)-(15)-camphanic acid
(40 mg; 98%): '"H NMR 4 4.8 (broad s, 1H, OH), 2.47
(ddd, J=14, 11, 4 Hz, 1H), 2.1 (ddd, J=14, 9, 5 Hz,
1H), 1.96 (ddd, J=14, 11, 5 Hz, 1H), 1.73 (ddd, /=14,
9,4 Hz, 1H), 1.14 (s, 3H, Me), 1.10 (s, 3H, Me), 1.02 (s,
3H, Me).

4.8. (-)-(aR)-8'-Methoxy-1,1’-binaphthalen-8-0l SR

Reaction conditions similar to those described above
were used in the basic hydrolysis of (—)-(aR)-7R to give
a 98% yield of (-)-(R)-5R. [«¢]E=-195 (¢=0.5; CHCL,).

4.9. 8-Ethoxy-8'-{(15,4R)-[3-0x0-4,7,7-trimethyl-2-
oxabicyclo[2.2.1]heptan]-1-carbonyl}oxy-(aS)-1,1'-
binaphthalene 10S and 8-ethoxy-8'-{(1.5,4R)-[3-0x0-
4,7,7-trimethyl-2-oxabicyclo[2.2.1]heptan]-1-car-
bonyl}oxy-(aR)-1,1"-binaphthalene 9R

To a solution of 6 (0.645 g, 2.00 mmol), DMAP (49 mg,
0.4 mmol) and (-)-(1S)-camphanic chloride (0.534 g,

2.47 mmol) in methylene chloride (30 mL) under argon,
was added triethylamine (0.89 mL, 6.16 mmol) via
syringe. The solution was stirred at 25°C for 10 h,
diluted with aqueous ammonium chloride (70 mL) and
extracted three times with diethyl ether. The combined
extracts were washed with brine, dried (Na,SO,), and
concentrated to give 1.00 g of solids. '"H NMR indi-
cated two diastereomers in a ratio of 1:1. Diethyl ether
(~10 mL) was added to the solids, stirred, and the
ether was removed. This process was repeated with
smaller amounts of ether until the remaining solid (less
soluble in ether) was shown by TLC to be a single
isomer (hexane:CH,Cl,:ether=1:1:0.5 as eluent; R;=
0.1). The solid was dried under vacuum to give pure
(+)-(aS)-10S (0.459 g, 47%). The diethyl ether layers
were combined, concentrated, and purified by column
chromatography on silica gel using a gradient mixture
of hexane, methylene chloride, and ether as solvent to
give pure (-)-(aR)-9R (less polar on TLC compares
with 10S 0.410 g, 42%). Compound (+)-(aS)-10S: Sin-
gle crystals were obtained from recrystallization of the
solid with methylene chloride and ether and the struc-
ture was solved by single-crystal X-ray analysis (Fig. 1).
Mp 223-224.5°C; [a]#=+293 (c=0.5; CHCl,); IR
(neat) v 3052, 2977, 2926, 2880, 1782, 1748, 1615, 1574,
1263, 1101 cm™!; 'H NMR 6 7.86 (t, J=38 Hz, 2H), 7.81
(dd, J=38, 1.6 Hz, 1H), 7.53 (t, J=8 Hz, 2H), 7.46-7.41
(m, 3H), 7.32 (t, J=8 Hz, 1H), 7.26 (dd, J=38, 1.6 Hz,
1H), 7.05 (dd, /=38, 1.6 Hz, 1H), 6.94 (dd, J=8, 1.6
Hz, 1H), 6.59 (d, J=8 Hz, 1H), 3.56-3.42 (m, 2H,
OCH,), 1.48-1.4 (m, 1H), 1.29-1.21 (m, 1H), 0.96 (s,
3H, Me), 0.94-0.89 (m, 1H), 0.92 (s, 3H, Me), 0.77 (s,
3H, Me), 0.3-0.22 (m, 1H), 0.07 (t, J=7 Hz, 3H, Me);
13C NMR 6 177.7 (s, C=0), 166.4 (s, C=0), 156.0 (s),
147.5 (s), 140.3 (s), 139.2 (s), 135.7 (s), 135.3 (s), 128.9
(d), 128.1 (d), 127.3 (d), 127.1 (d), 126.7 (d), 126.5 (s),
125.9 (d), 125.8 (d), 125.2 (d), 124.6 (d), 124.1 (s), 120.3
(d), 119.1 (d), 105.2 (d), 90.3 (s, C-O), 62.8 (t, OCH,),
54.7 (s), 56.4 (s), 28.6 (1), 27.9 (1), 16.9 (q, Me), 16.5 (q,
Me), 12.8 (q, Me), 9.6 (q, Me). MS, EI, m/z 495 (M+1),
314 (M—camphanyl+1), 286.

Compound (-)-(aR)-9: Mp 164-165°C; [a]5=-251.6
(¢=0.5; CHCl;); IR (neat) v 3051, 2973, 2932, 2878,
1791, 1748, 1615, 1575, 1257, 1098 cm™'; '"H NMR &
7.86 (t, J=8 Hz, 2H), 7.78 (dd, J=8, 1.6 Hz, 1H),
7.47-7.35 (m, 5H), 7.17 (dd, J=8, 1.6 Hz, 1H), 7.06
(dd, J=8, 1.6 Hz, 1H), 6.95 (dd, /=8, 1.6 Hz, 1H),
6.65 (dd, J=8, 1.6 Hz, 1H), 3.52 (m, 2H, OCH,),
1.56-1.5 (m, 1H), 1.33-1.25 (m, 1H), 1.06-0.98 (m,
1H), 0.96 (s, 3H, Me), 0.89 (s, 3H, Me), 0.84 (s, 3H,
Me), 0.5-0.43 (m, 1H), 0.06 (t, /=7 Hz, 3H, Me); '*C
NMR 6 177.6 (s, C=0), 166.4 (s, C=0), 155.8 (s), 147.7
(s), 140.4 (s), 139.8 (s), 135.6 (s), 135.3 (s), 129.0 (d),
127.3 (d), 127.2 (d), 127.0 (d), 126.8 (d), 126.7 (d),
126.5 (s), 125.2 (d), 124.9 (d), 124.7 (d), 124.3 (s), 120.0
(d), 119.1 (d), 105.8 (d), 90.4 (s, C-O), 62.7 (t, OCH,),
54.4 (s), 54.3 (s), 28.5 (1), 28.2 (1), 16.7 (q, Me), 16.7 (q,
Me), 12.6 (q, Me), 9.5 (q, Me); MS, EI, m/z 495
(M+1), 314 (M-camphanyl+1), 286. Anal. calcd for
C;,H5005: C, 77.71; H, 6.11. Found: C, 77.60; H,
6.35%.
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4.10. (+)-(aS)-8-Ethoxy-8'-hydroxy-1,1'-binaphthalene
6S

Similar reaction conditions as those described above
were used in the basic hydrolysis of (+)-(S)-8 to give a
96% vyield of (+)-(S)-6S. Mp 139-140°C; [x]&=+251
(¢=0.5; CHCl,). Compound 6S: IR (neat) v 3360, 3050,
2923, 2852, 1652, 1575, 1270 cm™'; '"H NMR 6 7.94 (d,
J=8 Hz, 1H), 7.82 (d, J=8 Hz, 1H), 7.55-7.33 (a series
of m, 7H), 7.04 (d, J=8 Hz, 1H), 6.80 (d, /=8 Hz,
1H), 6.72 (d, /=8 Hz, 1H), 5.54 (s, 1H, OH), 3.55 (q,
J=7 Hz, 2H, OCH,), 0.127 (t, J=7 Hz, 3H, CH;); *C
NMR 6 157.4 (s), 153.7 (s), 136.8 (s), 135.6 (s), 129.2
(d), 129.2 (d), 127.2 (d), 127.0 (d), 126.6 (d), 126.1 (d),
125.3 (d), 124.4 (d), 123.2 (s), 120.7 (d), 120.6 (d), 110.7
(d), 106.5 (d), 63.1 (t, OCH,), 12.8 (q, Me); MS, CI,
m/z 315 (M+1). Anal. caled for C,,H,3O,: C, 84.05; H,
5.77. Found: C, 83.76; H, 6.03%.

4.11. (-)-(aR)-8-Ethoxy-8-hydroxy-1,1'-binaphthalene
6R

Similar reaction conditions as those described above
were used in the basic hydrolysis of (-)-(aR)-9 to give a
98% yield of (-)-(aR)-6R. Mp 139-140°C; [x]Z=-264
(¢=0.5; CHCL,).

4.12. (aR)-8,8"-Diethoxy-1,1'-binaphthyl 12

To a solution of 6R (54 mg, 0.17 mmol) in DMF (5
mL, distilled from CaH,) under argon at 0°C was
added NaH (50% dispersion in oil, 0.17 mmol; 8.2 mg)
and ethyl iodide (29 mg, 0.19 mmol). The solution was
stirred at 0°C for 30 min and 25°C for 2 h, diluted with
aqueous NH,CI, and extracted twice with ether. The
combined extracts were washed with brine, dried
(MgS0,), concentrated, and purified by column chro-
matography on silica gel using a gradient mixture of
hexane and ether as eluent to give 12 (59 mg, 100%).
Mp 222-223°C; [¢]5 =-464 (c=0.5; CHCl,); IR (neat)
v 3050, 2973, 2922, 1580, 1455, 1376, 1266, 1066 cm™';
'H NMR 6 7.68 (dd, J=8, 1.6 Hz, 2H), 7.44 (t, J=8
Hz, 2H), 7.40 (t, J=8 Hz, 2H), 7.31 (t, /=8 Hz, 2H),
7.16 (dd, J=8, 1.6 Hz, 2H), 6.60 (d, /=8 Hz, 2H),
3.55-3.38 (m, 4H, CH,), 0.07 (t, J=7 Hz, 6H, Me); '*C
NMR 6 156.0 (s, 2C), 135.0 (s, 2C), 132.0 (s, 2C), 126.6
(d, 2C), 126.2 (d, 2C), 125.3 (d, 2C), 124.9 (d, 20),
123.5 (s, 2C), 120.4 (d, 2C), 105.2 (d, 2C), 62.9 (t, 2C),
12.8 (q, 2C); MS, CI, m/z 343 (M+1). Anal. calcd for
C,,H,,0,: C, 84.18; H, 6.48. Found: C, 84.42; H,
6.30%.
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