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Summary: Acetalization of prochiral 2,2’,6,6’-biphe- 
nyltetrol with I-menthone proceeds in an enantiodiffer- 
entiating manner to give isomenthonide 5a of S-axial 
chirality as a major product, which can be used as a 
general intermediate for asymmetric synthesis of a series 
of (S)-6,6’-dialkoxy-2,2’-biphenyldiols 9a-f. 

Complexes of 2,2’-dihydroxybiaryls with Lewis acids, 
in particular those of 1,l‘-bi-2-naphthol, have been 
utilized as chiral catalysts in a variety of enantioselective 
syntheses.lS2 Recently, attention has been focused on 
improvement of their performance by modification of a 
parent structure. Successful results have been reported 
by increasing the asymmetry around the hydroxy groups 
via introducing proper substituents a t  the adjacent 
 position^.^,^ The stereochemical features of dihydroxy- 
biaryls 1, and their Lewis acid complexes, are also 
governed by substituents attached at  the 6 and 6’ 
positions which control torsional angle w for the benzene 
rings (Scheme 1). However, the effect of torsional angles 
has not been studied previously due to  the lack of a 
general method for the preparation of axially chiral2,2’- 
biphenyldiols with optional substituents a t  the 6 and 6‘ 
 position^.^ 

Acetal 2 is a candidate for a common intermediate of 
6,6‘-disubstituted 2,2’-biphenyldiols. Moreover, 2 was 
anticipated to be synthesized from achiral precursor, 
2,2‘,6,6‘-biphenyltetrol (3),5 by an enantiogroup selective 
acetalization6 between the hydroxy groups a and b (or c 
and d). We wish to report herein a group selective 
acetalization of 3 with I-menthone and use of the result- 
ing acetal 5b in asymmetric synthesis of a series of 6,6‘- 
dialkoxy-2,2‘-biphenyldiols 9a-g whose torsional angles 
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Method A, B, or C 1 (see Table I) 

Ea; R = Bn 
8b; R = Ph 
8C; R---R = -(CHZ)J. 
8d; R---R = -(CH2)4- 
8e; R---R E -(CH2)r 
81; R---R = -(CH2)6- 

9a; R = Bn 
9b; R = Ph 
9C; R---R = -(CHz)S- 
9d; R---R = -(CH2)4- 
9e; R---R = -(CH2)5- 
91; R---R I -(CHZ)s- 

are controlled by the alkoxy (or methylenedioxy) groups 
attached at  the 6 and 6‘ positions (Scheme 2). 

Attempted acetalization of the tetrakis(TMS) ether of 
3 with I-menthone catalyzed by TMSOTf resulted in 
recovery of the starting materials. We recently reported 
an efficient method for the preparation of menthonides 
by acid-catalyzed reaction of 1,3-diols and I-menthone 
enol silyl ether 4, where facile acetalization takes place 
between the initially produced, partially silylated deriva- 
tives of the diols and Z-menthane.' The method was 
successfully employed in the acetalization of 3 (Scheme 
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Table 1. Asymmetric Synthesis of 6,6'-Dialkoxy-2,2'-biphenyldiols 9a-f 

etherification removal of menthoneb 

entry reagent methoda product yield (%) product yield (%) eec (%) [UID 

1 BnBr A 8a 91 9a 97 97 +60.0 (0.70, EtOH) 
2 PhsBi(0Ac)z B 8b 48 9b 96 96 +80.0 (0.52, EtOH) 
3 Br(CH213Br C 8c 83 9c 100 80 +169 (1.06, THF) 
4 Br(CH&Br C 8d 82 9d 97 98 +141(0.60, THF) 
5 Br(CH&Br C Be 70 9e 82 98 +189 (0.98, THF) 
6 Br(CH&Br C 8f 40 9f 100 99 +152 (0.77, EtOH) 

a Method A 4 equiv of the reagent, NaOH (3 equiv), Bn(Et)sNBr (0.5 equiv), CH2C12, HzO, rt, 18 h. Method B: 4 equiv of the reagent, 
Cu powder (1.3 equiv), benzene, 50 "C, 26 h. Method C: a DMF solution (0.1 M) of the reagent (1.0 equiv) was slowly added to a suspension 
of 5b and KzC03 (2.3 equiv) in DMF (0.04 M) a t  80 "C during 2-4 h, and the mixture was stirred further for 2 h. Concentrated HC1- 
THF-MeOH (1:4:2), rt, 2-5 h. Ee was determined by HPLC analysis with a Chiracel OD column. 

2). For separation, the resulting mixture was subse- 
quently treated with (TMS)zNH. Flash chromatography 
of the crude products gave a 15:l mixture of 5a and 7a 
in 45% yield and 6a in 16% yield. Pure 5a was obtained 
by a single recrystallization of the mixture from metha- 
nol. Desilylation (KzC03, MeOH) of 5a gave acetal 5b 
quantitatively.* 

Structural determination of the major product Sa was 
made by X-ray a n a l y ~ i s . ~  The analysis disclosed that 5a 
is an isomenthonide of S axial chirality in which the 
isopropyl group takes an unusual axial position. The 
structure of the second major product 6a was determined 
to be the menthonide of R chirality by X-ray diffraction 
analysis of the TBS ether derivative 6c9 Minor product 
7a was assigned tentatively to a menthonide of S- 
chirality based on the observed rapid interconversion of 
hydroxy derivatives 6b and 7b at  rt. Desilylation of both 
6a and 7a resulted in the formation of the same 2.6:l 
mixture of 6b and 7b.l0 Resilylation of the mixture 
((TMSkNH, TMSOTf, CH2C12, rt) afforded TMS ethers 
6a (69%) and 7a (24%). 

Although (LR,4R)-isomenthone is formed reversibly in 
an acid-catalyzed acetalization with 1-menthone, we have 
never observed the formation of the thermodynamically 
less stable" isomenthonides in our previous study on 
acetalization of l,n-alkanediols.6 In the acetalization of 
3, formation of menthonides 6a and 7a is unfavorable 
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stirred suspension of biphenyltetrol 3 (1.00 g, 4.59 mmol) in CHzClz 
(9.2 mL) at -85 "C was added enol silyl ether 4 (2.8 mL, 11 mmol), 
I-menthone (0.56 mL, 3.2 mmol), and TMSOTf(l.8 "01) in that order. 
The mixture was allowed to warm to -20 "C and stirred for 20 h at 
this temperature. Hexamethyldisilazane (3.9 mL, 19 "01) was added, 
and the mixture was stirred further for 1 h at rt. The resulting mixture 
was diluted with hexane, poured into water, and extracted twice with 
hexane. The organic layers were washed with brine, dried over Naz- 
Sod, and concentrated. Unreacted I-menthone was recovered by 
vacuum distillation (bath temperature 60 "C). The residue was purified 
by silica gel flash chromatography (gradient elution from benzene/ 
hexane 10/90 to 25/75 and then ethyl acetatehexane 5060) to give, in 
the order of elution, the tetrakis(TMS) ether of 4 (0.55 g, 23%), a 15:l 
mixture of Sa and 7a (1.04 g, 45%), and 6a (0.36 g, 16%). Recrystal- 
lization of a mixture of 5a and 7a from methanol gave pure Sa (mp 
96-7 "C). To a stirred solution of 5a (2.6 g, 5.2 mmol) in methanol (52 
mL) at rt was added potassium carbonate (2.2 g, 16 mmol). After being 
stirred for 5 min, the reaction mixture was concentrated in vacuo. The 
residue was diluted with ether and washed successively with 1 N aq 
HC1 and with brine. The concentrate from the dried (NazSO4) organic 
layer was purified by silica gel flash chromatography (ethyl acetate/ 
hexane = 10/90) to give 5b (1.8 g, 98%). 
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probably due to a repulsive interaction between the 
isopropyl group and the benzene ring and the relatively 
more stable isomenthonide Sa was formed as a major 
product. Formation of the diastereomeric isomenthonide 
of R chirality in which unfavorable interaction exists 
between the axial isopropyl group and the benzene ring 
was not observed. 

Reactions of 5b with benzyl bromide afforded 8a in 
high yields (entry 1 in Table 1). Diphenylation of 5b was 
achieved by using an organobismuth reagent developed 
by Barton et al. (entry 2).12 Axially chiral biphenyls 8c-f 
with -O(CHz),O- (n = 3-6) bridges were prepared by 
intermolecular cyclization of Sa with the corresponding 
1,o-dibromoalkanes (entries 3-6).13 The reactions were 
carried out under high dilution conditions by adding a 
solution of the dibromoalkanes slowly using a syringe 
Pump. 

Hydrolysis of 8a-f under acidic conditions afforded 
chiral biphenyldiols 9a-f in high yields. The enantio- 
meric purities of these compounds were high (> 95% ee) 
except for the trimethylenedioxy derivative14 9c. A 
separate experiment showed that 9c did not racemize 
under these conditions, suggesting that 8c underwent 
partial racemization under the acidic conditions.15 The 
biphenyldiols 9a-f are thermally stable during practical 
use. Thus, no detectable racemization was observed upon 
heating 9a,b in ethanol a t  60 "C for 18 h. Slow racem- 
ization was observed at  111 "C in toluene; the enantio- 
meric purities of 9a, 9b, and 9d were reduced to 86% 
(after 15 h), 81% (after 12 h), and 87% ee (after 6 h), 
respectively. 

Each of the chiral biphenyldiols synthesized in the 
present study has a unique structure related to its 
torsional angle. Use of their Lewis acid complexes in 
catalytic asymmetric reactions is now underway. 
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