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An efficient and practical method for optical resolution of axially chiral biaryl dials using enantiomeric
agent was developed. The approach offers a very convenient and straightforward access to versatile enantiomerically pure
biaryl dials in good yields. With the obtained axially chiral dials, stereoselective synthesis of a series of cyclic

form was investigated.

tert-butanesulfinamide as resolving
Crsymmetric
trans-1,2-diols in optically pure

Axially chiral biaryl frameworks are found in a large number
of natural products as well as pharmaceutical molecules.
Atropisomerically enriched biaryl compounds wi@- or
C-symmetry are also widely used as efficient chiral ligands
or auxiliaries in asymmetric synthesi©ver the last two

chirality including resolution of racemic biaryls and atro-
pselective synthesis has been actively investigafedally
chiral biaryl dials with two carbaldehyde functionalities are
extremely useful precursors to a range of important biaryl
compounds (Scheme 1). Although several procedures for the

decades, development of methods for constructing axial preparation of optically pure biaryl dicarboxylic acids were
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Scheme 1

biaryl dials remains a significant challeng@&o our knowl-

edge, the only direct example documented in the literature

is the kinetic resolution of racemic I;kinaphthyl-2,2'-
dicarbaldehyde with (JR)-1,2-diphenylethylenediamine; how-
ever, the result was far from ideal (15% yield, 92% &hy.

this paper, we present our studies regarding a solution to
this subject and provide an efficient and practical approach

for optical resolution ofC,-symmetric axially chiral biaryl
dials.

Recently, we have been successfully using enantiomeri-

cally pure N-tert-butanesulfinyl imin€s as exceedingly

versatile intermediates in asymmetric synthesis for the

preparation of chiral aming&s® and amino alcohol& In most
cases, theert-butanesulfinyl group serves as a powerful
chiral discriminating group. On the other hand;tert-
butanesulfinyl imines are easily hydrolyzed in acidic condi-

tions. Inspired by these two facts, we envisioned an optical

resolution process of racemic biaryl dial§) (using the
atropisomerictert-butanesulfinyl bis-imine §) formation
approach. Hydrolysis of each imine isomer would afford the

expected axially chiral biaryl dicarbaldehyde compounds

(S)-1and (R)-1(Scheme 2).

Initial attempts were carried out by using racemic'1,1
binaphthyl-2,2-dicarbaldehydelfa) as substrate. Upon treat-
ment oflawith (S)-tert-butanesulfinamide in GBI, in the
presence of Ti(OEf) we observed significant formation of
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two major products with an approximate ratio of 1:1 on TLC
plate. After the completion of the reaction, the two products
were readily separated by flash column chromatography on
silica gel. As expected, NMR spectra proved that they were
diastereomerically pure binaphthiyisulfinyl bis-imines &)-

5a and (R)-5a (Scheme 3). It is notable that chromato-

Scheme 3
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graphical resolution of diastereomeric bis-imines prepared
by the condensation of raka with other potential resolving
agents such asR)-a-methylbenzylamine orR)-2-phenyl-
glycine methyl ester is unsuccessful. The absolute configu-
ration of the chiral axis of less polar isom&a was
determined aSby X-ray crystallography (Figure 1). It was

Figure 1. X-ray crystal structure of%y)-5a.

also found that the molecule in solid state exhibits a
significant transoid conformation. Two bulkgrt-butane-
sulfinyl imine units on the naphthyl ring were far away
to avoid the steric repulsichTo obtain the enantiopure
1,1'-binaphthyl-2,2'-dicarbaldehydes, two binaphthyl imine
products were subsequently treated with 6 N HCIl in MeOH.
Gratifyingly, the hydrolysis went smoothly at room temper-
ature to give the desired enantiomef&)-Llaand (R)-1a,
respectively, in high yield without any racemizati¥n.
Encouraged by the above results, we decided to apply the
new strategy to the resolution of a range of synthetically
useful biaryl dials carrying axial chirality. Typically, bi-
naphthyl and biphenyl dials were examined as substrates,
and the results are summarized in Table 1. WE-tert-
butanesulfinamide, all biaryl dials were successfully con-
verted into the corresponding bis-imines in good yields

(9) The dihedral angle C2C3-C14—C13 is 1006 and C4-C3-C14—
C15is 93.1°.
(10) Determined by HPLC analysis on a Chiralpak AD-H column.
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Table 1. Optical Resolution of Racemic Biaryl Dials vi&)-tert-Butanesulfinyl Imine Formation

bis-imines enantiopure dials
entry substrate 1*
5 Rs yield (%)° 1 ol yield (%)°
OO cHo (S)-5a 0.30¢ 45 (S)-1a 2.8 (¢ 0.30)! 90
O G
) (R.)-5a 0.23¢ 40 (R)-1a +2.7 (¢ 0.35) 91
a
% OO oo (S.)-5b 0.34° 47 (S)-1b +77.8 (¢ 1.10) 94
O™
N (R,)-5b 0.28° 41 (R)-1b -77.0 (¢ 0.62) 92
Br- O
OO o (S.)-5¢ 0.28¢ 40 (S)-1e -18.6 (c 0.40) 92
’ L
Br o~ d
Lo (R.)-5¢ 0.22 32 (R)-1c +18.4 (¢ 0.33) 91
‘O (S)-5d 0.34f 44 (S)-1d -81.0 (¢ 0.52) 92
CHO
4 CHO
‘O (R)-5d 0.28" 40 (R)-1d  +79.1 (c 0.83) 92
1d
O (S,)-5¢ 032 45 (SKle  -287 (c 0.72) 94
o CHO
5 0 CHO
O (R.)-5e 0.25° 45 (R)-1e +289 (¢ 0.51) 91
le
o/
o (S,)-5t 0.248 45 S)-1f -80.9 (c 0.88)' 95
O
~o CHO
6 e CHO
N O (R.)-5f 0.182 40 (R)»-1f  +81.4(c 0.62) 93
pe
1f
O/
O h
( (S.)-5¢g 0.44 47 - - 93
o CHO
7 <O CHO
0 (R)-5¢ 0.32" 47 - - 94
O
-
1g

2 Racemate® Isolated yield.¢ Performed in CHGJ at 20°C. ¢ Eluted with hexane/ethyl acetate3:1. ¢ Eluted with hexane/ethyl acetate2:1. f Eluted
with hexane/ether= 3:1. 9 Eluted with hexane/ethyl acetate4:1. " Eluted with hexane/ethyl acetate1:1.7 [a]p = —3.1 (c1.01, CHCY) in ref 4b.i [o]p
= +3.2 (c1.04, CHC}) in ref 4b.%[a]p = —291 (c1.30, CHC}) in ref 12.! [a]p = —81.7 (c1.17, CHC}) in ref 12.

regardless of the substituents on naphthalene or benzene ringconfigurations were accessed in high yields (entrie$)L

To our delight, these imine diastereomers are all physically By comparing the first Cotton effect pattern &)¢laand
stable and chromatographically separable. It seems that theothers in CD spectra, the absolute configurations of more
electronic nature of the aryl ring has no influence on the polar (slower eluting) isomers were assigned to have (R)-
resolution efficiency. After hydrolysis, vario@-symmetric configurationg! It is noteworthy that the preparation of these
enantiomerically pure biaryl dials with both (R) and (S) optically pure dials by direct optical resolution has not been
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Scheme 4

Smly, THF
78°C

cyclization. In all cases, the reactions took place smoothly
and gave gquantitatively a single produt- and*C NMR
spectroscopies of these products were consistent with cyclic
diols bearingtrans configuration (Scheme 4). The stereo-
chemistry was further assigned on the basis of the X-ray
crystal structure of (Figure 2). Thus, upon employment of

Figure 2. X-ray crystal structure of diof.

successfully achieved before. For dia-Le and ©)-1f,
Meyers and co-workers have reported an asymmetric syn-

thetic approach via magnesium- and copper-mediated cou-

pling reactions? while it requires many steps and needs to
use chiral aryl oxazoline substrates. With our resolution

method, these dial enantiomers are readily accessed. Usingn

substratelb, the resolution was found equally successful on
a gram scale. In the case of entry 7, the rotation barrier at
the biphenyl axis of diallg was low so that rapid racem-
ization was observed upon removal of the bultert-
butanesulfinyl groups in ¢g5g and (R)-5g.

With a series of enantiopure biaryl dials in hand, we are
interested in exploring their intramolecular pinacol couplings
using Smj'3to produce cyclic 1,2-diols containing both axial
chirality and central chiralities. Previously, pinacol cycliza-
tion of biaryl dials has been reported to proceed by the
synclinal mode and give onlgrans-diolsi* however, very
few examples of using optically pure biaryl dials have been
investigated® Under the conditions of Smat—78 °C, dials
(S)-1a,b,1d—f as well as R)-1dwere examined for pinacol

(11) (S)-1lagave a negative first Cotton effect at 360—380 nm, while all
positive first Cotton effects were observed for other slower-eluting isomers;
see Supporting Information for CD spectra. The absolute configurations of
(S)-1eand (S)-1fwere further confirmed by comparing the optical rotation
[a]p with known data.
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X.-S.; Lin, G.-Q.Org. Lett.2000,2, 3773. (c) Xu, M.-H.; Wang, W.; Xia,
L.-J.; Lin, G.-Q.J. Org. Chem2001, 66, 3953. (d) Wang, W.; Zhong,
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dial (S-1in reaction, the sole formation of the corresponding
helix-like trans-(S,S)-diols in excellent yields were deter-
mined. Notably, these novel,-symmetric biaryl-derived
cyclic trans-1,2-diols would be expected to be useful chiral
ligands in asymmetric synthesis.

In summary, we have developed an efficient and practical
ethod for optical resolution of axially chiral biaryl dials
via tert-butanesulfinyl bis-imines. Enantiometert-butane-
sulfinamide was used as the resolving agent. The current
approach offers a very convenient and straightforward access
to versatile enantiomerically puf&-symmetric biaryl dials

in good vyields. With the obtained axially chiral dials,
stereoselective synthesis of a series of cytthns-1,2-diols

in optically pure form was investigated. It is believed that
both the resolution strategy and the attained chiral biaryl dials
as well as biaryl-derived cyclic diols would find wide
application in asymmetric synthesis.
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