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ABSTRACT

A chiral auxiliary is described that provides only one diastereomer during intra molecular Ullmann couplings. Treatment of five Ullmann coupling
precursors with Cu powder in DMF at 115 °C provides 2,2 ′,3,3′,6,6′-hexasubstituted 1,1 ′-biphenyls as single diastereomers in yields ranging
from 66% to 91%.

One of the most powerful methods for the preparation of
enantiomerically enriched compounds is catalytic asymmetric
synthesis. The design and synthesis of chiral bisphosphine
ligands is an important area of research toward developing
highly enantioselective transition-metal-catalyzed asymmetric
reactions.1 Given that subtle steric and/or electronic perturba-
tions of a ligand can dramatically affect the catalytic activity
and selectivity,2,3 we embarked on a program to prepare 3,3′-
disubstituted MeO-BIPHEP4 (1-5) and BINAP5 (6) deriva-

tives (Scheme 1). Since the original preparation of MeO-
BIPHEP (1) involved a cumbersome resolution step by co-

crystallization with dibenzoyl-L-tartaric acid6 that did not
work on some of our 3,3′-substituted MeO-BIPHEP deriva-
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tives, we developed resolutions for these 3,3′-derivatives
using L-menthol-Me2SiCl4b and (S)-2-acetoxypropanoyl
chloride.4a In both cases, the resulting diastereomers were
separated on silica gel. In the latter case, the chiral auxiliary
(CA) was attached to a precursor such that diastereomers
were formed after anintermolecular Ullmann coupling
(UC).7 Since the de’s were low (1.1 to 2:1) and some of
diastereomers did not separate well on silica gel, we decided
to investigate whether a highly diastereoselectiveintramo-
lecular UC could be designed so that the diastereomers would
not need to be separated. We herein report a new CA for
the preparation of1-5 that provides one diastereomer after
an intramolecular UC.

A survey of the literature8 on successful diastereoselective
intramolecular UC involving ether linkages7 indicated that
although the % de in some cases were very high (100% de),9

the yields were moderate to good (54-78%),10,11 and harsh
conditions (e.g., BBr3) were necessary to cleave some of the
ether bridges. We decided to take a different tack involving
the design of an asymmetric linkage that would involve esters
8 (Scheme 1) rather than ethers7 such that cleavage of the
asymmetric linkage would occur under milder reaction
conditions. Although this scenario would place the stereo-
genic centers within the linkage further away from the newly
formed axis of chirality, we were encouraged by some recent
findings in which very high % de’s were reported in oxidative
biaryls couplings12 in which the stereogenic centers were up
to 8 atoms removed13 from the axis of chirality.

We decided to start with the preparation of MeO-BIPHEP
(1) as a model, and the first CA used,9, was easily prepared
from tartaric acid. Using our optimized reaction conditions
for intramolecular UC,14 compound13gave mainly deiodized
starting material (SM) (48%) and a very small amount of
21 (Table 1). Changing the CA to lactate derivative10 in
which the alcohol groups of the lactates were linked via a
succinate (i.e.,14) provided Ullmann-coupled product22 in
69% yield with a 71% de. It was felt that if the flexibility in
the CA chain was reduced that amount of dehalogenized
material would be minimized as the two aromatic rings would
be held in closer proximity to one another. Indeed, reducing
the degrees of freedom of rotation in the CA linkage by
modifying the succinate to a phthalate11 gave precursor15

that furnished UC product23with a gratifying 95% de (81%
yield).15 Finally, changing the CA from a lactate to the more
bulky (R)-2-hydroxy-3,3-dimethylbutyrate1616 provided only
one diastereomer24 (>99% de by1H NMR) in 88% yield.
The absolute configuration of the newly formed axis of
chirality in 24 was found to beSax from the X-ray crystal
structure (Figure 1). Compounds16-20 were synthesized

in excellent yields over five steps starting from (R)-2-
hydroxy-3,3-dimethylbutanoic acid2916 via diacid30 (bot-
tom of Scheme 2).

To determine if the CA derived from (R)-2-hydroxy-3,3-
dimethylbutyrate would provide high % de’s when the 3 and
3′ positions were substituted, compounds17-20 were
prepared and subjected to the intramolecular UC. In all four
cases, the products25-28were formed with>99% de (by
1H NMR) in yields ranging from 66 to 91% (Table 1). After
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Table 1. Products Ratios from the Intramolecular UC of
Compounds9-17

sm
deiodized sm/UC
product (config)

UC product
(% isolated yield) % de

(R,R)-13 95:5 (nd) 21 (nd)
(S,S)-14 23:77 (Rax) 22 (69) 71
(S,S)-15 10:90 (Rax) 23 (81) 95
(R,R)-16 9:91 (Sax) 24 (88) >99
(R,R)-17 4:96 (Sax) 25 (91) >99
(R,R)-18 17:83 (Sax) 26 (79) >99
(R,R)-19 6:94 (Sax) 27 (84) >99
(R,R)-20 21:79 (Sax) 28 (66) >99

Figure 1. X-ray crystal structure of (R,R,Sax)-24. The hydrogen
atoms have been removed for clarity.
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separation of UC products from deiodized SM and other
impurities (silica gel column), the1H NMR spectrum of
major spot showed the presence of only one diastereomer
in all cases. Compounds24-28 were then converted into
optically pure phosphine oxides31-35 in high yields
(Scheme 3).

For additional confirmation that only one diastereomer was
formed from the UC and that the minor diastereomer was
not lost on the silica gel column mentioned above to remove
the deiodized SM and other impurities, the crude UC reaction
mixtures containing24, 25,or 26, after removing the copper
salts, were treated with KOH/EtOH followed by methylation
with MeI as shown in Scheme 3. Note that upon removal of
the CA, any mixture of diastereomers formed in the UC
would now become a mixture of enantiomers (i.e., a scalemic
mixture). Separation of the possible scalemic mixture of

phosphine oxides31, 32, or 33from the deiodized SM was
successful via a silica gel column. The enantiopurity of31,
32, or 33was then determined by measuring the1H NMR
spectrum in the presence of (-)-(2R,3R)-dibenzoyltartaric
acid.17 In all cases, only one methoxy signal was observed,
indicating the sample was enantiopure. Thus, only one
diastereomer was formed during the UC reaction.

In summary, we have designed and synthesized a novel
chiral auxiliary that provides only one diastereomer in the
intramolecular UC leading to BIPHEP derivatives. The
auxiliary is easily prepared and removed after the UC and
should be useful toward the asymmetric synthesis of the
ellagitannin class of natural products.18
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