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Asymmetric Coupling of Phenols with Arylleads Scheme 1
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The optically pure biaryl axis has been the subject of increasing Pb(OAC)3 OH oH
interest, due to its role as a pivotal element in a rapidly growing O ‘ O O
number of not only pharmacologically potent natural products O O
but also chiral metal cataly$tand artificial helical polymers.

Despite a broad spectrum of classfcahd moderh procedures

for the chemical connection of aromatic moieties, the development
of efficient aryl-coupling methods that enable the directed
construction of even highly sterically demanding bi- and polyaryls

2d d-3d 4

Table 1. Asymmetric Coupling ofLa with 2ain the Presence of
Chiral Basé

in optically active forni has become of great importance. We yield ee yield ee
report here the first example of the diastereo- and enantioselective entry ~ base (%)>  (%)° entry base (%) (%)
direct coupling of aryllead compounds with phenol derivatives. 1 5 16 0 5 9 3d 0

Pinhey suggested that the coupling reaction of phenols with 2 6 8¢ 10 6 strychnine 32 20
aryllead triacetatésis facilitated by the participation of excess 3 7 144 4 7 brucine 92 40
pyridine (ca. 10 equiv) or analogous bases in CHJlhereafter, 4 8 2 4

Barton carefully optimized the reaction conditions, particularly

a Reactions were carried out usi@@ (2.5 equiv),1 (1 equiv), and

for the use of aryllead compounds which incorporate electron- 4 pase (3 equiv) in toluene at room temperature for 8Unless

rich aryl groups. Our initial plan was guided by a reconsideration otherwise specified, of isolated, purified dicoupling prodiBz
of an alternative base additive which could open the way to the ¢ Determined by HPLC analysi&.Of isolated, purified monocoupling

future discovery of a chiral analogue, with a goal of the efficient
asymmetric synthesis. Since 2,6-bis(2-isopropylphenyl)-3,5-dim-
ethylphenol 83)'° has been demonstrated to be an effective chiral
auxiliary in the diastereoselective aldol reaction of the corre-
sponding chiral acetaté? we first investigated the synthetic
efficiency of 3a with several different bases (toluene, room

temperature, 2 h) (Scheme 1). The rate-enhancing effect was most

prominent with at least 3 equiv of 1,4-diazabicyclo[2.2.2]octane
(DABCO) or quinuclidine 8a, 80% and 95%, respectively) but
less efficient with primary amines-PrNH,, 3a, 75%; 4, 7%).

An attempt to use other tertiary amines, including N&tdi-Pr,-

NEt (4, 11% and 10%, respectively), and secondafyr{NH; 4:
31%) as well as bidentate amindsafs-1,2-diphenyldiamino-
ethane andrans1,2-diaminocyclohexanet, 7% and 5% vyield,
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respectively) proved totally fruitless. This process using DABCO
or quinuclidine exhibited highdl-selectivity (~99% de); in
comparison, Suzuki coupling was carried out and gave consis-
tently lowerdl-selectivities as well as lower chemical yiefdg?

On the basis of the structural features of quinuclidine, we next
elucidated the potential for an asymmetric version of this process
using optically active bases (Table 1). We found that brucine was
essential to achieve rate enhancement in addition to high
diastereoselectivity. Moreover, we obtained the best enantiomeric
excess (ee) so far (40% €€)The participation of even a small
amount of HO retarded the rate, as exemplified by the use of
brucine hydrate. Protocols which used toluene were preferable,
although the use of other solvents also gave reasonable yields

(11) 2,6-Dibromo-3,5-dimethylanisol&T) and boronic acid48a—c were
subjected to Suzuki coupling to give the corresponding terphenyl adducts
19a—c with moderate yields and diastereoselectivities. See Supporting
Information and also ref 10b.

(12) The diastereoselectivitgdiilmes was unambiguously ascertained by
'H NMR and HPLC analysis. See ref 10b.

(13) The ee % of each adduct was determined by chiral HPLC analysis.
The rather low yield by slow reaction with strychnine is probably due to its
insolubility in toluene.

10.1021/ja990646v CCC: $18.00 © 1999 American Chemical Society
Published on Web 09/10/1999



8944 J. Am. Chem. Soc., Vol. 121, No. 38, 1999

Table 2. Asymmetric Ligand Coupling with Various Arylleatls

lithium conditions® , . yield (%)° ee (%) ee (%Y
entry phenoxide aryllead °C, h) major coupling product (dtme;o) (configy® (yield %)
1 1b 2a 20,21 3a 99 61 99 (51)
(R=FPr) (>99:1)  (RR)
26 1b 2a  -20,21 3a 88/ 64
(>99:1)  (RR)
3 1b 2a 20,21 3a 75 66
OH (>99:1)  (RR)
4  1b 2a 20,28 3a 40 61
O -9%:1)  (RA)
5 1b 2b 20,28 3b R R >99 49
(R = Me) (13 (R
6 1b 2c 20,52 3¢ 68' 83 >98(77)
0,12 (R=Ph) (>99:1)
1, 24
7 1b 2d 20,28 3d >99 51
(2.0:1)
OLi
OH "
8 2c  -40,120 10 O O 80 87  >99(87)
(>99:1)
98 2c 403 10 O 3 86
0,12 Ph Ph  (599:1)
10 2a  -40,44 11 82 54
oLi -20,28 (R=i-Pr) (>99:1)
1" 2c 40,35 12 O OH O 55 93
20,28 (R=Ph) (6.9:1)
MeG > OMe 0,17 O I
R
i, 24 eG oMe
128 2c 40,3 12 49' 93
0,32 (49:1)
OLi
Ph

86

46

Joek
O 2a -40, 14a
(R=iPr)

ol
14/

O 99 85

15/ O 2b 40, 24 14b O 85 75
(R = Me)

16t OLi 2a -40,10 15 O 86 77
(R=i-Pr) R

17 2c -40, 48 16 OH 83 89

O (R=Ph) A

18 2c  -40,10 16 OO 86 80

I3

@ Unless otherwise specified, reactions were performed using lithiated
phenol (1 equiv), aryllead (2.5 equiv), 4-A molecular sieves (3 g/mmol),
brucine (6 equiv) in tolueng.All these reactions were mixed at78
°C and reacted under each reaction condition(s). For entries 6-ati2] 9
reaction temperature was gradually increased as specif@dsolated,
purified dicoupling product! Enantiomeric excess of terphenyls, which
was determined by chiral HPLC analysislhe absolute configuration
of the major enantiomer, which was determined in comparison with
that in the literature3a,b, ref 10b;16, ref 18. Others are not assigned.
fThe yield and ee % of obtained crystals (entry 1) or filtrate (entry 6
and 8) after recrystallization from cyclohexane (entries 1 and 6) or
hexane (entry 8) at room temperatuféryllead:brucine= 2:2 equiv.

" Aryllead:brucine = 2:1 equiv.' Aryllead:brucine = 2:0.2 equiv.

I Aryllead:brucine= 1.25:3 equivX Aryllead:brucine= 1:1 equiv.

' Monocoupling products were also obtained (entry 2, 7%, 48% ee; entry
3, 20%, 58% ee; entry 4, 30%, 61% ee; entry 6, 26%, 38% ee; entry
8, 16%, 70% ee; entry 9, 6%, 56% ee; entry 11, 25%, 29% ee; entry
12, 43%, 49% ee).

despite a decline in ee values (&, 25% ee; THF, 24% ee).
After screening various coupling conditions, we were pleased to
find that not only the lithiation of phenols but also the use of
molecular sieves (4 A or 13) accelerated the reaction rafé5s
Thus, coupling could be performed at lower temperature®)(
to —20 °C), and we were successful in increasing the & (
99% yield, 61% ee). Fortunately, optically puf®,R-3a (>99%
ee) was readily obtainable in 51% vyield upon recrystallization
from cyclohexane at room temperature.

Toillustrate the scope of this asymmetric ligand coupling using

Communications to the Editor

(R-4 + Pb(ll

L = acetate or vacant site

Figure 1.

phenyllead triacetate2€) was generally suitable in terms of high

ee (entries 6, 8, 9, 11, 12, 17, and 18). It is reasonable to suggest
that the initial chirality has a nonnegligible influence on the rate
of the diastereoselective second arylation (entries 2, 3, 6, 8, 9,
11, and 12).

Despite the lack of clear evidence, brucine might ligate to Pb
metal, thereby inducing high enantio- and diastereoselectivity
(Figure 1) A substoichiometric (1 equiv) or catalytic (0.2 equiv)
amount of brucine gave turnover numbers of 1.5 and 5.5,
respectively (entries 3 and 4, Table2)The comparable ee
(entries 1-4) also suggests that brucine makes identical complexes
reversibly with Pb(IV) and Pb(ll).

In summary, we have demonstrated a new approach to optically
active aryl compounds with axial chirality that is applicable even
to bulky aromatics. This method should be advantageous for
several reasons. First, it enables bi- or terphenyl construction
directly from phenols; i.e., it would obviate the need to prepare
ArX, such as arylhalides or -triflates, which are frequently
involved in conventional coupling events. Second, two aromatic
nuclei could simultaneously be introduced to 3,5-disubstituted
phenols, to give terphenyls with high diastereoselectivity. Third,
it requirs only a simple operation involving the use of economi-
cally available brucine, to give ee values up to 93%.

Supporting Information Available: Preparation methods and char-
acterization data for all new compounds and a comparison experiment
involving Suzuki coupling (see ref 11) (PDF). This material is available
free of charge via the Internet at http://pubs.acs.org.

JA990646V

(14) In a large-scale procedure, to a solution of phel®(6.10 g, 50.0
mmol) in toluene (650 mL) was added a 1.59 M hexane solution-BEiLi
(31.4 mL) at 0°C under argon, and the mixture was stirred for 15 min. After
the mixture was cooled te-78 °C, brucine (39.4 g, 100 mmol)Cfaution!
EXTREMELY POISONOUS (oral LIy in rats= 1 mg kg*). Handle in well-
ventilated hood only.], arylleada (50.4 g, 100 mmol) Caution! Poisonous.
Handle in well-ventilated hood only.] and 4-A molecular sieves powder (150
g) were added sequentially. The mixture was stirreet2® °C for 21 h and
filtered through a Celite pad. The obtained cake was washed witfCigH
and the filtrate was concentrated. The residue was purified by column
chromatography, where nonpolar products initially came off the column
(diethyl ether/hexane= 1/10 to 1/1 as the eluent) to gi\&a (15.6 g, 88%),
4a (0.84 g, 7%), andla (0.31 g, 5%), whereas brucine remained at almost
the starting point of the column. The next eluentiEMeOH = 1/10) allowed
>90% recovery of brucine, which can be reused after being washed with
10% NH,OH and subsequently with diethyl ether and dried (10C0or 12 h
at 3 mmHg).

(15) It is not yet possible to explain these effects on the rate acceleration.
However, one reasonable explanation is that lithiation and the use of molecular
sieves preclude the involvement of AcOH, which may retard the rate by
intervening in the formation of lead phenoxides.

(16) This speculation is due to a mechanistic model proposed by Pinhey,
in which pyridine would be bound to Pb to promote significant rate
acceleration, see: (a) Morgan, J.; Hambley, T. W.; Pinhey, J. Them.
Soc., Perkin Trans. 1996 2173. A free radical process seems highly unlikely,
see: (b) Hambley, T. W.; Holmes, R. J.; Parkinson, C. J.; Pinhey, J. T.

brucine, a diverse set of lithiated phenols and arylleads was Chem. Soc., Perkin Trans. 1992 1927. (c) Morgan, J.; Parkinson, C. J.;

coupled (Table 2). High diastereoselectivity was consistently
observed. Using less brucine gave inferior (entr3&,88%; 4,
7%; 1a, 5%) or comparable results (entries 9 and 12). (2-Phenyl)-

Pinhey, J. TJ. Chem. Soc., Perkin Trans1994 3361 and references therein.
(17) This interesting result may be improved by a more efficient catalysis
which is now under investigation.
(18) Nishikiori, H.; Katsuki, T.Tetrahedron Lett1996 37, 9245.



