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Abstract: The catalytic asymmetric synthesis of an axially chiral
biaryl, potentially useful intermediate in the synthesis of dibenzocy-
clooctadiene lignans, has been performed. The key step consisted of
a diastereoselective Suzuki coupling between a chiral benzylic alco-
hol and a sterically hindered boronic ester. The 1,3-induction from
the benzylic stereocenter to the biaryl axis proceeded with very
good diastereoselectivity.

Keywords: axial chirality, Suzuki coupling, chirality induction, cy-
clooctadiene lignans

Axially chiral biaryls are found in a number of different
living organisms and exhibit a great variety of biological
activities.1 These activities are often restricted to one
atropisomeric form, and several atroposelective synthetic
methodologies have been proposed in order to obtain the
bioactive atropisomer.1,2 Dibenzocyclooctadiene lignans
are axially chiral biaryls bridged by a median ring pos-
sessing several stereocenters.3 Among these, (–)-stegana-
cin 1 (Scheme 1) shows antitumor properties originating
in the inhibition of microtubule assembly. Several
enantioselective syntheses of (–)-steganacin and the relat-
ed C-5 ketone (–)-steganone have been described via: (a)
enantioselective construction of the butyrolactone D-ring
and subsequent intramolecular oxidative4 or intermolecu-
lar reductive5 biaryl coupling; (b) intermolecular diastere-
oselective biaryl coupling, either following the Meyers
chiral oxazoline method,6 or using a Suzuki coupling with
a chiral chromium tricarbonyl-complexed aryl halide,7

followed by construction of B-D rings. In spite of their
efficiency and elegance, the intermolecular coupling
approaches necessitate the introduction and removal of a
stoichiometric chiral auxiliary. Diastereoselective8 and
enantioselective9 Suzuki biaryl couplings using chiral
phosphines, which have recently been used in other con-
texts, could provide a straightforward control of the axial
chirality in the stegane series. An alternative approach
would involve a diastereoselective Suzuki coupling using
achiral ligands through chirality induction of the axial
configuration by a pre-existing stereocenter such as C-5.
Such a method was employed by Lipschutz in his ap-
proach to korupensamine A, observing a complete 1,4-in-
duction from a stereocenter attached to a phosphine
ligand.10 In addition, Nicolaou obtained a 33% de using a

chiral boronic acid in the Suzuki coupling step of the van-
comycin total synthesis.11

Our own asymmetric approach to stegane lignans is illus-
trated in Scheme 1. (–)-Steganacin 1 could arise from a
non-bridged precursor 2, bearing a stereogenic benzylic
carbon atom, via construction of the B-D ring system, and
2 could be obtained by a diastereoselective Suzuki cou-
pling. According to our recent work on the palladium(0)-
catalyzed synthesis of antimitotic bridged biaryls,12 the
Suzuki coupling should be more efficient if the boronic
ester function is placed on the correct ring, presumably
ring C. In order to determine the optimal substitution pat-
tern (R1–R3) and Suzuki coupling conditions, several pre-
cursors were synthesized. With the choice of these
precursors, the chemical compatibility of functional
groups with the Suzuki coupling conditions and the steric
hindrance of ortho substituents (R1–R3) were taken into
account.

Scheme 1

The A-ring building block 313 was obtained from com-
mercially available 3,4-methylenedioxyacetophenone in
77% yield by NaBH4 reduction and regioselective iodina-
tion (I2, CF3CO2Ag)14 (Scheme 2). This secondary alco-
hol was protected with a MOM group and submitted to
our modified Pd(0)-catalyzed borylation conditions15 to
give the corresponding sterically hindered boronic ester 5
in good yield. Ketone 6 was obtained by PCC oxidation of
3.13 C-Ring building blocks were synthesized from the
known iodide 7 (Scheme 2).13 After introduction of a
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MOM (compound 8), TES (compound 9) or MEM (com-
pound 10) protecting group, the borylation was performed
as above in good yield in spite of the steric hindrance,
giving boronic esters 11–13.

Scheme 2 Reagents and conditions: a. MOMCl or MEMCl (2
equiv), EtN(i-Pr)2 (3 equiv), CH2Cl2; 0 °C to 25 °C, 15 h; b. (pin)BH
(2 equiv), Et3N (3 equiv), Pd(OAc)2 (5 mol%), PCy2(o-biph) (10
mol%), dioxane, 80 °C, 30 min; c. TESOTf (1.2 equiv), 2,6-lutidine
(1.5 equiv), CH2Cl2, 0 °C to 25 °C, 30 min. pin = pinacol, PCy2(o-
biph) = 2-(dicyclohexylphosphino)biphenyl

The Suzuki coupling reaction between these A-ring and
C-ring synthons was subsequently examined (Table 1).
Boronic esters and iodides were initially coupled using
our standard conditions,12,15 in the presence of barium hy-
droxide, palladium acetate and biphenyl ligand L1 or L2,16

in dioxane–water. Indeed we found that the combination
of this particular base and catalyst gives good yields and
short reaction times with sterically hindered substrates.

The coupling of ring A boronic ester 5 with ring C iodide
7 (entry 1) gave only protodeiodinated or protodeboronat-
ed products, as gave other coupling trials in this sense.
When the sense of the reaction was reversed, starting from
an A-ring iodide and a C-ring boronate, the desired biphe-
nyls were formed in low to moderate yields (entries 2–7).
The coupling of boronate 11 with iodide 3 in the presence
of ligand L1 (entry 2) gave the coupling product 2a in ca
50% yield, as an inseparable mixture with the pinacol. For
purification and analysis purposes, the less polar biphenyl
2d was synthesized by treatment with NaH and benzyl
bromide, in 38% isolated yield from iodide 3. Examina-
tion of the 1H NMR spectra of 2a,d indicated a 84:16 mix-
ture of two diastereoisomers (68% de), resulting from a
chirality induction from the benzylic position to the biaryl
axis. Heating 2d in DMSO-d6 up to 140 °C did not modify
the diastereomeric ratio, which indicates that this com-

pound has a high atropisomerization energy barrier. The
yield of the Suzuki coupling was improved using biphenyl
ligand L2 (entry 3), giving 2d in 53% isolated yield after
benzylation, with identical diastereoselectivity. When
the more sterically hindered boronate 12 was coupled to
iodide 3 (entry 4) in the presence of ligand L1, the desired
biphenyl 2b was obtained in low yield (ca. 15%), together
with the protodeiodinated by-product. In order to resolve
this mixture, the TES group was removed with TBAF
giving diol 2e in 10% isolated yield from 3 and as a single
diastereoisomer. The use of ligand L2 instead of L1 (entry
5) again gave an improved yield of 31% for 2e, also with
complete diastereoselectivity. The coupling of MEM-pro-
tected boronate 13 with iodide 3 (entry 6) furnished, after
protection with BnBr, the corresponding biphenyl 2f in
31% yield and with a 70% de. This result indicates that a
subtle adjustment of the size of the R2 group is necessary
to combine a satisfying yield with a high diastereoselec-
tivity. Finally, the coupling between boronate 11 and ke-
tone 6 (entry 7) gave less than 10% yield of the
corresponding biphenyl, indicating that the presence of
the alcohol group is crucial. Other coupling trials with
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Table 1 Suzuki Coupling Study to Form the A-C Ring System of 
Steganesa

Entry Boronate Iodide Ligand Product Yield 
(%)b

de 
(%)c

1 5 7 L1 0

2 11 3 L1 2d 38 68

3 11 3 L2 2d 53 68

4 12 3 L1 2e 10 >96

5 12 3 L2 2e 31 >96

6 13 3 L2 2f 31 70

7 11 6 L1 <10

a Reagents and conditions: iodide (1 equiv), boronic ester (1.5 equiv), 
Pd(OAc)2 (5 mol%), L1 or L2 (10 mol%), Ba(OH)2 (2 equiv), diox-
ane–water (9:1), 100 °C, 1 h.
b Isolated yield for 2 steps.
c Diastereomeric ratio, from 1H NMR.
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bulkier boronic acids and iodides failed, giving only pro-
todeiodinated or deboronated products.

At this stage, the question regarding the relative configu-
ration at both stereogenic elements had to be addressed.
The Suzuki coupling was repeated starting with alcohol 3
in an enantiomerically enriched form (Scheme 3). The
catalytic enantioselective reduction of 3,4-methylene-
dioxyacetophenone with (S)-CBS-oxazaborolidine17 gave

alcohol (+)-14 which was converted to iodide (+)-3 in
59% overall yield and 90% ee as determined by chiral
HPLC.18 The absolute (R) configuration of (+)-14 was de-
duced from literature data.19 The Pd(0)-catalyzed cou-
pling of (+)-3 and 11 proceeded as before to give biphenyl
(–)-2d after benzyl protection in 45% yield and 68% de.
Crystallization from heptane afforded compound (–)-2d
in 92% de and 90% ee as measured by chiral HPLC.20

Crystals of (–)-2d suitable for X-ray analysis were ob-
tained after slow crystallization from EtOH. The analysis
of the X-ray diffraction data provided evidence for the (R,
aS) absolute configuration of the molecule (Figure 1).21 In
the crystal, proton H-19 eclipses the biaryl axis, which is
probably the more sterically favored arrangement for sub-
situents at C-19. ROESY correlations (Figure 1) were in
agreement with the solid-state structure. NOESY experi-
ments conducted with racemic diol 2e showed similar 2D
correlations, arguing for the same (R, aS) relative config-
uration.

From this, it can be deduced that the enantiomer (–)-3
should be employed instead of (+)-3 in the Suzuki cou-
pling step in order to obtain the (aR) configuration of nat-
ural (–)-steganacin.

A tentative explanation for the diastereoselectivity ob-
served in the Suzuki coupling between 3 and 11–13 is il-
lustrated in Figure 2. The oxidative insertion of the
palladium complex in the C–I bond of 3 could give, under
basic reaction conditions, the oxapalladacycle complex
A.22 The transmetalation by the ‘ate’ complex B should
occur with the bulky C-16 substituent (R2 = MOM, MEM,
TES) taking position in the face opposite to the C-20 me-
thyl group. This would furnish trans-palladium complex

Figure 1 X-ray crystal structure (left) and selected ROESY correlations (right) of biphenyl (–)-2d

Scheme 3 Reagents and conditions: a. (S)-2-Methyl-CBS-oxazabo-
rolidine (10 mol%), BH3·SMe2 (1.0 equiv), CH2Cl2, –20 °C, 5 h; b. I2

(1.05 equiv), CF3CO2Ag (1.05 equiv), CHCl3, 0 °C, 15 min; c. (+)-3
(1.0 equiv), 11 (1.5 equiv), Pd(OAc)2 (5 mol%), L2 (10 mol%),
Ba(OH)2 (2 equiv), dioxane–water 9:1, 100 °C, 1 h; d. NaH (1.5
equiv), BnBr (1.5 equiv), THF, 25 °C, 4 h; e. crystallization from hep-
tane
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C and, after isomerization to the cis complex and reduc-
tive elimination, biphenyls 2a–c having the (R, aS) rela-
tive configuration. The transmetalation of B in the
opposite orientation, i.e. with the C-16 substituent in the
same face as the C-20 methyl group, which would furnish
2a–c with the (R, aR) relative configuration, should be
disfavored. This model accounts in particular for the bet-
ter diastereoselectivity observed with boronate 12 having
a bulkier protecting group than 11.

Figure 2 Proposed stereochemical course of the Suzuki coupling

In conclusion, a novel atropo-diastereoselective Suzuki
coupling has been discovered in the synthesis of biaryl
lignans. In this process, a 1,3-chirality induction was per-
formed from an oxygen-bearing benzylic stereogenic cen-
ter to the biaryl axis. This benzylic stereocenter was in
turn generated by a catalytic enantioselective reduction.
Therefore, this methodology provides a unique catalytic
asymmetric access to axially chiral molecules having a
benzylic stereocenter. The elaboration of stegane-type
dibenzocyclooctadiene lignans using these findings will
be reported in due course.
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