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In the pursuit of breakthrough chemotherapeutics, endothelin-
1! and its isopeptides have garnered a significant amount of

attention within the pharmaceutical industryThe 21 amino acid
peptide exhibits potent constrictor activity of vascular smooth
muscle through its selective binding of the #ETg receptors
and is believed to play an important role in cardiovascular and
pulmonary diseas&.Recently, SmithKline Beecham discovered
two nonpeptide EZ/ETg receptor antagonists with nanomolar
binding affinity, SB-209670%) and SB-2172422), which possess
three contiguous stereocenters upon an indan ring frametvork.
During our investigations toward a viable synthesid ehd2 to

support clinical development, we discovered and successfully
utilized an unusual base-catalyzed highly stereospecific 1,3-

hydrogen rearrangement of a chiral 3-arylindenol which is
described in this communication.

We were interested in developing a catalytic enantioselective

approach td and2, and preliminary studies indicated thhtvas
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ee).
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The synthesis o6 commenced with the condensation of

a useful substrate for an asymmetric ketone reduction (Schemepineronal with 2-bromoacetophenor® in preparation for a

1). Drawing from the seminal work of Itsuffand Corey?° an

palladium-catalyzed 5-endo-trig cyclization to furnish the inde-

oxazoborolidine-catalyzed ketone reduction was determined 10 none4 (Scheme 2). Realizing the 5-endo-trig cyclization must

deliver the indenob with high enantioselectivity using thé)-
MeCBS catalyst. With this discovery, our synthetic strategy
turned to the possibility of a stereospecific C{2)C(3) hydrogen
transfer to prepare the indanoBe Although suprafacial 1,3-
hydrogen transfers are forbidden due to orbital symmetry
considerations, Motherwétlhas reported that lithium alkoxides
of allylic alcohols in the presence of a Ni(ll) catalyst can be
efficiently isomerized to the carbonyl product, presumably through
a nickel hydride additiorrelimination pathway. The indendl
appeared well suited for this type of transformation since
suprafacial hydrogen delivery seemed extremely likely using a
transition metal catalyst.
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overcome significant distortional strain to achieve ring closure,
we reasoned the palladium d-orbitals would enable sufficient
p-orbital overlap for insertion into the olefinic boAdTherefore,
we were gratified to discover that treatment of the bromochalcone
with PdC} (5 mol %), PPB (15 mol %), and KCOs; in DMF at
110°C led to a facile cyclization and delivery dfin 75% yield.
The enantioselective ketone reduction was then performed via
addition of4 to a solution of theR)-MeCBS catalyst and B+
THF (1.1 equiv) in THF cooled to-15 °C to complete the
synthesis o6 in 90% yield and 94% ee.

To our delight,5 underwent a highly efficient and stereo-
selective hydrogen rearrangement to give the indarofieable
1). Initially we attempted the reaction with Pd(BREI, and EtN
which resulted in the formation o8 in 95% yield with high
stereospecificity (90.6% ee) (1). Our early mechanistic assump-
tion of a palladium hydride catalyzed olefin isomerization became
uncertain, however, when we observed a slight increase in
stereospecificity (92.2% ee) with DABCO as the amine base (2).
Due to geometric constraints, DABCO should be incapable of
undergoing palladium oxidation, thus negating formation of the
palladium hydride catalytic speciés. The crucial role of the
amine base quickly became apparent wbemas heated for 24
h at 60°C in THF, resulting in recovered starting material in the
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Table 1. Formation of6 with Base in the Presence and Absence of a Palladium Catalyst

entry catalyst base conditions Yfee % yieldP
1 PdChL(PPh)2 (2.5 mol %) EsN (1.0 equiv) THF (60°C), 3.5 h 90.6 95
2 PdCl(dppe) (2.5 mol %) DABCO (1.0 equiv) THF (6C), 3.5 h 92.2 92
3 PdCl(dppe) (2.5 mol %) THF (60C), 24 h NR
4 THF (60°C), 24 h NR
5 DABCO (0.5 equiv) THF (60C), 3.5 h 925 95
6 DABCO (0.5 equiv) THF (25C), 23 h 92.8 94
7 DABCO (0.1 equiv) THF (60C), 6.5 h 92.5 91
8 pyridine (0.5 equiv) THF (60C), 20 h <5
9 LiN(TMS). (1.0 equiv) THF (25C), 10 h 415 53
10 KN(TMS), (1.0 equiv) THF ¢78°C), < 5 min 4.0 65

aThe optical purity of6 determined by chiral HPLC (Daicel Chiralpak AD, 93:7 hexane/IPA, 1 mL/min, 254 h@glution yields determined
by RP HPLC using analytically pur@ as standard.

presence and absence of Pd(dppg)B) 4). Subsequently we  Scheme 3
observed that simply heatirigwith base (DABCO) resulted in a
highly efficient and stereoselective hydrogen rearrangement. The
reaction is extremely facile, furnishirgyin 96% yield with 0.1
equiv of DABCO after 6.5 h at 60C and is equally effective at
25°C (6, 7). Interestingly pyridine is not basic enough to catalyze
the hydrogen rearrangement, affordthim <5% yield (8) whereas
the lithium and potassium alkoxides gaGen moderate yield
but with low stereospecificity (9, 10}.

From a mechanistic perspective, a sequence of suprafacial 1,5- 2Key: (a) sodiumtert-amylate (2.0 equiv), dimethyl carbonate, 25
sigmatropic hydrogen rearrangements would account for the high °C (85%); (b) (FS@)20, NaH (1.5 equiv), PhCH O °C (82%); (c)

stereospecificity and base dependence observed in the formatiort2-(benzyloxy)-4-methoxyphenyl]boronic acid, Pd@ppf) (1 mol %),
of 61213 |n addition the high stereospecificity observed with - NCH/Hz0 (9:1), KCOs, 70°C (75%); (d) 20% Pd(OHJC, My, EIOH,
DABCO and other amine basésiso indicates a large preference 60 °C (75%, 99.9% ee); (€) methyl bromoacetate, THEC-€; LIOH,

gep THF, 60°C; (f) ethylene carbonate, KOs, PhCH;, 110°C; LiOH, THF,

for counterclockwise 1,5-hydrogen migration relative to clockwise gqoc
migration which would lead to a loss of stereochemistry.
Consistent with this postulate, complete deuterium conservation
was observed witl8 using catalytic DABCO in THF at 60C,
affording10in 95% yield (eq 1)}° A clockwise migration would

abcd eorf

reported to influence the direction of 1,5-hydrogen migrations in
isoindenes and were correlated with ¢itel molecular orbital
theory® Similarly with indenol 5, an increase in the ionic
character of the lithium and potassium alkoxide appears to cause
sufficient perturbation of the HOMO orbital symmetry to favor
clockwise migration, thus resulting in the reduction of the

y~NRy
H

2x1on stereochemical fidelity observed in the formation6of
m_'gh':’" To complete the synthesis bfand2 (Scheme 3), the indanone

6 was then carboxylated with sodiutert-amylate (2.0 equiv) in
dimethyl carbonate and the resulting enolate sulfonylated with
fluorosulfonic anhydride (1.5 equiv) in toluene at®. A Suzuki

79% D coupling with [2-(benzyloxy)-4-methoxyphenyl]boronic acid and
Pd(dppf)C} (0.5 mol %) followed by hydrogenolysis and olefin
reduction afforded the esté&rin 75% vyield (99.9% ee). Alky-
lation of 7 with methyl bromoacetate or ethylene carbonate,
followed by epimerization and hydrolysis, then completed the
synthesis ofl and 2.

In conclusion a successful catalytic enantioselective synthesis
has been demonstrated for the endothelin receptor antagonists SB-
78% D 209670 and SB-217242 based on a net stereospecific 1,3-hydrogen
transfer of a chiral 3-aryl indenol. Additional investigations are
have resulted in a reduction of the deuterium label due to the ongoing to develop a better understanding of this interesting
kinetic isotope effect. Interestingly, substituent effects have been reaction.
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the potassium alkoxide when quenched with glacial AcOH after 50%
conversion. Therefore carbanion formation did not contribute to the dramatic ) .
loss of stereochemistry observed in this reaction. Acknowledgment. We thank the Analytical and Physical & Structural
(12) The DABCO-catalyzed rearrangement was equally efficient in the Chemistry Departments at SmithKline Beecham for the supporting
absence of light, ruling out a photochemical rearrangement. For examples of naytical data.
1,5-sigmatropic migrations of alkenyl and aryl groups of 2,3-phenylindenol
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