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ABSTRACT
_ 1) HBcat. Me
E ==—Me [Rn(COD),|* SbFs~ (5 mol %) /
E (S)-BINAP (5 mol %) E
2) 4-1CgH,CF E
\ PA(OAG, (5 mol %) Me CFs
1 (E = CO,Me) 5 (65%, 88% oe)

Reaction of enyne 1 with catecholborane catalyzed by a 1:1 mixture of [Rh(COD) 2] TShF¢™ and (S)-BINAP (5 mol %) followed by Pd-catalyzed
arylation with  p-IC¢H,CF3 gave benzylidenecyclopentane 5 in 65% yield with 88% ee. Rhodium-catalyzed asymmetric cyclization/hydroboration
followed either by Pd-catalyzed arylation or by oxidation was applied to the synthesis of a number of chiral, nonracemic carbocycles and
heterocycles.

Hydroboration is one of the most important methods utilized the necessity of a stoichiometric amount of a chiral bofane.
for the functionalization of €C multiple bonds due inlarge  Although a number of the complexes that catalyze hydro-
part to the synthetic versatility of the resulting organo- boration also catalyze the carbocyclization of enynes and
boranes. Employment of transition metal catalysts has related substratésefficient catalytic processes that couple
extended the scope of hydroboration by allowing access tocatalytic hydroboration with carbocyclization have not been
chemo-, regio-, and diastereoselectivity not realized via the forthcoming”® This shortcoming is unfortunate, as such a
noncatalyzed transformatidn* Furthermore, efficient asym-  transformation would represent an expedient route to the
metric hydroboration has been achieved through the employ-synthesis of functionalized carbocycles and heterocycles,
ment of chiral, nonracemic transition metal catalysts without particularly if effective asymmetric induction were realized.
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Here we report the rhodium-catalyzed asymmetric cycliza-
tion/hydroboration of 1,6-enynes to form functionalized
carbocycles and heterocycles.

We recently reported the asymmetric cyclization/hydro-
silylation of 1,6-enynes catalyzed by a 1:1 mixture of
[Rh(CODY]*SbR~ and ®)-BIPHEP (5 mol %) ! This
catalyst system served as a starting point for the developmen
of an asymmetric cyclization/hydroboration protocol. In an
initial experiment, reaction of enynk with pinacolborane
catalyzed by a 1:1 mixture of [Rh(CORJSbR~ and (R)-
BIPHEP (5 mol %) in 1,2-dichloroethane (DCE) at 30
for 4 h led to isolation of borylated alkylidene cyclopentane
2in 64% yield as a single diastereomer with 82% ee (Scheme

of crude 3 without isolation gave acetylcyclopentaden
98% vyield as a 16:1 mixture of diastereomers (Scheme
2). In a separate experiment, cru@ewas treated with
p-1CsH,CF; and a catalytic amount of Pd(OAdh acetone/
water at 65°C for 10 h to give benzylidenecyclopentabe

in 65% vyield with >95% isomeric purity and 88% ee
(Scheme 2).

Rhodium-catalyzed asymmetric cyclization/hydroboration
followed either by oxidation or by arylation was applied to
the synthesis of a number of chiral, nonracemic carbocycles
and heterocycles (Tables 1 and 2). These protocols tolerated

1). Subsequent experimentation indicated that employmentTable 1. Cyclization/Hydroboration of 1,6-Enynes Catalyzed

Scheme 1
[Rh{(COD),]* SbFg~
Me Me (5 mol %)
P—P (5 mol %)
DCE, 30°C,4h
1(E= COgMe
P—P yield (%) ee (%)
Z “B(pin)
(R)-BIPHEP 64 82
(5)-MeOBIPHEP 66 86
(8)-BINAP 71 85 Me

of (S)-BINAP as the supporting ligand improved both the
yield and enantioselectivity of rhodium-catalyzed conversion
of 1to 2 (Scheme 1).

The yield and enantioselectivity of the rhodium-catalyzed
asymmetric cyclization/hydroboration of was further
improved through employment of catecholborane as the
borylating agent. Reaction &fwith catecholborane catalyzed
by a 1:1 mixture of [Rh(CODR)*Sbk~ and (S)-BINAP (5

by a 1:1 Mixture of [Rh(CODy)*SbR~ and (S)-BINAP (5 mol
%) in DCE at 30°C Followed by Oxidation with KHO,/JOH~

entry enyne product yield (%)? dr ee (%)
=——Me 0
1 R Me 78 15:1 88
\ R
Me
R = CH,OBn
= Me (0]
TsN o
2 'S Me 81 451 92
\_\ TsN
Me
o]
E =———Ph
3 E E Ph 84 231 75
\ E
Me
E:C02M9
4 T 88 131 83

A

a|solated material o 95% purity.

0]
Me
Me
(0]
Me

mol %) in DCE at 30°C for 4 h led to formation the
borylated alkylidene cyclopentaBas the exclusive product
with >=20:1 isomeric purity{H NMR, Scheme 2). Oxidation

Scheme 2

o] [Rh(COD),]* 8bFg~ (5 mol %)
1+nm8 (S)-BINAP (5 mol %)
o DCE, 30 °C, 4 h l
Me Me
o] H,0,/NaOH £ Z Beat
98% from 1 E
4 Me (16:1) Me
3
CF3
Pd(OAc), (5 mol %)
5 (65% from 1 88% ee) acetone/water
65°C, 10 h

1968

alkyl or aryl substitution at the alkyne carbon atom geds
dialkyl substitution at either the propargylic or allylic position
(Tables 1 and 2), although substitution at the allylic position
led to a significant decrease in enantioselectivity (Table 2,
entry 2). Conversely, 1,6-enynes that possessed either a
terminal C=C bond or a substituted=C bond and 1,7-
enynes failed to undergo efficient rhodium-catalyzed asym-
metric cyclization/hydroboration.

We considered two mechanisms for the Rh-catalyzed
conversion ofl to 3 that account for selective transfer of
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Table 2. Cyclization/Hydroboration of 1,6-Enynes Catalyzed
by a 1:1 Mixture of [Rh(CODy) "Sbk~ and (S)-BINAP (5 mol
%) in DCE at 30°C Followed by Pd-Catalyzed Cross-Coupling
with Aryl lodide

entry enyne product yield (%)? ee (%)
Me
R =—Me
LA R 7 A e g7
\ R
Me
R = CH,0AC
Me
—— Me
E
Z A
o0 E 70 45
Me Ve \ Me
Me
E = CO,Me Me
- |
. = npentyl n-penty
39 g E Z SAr 68 82
\ E
E = CO,Me Me
/%n-pentyl frpentyl
49 Q Ar 40 98

e}

ha

a|solated material of 95% purity.? Ar = 4-CgH4CFs. ©20:2:1 mixture
of isomersd Ar = 4-CsH4NO;.

Me

the boryl group to the &C bond of the enyne. Oxidative

Scheme 3

Me
®P
} Bcat\R|h>$\\
% WP
T E
] Me
Il P
CP\F(?“/H o1 2\
N Boat Bcat—Rh\P
3 Me
Me mb E
3 Beat
%/Rr{ \ E
Bcat Me
HBcat \_P E
Me HBcat Me H |
Vb @]
Beat” E P—Rh

distinguish between these two pathwaysgcoordination of

the enyne to rhodium (ll) appears necessary to achieve
selective transfer of rhodium to the more sterically hindered
atom of the G-C multiple bond in the initial insertion step

(I — 1. The regioselectivity of rhodium-catalyzed hy-
droboration has been shown to be strongly affected by the
presence of a suitable directing grdupurthermore, C—C
multiple bonds have been shown to function as directing
groups for both the Rh-catalyzed cyclization/arylation of

addition of catecholborane to a Rh(l) bis(phosphine) speciesenynes with arylboronic aciéisand for the Ni-catalyzed

could form the Rh(Ill) boryl hydride speci¢g?which could
react with enynel to form the#*-rhodium enyne complex
II. Borylmetalation of the G=C bond ofll followed by
intramolecular carbometalation of the resulting rhodium
alkenyl olefin complexlla could form the rhodium alkyl
hydride speciedVa (Scheme 3, path a). C—H reductive
elimination fromlVa coupled with B—H oxidative addition
would release3 with regeneration ofl. Alternatively,
hydrometalation of the €C bond of Il followed by
intramolecular carbometalation of the resulting rhodium alkyl
alkyne complexllb could form the rhodium alkenyl boryl
speciedVb (Scheme 3, path b).-€B reductive elimination
from IVb coupled with B—H oxidative addition would
release3 with regeneration of .*314 Although we cannot

(12) Daura-Oller, E.; Segarra, A. M.; Poblet, J. M.; Claver, C.; Fernandez,

E.; Bo, C.J. Org. Chem2004,69, 2669.

addition of aldehydes to enyné&s.

In summary, we have developed an effective rhodium-
catalyzed protocol for the asymmetric cyclization/hydrobo-
ration of 1,6-enynes terminated either via Pd-catalyzed
arylation or by oxidation. We have applied these protocols
to the synthesis of a number of chiral, nonracemic hetero-
cycles and carbocycles.
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Pathway a invokes initial insertion into the RB bond in preference to
the Rh-H bond. Although insertion into a RHB bond has been
demonstrated! it is generally accepted that Rh-catalyzed hydroboration
occurs via initial insertion into the RfH bond of the rhodium boryl hydride
intermediate®. Conversely, pathway b invokes initial metalation of thes C

C bond in preference to the typically more reactiveC bond.
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