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We recently reported that nickephosphine complexes
catalyze the regioselective and enantioselective reductive ring
opening of oxabicyclo[2.2.1] alkenés.For example, the
reaction ofl with a DIBAL-H and Ni(COD)/BINAP system
gave the substituted cyclohexeriin 95% yield and 97% ee
(eq 1). We have also shown that this reaction is applicable to
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by adding a Lewis acid and heating the reaction to°80
following the hydroalumination step, but this typically gave the
product in even lower ee (44%).

After examining several parameters including solvent, addi-
tives, and the ligand, we found that the reaction gives improved
yields and ee’s at 60C rather than room temperature. For
example, treatment @ with DIBAL-H, added slowly in the
presence of 14 mol % Ni(CORpand 24 mol % R)-BINAP at
60 °C, gave4 in 83% isolated yield with 97% ee (Table 1,
entry 1). While ee vs temperature effects of this kind have
previously been observed in other catalytic asymmetric pro-
cesse$, this effect was particularly dramatic with these sub-
strates. Possible causes for the increase in selectivity are
discussed below following a survey of the scope of the reaction.

The data in Table 1 illustrate several features of the reaction.
A variety of commonly used protecting groups are tolerated,
entries 1, 2, and 8. While the initial conditions we examined
utilized 14 mol % Ni(COD), as little as +4 mol % of the
catalyst is sufficient to achieve good enantioselectivities if the
DIBAL-H is added more slowly (Table 1, entries 3, 5, and 6).
Protection of the hydroxyl group is unnecessary as shown by
the reaction with8, which also gives the highest enantioselec-
tivity we have obtained to date (99.5%) with 3.0 mol % of
catalyst (entry 5). OxabicyclitO undergoes ring opening with

the labile oxabenzonorbornadiene class of substrates andsimilar enantioselectivity as does the epimeric substtateP

reported the first application of the enantioselective ring opening
in a synthesis of sertraline, a medicinally important agent used
to treat depressiof.

Oxabicyclo[3.2.1] alkenes are also valuable building blocks
for the construction of highly functionalized cycloheptenols
which are useful precursors to polypropionate or polyacetate
subunits® Since there are far fewer methods reported for the
enantioselective synthesis of seven-membered¥ingsiecided
to investigate the applicability of the Ni(CORBINAP +
DIBAL-H reaction to the ring opening of [3.2.1] compounds.
We now report that a variety of cycloheptenols can be prepared
in >90% ee by carrying out the reaction at elevated tempera-
tures. In addition to the synthetic utility of this reaction, these
results have provided new insights into the reaction pathway.

Our initial attempts at an enantioselective ring opening of
[3.2.1] systems such &under our standard conditions revealed
two fundamental problems: while hydroalumination of the

= Bn) showing that both exo and endo substitution (and likely
conformational changes) are well tolerated in the reaction.
Compoundl3 (P = Bn) is closely related to a key intermediate
in our synthesis of the mevinic acid lactohewWe previously
acetylated the meso didl3 (P = H) then used an enantiose-
lective enzymatic hydrolysis reaction, but our new methodology
achieves the same ultimate goal in four fewer steps.

The improvement in ee with increasing temperature was
particularly noticeable with the tricyclic alkeriet (Table 2).
Conducting the hydroalumination at 8C gavel5in 81% ee,
which was better than the result at room temperature, but was
still significantly lower than the results presented in Table 1.
Raising the temperature to 75 or 80 led to further improve-
ment in the ee, but at 8% the ee began to decrease.

Reductive opening of the oxabicyclit2 illustrates the
combined effects of high temperatedadded phosphine most
clearly (Scheme 1). Alkeng2was treated in toluene at 6C

alkene was efficient, the organoalane undergoes sluggish ringwith DIBAL-H (added over 4 h) in the presence of Ni(CQD)

opening under the reaction conditions exemplified by low
chemical yields of cycloheptendl, eq 2. Furthermore, the
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product is obtained in 56% ee. The yield could be improved

(1) Lautens, M.; Chiu, P.; Ma, S.; Rovis, J. Am. Chem. Sod.995
117, 532.

(2) Lautens, M.; Rovis, TJ. Org. Chem1997, 62, 5246.

(3) For a comprehensive discussion of the use of oxabicyclic substrates
in synthesis, see: Chiu, P.; Lautens, Mop. Curr. Chem1997, 190, 1.

Ni(COD), and BINAP (entry 7 in Table 1), and Ni(COpband
dppb (1,4-bis(diphenylphosphino)butane). In the absence of a
phosphine the major product wdg accompanied by.3 and
some overreduced materidl. With an achiral or chiral
phosphine,13 was the only product observed. Adding a
phosphine to the reaction after hydroalumination was complete
had no effect on the ratio of products.

In our original report, we provided clear evidence to support
a two-step process involving nickel-catalyzed hydroalumination
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Table 1. Enantioselective Ring Opening of Oxabicycloalkenes

Entry? Subtrate Product Yield® ee?
OR
(o] -
')
OR OH
4 3 R=Me 4 R=Me 83-95 97
2 6 R=TIPS 7 R=TIPS 87 >95
e t-
3 6 ent-7 OR 95 91
0 B
'
OR OH
8 R=H 9 R=H 89 96
59 8 9 99 995
6h 8 9 83 98
7 10 R=Me 11 R=Me 67 95
OP
(o]
pﬁop
8 4
OH
12P =Bn 13 P=Bn 88 95

a Reactions were run in the presence of 14 mol % Ni(CiDd 24
mol % (R)-BINAP with slow addition of DIBAL-H to a solution of
Ni(COD),, (R)-BINAP, and the alkene in toluenga syringe pump
over 4 h at 60C (oil bath), unless otherwise notetDIBAL-H added
over 16 h.°Isolated yield.f Determined by capillary GC (Chiraldex
G-TA or B-TA column) or HPLC (Chiralcel OD or OJ column) or
Mosher’s method® 4 mol % Ni(COD}), 8 mol % ©)-BINAP was used
and DIBAL-H was added over 12 h at 6%."The alcohol was
pretreated with 1 equiv of DIBAL-H? 3.0 mol % Ni(COD}, 5.4 mol
% (R)-BINAP with DIBAL-H added over 12 h at 65C. " Reaction
on 9 mmol scale using 1 mol % Ni(COpand 1.9 mol % BINAP.

Table 2. Temperature Effects on Enantioselective Opening4f

(2

14 mol% Ni(COD),

O\r 24 mol% (R)-BINAP
/  OMe 1-1€quivDIBAL-H (4 h) , OH
14 15
entry solvent temp’C yield® ee
1 PhMe rt 20 56
2 PhMe 60 87 81
3 PhMe 75 67 90
4 PhMe 80 74 94
5 PhH 80 74 97
6 PhMe 85 76

a|solated yield? Measured by capillary GC (Chiraldex G-TA).

followed by a ring opening of the organoalane. For example
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we observe under our modified conditions. We must conclude
that the organoalane is not along the pathway when the reaction
is carried out at elevated temperatures in the presence of a
phosphine.

The effect of added phosphine and ee vs temperature can be
explained if the hydronickelation step is reversible at higher
temperature, i.ell andlll interconvert through faster than
reductive elimination to the organoalane (Scheme 2). We then
assumef-elimination of the oxygen from an organonickel
species occurs at a rate that is also faster than reductive
elimination. The precise location of the aluminum during these
events is not known. Coordination to the bridging oxygen might
be possible, which would trigger thg-elimination thereby
playing the same role as externally added Lewis acids to the
organoalané.

In conclusion, we have observed a temperature and ligand
effect in the enantioselective reduction reaction that has
important synthetic and mechanistic consequences in our
development of a highly enantioselective route to cyclohep-
tenols. The use of achiral phosphines and higher temperatures
provides a much improved method of reductive ring opening
of oxabicyclic compounds. Further mechanistic investigations
and application of this methodology in natural product synthesis
are currently underway.
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