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ABSTRACT
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L-Selectride reduction of a chiral or achiral enone followed by reaction of the resulting enolate with optically active o-alkoxy aldehydes
proceeded with excellent diastereoselectivity. The resulting o,a-dimethyl-f-hydroxy ketones are inherent to a variety of biologically active

natural products.

Asymmetric aldol reactions leading to the stereocontrolled
generation of 3-hydroxy carbonyl derivatives are among the
most important reactions in organic synthesis.* Consequently,
a number of effective methodologies have been developed
over the years. In a series of elegant studies, Stork and co-
workers have shown that lithium—ammonia reduction of
enones | eads to stoichiometric generation of enolates.? Since
then, reductive aldol reaction in which conjugate reduction
followed by an aldol reaction of the resulting enolate led to
the development of a wide variety of methodologies for the
synthesis of 8-hydroxy carbony! derivatives.® In recent years,
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impressive progress has been made in both catalytic* and
enantioselective® reductive aldol processes. In the context
of our enantioselective synthesis of (+)-peloruside A, we
recently carried out an L-Selectride mediated reductive aldol
coupling of enone 1 and aldehyde 2 to provide aldol product
3 and its diastereomer as a4:1 mixturein 92% yield at —78
°C for 1 h (Figure 1).5%’ The maor adolate 3 was
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Figure 1. Reductive aldol reaction of 1 and 2.

subsequently converted to peloruside A. The overall process
is quite practical and offers significant improvement over
the direct aldol reaction of a related ketone enolate and
aldehyde reported recently.® Of particular importance, these
o, a-dimethyl S-hydroxy carbony! derivatives are structural
features of numerous bioactive natural products like
epothilones,® mycalamide A,*° and peloruside A.® Encour-
aged by the reasonable diastereosel ectivity of the L-Selectride
mediated reductive aldol process, we have now examined
the stereochemical outcome with a variety of chiral and
achiral enones and adehydes bearing an a- S-akoxy
stereocenter. Herein, we report the results of our investiga-
tions. Excellent levels of diastereoselectivity are attainable
when the enolate from L-Selectride reduction is reacted with
aldehydes containing an a-chiral center.

Our preliminary investigations focused on reactions with
model enone 5 and optically active isopropylidene glycer-
aldehyde 4. As shown in Scheme 1, enone 5 was prepared
in atwo-step sequence involving: (1) reaction of isopropenyl
magnesium bromide in diethyl ether followed by Dess—Martin
oxidation™* of the resulting diastereomeric a cohols to enone
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Scheme 1. Asymmetric Reductive Aldol Reaction of Chiral
Enone with Chiral Aldehydes
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5in 63% yield over two steps. Enone 5 was treated with 1.1
equiv of L-Selectride at —78 °C for 10 min to form the
corresponding lithium enolate. To the resulting enolate, 2
equiv of isopropylidene-p-glyceraldehyde in diethyl ether
was added via cannula. The reaction mixture was allowed
to stir at —78 °C for 1 h. After this period, the reaction was
guenched at —78 °C with agueous NH,CI solution and
warmed to 23 °C. Standard workup and flash chromatogra-
phy afforded aldol product 6 in 70% yield as a single anti-
diastereomer (by *H and *C NMR and HPLC analysis).
Since enone 5 contains a chiral center, we then examined a
stereodifferentiating experiment with L-glyceraldehyde ent-
4. As shown in Table 1, reaction with ent-4 also proceeded
with excellent diastereoselectivity, indicating that the pres-
enceof enonechirality hasno effect onanti-diastereosel ectivity.

To determine the stereochemical course of the reductive
aldol reaction, aldol product 6 was converted to known 3,5-
diacetoxy y-lactone 9 as follows. Protection of the hydroxyl
group as an acetate followed by removal of isopropylidene
groups by exposure to 40% aqueous acetic acid at 80 °C
provided the corresponding tetrol 8 in 76% yield over two
steps. Reaction of 8 with 2 equiv of acetic anhydride in
pyridine provided the corresponding triacetoxy o-hydroxy
ketone in 45% yield. Reaction of hydroxyketone with sodium
periodate afforded y-lactone 9 in 45% yield. The 'H NMR
coupling constant (J = 5.7 Hz) between Ha and Hg as well
as their chemical shifts were found to be consistent with an
anti-isomer.*® Similarly, aldol product 7 was converted to
ent-9 lactone to confirm the assignment of stereochemistry
for 7. The stereochemical course of the aldol process can be
explained by using arelated model described by Mukaiyama
and co-workers.®® As shown in Figure 2, L-Selectride
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Table 1. Reductive Aldol Reactions of a Variety of Enones and
Aldehydes

enone  aldehyde aldol product dr “(yield %)
5 4 W 99:1 (70)
0 HO
o o oX
5 ent-4 0%0 99:1 (67)
7 O HO
e
5 15 o 42:58 (84)
O HO O
19 \ﬂ
j\o PMBO
5 16 58:42 (63)
O HO OMe
e
5 17 1:1 (50)
0 HO
#‘Q ok
o, o}
11 4 99:1 (74)
ﬂ\o OX
11 18 W 41° (64)
PMBO’ 290 OH
9
11 17 62:38 (50)
PMBO 23
ok
O d
13 4 99:1% (72)
24 O OH
13 18 99:1 (65)
25 O OH

a Ratios were determined by H and 13C NMR analysis ° Yields are
after silica gel chromatography. © Ratios are from isolated yields.  HPLC
analysis corresponds to 'H and °C NMR ratio.
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Figure 2. Stereochemical model for aldol reactions.

reduction of 5 may lead to the formation of intermediate
enolates A and B, and equilibrium may favor enolate B
because of metal chelation. Enolate addition to aldehyde 4
may proceed through C and provideanti-al cohol 6 selectively.'

We have investigated diastereosel ectivity associated with
an aldol reaction containing a 3-alkoxy stereocenter on the
aldehyde component. As shown, the reaction of 5 and
isopropylidene butyraldehyde 15 proceeded with limited
diastereoselectivity. We have further examined aldol reaction
of enone 5 with aldehyde 16. Limited diastereoselectivity
was also observed for the -methoxy adehyde substrate.
Similarly, reaction with isovaleraldehyde 17 proceeded with
limited diastereoselectivity.

We have prepared chiral enone 11 and achiral enone 13
and examined reductive adol reactions with aldehydes
containing o-chiral centers. Enone 11 was synthesized by
conversion of known'® carboxylic acid 10 to its correspond-
ing Weinreb amide™® followed by reaction with isopropenyl
Grignard reagent. Similarly, enones 13 and 14 were prepared
from benzyloxyacetic acid 12. Aldol reaction of 11 with
R-glyceraldehyde (4) again proceeded with excellent dias-
tereoselectivity. As an orthogonal measure of the diastereo-
selectivity of this reaction, we utilized HPLC to follow this
reductive aldol reaction. HPLC was able to indirectly follow
the conversion of the enone to the enolate. Analysis of the
crude reaction mixture after quenching with sat. NH,4Cl
revealed a single major peak. To ensure that the other
diastereomer was indeed being separated by our chromato-
graphic conditions, we repeated the reaction at a higher
temperature in hopes of generating the other diastereomer.
After forming the enolate in >98% yield at —78 °C, we
allowed the addition of aldehyde 4 to occur at 23 °C. HPLC

(14) The coordination by trialkylborane with carbonyl oxygen is
presumably weak.
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Scheme 2. Synthesis of Enones 10, 12, and 13
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analysis of the crude reaction showed elevated levels of
byproducts. Purification of the material allowed the isolation
of the diastereomer, and subsequent HPLC analysis con-
firmed its retention time. To our delight, the diastereomers
of 22 were adequately resolved. Furthermore, the diastereo-
selectivity of the reaction was confirmed to be 99:1 at —78
°C and 92:8 at 23 °C. Interestingly, the reaction of 11 with
isovaleraldehyde 17 provided a 60:40 mixture of diastere-
omers, indicating that the -chiral center on the enone may
be responsible for aweak directing effect. Since the o-chiral
center of the aldehydeis directly responsible for the excellent
observed diastereoselectivity, we then examined an aldol
reaction with an enolate derived from achiral enone 13. As
can be seen, reactions with both isopropylidene glyceralde-
hyde 4 and isopropylidene butyraldehyde 18 provided
respective anti-diastereomers 24 and 25 as a single product
in very good yields.

The assignment of stereochemistry for 24 was made after
its conversion to diacetoxy y-lactone 9 as shown in Scheme
3. The free hydroxyl group in 24 was protected asits acetate.
Catalytic hydrogenation over 10% Pd—C provided the
hydroxy! ketone 26. Sodium periodate cleavage followed by
removal of the isopropylidene group by exposure to 40%
aqueous acetic acid at 80 °C afforded y-lactone 27. It was
then protected as its acetate to give y-lactone 9. The
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Scheme 3. Synthesis of 9 and Aldol Reaction of 14
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stereochemical outcome of this aldol addition thus indicates
anti addition of the enolate to the isopropylidene glyceral-
dehyde. We have also investigated syn/anti aldol diastereo-
selectivity by reductive aldol reaction of enone 14 and
aldehyde 4. However, generation of enolate and its subse-
guent addition to aldehyde provided a complex mixture of
products. Further optimization of conditions is being
investigated.

In conclusion, we have developed highly diastereoselective
reductive aldol methodology. Reactions involved an L-
Selectride reduction of chiral or achiral isopropenyl ketones
followed by reaction of the resulting enolates with adehydes
containing an alkoxy stereocenter. The stereochemical course
of the reaction can be rationalized using a transition state
model proposed by Mukaiyama and co-workers. Further
exploration of this methodology is currently ongoing in our
laboratory.
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