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Enantioselective carbony! alylation represents an important class
of C—C bond-forming reactions that have found broad use in organic
synthesis* Among alylation protocols, enantiosdlective adehyde
a-akoxyallylation provides an efficient means of generating alylic
vicina diol substructures. To date, asymmetric syn-additions of this
type have employed chiraly modified alkoxy-substituted allylmeta
reagents based on boron,? auminum,® titanium,* indium,® or tin.®
Indirect enantiosel ective adehyde a-alkoxyallylation can be achieved
using chiraly modified reagents that promote aldehyde a-slylalylation
or a-boryldlylation followed by oxidation of the C—Si or C—B bond,
respectively.”® For direct methods, stereocontrolled access to anti-
alkoxyallylation products is problematic because of difficulties en-
countered in the synthesis of the requisite E-configured alylmetal
reagents.’® This fact has motivated alternate approaches to the anti-
1-ene-2,3-diol functional group array. For example, enantioselective
catalytic dihydroxylation of conjugated dienes was attempted,™* but
syn-1-ene-2,3-diols were formed. To our knowledge, only Duthaler's
chiral alyltitanium reagent* has been employed in direct enantiose-
lective anti-akoxyallylation; however, only a single highly stereose-
lective example was reported, and use of this alylmeta reagent is
attended by considerable “preactivation”.** To date, catalytic enanti-
oselective methods for aldehyde syn- or anti-a-alkoxyallylation remain
dusive®
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In connection with ongoing efforts to develop C—C bond-forming
hydrogenations beyond hydroformylation,™* we recently disclosed
enantioselective protocols for carbonyl allylation,*>#¢~" crotyl-
ation,**>" and tert-prenylation®>®" under transfer hydrogenation
conditions employing an ortho-cyclometalated iridium C,O-ben-
zoate catalyst. Here, using the ortho-cyclometalated iridium catalyst
generated from [Ir(cod)Cl],, 4-cyano-3-nitrobenzoic acid, alyl
acetate, and the chiral phosphine ligand (R)-SEGPHOS,*® we report
that allylic gem-dibenzoate 1e engages in reductive coupling to
diverse aldehydes to furnish products of anti-alkoxyallylation with
good levels of diastereocontrol and exceptional levels of enan-
tioenrichment.

Inaninitial experiment, acrolein gem-diacetate 1a was subjected
to isopropy! acohol-mediated transfer hydrogenation in the presence
of aldehyde 2c employing the ortho-cyclometalated iridium C,O-
benzoate derived from [Ir(cod)Cl],, 4-cyano-3-nitrobenzoic acid,
allyl acetate, and 2,2’-bis(diphenylphosphino)biphenyl (BIPHEP).
To our delight, the product of reductive coupling (3c(a), R = Ac)
was obtained in 74% yield with complete branched regiosel ectivity
as a 4:1 mixture of diastereomers favoring the anti-stereoisomer.
Because partial migration of the acetyl moiety was observed under
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Table 1. Optimizing Anti Diastereoselectivity in the Alkoxyallylation
of Aldehydes Employing gem-Dicarboxylates Derived from
Acrolein®

BIPHEPA (5 mol%) O@ri‘i
[o] K3P (%] RO
L, o ((;gg 23% w0 Jﬁhz =
THF (1 M), 60 °C, 48 hr OR
2c /\I/OR 3c (a-e) NOZCN
(100 mol%) OR
BIPHEP-
1a-e (200 mol%})
Then RCI, TEA, DMAP
entry gem-dicarboxylate yield of 3¢ (a—e) dr (anti/syn)
1 1la, R = COMe 74% 4.1
2 1b,R = COEt 65% 51
3 1c, R = CO'Pr 32% 81
4 1d, R = CO'Bu 15% 10:1
5 le, R = COPh 82% 11:1

2Yields are of material isolated by silica gel chromatography. See the
Supporting Information for further details.

the reaction conditions, exhaustive acetylation was performed in
situ upon complete consumption of 2c¢, and the product was isolated
asthe vicinal diacetate. In an effort to enhance the diastereosel ec-
tivity, a series of acrolein gem-dicarboxylates were assayed under
identical conditions. It was hoped that a sufficiently large carboxy
group would direct the partitioning of (E)- and (2)-o-alyl iridium
intermediates to favor the (E)-o-allyl isomer, which upon addition
to the aldehyde through a Zimmerman—Traxler-type transition
structure*” would deliver the anti-diastereomer. Indeed, gem-
dicarboxylates 1a—d, which incorporate acetyl, propionyl, isobu-
tyryl, and pivaloyl moieties, respectively, delivered products of
alkoxyallylation with increasing levels of anti-diastereosel ectivity.
However, decreasing conversion in response to the increased steric
demand of the carboxy moiety was observed. As earlier studies
suggest that carbonyl addition is turnover-limiting,**°< it is likely
that increased steric demand of the carboxy group impedes carbonyl
addition. The best level of anti-diastereosel ectivity and conversion
was observed using gem-dibenzoate 1e (11:1 dr), perhaps because
it islarge enough to direct formation of the (E)-o-allyl isomer yet
does not impede approach of the aldehyde due to the flat topography
of aromatic ring (Table 1).

After identification of acrolein gem-dibenzoate 1le as an effective
reagent for anti-diastereoselective alkoxyalylation, enantioselective
variants of this process were explored. Accordingly, representative C-
symmetric phosphine ligands were used to prepare asmall set of chiral
iridium C,0O-benzoate complexes that were assayed for their ability to
promote efficient anti-diastereo- and enantiosel ective akoxyallylation.
The complex (R)-SEGPHOS-| proved superior to all others assayed
and was used to establish the reaction scope. It was found that aromatic,
heteroaromatic, a,3-unsaturated, and aliphatic aldehydes 2a—i were
converted to the corresponding akoxyallylation products 3a—i in good
isolated yields (63—82%) with good to excellent diastereosel ectivities
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Table 2. anti-Diastereo- and Enantioselective Alkoxyallylation of
Aldehydes Employing gem-Dibenzoate 1e Derived from Acrolein®

f P“z
(R)-SEGPHOS-I (5 mol%) n
r f\

o K3PO, (100 mol%)
I, __HPrOH (200 mol%) th
—_—
THF (1 M), 60 °C, 48 hr OBZ
i 0Bz 3a-3i

2a-2i /\r NO,

(100 mol%)
OBz (R)-SEGPHOS-I
1e (200 mol%})
Then BzCI, TEA, DMAP

2a,R=Ph 2b, R = p-BrPh 2¢, R = p-(CO,Me}Ph
2d, R = p-NO,Ph 2e, R = 6-Br-2-Pyr 2f, R=CH=CHPh
29, R=CH=CHCH,Me  2h, R = (CH,);0TBS 2i, R = (CHp);Me
BzO BzQ BzO
Ay Ay Ay
0Bz OBz OBz

Br CO,Me
76% Yield, 14:1 dr
99% ee, 3¢

63% Yield, 18:1 dr
99% ee, 3a®

BzO BzOQ BzO

70% Yield, 16:1 dr
90% ee, 3b

A A Ny B WPh
OBz NO, OBz N\~ OBz
77% Yield, 11:1 dr 71% Yield, 10:1 dr 82% Yield, 16:1 dr
99% ee, 3d 99% ee, 3e 94% ee, 3f°
BzO BzQ BzO
MME /\E/'\(CHZ)3OTBS ZY N(CHy)Me
0Bz OBz OBz

71% Yield, 13:1 dr
98% ee, 3g

70% Yield, 12:1 dr
94% ee, 3h

71% Yield, 13:1 dr
97% ee, 3i

2Yields are of materid isolated by slica gel chromatography.
Enantiomeric excess was determined by chird stationary phase HPLC
analysis. See the Supporting Information for further details.  Reaction
time 72 h.

Table 3. anti-Diastereo- and Enantioselective Alkoxyallylation of
Aldehydes To Furnish Diol Products 4a, 4e, 4f, and 4i*

/\/'\@ /\/k/\ph

ﬁ\ (R)-SEGPHOS-I (5 mol%) 77% Yield, 17:1 dr 68% Yield, 18:1 dr
99% ee, 4a 97% ee, 4f

HO
/\E/'\(CHZWe
OH

—_— -
Standard Conditions

HO
2a, 2e, 2f, 2i 0Bz N

(100 mol%) OBz ZY (s
=

1e
(200 mol%)
Then MeOH, K,CO3

62% Yield, 7:1 dr
96% ee, 4e

70% Yield, 14:1 dr
99% ee, 4i

2Yields are of material isolated by silica gel chromatography.

Enantiomeric excess was determined by chiral stationary phase GC
analysis. See the Supporting Information for further details.
(10:1 to 18:1 dr) and exceptiona enantioselectivities (90—99% e€)
(Table 2). Generation of the cyclometalated catdyst in Stu, as
previously reported,’®*° |ed to poor isolated yields of product. In the
absence of isopropyl dcohol, primary acohols were not suitable
substrates due to benzoyl transfer.

To accessthe diol products directly, an dternate protocol involving
sgponification in situ was explored. Here, aldehydes 2a, 2e, 2f, and 2i
were exposed to the standard reaction conditions employing gem-
dibenzoate 1e as the alyl donor. Upon complete consumption of the
adehyde, methanol and potassum carbonate were added to the reaction
mixture. The diol-containing products 44, 4e, 4f, and 4i were obtained
in good isolated yields and with anti-diastereo- and enantiosdlectivities
roughly equivaent with those observed for the corresponding diben-
zoates 3a, 3e, 3f, and 3i (Table 3).

In summary, under the conditions of iridium-catalyzed transfer
hydrogenation employing isopropyl alcohol as the terminal reductant,
gem-dibenzoate 1e reductively couples to aldehydes 2a—i to furnish
products of anti-alkoxyallylation with excellent relative and absolute
stereocontrol. This protocol provides an aternative to the use of
premetal ated nucleophiles and chird auxiliariesin asymmetric carbonyl
akoxyallylation, providing direct stereocontrolled access to the anti-
1-ene-2,3-diol functional group array under cataytic conditions.
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