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ABSTRACT
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[Ir(COD)CI] 2/phosphoramidite ligand 1a was found to be an efficient catalytic system for the highly regio- and enantioselective decarboxylative
alkylation of y-substituted allyl fS-ketocarboxylates, affording the branched products with up to >99/1 branched-linear ratio and 96% ee.

Transition-metal-catalyzed asymmetric allylic alkylation co-workers reported the Ir-catalyzed highly regio- and
(AAA) has become one of the most efficient ways to enantioselective allylations of silyl enol ethers or enamines
construct carboncarbon bonds with stereocentéislthough to tackle both of the problenfsAs high enantioselectivities
high enantioselectivities could be achieved with soft nucleo- were obtained for palladium-catalyzed decarboxylative allylic
philes and symmetrical allylic substrates, particularly, with alkylations involving ketone enolates generated in %ifu,
a palladium catalyst, enantioselectivity with ketone enolates we envisaged that highly regio- and enantioselective allyl-

as nucleophilesand regioselectivity related to unsymmetrical
allylic substratesremain challenging. Recently, Hartwig and
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ation of ketone enolates might be achieved through decar-
boxylative allylic alkylation of allyl3-ketocarboxylates in
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the presence of an Ir catalysknown to give branched
product for unsymmetrical allylic substrates (Figure>1.
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Figure 1. Ir-catalyzed decarboxylative allylic alkylation with
unsymmetrical allylic substrates.
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In this paper, we report our preliminary results on Ir-
catalyzed highly regio- and enantioselective decarboxylative
alkylation of y-substituted ally|3-ketocarboxylates.

We began our studies with a well-developed Ir catalytic
system including [Ir(COD)C}] and a phosphoramiditéa
(Figure 2) as the catalyst.
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1aR=H,R =Ph (S, S, Ry)-1f

1b R = H, R' = 2-Naphthyl
1¢ R =H, R' = 2-MeO-CgHy

1d R = Ph, R' = Ph

1e R = 3,5-(CF3)-CgH3, R' = Ph

Figure 2. BINOL-derived phosphoramidite ligandsa—f.

In the presence of 2 mol % of [Ir(COD)GJ]4 mol % of
1a, and 2 equiv of DBU, allyp-ketocarboxylat@a smoothly
underwent the decarboxylative alkylation in boiling@&t
affording 99/1 regioselectivity in favor of branched product
3awith 95% ee (entry 1, Table 1). As summarized in Table
1, several conventional solvents and different reaction

Table 1. Optimization of the Reaction Conditions for
Ir-Catalyzed Decarboxylative Allylic Alkylation with Liganda?

O O (0] (o]
)j\/lj\ 2 mol % [Ir(COD)CI],
Ph 0 4 mol % 1a Ph)‘j\/ " ihjj
Ph/\) base Ph PR
2a 3a 4a

time yield® eed
entry solvent base (h) temp (%) 3a/da‘ (%)
1 EtO DBU 16 reflux 66 99:1 95
2 THF DBU 16 reflux 80 99:1 94
3 DME DBU 16 75°C 75 98:2 94
4  toluene DBU 16 75°C 61 98:2 85
5 CHyCl, DBU 20 25°C 67 >99:1 96
6 CH.Cl; DBU 16 reflux 83 99:1 95
7 CHCly, none 24  reflux 41 >99:1 84
8 CHyCls BSA/KOAc 24 reflux 54 99:1 94
9 CH.Cl; DBN 8 reflux 75 99:1 94
10 CH,Cls DABCO 8 reflux 80 99:1 94
11 CHoCly Cs2COs3 18 reflux 62 99:1 93
12 CHyCly KOAc 23  reflux 73 99:1 93
13 CHyCly EtsN 22  reflux 84 98:2 93
14 CHyCly KyCOg 24  reflux 62 99:1 92

a8 Reaction conditions: 2 mol % of [Ir(COD)Gl]4 mol % of1a, 0.2
mmol of 2a, 0.4 mmol of base in 2 mL of solventlsolated yields.
¢ Determined by*H NMR after a short silica gel columf.Determined by
chiral HPLC analysis (Chiralcel OD-H).

affording 3a with excellent enantiomeric excesses (entries
3—5, Table 1). Running the reaction in refluxing &t,
led to a good combination of yield and selectivity (83% vyield,
3alda 99/1, ee ofBa: 95%, entry 6, Table 1). Interestingly,
reaction without DBU resulted in a decrease of both yield
and enantioselectivity oBa (entry 7, Table 1). Various
organic and inorganic bases are also suitable for this
transformation but show no beneficial effect over that of
DBU (entries 8-14, Table 1).

Next we examined the effects of different phosphoramidite
ligands, and the results are summarized in Table 2. Ligands

temperatures were tested. The reaction proceeded well fron{j R

room temperature in Ci€l, to 75°C in DME or toluene,
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described in ref 10c.
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Table 2. Screening of the Phosphoramidite Ligahds

time yield® eed
entry ligand (h) (%) 3a/da° (%)
1 la 16 83 99:1 95
2 1b 36 21 99:1 93
3 1c 24 65 >99:1 96
4 1d 24 trace
5 le 24 NR
6 1f 36 45 94:6 70

a8 Reactions were conducted under the conditions of entry 6, Table 1.
blsolated yields® Determined by*H NMR after a short silica gel column.
dDetermined by chiral HPLC analysis (Chiralcel OD-H).

1b and 1c, varying the substituents on the amine moiety,
afforded the products in low yields, although slightly higher
selectivities were given with ligantic (entries -3, Table
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2). Ligandsld,e bearing aromatic substituents on the'3,3
positions of the binaphthyl scaffold were not effective for

well (entries 12 and 13). The absolute configuration of
alkylation products3a, 3c, 3e and3g was assigned to be

the reaction (entries 4 and 5, Table 2). The catalyst derived(S) by comparison of the optical rotation of the literature

from 1f, the diastereoisomer @6, could catalyze the reaction
in a lower yield and selectivity (entry 6, Table 2).

In the presence of 2 mol % of [Ir(COD)GJ]4 mol % of
1a, and 2 equiv of DBU in refluxing CbkCl,, decarboxylative
allylic alkylation of various substituted allyl-ketocarboxyl-

data? The stereochemistry of the decarboxylative allylic
alkylation reactions parallels that of the intermolecular
reactions reported by Hartwig et 4l.

To gain insights into the reaction mechanism, a crossover
experiment has been carried out by subjecting an equimolar

ates was carried out to test the generality of the reaction. Asamount of2b and 2i to the standard reaction conditions

summarized in Table 3, allyl-ketocarboxylates derived from

Table 3. Ir-Catalyzed Decarboxylative Allylic Alkylatioh

0 o o] o
RZJ\/U\O 2 "’f{' r:fopg/(ﬁc;D)Cuz R2 i)j

RV\) R! s R

DBU (200 mol %)

2 CH,Cly, reflux 3 4

time yield® 3, eed

entry 2, R, R2 (h) (%) 3/4¢ (%)
1 2a,Ph, Ph 16 83 99:1 3a,95
2  2b, 4-Me—C¢Hy, Ph 4 75 >99:1 3b,95
3  2¢,4-MeO—-CgHy, Ph 12 70  >99:1 3¢, 95
4 2d, 3-MeO—C¢Hy, Ph 20 59 99:1 3d, 93
5 2e, 4-CF3-CsHy, Ph 17 71 >99:1 3e, 91
6 2f 4-F—CgH,, Ph 15 67 >99:1 3f 94
7 2g, 2-furyl, Ph 3 73 98:2 3g,9%4
8 2h, 4-Me—CgHy, 4-MeO—CgHy 3 58 >99:1 3h,96

9  2i, Ph, 4-MeO—CgH,4 4 67 99:1 3i,95

10  2j, Ph, 4-Me—CgH4 12 62 98:2 3j,93
11 2Kk, Ph, 2-naphthyl 16 71 98:2 3k, 93

12 21, Me, Ph 21 61 94:6 31,90
13  2m, n-Cs;H;;, Ph 22 52 80:20 3m, 89

aReaction conditions: 2 mol % of [Ir(COD)GI]4 mol % of1a, 0.2
mmol of 2ain 2 mL of CH,Cl.. ? Isolated yields¢ Determined byH NMR
after a short silica gel columd.Determined by chiral HPLC analysis.

y-aryl allyl alcohols formed products with benzylic stereo-
centers with high regio- and enantioselectivity (entrie$)L
Substrates bearing either electron-donating gro@ps-¢)

or electron-withdrawing group2€f) were well-tolerated.
The reaction of 2-furyl-substituted allylj¢-ketocarboxylate

2g occurred with the same level of regio- and enantioselec-
tivity (entry 7). Several-aryl ketocarboxylate substrates
2h—k, which would generate different aryl methyl ketone

(Scheme 1). As determined by GC, all four possible branched

Scheme 1. Crossover Experiment dfb and 2i

O O
Ph
2b 2 mol % [I(COD)CI], Ph
T o 4 mol % 1a 3a (24.4%) 3b (27.8%)

DBU (200 mol %)
F’h/\/\O)K/U\AI’2 CH20I2 reflux

2 opiin)

Ar' = 4-Me-CgHy
Ar? = 4-MeO-CgH,

ﬁﬁ

3h (24.4%)  3i(23.4%)

products3a, 3b, 3i, and3h were generated almost equally,
which excludes the possibility that the alkylation products
are formed through intramolecular rearrangement or the cage
ion pairs®

In summary, we have found that the [Ir(COD)LZI]
phosphoramidite ligand is an efficient catalytic system for
the highly regio- and enantioselective decarboxylative alkyl-
ation of y-substituted allyl3-ketocarboxylates, which em-
ploys ketone enolates as the nucleophiles and affords the
branched products from unsymmetrical allylic substrates. The
ready availability of the starting material, mild reaction
conditions, and high enantioselectivity of the products make
the current method particularly interesting in organic syn-
thesis. Further study on the reaction mechanism and on
extending the reaction scope is currently underway in our
laboratory.
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their corresponding alkylation products with high regio- and
enantioselectivity (entries-8L1). Under the same conditions,
two substrate&l and2m derived fromy-alkyl allyl alcohols
gave the decarboxylative alkylation products in relatively low
yields with slightly low regio- and enantioselectivities, as
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