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Abstract: We have successfully demonstrated that vy-
acetoxy-a,f-unsaturated carbonyl compounds are
useful starting materials for Pd-catalyzed asymmetric
allylic alkylation to construct all-carbon quaternary
stereocenters. With the use of 2—5 mol % of Pd cat-
alyst and 4-10 mol % of P-chirogenic diaminophos-
phine oxides, asymmetric allylic alkylation of y-acet-
oxy-a,3-unsaturated carbonyl compounds with vari-
ous prochiral nucleophiles derived from cyclic (-
keto esters proceeded in the presence of Zn(OAc),,
providing the corresponding products with an all-car-
bon quaternary stereocenter in up to 95% ee.
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The efficient creation of all-carbon quaternary centers is
aformidable challenge in organic synthesis, due to steric
repulsion during the C—C bond forming process. This
challenge is magnified when the carbon center is stereo-
genic. The catalytic asymmetric C—C bond forming reac-
tion is the most effective method for the synthesis of all-
carbon quaternary stereocenters.!'! There are, however,
few catalytic asymmetric processes available to con-
struct such a congested chiral center with a synthetically
useful level of enantioselection.”! Pd-catalyzed asym-
metric allylic alkylation (AAA) using prochiral nucleo-
philes is one of the most straightforward approaches to-
ward this end. Limited success of this type reaction has
been reported since the 1980 s.°~° We recently succeed-
ed in the Pd-catalyzed asymmetric construction of all-
carbon quaternary stereocenters using novel pentava-
lent chiral phosphorus ligands: P-chirogenic diamino-
phosphine oxides (DIAPHOXs) (Figure 1).I” In this re-
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action system, pentavalent phosphorus compounds, the
preligands, are activated in situ by N, O-bis(trimethylsi-
lyl)acetamide (BSA)-induced tautomerization, afford-
ing trivalent phosphorus compounds, which function as
the actual ligands.”! In the course of our studies on asym-
metric synthesis of all-carbon quaternary stereocenters
using DIAPHOXS, y-acetoxy-a,3-unsaturated carbonyl
compounds stood out as potential substrates.'”’ Asym-
metric allylic alkylation of y-acetoxy-a,3-unsaturated
carbonyl compounds with [3-keto esters gives character-
istic reaction adducts with three different carbonyl
groups. The densely functionalized structure is useful
for natural product synthesis.'”! Despite the versatility,
there is no direct access to this class of chiral building
blocks. Herein, we report the enantioselective construc-
tion of all-carbon quaternary stereocenters using Pd-
catalyzed asymmetric allylic alkylation of y-acetoxy-
a,B-unsaturated carbonyl compounds with cyclic (-
keto esters as prochiral nucleophiles.
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Figure 1. Structure of P-chirogenic diaminophosphine oxides:
DIAPHOXG.
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Table 1. Optimization of the reaction conditions.

Pd cat. (2 mol %) e}
16 ligand (4 mol %) COOEt
additive (10 mol %) = — OR
AcO
C \/\)I\OR
3a (1.5 equivs.) O
2a: R=Et BSA (4 equivs.) 4a: R=Et
2b: R=Me toluene, rt, 24 h 4b: R = Me
2¢c: R=tBu 4c: R =1tBu
Entry Acetate  Additive Ligand  Yield [%]® ee [% ee]P!
1 2a —_— 1a No Reaction ——
2 2a LiOAc 1a 44 4
3 22  Mg(OAc)4H,0 1a 83 64
4 2a Zn(OAc), 1a 89 78
5 2b Zn(OAc), 1a 59 79
6 2c Zn(OAc), 1a 99 91
7 2c Zn(OAc), 1b 97 95l
8 2c Zn(OAc), 1c 99 95l°!
9 2c Zn(OAc), 1d 99 920l

[ Isolated yield.

*l Determined by HPLC analysis.

[l The absolute configuration was determined to be S. See the
supporting information for details.

We initially examined the catalytic asymmetric allylic
alkylation of y-acetoxycrotonic acid ethyl ester (2a) with
ethyl 2-oxocyclohexanecarboxylate (3a) (Table 1). First,
we investigated the effect of the addition of acetate salt
using 1 mol % of (n*-C;HsPdCl), and 4 mol % of (S,R)-
Ph-DIAPHOX (1a). Similar to the previous case,
Zn(OAc), was the best additive for asymmetric induc-
tion."! Further optimizations for the ester substituent
of y-acetoxycrotonates were preformed in the presence
of Zn(OAc),, revealing that the substrate with a tert-bu-
tyl ester (2¢) gave the best selectivity. The effect of the
ligand structure was also investigated using 1b-1d,
and the corresponding product was obtained in 99%
yield with 95% ee, using (S,Rp)-2-Np-DIAPHOX (1¢)
as the ligand.

The scope and limitations of different substrates were
further examined using these efficient conditions (Ta-
ble 2). When 2 to 5 mol % of the catalyst was used, asym-
metric allylic alkylation of 2¢ using prochiral nucleo-
philes with a six-membered ring proceeded at room tem-
perature to provide the corresponding products in excel-
lent yield with high enantioselectivity (91-95% ee). The
reaction system was also applicable to y-acetoxy-a,3-un-
saturated ketone 2d, affording the corresponding prod-
ucts in good yield with high enantioselectivity (90% ee).
In addition, nucleophiles with five-, seven-, and eight-
membered rings were investigated using 2¢ as the sub-
strate. As a result, the corresponding products were ob-
tained with modest to high enantioselectivity; 90% ee
(five-membered ring), 75% ee (seven-membered
ring), and 68% ee (eight-membered ring), with the use
of 1d, 1c, and 1c as the ligand, respectively. It is notewor-
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Table 2. Asymmetric allylic alkylation using various sub-

strates.
Pd cat. (2 mol %) o)
o 1¢ (4 mol %) COOR?
AcO\/\)I\R1 Zn(OAe); (10 mol %) ij:/\é\'(R‘
2¢: R = O-t-Bu keto ester (1.5 equivs.) )n A
1 BSA (4 equivs.), toluene, rt 4c -j ©
2d: R'=Ph

3a:n=1,R?=Et
o Q 3b:n=1,R%*=Me

or? 3c:n=1,R*=Bn
) 3e:n=0,R*=Et

3f:n=2 R?=Et

e} O

3a-ce-g 3g:n=3 R?>=FEt
- gl o]

Entry K':(t:g tg:ér Product TEhm]e Y';/I:; T;]

1 2c/3a 4c 24 99 95 (S)

2 2¢/3b ad 48 99 91

3 2c/3c de 24 99 92

4l 2¢/3d af 48 92 93

5 2d/3a 4g 24 97 90 (S)

6l 2c/3e 4h 48 74 90

7 2¢/3f 4i 48 99 75

8 2¢/3g 4 48 98 68

[ Isolated yield.

*l Determined by HPLC analysis.

€1 5 mol % of the Pd catalyst was used.
[ 1d was used as the ligand.

thy that no conjugate addition of the nucleophile to the
substrate occurred in this catalytic process. To the best of
our knowledge, this is the first application of y-acetoxy-
a,B-unsaturated carbonyl compounds to Pd-catalyzed
asymmetric allylic alkylation for construction of quater-
nary carbons.

In conclusion, we have achieved the Pd-catalyzed
asymmetric allylic alkylation of y-acetoxy-a,B-unsatu-
rated carbonyl compounds with cyclic f-keto esters as
the prochiral nucleophiles. This contribution provides
a new strategy for the synthesis of functionalized chiral
synthons with an all-carbon quaternary stereocenter.
Further studies, including diastereoselective modifica-
tion of the reaction adducts, are currently in progress.

Experimental Section

Typical Procedure for the Pd-Catalyzed Asymmetric
Allylic Alkylation

To a stirred mixture of (n*-C;HsPdCl), (9.2 mg, 0.025 mmol,
2 mol % of Pd.), 1c (44.1 mg, 0.1 mmol, 4 mol %), acetate 2¢
(0.50 g, 2.5 mmol), keto ester 3a (0.59 mL, 3.75 mmol), and
Zn(OAc), (45.9 mg, 0.25 mmol) in toluene (16.7 mL) was add-
ed BSA (2.47 mL, 10 mmol) at room temperature, and the re-
action mixture kept stirring at the same temperature, under an
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argon atmosphere. After 24 h, the mixture was concentrated
under vacuum, and the obtained residue was purified by flash
column chromatography (SiO,, hexane/ethyl acetate 20/1) to
give 4c as colorless oil; yield: 0.77 g (99%, 95% ee). IR (neat):
v=2968, 2936, 2868, 1714, 1653, 1455, 1367, 1253, 1157 cm " /;
"H NMR (CDCly): =125 (t, J=7.2 Hz, 3H), 1.46 (s, 9H),
1.43-1.55 (m, 1H), 1.66-1.75 (m, 3H), 2.02-2.05 (m, 1H),
2.41-2.51 (m, 4H), 2.69 (ddd, /=12Hz, 7.6 Hz, 14.0 Hz,
1H), 4.20 (q, /=7.2Hz, 2H), 5.74 (ddd, J=1.2 Hz, 1.2 Hz,
15.2 Hz, 1H), 6.74 (ddd, J=7.6 Hz, 15.2 Hz, 15.6 Hz, 1H); °C
NMR (CDCl;): §=14.0, 22.4,27.3, 28.0 ( x 3), 36.0, 37.3, 40.9,
60.5, 61.4, 80.1, 126.2, 142.1, 165.2, 171.0, 206.7; FAB-LR-MS:
m/z=311 (MH™), 255 (MH"-56); [a]3: —81.7 (¢ 1.00,
CHCl;, 95% ee); FAB-HR-MS: calcd. for C;H,,Os: 311.1859;
found: 311.1873.

The enantiomeric excess was determined by HPLC analysis
(DAICEL CHIRALCEL, AD-H, 2-propanol/hexane, 5/95,
flow rate 0.3 mL/min, retention time: 22.5 min [(R)-isomer]
and 23.8 min [(S)-isomer], detected at 254 nm).
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