Lewis Acid / CpRu Dual-Catalysis in the Enantioselective
Decarboxylative Allylation of Ketone Enolates

David Linder, Martina Austeri and Jérdome Lacour*

Département de Chimie Organique, Université¢ de Geneve,
Quai Ernest Ansermet 30, 1211 Genéve 4, Switzerland.

E-mail: jerome.lacour@unige.ch

Supporting Information

General procedure for the synthesis of cinnamyl acetoacetates of type 3 and 7.
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B-ketoesters 3a, 3c, 3d, 3f and 3g were prepared by DMAP-catalyzed addition of the corresponding

allylic alcohols to diketene.'
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B-ketoesters 3b , 3e and 3h were prepared by DMAP catalyzed transesterification of the
corresponding ethylketoesters. Compounds 3a to 3h have spectral characteristics corresponding to
those described already in the literature.”

Branched B-ketoester 7 was synthesized as follows:
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CpRu-catalyzed Carroll rearrangement — dual-catalysis procedure.

Typical procedure. In a 2 mL screw-cap vial equipped with a magnetic stirring bar, [CpRu(n’-
naphthalene)][PFs] 1 (5.3 mg, 0.012 mmol, 2 mol%) and ligand 2 (8.1 mg, 0.033 mmol, 4.4 mol%)
were dissolved in 0.6 mL dry THF. The vial was flushed with argon and capped. After a 1h heating
at 60 °C, the vial was cooled to room temperature (~ 25 °C) and allyl B-ketoester 3a (150 mg, 0.6
mmol) was added in one portion followed by [Mg(OTf),] (2.0 mg, 0.006 mmol, 1 mol%) and the
vial was flushed again with argon and stirred at room temperature for 24 h. The cooled reaction
mixture was diluted with 1.5 mL of a mixture of ether and pentane (60 : 40). After precipitation, the
metal salts were filtered off on a short SiO; column (0.5 cm x 4 c¢m, elution ether : pentane, 60 : 40);
the solvents being then evaporated under reduced pressure to afford the crude reaction mixture (4a
+ 5a) as a pale yellow oil which was analysed without further purification. The sign of the optical
rotation was measured from a solution of crude product (~10 mg) in 1 mL CDCls.

Reference

1 I Collado, C. Pedregal, A. Mazon, J. F. Espinosa, J. Blanco-Urgoiti, D. D. Schoepp, R. A. Wright, B. G. Johnson
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"H NMR spectrum of 1 (300 MHz, Acetone-dg)
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"H NMR spectrum of 2 (300 MHz, CD,Cl,)
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"H NMR spectrum of 3a (300 MHz, CDCl,)
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"H NMR spectrum of 3b (400 MHz, CDCl,)

3b
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"H NMR spectrum of 3¢ (400 MHz, CDCl,)
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"H NMR spectrum of 3d (400 MHz, CDCl,)
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"H NMR spectrum of 3e (400 MHz, CDCl,)
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"H NMR spectrum of 3f (400 MHz, CDCl;)
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"H NMR spectrum of 3g (300 MHz, CDCl,)
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"H NMR spectrum of 3h (400 MHz, CDCl,)
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"H NMR spectrum of 6 (500 MHz, CDCl,)
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13C NMR spectrum of 6 (125 MHz, CDCl,)
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Sample
Sample number: 0354
Operator: Eliane Sandmeier

Principal investigator: Prof. G. Hopfgartner

name: EA129

Date of reception: 10/02/09
Date of analysis: 10/02/09
Instrument: VG 7TO070E

Tonisation mode: EI - LR
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"H NMR spectrum of 7 (400 MHz, CDCl,)
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M 1 (2 mol%)
o 2 (4.4 mol%)
X > gz
[Mg(OTf),] (1 mol%)
3a 4a
MeO MeO
FID1 A, (DLADLOMERAC.D)
pi ]
503 Peak RetTime Type Width Height Area
# [min] [min] [pa*=] [pal &
E T s | ===~ |======= — R E— |
* 1 55.915 MM 0.5353 1156.49231  36.00808 49.89206
a0 2  57.684 MM 0.5029 1161.49634 38.49326 50.10794
35 Totals : 2317.98865 74.50134
30+
259 o
20 o
15
T T T T T T
g5 48 52 S a6 58 min
FID A, (DLADLASE. 00
ph
a0 ] Peak RetTime Tvpe Width Height Area
# [rin] [win] [pa*=] [waA] %
e R R R R |
35 1 55.716 MM 0.491s 828.32037 28.08483 91.53806
2 57.256 MM 0.4564 T6.57140 2.79623 B5.46154
1 Totals : 904.89178  30.88107
25 o
20 o
15 - ,
T T T T T T
45 45 a2 54 s 58

Determined by CSP-GC (Chiraldex Hydrodex B-3P), T, 250 °C, P = 0.596 bar; 130 °C, isotherm.
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1 (2 mol%)
O 2 (4.4 mol%) O
[Mg(OTf),] (1 mol%)
FICT A, (WA ADLST30.00
2
4 o 4%
i <:@ L= ) ) )
Ho Eﬁﬁ Peak RetTime Type Width Area Height Area
s #  [min] [win]  [pA*s] [p2] 5
=== | |-——= - |—mm |—mm | ===
1 77.386 MM 0.6897 923.71069 22.46569 31.73382
Z2 B81.981 MM 0.6677 911.91772 22.76253 31.1Z2649
3 B5.8Bi6 Mm 0.7274 536.27Z264 12.28690 18.30460
4 B87.575 MM 0.6825 551.81482 13.47605 18.83510
Tulals : 2929.71388 70.99117
T T T
24 25 g8 mir
Peak RetTimwe Type Width Area Heicght Area
# [min] [min] [pa*=s] [pal %

1 77.510 MM 0.6897 935.63701 22.61078 51.73708
2 81.930 MM 0.6151 67.09544 1.81808 3.70992
3 B6.079 MM 0.7456 743.694385 16.62384 41.12123
4 87.542 MM 0.6384 g2.06308 1.57106 3.43177

Totals : 1808.54248 47 . 62376

Determined by CSP-GC (Chiraldex Hydrodex B-3P), T, 250 °C, P = 0.596 bar; 130 °C, isotherm.
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O O

1A
SO

1 (2 mol%)
2 (4.4 mol%)

.

[Mg(OTf),] (1 mol%) <O
o)

4c

DADT E, Sig=280,16 Ref=360,100 (MAMASSTO0000. [

mAL —
120%
100%
sné
ané
o

20

39,

G112

Time

Area

Height

Width

AreaZX Symmetry

39.616

37136

137.3

1.0934

43.941

0.544

43612

37367

124.2

1.2505

50.053

0.843

0-

20 32 24 36 jet=]

LADT E, Sig=280,16 Ref=300,100 (MAWASSZA000005, 0

mal
100 -
20—

B0 -

Time

Area

Height

Width

Area®  Symmetry

40.587

8691.4

116.4

11413

92256

0.776

4412

7235

09336

7.744

0.807

44,120

Determined by CSP-HPLC Column OD-H Hex/i-PrOH 99.5/0.5 flow 0.5 mL/min, 23 °C




pA

FIDA A, (AR A A~ 1 D)

3d

1 (2 mol%)
2 (4.4 mol%)

[Mg(OTf),] (1 mol%)

> =

4d

Peak RetTime Type Width Area Height Ares
# [min] [min] [pA*=s] [pAl H
250 e [———= |- |———————= |———————= | === |
1 10.970 BV 0.0822 1729,.13794 2Z37.41284 91.10915
200 4 2 11.195 vE 0.0741 168.73729 32.97311 8.89085
150 4 Totals : 1897.87523  320.385395
100 o
@
0 T T T T : I T T
g g 10 1 12 13 min
FID1 &, (DLFBHBFYD0.0)
pA & &
- o
=] : Peak RetTime Type Width Area Height Area
200 - # [min] [tmin] [pa*s] [p&] %
175 4 el e |—=—= |- [-——=——— [ |- |
1 10.939 BV 0.0866 1137.11389 192.32071 49.9Z2689
150 Z 11.267 VB 0.0827 1140.44421 207.02887 50.07311
125
100 3 Totals : 2277.55811 399.,34958
75 4
a0
25

Determined by CSP-GC (Chiraldex Hydrodex B-3P), T, 250 °C, P = 0.596 bar; 130 °C, isotherm.
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1 (2 mol%) o
0] 2 (4.4 mol%)
X > %
[Mg(OTf),] (1 mol%)
3e 4e

pa ]
16 -
15
14; Peak RetTime Type Width Area Height Area
] # [min] [min] [pa*=] [p2] %
] e e e et [-————— |—————— |-——————- |
12 1 1 45.713 mm 0D.3711 Q0. z9455 4.45970 50.25955
| Z2 483,562 MM 0.z2890 gg2.Ze209 4,21059 49,74045
12 4 -~
1 T — . r r - I - - - - I - - - 1 - - 1 T r T T T T T T T T T T 1 T
40 44 42 43 44 45 45 4F 45 48 min
pA ]
22
20
18
16
1 Peak RetTime Type Width Area Height Area
14 1 #  [min] [min]  [pa*s] [pa] % &
] == |[————= === |——=———— |——=———— | === I 2w
12 1 45.717 mMM 0.3796 306.11469 13.43875 93.87856 po: 2
] Z 48.518 MM 0.3714 19.96051 8.95633e-1 6.12144 $ﬁ
10 p e
1 L e e I [ e L R I B B B R | T
40 41 42 43 44 45 45 47 48 49 mir

Determined by CSP-GC (Chiraldex Hydrodex B-3P), T, 250 °C, P = 0.596 bar; 130 °C, isotherm.
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O O @)
M 1 (2 mol%)
Ph O  2(44mol%)
N > =
[Mg(OT¥),] (1 mol%)
3h 4h
DADM [, Sig=230,16 Ref=360,100 (MANMA4S2000001.00
mal E
§ o ] # Time Area Height Width Area® Symmelry
1000 - 1 16.214 272492 12086 0,347 50175 0.651
] 2 18.274 270549.3 1091.8 0.381 439,825 0,706
800
600
400 -
200
a \ .
] ] ] ] ] ] ] |
14 15 16 17 13 19 20 min
DADA [, Sig=230,16 Ref=260,100 (MAMA4SZ BO0O001, [0
mAl - &
1400_5 = # Time Area Height width Area% Symmetry
] 1 16.262 44597 27 0377 9,928 0.735
12085 2 17651 404603 1676.2 03756 | 90.072 | 0685
1000 =
800 -
500 —
] &
400 - o
: o
200 —
3
1 ) ) ) ) ) ) )
14 15 18 17 18 19 20 min

Determined by CSP-HPLC Column OD-H Hex/i-PrOH 98/2 flow 0.5 mL/min, 23 °C
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Racemic and enantiopure secondary ester 7

DAD1 A, 5ig=254.4 Ref=360,100 (MAW A-AC-RACODD001.[) # Time Area Height Width AreaZ Symmetry
rll) ] 2 1 11.734 35204 124.9 0.4348 50.223 (.88
1 2 18.231 34891 73 07318 49.777 0.812
100 — O O
: J
30 - 0 e
60— =
a0~
20—
u] ___.—|_._ L ~ -— + —
I - ’ f I - - - I - ’ ’ I - - - I - - f I - - - I - - ’ I f - - |
& & 10 12 14 16 12 0 min
DAD1 A, Sig=254,4 Ref=360,100 (MAWASSE000000, 1)
mall = 0
MD_; @) i Time Area Height Width AreaX Spymmetry
120~ M | 1| 1477 | 46373 | 1609 | 04442 | 1oooo0 | 08e3 |
100- @)
80~ =
B0 -
ag — (S)'7
20—
0 ——— : —
- I - ’ f I - - - I - ’ ’ I - - - I - - f I - - - I - - ’ I f - - |
i g 10 12 14 16 12 20 min

Determined by CSP-HPLC Column Whelk-O1 Hex/i-PrOH 99/1 flow 1 mL/min, 23 °C
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M 1 (2 mol%)
o ent-2 (4.4 mol%)
/ > /
[Mg(OTf),] (1 mol%)
(S)-7 (S)-4d
FIDT A, (MAWASS3A. D)
P
140
120
100 -
a0 Peak RetTime Type Width Ares Height Area
B [min] [min] [pa*s=] [p2] %
- |—— = |- |-———— | === |
B 1 10.889 M o.oa97 12.2034¢6 Z2.26644 1.53868
2 11.197 nm 0.0973  780.90%908 133.83124 98.46132
40 -
o Toktals : 793.11252 136.09768
o
20 - 3$?
AT e
10 105 11 s 1z 125 13 mi
FIDM &, (DLFBHBPYO0.D)
pA ] % B
[}
=
200
175 4
150 4
126 3
100 Peak RetTime Tvpe Width Area Height Area
# [min] [1oin] [pa*s] [pa] %
1 - | |——= = |- |[——=—— |——=———= I
75
1 10.989 BV 0.0866 1137.11385 192.32071 49,.92Z2889
s0 - 2 11.267 VE 0.0827 1140.44421 207.02887 50.07311
25 Totals : 2277.55811  399.34958
T T T T T T
10 105 11 115 1z 125 1z m

Determined by CSP-GC (Chiraldex Hydrodex B-3P), T, 250 °C, P = 0.596 bar; 130 °C, isotherm.

S26





