Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Pd-Catalyzed Domino Carbonylative/ Decar boxylative Allylation:
An Easy and Selective Monoallylation of Ketones

Steven Gibouldt Frédéric Liron®* Guillaume Prestaf:* Benoit WahP, Mathieu Sauthie?,Yves
Castanef André MortreuyX and Giovanni Poli*

4 UPMC, IPCM, UMR CNRS 7201, 4 place Jussieu, c88¢RB-75252 Paris Cedex 05, France; Tel:
(+)33 1 44 27 41 14; E-mail: giovanni.poli@upmec.fr R o
CCSRUMNRS 8181, Bat. C7, Cité Scientifique, B. P.

Unité de Catalyse et de Chimie du Solide, _ _
90108, 59652 Villeneuve d'Ascq Cedex, France; B:miailre.mortreux@ensc-lille.fr

Supplementary | nfor mation

! present address: Université Paris Descartes, UMR 8MRS, Laboratoire de Chimie et Biochimie
Pharmacologiques et Toxicologiques, 45 rue degsSRigres, 75006 Paris, France

1



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Contents
[, EXPerimental SECLION ... ..ccooii i 4.
General INStrUMENTALION: ..........uiiiiii e 4
Atmospheric pressure optimization: ... 4
Optimization of the carbonylation Step: ... 5
Optimization of the Pd-catalyzed decarboxylativglation step:............c.cccoeeeeeee. 5
Optimization of thgpgseudedomino SEQUENCE: ...........uuumiiiieeeermneeeiiininennnnnennnns 6
Optimization Of the PrESSUIE: .......uuiiiii ettt eeeee s 6
LigandS SCrEENING: .....ooiiiiiiiii it ceeeeee e s e e anennne 7
1. Characterization: ..........ccuueiiiiiieiie e 8
Allyl 3-0x0-3-phenylpropanoate (3) ......ccceeeveeeeiiiiiiiieeee e 8.
ChIorination Of KETONES: ..........oiiiiiiii ettt e e 8
4-(2-Chloroacetyl)benzonitrile (1d) .......ccocoeeeeeiiiiiiiieiieiiiiieiiie e 9
Methyl 4-(2-chloroacetyl)benzoate (1€)......ccuuueiiiiiiiiiiiiiieee e 9.
2-Chloro-1-p-tolylethanone (10) ........oooo e eeveeeeereeeeeseeeeeeeeeseeeeseseennenene 10
2-Chloro-1-(3-methoxyphenyl)ethanone (1)) ....cceeeeeeeiiiiiiiiiiiiiiiieeeeeeeeeee e, 10
2-Chloro-1-(3-fluorophenyl)ethanone (Li) ... 11
2-Chloro-1-phenylpropan-1-0ne (1mM) ..... ..o 1.1
Methyl 3-0x0-3-phenylpropanoate (2) ...........eeeeeeeeeeeeeeueememeeeeeeiieieeeeeneennenes 2.1
Domino Sequence: Pd-catalyzed Carbonylation / xecatative Allylation .......... 12
1-Phenylpent-4-en-1-0N€ (4@) ....ccceeeiiiiieeeeeeeeeeeieieeieeeeeieeeeeeeevessrenesenenernne 13
1-(4-Fluorophenyl)pent-4-en-1-0ne (4h) .....coaaaaeiiiiiiiiiiiiiiiiiieeeieies 3.1
1-(4-Chlorophenyl)pent-4-en-1-0N€ (4C) ..ooocccoieeieeeeeeeeeeee e 14
4-Pent-4-enoylbenzonitrile (4d) ..., 14
Methyl 4-pent-4-enoylbenzoate (4€) ....... . eeeeeeeeiiiiiiiieieiieeieeeeeeeeeeee, 15.



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

1-(44ert-Butylphenyl)pent-4-en-1-0Ne (4f) .......evvricememveeieeririiiiieiiiiinineninenn. 16
1-p-Tolyl-pent-4-€N-1-0N€ (4Q) «.eeeeeeieeieeeeiimeammeeeeeaeeeeeeeeseeseeeensessnnnensnenennne 16
1-(4-Methoxyphenyl)pent-4-en-1-0ne (4h) .....cccoociiiiiiiiiis 17
1-(3-Fluorophenyl)pent-4-en-1-0N€ (4i)......cceeceeeiiiiiiiiieieieieee e 17.
1-(3-Methoxyphenyl)pent-4-en-1-0N€ (4)) ..ccoccceee e, 18
1-(2,4-Dichlorophenyl)pent-4-en-1-0n€ (4K) ..ccceeeerrerrimimmmimmminininiiiinniiinnnnn, 19
1,2-Diphenylpent-4-en-1-0ne (41) ..o 19
4-Methyl-1-phenylpent-4-en-1-0N€ (4P, 4Q) .. cccccreeieeieiiieiiieeeeieeeee e 20
4-Methyl-1-phenylpent-4-en-1-0N€ (46) .....uiceeceeeeeeieeieeeee e 1.2
01 ol U - I PSPPI 22



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

l. Experimental Section

General instrumentation:

All carbonylation and tandem reactions were cardgatdunder a CO atmosphere.
All other reactions were carried out under an argonosphere. Dry solvents were obtained
from a Braun purification system MB SPS-800. Aly¢tohol was distilled and stored under an
argon atmosphere. NMR spectra were recorded (Brd@&@rMHz or Bruker 300 MHZ'H,
and 101 MHZ3C) in CDC} (which also provided the lock signald&t 7.26 ppm forH and
§ = 77.16 ppm for*C). IR spectra were recorded on a Bruker Tensaparatus. Silica gel
(40-63 um) was used for chromatographic purificatibLC plates were visualized under UV
light and spraying with KMn@®(5 % in water).

Atmospheric pressur e optimization:

o [Pd] (5 mol %)
@)&Cl base (1.5 equiv.), w ©)K/\/ ©)k w
CO (1 atm),
additive, 97 °C
1a
/\/
Catalyst Base Additive Products
PdCL(PPh), EtN - 5 (100%)
Pd(dba) + dppe EN - 5 (19%) +6 (81%)
PdChdppp EtN - 5 (35%) +6 (65%)
Pd(dba) + dppb EIN - 5 (72%) +6 (28%)
Pd(dba, + 4 PCy EtN - 5 (27%) +6 (73%)
Pd(dba) + 4 tfp EN - 5 (100%)
o} O
N 0]
PACLPPh), NaOAc BNE&Br o Té(
5(11%) + 21% 28%

3Calculated on the basis B NMR spectrum of the crude produtd.2 equiv. of additive is used.
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Whatever the conditions used under an atmospheggspre of CO, the desired
product could not be isolated. Optimization of batteps was subsequently undertaken

separately, the carbonylation reaction being cawoigt under 5 bars of CO.

Optimization of the carbonylation step:

0 [Pd] (0.5 mol %) NMe,NMe,
©)‘\/CI base (1.5 equiv.), w ©)‘\/OM9 + ©)‘\ . DMAN = “
additive, CO (5 bars),
MeOH, T (°C), 24 h
1a
Catalyst Base Additivé T (°C) Product$
PdCL(PPh), EtN - 100 2 (16%) +7 (18%) +5 (66%)
PdCL(PPh), EtN - 130 7 (45%) +5 (55%)
PdCL(PPh), BusN - 100 2 (11%) +7 (7%) +5 (82%)
PdCL(PPh), DMAN P - 100 2 (49%)° + 7 (6%) +5 (45%)
PdCL(PPh), DMAN ° BnNE&Br 100 2 (21%) +7 (9%) +5 (70%)
PdChLdppf DMAN® - 100 2 (16%) +7 (8%) +5 (76%)

3calculated on the basis i NMR spectrum of the crude produBty,8 bis(dimethylamino)naphtalen&isolated
yield: 38%.9 0.2 equiv. of additive is used.

Under 5 bars of CO and using MeOH as the alcohplou38% isolated yield of
the desired methyfl-ketoeste2, was obtained. However, extensive amounts of pbetwone

5 were also isolated, providing a proof for an ir@éint carbonylation step.

Optimization of the Pd-catalyzed decarboxylative allylation step:

o O [Pd] (x mol%) 0
Ph)l\/su\o/\/ Solvent, T(°C), 45 min > Ph)J\‘:\/
Catalyst X (Mol%) Solvent T (°C) yield (98)
Pd(dba) + 4 PPh 5 THF 60 64%
Pd(dba) + 4 PPh 5 Z~-OH 90 72%
Pd(dba) + 4 PPh 5 Toluene 90 78%
- - Toluene 90 0%
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|solated yields.

The Pd-catalyzed decarboxylative allylation pro@ekedmoothly, leading to the

desired monoallylated ketone in good yield. In Hizssence of the palladium catalyst, the

decarboxylative allylation did not take place, siaythat the reaction did not occuia a

thermal activation.

Optimization of the pseudo-domino sequence:

o} IPd] (0.5 mol %)

Ph)]\/CI base (1.5 equiv.), ph)J\/\/
1a 38.‘33553?’(§o(;?aw.) 4a

Catalyst Base T (°C) yield (%)
PdCL(PPh), DMAN P 130 11
PdChdppf DMAN ° 130 19
Pd(OAc) + 4 PPh DMAN ° 130 20
Pd(OAc) + dppb DMAN?® 130 12
Pd(OAc) + dppf DMAN" 130 1
Pd(OAc) + 4 PPh Hinig's base 130 8
Pd(OAc) + 4 PPh NaOAc 130 7

?isolated yields ofla. The mass balance to 100% is mainly acetophefione.

1,8 bis(dimethylamino)naphthalene.

Whatever the conditions used under 5 bars of C@a# not possible to achieve a

yield higher than 20%. The influence of the CO pues was therefore investigated.

Optimization of the pressure:

Pd(OAG); (0.5 mol%)
0 PPhg (2 mol%) 0
ph)JvC' DVAN (1.5equiv) Phw
PCO (bar)
1a 130 °C 4a

allyl alcohol (30 equiv.)
Pco (bar) 5 10 15 20 25
yidd (%) 20 7 12 27 18

30 50 80
14 18 0

?Isolated yields ofla.
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As previously observetian optimal pressure is observed in the range dbD
bars. In this case, the optimum is reached at 26, hagelding 27% of the monoallylated

ketone.
L igands screening:

Pd(OAC); (10 mol %)
0] L (P/Pd = 4) o

ph)l\/c' BusN (1.5 equiv.) - phJ\/\/

1a CO (20 bars) 4a
130 °C, Toluene
allyl alcohol (15 equiv.)

L Yield (%)°

P(t-Bu)s 0
PCys 13
PPh 54
PPhfur® 50
PPh(fur)” 65

trifurylphosphine 76
P(OEt} 13
dppf 0

XantPhos 56

?|solated yields ofla. ® fur = 2-furyl.

The screening of ligands showed that the more relegioor the phosphine, the
more efficient the reaction. Trifurylphosphine I¢al 76% vyield of the desired product.

Phosphites were however inefficient. XantPhos Wwasonly efficient bidentate ligand.

2A L Lapidus, O. L. Eliseev, T. N. Bondarenko, B. Sizan, E. G. Ostapenko, and I. P. BeletskKymetics and Catalysjs
2004,45, 234.
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1. Char acterization:

wo/\/

Allyl 3-oxo-3-phenylpropanoate (3)

A flask was charged with methyl 3-oxo-3-phenylpnopate3 (1.45 g, 8.15 mmol,
1 equiv.), DMAP (301.8 mg, 2.45 mmol, 0.3 equivadaallyl alcohol (6 mL, 87mmol, 10
equiv.). The reaction was stirred at 90 °C for $d& he solution was concentrat@dvacuo.
The reaction was hydrolyzed and extracted with latigtate. The combined organic layers
were dried over MgS£and concentratech vacuo The residue was purified by column
chromatography on silica gel (eluent: cyclohexac@Bt = 95/5) and yielded 0.875 g (53%)
of the expected produ8tas a colorless oll.

Data for3:
'H NMR (400 MHz, CDC}) 6 7.97-7.94 (m, 1H), 7.80-7.77 (m, 1H), 7.62-7.58 (i), 7.51-
7.40 (m, 2H), 5.90 (ddtJ= 5.7, 10.2, 17.2 Hz, 1H), 5.36-5.20 (m, 2H), 466 J = 1.3, 5.7
Hz, 2H), 4.03 (s, 2H)HRMS (ESI) m/z calcd. for GH1,NaO; [M + Na'] 227.0673, found
227.0679.

These data are in good agreement with those repiortae literaturé.

Chlorination of ketones:

General procedure for the chlorination of ketorsesording to the literaturé:

A flask was charged with the substrate (4 mmol),S\N@ mmol, 1 equiv.), and
PTSA (0.4 mmol, 0.1 equiv.). The reaction mixturaswheated to 80 °C overnight. The
reaction was hydrolyzed and extracted with,CH (3x10 mL). The combined organic layers
were dried over MgS©and concentrated under reduced pressure. The ceadgon mixture

was purified by silica gel column chromatography.

3J.S. Yadav, B. V. S. Reddy, A. D. Krishna, CR8&ddy, and A. V. Narsaiali, Mol. Catal. A: Chemicalk007,261, 93.
41. Pravst, M. Zupan, and S. StavbBetrahedron2008,64, 5191.
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o)

jo e
NC

4-(2-Chloroacetyl)benzonitrile (1d)

Crude product was purified by column chromatographfeluent:
CH.Cl,/cyclohexane = 3/7). The desired compound was tewlas a white solid (461 mg,
65%).

Data forld:

IR (ATR Diamond): 3048, 2928, 2855, 2232, 1706, 1388)8, 830 crt; ‘*H NMR (300
MHz, CDCk) & 8.08 — 8.06 (m, 2H), 7.84 — 7.81 (m, 2H), 4.682(3). °C NMR (101 MHz,
CDCly) & 190.1, 137.2, 132.8, 129.2, 117.7, 117.4, 4HRMS (ESI) m/z calcd. for
CoHeCINNaO [M + N&] 202.0030, found 202.003K1.p. = 90 °C (lit. = 91-95 °CJ.

These data are in good agreement with those repiortée literaturé.

Cl
0
o)
Methyl 4-(2-chloroacetyl)benzoate (1€)
Crude product was purified by column chromatographfeluent:
CHCl,/cyclohexane = 10/1). The desired compound wastisdlas white crystals (535 mg,

63%).

Data forle:
IR (ATR Diamond): 3001, 2947, 1704, 1432, 1401, 12I7/M6, 1108, 762 ch 'H NMR
(400 MHz, CDC}) 6 8.18 — 8.15 (m, 2H), 8.04 -8.01 (m, 2H), 4.732(3), 3.97 (s, 3H).13C

5G. A. Russell and F. Rod, Am. Chem. Sot985,107, 2506.

6 See: P. R. Olivato, S. A. Guerrero, and R. RittMagnetic Resonance in Chemistty¥87,25, 179 forsC spectrum and: W.
Szymanski, C. P. Postema, C. Tarabiono, F. BerthiocCampbell-Verduyn, S. de Wildeman, J. G. des¥riB. L. Feringa, and
D. B. Jansseridv. Synth. Cata010,352, 2111. R. D. Rieke, J. D. Brown and X. VBynth. Commurl995,25, 3923 for'H
spectrum
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NMR (101 MHz, CDCY) 6 190.6, 165.9, 137.3, 134.6, 130.0, 128.4, 52.8.48RM S (ESI)
m/z calcd. for GHgCINaQ; [M + Na'] 235.01324, found 235.01328l..p. = 136 °C.

0]

ﬁCI

2-Chloro-1-p-tolylethanone (19)

Crude product was purified by column chromatographfeluent:
CH.Cl,/cyclohexane = 10/1). It afforded the desired commubas a brown solid (539 mg,
80%).

Data forlg:

'H NMR (400 MHz, CDC}) § 7.87 (d,J = 8.3 Hz, 2H), 7.30 (d] = 8.1 Hz, 2H), 4.69 (s, 2H),
2.44 (s, 3H).13C NMR (101 MHz, CDC)) & 190.8, 145.1, 131.9, 129.7, 128.7, 46.0, 21.8.
M.p. = 41 °C.

These data are in good agreement with those repiortae literaturé.

Cl

o<

2-Chloro-1-(3-methoxyphenyl)ethanone (1)
Crude product was purified by column chromatographfeluent:
CH.Cl,/cyclohexane = 8/2). It afforded the title compowasda dark red solid (417 mg, 56%).

Data forlj:

IR (ATR Diamond): 2979, 2941, 2844, 1697, 1574, 14887, 1003, 777 cth 'H NMR
(400 MHz, CDC}) 6 7.54 — 7.47 (m, 2H), 7.40 @,= 7.9 Hz, 1H), 7.16 (ddd, = 8.2, 2.6, 0.9
Hz, 1H), 4.70 (s, 2H), 3.86 (s, 3HJC NMR (101 MHz, CDC}) § 190.9, 160.1, 135.6, 129.9,
121.0, 120.5, 112.9, 55.6, 46.ARMS (ESI) m/z calcd. for ¢HoCINaO, [M + Na']
207.01833, found 207.0183@..p. = 60 °C.

"R.N. Ram and T. P. Mandj, Org. Chem2008,73, 5633.
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Cl

E
2-Chloro-1-(3-fluorophenyl)ethanone (1i)
Crude product was purified by column chromatographfeluent:
CH.Cl,/cyclohexane = 8/2). It afforded the desired conmgbas a colorless oil (200 mg,
29%).

Data forli:

IR (ATR Diamond): 3077, 2946, 1706, 1589, 1484, 1e48; 'H NMR (400 MHz, CDC}) §
7.78 — 7.62 (m, 2H), 7.50 (td,= 8.0, 5.5 Hz, 1H), 7.33 (tdd,= 8.2, 2.6, 0.9 Hz, 1H), 4.68 (s,
2H). *C NMR (101 MHz, CDC}) 5 190.1, 163.0 (dJ = 249.0 Hz), 136.3 (d] = 6.4 Hz),
130.7 (d,J = 7.7 Hz), 124.4 (dJ = 3.1 Hz), 121.2 (dJ = 21.4 Hz), 115.5 (d] = 22.7 Hz),
45.8.HRMS (ESI) m/z calcd. for gH¢CIFNaO [M + Nd] 194.99834, found 194.99804.

O

©)J\rc:|

2-Chloro-1-phenylpropan-1-one (1m)
Crude product was purified by column chromatographfeluent:
CHxCl,/cyclohexane = 10/1). It delivered the title compdwas a yellow oil (572 mg, 85%).

Data forim:

'H NMR (400 MHz, CDC}) § 8.02 (ddJ = 8.5, 1.3 Hz, 2H), 7.62 — 7.58 (m, 1H), 7.52487.
(m, 2H), 5.26 (qJ = 6.7 Hz, 1H), 1.75 (d] = 6.7 Hz, 3H)>*C NMR (101 MHz, CDC}) &
193.7, 134.2, 133.8, 129.0, 128.8, 52.9, 20.0.

These data are in good agreement with those repiortée literaturé.

8 3. Hajra, M. Bhowmick, B. Maji, and D. Sinhh,0Org. Chem2007,72, 4872.

11
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0 O

Ph)]\/U\OM

Methyl 3-oxo-3-phenylpropanoate (2)

e

Reaction performed witl-chloroacetophenonga (309.3 mg, 2.00 mmol, 1.0
equiv.), PdCJ(PPh), (7.4 mg, 0.01 mmol, 0.5 mol%), methanol (5 mL) afB-
bis(dimethylamino)naphthalene (642.2 mg, 3.00 mrdj, equiv.) at 100 °C for 24 h. The
residue was purified by column chromatography dinasigel (eluent: cyclohexane/AcOEt =
90/10) and yielded 134 mg (38%) of the expected-kster2 as a colorless oil.

Data for2:

'H NMR (400 MHz, CDC})  7.95 — 7.93 (m, 2H), 7.61 — 7.57 (m, 1H), 7.50467m, 2H),
4.00 (s, 2H), 3.75 (s, 3HY¥C NMR (101 MHz, CDC}) & 192.4, 168.0, 136.0, 133.9, 128.9,
128.6, 52.5, 45.8.

These data are in good agreement with those repiortée literaturé.

Domino Sequence: Pd-catalyzed Carbonylation / Decar boxylative Allylation

General procedure for the domino sequence:

The autoclave was charged witlrchloroketonela-n (1 mmol, 1 equiv.),
Pd(OAc} (0.1 mmol, 0.1 equiv.), tri (2-furyl)phosphine40nmol, 0.4 equiv.), tributylamine
(2.5 mmol, 1.5 equiv.), allyl alcohol (14.6 mmol5 kquiv.) and toluene (1.5 mL). The
autoclave was purged with CO and then pressuri28db@rs). The reaction mixture was
warmed to 130 °C for 2 h. After cooling to room famature, the pressure was carefully
released and the autoclave vented. The reactioncamsentratedn vacuq hydrolyzed and
extracted with diethyl ether. The combined orgalsigers were dried over MgSGand
concentratedh vacua

®T. Taniguchi, Y. Sugiura, H. Zaimoku, and H. Isishi,Angew. Chem. Int. E@010,49, 10154.

12
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Ph/lw

1-Phenyl pent-4-en-1-one (4a)

Reaction performed withu-chloroacetophenonéda (153.1 mg, 0.99 mmol, 1
equiv.) and allyl alcohol (1 mL, 14.6 mmol, 15 eqi The residue was purified by column
chromatography on silica gel (eluent: cyclohexawe@Bkt = 95/5) and yielded 121 mg (76%)

of the expected produda as a yellow oil.

Data for4a:

IR (ATR Diamond): 3062, 2920, 1684, 1597, 1448, 1208, 690 crit; *H NMR (400 MHz,
CDCls)  7.85 — 7.83 (m, 2H), 7.44 — 7.40 (m, 1H), 7.35.317(m, 2H), 5.79 (ddt] = 16.8,
10.2, 6.5 Hz, 1H), 4.97 (dq,= 17.1, 1.6 Hz, 1H), 4.90 (ddd= 10.2, 3.0, 1.3 Hz, 1H), 2.96 —
2.92 (m, 2H), 2.41 — 2.35 (m, 2HYC NMR (101 MHz, CDC}) § 199.3, 137.3, 137.0, 133.0,
128.6, 128.0, 115.2, 37.7, 28HMRMS (ESI) m/z calcd. for GH1,NaO [M + Nd] 183.0778,
found 183.0780.

These data are in good agreement with those repiortae literature®

O
/@)W
F

1-(4-Fluorophenyl)pent-4-en-1-one (4b)

Reaction performed with 2-chloro-1-(4-fluorolphe@ghanone 1b (171.6 mg,
0.99 mmol, 1 equiv.) and allyl alcohol (1 mL, 141mol, 15 equiv.). The residue was
purified by column chromatography on silica gelugeit: cyclohexane/AcOEt = 90/10) and
yielded 115 mg (65%) of the expected prodiixas a yellow oil.

Data for4b:

IR (ATR Diamond): 3076, 2924, 2358, 1686, 1598, 1308,1, 1361, 1230, 1156, 984, 916,
841 cm®; '"H NMR (400 MHz, CDC¥) 6 8.01 — 7.98 (m, 2H), 7.16 — 7.10 (m, 2H), 5.90(dd
J=16.9, 10.2, 6.5 Hz, 1H), 5.09 (djj= 17.2, 1.6 Hz, 1H), 5.02 (dd,= 10.2, 1.3 Hz, 1H),

10y, Zhang and T. Rovisl. Am. Chem. So2004,126, 15964.

13
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3.05 (t, J= 7.3 Hz, 2H), 2.53 — 2.47 (m, 2HJC NMR (101 MHz, CDC}) § 197.8, 165.8 (d,
J = 2545 Hz), 137.2, 133.4, 130.7 (W5 9.2 Hz), 115.7 (d) = 38.8 Hz), 115.6, 37.7, 28.2.
HRMS (ESI) m/z calcd. for GH1:FNaO [M + Nd] 201.06861, found 201.06839.

1-(4-Chlorophenyl)pent-4-en-1-one (4c)

Reaction performed with 2-chloro-1-(4-chloropheegtitanonelc (190.3 mg, 1.01
mmol, 1 equiv.) and allyl alcohol (1 mL, 14.6 mmd§ equiv.). The residue was purified by
column chromatography on silica gel (eluent: cyekdme/AcOEt = 90/10) and yielded 112
mg (57%) of the expected prodyictas a yellow oil.

Data for4c:

IR (ATR Diamond): 3076, 2919, 2358, 1687, 1643, 14286, 1093, 980, 915, 834 ¢nTH
NMR (400 MHz, CDC}) & 7.91 — 7.88 (m, 2H), 7.45 — 7.41 (m, 2H), 5.8%(d¢ 16.8, 10.2,
6.5 Hz, 1H), 5.09 (dg] = 17.1, 1.6 Hz, 1H), 5.02 (dd,= 10.2, 1.3 Hz, 1H), 3.06 — 3.02 (m,
2H), 2.52 — 2.46 (m, 2H}*C NMR (101 MHz, CDC}) 5 198.2, 139.5, 137.1, 135.3, 129.5,
129.0, 115.5, 37.8, 28.HRMS (ESI) m/z calcd. for GH1;CINaO [M + N&] 217.03906,
found 217.03879.

These data are in good agreement with those repiorthe literature?

Q)W
NC

4-Pent-4-enoylbenzonitrile (4d)

Reaction performed with 4-(2-chloroacetyl)benzaleitid (166.7 mg, 0.92 mmol,
1 equiv.) and allyl alcohol (1 mL, 14.6 mmol, 15ueq). The residue was purified by column
chromatography on silica gel (eluent: pentanefCiH= 20/80) but afforded a mixture of the
product4d and 4-acetylbenzonitriieH NMR with butadiene sulfone as internal standard

allows to calculate 51 mg (30%) of the expectedipobv4d.

14
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Data for4d:

IR (ATR Diamond): 3077, 2923, 2358, 2231, 1691, 14#82, 1206, 985, 917, 848 ¢mH
NMR (400 MHz, CDC}) & 8.06 — 8.04 (m, 2H), 7.85 — 7.76 (m, 2H), 5.89t(dd= 16.8, 10.2,
6.5 Hz, 1H), 5.09 (dg) = 17.1, 1.6 Hz, 1H), 5.03 (dd,= 10.2, 1.2 Hz, 1H), 3.09 @,= 7.3 Hz,
2H), 2.54 — 2.48 (m, 2H)*C NMR (101 MHz, CDC}) & 198.1, 134.0, 136.8, 132.6, 128.6,
118.4, 116.5, 115.9, 38.2, 27KRMS (ESI) m/z calcd. for GH;:NNaO [M + N&] 208.07329,
found 208.07308.

These data are in good agreement with those repiortae literature?!

e
o
Methyl 4-pent-4-enoylbenzoate (4€)
Reaction performed with methyl 4-(2-chloroacetyhbeatele (212.9 mg, 1.00
mmol, 1 equiv.) and allyl alcohol (1 mL, 14.6 mma§ equiv.). The residue was purified by
column chromatography on silica gel (eluent. pest@rbCl, = 20/80) and yielded 87 mg

(40%) of the expected produtt as a yellow powder.

Data for4e:

IR (ATR Diamond): 3077, 2956, 1718, 1675, 1568, 13682, 1274, 1195, 1104, 755 ¢m
'H NMR (400 MHz, CDC}) & 8.13 (d,J = 8.6 Hz, 2H), 8.01 (d] = 8.6 Hz, 2H), 5.91 (ddt]
= 16.8, 10.2, 6.5 Hz, 1H), 5.10 (dbF= 17.1, 1.6 Hz, 1H), 5.03 (dd= 10.2, 1.3 Hz, 1H), 3.96
(s, 3H), 3.11 (t) = 7.3 Hz, 2H), 2.54 — 2.49 (m, 2HYC NMR (101 MHz, CDC}) & 199.0,
166.3, 140.2, 137.1, 133.9, 129.9, 128.0, 115.6,58.2, 28.1HRM S (ESI) m/z calcd. for
CisH1aNaG; [M + Na'] 241.08323, found 241.08358.p. = 73 °C.

1D, M. Hodgson, P. G. Humphreys, S. M. Miles, CJABrierley, and J. G. Ward, Org. Chem.2007,72, 10009.
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1-(4-tert-Butylphenyl)pent-4-en-1-one (4f)

Reaction performed with 2-chloro-1-{drt-butylphenyl)ethanondf (212.9 mg,
1.01 mmol, 1 equiv.) and allyl alcohol (1 mL, 14m6nol, 15 equiv.). The residue was purified
by column chromatography on silica gel (eluent:lalyexane/AcOEt = 90/10) and yielded
118 mg (54%) of the expected proddtas a yellow oil.

Data for4f:

IR (ATR Diamond): 3075, 2961, 2358, 1683, 1606, 141PG9, 1107, 913 ch 'H NMR
(400 MHz, CDC}) 6 7.93 — 7.90 (m, 2H), 7.50 — 7.47 (m, 2H), 5.92t(dd= 16.8, 10.2, 6.5
Hz, 1H), 5.10 (dgJ = 17.1, 1.6 Hz, 1H), 5.02 (dd,= 10.2, 1.3 Hz, 1H), 3.08 — 3.05 (m, 2H),
2.54 — 2.48 (m, 2H), 1.35 (s, 9HJC NMR (101 MHz, CDC}) 5 199.2, 156.8, 137.5, 134.5,
128.1, 125.6, 115.3, 37.7, 35.2, 31.2, 281BM S (ESI) m/z calcd. for GH20NaO [M + N4&]
239.14064, found 239.14067.

0}
/@)W
1-p-Tolyl-pent-4-en-1-one (4g)
Reaction performed with 2-chloro-1-p-tolylethandige(170.2 mg, 1.00 mmol, 1
equiv.) and allyl alcohol (1 mL, 14.6 mmol, 15 eqgyi The residue was purified by column

chromatography on silica gel (eluent: cyclohexahk@, = 20/80) and yielded 77 mg (44%)

of the expected produdg as a yellow oil.

Data for4g:

IR (ATR Diamond): 2921, 1681, 1607, 1411, 1359, 12781, 1114, 979, 913, 810 ¢oiH
NMR (400 MHz, CDC}) & 7.88 (d,J = 8.3 Hz, 2H), 7.27 (d] = 8.1 Hz, 2H), 5.92 (ddf] =
16.8, 10.2, 6.5 Hz, 1H), 5.09 (d§= 17.1, 1.6 Hz, 1H), 5.02 (dd,= 10.2, 1.3 Hz, 1H), 3.08 —
3.04 (m, 2H), 2.53 — 2.47 (m, 2H), 2.42 (s, 3% NMR (101 MHz, CDC}) § 199.2, 143.8,
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137.5, 134.6, 129.4, 128.3, 115.3, 37.7, 28.4,. MRMS (ESI) m/z calcd. for GH1NaO
[M + Na'] 197.09369, found 197.09368.

These data are in good agreement with those repiortée literature?

P
~o

1-(4-Methoxyphenyl)pent-4-en-1-one (4h)

Reaction performed with 2-chloro-1-(4-methoxyphéetlanonelh (184 mag,
1.00 mmol, 1 equiv.) and allyl alcohol (1 mL, 14n8nol, 15 equiv.). The residue was purified
by column chromatography on silica gel (eluent:lalyexane/AcOEt = 90/10) and yielded
146 mg (77%) of the expected proddhtas a yellow oil.

Data for4h:

IR (ATR Diamond): 3074, 2928, 2843, 1676, 1601, 151256, 1172, 1028, 836 ¢m'H
NMR (400 MHz, CDC}) & 7.96 — 7.92 (m, 2H), 6.95 — 6.91 (m, 2H), 5.90(d¢ 16.8, 10.2,
6.5 Hz, 1H), 5.08 (dg] = 17.1, 1.6 Hz, 1H), 5.00 (dd,= 10.2, 1.5 Hz, 1H), 3.86 (s, 3H), 3.03
— 3.00 (m, 2H), 2.51 — 2.45 (m, 2HYC NMR (101 MHz, CDC}) & 198.1, 163.5, 137.6,
130.4, 130.1, 115.2, 113.8, 55.5, 37.5, 281&RM S (ESI) m/z calcd. for GH1.NaQ, [M +
Na'] 213.08860, found 213.08858.

These data are in good agreement with those repiortie literature?

F
1-(3-Fluorophenyl)pent-4-en-1-one (4i)
Reaction performed with 2-chloro-1-(3-fluoropheeytjanoneli (193.4 mg, 1.12

mmol, 1 equiv.) and allyl alcohol (1 mL, 14.6 mma§ equiv.). The residue was purified by

125, Hok and N. E. Schoré, Org. Chem.2006,71, 1736.
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column chromatography on silica gel (eluent: cyekdme/AcOEt = 95/5) and yielded 73 mg
(37%) of the expected produditas a yellow oil.

Data ford4i:

IR (ATR Diamond): 3076, 2927, 2358, 1690, 1588, 144K0, 1158, 996, 910, 784 ¢iH
NMR (400 MHz, CDC}) & 7.74 (dddJ = 7.8, 1.4, 1.1 Hz ,1H), 7.65 (dd#i= 9.5, 2.5, 1.6
Hz, 1H), 7.45 (tdJ = 7.9, 5.5 Hz, 1H), 7.32 — 7.22 (m, 1H), 5.90 (ddt 16.8, 10.2, 6.5 Hz,
1H), 5.10 (dgJ = 17.1, 1.6 Hz, 1H), 5.03 (dd,= 10.2, 1.3 Hz, 1H), 3.08 — 3.05 (m, 2H), 2.54
— 2.48 (m, 2H)*C NMR (101 MHz, CDC}) 5 198.2, 163.0 (dJ = 247.9 Hz), 139.1 (d] =
6.1 Hz), 137.1, 130.4 (dl = 7.6 Hz), 123.9 (dJ = 3.0 Hz), 120.1 (dJ = 21.5 Hz), 115.6,
114.9 (d,J = 22.3 Hz), 38.0, 28.1HRMS (ESI) m/z calcd. for GH1:FNaO [M + N4]
201.06861, found 201.06835.

These data are in good agreement with those repiortae literaturé?

N

1-(3-Methoxyphenyl)pent-4-en-1-one (4j)

Reaction performed with 2-chloro-1-(3-methoxyphéetfianonelj (185 mg, 1.00
mmol, 1 equiv.) and allyl alcohol (1 mL, 14.6 mma§ equiv.). The residue was purified by
column chromatography on silica gel (eluent: cyelkdme/AcOEt = 95/5) and yielded 70 mg
(37%) of the expected produtas a yellow oil.

Data for4j:

IR (ATR Diamond): 3075, 2938, 2841, 2358, 1685, 139382, 1260, 1171, 1039, 914, 874,
780 cn; 'H NMR (400 MHz, CDCJ) § 7.56 — 7.49 (m, 2H), 7.37 @,= 7.9 Hz, 1H), 7.11
(ddd,J = 8.2, 2.7, 0.9 Hz, 1H), 5.91 (ddk= 16.8, 10.2, 6.5 Hz, 1H), 5.09 (dfj= 17.1, 1.6
Hz, 1H), 5.02 (dqJ = 10.2, 1.3 Hz, 1H), 3.86 (s, 3H), 3.08 — 3.05 BH), 2.53 — 2.47 (m,
2H).13C NMR (101 MHz, CDC}) 6 199.3, 159.9, 138.4, 137.4, 129.6, 120.7, 1195,4]

18



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

112.4, 55.5, 37.9, 28.8IRMS (ESI) m/z calcd. for GH14,NaQ, [M + Na'] 213.08860, found
213.08844.

These data are in good agreement with those repiortae literaturé?

/@5&/\/
Cl Cl

1-(2,4-Dichlorophenyl)pent-4-en-1-one (4k)

Reaction performed with 2-chloro-1-(2,4-dichloropfgethanonelk (220.8 mg,
0.99 mmol, 1 equiv.) and allyl alcohol (1 mL, 14m8nol, 15 equiv.). The residue was purified
by column chromatography on silica gel (eluent:lalyexane/AcOEt = 90/10) and yielded 81
mg (36%) of the expected produiet as a yellow oil.

Data for4k:

IR (ATR Diamond): 3079, 2923, 2358, 1696, 1582, 137272, 1200, 1104, 982, 915, 820
cm?; 'H NMR (400 MHz, CDC}) § 7.45 — 7.42 (m, 2H), 7.32 (dd = 8.3, 2.0 Hz, 1H), 5.86
(ddt,J = 16.8, 10.2, 6.5 Hz, 1H), 5.10 — 5.00 (m, 2HP43(t,J = 7.3 Hz, 2H), 2.50 — 2.45 (m,
2H).13C NMR (101 MHz, CDC}) ¢ 201.4, 137.7, 137.4, 136.7, 132.1, 130.5, 1327Z,4],
115.8, 42.1, 28.2HRMS (ESI) m/z calcd. for GH10CI,NaO [M + N&] 250.99991, found
251.00009.

X

1,2-Diphenylpent-4-en-1-one (4l)

Reaction performed with 2-chloro-1,2-diphenylethamdl (230.1 mg, 1.00 mmol,
1 equiv.) and allyl alcohol (1 mL, 14.6 mmol, 15ueq). The residue was purified by column
chromatography on silica gel (eluent: cyclohexah®l, = 20/80) and yielded 77 mg (33%)

of the expected produdt as a yellow oil.

131, E. Overman et A. E. Renaldd, Am. Chem. Sqc1990,112, 3945.
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Data for4l:

IR (ATR Diamond): 3068, 2922, 2358, 1681, 1595, 1498L7, 1343, 1245, 1205, 1074, 993,
917, 753, 697 cify *H NMR (400 MHz, CDC}) § 7.99 — 7.96 (m, 2H), 7.52 — 7.47 (m, 1H),
7.43 — 7.38 (m, 2H), 7.30 — 7.32 (m, 4H), 7.24207.(m, 1H), 5.77 (ddt) = 17.1, 10.2, 6.9
Hz, 1H), 5.06 (dg) = 17.1, 1.5 Hz, 1H), 4.99 (ddi,= 10.2, 2.0, 1.1 Hz, 1H), 4.65 &= 7.3
Hz, 1H), 2.97 (dddt) = 14.5, 7.9, 6.9, 1.2 Hz, 1H), 2.59 (ditz 14.3, 6.9, 1.3 Hz, 1H¥*C
NMR (101 MHz, CDC}) & 199.3, 139.2, 136.8, 136.1, 133.0, 129.0, 12828.6, 128.3,
127.2, 116.8, 53.7, 38.BIRM S (ESI) m/z calcd. for GHigNaO [M + N&] 259.10934, found
259.10973.

O O
©)J\/\/\ QW
4p 4q
4-Methyl-1-phenylpent-4-en-1-one (4p, 4qQ)
Reaction performed with-chloroacetophenonta (77.4 mg, 0.50 mmol, 1 equiv.)
and, E)-but-2-en-1-ol (1.3 mL, 15.2 mmol, 30 equiv.). Tiesidue was purified by column

chromatography on silica gel (eluent: pentanefCikH= 90/10) and yielded 44 mg (50%) of a
mixture (80/20) of the lineatp and the branched produdks as a yellow oil.

Data fordp, 4q:

IR (ATR Diamond): 2924, 2856, 1733, 1687, 1594, 14U864, 1264, 1205, 968 ¢m'H
NMR (400 MHz, CDC}) § 7.98 — 7.95 (m, 2H4p) + 2H (q)), 7.58 — 7.54 (m, 1H4p) + 1H
(4q)), 7.49 — 7.45 (m, 2H4p) +2H (4q)), 5.86 (dddJ = 17.0, 10.4, 6.4 Hz, 1Hig)), 5.52-
5.50 (m, 2H 4p)), 5.04 (dt,J = 17.3, 1.3 Hz, 1H4Q)), 4.99 — 4.94 (m, 1H4())), 3.06 — 3.02
(m, 2H @p) + 1H @q)), 2.94 — 2.88 (m, 1H4()), 2.50 (m, 1H 4q)), 2.46 — 2.40 (m, 2H
(4p)), 1.64-1.66 (m, 3H4p)), 1.11 (d,J = 6.4 Hz, 3H 4q)). °C NMR (101 MHz, CDC}) 5
199.9, 196.4, 143.2, 137.1, 133.0, 133.0, 130.9,9,228.7, 128.2, 128.1, 126.0, 113.1, 45.3,
38.7, 33.7, 27.3, 19.9, 18.BRMS (ESI) m/z calcd. for GH14NaO [M + Na&] 197.09369,
found 197.09358.
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0]

SR

4-Methyl-1-phenylpent-4-en-1-one (4r)

Reaction performed with-chloroacetophenonta (78.1 mg, 0.50 mmol, 1 equiv.)
and 2-methylprop-2-en-1-ol (1.3 mL, 15.4 mmol, 3fuig.). The residue was purified by
column chromatography on silica gel (eluent: cyelkdme/AcOEt = 95/5) and yielded 45 mg
(51%) of the expected produit as a yellow oil.

Data for4r:

IR (ATR Diamond): 2924, 2853, 2360, 2341, 1725, 16850, 1558, 1448, 1360, 1202, 967,
888 cni". '"H NMR (400 MHz, CDC}) & 7.99 — 7.97 (m, 2H), 7.59 — 7.54 (m, 1H), 7.49457
(m, 2H), 4.77 (s, 1H) 4.72 (s, 1H), 3.15 — 3.11 Pid), 2.48 — 2.44 (m, 2H), 1.79 (s, 3H)C
NMR (101 MHz, CDC}) 5 199.8, 144.8, 137.1, 133.1, 128.7, 128.1, 11063,32.0, 22.8.
HRMS (ESI) m/z calcd. for GH1,NaO [M + Nd] 197.09369, found 197.09363.
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