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General information

Starting materials 1a,g,h were prepared analogously to literature procedures. Starting
material 1c was prepared according to literature procedures from 4-Phenyl-1-buten-4-ol.>
Starting material 1d was synthesized analogously to literature procedures.” All other
chemicals were obtained from commercial suppliers and used without further
preparations. All reactions were performed under air. "H NMR, *C NMR and "’F NMR
spectra were recorded in CDCl; (internal standard: 7.26 ppm 'H, 77.16 ppm *C, external
standard a,a,a-trifluorotoluene (-63.73 ppm) '°F) using a 400 MHz instrument. A small
peak at 1.5 ppm in some of the 'H NMR spectra is due to residual water in the NMR
sample. Stoichiometric NMR studies were performed on a 500 MHz instrument. HRMS
data were recorded on an instrument using ESI technique. All column chromatography

was performed using silica gel (35-70 microns).

Compound characterization

Benzyl but-3-enoate (1a)

Mo
O

This product was isolated according to general procedure C. Isolated by column
chromatography (Et,O/pentane 1:9) as a colorless oil (82%). The NMR data obtained for
la are in agreement with literature values.* 'H NMR (CDCl3, 400 MHz): 0 3.15 (2H, dt,
3Jun= 7.0 Hz, *Jun = 1.4 Hz), 5.14 (2H, s), 5.15-5.21 (2H, m), 5.95 (1H, ddt, *Jyy=17.4,
9.8, 7.0 Hz), 7.30-7.40 (5H, m). >C NMR (100 MHz, CDCls): § 39.3, 66.6, 118.9, 128.4,
128.4,128.7, 130.3, 136.0, 171.5.
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Benzyl pent-3-enoate (1g)

NN
s

This product was isolated according to general procedure C. Isolated by column
chromatography (Et,O/pentane 1:20) as a colorless oil (76%). The NMR data obtained
for 1g are in agreement with literature values.* '"H NMR (CDCls, 400 MHz): 6 1.70 (3H,
m), 3.07 (2H, m), 5.13 (2H, s), 5.50-5.65 (2H, m), 7.29-7.40 (5H, m). >C NMR (CDCls,
100 MHz): 0 18.1, 38.2, 66.5, 122.7, 128.3, 128.7, 129.7, 136.1, 172.2.

(E)-Benzyl 4-acetoxybut-2-enoate (4a)
O

ACOM o
s

Synthesized according to general method A. Isolated by column chromatography
(EtOAc/pentane 1:5) as a colorless oil (57%). The NMR data obtained for 4a are in
agreement with literature values.” '"H NMR (CDCls;, 400 MHz): § 2.11 (3H, s), 4.74 (2H,
dd, *Juu = 4.5 Hz, “Jup = 2.0), 5.19 (2H, s), 6.08 (1H, dt, *Jyy = 15.8 Hz, 2.0 Hz), 6.98
(1H, dt, *Juy = 15.8 Hz, 4.5 Hz), 7.30-7.39 (5H, m). °C NMR (CDCls, 100 MHz): &
20.8, 62.6, 66.6, 122.0, 128.4, 128.5, 128.7, 135.9, 141. 9, 165.7, 170.4. HRMS (ESI):
m/z caled. for [C3H1404+Na]" 257.0784, found 257.0775.

(E)-4-(Acetoxy)-1-phenyl-2-buten-1-one (4c)
@)

AcO X

Synthesized according to general method A. Isolated by column chromatography
(Et;O/pentane 1:2) as a colorless oil (56%). The NMR data obtained for 4c are in
agreement with literature values.” '"H NMR (CDCls, 400 MHz): § 2.10 (3H, s), 4.85 (2H,
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dd, *Jyn = 4.4 Hz, *Jup = 1.5), 7.00 (1H, dt, *Jun = 15.5 Hz, 4.4 Hz), 7.10 (1H, dt, *Juy =
15.5 Hz, 1.5 Hz), 7.48 (2H, tm, *Jyuy = 7.8 Hz), 7.56 (1H, tt, *Juy = 7.4 Hz, *Jun = 2.0
Hz), 7.91-7.97 (2H, m). *C NMR (CDCls;, 100 MHz): § 20.9, 63.3, 126.2, 128.8, 128.8,
133.2, 137.5, 1412, 170.53. HRMS (ESI): m/z caled. for [Ci,H;305+Na]" 227.0679,
found: 227.0668.

(E)-3-Phenyl-2-propenyl acetate (4e)

Synthesized according to general method A. Isolated by column chromatography
(Et;O/pentane 1:9) as a colorless oil (57%). The NMR data obtained for 4e are in
agreement with literature values.” '"H NMR (CDCl3, 400 MHz): § 2.10 (3H, s), 4.71 (2H,
dd, *Jun = 6.5 Hz, *Jyup = 1.3), 6.28 (1H, dt, *Juy = 15.9 Hz, 6.5 Hz), 6.65 (1H, d, *Jyuy =
15.9 Hz), 7.26 (1H, tt, *Juyy = 7.3 Hz, *Juy = 1.4 Hz), 7.32 (2H, tm, *Jyy = 7.3 Hz), 7.37-
7.41 (2H, m). °C NMR (CDCls;, 100 MHz): 6 21.1, 65.2, 123.3, 126.7, 128.2, 128.7,
134.4, 136.3, 171.0. HRMS (ESI): m/z calcd. for [C;H20,+Na]" 199.0735, found:
199.0729.

(E)-3-(-4-Fluoro)phenyl-2-propenyl acetate (4f)
F

Synthesized according to general method A. Isolated by column chromatography
(Et,O/pentane 1:9) as a colorless oil (59%). The NMR data obtained for 4f are in
agreement with literature values.” "H NMR (CDCls;, 400 MHz): 6 2.10 (3H, s), 4.71 (2H,
dd, *Juyn = 6.4 Hz, “Jyr = 1.2), 6.20 (1H, dt, *Jyy = 15.9 Hz, 6.4 Hz), 6.61 (1H, d, *Juyu =
15.9), 7.01(2H, dd, *Juy = 8.7 Hz, *Jur = 8.7 Hz), 7.36 (2H, dd, *Jyuy = 8.7, *Jur = 5.3
Hz). *C NMR (CDCls, 100 MHz): 6 21.1, 65.1, 115.7 (d, *Jcr = 22.0 Hz), 123.1, 128.3
(d, *Jor = 8.0 Hz), 132.5 (d, “Jor = 3.2 Hz), 133.2, 162.8 (d, 'Jor = 262.7 Hz), 171.0. "°F
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NMR (300 MHz, CDCl3): 6 -113.68 (s). HRMS (ESI): m/z caled. for [CiH;FO,+Na]*
217.0635, found: 217.0638.

(E)-Benzyl 4-acetoxypent-2-enoate (49)
O

AcoNoﬁ

Synthesized according to general method A. Isolated by column chromatography
(Et;O/pentane 1:3) as a colorless oil (71%). The NMR data obtained for 4g are in
agreement with literature values.” '"H NMR (CDCls, 400 MHz): ¢ 1.35 (3H, d, *Jun = 6.6
Hz), 2.07 (3H, s), 5.18 (2H, s), 5.48 (1H, dqd, *Jun = 6.8 Hz, 4.9 Hz, *Juy =1.6 Hz), 6.00
(1H, dd, *Juy = 15.8 Hz, *Juy =1.6 Hz), 6.90 (1H, dd, *Juy = 15.8 Hz, 4.9 Hz), 7.30-7.39
(5H, m). >C NMR (CDCl;, 100 MHz): § 19.7, 21.2, 66.6, 69.0, 120.8, 128.5, 128.7,
135.9, 147.02, 166.0, 170.1. HRMS (ESI): m/z calcd. for [Ci14H;404+Na]" 271.0941,
found: 271.0935.

(E)-Methyl 4-acetoxynon-2-enoate (4i)
O

AcO
X OMe

CsHiq

Synthesized according to general method A. Isolated by column chromatography
(Et,O/pentane 1:5) as a colorless oil (62%). The NMR data obtained for 4i are in
agreement with literature values.® "H NMR (CDCls, 400 MHz): 6 0.88 (3H, t, *Juy = 6.77
Hz), 1.20-1.38 (6H, m, (CH>)3), 1.60-1.70 (2H, m), 2.09 (s, 3H), 3.74 (s, 3H), 5.38 (1H,
dtd, *Juy = 6.5 Hz, *Juy = 6.0 Hz, “Jyy = 1.6 Hz), 5.93 (1H, dd, *Juyy = 15.7 Hz, *Juy =
1.5 Hz), 6.85 (1H, dd, *Juy = 15.7 Hz, 5.38, Hz). *C NMR (CDCls, 100 MHz): 6 13.9,
21.0, 22.4, 24.6, 31.5, 33.7, 51.7, 72.5, 121.1, 145.8, 166.5, 170.1. HRMS (ESI): m/z
caled. for [C12H2004+Na]" 251.1254, found: 251.1264.
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Quinolin-8-ylmethyl acetate (4k)
X

—

N
OAc

Synthesized according to general method A except acetic acid (0.5 ml) was used as
solvent and the reaction was run for 22 hours. Isolated by column chromatography
(Et,O/pentane 1:10) as a colorless oil (52%). The NMR data obtained for 4k are in
agreement with literature values.” '"H NMR (CDCls, 400 MHz): § 2.16 (3H, s), 5.85 (2H,
s), 7.44 (1H, dd, *Juyw = 4.27, 8.36), 7.54 (1H, t, *Juy = 7.17), 7.77 (1H, d, *Ju = 7.17),
7.80 (1H, d, *Juyy = 8.36), 8.17 (1H, dd, *Juy = 1.74, 8.36), 8.96 (1H, dd, *Juy = 1.74,
4.20). °C NMR (CDCls, 100 MHz): 6 21.3, 62.9, 121.4, 126.3, 128.28, 128.31, 128.9,
134.4, 136.3, 146.3, 150.1, 171.2. HRMS (ESI): m/z caled. for [Cj,H;NO,+Na]
224.0682; found: 224.0675.

(E)-Methyl 4-benzoyloxybut-2-enoate (40)
O

BZOV\)J\OMe

Synthesized according to general method B. Isolated by column chromatography
(Et;O/pentane 1:4) as a colorless oil (62%). The NMR data obtained for 40 are in
agreement with literature values.® "H NMR (CDCls, 400 MHz): d 3.76 (3H, s), 4.99 (2H,
dd, *Jun = 4.6 Hz, *Jyn = 2.0 Hz), 6.14 (1H, dt, *Juy = 15.8 Hz, *Juu = 2.0 Hz), 7.07 (1H,
dt, *Juy = 15.8 Hz, 4.6 Hz), 7.46 (2H, tm, *Jyy = 7.6 Hz), 7.59 (1H, tm, *Juyy = 7.6 Hz),
8.07 (2H, dm, *Juyy = 7.6 Hz). *C NMR (CDCls, 100 MHz): 6 51.9, 63.1, 121.9, 128.6,
129.6, 129.8, 133.5, 141. 7, 166.0, 166.4. HRMS (ESI): m/z calcd. for [C1,H;,04+Na]"
243.0628, found 243.0624.
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Stoichiometric studies

Oxidation of 5 with SPB

Ph
/IN NaBOs.4H,0

SN — % = AcO Ph ) Ph nidentified
ACO\\ ) ds-MeCN O~ + S % + products
40°C,2h
5 de 6

A mixture of complex 5 (8.0 mg, 0.014 mmol), sodium perborate (43.8 mg, 0.28 mmol,
10 equiv. wrt Pd), and acetic anhydride (57.7 mg, 0.57 mmol, 20 equiv. wrt Pd) in d3-
MeCN (0.5 ml), was stirred at 40 °C for 2 hours. '"H NMR analysis of the crude mixture
revealed complete consumption of 5, and the formation of a complex mixture of

compounds which included 4e, and 6 which formed in a 0.6:1 ratio.

Reaction between 5 and Ac,O without SPB

/|/\\/Ph
Pd Ac0
AN — ¢  » AcO X Ph
ACO/Z ds-MeCN TN 0y
40°C, 2 h de
5

A mixture of complex 5 (8.0 mg, 0.028 mmol wrt Pd and acetic anhydride (58 mg, 0.57
mmol, 20 equiv. per Pd) in d3;-MeCN (0.5 ml), was stirred at 40 °C for 2 h min/hours. 'H
NMR analysis of the crude reaction mixture revealed a 12% conversion of complex 5 to

product 4e, with the remainder unreacted.

S7



References

e o

P. R. Andreana, J. S. McLellan, Y. Chen, P. G. Wang, Org. Lett., 2002, 4, 3875.
F-X. Felpin, J. Lebreton, J. Org. Chem., 2002, 67, 9192.

D. D. Diaz, M. A. Ramirez, V. S. Martin, Chem. Eur. J. 2006, 12, 2593.

S. Nakanishi, T. Yamamoto, N. Furukawa, Y. Otsuji, Synthesis 1994, 6, 609.

S. Ueno, M. Sada, S. Matsubara Chem. Lett. 2010, 39, 96

M. Sada, S. Matsubara J. Am. Chem. Soc. 2010, 132, 432

W. H. Henderson, C. T. Check, N. Proust, James P. Stambuli Org. Lett. 2010, 4
824

L. T. Pilarski, N. Selander, D. Bose, K. J. Szabo, Org. Lett. 2009, 11, 5518.

A. R. Dick, K. L. Hull, M. S. Sanford, J. Am. Chem. Soc. 2004, 126, 2300.

9

S8



1d

[ppm]

S9



[ppm]

GELYBE—
LIBOZF —

QSIS —

¥BZL 99 —
Z9BE 88—

ZZLVBLL-

BREL'LEL

rLrEE3L —

1d

[1=4] gl ol

S10



BLLE'D }
FOBE'0
0600 L —

LEIOZ
9ZZ0°Z
0GE0'Z
ZBE0Z
ZHD'E —
PEGOZ
§950°Z
LBGO'Z
Z690°Z
BLIOZ
LPLOT

60

oeloe
rELO'E
rea0'e
GLE0'E

rre0'e

1h

h

[ppm]

fi2J]

gl

o

S11



OLBSEL

SO ET

PLBLBE

LGb 55

1 oA

0E0L'BEL
0BeL'8T1
LELE'BIL

SLLL'SEL
SrLEBEL

ETOTTLE

.
/

S

1h

[ppm]

S12



[wdd]

i

Frrly
LU
BEGLE —
BLE0'S
GEE0'S
BLS0'S
CLB0'S
CHE0'S
ZL0L'9
LOGE'S
L2969
SCLE'S
LOGE'S
SL00°L
BELOL
BESCL L —

STLWWE—
OLEL'Y
0BEL'Y

S13

b



SZLE0%

SENZo -
L9BE 50 -

096" LEL

SPEFBZL —

SESF'BTL
0OZL'BEL

BELE'GCL

OGEE' LT -

LE0LG9]
BEOF'OLL

[ppm]

ot

S14



give—

GEEL'Y
LG6LP
BEELF }

OGOE' ¥

[ppm]

o
g

e

Q

ACO

4b

S15



SEEL0E —

LELF V89—

PEEE'LEL —
POIEEIL —
GG L —
SLBLECE —

16S5'EE L —
VLBEEEL —

BEFOOLE —

i

R

R
4b

[ppm]

S16



BZ9LT —

2058’y
zie8'vy
ol9g'v

)

[ppm]

[m].

oL

(=]

S17



£
o
2
r9L6 02 — i
3
1
-2
650L°E9 —
L &
1041921 ——
Z09L'BZL —,
9Z08'8ZL — =
LO0ZZEElL — =
. §
1885 LEL — ——
o6l Pl — I
o
— W
] -
SeZG0LL — — I
O b=
(%]
Y/
Lp9L06L — —_— -
Q
<
e S F
[124] 8 9 v z 0

S18



LA

ELVE

£aeg'e
LOBS'C

ZEILE
LEELP —ie
10 0
zorLe—

LEOFS
0ZIbE |
BaLF'S L
gabts—
0059~
bEE
85285 —5
BECE'S —
02589 |
GBFSE'S —
ELLES |

=

o

[ppm]

S19



F
-y
2
§EC6 00— I
bLErIr —
EYECSr — j
-2
|
glzeee — e
EELESE — —
|
-8
LT LT — I
PECEBEL — L
1
[
-8
1
'I -
ZBEEPIL — { _) —
IEOG0LL — = r
o 1{
1
v ¥
o]
2 | S
1
1
: : - . . . . - . . . . : : : : : :
[1=] gl ol g ]

S20



™

S21



lgorz —

gL'y
SSTLY
rEEL'Y

LivL'y

9E5Z'9
LE9Z'9

6SBZ'9
£E6Z'9
YE0E'9

982€'9~ _
LIES'S
vLLY'D va

ZEVT'L
SLOT' L
9GLT L
V6L’ L
9282'L
SLOC' L
G92€°L
SrreEL
098€°L
Seov'L
9.0V L

R,

LA

[Ppm]

S22



PERL IS —

ZZITe9 —

0808°2ZL —
0SPL'9ZL —_
901282l ——=
sipzezl—

LESEPEL —
BLEE'9EL —

9GL6°0LL —

[ppm]

100

150

S23



ooV —

89919
1£81'9

L6619
£902'9
92T
68EZ'9

85659 ——
S5E£9'9

6686'9—
9LLOL —=
peco L~

LEEE'L
VEGE'L
cise’L

BrLE’L

i

|

I

[ppm]

S24



20EL e —

9011’89 —

£065° 5k —,
9908°GLL —~

1960°E21L —
6LLZ2°821
185E°8Z1 e

Z9ESTEL ——
080Z'eEL —

€805 191 —
CL9EESL —

VeLE0LL —

N1a4] g

tppm]

S25



B8ZBYELI- —

[ppm]

I
- 150

I
-100

S26



[ppm]

LOGE" | —
pioe L~ J
=
50807 — —?
)
— =
zsgl's — z
Po6Y'S — J -
G986'S
G686'G —— — L
6v20°9 @
68Z0'9
£6B8'9 —\\_
5106'9 —= —_—
18269 i
60FE'9
G —
vOLE'L = |
0
o
= — 00
S I
(5]
<
— | , —
l124] -1 (i) 0

S27



[ppm]

POEL'EL — L
LPOT Ve —

6p09'99 —
9156’89 —

£008'021L —

SLLY'BZ —
0ZEL'BTL

8LOE'SEL —

SETOLYL —

150

EPLO99L —
FEOL'OLL — le)

— -
l124] ¥l zl oL 8 9 ¥

S28



Siﬂi‘g l
grrE0 —

g1a9'L—,
BEOL )

BYE0'E —

BEBIE—
LSFEs —
B08E'E —

BLLE'S
BSLES :L__
EANN B Ry
Z3L0'8

[rpm]

-
[(LH)]

S29



sale'e —

LIBOVE —

SLLESE —

STLE S —

LEZEL

e0SY LZL —
POPEEZL -,
9ls¥ ezl ——
LBz~

0BEE'GEL —

CREEETL —

ZL9E'88 L —
PEET'OLL

R
;gj.;,

[ppm]

S30



[wdd] z ¥ ] 8

S31

_._..—n—mU

=]
____.__n_/:\ff/h/ 0oy

5 A

3L
ol

]
i3 08§ & i i B 0

13




F
-9
5
cEs0rL —
ogrL Iz — - —
BLBS ZE = - |
BELLFE —
0808 1E — —
LEEE EE —— —_—
EZPR LG — —_— _g
bEYEIL— ——
-8
BOLE LEL —— ——
ZZo6'orl —
-8
SEPR'SE| — @ ——
LIETOLL— =2 ——
o
o
4 = ¥
L
[Tz}
%]
g
e
4] 0z gl ol - (]

S32



T
o
2
S0ZE L —
] o
SoLoE — =
= =&
= 0
¢RI
eBLIe—
96192 —— [
e 4
—
e}
— . . —————— .
[i=4] g ol g 0

S33



T
o
2
BOBY 12— I
BSC0ET—
-2
-8
0ZE0'LOL —
sLzE2TL —
-8
LrEes —
LPEESL — |,
postesl — 2 -
a |+ i
o
—— ,
[1=4] gl ol

S34



BEGL 2 —

L9585 —

AC

4k

[ppm]

S35



[ppm]

LR

BEDE'ZS

SECFLEL

LELE'SZI
BRLT 8T)
SE0C' 821
BLDE'8TI
EGRCPTL
S

zbzeetl
LIBIOEL -8

BLLL' ML

S36



LBET L —

vEILF
SOCL'P
reELP

FirL'y

LBELE —

[ppm]

S37



PEEELE —

0900 6 —

GLLE T —
GOLESE —

OLZG'LEL

LOSF'EE L —,
LETLBTL

BEIE'GCL —

EPLEZPL —

LB0E'EI —

TOTELLL —

[ppm]

fi2J]

S38



[ppm]

U

GBGL L —

SLGLP
BZILP —
SLOLP }

LELLY

BE6E'S
BE6I'D

05059 =
9TEE0 )
LLES'S f

8TrE'a
orlE9
GLBGE'S == r
5L66'0
BLIO'L
L0 L
LigdL
BLEFL
ELLG L
0TS L
BEES L~}

i
o
n
0LZSL s
ELESL ti E ®
(o]
=
&

a0

SIS L
0BrY'L
BLES L
5099 L

orae L
STOE'L

S39



CELE Le —

G666 80 —

LEPE 18—

STOE'LEL —
PEEFBTL —
OELL LEL—
LBLLEEL —

BEEOOT) —
1sgL'orl —

[
_ o
BrOELLE — "@
(@]
=3
o

[ppm]

S40



&
BBIZ' L —— —_
e =A
BLEC L —
=
= -
DLBL'E —_ I
EEBL'E — 1
ZTLFE L L
SLLE'S =,
ELBE S —= — .
65109 —
ZIZEe
§hIES
SLTE'9 —=
Lsee - | |
szoE's —
STLCL ——
=
=
m
o L
,—" =
=
o
=
o
e ; - . : R : :
D] =18 ok -] [

S41



S0BS6L —

CEFE LE—

LOFEBE —

0BS5S —
LBOSER —

S0TF0TL—

59582} s
ELEFBZ )
SETLBTE

BRSE'GCL —

BFEF LY —

WzLesl —

SCLFLLL—

OBn

Piv

-

[ppm]

fi2J]

S42



BLEL'E -

bress
ey
BZ00'G —

LEEO L
Bar0°L =
TG0 L —=
LGL L~
e300 L —|

[ppm]

Ohe

fi2J]

S43



[ppm]

FELE IS —

LOBOED —

BBZE LZ)

BEZS'BZL —._
EFESBZL —— T -
EFEE'EZL

SELFEEL —

Wis'lrl—

BSPEESL —
£05£°89] —

Me

S44



LEEO'G =,
ZPPO'S —

ZEr0'S =)
oha0s —

BzO

[ppm]

al

S45



[ppm]

SEZOTD

BEBE LTI —
0BZL'ETH
EBLZ6TI
OLEE"6Z1 .
SCEE'ETI =
zesr el -
LECL T =)
ZezEeel —
GEEE 61
SUBE 6L

LS9

¥
-

00

P
ap

[(EH] =3 ol

S46



