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1. General methods.

The solvents used, THF (SDS, anhydrous, analytical grade), DMF (SDS, anhydrous,
analytical grade), toluene (SDS, anhydrous, analytical grade), MeOH (SDS, anhydrous,
analytical grade), CH,Cl, (SDS, anhydrous, analytical grade), Et,O (SDS, anhydrous,
analytical grade) and DMSO (SDS, anhydrous, analytical grade) were further dried by
standing with activated 4 A molecular sieves under Ar atmosphere for several days prior
to use. Commercially n-pentane RPE (Carlo Erba, analytical grade) was used untreated.
Commercially available reagents were used without additional purification. Palladium(II)
trifluoroacetate (Fluorochem), bis(pinacolato)diboron (Fluorochem), dimethyl malonate
(Aldrich) and N-(tert-butoxycarbonyl)-p-toluenesulfonamide (TCI) were used as received
and stored at room temperature. Dimethyl propargylmalonate (Fluka), N-
chlorosuccinimide (Aldrich), dimethyl sulfide (Aldrich), 2-iodothiophene (Aldrich),
penta-1,4-dien-3-ol (Aldrich) and (2E, 4E)-hexa-2,4-dien-1-o0l (Alfa Aesar) were used as
received and stored at 4°C. Silicagel 60 (0.40-0.063 mm) was used for column
chromatography purchased from SDS, and TLC-aluminium plates with 0.25 mm of
silicagel 60 (F,s4) were used for thin-layer chromatography, purchased from Macherey-
Nagel. 'H-NMR (300 MHz) and *C-NMR (75 MHz) spectra were recorded using
chloroform-d; (7.26 ppm 'H, 77.2 ppm °C) as internal standard. Bruker AMX-300 was
the spectrometer used. Reagents were weighted on air, reactions were performed under Ar

and subsequent work-up was performed on air.

2. Synthesis and characterization of dienynes precursors.

Dimethyl 2-(but-2-ynyl)malonate,1 dimethyl 2-(3-phenylprop-z-ynyl)malonate,2
dimethyl 2-(3-(trimethylsilyl)prop-Z-yn-1-yl)malonate,3 diethyl 2-(but-2-yn-1-
yl)malonate,4 N-(prop-2-ynyl)-p-toluenesulfonamide,’ N-(but-2-ynyl)-p-
toluenesulfonamide,' and dimethyl 2-(but-3-ynyl)malonate,’ were prepared according to

a previously described procedure.
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(E)-5-chloropenta-1,3-diene

NN To a solution of penta-1,4-dien-3-ol (11.85 mmol, 1 equiv) in pentane (10
mL), 2 mL of H,O was added at room temperature. The mixture was cooled to 0°C and
3.3 mL of HCI (37%, 39.93 mmol, 3.37 equiv) were added dropwise. After addition, the
reaction was stirred at room temperature for 2 h. Then, water and Et,O were added into
the resulting mixture. The aqueous layer was separated and extracted with Et,O (3 x 10
mL). The combined organic phases were washed several times with water, aqueous
solution of NaHCO3 (5%) and twice with saturated aqueous solution of NaCl. Then, the
organic phase was dried over anhydrous MgSO4. The solvent was carefully removed under
vacuum and the crude was used without further purification. Characterization and

experimental data of this compound were already reported.’
(2E,4E)-1-chlorohexa-2,4-diene

clI” NN A solution of N-chlorosuccinimide (1.0 g, 7.60 mmol) in CH2Cl2 (15
mL) was charged with dimethyl sulfide (316.16 mg, 5.08 mmol) at 0°C and the resulting
white suspension was stirred for 10 min. After cooling to —20°C, a solution of (2E, 4F)-
hexa-2,4-dien-1-ol (500 mg, 5.09 mmol) in CH,Cl, (5 mL) was added and the mixture
was allowed to warm to room temperature. After stirring for 2 h, the reaction mixture was
diluted with water and extracted with Et,O. Then, the organic phase was dried over
anhydrous MgSQOy4. The solvent was carefully removed under vacuum and the crude was
used without further purification. Characterization and experimental data of this

compound were already reported.®

Dimethyl-(3-phenylprop-2-yn-1-yl)malonate
Cul (224 mg, 1.17 mmol), (PPh3)2PdCl2 (412 mg, 0.587
f@ OM& " mmol,) and 1-iodo-4-methoxybenzene (2.75g, 11.75
MeO,C
’ co,Me mmol) were added to a solution of dimethyl-
propargylmalonate (2 g, 11.75 mmol) in CH2Cl2 (15 mL) and EtsN (6.27 mL). The reaction

mixture was stirred at room temperature for 12 h. The solvent was evaporated and the crude
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was diluted with EtOAc and washed with saturated aqueous NaHCO3. The organic phase was
dried over anhydrous Na2SO4 and the solvent removed. The crude product was purified by
flash chromatography on silica gel (hexane/EtOAc 6:1, molybdophosphoric acid us stain (2.6
mmol/100 mL ethanol)) to afford the title compound as yellowish oil (1.95 g, 60%).

'H NMR (300 MHz, CDCls) & 7.33 — 7.27 (m, 2H), 6.84 — 6.77 (m, 2H), 3.80 (s, 3H),
3.78 (s, 6H), 3.68 (t, J = 7.8 Hz, 1H), 2.99 (d, J = 7.7 Hz, 2H). >C-NMR (75 MHz,
CDCl;, DEPT-135) *C NMR (75 MHz, CDCl;) § 168.66 (C), 159.55 (C), 133.19 (CH),
115.43 (C), 113.98 (CH), 83.78 (C), 82.52 (C), 55.42 (CH3), 52.94 (CH3), 51.47 (CH),
19.71 (CH;). Characterization and experimental data of this compound were already

reported.’

Dimethyl 2-(3-(thiophen-2-yl)prop-2-yn-1-yl)malonate

S
—_ | Cul (144 mg, 7.50 mmol), (PPh3)2PdCl2 (708 mg, 1.01 mmol)

MeO,C N and 2-iodothiophene (2.75 g, 13.09 mmol) were added to a
COzMe solution of dimethyl-propargylmalonate (2.0 g, 10.09 mmol) in
THF (25 mL) and Et3N (1.82 mL). The reaction mixture was stirred at room temperature for
12 h. The solvent was evaporated and the crude was then diluted with EtOAc and washed
with saturated aqueous NaHCO3. The organic phase was dried over anhydrous Na2SO4 and the
solvent removed. The crude product was purified by flash chromatography on silica gel
(hexane/EtOAc 6:1, molybdophosphoric acid us stain (2.6 mmol/100 mL ethanol)) to afford
the title compound as yellowish oil (1.3 g, 54%).
'H NMR (300 MHz, CDCls) & 7.27 (d, J= 5.2 Hz, 1H), 7.20 (d, J = 3.6 Hz, 1H), 7.00 (dd,
J=5.1,3.7 Hz, 1H), 3.86 (s, 6H), 3.77 (t, J = 7.7 Hz, 1H), 3.11 (d, J = 7.7 Hz, 2H). "*C
NMR (76 MHz, CDCls) 6 168.35 (C), 131.75 (CH), 126.85 (CH), 126.68 (CH), 123.17
(C), 89.33 (C), 75.81 (C), 52.87 (CH3), 50.99 (CH), 19.80 (CH,). HRMS-ESI: [M]"

Calcd. for C,H1048S: 252.0456; found: 252.0459.
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3. Synthesis of dienynes.

The general procedure of alkylation for the synthesis of 1a-k, is described below.

=R NaH (1.2 equiv) =—R
Z + I NN R Z

AN
H THF or DMF \
0,
(1 equiv) (1.1 equiv) 0°C to room temperature \ =

R'=H, Me

Z=C(CO2Me)z, NTs
Scheme 1

To a suspension of NaH (60% in mineral oil, 1.2 equiv) in anhydrous THF or DMF
(solvent and volume will be indicated in each case) under Ar atmosphere at 0°C, was
slowly added the corresponding propargyl derivative (1 equiv) and the mixture was stirred
at room temperature for 15 min (formation of H, bubbles were observed during the
addition). Then, the electrophile (E)-5-chloropenta-1,3-diene or (2E,4E)-1-chlorohexa-2,4-
diene (1.2 equiv), was added dropwise and the mixture was allowed to react at room
temperature. Monitoring by TLC indicated the completion of the reaction. Then, in the
case of THF, most of the solvent was removed under vacuum and later, water and Et,O
were added into the resulting mixture. The aqueous layer was separated and extracted
successively with Et;O. In the case of DMF, similar extractive work-up with
CH,Cl,/water was employed. The combined organic phases were washed several times
with water and two times with saturated aqueous solution of NaCl. In all the cases, the
combined organic phases were dried over anhydrous MgSO4. The solvent was removed
under vacuum and the crude was purified by flash chromatography, molybdophosphoric

acid us stain (2.6 mmol/100 mL ethanol).

4. Experimental data of dienynes

(E)-dimethyl 2-(penta-2,4-dien-1-yl)-2-(prop-2-yn-1-yl)malonate (1a)
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MeO,C = Following general procedure of alkylation for synthesis of dienynes
MeO,C (12 h) and using THF (25 mL) as solvent for (1.63 g, 9.57 mmol) of
\ dimethyl 2-(prop-2-yn-1-yl)malonate and (1.18 g, 11.48 mmol) of
(E)-5-chloropenta-1,3-diene. The product 1la was obtained as
colourless oil (1.60 g, 70%) using hexane/EtOAc 6:1 as eluent.
'H NMR (300 MHz, CDCl3) § 6.37 — 6.08 (m, 2H), 5.47 (dt, J = 15.2, 7.7 Hz, 1H), 5.16
(dd, J=13.0, 4.4 Hz, 1H), 5.04 (dd, J=10.1, 1.8 Hz, 1H ), 3.74 (s, 6H), 2.82 (dd, J = 9.1,
4.6 Hz, 2H), 2.79 (d, J = 2.7 Hz, 2H), 2.03 (t, J = 2.7 Hz, 1H). >C-NMR (75 MHz,
CDCls, DEPT-135) 6 170.27 (C), 136.64 (CH), 135.83 (CH), 127.17 (CH), 117.03 (CH>),
78.92 (C), 71.68 (C), 57.27 (C), 52.95 (CH3), 35.57 (CH3), 23.00 (CH>).

(E)-dimethyl 2-(but-2-yn-1-yl)-2-(penta-2,4-dien-1-yl)malonate (1b)

MeO,C — Following general procedure of alkylation for synthesis of dienynes
MeO,C \ (18 h) and using THF (30 mL) as solvent for (1.20 g, 7.09 mmol) of

\ dimethyl 2-(but-2-yn-1-yl)malonate and (873 mg, 8.51 mmol) of
(E)-5-chloropenta-1,3-diene. The product 1b was obtained as colourless oil (1.03 g,

58%) using hexane/EtOAc 15:1 as eluent.

'H NMR (300 MHz, CDCl;) & 6.36 — 6.07 (m, 2H), 5.50 (dt, J = 15.3, 7.6 Hz, 1H), 5.13
(dd, J=17.1, 1.7 Hz, 1H), 5.02 (dt, J= 9.9, 1.3 Hz, 1H), 3.72 (d, J = 2.0 Hz, 6H), 2.81 (d,
J =179 Hz, 2H), 2.73 (q, J = 2.5 Hz, 2H), 1.76 (t, J = 2.6 Hz, 3H). *C-NMR (75 MHz,
CDCls, DEPT-135) § 170.63 (C), 136.77 (CH), 135.49 (CH), 127.67 (CH), 116.74 (CH.),
79.13 (C), 73.40 (C), 57.65 (CH3), 52.82 (C), 35.65 (CH3), 23.38 (CH,), 3.63 (CH3).

(E)-dimethyl 2-(penta-2,4-dien-1-yl)-2-(3-(trimethylsilyl)prop-2-yn-1-yl)malonate (1c)

MeO,C ==—TMS Following general procedure of alkylation for synthesis of
MeO,C \ dienynes (20 h) and using DMF (60 mL) as solvent for (2.91 g,
\ 12.01 mmol) of dimethyl 2-(3-(trimethylsilyl)prop-2-yn-1-

yDmalonate and (1.48 g, 14.41 mmol) of (E)-5-chloropenta-

1,3-diene. The product lc was obtained as yellowish oil (1.78 g, 48%) using

hexane/EtOAc 15:1 as eluent.



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

'"H NMR (300 MHz, CDCl3) § 6.36 — 6.08 (m, 2H), 5.49 (dt, J = 15.2, 7.6 Hz, 1H), 5.14
(dd, J=16.8, 1.7 Hz, 1H), 5.03 (dd, J = 10.2, 1.5 Hz, 1H), 3.73 (s, 6H), 2.83 (d, J = 5.27
Hz, 2H), 2.81 (s, 2H), 0.14 (s, 9H)."*C-NMR (75 MHz, CDCls, DEPT-135) ) & 170.31
(C), 136.71 (CH), 135.70 (CH), 127.44 (CH), 116.87 (CH,), 101.40 (C), 88.55 (C), 57.53
(C), 52.85 (CH3), 35.69 (CH,), 24.39 (CH,), 0.12 (CH3).

(E)-dimethyl 2-(penta-2,4-dien-1-yl)-2-(3-phenylprop-2-yn-1-yl)malonate (1d)

MeO,C =—Ph  Following general procedure of alkylation for synthesis of
MeO,C dienynes (18 h) and using THF (6 mL) as solvent for (0.24 g, 0.97
\ mmol) of dimethyl 2-(3-phenylprop-2-yn-1-yl)malonate and
(120 mg, 1.16 mmol) of (E)-5-chloropenta-1,3-diene. The product 1d was obtained as
colourless oil (161 mg, 53%) using hexane/EtOAc 6:1 as eluent.
'H-NMR (300 MHz, CDCl3) ) & 7.41 - 7.34 (m, 2H), 7.31 — 7.27 (m, 3H), 6.38 — 6.12 (m,
2H), 5.54 (dt, J=15.2, 7.7 Hz, 1H), 5.15 (dd, J = 16.3, 1.9 Hz, 1H), 5.04 (dd, /=9.9, 1.6
Hz, 1H), 3.76 (s, 6H), 3.01 (s, 2H), 2.90 (d, J = 7.7 Hz, 2H)."?C-NMR (75 MHz, CDCl;,
DEPT-135) 6 170.44 (C), 136.70 (CH), 135.76 (CH), 131.82 (CH), 128.37 (CH), 128.17
(CH), 127.43 (CH), 123.34 (C), 116.95 (CH;), 84.36 (C), 83.86 (C), 57.69 (C), 52.94
(CH3), 35.86 (CH>), 23.99 (CH»).

(E)-dimethyl 2-(3-(4-methoxyphenyl)prop-2-yn-1-yl)-2-(penta-2,4-dien-1-yl)malonate

(e
Following general procedure of alkylation for
MeO,C —
Meozc synthesis of dienynes (18 h) and using THF (20 mL) as
2
\ solvent for (0.7 g, 2.53 mmol) of dimethyl 2-(3-(4-
A\ methoxyphenyl)prop-2-yn-1-yl)malonate and (311

mg, 3.03 mmol) of (2E,4E)-1-chlorohexa-2,4-diene. The product 1le was obtained as
yellowish oil (373 mg, 43%) using hexane/EtOAc 10:1 as eluent.

'"H NMR (300 MHz, CDCl3) & 7.31 (d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 6.25 (m,
2H), 5.54 (dt, J = 15.0, 7.7 Hz, 1H), 5.15 (dd, J =2.06, 17.19 Hz, 1H), 5.04 (dd, J =1.92,
11.12 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 6H), 2.99 (s, 2H), 2.89 (d, J = 7.7 Hz, 2H).*C-NMR
(75 MHz, CDCls, DEPT-135) & 170.51 (C), 159.56 (C), 136.74 (CH), 135.69 (CH),

7
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133.19 (CH), 127.54 (CH), 116.88 (CH,), 115.51 (C), 114.01 (CH), 83.65 (C), 82.74 (C),
57.75 (C), 55.44 (CH3), 52.91 (CH3), 35.85 (CH»), 24.02 (CH>).

(E)-dimethyl 2-(penta-2,4-dien-1-yl)-2-(3-(thiophen-2-yl)prop-2-yn-1-yl)malonate (1f)

Following general procedure of alkylation for synthesis of
dienynes (12 h, 50°C) and using THF (20 mL) as solvent for
(1.374 g, 5.4 mmol) of dimethyl 2-(3-(thiophen-2-yl)prop-2-
yn-1-yl)malonate and (670 mg, 6.5 mmol) of (E)-5-

chloropenta-1,3-diene. The product 1f was obtained as yellow oil (659 mg, 39%) using
hexane/EtOAc 20:1 as eluent.

'H NMR (300 MHz, CDCl3) & 7.19 (dd, J = 5.2, 1.1 Hz, 1H), 7.12 (dd, J = 3.6, 0.7 Hz,
1H), 6.93 (dd, J= 5.2, 3.6 Hz, 1H), 6.38 — 6.11 (m, 2H), 5.53 (dt, J = 15.1, 7.7 Hz, 1H),
5.15(dd, J=16.7, 1.60 Hz, 1H), 5.04 (dd, J = 9.9, 1.6 Hz, 1H), 3.75 (s, 6H), 3.11 — 2.96
(m, 2H), 2.85 (dd, J = 15.3, 6.9 Hz, 2H). >*C NMR (76 MHz, CDCls) & 170.15 (C),
136.52 (CH), 135.70 (CH), 131.69 (CH), 127.19 (CH), 126.84 (CH), 126.62 (CH), 123.18
(C), 116.90 (CH,), 88.37 (C), 76.83 (C), 57.45 (C), 52.82 (CHj3), 35.84 (CH,), 24.18
(CH;,). HRMS-ESI: [M]+ Calcd. for C17H304S: 318.0926; found: 318.0927.

(E)-diethyl 2-(but-2-yn-1-yl)-2-(penta-2,4-dien-1-yl)malonate (1g)

EtO,C — Following general procedure of alkylation for synthesis of dienynes
EtO,C \ (48 h, 40°C) and using THF (26 mL) as solvent for(0.9 g, 4.54

\ mmol) of diethyl 2-(but-2-yn-1-yl)malonate and (559 mg, 5.45
mmol) of (E)-5-chloropenta-1,3-diene. The product 1g was obtained as colourless oil
(1.05 g, 83%) hexane/EtOAc 25:1 as eluent.

"H NMR (300 MHz, CDCl;) & 6.36 — 6.06 (m, 2H), 5.52 (dt, J = 15.2, 7.7 Hz, 1H), 5.13
(dd, J=12.8, 5.0 Hz, 1H), 5.06 — 4.96 (m, 1H), 4.19 (dt, J= 7.1, 5.0 Hz, 4H), 2.81 (d, J =
7.7 Hz, 2H), 2.73 (q, J = 2.5 Hz, 2H), 1.76 (t, J = 2.5 Hz, 3H), 1.24 (t, J = 7.1 Hz, 6H).
3C-NMR (75 MHz, CDCl;, DEPT-135)§ 170.19 (C), 136.81 (CH), 135.40 (CH), 127.89
(CH), 116.58 (CH,), 78.98 (C), 73.58 (C), 61.63 (CH,), 57.45 (C), 35.52 (CH,), 23.28
(CH,), 14.24 (CH3), 3.62 (CH;).
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(E)-4-methyl-N-(penta-2,4-dien-1-yl)-N-(prop-2-yn-1-yl)benzenesulfonamide (1h)

e '\/{ Following general procedure of alkylation for synthesis of dienynes
\ (18 h) and using DMF (60 mL) as solvent for (1.76 g, 8.45 mmol) of 4-
\_\_\ methyl-N-(prop-2-yn-1-yl)benzenesulfonamide and (1.04 g, 10.14
mmol) of (E)-5-chloropenta-1,3-diene. The product 1h was obtained as yellowish oil
(1.21 g, 52%) using hexane/EtOAc 6:1 as eluent.

'"H NMR (300 MHz, CDCl3) & 7.73 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 6.40 —
6.12 (m, 2H), 5.59 (dd, J = 14.3, 7.1 Hz, 1H), 5.21 (dd, J = 16.6, 1.9 Hz, 1H), 5.12 (dd, J
=9.4, 1.5 Hz, 1H), 4.09 (d, J = 2.3 Hz, 2H), 3.86 (d, J = 6.9 Hz, 2H), 2.43 (bs, 4H). "*C-
NMR (75 MHz, CDCl;, DEPT-135) § 143.71 (C), 135.92 (C), 135.77 (CH), 129.85 (CH),
129.64 (CH), 127.93 (CH), 127.71 (CH), 127.03 (CH,), 118.56 (C), 73.87 (C), 48.19
(CH,), 35.99 (CH2), 21.69 (CHs).

(E)-N-(but-2-yn-1-yl)-4-methyl-N-(penta-2,4-dien-1-yl)benzenesulfonamide (1i)

. ’\/% Following general procedure of alkylation for synthesis of dienynes

\_\_\ (20 h) and using DMF (30 mL) as solvent for (1.13 g, 5.08 mmol) of N-

N\ (but-2-yn-1-yl)-4-methylbenzenesulfonamide and (625 mg, 6.09

mmol) of (E)-5-chloropenta-1,3-diene. The product 1i was obtained as yellowish oil (691
mg, 47%) using hexane/EtOAc 5:1 as eluent.

'H NMR (300 MHz, CDCl;) & 7.73 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 6.38 —
6.13 (m, 2H), 5.58 (dt, J = 13.6, 6.7 Hz, 1H), 5.20 (dd, J = 16.6, 1.9 Hz, 1H), 5.10 (dd, J =
9.4, 1.5 Hz, 1H), 4.03 - 3.96 (m, 2H), 3.83 (d, J = 6.9 Hz, 2H), 2.42 (s, 3H), 1.55 (t, J =
2.3 Hz, 3H).””"C-NMR (75 MHz, CDCl;, DEPT-135) § 143.38 (C), 136.42 (C), 136.04
(CH), 135.34 (CH), 129.40 (CH), 128.04 (CH), 127.52 (CH), 118.27 (CH>), 81.72 (C),
71.86 (C), 48.18 (CH,), 36.58 (CH,), 21.64 (CH3), 3.39 (CH3).

Dimethyl 2-((2E,4E)-hexa-2,4-dien-1-yl)-2-(prop-2-yn-1-yl)malonate (1})
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MeO,C = Following general procedure of alkylation for synthesis of
Me0,C \ dienynes (8 h, 40 °C) and using THF (20 mL) as solvent for (0.87
\ g, 5.0 mmol) of dimethyl 2-(prop-2-yn-1-yl)malonate and (0.591
g, 5.0 mmol) of (2E,4E)-1-chlorohexa-2,4-diene. The product 1j was obtained as
colourless oil (534 mg, 42%) using hexane/EtOAc 20:1 as eluent.
'H NMR (300 MHz, CDCl3) & 6.13 — 5.86 (m, 2H), 5.68 — 5.49 (m, 1H), 5.33 — 5.18 (m,
1H), 3.70 — 3.68 (m, 6H), 2.79 — 2.71 (m, 4H), 2.02 — 1.97 (m, 1H), 1.68 (d, J = 6.7 Hz,
3H).">C NMR (76 MHz, CDCl;) & 170.15 (C), 135.23 (CH,), 131.10 (CH,), 129.08
(CH3), 123.46 (CH»), 78.88 (C), 71.51 (C), 57.20 (C), 52.73 (CH3), 35.43 (CH>), 22.75
(CH3), 18.00 (CH3). HRMS-ESI: [M]" Calcd. for C14H904: 251.1272; found: 251.1281.

Dimethyl 2-(but-2-yn-1-yl)-2-((2E,4E)-hexa-2,4-dien-1-yl)malonate (1k)

MeO,C = Following general procedure of alkylation for synthesis of
Me0,C \ dienynes (8 h, 40 °C) and using THF 20 mL as solvent for (0.87 g,
\ 4.70 mmol) of dimethyl 2-(but-2-yn-1-yl)malonate and (0.591
mg, 5.09 mmol) of (2E,4E)-1-chlorohexa-2,4-diene. The product 1k was obtained as
colourless oil (0.562 mg, 42%) using hexane/EtOAc 20:1 as eluent.
'H NMR (300 MHz, CDCl3) & 6.13 — 5.87 (m, 2H), 5.58 (dq, J = 13.3, 6.5 Hz, 1H), 5.36 —
5.20 (m, 1H), 3.70 — 3.65 (m, 6H), 2.72 (t, J = 7.0 Hz, 2H), 2.68 (dd, J = 4.9, 2.3 Hz, 2H),
1.72 (dd, J = 4.2, 1.5 Hz, 3H), 1.68 (d, J = 7.2 Hz, 3H). °C NMR (75 MHz, CDCls) &
170.56 (C), 134.94 (CH;), 131.23 (CH,), 128.85 (CH,), 123.95 (CH,), 78.90 (C), 73.41
(C), 57.61 (C), 52.65 (CH3), 35.52 (CH3), 23.14 (CH>), 18.04 (CH3), 3.51 (CH3). HRMS-
ESIL: [M]+ Calcd. for C1sH»004: 264.1362; found: 264.1363.

(E)-dimethyl 2-(but-3-yn-1-yl)-2-(penta-2,4-dien-1-yl)malonate (3a)

Following general procedure of alkylation for synthesis of dienynes

// (20 h) and using THF (9 mL) as solvent for (0.91 g, 4.93 mmol).of

oo dimethyl 2-(but-3-yn-1-yl)malonate and (607 mg, 5.92 mmol) of
2

\ (E)-5-chloropenta-1,3-diene. The product 1i was obtained as

colourless oil (827 mg, 67%) using hexane/EtOAc 10:1 as eluent.

10
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'"H NMR (300 MHz, CDCl3) § 6.28 (dt, J = 16.8, 10.2 Hz, 1H), 6.10 (dd, J = 15.0, 10.5
Hz, 1H), 5.50 (dt, J = 15.1, 7.7 Hz, 1H), 5.14 (dd, J = 16.6, 1.5 Hz, 1H), 5.03 (d, J= 1 1.0,
1.4 Hz, 1H), 3,75 (s, 1H), 3.72 (d, J = 2.8 Hz, 6H), 2.70 (d, J = 7.6 Hz, 2H), 2.17 (m,
4H). *C-NMR (75 MHz, CDCls, DEPT-135) § 171.22 (C), 136.62 (CH), 135.38 (CH),
127.52 (CH), 116.95 (CH,), 83.26 (C), 68.95 (CH), 57.40 (CH3), 52.66 (C), 36.47 (CH,),
31.86 (CH,), 14.10 (CH,).

5. General procedure for borylative cyclization of dienynes.

——R
W—n Pd(TFA)2 (5 mol%) = 0 )§<
o)

+ Ba(pin)2 >
\ (p )_ MeOH (1 equiv) z _— é
\ (1.1 equiv) toluene, 50 °C ~
R' '

n=p,1
Z = ¢(CO2Me),, C(CO2Et), NTs

Scheme 2

The corresponding dienyne (0.4 mmol, 1 equiv), bis(pinacolato)diboron (1.1 equiv), and
Pd(TFA), (5 mol%) were sequentially added to a 10 mL flask under Ar atmosphere.
Anhydrous toluene (1.5 mL) and anhydrous MeOH (1 equiv) were added. Then, the
mixture was stirred during the corresponding time at the temperature indicated below for
each compound. After cooling the mixture to room temperature, the solvent was
evaporated and the flash chromatography (hexane:Et,O or pentane:Et,O, it will be
specified in each case, molybdophosphoric acid us stain (2.6 mmol/100 mL ethanol))
afforded the product. Partial decomposition of the products was detected when using long

retention times using hexane:EtOAc as eluent.

6. Experimental data of allylboronates from dienynes

(E)-dimethyl 3-methylene-4-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-
en-1-yl)cyclopentane-1,1-dicarboxylate (2a)

11
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Following general borylative cyclization procedure, the

MeOsz/\/i& product 2a was obtained after 3 h at 50 °C as colourless oil
MeO,C = ~

(49 mg, 64%) using pentane/Et,0O 5:1 as eluent.

'H NMR (300 MHz, CDCl3) & 5.53 (dt, J= 14.9, 7.4 Hz, 1H), 5.21 (ddt, J = 15.1, 8.2 Hz,
1.3 Hz, 1H), 4.96-4.90 (m, 1H), 4.83-4.79 (m, 1H), 3.73 (s, 3H), 3.72 (s, 3H), 3.17-3.03
(m, 2H), 2.54 (dc, J=17.4, 2.3 Hz, 1H), 2.54 (ddd, J = 12.9, 7.7 Hz, 1.4Hz, 1H), 1.95 (dd,
J =13.0, 11.3 Hz, 1H), 1.68 (d, J = 7.3 Hz, 2H), 1.24 (s, 12H). C-NMR (75 MHz,
CDCl;, DEPT-135) & 172.47 (C), 172.32 (C), 151.45 (C), 131.10 (CH), 127.57 (CH),
107.78 (CH»), 83.37 (C), 58.54 (C), 52.93 (CH3), 52.87 (CH3), 47.01 (CH), 40.91 (CH»),
40.32 (CH;), 24.95 (CH3). HRMS-ESI: [MNa]+ Calcd. for Ci13Hy9BOgNa: 387.1949;
found: 387.1948.

(E)-dimethyl 3-ethylidene-4-((E)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-
1-en-1-yl)cyclopentane-1,1-dicarboxylate (2b)

Following general borylative cyclization procedure, the
MeO,C 4 o product 2b was obtained after 4.5 h at 50 °C as colourless oil
MeO,C Z :

~

(42 mg, 55%) using pentane/Et,O 5:1 as eluent.

'H NMR (300 MHz, CDCl3) & 5.49 (dt, ] = 14.9, 7.3 Hz, 1H), 5.26 — 5.07 (m, 2H), 3.74
(s, 3H), 3.73 (s, 3H), 3.01 (d, J = 16.2 Hz, 2H), 2.80 (dd, J = 17.3, 1.9 Hz, 1H), 2.50 (ddd,
J=12.8, 7.1, 1.6 Hz, 1H), 1.95 — 1.83 (dd, J = 12.7, 11.8 Hz, 1H), 1.67 (d, ] = 7.2 Hz,
2H), 1.59 (m, 3H), 1.25 (s, 12H). *C NMR (75 MHz, CDCl;) § 172.6 (C), 172.5 (C),
142.19 (C), 131.66 (CH), 127.29 (CH), 117.62 (CH), 83.35 (C), 58.66 (C), 52.90 (CH3),
52.83 (CH3), 47.07 (CH), 41.06 (CH>), 36.92 (CH>), 24.93 (CH3), 14.68 (CH3). HRMS-
ESIL: [MNa]Jr Calcd. for Co0H3;BOgNa: 401.2105; found: 401.2130.

(E)-dimethyl 3-((E)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-yl)-4-
((trimethylsilyl)methylene)cyclopentane-1,1-dicarboxylate (2¢)

™S Following general borylative cyclization procedure, the
MeO,C >d/\/ g? product 2¢ was obtained after 5 h at 70 °C (after 23 h at 50°C,
Me0C Z h extra 2.5 mol% of Pd(TFA), was added) as colourless oil (39
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mg, 53%) using pentane/Et,O 8:1 as eluent.

'H RMN (300 MHz, CDCl3) & 5.49 (dt, J = 14.9, 7.4 Hz, 1H), 5.35 - 5.28 (m, 1H), 5.14
(dd, J = 15.2, 8.3 Hz, 1H), 3.73 (s, 6H), 3.17 - 2.97 (m, 2H), 2.93 - 2.77 (m, 1H), 2.52
(ddd, J=12.9,7.7, 1.6 Hz, 1H), 1.92 (dd, J=12.9, 11.5 Hz, 1H), 1.68 (d, J = 7.4 Hz, 2H),
1.23 (s, 12H), 0.08 (s, 9H). °C NMR (75 MHz, CDCl3) & 172.37 (C), 159.84 (C), 131.40
(CH), 127.96 (CH), 121.31 (CH), 83.34 (C), 58.85 (C), 52.89 (CH3), 52.86 (CH3), 49.77
(CH), 40.18 (CH»), 40.11 (CH>), 24.95 (CH3), 24.88 (CH3), -0.29 (CH3). Fragmentation
observed of the product 2¢, HRMS-ESI: [M]+ Calcd. for C1gH»504S1: 309.1516; found:
309.1521.

(E)-dimethyl 3-benzylidene-4-((E)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yD)prop-1-en-1-yl)cyclopentane-1,1-dicarboxylate (2d)

o Following general borylative cyclization procedure, the
oo, >d/\/ OJ@% product 2d was obtained after 8.5 h at 50 °C as colourless oil
MeO,C PPN (35 mg, 49%) using pentane/Et,O 7:1 as eluent.
'H RMN (300 MHz, CDCl3) & 7.36 - 7.26 (m, 4H), 7.21 - 7.13 (m, 1H), 6.25 - 6.14 (m,
1H), 5.62 (dt, J=14.9, 7.4 Hz, 1H), 5.33 - 5.16 (m, 1H), 3.72 (s, 6H), 3.45 - 3.12 (m, 2H),
3.16 (dt, J=17.7, 2.7 Hz, 1H), 2.58 (dd, J = 12.8, 7.3 Hz, 1H), 1.95 (t, J = 12.3 Hz, 1H),
1.74 (d, J = 7.3 Hz, 2H), 1.25 (s, 12H). *C NMR (75 MHz, CDCl;) § 172.32 (C), 172.27
(C), 144.40 (C), 138.13 (C), 131.25 (CH), 128.39 (CH), 126.34 (CH), 123.72 (CH), 83.41
(C), 59.40 (C), 53.00 (CH3), 52.95 (CH3), 49.01 (CH), 40.31 (CH»), 38.92 (CH3), 24.98

(CH3), 24.92 (CH3). HRMS-ESI: [MNH4]" Calcd. for C25H37BNO6: 458.2732; found:
458.2732.

(E)-dimethyl 3-(4-methoxybenzylidene)-4-((E)-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)prop-1-en-1-yl)cyclopentane-1,1-dicarboxylate (2¢)

MeO Following general borylative cyclization procedure, the
product 2e was obtained after 6.5 h at 50 °C as yellowish oil

P (34 mg, 50%) using hexane/Et,0O 7:1 as eluent.
Me0,C 7 J@g< 'H NMR (300 MHz, CDCl3) § 7.22 (d, J = 8.7 Hz, 2H), 6.86

MeOzC > ~
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(d, J = 8.8 Hz, 2H), 6.17 - 6.12 (m, 1H), 5.60 (dt, J = 14.9, 7.4 Hz, 1H), 5.32 — 5.19 (m,
1H), 3.80 (s, 3H), 3.74 (s, 6H), 3.43 —3.07 (m, 3H), 2.57 (dd, /= 13.4, 7.7 Hz, 1H), 1.93
(t, J=12.8 Hz, 1H), 1.73 (d, J = 7.3 Hz, 2H), 1.25 (s, 12H). "C-NMR (75 MHz, CDCls,
DEPT-135) 6 172.38 (C), 158.14 (C), 142.11 (C), 131.46 (CH), 130.98 (CH), 129.56 (C),
128.19 (CH), 123.07 (CH), 113.85 (CH), 83.40 (C), 59.44 (C), 55.40 (CH3), 52.98 (CH3),
52.93 (CH3), 48.93 (CH), 40.37 (CH,), 38.85 (CH,), 24.96 (CH3). HRMS-ESI: [MNH,]"
Calcd. for C,sH39BNO7: 488.2841; found: 488.2814.

(E)-dimethyl 3-((E)-3-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-yl)-4-
(thiophen-2-ylmethylene)cyclopentane-1,1-dicarboxylate (2f)

Following general borylative cyclization procedure, the

% product 2f was obtained after 8 h at 50 °C as a pale yellow oil

Meose. o)§< (77 mg, 55%) using hexane/Et,O 10:1 as eluent.
MeO,C 7 é\o
'H NMR (300 MHz, CDCl3) & 7.22 (d, J = 5.1 Hz, 1H), 7.00

(dd, J=5.1, 3.6 Hz, 1H), 6.91 (d, J = 3.5 Hz, 1H), 6.41 (d, J = 2.5 Hz, 1H), 5.61 (dt, J =
14.9, 7.4 Hz, 1H), 5.22 (ddt, J = 9.54,2.47, 1.28 Hz, 1H), 3.75 (t, J = 3.0 Hz, 6H), 3.32
(dd, J =222, 14.3 Hz, 2H), 3.11 (dt, J= 18.2, 2.9 Hz, 1H), 2.59 (ddd, J = 12.8, 7.1, 1.6
Hz, 1H), 2.06 — 1.88 (m, 1H), 1.73 (d, J = 7.4 Hz, 2H), 1.26 (s, 12H). *C NMR (76 MHz,
CDCl3) & 172.19 (C), 172.11 (C), 142.94 (C), 142.00 (C), 130.80 (CH), 128.78 (CH),
127.15 (CH), 125.66 (CH), 124.60 (CH), 116.86 (CH), 83.40 (C), 59.32 (C), 53.00 (CH3),
52.96 (CH3), 48.73 (C), 40.78 (CH,), 39.26 (CH,), 24.97 (CH3). HRMS-ESI: [MH]"
Calcd. for Cy3H3,BOgS: 447.2007; found: 447.2016.

(E)-diethyl 3-ethylidene-4-((E)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-
en-1-yl)cyclopentane-1,1-dicarboxylate (2g)

Following general borylative cyclization procedure, the
&O& product 2g was obtained after 4.5 h at 50 °C as colourless oil
EtO,C
EtO,C PR (42 mg, 57%) using hexane/Et,O 15:1 as eluent.
'H NMR (300 MHz, CDCls) & 5.49 (dt, J = 14.9, 7.4 Hz, 1H), 5.27 — 5.07 (m, 2H), 4.18

(qd, T =7.1, 3.0 Hz, 4H), 3.11 — 2.89 (m, 2H), 2.85 — 2.67 (m, 1H), 2.49 (dd, ] = 12.2, 7.9
14
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Hz, 1H), 1.87 (t, J = 12.3 Hz, 1H), 1.67 (d, J = 7.3 Hz, 2H), 1.59 (d, ] = 4.8 Hz, 3H), 1.26
— 1.22 (m, 18H). *C NMR (75 MHz, CDCl;) & 172.15 (C), 172.14 (C), 142.40 (C),
131.81 (CH), 127.11 (CH), 117.45 (CH), 83.32 (C), 61.56 (CH>), 61.54 (CH,), 58.71 (C),
47.05 (CH), 40.90 (CH,), 36.76 (CH,), 24.83 (CH3), 14.66 (CH3), 14.18 (CH3), 14.17
(CH3). HRMS-ESI: [MNH,]" Caled. for C2;H39BNOg: 424.2864; found: 424.2869.

(E)-3-methylene-4-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-yl)-1-
tosylpyrrolidine (2h)

Following general borylative cyclization procedure, the product
Ts,_d/\/g;& 2h was obtained after 12 h at 70°C (after 12 h at 50 °C, extra 2.5

mol% of Pd(TFA), was added) as colourless oil (35 mg, 47%)
using pentane/Et,O 10:1 as eluent.
'H RMN (300 MHz, CDCls) & 7.78 (dt, J = 8.3 Hz, 1.8 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H),
5.56 (dt, J=15.1, 7.5 Hz, 1H), 5.05 (dd, J = 15.2, 8.3 Hz, 1H), 4.87 (m, 2H), 4.05 —3.90
(m, 1H), 3.73 - 3.53 (m, 2H), 3.25 - 3.09 (m, 1H), 2.76 (t, J = 9.4 Hz, 1H), 2.43 (s, 3H),
1.65 (d, J = 7.4 Hz, 2H), 1.23 (s, 12H). °C NMR (75 MHz, CDCls) & 147.74 (C), 143.74
(C), 133.13 (C), 129.88 (CH), 129.82 (CH), 127.96 (CH), 127.45 (CH), 107.89 (CH>),
83.47 (C), 53.73 (CH»), 52.05 (CH>), 47.04 (CH), 24.90 (CH3), 21.69 (CH3). HRMS-ESI:
[MH]" Calcd. for C, H3; BNO,4S: 404.2080; found: 404.2061.

(Z)-3-ethylidene-4-((E)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-
yl)-1-tosylpyrrolidine (2i)

Following general borylative cyclization procedure, the product
Mi/\/oﬁ% 2i was obtained after 4.5 h at 50 °C as colourless oil (28 mg,
h A 38%) using pentane/Et,O 6:1 as eluent.
'H RMN (300 MHz, CDCl5) & 7.66 (dt, J= 8.3 Hz, 1.8 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H),
5.52 (dt, J=15.1, 7.5 Hz, 1H), 5.25 - 5.14 (m, 1H), 5.07 — 4.94 (m, 1H), 3.99 — 3.87 (m,
1H), 3.70 - 3.53 (m, 2H), 3.23 - 3.09 (m, 1H), 2.69 (t, J = 9.4 Hz, 1H), 2.43 (s, 3H), 1.63
(d, J = 7.4 Hz, 2H), 1.52 (ddd, J = 6.8, 3.7, 1.5 Hz, 3H), 1.23 (s, 12H). "C-NMR (75
MHz, CDCl;, DEPT-135) *C RMN (75 MHz, CDCls) § 143.65 (C), 138.92 (C), 133.09
15
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(C), 129.78 (CH), 129.31 (CH), 128.21 (CH), 127.99 (CH), 118.11 (CH), 83.44 (C), 53.72
(CH,), 49.68 (CH>), 46.87 (CH), 24.92 (CH3), 21.68 (CH3), 14.57 (CHs). HRMS-ESI:
[MH]" Calcd. for C2,H3sBNO4S: 418.2229; found: 418.2217.

(E)-dimethyl 3-methylene-4-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-1-en-
1-yl)cyclopentane-1,1-dicarboxylate (2j)

. Following general borylative cyclization procedure, the product

MeO,C
MeOzﬂ/Yé 2j was obtained after 3 h at 50 °C as colourless oil (151 mg,
68%) using hexane/Et,O 10:1 as eluent. (Minimal amount of

pinacol was detected by NMR).

'H NMR (300 MHz, CDCl5) & 5.54 (dd, J = 15.3, 7.7 Hz, 1H), 5.17 (dd, J = 15.2, 8.1 Hz,
1H), 4.96 — 4.74 (m, 2H), 3.74 — 3.72 (m, 2H), 3.72 — 3.69 (m, 4H), 3.07 (d, J = 16.5 Hz,
2H), 2.97 - 2.85 (m, 1H), 2.53 (dd, J=12.8, 7.4 Hz, 1H), 2.01 — 1.79 (m, 2H), 1.24 — 1.17
(s, 12H), 1.07 (d, J = 7.3 Hz, 3H). >C NMR (76 MHz, CDCl3) & 172.46 (C), 172.29 (C),
151.53 (C), 134.97 (CH), 128.60 (CH), 107.74 (CH>), 83.24 (C), 58.54 (C), 52.91 (CH»),
52.84 (CH3), 47.04 (CH), 41.04 (CH;), 40.33 (CH,), 24.81 (CH3), 15.18 (CH3).HRMS-
ESIL: [MH]Jr Calcd. for C50H3,BOg¢: 379.2286; found: 379.2294.

(E)-dimethyl 3-ethylidene-4-((E)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-
1-en-1-yl)cyclopentane-1,1-dicarboxylate (2k)
7 [e]

MeO,C é

Following general borylative cyclization procedure, the product
MeOsC _ \JO§< 2k was obtained after 4 h at 50°C as colourless oil (58 mg, 74%)

using hexane/Et,O 10:1 as eluent.

'H NMR (300 MHz, CDCl5) § 5.49 (dt, J = 21.0, 10.6 Hz, 1H), 5.25 — 5.05 (m, 2H), 3.73
(d, ] =3.1 Hz, 6H), 3.02 (d, ] = 17.4 Hz, 2H), 2.80 (d, ] = 17.3 Hz, 1H), 2.51 (dd, ] = 12.7,
7.0 Hz, 1H), 1.98 — 1.78 (m, 2H), 1.61 (dd, J = 17.6, 7.4 Hz, 3H), 1.25 (d, ] = 11.4 Hz,
12H), 1.05 (t, J = 9.3 Hz, 3H).">*C NMR (76 MHz, CDCls) & 172.55 (C), 172.51 (C),
142.24 (C), 134.71 (CH), 129.10 (CH), 117.54 (CH), 83.59 (C), 58.61 (C), 52.84 (CH3),
52.78 (CH;), 47.07 (CH), 41.15 (CHa), 36.89 (CH,), 25.14 (CH3), 15.16 (CH3), 14.62
(CH3). HRMS-ESI: [MNa]Jr Calcd. for C,1H33BOgNa: 415.2262; found: 415.2280.
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(E)-dimethyl 4-methylene-3-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-
en-1-yl)cyclohexane-1,1-dicarboxylate (4a)

MeOZC?(:/(/\/g& Following general borylative cyclization procedure, the

MeO: product 4a was obtained after 6 h at 50°C as colourless oil (29

mg, 36%) using pentane/Et,O 8:1 as eluent.

'H NMR (300 MHz, CDCl3) & 5.59 — 5.44 (m, 1H), 5.37 (m, 1H), 4.69 (dd, J=11.2, 0.78
Hz, 2H), 3.76 (s, 3H), 3.69 (s, 3H), 2.83 — 2.68 (m, 1H), 2.47 — 2.28 (m, 3H), 2.15 (dt, J =
14.7, 5.3 Hz, 1H), 1.82 — 1.61 (m, 4H), 1.24 (s, 12H). *C-NMR (75 MHz, CDCl;, DEPT-
135) & 172.31 (C), 172.52 (C), 149.51 (C), 131.32 (CH), 126.59 (CH), 107.92 (CH,),
83.49 (C), 55.10 (C), 52.63 (CH3), 52.53 (CH3), 42.47 (CH), 38.30 (CH,), 32.48 (CH,),
32.03 (CH,), 25.02 (CH3). HRMS-ESI: [MNa]" Calcd. for C,H3 BOgNa: 401.2120;
found: 401.2108.

7. General procedure for oxidation of allylboronates and characterization of

resulting alcohols.

o NaOH (3 8q4iV, 3M)
R-8 H,0, B06quv, 3%, [ OF
0°C to ft
Scheme 3

Alcohols were prepared by standard conditions for oxidation of allylboronates. To a
solution of corresponding allylboronate (0.14 mmol, 1 equiv) in THF (5 mL), 0.14 mL of
an aqueous solution of NaOH (3M, 0.42 mmol, 3 equiv) was added slowly at room
temperature. Then, the mixture was cooled to 0 °C and 0.45 mL of a solution of H,O,
(33% w/v, 4.37 mmol, 30 equiv) was added dropwise. After addition, the reaction was
stirred at room temperature for 1-5 h. Then, water and Et,O were added into the resulting
mixture. The aqueous layer was separated and extracted with Et,O (3 x 10 mL). The
combined organic phases were dried over anhydrous Mg,SO4 and filtered through
anhydrous Na;SOy4. The solvent was removed under vacuum and the crude was purified
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by flash chromatography (hexane/EtOAc) molybdophosphoric acid us stain (2.6 mmol/100

mL ethanol).

(E)-dimethyl 3-(3-hydroxyprop-1-en-1-yl)-4-methylenecyclopentane-1,1-
dicarboxylate (5a)

Following general oxidation procedure using 2a as substrate,

MeO,C the product Sa was obtained after 1.5 h at room temperature as
MeO,C A~
2

colourless oil (46 mg, 90%) using hexane/EtOAc 2:1 as eluent.

'H NMR (300 MHz, CD;Cl) § 5.71 (dt, J = 15.8, 5.6 Hz, 1H), 5.54 (dd, J=15.3, 7.9 Hz,
1H), 4.99 (q, J = 2.4 Hz, 1H), 4.81 (q, J = 2.2 Hz, 1H), 4.14 (d, J = 5.4 Hz, 2H), 3.75 (m,
4H), 3.73 (s, 3H), 3.26 - 3.13 (m, 1H), 3.13 - 3.02 (m, 1H), 2.95 (ddd, J = 17.1, 4.6, 2.3
Hz, 1H), 2.58 (dd, J=12.3, 8.4 Hz, 1H), 2.07 — 1.95 (m, 1H). C-NMR (75 MHz, CDCls,
DEPT-135) § 172.28 (C), 172.10 (C), 150.56 (C), 133.14 (CH), 131.05 (CH), 108.39
(CH,), 63.56 (C), 58.66 (CH,), 53.00 (CH3), 52.95 (CH3), 46.24 (CH), 40.61 (CH,),
40.48 (CH,). HRMS-ESI: [MNa]Jr Calcd. for C13H3OsNa: 277.1057; found: 277.1053.

(E)-dimethyl 3-ethylidene-4-((E)-3-hydroxyprop-1-en-1-yl)cyclopentane-1,1-
dicarboxylate (5b)

Following general oxidation procedure using 2b as substrate,
MeO,C 7 the product 5b was obtained after 1.15 h at room temperature
MeO,C Z as colourless oil (35mg, 92%) using hexane/EtOAc 2:1 as
eluent.
'H NMR (300 MHz, CDCl3) & 5.67 (m, 1H), 5.47 (ddt, J = 15.3, 8.1, 1.2 Hz, 1H), 5.19
(m, 1H), 4.12 (t, J=4.9 Hz, 2H), 3.82 (m, 1H), 3.74 (s, 3H), 3.73 (s, 3H), 3.13 (d, J= 8.6
Hz, 1H), 3.01 (m, 1H), 2.85 (m, 1H), 2.54 (ddd, J = 12.8, 7.3, 1.5 Hz, 1H), 1.94 (dd, J =
12.8, 11.3 Hz, 1H), 1.60 (ddd, J = 6.7, 3.9, 1.7 Hz, 3H).C-NMR (75 MHz, CDCls,
DEPT-135) & 172.44 (C), 172.35 (C), 141.38 (C), 133.72 (CH), 130.88 (CH), 118.28
(CH), 63.59 (CH»), 58.74 (C), 52.97 (CH3), 52.91 (CH3), 46.36 (CH), 40.74 (CH»), 36.98
(CH,), 14.73 (CH3). HRMS-ESI: [MNa]" Calcd. for C;4HyOsNa: 291.1213; found:

291.10009.
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(E)-dimethyl 3-((E)-3-hydroxyprop-1-en-1-yl)-4-
((trimethylsilyl)methylene)cyclopentane-1,1-dicarboxylate (5c¢)

™S

MeO,C d/\/ Following general oxidation procedure using 2¢ as substrate,
MeO,C = OH  the product 5¢ was obtained after 1.5 h at room temperature. as
colourless oil (38mg, 83%) using hexane/EtOAc 2:1 as eluent. When the general
procedure for borylative cyclization (6 h at 70 °C) was applied to the substrate 1¢ and
then, the solvent was totally evaporated and the general oxidation procedure for boronates

(13.5 h at room temperature) was applied to the crude, the product 5S¢ was obtained in a

similar yield (78%).

'H NMR (300 MHz, CDCl3) & 5.68 (dt, J = 15.5, 5.9 Hz, 1H), 5.49 (dd, J = 15.3, 9.0 Hz,
1H), 5.35 - 5.32 (m, 1H), 4.13 (dd, J = 5.6, 1.1 Hz, 2H), 3.74 (s, 3H), 3.71 (s, 3H), 3.29
(dd, J=16.3, 8.1 Hz, 1H), 2.74 (dd, J = 13.6, 8.0 Hz, 1H), 2.12 (dd, J = 13.6, 6.5 Hz, 1H),
1.73 = 1.35 (m, 2H), 0.02 (s, 9H). *C-NMR (75 MHz, CDCl;, DEPT-135) § 172.43 (C),
172.1 (C), 149.66 (C), 134.38 (CH), 131.21 (CH), 120.62 (CH), 65.21 (C), 63.51 (CH,),
52.75 (CH), 52.67 (CH3), 51.48 (CH3), 39.12 (CH>), 19.70 (CH,), 1.07 (CH3). HRMS-
ESI: [MNa]+ Calcd. for C16H2605NaSi: 349.1441; found: 349.1455.

8. Trifluoroborate salts of allylboronates: Formation and experimental data of
potassium (E)-(3-(4,4-bis(methoxycarbonyl)-2-
methylenecyclopentyl)allyl)trifluoroborato (6)

KHF; (4 equiv, 4.5M)
MeO,C
MeO,C > 2
2 >d/\/ ? MeCN / H20 MeO,C ~NBFK
MeO,C 23°C, 24 h 2

Scheme 4

To a solution of allylboronate 2a (195 mg, 1 equiv) in acetonitrile (2 mL) at room
temperature was added slowly aqueous solution of KHF, (2 mL, 4.0 equiv, 4.5 M). After

12 h at room temperature, the solvent was evaporated, and the remained white crude was
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washed successively with hot acetone to separate from inorganic impurities after filtration.
The solvent was totally removed under vacuum and the white solid obtained washed with
warm Et;O and dried under vacuum line without further purification. The trifluoroborate
salt 6 was obtained as a white solid (129 mg, 70%). 'H-NMR (300 MHz, CD;0D): § =
5.65-5.50 ( m, 2H), 5.0 (d, 2H), 3.75 (d, 6H), 3.1-2.75 (m, 3H), 2.50-2.48 (m, 1H), 1.90-
1.85 (t, 1H). 'F NMR (284 MHz, CD50D) § -155.98. '*C- NMR (300 MHz, CD;0D): § =
174.36 (s), 153.62 (s), 127.69 (s), 123.53 (s), 107.56(s), 59.69 (s), 52.87 (s), 42.34 (s),
40.82 (s) C-B signal not observed due to quadrupolar relaxation. HRMS-ESI: [M]™ Calcd.
for C13H7BF304: 305.1177; found: 305.1182.

9. General procedure for allylation reactions of allylboronates and characterization

of resulting a-alcohols.

o}

(1.5 equiv)
Zi/\/ OJ% i ( §
Sc(OTf)3 - 20 mol%
F é\o toIl(Jene) F Ph

-40°C/-78°C, 12 h

Z = C(CO2Me)2
Scheme 5

a-Alcohols were prepared by standard conditions for allylation reactions of boronates. To
a stirred solution of corresponding allylboronate in anhydrous toluene (1.0-2.0 mL),
Sc(OTf); (10-20 mol%) was added slowly at room temperature. Then, the mixture was
cooled to -40°C and benzaldehyde (1.5 — 2.0 equiv) was added dropwise. After addition,
the reaction was stirred for 12 h at the temperature indicated below for each compound.
After indicated time, solvent was removed under vacuum and the reaction crude was
purified by flash chromatography (hexane/EtOAc) molybdophosphoric acid us stain (2.6
mmol/100 mL ethanol).

Dimethyl 3-(1-hydroxy-1-phenylbut-3-en-2-yl)-4-methylenecyclopentane-1,1-
dicarboxylate (7a).
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Following the general allylation procedure using 2a (30 mg, 0.08 mmol) as substrate,
Sc(OTf); (8.20 mg, 20 mol%) and benzaldehyde (17 pL, 0.17
OH
MeOzC% mmol). The product 7a was obtained as an inseparable mixture
MeO,C F Ph
of compounds, presumably diastereomers due to the presence
of two stereogenic C, after 12 h at -78°C as colourless oil (26 mg, 91%) using
hexane/EtOAc 5:1 as eluent.

For both 7a and 7b, C-NMR spectra show signal splitting for some carbons, which has
been assigned to the presence of two diastereoisomers, as a consequence of the two
stereogenic centers contained in these molecules. The corresponding peaks are listed
below. £ configuration of the allyl C-C double bond has been assigned after the coupling
constant that could be resolved for 7b. Even in the mixture of compounds, coupling

constant could be measured (15 Hz).

'H NMR (300 MHz, CDCl3) & 7.29 — 7.25 (m, 4H), 7.23 — 7.18 (m, 1H), 5.47 — 5.19 (m,
2H), 4.86 (dq, J = 12.3, 2.3 Hz, 1H), 4.73 — 4.56 (m, 2H), 3.65 (s, 6H), 3.17 — 2.78 (m,
3H), 2.55 — 2.34 (m, 3H), 1.89 (ddd, J = 13.1, 10.8, 2.5 Hz, 2H). °C NMR (76 MHz,
CDCls, 6 172.30 (C), 172.18 (C), 150.84 (C), 150.81 (C), 144.03 (C), 143.98 (C), 135.03
(CH), 135.01 (CH), 128.55 (CH), 128.54 (CH), 127.78 (CH), 127.67 (CH), 127.64 (CH),
126.04 (CH;), 125.97 (CH>), 108.21 (CH;), 108.17 (CH>), 73.82 (CH), 73.80 (CH), 58.62
(CH,), 58.60 (CH,), 52.97 (C), 52.93 (C), 52.92 (CH3), 46.77 (CH3), 46.76 (CH3), 42.65
(CH), 42.62 (CH), 40.74 (CH), 40.70 (CH), 40.39 (CH,), 40.35 (CH,). HRMS-ESI:
[MNa]+ Calcd. for C50H»405Na: 367.1515; found: 367.15009.

(E)-dimethyl 3-ethylidene-4-(1-hydroxy-1-phenylbut-3-en-2-yl)cyclopentane-1,1-

dicarboxylate (7b).

Following general allylation procedure using 2b (73 mg, 0.20
MeO,C / OH mmol) as substrate, Sc(OTf); (27 mg, 20 mol%) and
MeO,C 7 Ph  benzaldehyde (42 uL, 0.31 mmol). The product 7b was

obtained as an inseparable mixture of compounds, presumably diastereomers, after 12 h at

-40°C as colourless oil (59 mg, 62%) using hexane/EtOAc 8:1 as eluent.

'"H NMR (300 MHz, CDCl5) & 7.32 (m, 5H), 5.37 (m, 2H), 5.05 (m, 1H), 4.70 (dd, J =
12.1, 6.3 Hz, 1H), 3.73 (m, 7H), 2.86 (m, 3H), 2.48 (m, 3H), 1.89 (psudo t, J = 14 Hz,
1H), 1.56 (m, 3H).>C NMR (75 MHz, CDCl3) § 172.46 (C), 172.44 (C), 172,4 (C),
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MeO,C
MeO,C

144.01 (C), 143.96 (C), 141.60 (C), 141.42 (C), 135.63 (CH), 135.33 (CH), 128.51 (CH),
127.91(CH), 127.56(CH), 127.41 (CH), 127.11 (CH), 126.11 (CH), 126.03 (CH), 125.98
(CH), 118.07 (CH), 117.77 (CH), 73.78 (CH), 73.45 (CH), 58.68 (C), 58.35 (C), 52.92
(CHs3), 52.62 (CHj3), 48.79 (CH), 48.49 (CH), 46.87 (CH3), 46.36 (CH3), 42.69 (CH,),
42.37 (CH,), 40.83 (CHy), 40.36 (CH>), 36.92 (CH»), 36.48 (CH,), 14.72 (CH3) 14.34
(CH3). HRMS-ESI: [MNH4]+ Calcd. for C,1H30NOs: 376.2118; found: 376.2135.

10. Suzuki cross-coupling reactions of allylboronates and experimental data of

resulting compounds.

Dimethyl 3-(1-(4-cyanophenyl)allyl)-4-methylenecyclopentane-1,1-dicarboxylate (8)
and dimethyl (E)-3-(3-(4-cyanophenyl)prop-1-en-1-yl)-4-methylenecyclopentane-1,1-
dicarboxylate (9).

MeO,C

1) Pd(PPha)a (10 mol o) MeO.C AN

2) CsF (4.0 equiv) CN
3) p-cianoiodobenzene (1.2 iv) ’ MeO,C
P Bpin p- .2 equiv
THF 80°C MeO,C Z

4
%ealed Tubed 9

2a 8 91%
8:9; 12:1

Scheme 6

To a solution of p-cianoiodobenzene (14 mg, 0.06 mmol) in dry THF (1.5 mL), under Ar
atmosphere, were added the allylboronate 2a (33 mg, 0.091 mmol), CsF (55.7 mg, 0.36
mmol) and Pd(PPhs)4 (15.8 mg, 0.014 mmol) and the mixture was heated at 80°C for 8 h

in a sealed tube. After cooling to room temperature EtOAc (2 mL) was added, followed by
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brine (2 mL). The layers were then separated and the aqueous layer further extracted with
EtOAc (2 x 5 mL). The combined organic extracts were dried over anhydrous MgSQOy,
filtered and the solvent was removed under vacuum. The title products 8, 9 (28.5 mg,
91.3%) was obtained as an inseparable mixture (12:1) and the yield was calculated by
NMR using as internal pattern trichloroethylene due to inability of a good purification
from homocoupling product [1,1'-biphenyl]-4,4'-dicarbonitrile. The mixture of two
isomers was confirmed by GC-MS. The spectra data 'H and >°C NMR of the mixture were
obtained from a pure fraction by flash chromatography using hexane/EtOAc 4:1 as eluent.

'H NMR (CDCl3, 300 MHz): & 7.55-7.48 (m, 4H), 7.27-7.17 (d, J = 8.55 Hz, 4H,), 6-5.89
(m, 1H®), 5.63-5.47 (m, 1H?), 5.40-5.25 (m, 1H), 5.12-5.01 (m, 2H®), 4.99-4.80 (m, 2H’),
4.86-4.67 (m, 2H®), 3.72-3.58 (m, 12H), 3.40 (m, 2H), 3.38-3.25 (dd, J = 15.36, 6.47
Hz,1H), 3.16-2.78 (m, 5H), 2.57-2.44 (m, 1H), 2.33-2.11 (dd, J = 7.45, 8.10 Hz, 1H),
2.00-1.86 (m, 2H), 1.68-1.57 (m, 1H). >*C NMR (CDCls, 300 MHz): & 172.23, 171.92,
171.84, 150.75, 150.43, 148.56, 148.34, 146.37, 146.14, 137.86, 133.72, 132.74, 132.39,
129.21, 129.12, 129.19, 128.14, 117.45, 117.21, 110.4, 110.10, 109.94, 108.16, 107.98,
58.46, 58.13, 54.31, 52.97, 52.88, 46.43, 46.25, 41.72, 41.64, 41.58, 40.56, 40.17, 38.96,
37.95, 33.83.

HPLC-CHROMATOGRAPHY ANALYSIS
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Dimethyl 3-(1-(4-cyanophenyl)allyl)-4-methylenecyclopentane-1,1-dicarboxylate (8)

MeOzC
1) Pd(PPha)a (10 mol %)

Me02C \
K,CO. i
MeO,C 2) KobU3 (5 equiv) .
MeO,C G Bpin 3) p-cianoiodobenzene (1.1 equiv)

4§ Tolueno/EtOH/H,O 80°C
ealed Tubed
2a CN

Scheme 7

To a solution of p-cianoiodobenzene (35.8 mg, 0.26 mmol) in toluene (0.5 mL), EtOH
(0.15 mL) and H,O (0.15 mL) under Ar atmosphere, were added the allylboronate 2a (94
mg, 0.268 mmol), K,CO; (180.42 mg, 1.30 mmol) and Pd(PPh;)s (30.16 mg, 0.026
mmol) and the mixture was heated at 80°C for 8 h in a sealed tube. After cooling to room
temperature the solvent was removed under vacuum and the crude was purified by flash
chromatography (hexane/Et,O 10:1) molybdophosphoric acid us stain (2.6 mmol/100 mL
ethanol). For a complete purification this compound was purified once more by
recristalization of the homocoupling product [1,1'-biphenyl]-4,4'-dicarbonitrile. The

product 8 was obtained as an inseparable mixture of diastereomers compounds, as
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yellowish oil (36 mg, 43%). (Minimal amount of homocoupling product was detected by
NMR).

'"H NMR (300 MHz, CDCl3) § 7.59 (dd, J = 8.1, 1.4 Hz, 4H), 7.31 (d, J = 8.1 Hz, 4H),
6.09 — 5.80 (m, 2H), 5.13 (dd, J = 10.1, 5.5 Hz, 2H), 5.04 (dd, J = 12.1, 9.7 Hz, 2H), 4.93
—4.79 (m, 2H), 3.70 (dd, J = 10.5, 7.1 Hz, 12H), 3.38 (t, J = 8.4 Hz, 2H), 3.09 — 2.80 (m,
6H), 2.58 (dd, J= 13.4, 7.4 Hz, 1H), 2.41 — 2.25 (m, 2H), 2.08 — 1.92 (m, 1H), 1.75 — 1.60
(m, 2H).>C NMR (75 MHz, CDCl;) § 172.08 (C), 172.02 (C), 171.98 (C), 148.80 (C),
148.64 (C), 148.57 (C), 148.42 (C), 139.11 (CH), 137.94 (CH), 132.44 (CH), 132.41
(CH), 129.22 (CH), 129.12 (CH), 118.98 (C), 118.95 (C), 117.57 (CH,), 117.31 (CH,),
110.49 (C), 110.48 (C), 110.22 (CH,), 109.68 (CH,), 58.29 (C), 58.20 (C), 54.44 (CH),
53.84 (CH), 52.96 (CHs), 52.91 (CHs), 46.38 (CH), 46.19 (CH), 41.82 (CH,), 41.75
(CH,), 3837 (CH,), 38.05 (CH,). HRMS-ESI: [MNa]" Caled. for C,HaNO4Na:
362.1362; found: 362.1372.
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11. "H-NMR and “C-NMR spectra

1H-NMR and 3C-NMR spectra of dienynes precursors.

= OMe
MeO,C
COzMe
;_Jl ) J .
T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
= OMe
MeO,C
Cco,Me
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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MeO,C
COzMe

i |

T T
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3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 1.0
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S
Me0,C
COzMe
T T T T T T T T T T T T T T T T T T T T T T T
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1H-NMR and 3C-NMR spectra of dienynes

MeO,C
MeO,C

1a

i JA

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)
MeO,C —
MeO,C
1a
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
f1 (ppm)

28



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

MeO,C =
MeO,C

1b

-
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1H-NMR and 3C-NMR spectra of allylboronates from dienynes
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1H-NMR and 3C-NMR spectra of alcohols from allylboronates
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1H-NMR and 3C-NMR spectra of alcohols from allylation reactions.

MeO,C OH
MeO,C Z Ph

7a

100 95 Tob "85 T8b "5 T b 65 Teb T 55 Tsh T a5 T4b T35 T30 T 25 T2bh 7ib
f1 (ppm)

56



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

MeO,C OH
MeO,C F Ph

7a

a0 T 200 T 190 T 10 T 10 160 T 150 o 10 T T alo Tido b T8 T ) B B 1 [} 10
f1 (ppm)
MeO,C OH
MeO,C Z Ph
7b
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

f1 (ppm)

57



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

MeO,C OH
MeOzC / Ph

7b

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)

'H-NMR and C-NMR spectra of Suzuki coupling resulting compounds

MeOzC
MeO,C N

CN
+ MeO,C
MeO,C F

N 9

T
100 95 9.0 8.5 8.0 7.5 7.0

T T T T
3.5 3.0 2.5 2.0 1.5 1.0 0.5 00 -05 -1.0

T T T T T
6.5 6.0 55 5.0 5 4.0

4,
f1 (ppm)

58



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

MeO,C
MeO,C N
CN
+ MeO,C
MeO,C F
8 N °
: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ : ‘ ‘
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0 10
f1 (ppm)
MeO,C
MeO,C N
N
8
T T T T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -0
f1 (ppm)

59



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

MeOZC
MeO,C S

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

60

80



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

13. References

(1) Q. Zhang, W. Xu, and X. Lu, J. Org. Chem., 2005, 70, 1505.

(2) R. Schiller, M. Pour, H. Fakova, J. Kunes, and I. Cisatova, J. Org. Chem., 2004, 69,
6761.

(3) O. Buisine, C. Aubert and M. Malacria, Chem. Eur. J., 2001, 7, 3517.

(4) B. Bennacer, M. Fujiwara, S. Lee and 1. Ojima, J. Am. Chem. Soc., 2005, 127, 17756.
(5) Y. Kavanagh, C. M. Chaney, J. Muldoon, and P. Evans, J. Org. Chem., 2008, 73,
8601.

(6) C. P. Casey, T. L. Dzwiniel, S. Kraft, and 1. A. Guzei, Organometallics, 2003, 22,
3915. NaH was used instead of #~-BuOK.

(7) K. Maruyama, N. Nagai, Y. Naruta, J. Org.Chem., 1986, 51, 5083.

(8) H. Mayr, W. Heilmann, Tetrahedron, 1986, 42, 6657.

(9) E. Jiménez-Nuiez, C. K. Claverie, C. Bour, D. J. Cardenas, A. M. Echavarren, Angew.
Chem. Int. Ed., 2008, 47, 7892.

61




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



