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General. All manipulations of oxygen- and moisture-sensitive materials were conducted with a
standard schlenk technique under an argon atmosphere or in a glove box under a nitrogen
atmosphere. Medium pressure liquid chromatography (MPLC) was performed using Kanto
Chemical silica gel 60 (spherical, 40-50 wm) and Biotage® SNAP Ultra. Analytical thin layer
chromatography (TLC) was performed on Merck TLC silica gel 60 Fiss (0.25 mm) plates.
Visualization was accomplished with UV light (254 nm). The hydrogenation reactions were
performed with the autoclave (EYELA, HIP-7506).

Apparatus. Proton and carbon nuclear magnetic resonance spectra ('H, °C, and '°’F NMR) were
recorded on a JEOL ECS-400 ('H NMR, 400MHz; C NMR 101 MHz; "°F NMR 376 MHz)
spectrometer with solvent resonance as the internal standard (‘H NMR, CHCl; at 7.26 ppm; °C
NMR, CDCl; at 77.0 ppm; °F NMR, C¢F¢ at —162 ppm). NMR data are reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sext =
sextet, sept = septet, br = broad, m = multiplet), coupling constants (Hz), and integration. Medium
pressure liquid chromatography (MPLC) was performed with a Shoko Scientific Purif-espoir2
chromatogragh. GC analysis was performed on a Shimadzu GC-2014 equipped with a BP1 column
(SGE Analytical Science, 0.25 mm x 30 m, pressure = 149.0 kPa, detector = FID, 290 °C) with
helium gas as a carrier. High-resolution mass spectra were obtained with Thermo Scientific
Exactive (APCI).

Chemicals. Unless otherwise noted, commercially available chemicals were distilled and degassed
before use. [(PPhs)CuCl]s,' 1d,” and 1e* were prepared according to the literature. PPh; was
purchased from Nacalai Tesque and recrystallized from EtOH before use. The following reagents
were purchased from commercial suppliers and used as received: Cu,O (Aldrich), LiO7Bu (Aldrich),
LiOiPr (Aldrich), 1¢ (Aldrich), 1h (TCI), CuCl (Strem Chemicals), Cul (Aldrich), CuBr (Nacalai
Tesque), CuCN (Nacalai Tesque), CuOAc (Aldrich), anhydrous iPrOH (Nacalai Tesque), iPrOH-ds
(99.5 atom% D) (Wako Pure Chemical Industries), 4-iodobenzoic acid (Acros Organics),
PdCIy(PPh3), (TCI), N,N-dimethylformamide (Nacalai Tesque) and SOCI, (Nacalai Tesque).
Anhydrous toluene, Et,O, and CH,Cl, was purchased from Kanto Chemical and degassed by
purging vigorously with argon for 30 min and further purified by passage through activated alumina
under positive argon pressure as described by Grubbs et al.?

' Jardine, F. H.; Rule, L.; Vohra, A.G. J. Chem. Soc. A 1970, 238.
* Park, K.; Bae, G; Moon, J.; Choe, J.; Song, K. H.; Lee, S. L. J. Org. Chem. 2010, 75, 6244.
* Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers, F. J. Organometallics 1996, 15, 1518.



Preparation of 1g.

SOCl, (25 mmol)

| ::: ZO, DMF (4 drops) | i:: EO LiOPr (13.9 mmol) I C O
OH  CH,CI, reflux, 2 h Cl | Et,0,0°Ctort, 1h OiPr
step i 1g-1 step ii 1g-2

PdCl,(PPhs), (0.43 mmol)

O Cul (1.01 mmol) 0]
O—=+ -0 - O=0
OiPr NEt; (28 mmol) OiPr

1g-2 Et,O, t, 3 h 1g
9.4 mmol 2.10¢g step iii 2.6 mmol

steps i and ii:

A flask was charged with 4-iodobenzoic acid (3.10 g, 12.5 mmol), CH,Cl, (20 mL), SOCIl, (2.0 mL,
25 mmol), and DMF (4 drops) in this order. Then, the mixture was stirred under reflux for 2 h.
After removal of all volatiles, the residue was used in the next step without further purification. To
a flask containing crude 1g-1 and Et,O (10 mL), a suspension of LiOiPr (918 mg, 13.9 mmol) in
Et;0 (15 mL) was added dropwise at 0 °C. Then, the resulting mixture was stirred at room
temperature for 1 h and then it was poured into NaHCO; aq. and extracted with Et;O. The
combined organic layer was washed with H,O and dried over MgSQO,. After filtration, all of the
volatiles were removed in vacuo, and the residue 1g-2 (3.41 g) was used in the next step without
further purification.

step iii:

A flask was charged with crude 1g-2 (2.09 g), PACIl,(PPh;), (300 mg, 0.43 mmol) and Cul (190 mg,
1.01 mmol). The flask was evacuated and refilled with Ar three times, then, to the flask, Et,O (20
mL), phenylacetylene (1.0 mL, 9.4 mmol) and NEt; (3.9 mL, 28 mmol) were added in this order.
The mixture was stirred at room temperature for 3 h and then it was poured into NH4CI aq. and
extracted with Et,O. The combined organic layer was washed with H,O and dried over MgSO,.
After filtration, all of the volatiles were removed in vacuo. The product was purified by MPLC (160
g of silica gel, eluent: hexane then hexane/EtOAc = 95/5) and further purified by recrystallization
from hexane, 1g was obtained in 36% yield (690 mg, 2.60 mmol) as a yellow solid, Ry = 0.10
(n-hexane). "H NMR (CDCls, 400 MHz): & 8.02 (d, J = 8.1 Hz, 2H), 7.60-7.54 (m, 4H), 7.38-7.36
(m, 3H), 5.26 (sept, J = 6.0 Hz, 1H), 1.38 (d, J = 6.0 Hz, 6H). °C NMR (101 MHz, CDCl):
§ 165.6,131.7,131.4, 130.2, 129.4, 128.7, 128.4, 127.7, 122.7,92.1, 88.7, 68.6, 21.9. HRMS-
APCI(+) (m/z): [M+H]" calcd. for C1sH,70,, 265.1223; found, 265.1220.

General procedure for Table 1. In a glove box, to a vial, [(PPhs;)CuCl]s (7.2 mg, 5.0 umol),
toluene (1.0 mL), LiO/Bu (40 mg, 0.50 mmol) and /PrOH (60 mg, 1.0 mmol) were added in this
order. After the resulting mixture was stirred for 1 min at room temperature, 1a (160 mg, 1.0 mmol)
and toluene (2.0 mL) were added. The vial was placed in an autoclave and the autoclave was taken
out of the glove box. N, in the autoclave was replaced with H, by positive pressure of H,. Then, the
mixture was stirred at 100 °C for 3 h under 5 atm of H,. After cooling to room temperature, H, was
released and the mixture was diluted with EtOAc. The conversion was determined by GC analysis
with n-tridecane (18 mg, 0.10 mmol) as an internal standard. The resulting solution was filtered
through a pad of silica gel and the yields of the products were determined by 'H NMR analysis with
1,3,5-trimethoxybenzene as an internal standard.
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General procedure for entries 3—6 in Table 1. In a glove box, a vial was charged with CuCl (2.0
mg, 0.020 mmol), a phosphine ligand (0.020 mmol) and toluene (1.00 mL), and the resulting
solution was stirred for 10 min at room temperature. To this vial, LiOfBu (40 mg, 0.50 mmol) and
iPrOH (60 mg, 1.0 mmol) were added in this order. After the resulting mixture was stirred for 1 min
at room temperature, 1a (160 mg, 1.0 mmol) and toluene (2.0 mL) were added. The vial was placed
in an autoclave and the autoclave was taken out of the glove box. N, in the autoclave was replaced
with H by positive pressure of H,. Then, the mixture was stirred at 100 °C for 3 h under 5 atm of
H,. After cooling to room temperature, H, was released and the mixture was diluted with EtOAc.
The conversion was determined by GC analysis with n-tridecane (18 mg, 0.10 mmol) as an internal
standard. The resulting solution was filtered through a pad of silica gel and the yields of the
products were determined by 'H NMR analysis with 1,3,5-trimethoxybenzene as an internal
standard.

(Z£)-2a. The reaction of 1a followed by purification by MPLC (16 g of silica gel and
Ph/\ Biotage® SNAP Ultra 10 g, n-hexane) gave the corresponding products (Z)-2a

Bu (130 mg, 0.80 mmol, 80%) as a colorless oil, Ry = 0.67 (n-hexane).'H NMR
(CDCls, 400 MHz): 8 7.37-7.22 (m, 5H), 6.43 (d, J = 11.6 Hz, 1H), 5.69 (dt, J =
11.6 Hz, 7.3 Hz, 1H), 2.35 (dq, J = 7.3 Hz, 1.8 Hz, 2H), 1.48-1.33 (m, 4H), 0.92 (t, J = 7.3 Hz,
3H); °C NMR (CDCls, 101 MHz): 8 137.8, 133.2, 128.73, 128.68, 128.1, 126.4, 32.2, 28.3, 22.4,
14.0; All the resonances of 'H and '*C NMR spectra were consistent with reported values.”

General procedure for Table 2. Similar procedure for Table 1 was employed. The products were
purified by MPLC on silica gel to give the corresponding products. In the case of entries 1, 6, 8, and
11, the yields of (2)-2b*, (E)-2b,”, 3b,°, (2)-2g, (2)-2i°, and (Z)-5-dodecene’ were determined by
"H NMR analysis with 1,3,5-trimethoxybenzene as an internal standard.

(£)-2d. The reaction of 1d (180 mg, 1.0 mmol) at 60 °C followed by purification
by MPLC (16 g of silica gel and Biotage® SNAP Ultra 10 g, n-hexane) gave the
corresponding product (160 mg, 0.91 mmol, 91%) as a mixture of (Z)-2¢,**
(E)-2d,** and 3d™ ((2)-2d/(E)-2d/3d = 95/5/<1 determined by '"H NMR analysis)
as a colorless oil, Ry = 0.53 (hexane). "H NMR (CDCls;, 400 MHz): § 7.28-7.16 (m,
10H), 6.60 (s, 2H); °C NMR (CDCl;, 101 MHz): & 137.2, 130.2, 128.8, 128.2, 127.1. All the
resonances of 'H and °C NMR spectra were consistent with reported values.™

Ph /\
Ph

(Z)-2e. The reaction of 1e (210 mg, 1.00 mmol) followed by purification by
MPLC (16 g of silica gel and Biotage® SNAP Ultra 10 g, n-hexane) gave
O the corresponding product (208 mg, 0.99 mmol, 99%) as a mixture of

AN

(Z)-2e,* (E)-2¢,”® and 3e’ ((Z)-2¢/(E)-2e/3e = 98/<1/2 determined by 'H
NMR analysis) as a colorless solid, Ry = 0.59 (n-hexane). '"H NMR (CDCls,
400 MHz): 8 7.17 (d, J = 8.1 Hz, 4H), 7.04 (d, J = 8.1 Hz, 4H), 6.50 (s, 2H),
2.32 (s, 6H); °C NMR (CDCls, 101 MHz): 6 136.7, 134.5, 129.5, 128.8,
128.7, 21.2. All the resonances of 'H and >C NMR spectra were consistent with reported values.”

* Cahiez, G.; Gager, O.; Lecomte, F. Org. Lett. 2008, 10, 5255.

° (a) Chen, C.; Dugan, T. R.; Brennessel, W. W.; Weix, D. J.; Holland, P. L. J. Am. Chem. Soc. 2014, 136, 945. (b) Carter, T. S.; Guiet, L.; Frank, D.
J.; West, J.; Thomas, S. P. Adv. Synth. Catal. 2013, 355, 880.

6 Belger, C.; Neisius. N. M.; Plietker. B. Chem. Eur. J. 2010, 16, 12214.

7 Cahiez, G.; Gager, O.; Buendia, J.; Patinote, C. Chem. Eur. J. 2012, 18, 5860.

¥ (a) Yan, M.; Jin, T.; Ishikawa, Y.; Minato, T.; Fujita, T.; Chen, L.-Y.; Bao, M.; Asao, N.; Chen, M.-W.; Yamamoto, Y. J. Am. Chem. Soc. 2012,
134, 17536. (b) Chen, Z.; Luo, M.; Wen, Y.; Luo, G.; Liu, L. Org. Lett. 2014, 16, 3020. (c) Kantam. M. L.; Kishore. R.; Yadav, J.; Sudhakar, M.;
Venugopal, A. Adv. Synth. Catal. 2012, 354, 663.

? (a) Li. J.; Hua. R.; Liu. T. J. Org. Chem. 2010, 75, 2966. (b) Kantam, M. L.; Srinivas. P.; Yadav. J.; Likhar. P. R.; Bhargava, S. J. Org. Chem. 2009,
74,4882. (c) Chen. T.; Yang, Li. L.; Huang. K.-W. Tetrahedron 2012, 68, 6152.
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N (Z)-2f. The reaction of 1f (214 mg, 1.00 mmol) followed by purification by

O MPLC (16 g of silica gel and Biotage® SNAP Ultra 10 g, n-hexane) gave

F the corresponding product (206 mg, 0.95 mmol, 95%) as a mixture of

O (2)-2£'° (E)-2£,'0 and 3f° ((Z)-28/(E)-2£/3f = 99/<1/1 determined by 'H

NMR analysis) as a colorless solid, Ry = 0.59 (n-hexane). 'H NMR (CDCls,

F 400 MHz): 6 7.20-7.16 (m, 4H), 6.94-6.90 (m, 4H), 6.54 (s, 2H); °C NMR

(CDCls, 101 MHz):  161.8 (d, J = 246.3 Hz), 132.9 (d, J = 2.9 Hz), 130.5

(d, J = 7.8 Hz), 129.1, 1152 (d, J = 22.0 Hz); ’F NMR (CDCl;, 376 MHz): 6—114.7. All the
resonances of 'H and "°C spectrum was consistent with reported values.'’

(Z£)-2g. The reaction of 1g (79 mg, 0.3 mmol) at 80 °C in toluene (0.8

O N mL) followed by purification by MPLC (16 g of silica gel and

O Biotage® SNAP Ultra 10 g, n-hexane/EtOAc = 99/1 to 93/7) gave

\( \([) O the corresponding products (Z)-2g (42 mg, 0.16 mmol, 52%) as a

pale yellow oil, Ry = 0.35 (n-hexane/EtOAc = 95/5). 'H NMR

(CDCls, 400 MHz): 6 7.90 (d, J = 8.5 Hz, 2H), 7.30 (d, J = 8.5 Hz,

2H), 7.25-7.20 (m, 5H), 6.71 (d, J = 12.2 Hz, 1H), 6.61 (d, J = 12.2 Hz, 1H), 5.24 (sept, /= 6.1 Hz,

1H), 1.36 (d, J = 6.1 Hz, 6H); °C NMR (CDCls, 101 MHz): 5 165.9, 141.8, 136.7, 132.1, 129.4,

129.31, 129.28, 128.83, 128.74, 128.3, 127.4, 68.3, 21.9. HRMS-APCI(+) (m/z): [M+H]" calcd. for
C18H1902, 2671380, found, 267.1375.

(Z2)-2h. The reaction of 1h (170 mg, 1.0 mmol) followed by purification by
MPLC (16 g of silica gel and Biotage® SNAP Ultra 10 g, n-hexane) gave the
CsHy4 /\ corresponding products (Z)-2h (130 mg, 0.76 mmol, 76%) as a colorless oil,

CsHyy | Re=0.92 (n-hexane). '"H NMR (CDCls, 400 MHz): 8 5.36 (m, 2H), 2.03 (q, J
= 6.4 Hz, 4H), 1.39-1.24 (m, 12H), 0.89 (t, J = 6.9 Hz, 6H); °C NMR
(CDCl3, 101 MHz): 8 129.9, 31.6, 29.5, 27.2, 22.6, 14.1. All the resonances of
'H and "°C NMR spectra were consistent with reported values."!

' Shi, M.; Xu, B. J. Org. Chem. 2002, 67, 294.
"' Semba. K.; Fujihara. T.; Xu. T.; Terao. I.; Tsuji. Y. Adv. Synth. Catal. 2012, 354, 1542.
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The procedure for Eq. 1. Similar procedure for Table 1 was employed by using iPrOH-d; instead
of iPrOH. The yield and deuterium incorporation were determined by '"H NMR analysis (Figure S1

and S2).
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