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1. Preparation of 1,n-Diene 1b.

Unless otherwise noted, all reactions were carried out under nitrogen and all commercial
reagents were used without further purification. NaH was washed three times with hexane prior to
use. Anhydrous Et.O, DMF and THF were purchased from the Kanto Chemical Co. Inc and used
as received. Hexane and dichloromethane were purified using a Grubbs solvent purification system.
Dichloroethane was distilled from P2Os. Malonic esters was distilled from CaSOa. *H, 2H{*H} and
13C{*H} spectra were recorded on a JEOL ECX-400, AL-400, or ALPHA-400 spectrometer. Gas
chromatography (GC) analyses were performed using a CBP-10 capillary column (25 m x 0.22
mm, film thickness 0.25 um). IR spectra were recorded on a JASCO FT/IR-410 infrared
spectrometer. ESI-MS was performed on a JEOL JMS-T100LCS. Flash column chromatography
was carried out with silica gel 60N (Kanto Chemical Co., Inc.).

2. Preparation of 1,n-Diene 1b.
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Following the procedure reported by Ryu et al.t, 3-bromocyclopentene S1 was produced in
38% NMR vyield (39.1 mmol) as a mixture with CCls. The crude mixture was used in the next step
without further purification.

To a suspension of 559 mg of NaH (60 % oil suspension, 13.9 mmol) in 60 mL of THF was
slowly added 2.08 g of dimethyl (4-pentenyl)malonate (10.3 mmol) at 0 °C, and the solution was
gradually warmed to room temperature. 3-bromocyclopentene (as mixture of CCls, 39.1 mmol)
was added dropwise to the flask and the mixture was stirred for 1 day. After this period, a saturated
aqueous solution of ammonium chloride was introduced to the mixture, which was then extracted
three times with Et,O. The combined organic portions were washed with brine, quickly dried over
Na>SOq, filtered, and concentrated. Column chromatography of the crude material on silica gel
(40:1 hexane/EtOAC) followed by gel permeation chromatography afforded 1.67 g of the 1,8-diene
1b (6.27 mmol, 63%): IR (neat): 3075 w, 2997 m, 2953 s, 2866 m, 2850 m, 1733 s, 1641 m, 1607
m, 1436 s, 1242 s, 1085 s, 1046 s, 1002 s, 917 s, 856 m, 840 m, 782 m, 726 m, 636 m, 579 m cm’
1 IH NMR (400 MHz, CDCls): & 1.22-1.45 (m, 2H), 1.65-1.75 (m, 1H), 1.81-2.09 (m, 5H), 2.22-
2.30 (m, 2H), 3.37-3.45 (m, 1H), 3.68 (s, 3H), 3.71 (s, 3H), 4.93-5.05 (m, 2H), 5.71-5.83 (m, 3H);
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13C NMR (100 MHz, CDCls): § 23.9, 25.2, 31.7, 32.8, 33.9, 49.4, 51.9, 52.1, 61.1, 114.9, 131.4,
132.1, 138.1, 171.7. 171.9; HRMS (ESI-TOF) m/z: [M+Na]* calcd for CisH22NaO4 289.1416;
Found 289.1410.

3. Preparation of 1,n-Diene 1c.
The Johnson-Claisen rearrangement, the reduction of the ester and the bromination were
conducted following the procedure of synthesis of 5-bromo-3-methylpent-1-ene.?

(EtO);CMe
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A 200 mL three-necked flask with Dean-Stark apparatus and reflux condenser was charged
with 6.3 g of 2-penten-1-ol (73.2 mmol), 223 mg of propionic acid (3.01 mmol) and 25 mL of
(EtO)sCMe (136 mmol) and heated at 145 °C for 4 h. After this period, the reaction mixture was
cooled to room temperature and diluted with Et.O. The organic layer washed twice with a 2 M
aqueous solution of HCI, and then with water and brine. The resulting solution was dried over
Na.SOg, filtered, concentrated. The crude product was used in the next step without further
purification.

To a solution of ethyl ester S2 in 60 mL of THF was carefully added 1.8 g of LiAlIH4 (47.4
mmol) at 0 °C and the resulting suspension was stirred at this temperature for 1 h. After this period,
the reaction mixture was quenched with MeOH and a 2 M aqueous solution of HCI, and the
resulting mixture was stirred at room temperature for 2 h. The filtrate was extracted three times
with Et.O. Combined organic portions were washed twice with brine, dried over Na>SOsa, filtered,
and concentrated. The crude product was used in the next step without further purification.

To a solution of alcohol S3 in 7.4 mL of pyridine (91.7 mmol) was added dropwise 25 g of
phosphorus tribromide (92.4 mmol) at -40 °C for 20 min. The reaction mixture warmed to room
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temperature and stirred for 1 h. After this period, the reaction mixture was poured into ice water
and extracted three times with Et2O. Combined organic portions were washed with a 1 M aqueous
solution of NaOH and then with brine. The resulting solution was dried over Na>SOg, filtered and
concentration. The crude product was used in the next step without further purification.

A 300 mL three-necked flask was charged with 1.53 g of NaH (60% oil suspension, 38.3
mmol), which had been washed three times with hexane and suspended in 85 mL of DMF. To this
suspension was added 4.63 g of dimethyl malonate (35.0 mmol) at 0 °C and the mixture was
allowed to gradually warm to room temperature. The bromoalkene S4 was added dropwise to the
flask and the mixture was stirred for 26 h. After this period, a saturated aqueous solution of
ammonium chloride was introduced to the mixture, which was then extracted three times with Et,O.
The combined organic portions were washed with brine, quickly dried over Na>SOg, filtered, and
concentrated. Column chromatography of the crude material on silica gel (99:1 to 95:5, 90:10
hexane/EtOAc), followed by gel permeation chromatography, afforded 256 mg of alkylated
dimethylmalonate S5 (1.12 mmol, 3% over 4 steps).

A 50 mL three-necked flask was charged 67.7 mg of NaH (60% oil suspension, 1.69), which
was washed three times with hexane and suspended in 5 mL of THF. To this suspension was added
256 mg of alkylated dimethylmalonate S5 (1.12 mmol) in 2 mL of THF at 0 °C and the mixture
was gradually warmed to room temperature. 247 mg of 3-bromocyclohexene (1.54 mmol) was
added dropwise to the flask and the mixture was stirred for 25 h. After this period, a saturated
aqueous solution of ammonium chloride was introduced to the mixture, which was then extracted
three times with Et2O. The combined organic portions were washed with brine, quickly dried over
Na>SOyg, filtered, and concentrated. Column chromatography of the crude material on silica gel
(99:1 hexane/EtOAC) afforded 217 mg of 1,8-diene 11 (0.705 mmol, 64%) as a 1:1 mixture of two
diastereomers: IR (neat): 3075 w, 3033 m, 2952 s, 2932 s, 2874 m, 2840 m, 1731 s, 1641 w, 1449
m, 1434 s, 1397 w, 1379 w, 1299 m, 12405, 1217 s, 1200 s, 1154 s, 1128 m, 1111 m, 1093 m, 1050
m, 1038 m, 995 m, 913 m, 887 w, 872 w, 836 w, 797 w, 753 w, 724 m, 671 w, 621 w, 586 w cm™;
'H NMR (400 MHz, CDCl3) : & 0.83 (t, J = 7.4 Hz, 3H, diastereomer 1c-A), 0.83 (t, J = 7.4 Hz,
3H, diastereomer 1c-B), 1.07-1.46 (m, 5H), 1.46-1.59 (m, 1H), 1.70-1.90 (m, 4H), 1.90-2.02 (m,
3H), 2.81-2.92 (m, 1H), 3.69 (s, 3H), 3.72 (s, 3H), 4.91-5.07 (m, 2H), 5.41-5.56 (m, 1H), 5.61-5.74
(m, 2H); *C NMR (100 MHz, CDCls): § 11.5 (1C), 11.5 (1C), 22.4 (2C), 24.3 (1C), 24.4 (1C),
24.9 (2C), 27.5 (1C), 27.5 (1C), 29.2 (1C), 29.2 (1C), 30.6 (1C), 30.7 (1C), 39.6 (1C), 39.6 (1C),
46.0 (1C), 46.1 (1C), 51.8 (2C), 52.0 (2C), 61.3 (1C), 61.3 (1C), 114.9 (1C), 114.9 (1C), 128.0
(1C), 128.1 (1C), 128.3 (1C), 128.3 (1C), 142.3 (1C), 142.3 (1C), 171.3 (1C), 171.4 (1C), 171.7
(2C); HRMS (ESI-TOF) m/z: [M+Na]* calcd for C1gH2sNaO4 331.1891; Found 331.1891.
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4. General Procedure A for the Preparation of 1,n-Dienes 1d-k, 1m

1) NaH, THF
2) /\ﬁ T
/
rRo,c_ M Br R RO,C Z R,
ROZCW RO,C P
n n

To a suspension of NaH (1.4 equiv) in THF was slowly added the alkenylated malonic ester (1
equiv, ca. 0.2 mmol per 1 mL of THF) at 0 °C, and the mixture was gradually warmed to room
temperature. The bromoalkene (1.05 equiv) was added dropwise to the flask and the mixture was
stirred for 1 day. After this period, a saturated aqueous solution of ammonium chloride was
introduced to the mixture, which was then extracted three times with EtO. Combined organic
portions were washed with brine, quickly dried over Na>SOs, filtered, and concentrated. Column
chromatography of the crude material on silica gel (hexane/EtOAc) afforded 1,n-diene 1.

Meozc></\/\/\/\ Acyclic 1,8-diene 1d. 95% isolated yield from dimethyl 2-(4-
MeO,C N pentenyl)malonate and 1-bromo-2-pentene. IR (neat): 3077 m, 3030 m,

1d 2959 s, 2932 s, 2873 5, 2845 s, 1741 s, 1669 w, 1641 s, 1458 s, 1436 s,
1372 m, 1292's, 1269 s, 1249 s, 1228 5, 1201 s, 1181 s, 1144 5, 1083 s, 1038 s, 1000 s, 971 s, 913
s, 838 m, 822 m, 781 w, 737 w, 697 w, 634 w, 592 w cm™, *H NMR (400 MHz, CDCls): § 0.94 (t,
J=17.6 Hz, 3 H), 1.21-1.31 (m, 2H), 1.83-1.89 (m, 2H), 1.93-2.09 (m, 4H), 2.58 (d, J = 7.3 Hz,
2H), 3.71 (s, 6H), 4.93-5.05 (m, 2H), 5.16-5.27 (m, 1H), 5.52 (dt, J = 15.1, 7.1 Hz 1H), 5.66-5.89
(dt, J = 15.1, 6.1 Hz, 1H); *C NMR (100 MHz, CDCls): § 13.8, 23.2, 25.6, 31.7, 33.7, 35.8, 52.2,
57.8, 114.9, 122.5, 136.8, 138.1, 171.9; HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci5sH224NaO4
291.1572; Found 291.1570.

MeO,C ~"  Acyclic 1,7-diene le. 79% isolated yield (E:Z = 82:18) from dimethyl 2-(3-

MeO,C =~ butenyl)malonate and crotyl bromide. IR (neat): 3074 m, 2954 s, 2858 m,

£17 322/18 1739s, 1643 m, 1444 s, 1270 s, 1203 s, 1139 5, 1040 s, 973 5, 916 s, 807 m,

699 m, 641 m, 559 m cm™*, *H NMR (400 MHz, CDCls): § 1.61-1.67 (m, 3H),

1.92-1.98 (m, 4H), 2.59 (d, J = 7.3 Hz, 2H, E-isomer:), 2.69 (d, J = 7.8 Hz, 2H, Z-isomer) 3.70 (s,

6H, E-isomer), 3.72 (s, 6H, Z-isomer), 4.92-5.06 (m, 2H), 5.18-5.29 (m, 1H), 5.46-5.65 (m, 1H),

5.68-5.83 (m, 1H); 3C NMR (100 MHz, CDCls, E-isomer): & 18.0, 28.3, 31.5, 35.9, 52.3, 57.5,

115.0, 1245, 129.7, 137.5, 171.7; HRMS (ESI-TOF) m/z: [M+Na]" calcd for CisH2oNaOs

263.1259; Found 263.1261. The analytical data of the major isomer was good agreement with trans
1,7-diene reported in literature.®
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MeO,C (4-pentenyl)malonate and crotyl bromide. IR (neat): 3074 w. 2952 s, 2864
£i7 =122/18 m, 1739 s, 1644 w, 1442 s, 1372 w, 1261 s, 1200 s, 1139 s, 1038 m, 1006

m, 971 m, 916 m, 845 w, 782 w, 739 w, 699 w, 642 w cm, *H NMR (400

MHz, CDCls): 6 1.20-1.33 (m, 2H), 1.59-1.68 (m, 3H), 1.80-1.93 (m, 2H), 1.97-2.12 (m, 2H), 2.57
(d, J =7.3 Hz, 2H, E-isomer), 2.67 (d, J = 7.3 Hz, 2H, Z-isomer), 3.71 (s, 6H, E-isomer), 3.69 (s,
6H, Z-isomer), 4.91-5.06 (m, 2H), 5.16-5.29 (m, 1H), 5.43-5.64 (m, 1H), 5.68-5.84 (m, 1 H); 13C
NMR (100 MHz, CDCls, E-isomer): 6 18.0, 23.2, 31.7, 33.7, 35.8, 52.2, 57.7, 114.8, 124.6, 129.5,
138.0, 171.8; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C14H22NaO4 277.1416; Found 277.1413.

Me020><:/:'\/“‘"\ Acyclic 1,8-diene 1f. 79% isolated yield (E:Z = 82:18) from dimethyl 2-
X

Acyclic 1,9-diene 1g. 90% isolated yield (E:Z = 84:16) from

MeO,C Z dimethyl 2-(5-hexenyl)malonate and crotyl bromide. IR (neat): 3077 m,
MeO,C - #3027 m, 2997 m, 2953 s, 2930 s, 2859 5, 1737 5, 1672 W, 1641 m, 1437
EIZ = 84/16 s, 1378 w, 1278 s, 1261 s, 1237 s, 1201 s, 1134 s, 1044 m, 1022 m, 995

m, 970 s, 913 s, 859 w, 820 m, 697 m cm?, 'H NMR (400 MHz,
CDCls): 6 1.11-1.24 (m, 2H), 1.33-1.44 (m, 2H), 1.57-1.68 (m, 3H), 1.79-1.91 (m, 2H), 1.98-2.10
(m, 2H), 2.57 (d, J = 7.1 Hz, 2H, E-isomer), 2.66 (d, J = 7.1 Hz, 2H, Z-isomer), 3.70 (s, 6H, E-
isomer), 3.71 (s, 6H, Z-isomer) 4.89-5.05 (m, 2H), 5.16-5.30 (m, 1H), 5.43-5.64 (m, 1H), 5.70-
5.85 (m, 1H); ¥*C NMR (100 MHz, CDCls, E-isomer): § 18.0, 23.2, 28.9, 32.0, 33.3, 35.8, 52.3,
57.8, 1145, 124.6, 129.5, 138.6, 171.9; HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci5sH224NaO4
291.1572; Found 291.1569.

MeO,C Z Acyclic 1,10-diene 1h. 68% isolated yield (E:Z = 80:20) from
MeOzC><:/\/W diemthyl 2-(6-heptenyl)malonate and crotyl bromide. IR (neat): 3076
£17 =120/20 w, 3026 m, 2996 m, 2952 s, 2930 s, 2858 s, 1736 s, 1672w, 1641 m,
1437 s, 1377 w, 1270 s, 1201 s, 1134 s, 1032 m, 996 m, 970 s, 911 s,
861 w, 820 w, 726 w, 697 w cm, *H NMR (400 MHz, CDCls): § 1.11-1.21 (m, 2H), 1.25-1.43 (m,
4H), 1.61 (dd, J = 6.8 Hz, 1.5 Hz, 3H, Z-isomer), 1.64 (dd, J = 6.3, 1.5 Hz, 3H, E-isomer), 1.78-
1.89 (m, 2H), 1.96-2.10 (m, 2H), 2.57 (d, J = 7.3 Hz, 2H, E-isomer), 2.66 (d, J = 7.3 Hz, 2H, Z-
isomer), 3.70 (s, 6H, E-isomer), 3.71 (s, 6H, Z-isomer), 4.88-5.07 (m, 2H), 5.17-5.28 (m, 1H), 5.43-
5.64 (m, 1H), 5.72-5.85 (m, 1H); 3C NMR (100 MHz, CDCls, E-isomer): § 18.0, 23.6, 28.5, 29.1,
32.1, 33.6, 35.8, 52.2, 57.8, 114.3, 124.7, 129.5, 138.9, 171.9; HRMS (ESI-TOF) m/z: [M+Na]*
calcd for C16H2sNaO4 305.1729; Found 305.1734.
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Meozc></\f:\/\/\/\ Acyclic 1,14-diene 1i. 82% isolated yield (E:Z = 82:18)
MeO,C N from dimethyl 2-(10-undecenyl)malonate and crotyl
£ :;2/18 bromide. IR (neat): 3076 w, 3026 m, 2996 m, 2926 s, 2855
s,1736s, 1641 m, 1436 s, 1377 w, 1267 s, 1201 s, 1134 m,
1040 m, 994 m, 969 s, 910 s, 859 w, 820 w, 722 w, 698 w cm; *H NMR (400 MHz, CDCls): &
1.08-1.20 (m, 2H), 1.20-1.32 (m, 10H), 1.32-1.43 (m, 2H), 1.60-1.68 (m, 3H), 1.79-1.89 (m, 2H),
1.98-2.09 (m, 2H), 2.56 (d, J = 7.4 Hz, 2H, E-isomer), 2.66 (d, J = 7.6 Hz, 2H, Z-isomer) 3.70 (s,
6H, E-isomer), 3.71 (s, 6H, Z-isomer), 4.89-5.05 (m, 2H), 5.17-5.30 (m, 1H), 5.49-5.64 (m, 1H),
5.75-5.88 (m, 1H); **C NMR (100 MHz, CDCls, E-isomer): § 18.0, 23.8, 28.9, 29.1, 29.3, 29.4,
29.4,29.7,32.2,33.8,35.8,52.2,52.2,57.8,114.1, 124.7, 129.5, 139.2, 172.0, 172.0; HRMS (ESI-
TOF) m/z: [M+Na]" calcd for C20Hz4sNaO4 361.2355; Found 361.2350.

E(O.C v, Acyclic 1,8-diene 1j. 85 % isolated yield (E:Z = 80:20) from diethyl 2-
Etozc><:/\/\ (4-pentenyl)malonate and crotyl bromide. IR (neat): 3078 w, 3026 w, 2987

1 m, 2958w, 2906 m, 2858 w, 2843 w, 1733 s, 1672 w, 1641 w, 1445 m, 1390

Elz=80/20 1367 m, 1297 m, 1266's, 1224 5, 1196 s, 1037 m, 995 m, 968 m, 913 m,
913 m, 860 m, 779 w, 735 w, 698 w cm’; IH NMR (400 MHz CDCls): & 1.11-1.34 (m, 8H), 1.59-
1.69 (M, 3H), 1.81-1.90 (m, 2H), 1.99-2.09 (m, 2H), 2.57 (d, J = 7.3 Hz, 2H, E-isomer), 2.66 (d, J
= 7.8 Hz, 2H, Z-isomer), 4.17 (q, J = 7.0 Hz, 4H), 4.90-5.05 (M, 2H), 5.18-5.32 (m, 1H), 5.43-5.63
(m, 1H), 5.69-5.84 (m, 1H); 13C NMR (100 MHz, CDCls, E isomer):  14.1, 18.0, 23.1, 31.5, 33.8,
35.6, 57.5, 61.0, 114.9, 124.7, 129.4, 138.1, 171.4; HRMS (ESI-TOF) m/z: [M+Na]* calcd for
C1sH26NaO, 305.1729; Found 305.1723

’Bu020></\f”/”1"\ Acyclic 1,8-diene 1k. 69% isolated yield (E:Z = 82:18) from di-tert-

‘BuO,C X butyl 2-(4-pentenyl)malonate and crotyl bromide. IR (neat): 3078 w, 3004

E/Z=1I£(33/17 m, 2979 s, 2933 s, 2866 m, 1727 s, 1641 m, 1477 m, 1456 s, 1393 s, 1368

s, 1294 s, 1274 s, 1254 s, 1214 s, 1149 s, 1033 w, 998 m, 967 m, 911 m,

884 w, 849 s, 794 m, 731w, 707 w cm; *H NMR (400 MHz, CDCl3: § 1.22-1.32 (m, 2H), 1.44 (s,

18H), 1.61-1.67 (m, 3H), 1.74-1.82 (m, 2H), 2.01-2.10 (m, 2H), 2.48 (d, J = 7.8 Hz, 2H, E isomer),

2.57 (d, J=7.8 Hz, 2H, Z isomer), 4.93-5.05 (m, 2H), 5.18-5.30 (m, 1H), 5.44-5.62 (m, 1H), 5.71-

5.84 (m, 1H); C NMR (100 MHz, CDCls, E-isomer): § 17.9, 23.0, 27.9, 31.1, 33.9, 35.3, 58.1,

80.8, 114.8, 125.0, 128.9, 138.2, 170.7; HRMS (ESI-TOF): m/z: [M+Na]" calcd for C2oH3sNaO4
361.2355; Found 361.2349.
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Acyclic 1,8-diene 1m 55% isolated yield from dimethyl 2-(3-
MeO,C butenyl)malonate and prenyl bromide. IR (neat): 3077 w, 2953 s, 2928 s,
MeO,C X 2863s,2360 m, 2342 m, 1736 s, 1541 w, 1507 w, 1436 s, 1379 m, 1291 s,
1274 s, 1214 s, 2297 s, 1175 s, 1118 m, 1080 m, 1057 m, 1007 m, 955 w,
914 m, 842 w, 815 w, 788 w, 735 w, 695 w, 667 w, 642 w cm™; *H NMR
(400 MHz, CDCls): 6 1.21-1.31 (m, 2H), 1.60 (s, 3H), 1.69 (s, 3H), 1.83-1.90 (m, 2H), 2.01-2.09
(m, 2H), 2.60 (d, J = 7.6 Hz, 2H), 3.70 (s, 6H), 4.90-5.04 (m, 3H), 5.71-5.83 (m, 1H); 3C NMR
(100 MHz, CDCls): 6 17.8, 23.4, 26.0, 31.1, 31.7, 33.8, 52.3, 57.6, 114.9, 117.6, 135.5, 138.1,
172.0; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C1sH24NaO4 291.15723; Found 291.15632.

1m
E/Z = 83/17

5. Preparation of 6-Aza-1,8-diene 1l.
1) NaH, DMF

2 NG
TsHN ) Br TsN/\/“w

X \/\/\
11

A 300 mL three-necked flask was charged with 840 mg of NaH (60% oil suspension, 21 mmol),
which was washed three times with hexane and suspended in 80 mL of DMF. To this suspension
was added a solution of 3.5 g of N-4-pentenyl-p-toluenesulfonamide (14.6 mmol) at 0 °C . Then
2.24 g of crotyl bromide (16.5 mmol) was added dropwise to the mixture, which was stirred further
at room temperature for 24 h. After this period, a saturated aqueous solution of ammonium chloride
was introduced to the mixture, which was then extracted three times with Et2O. Combined organic
portions were washed with brine, quickly dried over NaxSOs, filtered, and concentrated. Column
chromatography of the crude material on silica gel (20:1 hexane/EtOAc) afforded 4.11 g of the
desired 6-aza-1,8-diene 1l (14.0 mmol, 96%, E:Z = 84:16). IR (neat): 3076 w, 3028 w, 2971 m,
2921's, 2867 m, 1641 m, 1599 m, 1494 m, 1449 s, 1378 m, 1340 s, 1305 m, 1215 w, 1159 s, 1092
s,1019 m, 969's, 942 s, 852 w, 816's, 779 m, 736's, 717 s, 700m, 654 s, 551 s, 516 W, 506 w cm™%;
'H NMR (400 MHz, CDCls): § 1.56-1.69 (m, 5H), 1.98-2.08 (m, 2H), 2.42 (s, 3H), 3.10 (d, J = 7.6,
7.4 Hz, 2H), 3.72 (d, J = 6.5 Hz, 2H, E isomer), 3.85 (d, J = 7.0 Hz, 2H, Z-isomer), 4.92-5.05 (m,
2H), 5.19-5.31 (m, 1H), 5.52-5.64 (m, 1H), 5.69-5.82 (m, 1H), 7.29 (d, J = 7.9 Hz, 2H), 7.65-7.72
(m, 2H); *3C NMR (100 MHz, CDCls, E-isomer): § 17.6, 21.4, 30.6, 30.7, 46.4, 49.8, 115.0, 125.7,
127.1, 129.5, 130.1, 137.2, 137.6, 142.9; HRMS (ESI) m/z: [M+Na]" calcd for C16H23NNaO.S
316.1347; Found 316.1352.
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6. Preparation of 1,n-Diene 1n.

MeOzC><X NaOH Hozc></\/\/\/\
MeO,C EtOH/H,0  HO.C N
S6
= KHCO,, CHjl =
155 °C . DMF N

S7 1n

To a mixture of 7.8 mL of 6 M NaOH aq (46.8 mmol) and 2.5 mL of ethanol was added 639
mg of 1d (2.01 mmol) under air and the mixture was heated to reflux for 19 h. After cooled to room
temperature, the resulting mixture was neutralized by adding a 6 M solution of HCI and extracted
three times with Et2O. Combined organic portions were quickly dried over MgSOyg, filtered, and
concentrated to obtain the dicarboxylic acid quantitatively, which was used for the next step
without further purification.

The dicarboxylic acid heated at 155 °C for 1.5 h to obtain monocarboxylic acid, which was
used for the next step without further purification.

To a 50 mL Schlenk flask charged with the monocarboxylic acid S7 in 3 mL of DMF was
added 458 mg of KHCO3 (4.57 mmol) and 658 mg of Mel (4.64 mmol). After stirring at room
temperature for 37 h, the reaction mixture mixed with water and extracted three times with ethyl
acetate. The combined portions washed with brine, dried over Na,SOa, filtered, concentrated.
Column chromatography of the crude material on silica gel (98:2 hexane/EtOAc) afforded 364 mg
of 1,8-diene 1n (1.72 mmol, 74% over 3steps): IR (neat): 3078 m, 2935 s, 2873 s, 2858 s, 1737 s,
1641 s, 1737 s, 1641 s, 1458 s, 1436 s, 1375 m, 1348 m, 1269 s, 1249 s, 1211 s, 1191 s, 1166 s,
1056 m, 1032 m, 993 s, 968 s, 911 s, 827 m, 748 w, 639 w cm™; 'H NMR (400 MHz, CDCls): &
0.95 (t, J = 7.6 Hz, 3H), 1.32-1.41 (m, 2H), 1.43-1.53 (m, 1H), 1.55-1.66 (m, 1H), 1.93-2.08 (m,
4H), 2,11-2.20 (m, 1H), 2.22-2.32 (m, 1H), 2,35-2.44 (m, 1H), 3.66 (s, 3H), 4.91-5.04 (m, 2H),
5.26-5.36 (M, 1H), 5.44-5.54 (m, 1H), 5.72-5.85 (m, 1H); *C NMR (100 MHz, CDCls): § 13.9,
25.5, 26.6, 31.2, 33.6, 35.3, 45.8, 51.3, 114.6, 125.6, 134.5, 138.4, 176.3; HRMS (ESI-TOF) m/z:
[M+Na]* calcd for C13H22NaO 233.1517; Found 233.1526.

7. Preparation of 1,n-Diene lo.

Alkylation in the first and second step were carried out according to the procedures reported
by Benedetti et al.* and Trost et al.®, respectively. Desulfonylation was carried out following the
procedure reported by Ogasawara and Takahashi et al.
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1) NaH, DMF 1) NaH, THF

2) Br\/W

/\/\/
Ph028><H 11 PhO,S. M 2) Br _ PhO,S =
PhO,S” Y, PhOgSW PhO,S =

11 11

s8 s9
Mg = Mg =
—— PhO,S —
MeOH/THF = MeOH/THF N
1"
$10 to

To a suspension of 880 mg NaH (60% oil suspension, 22 mmol) in 40 mL of DMF were added
5.91g bis(phenylsulfonyl)methane (19.9 mmol) and 5.16 g of 11-bromo-1-undecene (22.1 mmol).
The reaction mixture was heated to 70 °C and stirred for 15 h. After cooled to room temperature, a
saturated aqueous solution of ammonium chloride was introduced to the mixture, which was then
extracted three times with CH.Cl>. Combined organic portions were washed with brine, quickly
dried over MgSQsy, filtered, and concentrated. Column chromatography of the crude material on
silica gel (75:25 hexane/EtOAc) afforded 5.26 g of alkylated bis(phenylsulfonyl)methane S8 (11.7
mmol, 59%).

To a suspension of 241 mg NaH (60% oil suspension, 22 mmol) in 35 mL of DMF was added
2.22 g of alkylated bis(phenylsulfonyl)methane S8 at 0 °C, and the mixture was gradually warmed
to room temperature. 949 mg of 1-bromo-2-pentene (22.1 mmol) was added dropwise to the flask
and the mixture was stirred for 36 h. After this period, a saturated aqueous solution of ammonium
chloride was introduced to the mixture, which was then extracted three times with CH.Cl>.
Combined organic portions were washed with brine, quickly dried over MgSOQsa, filtered, and
concentrated. Column chromatography of the crude material on silica gel (91:9 hexane/EtOAC)
afforded 1.67 g of the 1, 14-diene S9 (3.23 mmol, 65%).

To a suspension of 2.39 g of magnesium (100 mmol) in 50 mL of MeOH was added 1.67 g of
1, 14-diene S9 (3.23 mmol) in 10 mL of THF at 0 °C. The reaction mixture was warmed to room
temperature and stirred for 3 h. After this period, 2 M HCI aq was introduced to the mixture, which
was then extracted three times with Et.O. Combined organic portions were washed with brine,
quickly dried over MgSQg, filtered, and concentrated. The crude material was eluted on silica gel
with hexane and EtOAc subsequently to afford 780 mg of the mono(phenylsulfonyl)1, 14-diene
S10 (2.07 mmol, 64%).

To a suspension of 1.5 g of magnesium (64.1 mmol) in 50 mL of MeOH was added 780 mg of
the mono(phenylsulfonyl)1, 14-diene S10 in 5 mL of THF at 0 °C. The flask was warmed to room
temperature and stirred for 16 h. After this period, 2 M HCI ag was introduced to the mixture,
which was then extracted three times with Et,O. Combined organic portions were washed with
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brine, quickly dried over MgSQyg, filtered, and concentrated. The crude material was eluted on silica
gel with hexane. The fraction was purified by Kugelrohr distillation (230 °C, 10 mmHg) to afford
313 mg of the 1, 14-diene 10 (1.32 mmol, 64%): IR (neat): 3077 m, 2963 s, 2927 s, 2854 s, 1641
m, 1460 s, 1440 s, 1416 w, 1372 w, 1350 w, 1301 w, 991 m, 966 s, 909 s, 721 m, 635 w cm™?; 'H
NMR (400 MHz, CDCls): 6 0.96 (t, J = 7.3 Hz, 3H), 1.18-1.46 (m, 18H), 1.90-2.09 (m, 6H), 4.85-
5.06 (m, 2H), 5.32-5.49 (m, 2H), 5.75-5.88 (m, 1H); 1*C NMR (100 MHz, CDCls): § 14.0, 25.6,
29.0, 29.2, 29.2, 29.5, 29.5, 29.6, 29.6, 29.6, 29.7, 32.6, 33.8, 114.1, 129.4, 131.8, 139.3; Anal.
Calcd for C17H32: C, 86.36; H, 13.64. Found: C, 86.33; H, 13.43.

8. Preparation of 1,12-Diene 7.

1) NaH, DMF
2) AN NN
MeOQC><H Br _ MeO,C
MQOZC H MGOQCM
S11
1) NaH, THF
2) AN NN
N N
Br ~ MeO,C =
MeOZC AN
7

A 300 mL three-necked flask was charged with 1.17 g of NaH (60% oil suspension, 29.4 mmol),
which was washed three times with hexane and suspended in 46 mL of DMF. To this suspension
was added 3.02 g of dimethyl malonate (22.9 mmol) at 0 °C and the solution was gradually warmed
to room temperature. 3.47 g of 9-bromo-1-nonene (16.9 mmol) was added to the flask and the
reaction mixture stirred for 12 h. After this period, a saturated aqueous solution of ammonium
chloride was introduced to the mixture, which was then extracted three times with Et,O. Combined
organic portions were washed with brine, quickly dried over MgSQOs, filtered, and concentrated.
The crude product was purified though silica gel column chromatography (95:5 hexane/EtOAC) to
afford 2.85 g of alkylated dimethyl malonate S11 (11.1 mmol, 66%).

A 300 mL three-necked flask was charged with 0.97 g of NaH (60% oil suspension, 24.2 mmol),
which was washed three times with hexane and suspended in 61 mL of THF. To this suspension
was added 2.83 g of alkylated dimethyl malonate (11.1 mmol) at 0 °C and the solution was
gradually warmed to room temperature. 2.86 g of 1-bromo-2-decene (13.1 mmol) was added to the
flask and the reaction mixture stirred for 16 h. After this period, a saturated aqueous solution of
ammonium chloride was introduced to the mixture, which was then extracted three times with Et20.
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Combined organic portions were washed with brine, quickly dried over MgSOsa, filtered, and
concentrated. The crude product was purified though silica gel column chromatography (40:1
hexane/EtOAC) to afford 3.38 g of 1,12-diene 7 (8.56 mmol, 77%, E:Z = 82:18): IR (neat): 2952m,
2926's, 2855 m, 1739 s, 1462 w, 1199 m, 1031 w, 970 w, 910 w cm®; *H NMR (400 MHz, CDCls):
50.88 (t, J =7.1 Hz, 3H), 1.07-1.42 (m, 20H), 1.77-1.89 (m, 2H), 1.90-2.10 (m, 4H), 2.57 (d, J =
7.3 Hz, 2H, E-isomer), 2.65 (d, J = 7.3 Hz, 2H, Z-isomer), 3.70 (s, 6H, E-isomer), 3.71 (s, 6H, Z-
isomer), 4.87-5.04 (m, 2H), 5.11-5.26 (m, 1H), 5.40-5.56 (m, 1H), 5.72-5.88 (m, 1H); *3C NMR
(100 MHz, CDCls, E-isomer): 6 14.1, 22.6, 23.8, 28.8, 29.0, 29.0, 29.1, 29.4, 29.7, 31.8, 32.1, 32.6,
33.7,35.8,52.2,57.8, 114.1, 123.4, 135.3, 139.1, 172.0; HRMS (ESI-TOF) m/z: [M+Na]* calcd
for C24H42NaO4 417.2981; Found 417.2981.

9. Preparation of 1,n-Diene la-d.
The reduction of an aldehyde’, the chlorination of an alcohol® and the ring opening reaction®
were carried out following the procedures reported in literatures.

O LiAID4 DD DD
(o) Et,O o) thionyl chloride o)
H OH > Cl
S12 S13
Na,Et,O HOMD TsCl, pyridine TSOMD
D CH2C|2 D
S14 S15
1) NaH, THF
1) NaH, DMF
L Dt ] 2o )
MeOZC>< MeOZC . MeOZC
MeO,C™ 4 MeOZCMD MeO,C P
D D
S16 1a-d,

To a suspension with 5.0 g of LiAID4 (119 mmol) in 120 mL of Et>O was added dropwise 7.80
g of methyl tetrahdrofuran-2-carboxylate in 80 mL of Et2O at 0 °C for 1 h. The reaction mixture
was heated to reflux for 1 h. After cooled to 0 °C, 5 mL of water, 15% NaOH aqg, water 15 mL were
added subsequently. The flask was warmed to room temperature and stirred for 1 h. After the period,
the reaction mixture was filtered. The filtrate was evaporated to ca. 100 mL and dried MgSO4,
filtered, concentrated. The products was purified by Kugelrohr distillation (100 °C, 490 mmHg) to
obtain 5.27 g of 2-(hydroxymethyl)tetrahydrofuran-d. S12 (50 .6 mmol, 85%).

To a solution of 5.27 g of 2-(hydroxymethyl)tetrahydrofuran S12 (50 .6 mmol) in 4.18 g of
pyridine (52.8 mmol) was slowly added 6.0 g of thionyl chloride (50.4 mmol) at 0 °C. The flask
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was warmed to room temperature and stirred for 3 h. After the reaction mixture was diluted with
Et>0, the solution was washed five times with water and then with brine, and the resulting solution
was dried over MgSOs, filtered, concentrated. The crude product was purified by Kugelrohr
distillation (40 °C, 15 mmHg) to obtain 1.58 g of 2-(chloromethyl)tetrahydrofuran-d»> S13 (12.8
mmol, 27%).

To suspension of 541 mg of Na in 20 mL of Et:O was added dropwise 1.27 g of 2-
(chloromethyl)tetrahydrofuran-d> S13 (10.4 mmol). The flask was heated to reflux for 2 h. After
cooled to room temperature, the reaction mixture was poured to ice water. After a saturated aqueous
solution of ammonium chloride was added, the mixture was extracted four times with E-O.
Combined organic portions were washed with brine, dried over MgSQOyg, filtered, concentrated. The
crude product was purified by Kugelrohr distillation (80 °C, 380 mmHg) to obtain 502 mg of 4-
propen-1-ol-d, S14 with small amount of starting material. The crude product was used in the next
step without further purification.

To a solution of 1.64 g of tosyl chloride (8.6 mmol) in 6 mL of CH.Cl, were added 890 mg of
pyridine (11.3 mmol) and 4-propen-1-ol-d> S14 at 0 °C. The reaction mixture stirred for 3hat 0 °C.
After the period, 6 mL of water was added and the mixture was extracted with Et,O, washed with
30 mL of 2M HCI, 20 mL of 5% Na>COs aq and 20 mL of water, dried over MgSOs, filtered,
concentrated. Column chromatography of the crude material on silica gel (98:2 to 84:16
hexane/EtOAc) afforded 931 mg of tosylated product S15 (3.84 mmol, 37% over 2 steps).

To a suspension of 434 mg of NaH in 8 mL of DMF was added 1.49 g of dimethyl malonate
(11.2 mmol) at 0 °C. After the flask was warmed to room temperature, 58 mg of Kl (0.34 mmol)
and a solution of 931 mg of tosylate S15 (3.84 mmol) in 5 mL of DMF were added. The reaction
mixture was heated to 70 °C for 18 h. After the flask was cooled to room temperature, a saturated
aqueous solution of ammonium chloride was induced to the mixture, which was then extracted
three times with Et,O. The combined organic portions were washed with brine, Na,SOg, filtered,
concentrated. Column chromatography of the crude material on silica gel (96:4 hexane/EtOAC)
afforded 657 mg of alkylated dimethyl malonate-d> S16 (3.24 mmol, 85%).

To a suspension of 178 mg of NaH (4.53 mmol) in 15 mL THF was added 657 mg of the
alkylated dimethyl malonate-d> S16 (3.24 mmol) at 0 °C. After the flask was warmed to room
temperature, 3-bromocyclohexene was added to the reaction mixture. The reaction mixture was
stirred for 17 h. After the period, a saturated aqueous solution of ammonium chloride was induced
to the mixture, which was then extracted three times with Et,O. The combined organic portions
were washed with brine, NaxSOs, filtered, concentrated. Column chromatography of the crude
material on silica gel (96:4 hexane/EtOAc) afforded 701 mg of the diene 1a-dz (2.48 mmol, 77%):
IR (neat): 3032 m, 2996 m, 2959 s, 2865 m, 2840 m, 1733 s, 1697 m, 1601 w, 1448 m, 1434 s,
1296 m, 1202 s, 1176 s, 1145 m, 1124 m, 1085 m, 1064 m, 1048 w, 1018 m, 990 m, 922 m, 727 m
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cm®; *H NMR (400 MHz, CDClg): 8 m, 1.23-1.38 (m, 3H), 1.46-1.64 (m, 1H), 1.70-1.83 (m, 2H),
1.85-1.99 (m, 4H), 2.01-2.09 (m, 2H), 2.83-2.94 (m, 1H), 3.69 (s, 3H), 3.72 (s, 3H), 5.60-5.80 (m,
3H); 2H NMR (60 MHz, CHCls): § 4.99, 5.04; 3C NMR (100 MHz, CDCla): & 22.4, 24.0. 24.4,
24.9,32.4,33.8,39.7, 51.8, 52.1, 61.3, 128.0, 128.4, 137.9, 171.3, 171.7; HRMS (ESI-TOF) m/z:
[M+Na]* calcd for C16*H22°H2NaO4 305.1698; Found 305.1691.

10. General Procedure B for Cycloisomerization/Hydrogenation of 1,n-Dienes.

R? cat. 2a H, (1 atm) R?
or /\/\R1 cat. NaBAr', PO, R o “\\kR1
4 z CH,CICH,CI, rt MeOH, rt Z ZG\M/
= ¥ 2L ’
AR AR ™ g

1
n=1-8

To a Schlenk flask charged with 4.2 mg of palladium complex 2a (0.012 mmol) was added 25
mL of dichloloethane, 1,n-diene 1 (0.5 mmol), (0.5 mL of cyclohexene (5 mmol), if added) and
13.3 mg of NaBAr; (0.015 mmol), and the mixture was stirred at room temperature. The resulting
mixture was passed through a short column of silica gel (10:1 hexane/EtOAc) and concentrated.
The resulting material was transferred to a Schlenk flask using chloroform and volatile materials
were removed under vacuum. 5 mL of methanol and 22.7 mg of platinum oxide (0.100 mmol) was
added to the flask to form a suspension. A balloon filled with hydrogen gas was attached to the
flask, which was then briefly evacuated and backfilled with hydrogen gas three times. The mixture
was stirred overnight at room temperature and filtered through Celite. In the case where GC
analysis was performed, n-docosane as an internal standard and the solution was subjected for the
analysis. Gel permeation chromatography was performed to isolate
cycloisomerization/hydrogenation product 5 (In some cases, the cycloisomerization was performed
for only 1 h to minimize the amount of tetrasubstituted olefin product 4 and facilitate the isolation
of 5 by GPC).

Cyclic product 5b. 66% GC yield. 19% isolated yield. IR (neat): 2954

MeO,C S,2871s,1737s, 1457 s, 1451 s, 14355, 1379 m, 1246 s, 1197 s, 1154 m,

MeO,C 5h 1127 s, 1085 s, 1026 m, 967 m, 938 m, 904 w, 890 w, 874 w, 8401 w, 808

m cm™; TH NMR (400 MHz, CDCls): § 0.88 (t, J = 7.2 Hz, 3H), 1.09-1.42

(m, 6H), 1.45-1.84 (m, 6H), 2.11-2.22 (m, 1H), 2.68 (dd, J = 13.5, 7.5 Hz, 1H), 3.18-3.27 (m, 1H),

3.69 (s, 3H), 3.71 (s, 3H); *C NMR (100 MHz, CDCls): § 14.3, 21.5, 26.8, 29.3, 31.7, 37.5, 41.5,

45.6, 50.3, 51.0, 52.0, 52.5, 62.7, 171.9, 173.6; HRMS (ESI-TOF) m/z: [M+Na]" calcd for
CisH24NaO4 291.1572; Found 291.1564.
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Cyclic product 5c. 65% GC vyield. 29% isolated yield. IR (neat): 2934

MeO,C s, 2859's, 1737 s, 1460 s, 1435 s, 1380 m, 1335 m, 1317 m, 1268 s, 1230
MeO,C s, 1199's, 11725, 1132 s, 1118 s, 1072 s, 1058 s, 1034 s, 1011 m, 981 m,
i\ 967 m, 939 w, 926 m, 909 m, 840 m, 813 m, 772 m, 709 m cmt; *H NMR

5c (400 MHz, CDCls): 5 0.85 (t, J = 7.2 Hz, 3H), 0.88 (t, J = 7.3 Hz, 3H),

0.91-1.71 (m, 13H), 1.76 (dd, J = 14.6, 7.4 Hz, 1H), 2.05-2.15 (m, 1H), 2.20-2.31 (m, 1H), 2.64
(dt, J = 11.6, 5.5 Hz, 1H), 2.69 (dd, J = 14.7, 10.4Hz, 1H), 3.68 (s, 3H), 3.70 (s, 3H); *C NMR
(100 MHz, CDCls): § 11.9, 12.7, 20.6, 21.4, 24.0, 24.9, 25.2, 25.3, 32.3, 38.4, 40.0, 41.9, 45.3,
52.2, 52.4, 63.4, 171.2, 173.3; HRMS (ESI-TOF) m/z: [M+Na]* calcd for C1sHaoNaO4 333.2042;
Found 333.2038.

1N

Me020><j;/\\/ Cyclic product 5d. 91% GC vyield. 55 % isolated yield. IR (neat): 2983
MeO,C s,2852's,1739 s, 1443 5, 1375 m, 1257 s, 1183 m, 1136 s, 1086 s, 1029 m,

946 m, 873 m, 745 s, 707 m, 461 m, 437 m, 428 m cm'%; *H NMR (400
MHz, CDCls): § 0.89 (t, J = 7.2 Hz, 6H), 0.99-1.15 (m, 2H), 1.15-1.59 (m, 8H), 1.75 (dd, J = 13.4,
10.0 Hz, 2H), 2.51 (dd, J = 13.4, 6.6 Hz, 2H), 3.70 (s, 6H); 1*C NMR (100 MHz, CDCls): 5 14.4,
21.3, 36.0, 40.5, 45.2, 52.6, 58.3, 173.4; HRMS (ESI-TOF) m/z: [M+Na]* calcd for C1sHasNaOs
293.1729; Found 293.1726.

5d

MeO,C "\ Cyclic product 5e. 77% GC yield. 16% isolated yield. IR (neat): 2964 s,
'V'eozC><j\/ 2870's, 1738 s, 1442 s, 1378 m, 1254 5, 1191 s, 1135 5, 1086 5, 1020 m, 946

m, 862 m, 814 w, 776 w cm™*; *H NMR (400 MHz, CDCl3):§0.90 (t, J=7.4
Hz, 6H), 1.03-1.19 (m, 2H), 1.38-1.52 (m, 2H), 1.51-1.66 (m, 2H), 1.78 (dd, J = 13.2, 10.1 Hz,
2H), 2.53 (dd, J = 13.2, 7.0 Hz, 2H), 3.72 (s, 6H); 3C NMR (100 MHz, CDCl5): § 12.4, 26.3, 40.1,
46.6, 52.6, 58.2, 173.4; HRMS (ESI-TOF) m/z: [M+Na]* calcd for C13H22NaO4 265.1416; Found
265.1423.

5e

MeO,C 2922 s, 2874 s, 1736 s, 1436 s, 1380 m, 1248 s, 1197 s, 1139 s, 1077 m,
1021 m, 971 m, 944 w, 865 w, 819 w, 705 m, 668 m cm™; 'H NMR (400
MHz, CDClz3): 6 0.87 (td, J = 7.3, 2.2 Hz, 6H), 0.97-0.15 (m, 2H), 1.16-1.68 (m, 6H), 1.75 (dd, J
=13.2,9.9 Hz, 2H), 2.51 (dd, J = 13.5, 7.0 Hz, 2H), 3.99 (s, 6H); 13C NMR (100 MHz, CDCls): §
12.4, 14.3, 21.3, 26.3, 36.0, 40.0, 40.5, 44.8, 47.0, 52.6, 58.2, 173.4; HRMS (ESI-TOF) m/z:
[M+Na]" calcd for C14H24NaO4 279.1572; Found 279.1570.

M902C><:|:;\ Cyclic product 5f. 91% GC yield. 33% isolated yield. IR (neat): 2958 s,

5f
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MeO,C SN Cyclic product 5g. 89% GC yield. 47% isolated yield. IR (neat):
MeOzC><j\/\/ 2958's, 2929 s, 2874 s, 2859 s, 1738 5, 1460 S, 1435 5, 1380 w, 1251 s,

59 1220 m, 1198 s, 1175 s, 1139 s, 1095 m, 1077 m, 1053 w, 1020 w, 941
w, 857 w, 819 w, 731 w, 706 w, 694 w cm; *H NMR (400 MHz, CDCls) § 0.85-0.95 (m, 6H),
1.01-1.15 (m, 2H), 1.15-1.37 (m, 4H), 1.37-1.67 (m, 4H), 1.76 (dd, J = 13.4, 10.1 Hz, 2H), 2.53
(dd, J=13.2, 7.2 Hz, 2H), 3.72 (s, 6H); 1*C NMR (100 MHz, CDCls) § 12.4, 14.0, 22.9, 26.3, 30.4,
33.4, 40.0, 40.6, 45.0, 47.0, 52.6, 58.2, 173.4; HRMS (ESI-TOF) m/z: [M+Na]" calcd for
CisH26NaO4 293.1729; Found 293.1736.

Cyclic product 5h. 89% GC vyield. 68% isolated yield. IR (neat):
2958 s, 2927 s, 2873 s, 2858 s, 1737 5, 1460 5, 14355, 1379 m, 1251
sh s, 1197 s, 1173 s, 1138 s, 1097 m, 1056 m, 1022 m, 944 w, 860 m,
818 w, 757 m, 669 w cm™*; 'H NMR (400 MH, CDCls): § 0.83-0.93 (m, 6H), 1.01-1.16 (m, 2H),
1.16-1.37 (m, 6H), 1.38-1.66 (m, 4H), 1.76 (dd, J = 13.4, 10.0 Hz, 2H), 2.52 (dd, J = 13.4, 7.1 Hz,
2H), 3.72 (s, 6H); *°C NMR (100 MHz, CDCls): & 12.4, 14.1, 22.6, 26.3, 27.9, 32.1, 33.7, 40.1,
40.6, 45.0, 47.0, 52.6, 58.3, 173.4; HRMS (ESI-TOF) m/z: [M+Na]* calcd for CisH2sNaOa
307.1885; Found 307.1875.

MeO,C SN
MeO,C

MeO,C N Cyclic product 5i. 80% GC yield. 55% isolated yield. IR
MeOzC><:‘\/\/\/\/\ (neat): 2961 s, 29255, 2873 s, 2855 5, 1737 s, 1460 s, 1435

Si s,1379m, 1251 s, 1197 s, 1172 s, 1138 s, 1102 m, 1023 m,
944 w, 858 w, 819 w, 721 w cm®; *H NMR (400 MHz, CDCls): § 0.83-0.93 (m, 6H), 1.00-1.16 (m,
2H), 1.16-1.36 (m, 14H), 1.37-1.66 (m, 4H), 1.76 (dd, J = 13.4, 10.4 Hz, 2H), 2.52 (dd, J = 13.2,
6.8 Hz, 2H), 3.72 (s, 6H); *C NMR (100 MHz, CDCls): § 12.4, 14.1, 22.7, 26.3, 28.2, 29.3, 29.6,
29.6, 29.9, 31.9, 33.8, 40.0, 40.6, 45.0, 47.0, 52.6, 58.3, 173.4; HRMS (ESI-TOF) m/z: [M+Na]*
calcd for CooHszsNaO4 363.2511; Found 363.2507.

Cyclic product 5j. 83% GC yield. 46% isolated yield. IR (neat): 2960s,

2931m, 2874 m, 1733 s, 1464 m, 1366 m, 1250 s, 1182 s, 1138 m, 1097 m,

5j 1030 m, 862 m, 802 w, 708 w cm; *H NMR (400 MHz, CDCls): § 0.78-

0.99 (m, 6H), 1.01-1.15 (m, 2H), 1.20-1.68 (m, 12H), 1.70-1.82 (m, 2H), 2.51 (dd, J = 13.7, 7.2

Hz, 2H), 4.17 (qd, J = 7.1, 1.0 Hz, 4H); 1*C NMR (100 MHz, CDCls): § 12.4, 14.0, 14.3, 21.3,

26.3, 36.1, 39.9, 40.4, 44.7, 47.0, 58.4, 61.2, 173.0; HRMS (ESI-TOF) m/z: [M+Na]" calcd for
C16H2sNaO4 307.1885; Found 307.1887.

EtO,C SN
EtO,C
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BUO,C AL Cyclic product 5k. 68% GC yield. 36% isolated yield. IR (neat): 3004
'BuO,C s, 2961 s, 2931 s, 2874 s, 1726 s, 1477 s, 1458 s, 1392 s, 1368 s, 1278 s,

5k 1256's,1206 m, 11755, 1139 s, 1094 m, 1077 m, 1036 m, 1016 w, 1004 m,
961 w, 921 w, 888 w, 850 s, 813 w, 752 m, 739 m, 721 w cm*; *H NMR (400 MHz, CDCls): &
0.85-0.93 (m, 6H), 1.01-1.15 (m, 2H), 1.17-1.67 (m, 26H), 2.42 (dd, J = 13.6, 7.4 Hz, 2H); 3C
NMR (100 MHz, CDClz): 6 12.5, 14.4, 21.3, 26.4, 27.8, 36.2, 39.7, 40.2, 44.7, 47.0, 59.6, 80.7,
172.3; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C20H3zsNaOs 363.2511; Found 363.2512.

T Nij\\;\ Cyclic product 5I. 62% GC yield (with 20 equiv of cyclohexene). 51 was
S
isolated from a combined crude mixture of several batches of

cycloisomerization/hydrogenation reactions of 1l. IR (neat): 2956 m, 2929 m,
2870 m, 1596 m, 1493 m, 1460 m, 1397 w, 1380 w, 1338 s, 1304 m, 1289 m, 1216 w, 1164 s, 1103
m, 1047 m, 1012 m, 819 m, 709 w, 664 s, 594 s, 549 s cm™; *H NMR (400 MHz, CDCls): § 0.80-
0.88 (m, 6H), 0.97-1.33 (m, 4H), 1.33-1.68 (m, 4H), 2.44 (s, 3H), 2.76-2.87 (m, 2H), 3.41-3.50 (m,
2H), 7.33 (d, J = 7.8 Hz, 2H), 7.70 (d, J = 8.3 Hz, 2H); 3C NMR (100 MHz, CDCls): § 12.3, 14.1,
21.1, 215, 25.2, 34.6, 43.8, 46.0, 53.0, 53.4, 127.5, 129.5, 133.7, 143.2; HRMS (ESI-TOF) m/z:
[M+Na]" calcd for C16H2sNaO2S 318.1504; Found 318.1507.

51

K Cyclic product 5m. 88% GC vyield. 76% isolated yield. IR (neat): 2958
MeOzC><:|:/\ s,2932s, 2873 s, 1737 s, 1463 5, 1436 5, 2387 m, 1369 m, 1252 s, 1197 s,
MeO,C 1173 s, 1149's, 1038 s, 964 m, 940 m, 819 m, 804 w, 704 w cm™*; *H NMR

(400 MHz, CDClIs): 6 0.80 (d, J = 6.7 Hz, 3H), 0.84-0.93 (m, 6H), 0.99-
1.10 (m, 1H), 1.16-1.54 (m, 4H), 1.62-1.74 (m, 2H), 1.78 (dd, J = 12.9, 9.5 Hz, 1H), 1.88 (dd, J =
13.5, 10.8 Hz, 1H), 2.33 (dd, J = 13.6, 8.0 Hz, 1H), 2.48 (dd, J = 13.6, 7.4 Hz, 1H), 3.70 (s, 6H);
13C NMR (100 MHz, CDCls): § 14.3,17.3, 21.3, 22.1, 28.6, 35.5, 36.6, 40.3, 41.6, 51.1, 52.6, 52.6,
58.3, 173.3, 173.4; HRMS (ESI-TOF) m/z: [M+Na]* calcd for CisH2sNaO4 293.1729; Found
293.1727.

5m

~_~ Cyclic product 5n. 65% GC yield. 47% isolated yield. IR (neat): 2957

MeO,C s, 2927 s, 2872 s, 2846 s, 1738 s, 1464 s, 1436 s, 1377 m, 1364 m, 1262
5n m, 1194 s, 1169 s, 1135 m, 1057 w, 1014 w, 9278 w, 888 w, 855 w, 827 w,

751 w, 740 w cm™; *H NMR (400 MHz, CDCls): § 0.89 (t, J = 7.3 Hz, 6H), 0.98-1.12 (m, 2H),
1.18-1.29 (m, 2H), 1.30-1.60 (m, 8H), 2.00-2.21 (m, 2H), 2.76 (quint, J = 8.3 Hz, 1H), 3.66 (s,
3H); 13C NMR (100 MHz, CDCla): § 14.4, 14.4,21.4,21.5, 35.4, 36.7, 36.7, 37.1, 41.8, 44.7, 46.2,
51.6, 177.3. HRMS (ESI-TOF) m/z: [M+Na]"* calcd for C13H2sNaO, 235.1674; Found 235.1674.
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11. General Procedure C for Preparation of 3a, 3p-3s, 3m.

The reaction was carried out following the general procedure A. After quenching, the reaction
mixture was purified though AgNOs/silica gel column chromatography.'® Fractions with high
purity were selected by TLC and GC analyses and collected to obtain the cycloisomerization
product (>95% purity by GC).

Cycloisomerization product 3p. 56% isolated yield. IR (neat): 3024 s, 2964

s, 2875 s, 2855 s, 2841 s, 1735 s, 1651 s, 1459 s, 1435 s, 1380 m, 1362 m,

m:gzg 1261s, 1200 s, 11585, 1124 s, 1084 s, 1057 s, 1036 s, 1022 s, 969 m, 947 m,

3p 889 m, 825 m, 810 m, 780 m, 763 m, 741 w, 704 s, 586 w, 531 w, 507 m cm"

114 NMR (400 MHz, CDCls): § 0.90 (t, J = 7.3 Hz, 3H), 1.10-1.40 (m, 3H), 1.52-1.66 (m, 2H),

1.71-1.84 (m, 1H), 1.96-2.10 (m, 2H), 2.14-2.22 (m, 1H), 2.79-2.95 (m, 2H), 3.72(s, 3H), 3.73 (s,

3H), 5.65-5.78 (m, 2H); *C NMR (100 MHz, CDCls): § 12.5, 21.7, 25.0, 27.5, 38.3, 43.7, 45.4,

46.2, 52.2, 52.6, 63.2 126.3, 128.1, 171.2, 173.4; HRMS (ESI-TOF): m/z: [M+Na]* calcd for
CisH22NaO4 289.1416; Found 289.1418.

Cycloisomerization product 3q. 63% isolated yield. IR (neat): 3023 s,

MeO,C 2954 s, 2927 s, 2877 s, 2857 s, 1734 s, 1651 m, 1458 m, 1435s, 1379 m,

MeO,C 1247s,1199s, 1177 s, 1156 s, 1129 5,1088 s, 1056 s, 1044 5, 978 m, 955

39 m, 930 m, 889 w, 855 m, 826 m, 810 w, 781 w, 741 m, 706 m, 610 w,

537 w, 508 m, 498 m, 489 m cm*; 'H NMR (400 MHz, CDCls): § 0.88 (t, J = 6.6 Hz, 3H), 1.07-

1.64 (m, 9H), 1.75-1.89 (m, 1H), 1.92-2.10 (m, 2H), 2.10-2.25 (m, 1H), 2.79-2.94 (m, 2H), 3.71 (s,

3H), 3.72 (s, 3H), 5.65-5.79 (m, 2H); *C NMR (100 MHz, CDCls): § 14.0, 21.7, 22.9, 25.0, 30.4,

34.5, 38.8, 43.6, 44.5, 45.7, 52.1, 52.5, 63.2, 126.3, 128.0, 171.2, 173.4; HRMS (ESI-TOF) m/z:
[M+Na]* calcd for C17H26NaO4 317.1729; Found 317.1722.

Cycloisomerization product 3r. 56% isolated yield. IR (neat):

3023 m, 2954 s, 2927 s, 2871 s, 2856 5, 1736 s, 1651 w, 1458 s, 1434

ngzg s, 1378 w, 12495, 1200 s, 1174 5, 1155's, 1129 's, 1092 s, 1055 m, 987
3r m, 955 w, 892 w, 846 w, 825 m, 810 m, 776 w, 706 m, 536 w, 508 W,

493 w, 479 w cm%:; 'H NMR (400 MHz, CDCls):  0.88 (t, J = 6.8 Hz, 3H), 1.06-1.40 (m, 9H),
1.46-1.66 (m, 2H), 1.74-1.91 (m, 1H), 1.93-2.10 (m, 2H), 2.10-2.24 (m, 1H), 2.76-2.97 (m, 2H),
3.71 (s, 3H), 3.72 (s, 3H), 5.60-5.82 (m, 2H); 3C NMR (100 MHz, CDCls): & 14.0, 21.7, 22.6,
25.0, 27.9, 32.0, 34.8, 38.8, 43.6, 44.6, 45.7, 52.2, 52.5, 63.2, 126.3, 128.1, 171.2, 173.4: HRMS

(ESI-TOF) m/z: [M+Na]" calcd for C1sH2sNaO4 331.1885; Found 331.1876
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Cycloisomerization product 3s. 50% isolated yield.

MeO,C IR (neat): 3023 w, 2950 m, 2925 s, 2854 m, 1736 s, 1458

MeO,C w, 1434 m, 1247 s, 1199 m, 1180 m, 1154 w, 1128 w, 1118

3 w, 1100 w, 1055 w, 1028 w, 806 w, 704 w cm™*; 'H NMR

(400 MHz, CDCIs): 6 0.88 (t, J = 6.8 Hz, 3H), 1.06-1.40 (m, 17H), 1.46-1.63 (m, 2H), 1.76-1.88

(m, 1H), 1.99-2.07 (m, 2H), 2.11-2.21 (m, 1H), 2.81-2.92 (m, 2H), 3.71 (s, 3H), 3.72 (s, 3H), 5.64-

5.79 (m, 2H); *C NMR (100 MH, CDCls): § 14.1, 21.7, 22.7, 25.0, 28.3, 29.3, 29.6, 29.6, 29.9,

31.9, 34.9, 38.8, 43.6, 44.6, 45.7, 52.2, 52.6, 63.3, 126.3, 128.1, 171.2, 173.4; HRMS (ESI-TOF)
m/z: [M+Na]" calcd for C22H3sNaO4 387.2511; Found 387.2501.

JJ\ Cycloisomerization product 3m. 58% isolated yield. IR (neat):3074 w,
MeOZC><:|;/\ 2956 s, 2927 s, 2873 m, 1737 s, 1644 m, 1436 s, 1379 m, 1252 s, 1197 s,
MeO,C 1170 s, 1136 m, 1106 m, 1064 m, 1038 m, 1008 w, 971 w, 946 w, 892 m,

867 w, 847 w, 818 w, 765 w, 739 w, 704 w cm™; 'H NMR (400 MHz,
CDCls): 5 0.88 (t, J = 7.2 Hz, 3H), 0.99-1.10 (m, 1H), 1.18-1.49 (m, 3H), 1.67 (s, 3H), 1.73-1.91
(m, 2H), 2.06 (dd, J = 13.2, 11.4 Hz, 1H), 2.15-2.26 (m, 1H) 2.45 (dd, J = 13.1, 7.3 Hz, 1H), 2.57
(dd, J = 12.6, 6.5 Hz, 1H), 3.73 (s, 6H), 4.79-4.73 (m, 2H); *C NMR (100 MHz, CDCl3):  14.3,
18.9, 21.2, 35.6, 39.4, 40.1, 42.3, 52.7, 53.5, 58.0, 112.0, 145.0, 173.2; HRMS (ESI-TOF) m/z:
[M+Na]* calcd for C15sH24NaO4 291.1572; Found 291.1564.

3m

S19



12. Synthesis of Prostane 10.
Decarboxylation of monocarboxylic acid 9 was carried out following the procedure reported
Curran et al.1t

2.5 mol % 2a H, (1 atm)
E 0 SN 3 mol % NaBAr,  PtO,
E N DCE, rt, 24 h MeOH, rt
7 57% vyield
E = COOMe
E:Z=82:18

AN\ W

E NS OIN TSN
HOOC
E><:|\/\/\/\ 155 °C AO\/\/\/\

8: E = COOMe
> NaOH, EtOH/H,0

reflux, 95% yield
9: E=COOH

1) oxalyl chloride

= S
2) le , DMAP
X “ONa IINTN TN
3) AIBN, Bu3SnH <:|\/\/\/\
61% (from 9) 10
prostane

Cycloisomerization/hydrogenation of 1,12-diene 7 was carried out following general
procedure B to afford cyclic product 8 in 57% isolated yield. IR (neat): 2954 s, 2925 s, 2855 s,
1737 s, 1459 s, 1435 s, 1378 w, 1253 5, 1197 5, 1168 s, 1133 5, 1100 m, 1020 w, 943 w, 860 w, 818
w, 723 w cm™*; *H NMR (400 MHz, CDCls): § 0.88 (t, J = 6.7 Hz, 6H), 0.99-1.14 (m, 2H), 1.15-
1.41 (m, 22H), 1.43-1.58 (m, 4H), 1.75 (dd, J = 13.4, 9.8 Hz, 2H), 2.52 (dd, J = 13.5, 6.3 Hz, 2H),
3.71 (s, 6H); **C NMR (100 MHz, CDCls): & 14.1, 22.7, 28.2, 29.3, 29.6, 29.9, 29.9, 31.8, 31.9,
33.7,40.5, 45.4, 52.6, 52.6, 58.3, 173.3; HRMS (ESI-TOF): m/z: [M+Na]" calcd for C24H44NaOa
419.3137; Found 419.3143.

To a mixture of 0.33 mL of 6 M NaOH aq (2 mmol) and 1 mL of ethanol was added 79.0 mg
of 8 (0.20 mmol) under air and the mixture was heated to reflux for 15 h. After cooled to room
temperature, the resulting mixture was neutralized by adding a 6 M solution of HCI and extracted
three times with Et,O. Combined organic portions were quickly dried over MgSOsa, filtered, and
concentrated to obtain 69.9 mg of the dicarboxylic acid (0.19 mmol, 95%), which was used for the
next step without further purification.

The dicarboxylic acid heated at 155 °C for 1.5 h to obtain monocarboxylic acid, which was
used for the next step without further purification.
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To a solution of monocarboxylic acid in 1.3 mL of benzene and 0.03 mL of DMF was added
18.5 uL of oxalyl chloride (0.22 mmol). The reaction mixture stirred at room temperature for 2 h.
After this period, volatile materials were removed under vacuum. The crude product was used for
the next step without further purification.

To a solution of 6.5 mg of DMAP (0.053 mmol) and 35.0 mg of 2-mercaptopyridine N-oxide
sodium salt (0.23 mmol) in 2 mL of benzene was added a solution of carboxylic acid chloride in 1
mL of benzene. The reaction mixture was heated to reflux for 20 min. After cooled to room
temperature, to the flask was added a solution of 32.0 mg of AIBN (0.19 mmol) and 165 mg of
BusSnH (0.57 mmol) in 1 mL of benzene. The mixture was heated to reflux for 15 h. After cooled
to room temperature, 133 mg of iodine was added to the flask and stirred at room temperature for
2 h. The reaction mixture was diluted with hexane and the organic layer was washed twice with a
saturated aqueous solution of Na>SOs, dried over MgSOQa, filtered, and concentrated. Column
chromatography of the crude material on 10% K.COz/silica gel with hexane afforded 32.2 mg of
prostane 10 (0.11 mmol, 61%): IR (neat):2955 s, 2923 s, 2854 s, 1466 s, 1378 w, 1341 w, 1301 w,
722 wcm®; IH NMR (400 MHz, CDCls): § 0.88 (t, J = 6.6 Hz, 6H), 0.98-1.38 (m, 28H), 1.38-1.57
(m, 4H), 1.70-1.83 (m, 2H); 3C NMR (100 MHz, CDCls): § 14.1, 22.7, 23.9, 28.6, 28.6, 29.4, 29.4,
29.7, 30.0, 30.1, 31.9, 32.3, 35.3, 46.0; Anal. Calcd for CxoHao: C, 85.63; H, 14.37. Found: C,
85.50; H, 14.22.

13. Deuterium Labeling Experiments.

2.5 mol % 2a AgNOg/silica gel

E 3 mol % NaBArf4 chromatography E (B)(a)
E D E d
o PeR et °H X B CD;2Hig
D D)H H 2
1a-d, ®)o)o)
E = COOMe 3a-d,

40% isolated yield
single diastereomer

Cycloisomerization of 1a-d2 was carried out following general procedure C. Fraction with high
purity were selected by GC analysis and collected to give 3a-d2 in 40% isolated yield as a single
diastereomer (>99% purity).
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14. Reaction of 1,14-Diene 1o0.

=
+ 2a + NaBAr, m
\ 1rt!

10
2 equiv
~|BAr,
7 N/ N\
—N N=
N/
Pd
3\'/1
N
4 2 4 Me
S

A 20 mL Schlenk flask was charged with 16.8 mg of (phen)PdMeCl (0.50 mmol) and 5 mL of
dichloroethane, 23.6 mg of 1,14-diene 10 (0.10 mmol) and 44.7 mg of NaBAr’; (0.050 mmol) and
the mixture was stirred at room temperature for 3 h. After the period, the reaction mixture
concentrated in vacuo. The residue was washed three times with hexane and extracted three times
with dichloromethane. The solution was concentrated in vacuo to afford w-allyl complex 6: The
assignable peak of major isomer: *H NMR (400 MHz, CDCls): § 8.83 (dd, J = 4.8, 1.0 Hz, 2H),
8.40-8.56 (m, 2H), 7.89 (t, J = 2.9 Hz, 2H), 7.83 (dd, J = 8.2, 5.0 Hz, 2H), 7.70 (s, 8H), 7.46 (s,
4H), 5.44-5.54 (m, 1H, H2), 4.05-4.23 (m, 2H, H1, H3), 1.87-2.13 (m, 4H, H4 H4’); 13C NMR
(100 MHz, CDCls): § 81.3 (C1, C3), 115.1 (C2).; The assignable peak of minor isomer: *H NMR
(400 MHz, CDCl3): 4.50-4.58 (m, 1H, H1 or H3), 4.88-4.99 (m, 1H, H1 or H3), 5.54-5.62 (m, 1H,
H2); HRMS (ESI-TOF) m/z: [M-BAr's]* calcd for CsoHasN2Pd 537.2461; Found 537.2454;
Isomeric ratio (*H NMR): major product/minor product = ca. 3/1.
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15. Identification of ©-Allyl Complex 6.

The structure of r-allyl complex 6 was determined by comparison of similar cationic 1,10-
phenanthroline and 2,2’-bipyridine palladium complexes S17-S20 reported by Gogoll et al.? The
spectroscopic data of S17-S20 are shown below. The *H NMR spectrum of the major isomer of 6
is similar to that of anti-anti complex S17 and S20. The 3C NMR spectrum of the major isomer is
similar to that of the allyl carbon of S20. The *H NMR spectrum of the minor isomer of 6 is similar
to that of syn-anti complex S19. These data indicate that the major isomer of 6 is an anti-anti -
allyl complex and the minor isomer is a syn-anti w-allyl complex.

ot ot
7 N/ \ 7 N \ 7200 V2 / N_ 7 N\
=N_ N= =N_ N= =N_ N= N N=

Nz N2 N2
OMe OMe OMe

Pd Pd Pd

I | I
\/A/'\ 3/5\ V—\1 \/A)\

3 2 1 3 2 3 2

S17 s18 MeO" $20

S19

S17:'H NMR (400 MHz, CDCls): 5.65 (t, J = 1.7 Hz, 1H, H2), 4.36 (ddq, J = 11.7, 0.8 Hz,
1H, H3), 4.32 (ddd, J = 11.7, 2.4, 0.8 Hz, 1H, H1).

S$18: 'H NMR (400 MHz, CDCls): 5.72 (dd, J = 12.7, 7.2 Hz, 1H, H2), 5.46 (dg, J = 8.1, 6.8
Hz, 1H, H3), 4.44 (dd, J = 12.7, 7.2 Hz, 1H, H1).

S$19: 'H NMR (400 MHz, CDCls): 5.77 (dd, J = 12.6, 7.9 Hz, 1H, H2), 4.79 (dd, J = 8.7, 7.9
Hz, 1H, H1), 4.63 (dg, J = 12.6, 7.9 Hz, 1H, H3).

$20: H NMR (400 MHz, CDCls): 5.50 (dd, J = 11.5, 11.5 Hz, 1H, H2), 4.21 (dg, J = 11.5, 6.1
Hz, 1H, H3), 4.02 (dd, J = 11.5, 6.4 Hz, 1H, H2); 13C NMR (100 MHz, CDCls): 114.0 (C2), 79.8
(C1), 77.9 (C3).
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16. Supplementary Discussion concerning the Cycloisomerization of 1,8-Diene 1la.

For our initial investigation, 1,8-diene 1a, which bears a terminal alkene and a cyclohexene
moiety linked by a quaternary carbon, was chosen as a substrate. We speculated that the difference
in steric environments between the two alkene moieties would help distinguishing them for the
hydrometalation and the presence of the quaternary carbon would prevent the catalyst from chain
walking from one alkene part to the other.

First, the catalysts were examined for the chain-walking cycloisomerization of 1a. Among the
catalysts used for previously-reported cycloisomerization of dienes, a 1,10-phenanthroline
palladium catalyst used by Widenhoefer and coworkers attracted our particular attention. While
other catalysts mainly give methylenecyclopentane 111 by cycloisomerization of 1,6-diene I, this
phenanthroline catalyst provide trisubstituted alkene Il as a major product (Scheme S1).
Widenhoefer’s detailed mechanistic studies showed that this reaction should proceed via the direct
reinsertion of initial product I11 into palladium—hydrogen bond and B-hydride elimination without
dissociating 111.23 Product 11 is also 7.4 kcal/mol more stable than product I11. Their study also
showed that the isomerization of I11 by reacting again with the catalyst provides a more stable
tetrasubstituted alkene product 1V. These observations essentially suggest that chain walking and
other intramolecular processes with catalyst 2 are much faster than alkene exchange, which is a
feature of the catalyst needed for our desired reaction. It is unclear why this ligand is effective for
this process, but the strong c-donating character of the ligand is considered to increase back
bonding toward alkenes and suppress displacement of alkenes.*

Scheme S1. Widenhoefer’s Cycloisomerization of 1,6-Dienes Catalyzed by the 1,10-
Phenanthroline Palladium Catalyst 213

7 N/ N\
=N N=
A
4 mol % Pd\
Me Cl (2)
= o f
E><:\/ 4 mol % NaBAr', E E E
> + +
E X DCE,0°C, 14h E E E
| E = CO,Me Il, major 1, minor IV, minor
l [Pd]—H T — [Pd]—H
E E E
E . [Pd] E E L__H
< > = > =
H [Pd]—H [Pd]

When the reaction of 1,8-diene 1a with 10 mol % of 1,10-phenanthroline palladium complex
2 was conducted in dichloroethane at rt for 3 h in the presence of 12 mol % of NaBAr's (Arf = 3,5-
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(CF3)2CeH3), the desired cycloisomerization proceeded to give five-membered ring products
including the major product 3a (69% GC yield) and the minor product 4a (18% GC yield) (Table
S1, entry 1). Then the reaction was examined using palladium catalysts having other pyridine-
based bidentate ligands (Table S1, entries 2-4) and several other catalysts which have been used
for cycloisomerization of 1,n-dienes in literature (Table S2), but the yield of 3a was not improved.
Optimization of the reaction conditions using catalyst 2 showed that reducing the catalyst loading
to 2.5 mol % increased the yield of 3a (Table S1, entry 5) and the use of 5 mL of dichloroethane
gave the highest yield of 3a (84%) (Table S1, entry 6). It appears that catalyst decomposition
competes with the cycloisomerization and is faster at higher concentration of the catalyst, which
may explain why a lower catalyst loading gave a higher yield of 3a.

Table S1. Palladium-Catalyzed Cycloisomerization of 1,8-Diene 1a via Chain Walking?

cat. 2
cat. NaBAr4
E
E DCE, rt,3 h
X

1a
E = COOMe
~ / 7\
L L = _ _
N N
7 N/ \
- N=
entry 2 amountof2 DCE conversion Yyield of yield of 4a

(mol %) (mL) (%)° 3a (%) (%)
1 2a 10 2 98 69 18
2 2b 10 2 >99 4 nd¢
3 2C 10 2 >99 15 82
4 2d 10 2 99 28 58
5 2a 2.5 2 99 82 7
6 2a 2.5 5 >99 84 10

a8 Reaction conditions: 1a (0.1 mmol), 2 (0.0025 mmol), NaBArf; (0.003 mmol), DCE (5 mL), rt, 3
h. ® Determined by GC analysis. ¢ Yields determined by GC analysis using 5a for calibration. 9 Not
determined.
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Table S2. Screening of Palladium and Ruthenium Catalysts

catalyst
E - +~ E
Ivent
E N solven E
1a 3a
E = COOMe
entry reaction conditions conversion yield of 3a
(%)
1 1a (1 mmol), Ru(cod)(cot) (0.01 mmol) 98% not detected
CH2CICHCI (4 mL), 80°C, 24 h
21 1a (1 mmol), RuClz*3H20 (0.05 mmol) 84% trace
EtOH (4 mL), 80°C, 24 h
3 1a (1 mmol), [Ru(cod)Cl2]» (0.01 mmol) 97% not detected
'PrOH (4 mL), 90 °C, 24 h
416 1a (0.5 mmol), Pd(OAc). (0.025 mmol) >99% 26% vyield
CHCI3(0.75 mL), HCI bubbled 5 min
reflux, 6 h
57 1a (0.25 mmol) 95% 3% yield

Pd(allyl)CI(PCyz) (0.0125 mmol)
HSiEtz (0.0125 mmol)
CH2Cl2 (A mL), rt, 3 h

The progress of the cycloisomerization of 1a was then monitored by GC analysis (Table S3).
It turned out that the reaction was initially very rapid, but after the reaction reached full conversion
within 3 h, a decrease in the yield of 3a was observed, while the yield of 4a continued to increase.
The results clearly indicate that the primary product of the reaction was 3a and that the conversion

of 3a to 4a also occurred during the reaction.

Based on the proposed mechanism, suppression of the isomerization of 3a to 4a was
investigated using cyclohexene as an additive, because the alkene moiety of the cyclohexene seems
to be more sterically hindered than terminal alkenes but more hindered than the one in 3a. If the
coordinating ability of cyclohexene is higher than 4a but lower than 3a, the recoordination of 3a
may be effectively inhibited by competitive coordination. Indeed, the formation of 4a was
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suppressed by the addition of 10 equiv of cyclohexene; full conversion from the starting material
occurs after 2 h, but even after 24 h, no drastic change in the yields of 3a and 4a were found,
although the yield of 3a is slightly lowered compared to that obtained in the absence of cyclohexene.

Table S3. Time Dependence of Palladium-Catalyzed Cycloisomerization of 1,8-Diene la via
Chain Walking?

cat. 2a
cat. NaBAr',
(cyclohexene)

DCE, rt

m
m
m

1a 3a 4a
E = COOMe

entry  Cyclohexene  Time  Conversion vyieldof3a vyield of 4a

(equiv) (h) (%)° (%)° (%)°
1 ~ 1.4 91 79 2
2 ~ 2 96 83 6
3 — 3 >09 84 10
4 ~ 4 >99 76 13
5 ~ 8 >99 70 22
6 ~ 24 >09 63 33
7 10 2 99 76 3
8 10 3 99 78 4
9 10 4 >99 77 5
10 10 8 >99 76 5
1 10 24 >99 75 6

aReaction conditions: 1a (0.1 mmol), 2 (0.0025 mmol), NaBAr; (0.003 mmol), DCE (5 mL), rt. °
Determined by GC analysis. ° Yields determined by GC analysis using 5a for calibration.
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