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Table 1. (n2-Propene)Ti(O’Pr)g-Mediated Cyclzation of Propargyl Compounds.?

Entry Substrte Product Yield (%)
N\
o \' OH
H b
1 Br/\/\/l,]\ b trace
H
‘ 2a 4a
\
Br S 0O \° OH
5 /\/\)J\ nBU 65
"Bu
2b ab
‘ 0 h OH
I
3 Br/\/\/“\i \5 Pr 70
Pr
' 4c
2c N\
N oH
¢ Br/\/\/\”/ N
2d O 4d,

@The reaction was carried out in Et,O at -78 °C to room temperature for 3 h with
reactant ratio 2 : CITi(O'Pr)3 : PrMgBr = 1 : 1.5 : 3.0. ’The reaction gave a
complicated mixture.
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FLZNF 5 A WATBR S, S ARG R LA A, Sekfir. SO
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supplement

The starting materials were prepared by the conventional methods as follows :

1) EtMgBr, THF
(L 1) "BuLi, THF \/\/\ (CHO),, 5
0~ 2)DHP, CH,Cl, OTHP ) Mscl, EtaN /\/\/\OTHP
p-TsOH (cat.) CHoCly
,‘ 3) LiBr, DMF
1) 3N HCl aq., THF Br/\/\/\OL
2) PCC, CHCly H

2a

1) (COCl)z, DMSO

EtsN, CHoCly 1) EtMgBr, THF

TMS\/\/\ 2) "BuLi, THF \\\/\/(])\THP GHO),
OH  3) DHP, CH4Cl, "Bu  2) MsClI, EtgN
p-TsOH (cat.) QHQCIQ
4) TBAF, THF 3) LiBr, DMF

- OTHP 1) 3N HCl aq., THF 0
Br/\/\/k Br/w
ngy 2) CrOg, conc. HoSOy "Bu
Et;O-acetone ob

1) EtMgBr, THF

OV 1) "BuLi, THF \\\/\/\ (CHO), ATHPQ/\/\/\
0 Cl "2) TBSCI, imidazole ~ OTBS 2) DHP, CHxCly

p-TsOH (cat.)

DMF
3) TBAF, THF
1) MsCl, EtaN
CHQCIQ 1) MsCl, Et3N
2) NaCN, DMSO Ho/\/\/\ﬂ/ CHoClo Br/\/\/\ﬂ/
3) MeMgl, EtoO 2) LiBr, DMF X
4) 3N HCl aq., THF O od

1) (COCl)s, DMSO

. O 1)3NHClag., THF
THPO EtgN, CHoCly THPO/\/'\/U\ .
/\/\/\ N /‘Pr 2) MSCI, E'[3N
OH
Br/\/\j\

2¢

2) PrMgCl, Et,O0 CHaCly
3) (COCl)2, DMSO 3) LiBr, DMF
EtsN, CHoCly

r
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1) TMS——=—MgBr TMS
O.  p-TsOH-H.0 H\ﬂ/\/\/OTHP then, CICO,Me \/\/\/OH
O 0 2) MeOH, p-TsOH-H,0 OCO,Me
™S Q n ™S 0
(COCl)2, DMSO \'/\/\/“\ D) _BulgBr, THE %
EtsN, CHoClo H 2) (COCl),, DMSO -
OCOgEt EtgN, CHzClp OCO,Et
3a 3b
0 1) TMS——=
') : 2) MeOH, p-TsOH. HgO
_ 1) DMSO, EtsN
1) CeHia Li Pyr-S0g, CH,Cly
/ THE 2) BnOH, p-TsOH-H,0
2) DMSO, EtgN benzons

Pyr-SOg, CHxClo
3) MeLi / THF | ™S S 0. O0GHPh
4) MeOH, p-TsOH-H0 u ¥
7a
CeHia
\(\/\/OH
OH

1) DMSO, EtgN
Pyr-SO3, CHoCly

2) BnOH, p-TsOH-H-0
benzene

CeHya
X_ _O._ _OCH,Ph

7¢
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0 1) MeOH 1) Ph—=—Li ph _
2if> conc. HoSOy4 (cat.) H\W/\\//\\/COQMG / THF \Sier/\\/”\
~ COgH
2) DMSO, EtsN 0 2) IN NaOHaq. 2

Pyr-SO3, CH,Clo OH
1) DCC, CHoClp Ph. .
. X
2) MeLi / THF X___0._OCH,Ph
3) BnOH, p-TsOH-H,0 H
benzene
7b
1) TMS—=—Li TMS
o -TsOH-H0 N
( 7/ P 2 H\n/\/\OTHP / THF AN on
0 2) MeOH, p-TsOH-H,0 OH
1) DMSO, EtgN TMS
Pyr-SO3, CHxClo % 0 OCH,Ph
2) BnOH, p-TsOH-H,0 H H
benzene 7d
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Experimental Section (Chapter 2)

General ; Infrared (IR) spectra were recorded on a JASCO A-100 spectrometer and are
reported in wave numberes (cm-1). 1H NMR spectra were measured on a Varian

Gemini-300 spectrometer (300 MHz) with CDCI3 as the solvent and chemical shifts are
reported in parts per million (6 value) downfield from Me4Si (6 = O ppm) or resdual
CHCI3 (8= 7.26 ppm) as an internal standard. 13C NMR spectra were measured on a
Varian Gemini-300 (75 MHz) with CDCI3 as the solvent and chemical shifts are
refenced to the central line of the solvent. Signal patterns are indicated as s; singlet, d;
doublet, t; triplet, q; quartet, m; multiplet, br s; broad peak. EtpO was dried and
distilled from sodium benzophenone ketyl. CITi(O-i-Pr)3 was prepared from TiCl4 and
Ti(O-i-Pr)4 by the usual procedure, distilled under reduced pressure and stocked as the
2 M ethereal solution under argon atomosphere. i-PrMgBr was prepared as a 0.8 —1.5
M of ethereal solution from i-PrBr and magnesium turnings by the usual procedure,
titrated, and stocked under argon atomosphere. All reactions were conducted under an

argon or a nitrogen atomosphere in a flame dried flask.
Starting Materials.

7-Bromo-5-heptynal (2a).
0]
Br/\/\/u\
H

1H NMR (300 MHz, CDCI3) § 1.74-1.87 (m, 2H), 2.29 (tt, J = 2.3, 6.8 Hz, 2H),

2.56 (t, J = 7.1 Hz, 2H), 3.88 (t, J = 2.3 Hz, 2H), 9.76 (s, 1H).
13¢ NMR (75 MHz, CDCI3) § 15.2, 18.2, 20.7, 42.5, 76.4, 86.5, 201.5.

11-Bromo-9-undecyn-5-one (2b).
0
Br/\/\/[L n
Bu

g NMR (300 MHz, CDCI3) § 0.90 (t, J = 7.3 Hz, 3H), 1.22-1.39 (m, 2H), 1.49-

1.63 (m, 2H), 1.71-1.84 (m, 2H), 2.28 (it, J = 2.4, 6.9 Hz, 2H), 2.41 (t, / = 7.5 Hz,
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2H), 2.53 (t, J = 7.3 Hz, 2H), 3.91 (t, J = 2.4 Hz, 2H).
13C NMR (75 MHz, CDCI3) § 13.6, 15.2, 18.1, 22.0, 22.1, 25.7, 40.8, 42.4, 75.9,
86.9, 210.1. |

IR (neat) 2930, 2870, 2230, 1710, 1455, 1436, 1410, 1375, 1260, 1215, 1130, 1090,
1035, 850, 690 cm~1.

9-Bromo-2-methyl-7-nonyn-3-one (2c¢).

B o
r/\/\)J\ o
P

.
IH NMR ( 300 MHz, CDCI3) 6 1.08 (d, J = 6.9 Hz, 6H), 1.69-1.81 (m, 2H), 2.26
(tt, J = 2.4, 6.9 Hz, 2H), 2.56 (t, J = 7.2 Hz, 2H), 2.58 (q, J = 6,9 Hz, 1H), 3.89 (1,
J = 2.4 Hz, 2H).

13C NMR (75 MHz, CDCl3) & 15.3, 18.16, 18.22, 22.2, 38.5, 40.9, 76.1, 87.2,
213.8.

IR (neat) 2915, 2215, 1705, 1455, 1365, 1210, 1080, 1015, 835 cm-1.

9-Brdm0-7-n0nyn-2-0ne (2d).

Br/\/\/\”/

0
IH NMR (300 MHz, CDCI3) § 1.41-1.54 (m, 2H), 1.56-1.70 (m, 2H), 2.10 (s, 3H),
2.22 (tt, J = 2.4, 6.9 Hz, 2H), 2.42 (t, J = 7.3 Hz, 2H), 3.88 (t, J = 2.4 Hz, 2H).
13¢ NMR (75 MHz, CDCI3) § 15.5, 18.7, 22.8, 27.6, 29.7, 42.9., 75.6, 87.4,
208.3.
IR (neat) 2935, 2230, 1715, 1430, 1360, 1215, 1160, 690 cm-1,

Methyl 7-oxo-1-(trimethylsilyl)-1-heptyn-3-yl carbonate (3a).
T™S : v ,
A
CHO

OCO,Me
1H NMR (300 MHz, CDCI3) 8 0.16 (s, 9H), 1.73-1.90 (mn, 4H), 2.50 (dt, J = 6.7,

1.4 Hz, 2H), 3.80 (s, 3H), 5.25 (t, J = 6.0 Hz, 1H), 9.77 (t, J = 1.4 Hz, 1H).
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13¢ NMR (75 MHz, CDCI3) 6 0.34, 17.5, 34.0, 43.1, 54.9, 67.9, 92.0, 101.2,
154.8, 201.4.

IR (neat) 2930, 2720, 2100, 1745, 1440, 1340, 1260, 1175, 1100, 1000, 935, 840,
785, 755, 690 cm- 1.

Methyl 7-oxo-1-(trimethylsilyl)-1-undecyn-3-yl carbonate (3b).
T™MS % -

0OCOsMe O
IH NMR (300 MHz, CDCI3) §0.15 (s, 9H), 0.88 (t, J = 7.3 Hz, 3H), 1.20-1.38 (m,
2H), 1.47-1.60 (m, 2H), 1.62-1.86 (m, 4H), 2.38 (t, J = 7.5 Hz, 2H), 2.44 (t, J =
7.0 Hz, 2H), 3.78 (s, 3H), 5.22 (t, J = 6.1 Hz, 1H). |
13C NMR (75 MHz, CDCI3) § 0.34, 13.7, 19.1, 22.3, 25.9, 34.1, 41.8, 42.4, 54.8,
63.1, 91.7, 101.4, 154.8, 210.3.
IR (neat) 2930, 2110, 1755, 1715, 1445, 1345, 1260, 1110, 1035, 960, 845, 790,

760, 695 cm1,

General Procedure for Ti(Il)-Mediated Intramolecular Nuceophilic

Addition Reactions of 2,
To a stirred solution of CITi(O-i-Pr)3 (293.2 mg, 1.13 mmol) in Etp0O (5.62 mL) was

added i-PrMgBr (1.67 mL, 1.30 M in Et20, 2.17 mmol) at -78 OC and the mixture was
stirred for 1 h at -78 ©C. Then 11-Bromo-9-undecyn-5-one (187.0 mg, 0.763 mmol) in
Etp0 (2 mL) was added at -78 OC and the mixture was warmed up to room temperature
for 3 h. The reaction mixture was quenched with sat. NaHCO3 aq. at 0 9C. After
addition of NaF (560 mg ) and Celite (321.5 mg), the reaction mixture was stirred for 1
h at roorﬁ temperature and passed through a pad of Celite. The filtrate was concentrated
in vacuo and the resulting oil was purified by column chromatography on éilica gel to

give 1-Butyl- 2-ethenylidene-1-cyclopentanol (67.2 mg) in 65% yield.
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1-Butyl-2-ethenylidene-1-cyclopentanol (4b).

\ OH

B”Bu
1H NMR (300 MHz, CDCI3) § 0.90 (t, J = 7.0 Hz, 3H), 1.20-1.93 (m, 11H), 2.30-
2.48 (m, 1H), 2.53-2.68 (m, 1H), 4.78-4.91 (m, 2H).
13¢ NMR (75 MHz, CDCI3) & 14.0, 23.1, 23.2, 26.7, 29.8, 39.0, 39.8, 78.6, 81.9,
110.5, 202.0.
IR (neat) 3350, 2920, 2855, 1955, 1440, 1380, 1270, 1160, 1125, 1050, 1005, 970,
910, 840 cm-1,

2-Ethenylidene-1-isopropyl-1-cyclopentanol (4c¢).

\\. OH

ﬁ’Pr
IH NMR (300 MHz, CDCI3) §0.89 (d, J = 6.8 Hz, 3H), 1.01 (d, J = 6.8 Hz, 3H),
1.45 (br s, 1H), 1.56-1.98 (m, SH), 2.23-2.43 (m, 1H), 2.53-2.68 (m, 1H), 4.76-
4.92 (m, 2H).
13¢ NMR (75 MHz, CDCI3) § 17.2, 18.5, 23.5, 31.0, 34.5, 36.0, 78.5, 85.2,
110.3, 201.9.
IR (neat) 3402, 2930, 1955, 1710, 1440, 1370, 1265, 1165, 1125, 1060, 1015, 970,

845 cm 1,

2-Ethenylidene-1-methyl-1-cyclohexanol (4d).
A\

:; OH
1H NMR (300 MHz, CDCI3) & 1.35 (s, 3H), 1.36-1.80 (m, 7H), 2.05-2.20 (m, 1H),

2.29-2.44 (m, 1H), 4.73-4.83 (m, 2H).
13¢ NMR (75 MHz, CDCI3) § 22.7, 26.6, 27.9, 28.6, 40.7, 69.6, 76.9, 108.6,

201.6.
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IR (neat) 3360, 2910, 1950, 1705, 1440, 1370, 1255, 1165, 1110, 1075, 1025, 935,

900, 840, 725 cm L.

1-Butyl-2-[2-(trimethylsilyl)ethynyl]-1-cyclopentanol (5b).
TMS .

N\ on

"Bu

1H NMR (300 MHz, CDCI3) 8 0.16 (s, 9H), 0.91 (t, J = 6.9 Hz, 3H), 1.18-2.06 (m,
13H), 2.50 (dd, J = 8.5, 9.6 Hz, 1H).

13¢ NMR (75 MHz, CDCI3) § 0.13, 14.0, 22.1, 23.3, 26.8, 31.2, 36.4, 40.0, 43.3,
81.6, 88.7, 106.5.

IR (neat) 3530, 2950, 2170, 1760, 1460, 1375, 1265, 1100, 1030, 855, 815, 770

cm‘l.

Methyl 7-hydroxy-7-propyl-1-(trimethylsilyl)-1-undecyn-3-yl carbnate

(5¢).
™S

\/\/><nBU

n

ocoMs

lH NMR (300 MHz, CDCI3) 6 0.13 (s, 9H), 0.81-0.92 (m, 6H), 1.13-1.51 (m,

15H), 1.67-1.83 (m, 2H), 3.76 (s, 3H), 5.21 (t, J = 6.6 Hz, 1H).

5-Propyl-11-(trimethylsilyl)-10-undecyn-5-o0l (5d).

TMS
\/\/XnBu

HO™ ~"pr
1H NMR (300 MHz, CDCI3) § 0.14 (s, 9H), 0.907 (t, J = 6.8 Hz, 3H), 0.913 (t, J =

7.1 Hz, 3H), 1.19-1.59 (m, 17H), 2.24 (t, J = 6.9 Hz, 2H).

5-Propyl-11-(trimethylsilyl)-9,10-undecadien-5-0l (5e).

TMS ™S Qs "B

HO™ ~"py
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IH NMR (300 MHz, CDCI3) § 0.08 (s, 9H), 0.82-0.96 (m, 6H), 1.05-1.55 (m,
15H), 1.88-2.03 (m, 2H), 4.76 (dt, J = 6.9, 6.8 Hz, 1H), 4.89 (dt, J = 6.9, 3.5 Hz,
1H). '

Starting Materials

2-Benzyloxy-6-[2-(trimethylsilyl)ethynyl]-2H -tetrahydropyran (7a).

a 79 :21 mixture of two diastereomers

T™S
XX_ 0. _OCH,Ph
H H

1H NMR (300 MHz, CDCI3) §0.17 (s, 9H, minor isomer), 0.18 (s, 9H, major
isomer), 1.42-1.96 (m, 6H), 4.22 (dd, J = 10.0, 3.0‘Hz, 1H, minor isomer), 4.48
(dd, J = 8.7, 2.6 Hz, 1H, minor isomer), 4.53 (d, J = 12.1 Hz, 1H, major isomer),
4.60 (d, J = 12.1 Hz, 1H, minor isomer), 4.62 (dd, J = 9.7, 3.0 Hz, 1H, major
isomer), 4.80 (d, J = 12.1‘Hz, 1H, major isomer), 4.96 (d, J = 12.1 Hz, 1H, minor
isomer), 4.94-5.00 (m, 1H, major isomer), 7.24-7.40 (m, 5H).

13¢ NMR (75 MHz, CDCI3) § -0.19, -0.14, 17.9, 20.9, 29.4, 30.5, 31.7, 31.8,
60.9, 66.0, 68.9, 69.8, 88.5, 88.9, 96.7, 100.4, 104.4, 104.9, 127.5 (2 peaks),
127.7, 127.8, 128.2, 128.3, 137.9, 138.0.

IR (neat) 3089, 3064, 3032, 2952, 2870, 2181, 1948, 1739, 1604, 1496, 1454, 1441,
1398, 1362, 1329, 1294, 1250, 1203, 1174, 1120, 1080, 1057, 1018, 958, 843, 760,
729, 698, 652 cm™ L. |

2-Benzyloxy-2-methyl-6-(2-phenylethynyl)-2H -tetrahydropyran (7b).

a single isomer

Ph
X___O._ _OCH,Ph
H

IH NMR (300 MHz, CDCI3) 6 1.49 (s, 3H), 1.52-2.10 (m, 6H), 4.58 (d, J = 12.1
Hz, 1H), 4.67 (d, J = 12.1 Hz, 1H), 4.69 (dd, J = 11.4, 2.6 Hz, 1H), 7.24-7.50 (m,
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10H).
13¢ NMR (75 MHz, CDCI3) & 18.8, 24.9, 31.7, 35.0, 61.8, 62.4, 84.0, 88.8, 99.0,
122.8, 127.08, 127.14, 128.1, 128.2, 128.3, 131.8, 139.0.

IR (neat) 3062, 3032, 2987, 2945, 2868, 1741, 1599, 1491, 1454, 1442, 1383, 1367,
1331, 1302, 1269, 1221, 1192, 1146, 1120, 1086, 1039, 1022, 964, 920, 883, 864,
837, 758, 733, 692 cm 1.

2-Benzyloxy-6-methyl-6-octynyl-2H-tetrahydropyran (7c¢).
a mixture of four diastereomers

n

Cettrz X_ 0. _OCH,Ph

H

IH NMR (300 MHz, CDCI3) §0.88 (t, J = 6.8 Hz, 3H), 1.20-1.88 (m, 14H), 1.52
(s, 3H), 2.23-2.26 (m, 2H), 4.45-5.00 (m, 3H), 7.23-7.43 (m, 5SH).
IR (neat) 3087, 3064, 3030, 2931, 2665, 2237, 1496, 1456, 1406, 1367, 1350, 1333,
1277, 1230, 1205, 1182, 1144, 1109, 1090, 1059, 1032, 970, 899, 854, 839, 733,

698 cm1.

2-Benzyloxy-5-[2-(trimethylsilyl)ethynyljtetrahydrofuran (7d).

a 60 : 40 mixture of two diastereomers

T™S “
XX O, _OCHsPh
H H

IH NMR (300 MHz, CDCI3) 6 0.16 (s, 9H, minor isomer), 0.19 (s, 9H, major
isomer), 1.82-2.43 (m, 4H), 4.45 (d, J = 11.4 Hz, 1H, minor isomer), 4.47 (d, J =
11.7 Hz, 1H, major isomer), 4.70-4.82 (m, 1H), 4.74 (d, J = 11.7 Hz, 1H, major
isomer), 4.86 (d, J = 11.4 Hz, 1H, minor isomer), 5.20-5.27 (m, 1H, minor isomer),
5.29-5.37 (m, 1H, major isomer), 7.23-7.45 (m, 5SH). |

13C NMR (75 MHz, CDCI3) § 0.18 (2 peaks), 31.3, 31.5, 32.2, 33.0, 67.5, 68.5,
68.6, 69.0, 88.6, 89.6, 103.2, 103.4, 104.6, 106.5, 127.4, 127.5, 127.8, 128.0,
128.2, 128.3, 138.0, 138.2.
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IR (neat) 3089, 3064, 3032, 2958, 2900, 2175, 1496, 1454, 1398, 1344, 1306, 1250,
1200, 1174, 1095, 1072, 1022, 957, 931, 845, 760, 737, 698 cm™1.

General Procedure for Ti(II)-Mediated Intrameolecular Nuceophilic
Addition Reactions of 7.

To a solution of 7a (102.8 mg, 0.356mrhol) and Ti(OPr-i)4 (141.5 mg, 0.498 mmol)
in Et20 (3.6 mlL.) was added i-PrMgBr (0.55 mL, 1.75 M in Et20, 0.962 mmol) at -50
OC and the mixture was stirred for 1 h at the same temperature. Then the reaction
mixture/was warmed up to room temperature for 1 h. After the reaction completéd, the
mixture was quenched with IN HCI aq.. The organic layer was separated and the
aqueous layer was extracted with EtpO. The combined organic layers were dried over
MgSO4, and concentrated to an oil, which was chromatographed on silica gel to afford
cis-8a (51.3 mg, 0.281mmol, 79%), trans-8a (6.5 mg, 0.036mmol, 10%). In the
reaction of 7¢ with (nz-propene)Ti(OPr—i)z, i-PrMgBr was added at -78 OC and the

mixture was warmed up to room temperature for 4 h.

(1S8*,28%)-2-[2-(Trimethylsilyl)ethynyl]-1-cyclopentanol (cis-8a).
T™MS

N\ on

1H NMR (300 MHz, CDCI3) 8 0.15 (s, 9H), 1.45-2.20 (m, 7H), 2.61-2.71 (m, 1H),
4.10-4.16 (m, 1H).

13C NMR (75 MHz, CDCI3) § 0.12, 22.4, 30.3, 33.1, 39.3, 73.9, 88.6, 106.0.

IR (neat) 3450, 2975, 2880, 2190, 1460, 1415, 1385, 1345, 1325, 1305, 1255, 1165,
1095, 1035, 1010, 850, 765, 740, 700, 665 cm™ L.

(1R *,28*)-2-[2-(Trimethylsilyl)ethynyl]-1-cyclopentanol (frans-8a).
TMS

\\ OH
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IH NMR (300 MHz, CDCI3) § 0.15 (s, 9H), 1.50-2.15 (m, 7H), 2.54-2.63 (m, 1H),
4.15-4.24 (m, 1H).

13C NMR (75 MHz, CDCI3) § 0.17, 21.8, 31.1, 33.5, 40.7, 79.5, 85.7, 108.8.

IR (neat) 3380, 2960, 2870, 2170, 1455, 1410, 1245, 1085, 1025, 975, 840, 755,
690 cm-1.

(18*,25*)-1-Methyl-2-(2-phenylethynyl)-1-cyclopentanol (8b).
Ph

N\ on

AL

IH NMR (300 MHz, CDCI3) § 1.41 (s, 3H), 1.56-2.18 (m, 7H), 2.70 (dd, J = 8.2,
9.9 Hz, 1H), 7.27-7.47 (m, 5H).

13¢ NMR (75 MHz, CDCI3) § 22.0, 26.6, 31.2, 38.7, 44.1, 79.9, 84.4, 88.7,
123.3, 128.0, 128.3, 131.7.

IR (neat) 3470, 3075, 3040, 2980, 2890, 2240, 1725, 1610, 1500, 1450, 1380, 1360,
1340, 1305, 1290, 1200, 1150, 1130, 1075, 1025, 945, 860, 760, 690 cm-1.

(15%*,25%*)-2-Methyl-2-(1-octynyl)-1-cyclopentanol (8c).
"CeH13

11 NMR (300 MHz, CDCI3) 6§ 0.88 (t, J = 6.8 Hz, 3H), 1.17 (s, 3H), 1.20-2.13 (m,
15H), 2.19 (t, J = 7.1 Hz, 2H), 3.58-3.68 (m, 1H).
13C NMR (75 MHz, CDCI3) § 14.0, 18.7, 20.4, 22.5, 25.0, 28.5, 29.1, 31.3, 31.8,

37.7, 44.3, 80.2, 82.9, 84.7.
IR (neat) 3450, 2970, 2940, 2860, 2025, 1730, 1730, 1460, 1400, 1380, 1335, 1295,
1240, 1200, 1135, 1095, 1050, 1000, 985, 960, 890, 725 cm-1,
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Scheme 1
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LB & BB TRBALEIE? 27 V0 F 5 VL&Y & HEFHA 3 ALEWORT
BRE TRV 7 AT LA B E 15 2 L2 LT b

1) Ti(O/Pr)4, 2 PrMgCl SiMeg SiMeg

Cow e Gf &L
N Ph +
N Ph 2) Ho0 WH N Ph

n=1 94% 91

n=2 92% 68

0y i
1) Ti(O'Pr)4, 2 'PrMgCI £t o

8t S o N e N
Br — N \e—
A 2) thNwEt \—NH + 5_\~—NH

&
~

88% 95 : 5

Scheme 2
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XHIC. TI/BrSHFELLTEYF LY RTF L T4 VI ATV EIEE UCTHW,
SFPUREE T 3V OVIEB(INAS) BUGIC & ) TR HEE R AN T O ROFEN S REE % 55

L. HEEEMALEY) allopumiliotoxin 267A DA AZIEH L TV 5 (Scheme 3)*

(1{/”“'TKO-FP02

N
. COzMe  (2) Me4NBH(OAC)s,
H 4dOH acetone-HOAc
64% . )
allopumiliotoxin 267A
Scheme 3

EC, EHRBTEFVLURF VT4 VEORBAMLEY® ERBEIZT L VLAY D
INASSUBHEATT 2D THIE, TOHEICL Y HFERRO GRS TELDOTER
WipkE 7z, BB, 7LV RIMORE - RFEZE/EVERRICO N1, 2
— VI UEE S OMAWTH Y . MmO BERBIE VI EESAIHOI TV S 720,
BTV AEMEXF IV 4 —EL, 1, 3—2EBERT LV VIR RE AT LE

34 (Fig 1)o
=] = =
(R) (S)
a a
b | A
b b
(a>b;c>d)

Fig 1. Chirality of sustituted allenes.

T LTI, ST L o LG OREA 2 AR SBIR S0, & O A A
WATE SR S NTB Y, S MRS T BROMEIBHERTE S, B, KR
DScheme 4 IR Y & 9 ICHT-H B & UHT-H RIS KB W TOBERET L bWz v
2 A B TR 0 VARSI L7 b 00T |
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[2+2]Cycloaddition7' H Bu

K 0 o) ‘5
o] & Bu H ’
| hv T Y
- - + < -
- 0 ()\v/; (5\v/3
(92% ee ) 32%(91% ee ) 57% ( 92% ee )

[ 4 + 2] Cycloaddition®

O j “
___.CO2R » AlCl3 MGOQR + ROQC%
H H " CHyCl, -78°C ROC

RO,C
CO.R H
96% 2%

R = (+)-menthyl

Electrophilic addition reaction®

(\[\ AgBF4, CH,Clo H ()H
o] N
NaH 2 NONN L N

H H

N
Y 86%
PH) : PWJ J

n

Scheme 4

ZDLIREELSCEEL 2MT I MAEWER VST L LAY DINAS G % B 5
L. $ife b AFAMOBEN C S LR HIE Lo $F. TEIDT7 Lo VRBRTA 7
wtz@%&ww%%%ﬁméﬁttzé\mmﬁmﬁﬁﬁb\ﬂ,y—¢v74y
IATNVENREICERT S LW TE, FLTIOMRES LIT, A EET L =
VIRERT AT V& FEE L U TRERO RIS 247\, BAEE L, vy — AV 74 YT ATV

AL LI Lo RKE T EDOERIZOWVWTIRR S,

X /ﬂ'“TKO-FPOQ (HPIO)TI”

Rg/&* 0 L R1mg_

Scheme 5
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3—2 RREEE

7LV ALEWIEER T 5 2 DO IR A% D DI L5 Scheme 11278 T & 9 12 2 i
F 5 ACEWT LV ALEWITT L. UG T AMEICL > T2 OoDRL 2 LMW H T &
50%:ﬁif\7vyﬁ%%®mﬁﬁmﬁ5@;5Kﬁﬁ?%#ﬁowfiksw

TIRET A Z &bl 7z,

R! EtO

‘ J “THO-EP2 - ipro), T O (i-PrO)Ti””
R? X O OEt 1 1 )
V\f/)'n \ﬂ/ R1—/ o and/or R'\. .~ 0
2 0 ) B2 n
; R2 n 07 OEt

EtO
(-Pro)T{ O (i-Pr 01)2Ti
R1R2 | O and/or " e ” U, ©
) - 07 Ok
Scheme 1

A, 1.4 HEOTIOP), L1.04EDT Lo VRERT AT )L 2a % &t T— 5 LB H
~N 2.7 YED PMgCl % -78 °C TNz, 1B T-50C F THE L, &5 12-50~
40°CTC 2 WS FEfE, HOT 2 v F L7, DT, BEOBUEEA B I holz b 25,

INAS =54 4a % K 83%., Z/E = 77 /23 T4572(Scheme 2)o

. j)}\ 1) Ti(O'Pr)4, 2 PrMgBr COEt
/4/\/\0 OEt 2) Hx0O A OH
5 83% Z.E=77:23

2a 4a

Scheme 2 '

2 F & VALEWIE S — K — ISRV ORI S C3)-C4) THRIE L., CB)A®
B R R LB R 5 A T, E 72, da 0T 7 b AR IS0
T%@ﬁi&%&wvuwfwwaAauvb¢574—uiéﬁ%%%woémﬁm
KNG hoTe VT, FiA DT VVREBIATVEHWTREBEORLE T 5770 #

DEE % Table 1 12778 o
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Table 1.2 Ti(ll)-Mediated INAS Reactions of Allenic
Carbonates 2

Ti(O-i-Pr),
R‘>= R? 2 i-PrMgCl
R2 :ﬂﬁfocozﬂ ether
2
OIPF)Q
3
Substrate 2 Product 4
Entry . 5
R’ RZ R® n EI yield, %’ Z: E°
1 a, nBu H H 1 H 83 77:23
2 b; iPr H H 1 H g2 92:8
3 ¢; tBu H H 1 H 88 >98:2
4 d; Ph H H 1 H 77 65:35
5 e; MesSi H H 1 H 56 >98:2
D 549 >98:2
I 49 2:>98
6 f; PhMe,Si H H 1 H 57 >98:2
7 49; n-BugSn H H 1 H 55 >98:2
CO-E
n—C5H1>1= H 0CO,Et n-CsHy4 2 (t)H
66  37:63
9 i;n-CsHyyn-CgHyy H 1 86  —

H
10 j:PhMe,Si H Me 1 H trace’ —
H

11 k:  H H H
12 I; Ph H H 2 H trace? —

traced —

—

2 Conditions: 1.0 equiv of 2, 1.4 equiv of Ti(O-iPr)4 , and 2.7 equiv of
FPrMgCl in Etp0 at -50 ~ -40 °C for 2 h and then HzO, D20 or I at -40
°C. blsolated yield. © Stereochemistry of the double bonds and their
ratio were determined by 300 MHz 'H-NMR analysis including NOE
difference experiments. 9 Product contained >98% D. € 2.0 Equiv of
Ti(O-FPr)4 / 2 i-PrMgCl was used. ! 41% of 2j was recovered. 9
Allenyl-homocoupling product was obtained in 32% yield;, see
Experimental Section. " The reaction gave a complicated mixture.
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Table 1 {1Z7RF & 9 12 Entry 1~9 DEZ 2oV Tid W b BIF 2 IER CINASLERK Y %
Bxlze 9, EEMOAF VLV 7 4 VEALOSARERYEILEntry 8 2[R < & TRTZAEDE
RN DTz, COBRMEE CG) LOBREOR S SITHEINTBY, BRI
Bu 5 'Pr. Bu L HE R 2B ICON, VAERMEIIALE L, Bud & SIZEAI e A
b hrolze &b IIMeSi. PhMe,Si. "Bu,Sn 2% A T 5K OHA b R ZIED A
PSRN, B, ZIRTH D Z LIINOEEARY MV OMER Lz, 8T, EEIZZ
D & 5 7 RPN DS S N7z B H % Scheme 3 (2R X ) R UCHE TR L TWw 5,

Scheme 3

R
}z oH ﬁ

wo OEt
Ho Yy

)I w Ti(O-i-Pr),
1

AL, 247 5 YALEWAT Vo VRIRT ATV ERIET % & &, ERER OVRK
BEMTADRRL T LV —F 5 YEEZRE L. TFHNORBREZAT VI3 L TREE
WA B I720, ZHZEENICERL L LEZ TV,
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KT, BE2h W CILE B ol b ik, BN E KO DS TERY & 7 o
720 COREDEE. E?ﬁ&%RM&H:%%@%Eh{Tm% bOWhHbLEZONDL, +Z
THE 2h O ERIREAZMMEIEICLYVROILEZAH, RE-F 5 VIEDH
VAR Z IV EANREGE T HIRE T, FEHERLOA NV VAL OKRERT & ERE R AL
Ly MAERFERE LD T LA h o F2(Fig 1),

Fig 1. Postulated Transition State Model A for 4h

X510, 7Ly EOBBEHRICOVTERT 5L, COICERLY 2 04538
T VZVRBRT ATV 21 A2 DWW TR < UGB ASELTS % D123 L(Entry 9), C(3)
W2 DOBHELHETHIEMRT VZNVRBRIAT NV 2j O4E, 1 FE AEKIGIEBIS
3. R ASENN & N7z Bntry 1000 BlB . & OINASK G 2 5 & o (LAY H B s
THRE-IREZERER ) ORI » R ) B EINLZ Libbhr oz, T2, &b
KIEED DR WT V2 VIRER T ATV 2k DA, INASILITIZE A LR 597, Fi4
RIREWEG R 1o ZORITE—EGTRAED v TV ¥ DT LI ERY B/ S N
72o KIT, TNFTOHRELIVTL Y ED—KE:— PO I REEVT LD VR
AFN 2 EAVTCRIGEBI o fodt, HIGETHERMIBON Lo, BE
2a ~i DINASRUS I L HERBERIREL B TARY 2525 D15 L, 21 O%A. ASAR
BRERELZEOZITNERZLT, TV bR E—MICAFZZEPERTH L EEDNDS,
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:@té\@é&%tLf?vyiufuEw%ﬁ%ﬂttﬁ%%ﬁ%%ﬂto

PLEDOKRE D LT, BFEET Vo VRKERT AT IV EH b\“CH\IAS}iFB%7fﬁ§ﬂL@L5 e
LI L7ze TOINASPUBICHW B B E L THARIICFIAME OB W@)-7 Vv = vy

7
BZEW LTz DLTIZZEDEHERIRT o

HO L~ ~-OTBS
(E/Z = 95/5)

1) D-(-)-DIPT, Ti(O-i-Pr)y,
TBHP, CH,Cl,

2) MsCl, Et3N, CHQC'Q

3) LiBr, DMF

4) LDA, THF

59% (4 steps) )

1) ethy! vinyl ether,
p'PTS, CHQCIZ

2) TBAF, THF

H

YURG @ TNT =N A F Y R 2 728, 28 OWFETAKE TR EPRART

H

\‘/\/OTBS

OH
(89% e.e.)
[00p2* +17.9 (¢ 5.79, CHCIy)

3) CICO,Et, pyridine
" 4) 3N HCI, THF, H,O

86% (4 steps)

1) AcC|, pyridine, DMAP
2) {PhMeySiLCu(CN)Lis
3) p-TsOH, MeOH

4) CICO,Et, pyridine

43% (4 steps)

PhMe,Si H
H
of OCO,Et
[o]p?! +55.6 (¢ 2.33, CHCIg)
Scheme 4

. \/\/OCOgEt
OH
1) MsCl, Et3N, DMAP,
CH,Cl,
2) n-BusSnLi, CuBr-SMe,
51% (2 steps)
n-BusSn H

29 OCO,Et

[a]p?! +84.3 (¢ 2.64, CHCl)

Blb, AFRL R TINVT VA=V b@EIIE, BFEE T TSV EVT7 v a —

W(89%ee) T AL L7210 & 51T Z DILEW D S Weinreb & UMarshall 5 @ J#:' " % i v
THFFEBET LY T V22U RURREE- T VoV A5 > V2gh FRERAEK LT,

B, INSDT VZIVRERT A T IV OFEEEMEE X RER TIZINASIL 2 B T %2 o 12,
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Scheme 5 IC/RT L) ICINFE TLRMBOFETRILE B 2w, Bo5N72{bEY 4
KU 4g % Scheme 6 \Z/R 3 1 TMTPAL A T )L\ LI & | 300MHz 'H NMRIZ & ¥ 65

MEZRFR/IE A, 4f1388%ee.. 4g1386% c.e. EINASIULT T 2 I(LAIT L AL B

XLhnZ EdPbihrolz,
Scheme 5
. H, CO,Et
PhMezSi H 1 PhMegSi SE
. o — OH
W N\ thenHO A
OCO,Et
2f (~89% e.e.) 4f (88% e.e.)
[a]p?! +55.6 (c 2.33, CHCIg) [o]p?* -135 (¢ 1.32, CHClg)
] H, COEt
nBugSn  H asabove g o L02
OCO,Et H H
29 (~89% e.e) 4g (86% e.e.)
[o]p2! +84.3 (c.2.64, CHCly) [#]p? -71 (¢ 2.00, CHCl3)
Scheme 62
OH OMTPA
Hy o H,
a PhMe,Si b PhMe,Si
a = OH — = OMTPA
H H H H
OH OMTPA
H \l H \l
a,c H>—2</\ b H
9 — = oH T = OMTPA
H H H H
‘d
H,_ .—OH

OH

a (a) LiAlHg, THF; (b) (S)- or (R)-MTPA-CI, pyr., CCls; (c) HCI, THF-
MeOH; (d) Hap, Pd/C

K5I 4 DI Z LT 5 720 124 g% BRA{L &Y D 2-ethyl-1,4-butandiol ™~ & &N
&, ZORKEEMR LI L 25, SHTHS Z Lo¥D 1> 72(Scheme 6)' %, T DkEH
BB INAS [BHSETT B0, BRENDF ¥ F ¥ 7 0T HINY OCTi & 13T A
T =R F— P NKEBIET 52 LD Sh b otz EHEOFUMNIF IV RELEL
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LB ET & VALAW 2 EHEAK LE LOTCORITH Y, COCTIHEDFF) 74 —
AAECFH LA RIEE DR WG TH 5 EFEXTWD, Db, RETIE 2 MF ¥
ALEW E BN BT L SV RER T A TV DINAS SUBHS ARRIR AU K & < 474 2
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Supplement

The starting materials were prepared by the conventional methods shown
in Scheme 7.

Scheme 72 Synethesis of Alkadienyl Carbonates 2a-I

N a X b,c,d '
A y, — S ) 2a-d (n=1)
oTBS 4 2(n=2)
OH OMs OTBS

e
X f, g,d
(n=\1)\ \\(\‘ g of

OAc OTBS
. :
h,c d,ia N __j__, 2g
(n=1). OMs OCO,Et
n-C5H11
X ab,cd
2i
OH OTBS
X K, f
2j
Me OH OCO.Et
OCO,Et
CHO bmcd b
Xx— 2h
OH OCO,E
—— n,d
R—=—\ A" 2e (R = SiMeg)
2k (R = H)

& (a) MsCl, EtgN, CHoCly; (b) RMgX or RLI, CuBr, LiBr (R = n-Bu,
n-CsHy4, £Pr, t-Bu, Ph); (c) TBAF, THF; (d) CICO.Et, pyridine; (e)
AcCl, pyridine, DMAP; (f) (PhMe5Si)oCu(CN)Lip; (g) cat. p-TsOH,
MeOH; (h) ethyl vinyl ether, cat. p-PTS, CHoCly; (i) aq. 3N HCI,
THF; (j) n-BugSnLi, CuBr-SMey; (k) Aco0O, Et3N, cat. DMAP,
CHoCly; (1) TBSCI, imidazole, DMF; (m) acetylene, BuLi, THF (n)
LiAlH4, ether.
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Experimental Section (Chapter 3)

General. Infrared (IR) spectra are reported in wave numbers (cm-1). 1H NMR (300
MHz) and 13C NMR (75 MHz) spectra were measured with CDCI3 as the solvent and
chemical shifts are reported in parts per million (& vaiue).
Materials. Diethyl ether and tetrahydrofuran (THF) were distilled from sodium
benzophenone ketyl. Dichloromethane was distilled from CaH). Ti(O-i-Pr)4 and L-
(+)-DIPT were distilled and stocked under argon atmosphere. Pyridine was dried over
CaH). i-PrMgCl was prepared as a 1.2-1.6 M of an ethereal solution from 2-
chloropropane and magnesium turning by the conventional procedure, titrated, and
stocked under argon' atmosphere. All other reagents were available from commercial
sources and were used without further purification.

Starting carbonates 2a-1 were prepared by the conventional methods as follows
| (see also Scheme 7); allenic carbonates 2a-d were prepared from 3-
(methanesulfonyl)oxy-1-[(fert-butyldimethylsilyl)oxy]-4-pentyne by the reaction with
RCuX-MgX-LiX (R = n-Bu or Ph)19 followed by desilylation (TBAF, THF, 0 °C)
and the reaction with ethyl chloroformate and pyridine. Similarly, 2h, 2i and 2k were
prepared from ethyl 2—[1—(ethoxycarbonyl)oxy—2—p.ropynyl]phenyloxy carbonate, - 3-
(methanesulfonyl)oxy—1-[(iert—butyldimethylsilyl)éxy]—4—decyne, and 4-[(methane-
sulfonyl)oxy]—1-[(tert—butjrldimethylsilyl)oxy]—5~hexyne, respectively. Compound 2j
was synthesized by the reaction of 3-acetoxy-3-methyl-1-[(fert-butyldimethylsilyl)oxy]-
4-pentyne with (PhMe2Si)2Cu(CN)Liz17 followed by desilylation and
ethoxycarbonylation of primary alcohol group. ‘Allenic carbonates 2e (racemic) and 2k
were pr_eparéd from 5-(trimethylsilyl)pent-2-en-4-yn-1-ol and pent-2-en-4-yn-1-ol by
LiAlH4 reduction20 followed by ethoxycarbonylation. Optically active allenic
carbonates 2f and 2g were synthesized starting with the corresponding propargyl
alcohol [89% ee, determined by IH NMR analysis of the MTPA esters),2! which were
readily obtained from (E)-5-[(fert-butyldimethylsilyl)oxy]-2-penten-1-ol by the Yadav
.procedure,16 by the reaction with (PhMe2Si)2Cu(CN)Li2 or n-Bu3SnLi/CuBr-
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SMe 17 after conveting into its mesylate or acetate, respectively. Spectral data of 2a-1

thus prepared are indicated as follows;

Ethyl 3,4-nonadienyl carbonate (2a).
@]

//\/\OJ\OEt

IH NMR §0.90 (t, J 7.2, 3H), 1.26-1.45 (m, 4H), 1.31 (t, J 7.1, 3H), 1.98 (ddt, J
3.0, 7.1, 7.1, 2H), 2.35 (ddt, J 3.1, 6.7, 6.8, 2H), 4.18 (1, J 6.8, 2H), 4.20 (g, J
7.1, 2H), 5.02-5.20 (m, 2H ). |

13C NMR 6 13.81, 14.22, 22.11, 28.35 (2 peaks), 63.80, 66.95, 86.12, 91.93,
155.12, 204.59.

IR (neat) 2970, 2940, 2870, 1970, 1750, 1475, 1410, 1390, 1370, 1260, 1100, 1015,
875, 795.

Ethyl 6-metyl-3,4-heptadienyl carbonate (2b).
0

’Pr\/NOJ\OEt

IH NMR 61.00 (d, J 6.7, 3H), 1.31 (t, J 7.1, 3H), 2.20-2.41 (m, 3H), 4.18 (t, J
6.9, 2H), 4.19 (q, J 7.1, 2H), 5.08-5.22 (m, 2H).
13¢ NMR 6 14.26, 22.39, 27.78, 28.51, 63.83, 67.00, 87.46, 99.47, 155.17,

203.14.
IR (neat) 2962, 2870, 1961, 1747, 1466, 1400, 1383, 1365, 1259, 1092, 1012, 876,

791.

Ethyl 6,6-dimetyl-3,4-heptadienyl carbonate (2c).
. 0
By \//\/\OJ\OEt

IH NMR 6 1.03 (s, 9H), 1.31 (t, J 7.1, 3H), 2.36 (ddt, J 4.8, 4.8, 6.9, 2H), 4.19 (t,

"J17.1,2H), 4.19 (g, J 7.1, 2H), 5.15 (d, J 4.7, 1H), 5.16 (d, J 4.7, 1H).
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13C NMR 6 14.22, 28.52, 30.06, 31.59, 63.76, 66.92, 87.97, 103.92, 155.13,

201.88.
IR (neat) 2962, 2904, 2866, 2360, 1963, 1747, 1464, 1385, 1363, 1255, 1192, 1092,

1011, 876, 791.

Ethyl 5-phenyl-3,4-pentadienyl carbonate (2d).
: 0]

@vN oo

IH NMR 6 1.28 (t, J 7.1, 3H), 2.51 (ddt, J 2.8, 6.7, 6.6, 2H), 4.07-4.34 (m, 4H),
5.58 (dt, J 6.4, 6.6, 1H), 6.19 (dt, J 6.4, 3.1, 1H), 7.15-7.34 (m, 5H).

13¢ NMR & 14.22, 28.25, 63.90, 66.61, 90.49, 95.50, 126.78, 126.93, 128.55,
134.28, 155.11, 205.86.

IR (neat) 3090, 3050, 3010, 2930, 1960, 1760, 1610, 1570, 1475, 1400, 1380, 1265, -
1130, 1105, 1085, 1020, 925, 890, 800, 785, 700.

Ethyl 5-trimethylsilyl-3,4-pentadienyl carbonate (2e).
O

N

MeaSie_z? > O “OEt
IH NMR 60.08 (s, 9H), 1.29 (t, J 7.1, 3H), 2.32 (ddt, J 3.6, 7.0, 6.9, 2H), 4.14 (t,

J 7.0, 2H), 4.18 (q, J 7.1, 2H), 4.75 (dt, J 7.0, 6.8, 1H), 4.85 (dt, J 7.0, 3.6, 1H).
13C NMR 6-1.05, 14.25, 27.39, 63.81, 67.27, 78.66, 83.38, 155.14, 209.98.

IR (neat) 2980, 2920, 1950, 1760, 1480, 1395, 1260, 1020, 850, 800, 760, 700.

Ethyl (S)-5-phenyldimethylsilyl-3,4-pentadienyl carbonate (2f).
O

MegPhSi\/N OFEt

[p2! +55.6 (¢ 2.33, CHCI3)

111 NMR 60.37 (s, 6H), 1.30 (t, J 7.1, 3H), 2.34 (ddt, J 3.4, 6.8, 6.9, 2H), 4.13 (,
"7 6.9, 2H), 418 (dt, J 7.0, 6.8, 1H), 5.12 (dt, J 7.0, 3.4, 1H), 7.33-7.41 (m, 3H),
7.50-7.58 (m, 2H).

-48-



13C NMR §-2.43, 2.37, 14.25, 27.41, 63.83, 67.21, 79.30, 81.98, 127.78, 129.14,

133.63, 138.30, 155.13, 211.11.
IR (neat) 3070, 2970, 2920, 1950, 1750, 1480, 1440, 1390, 1260, 1200, 1120, 1015,
830, 790, 740, 700.

Ethyl (S)-5-tributylstannyl-3,4-pentadienyl carbonate (2g).
0]
/\/\OJ\OEt

[a]p2! +84.3 (¢ 2.64, CHCI3)
1H NMR 60.80-1.10 (m, 15H), 1.31 (t, J 7.1, 3H), 1.20-1.65 (m, 12H), 2.32 (ddt,

J 35,171,172, 2H), 415 (t, J 7.2, 2H), 4.58 (dt, J 6.9, 7.1, 1H), 5.07 (dt, J 6.9,

3.5, 1H).
13C NMR 610.39, 13.65, 14.27, 27.13, 28.00, 28.91, 63.78, 67.65, 75.03, 76.67,

155.17, 207.86.
IR (neat) 2970, 2940, 2880, 1940, 1755, 1475, 1380, 1260, 1015, 850, 795.

Ethyl 2-(1,2-octadienyl)phenyl carbonate (2h).
0]

1H NMR §0.89 (t, J 7.0, 3H), 1.24-1.54 (m, 6H), 1.39 (t, J 7.1, 3H), 2.12 (ddt, J
3.0, 6.7, 7.0, 2H), 4.31 (q, J 7.1, 2H), 5.57 (dt,J 6.6, 6.7, 1H), 6.24 (dt, J 6.6, 3.0,

1H), 7.07-7.24 (m, 3H), 7.38-7.47 (m,1H).
13¢c NMR 6 14.01, 14.21, 22.43, 28.53, 28.78, 31.39, 64.86, 88.10, 94.90,

122.17, 126.22, 127.45, 128.10, 147.75, 153.50, 206.14.
IR (neat) 2970, 2940, 2870, 1955, 1770, 1500, 1460, 1375, 1250, 1225, 1180, 1060,

765, 730.
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Ethyl 5-pentyl-3,4-decadienyl carbonate (2i).
o)

/\/\o/u\oa

1H NMR §0.88 (t, J 6.8, 6H), 1.20-1.46 (m, 12H), 1.31 (t, J 7.1, 3H), 1.85-1.95
(m, 4H), 2.33 (dt, J 6.7, 7.0, 2H), 4.16 (t, J 7.0, 2H), 4.19 (q, J 7.1, 2H), 5.01-5.11
(m, 1H). _

13C NMR 6 14.07, 14.26, 22.53, 27.30, 28.90, 31.60, 32.55, 63.79, 67.30, 86.74,

105.55, 155.22, 201.65.
IR (neat) 2960, 2930, 2850, 1960, 1750, 1470, 1400, 1385, 1370, 1260, 1095, 1010,
880, 850, 790, 725.

Ethyl 5-dimethylphenylsilyl-3-methyl-3,4-pentadienyl carbonate (2j).
Me (O I

N

MeoPhSin_~ O Ot

1H NMR §0.34 (s, 6H), 1.29 (t, J 7.1, 3H), 1.69 (d, J 3.7, 3H), 2.16-2.40 (m, 2H),
4.09-4.24 (m, 4H), 5.00-5.10 (m, 1H), 7.30-7.43 (m, 3H), 7.48-7.59 (m, 2H).

13¢ NMR §-2.29, -2.23, 14.25, 18.13, 32.17, 63.77, 66.00, 81.80, 88.24, 127.73,
129.02, 133.63, 138.67, 155.14, 209.59. |
IR (neat) 3090, 3070, 2980, 2930, 1955, 1750, 1480, 1460, 1440, 1415, 1395, 1380,
1270, 1120, 1100, 1015, 885, 825, 795, 740, 705. '

Ethyl 3,4-pentadienyl carbonate (2k).
0]

//\/\o’u\oa
=

1H NMR & 1.31 (t, J 7.1, 3H), 2.31-2.43 (m, 2H), 4.19 (¢, J 6.8, 2H), 4.19 (qqq, J

7.1, 2H), 4.68-4.75 (m, 2H), 5.05-5.17 (m, 1H). |
" 13C NMR & 14.25, 27.73, 63.89, 66.77, 75.49, 85.52, 155.11. 209.10.
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IR (neat) 3000, 2920, 1965, 1750, 1480, 1390, 1375, 1260, 1015, 860, 795.

Ethyl 6-phenyl-4,5-hexadienyl carbonate (21).
NP0 OFt
@\/ o \([)I/

1H NMR & 1.30 (¢, J 7.1, 3H), 1.77-1.96 (m, 2H), 2.23 (ddt, J 3.2, 6.4, 7.4, 2H),
4.13-4.24 (m, 4H), 5.59 (dt, J 6.5, 6.4, 1H), 6.17 (dt, J 6.5, 3.2, 1H), 7.12-7.36
(m, SH). | |

13C NMR & 14.25, 24.87, 28.02, 63.85, 67.12, 93.85, 95.40, 126.61, 126.81,
128.57, 134.67, 155.20, 205.22.

IR (neat) 3080, 3050, 3000, 1960, 1755, 1610, 1510, 1475, 1415, 1400, 1380, 1270,
1100, 1030, 920, 880, 800, 740, 700.

General Procedure for Ti(II)-Mediated INAS Reactions of Allenic

Carbonates 2.

To a solution of allenic carbonate 2 (1.0 mmol) and Ti(O-i-Pr)4 (1.4 mmol) in ether (10
mL) was added dropwise i-PrMgCl (1.2 . 1.6 M in ether, 2.7 mmol) at -78 °C. The
resulting mixture was allowed to warm up to -50 ©C over 1 h and stirred for 2 h at -50
OC ~ -40 OC to afford a solution of the organotitanium compound 3. Hydrolysis or
Deuterolysis: To the solution of the organotitanium 3 prepared above from 1.0 fnmdl
of 2 was added H20 (0.5 mL) or D20 (1.0 mL) at -40 °C. The mixture was warmed
up to 0 °C, and to this were added NaF (0.5 g) and then Celite (0.5 g). The mixture
was filtered through a pad of Celite, and. the filtrate was concentrated under reduced
pressure and chromatographed on silica gel (hexane-ether) to afford a-substituted-f3,y-
unsaturated ester 4. Olefin geometries of 4 and their ratio were determined by 'H
NMR analysis including NOE-difference experiment. Deuterolysis gave 4 cbntaining
>98% D at olefinic position (B-position of the resulting ester) which was determined by
) 1H NMR analysis. TIodolysis: To the solution of the organotitanium 3 prepared

above was added dropwise a solution of iodine (3.0 mmol) in THF (3 mL) at -40 °C.
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The resulting mixture was warmed up to 0 9C over 1 h. After addition of HO (0.5
mL), to this were added NaF (0.5 g) and then Celite (0.5 g) and similar work-up gave
the crude product which was purified by column chromatography on silica gel to give

B-iodo-f,y-unsaturated ester.

Ethyl (E)- and (Z)-2-(2-hydroxyethyl)-3-octenoate (4a) (entry 1 in

Table 1).
CO,Et

X OH

a 77 : 23 mixture of Z and E isomers

IH NMR & 0.81-0.94 (m, 3H), 1.17-1.41 (m, 4H), 1.23 (t, J 7.1, 3H, Z isomer),
1.24 (t, J 7.1, 3H, E isomer), 1.62-1.82 (m, 1H), 1.91-2.17 (m, 3H), 3.14 (dt, J 7.4,
8.4, 1H, E isomer), 3.51 (dt, J 7.3, 9.6, 1H, Z isomer), 3.55-3.74 (m, 2H), 4.12 (q,
J 7.1, 2H, Z isomer), 4.13 (qq, J 7.1, 2H, E isomer), 5.35 (ddt, J 9.6, 10.9, 1.7, 1H,
Z isomer), 5.41 (ddt, J 8.4, 15.4, 1.5, 1H, E isomer), 5.55 (dt, J 7.2, 10.9, 1H, Z
isomer), 5.57 (dt, J 6.6, 15.4, 1H, E isomer ).

13C NMR 6 13.85, 13.91 (2), 14.13 (Z and E), 22.09, 22.28 (Z), 27.25 (Z), 31.29,
31.62 (Z), 32.08, 35.14, 35.36 (2Z), 40.94 (Z), 46.04, 60.50 (Z and E), 60.63 (Z and
E), 126.62 (Z), 126.99, 133.38 (Z), 134.02, 174.53 (Z), 174.62.

IR (neat) 3430, 2970, 2940, 2880, 1740, 1660, 1475, 1375, 1265, 1165, 1060, 975,
905, 865, 715.

Anal. Calcd for C12H2203: C, 67.26; H, 10.35. Found: C, 67.42; H, 10.41.

E'thyl (E)- and (Z)-2-(2-hydroxyethyl)-5-methyl-3-hexenoate (4b)

(entry 2 in Table 1).
COoEt

ipr X OH

lH NMR 6 0.97 (d, J 6.6, 3H), 0.98 (d, J 6.6, 3H), 1.25 (t, J 7.1, 3H), 1.53-1.82
- (m, 3H), 1.94-2.09 (m, 1H), 2.20-2.35 (m, 1H, E isomer), 2.56-2.76 (m, 1H, Z
isomer), 3.14 (dt, J 7.7, 8.6, 1H, E isomer), 3.53 (dt, J 7.3, 9.9, Z isomer), 3.50-

-52-°



3.78 (m, 2H), 4.14 (q, J 7.14, 2H Z isomer), 4.15 (q, J 7.0, 2H, E isomer), 5.23
(dd, J 9.9, 10.2, 1H, Z isomer), 5.38 (dd, J 10.2, 10.2, 1H, Z isomer), 5.56 (dd, J
6.4, 15.3, 1H, E isomer).

13C NMR 6 14.0, 22.9, 26.8, 35.3, 41.0, 60.2, 60.5, 124.2, 140.6, 174.5.

IR (neat) 3423, 2960, 2870, 2362, 1734, 1466, 1369, 1259, 1174, 1055, 918, 735.
Anal. Calcd for C11H2003: C, 65.97; H, 10.06. Found: C, 66.24; H, 10.09.

Ethyl (Z)-2-(2-hydroxyethyl)-5,5-dimethyl-3-hexenoate (4c¢) (entry 3 inr

Table 1).
Bu CO,Et

X OH

IH NMR 6 1.15 (s, 9H), 1.25 (t, J 7.2, 3H), 1.60-1.83 (m, 2H), 1.92-2.06 (m, 1H),
3.60-3.74 (m, 2H), 3.80 (dt, J 10.9, 7.1, 1H), 4.15 (q, J 7.1, 2H), 5.18, (dd, J
10.9, 11.5, 1H), 5.51 (d, J 11.5, 1H).

13C NMR 6 14.1, 31.2, 33.5, 36.1, 41.6, 60.5, 60.6, 125.4, 142.7, 174.5.

IR (neat) 3448, 2956, 2871, 1734, 1477, 1410, 1365, 1336, 1205, 1161, 1053, 908,

858, 733.
Anal. Caled for C12H2203: C, 67.26; H, 10.35. Found: C, 66.81; H, 10.16.

Ethyl (E)- and (Z)-2-(2-hydroxyethyl)-4-phenyl-3-butenoate (4d) (entry

4 in Table 1).
CO,Et

X OH

a 65 : 35 mixture of Z and E isomers

g NMR §1.27 (t,J 7.1, 3H, E isomer), 1.28 (t, J 7.1, 3H, Z isomer), 1.60-1.96
(m, 2H), 1.98-2.19 (m, 1H), 3.39 (dt, J 7.6, 8.7, 1H, E isomer), 3.52-3.76 (m, 2H),
3.78 (dt, J 7.2, 10.6, 1H, Z isomer), 4.17 (q, J 7;1, 2H, E isomer), 4.18 (q, J 7.1,

2H, Z isomer), 5.67 (dd, J 10.6, 11.3, 1H, Z isomer), 6.21 (dd, J 8.7, 15.9, 1H, E
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isomer), 6.52 (d, J 15.9, 1H, E isomer), 6.63 (d, J 11.3, 1H, Z isomer), 7.18-7.42
(m, 5 H).

13C NMR § 14.15 (2 peaks), 35.18, 35.65, 41.56, 46.28, 60.27 (2 peaks), 60.86 (2
peaks), 126.32, 126.93, 127.22, 127.62, 128.37, 128.52, 128.60, 129.01, 131.77,
132.57, 136.43, 136.67, 174.07, 174.13.

IR (neat) 3430, 3070, 3030, 2940, 2880, 1730, 1650, 1605, 1500, 1455, 1375, 1260,
1180, 1050, 970, 920, 860, 770, 735, 700.

Anal. Calcd for C14H1803: C, 71.77; H, 7.74. Found: C, 72.37; H, 7.67.

Ethyl (Z)-2-(2-hydroxyethyl)-4-(trimethylsilyl)-3-butenoate (4e) (entry
5 in Table 1). |

Me3Si COoEt

X OH

1H NMR §0.16 (s, 9H), 1.26 (t, J 7.1, 3H), 1.54 (br s, 1H), 1.70-1.88 (m, 1H),
1.95-2.11 (m, 1H), 3.40 (dt, J 7.2, 10.3, 1H), 3.58-3.76 (m, 2H), 4.15 (q, J 7.1,
2H), 5.71 (d, J 13.8, 1H), 6.24 (dd, J 10.3, 13.8, 1H ). -

13¢ NMR §0.09, 14.10, 35.52, 46.77, 60.46, 60.72, 133.07, 144.72, 174.02.

IR (neat) 3450, 2970, 1740, 1615, 1375, 1255, 1165, 1060, 850, 770, 695, 665;
Anal. Caled for Cj1H220381: C, 57.35; H, 9.62. Found: C, 56.85; H, 9.85.
Deuterolysis product; 1H NMR & 3.40 (t, J 7.1, 1H), 5.71 (s, 1H ); 13C NMR § 0.09,
14.09, 35.53, 46.68, 60.44, 60.69, 132.85, 144.40 (t, J 24.7), 174.00.

Ethyl (E)-3-iodo-2-(2-hydroxyethyl)-4-(trimethylsily)-3-butenoate.
MesSi CO5Et :

X OH

The title compound is not stable enough to be stored for elemental analysis

IH NMR §0.18 (s, 9H), 1.27 (t, J 7.1, 3H), 1.71 (br s, 1H), 1.70-1.87 (m, 1H),
2.10-2.25 (m, 1H), 3.35 (t, J 6.9, 1H), 3.56-3.80 (m, 2H), 4.17 (g, J 7.1, 2H), 6.63
(s, 1H ).
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13C NMR 6 -0.07, 14.08, 35.64, 52.98, 59.62, 61.36, 114.72, 148.65, 171.02.
IR (neat) 3450, 2970, 2910, 1740, 1590, 1455, 1375, 1260, 1210, 1170, 1060, 1025,
915, 855, 770, 740, 700.

Ethyl (R)-(Z)-2-(2-hydroxyethyl)-4-(phenyldimethylsilyl)-3-butenoate

(4f) (entry 6 in Table 1).

MeoPhSi  CO.Ft
N OH

[a]D24 -135 (¢ 1.32, CHCI3)

1H NMR §0.41 (s, 3H), 0.47 (s, 3H), 1.10 (br s, 1H), 1.22 (t, J 7.1, 3H), 1.51-

1.67 (m, 1H), 1.83-1.99 (m, 1H), 3.25 (dt, J 7.1, 10.4, 1H), 3.31-3.53 (m, 2H),

4.10 (q, J 7.1, 2H), 5.88 (d, J 13.8, 1H), 6.32 (dd, J 10.4, 13.8, 1H), 7.30-7.44 (m,

3H), 7.50-7.64 (m, 2H).

13C NMR §-1.42, -0.86, 14.07, 35.31, 46.61, 60.23, 60.67, 127.90, 129.14,

131.08, 133.78, 138.99, 146.38, 173.81.

IR (neat) 3450, 3080, 3060, 2970, 1735, 1615, 1435, 1375, 1340, 1255, 1165, 1120,

1055, 825, 785, 735, 705, 675.

Anal. Calcd for C16H2403Si: C, 65.71; H, 8.27. Found: C, 66.27; H, 8.69.

Ethyl (R)-(Z)-2-(2-hydroxyethyl)-4-(tributylstannyl)-3-butenoate (4g)
(entry 7 in Table 1).

Bn3Sn QOgEt

X OH

[a]D22 -71 (¢ 2.00, CHCI3)

1H NMR 60.80-1.08 (m, 15H), 1.16-1.66 (m, 12H), 1.25 (t, J 7.0, 3H), 1.71-1.81
(m, 1H), 1.96-2.12 (m, 1H), 2.99 (ddd, J 6.5, 7.8, 9.8, 1H), 3.56-3.76 (m, 2H),
4.13 (qq, J 7.1, 2H), 6.02 (d, J 12.5, JSp-H 61.2Hz, 1H), 6.47 (dd, 7938, 12.5,
JSn-H 128.5, 1H).

13¢ NMR §10.32, 13.65, 14.14, 27.30, 29.12, 35.78, 50.50, 60.66, 60.70,

132.69, 145.56, 174.16.
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IR (neat) 3440, 2960, 2930, 2880, 1740, 1600, 1470, 1425, 1380, 1340, 1260, 1155,
1050, 960, 865, 770, 685, 665.
Anal. Calced for C20H4003Sn: C, 53.71; H, 9.01. Found: C, 53.57; H, 9.23.

Ethyl (E)- and (Z)-2-(2-hydroxyphenyl)-3-nonenoate (4h) (entry 8 in

Table 1).
CO,Et

2

HO
a 37 : 63 mixture of Z and E isomers
IH NMR 60.86 (t, J 6.7, 3H), 1.15-1.45 (m, 6H), 1.28 (t, J 7.1, 3H), 1.97-2.20 (m,
2H), 4.12-4.28 (m, 2H), 4.32 (d, J 7.6, E isomer), 4.65 (d, J 9.3, 1H, Z i'somer),
5.54-5.70 (m, 1H), 5.87 (ddt, J 7.6, 15.3, 1.7, 1H, E isomer), 5.99 (ddt, J 9.3, 10.7,
1.5, 1H, Z isomer), 6.80-7.00 (m, 2H), 7.03-7.24 (m, 2H), 7.83 (br s, 1H, E
isomer), 7.86 (br s, 1H, Z isé)mer ).
13C NMR 6 13.98 (4 peaks), 22.43, 22.47, 27.48, 28.63, 28.85, 31.32, 31.41,
32.35, 47.81, 53.08, 61.96, 62.02, 118.13 (2 peaks), 120.68, 120.77, 124.17,
120.40, 124.57 (2 peaks), 128.94, 129.09, 129.83, 130.13, 134.04, 134.74, 154.79,
154.89, 175.52.
IR (neat) 3400, 2970, 2940, 2860, 1710, 1600, 1515, 1495, 1465, 1375, 1280, 1195,
1100, 1030, 975, 900, 855, 755.
Anal. Calcd for C17H2403: C, 73.88; H, 8.75. Found: C, 73.73; H, 8.95. .

Ethyl 2-(2-hydroxyethyl)-4-pentyl-3-nonenoate (4i) (entry 9 in Table 1).

X OH

IH NMR & 0.88 (t, J 7.0, 3H), 0.89 (t, J 6.8, 3H), 1.15-1.46 (m, 12H), 1.24 (t, J
7.1, 3H), 1.62 (br s, 1H), 1.67-1.81 (m, 1H), 1.92-2.15 (m, 5H), 3.45 (dt, J 7.2,
9.9, 1H), 3.56-3.74 (m, 2H), 4.12 (q, J 7.1, 2H), 5.10 (d, J.9.9, 1H).
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13C NMR 6 14.01, 14.04, 14.16, 22.52, 22.57, 27.72, 28.12, 30.35, 31.52, 31.96,
35.74, 36.68, 41.46, 60.47, 60.68, 121.73, 143.75, 174.99.
IR (neat) 3430, 2970, 2940, 2860, 1740, 1660, 1475, 1375, 1260, 1165, 1105, 1060,

910, 865, 730.
Anal. Calcd for C18H3403: C, 72.44; H, 11.48. Found: C, 72.38; H, 11.54.

Results of the Reaction of entry 11 in Table 1.
IH NMR analysis of the crude mixture showed that the reaction provided several
products but less than 5% of 4k. One of these products was the allenyl-homocoupling

product shown below (32% yield).

EtOQCO\/\/\)}\/\/OCOQEt

1H NMR 61.31 (t, J 7.1, 6H), 1.70-1.88 (m, 2H), 2.03-2.16 (m, 4H), 2.73 (2d, J
5.6, 2H), 4.118 and 4.123 (2t, J 6.8 and J 6.7, 4H), 4.19 (q, J 7.1, 4H), 4.78 (br s,
2H), 5.30-5.60 (m, 2H).

Determination of Optical Purities of 4f and 4g.

The compdund 4f was reduced by using LiAlH4 (THF, 0 OC to room temperature) and
the resulting diol [(Z)-3-(hydroxymethyl)-5-(phenyldimethylsilyl)-4-penten-1-ol] was
converted to bis-MTPA esters by treatment with (R)- or (S)-MTPA-Cl and pyridine in
CCly. Optical purity of 4f was confirmed by 300 MHz IH NMR of these bis-MTPA
esters; olefinic proton at o-position of silyl group, & 5.844 (d, J 14.1, 1H) vs 5.817
(d, J 14.1, 1H). A

The diol [(Z)-3-(hydroxymethyl)-5-(tributylstannyl)-4-penten-1-ol] derived from 4g by
the reaction with LiAlH4 Was destannylated by treatment with aqueous diluted HCI-
MeOH to give 3-hydroxymethyl-4-penten-1-ol in essentially quantitative yield. The
bis-MTPA esters of this compound were analyzed by 300 MHz 1H NMR to determine
optical purity of 4g; olefinic protons of terminal positibn, [65.054 (d, J 17.0, 1H) and
'5.132 (d, J 10.3, 1H)] vs [ 5.002 (d, J 17.2, 1H) and 5.112 (d, J 104, 1H)].
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Preparation of The Graphic Formula A for 2h.

Figure 1 shown in the text is a postulated transition state model A for 2h (see, Scheme
2 in the text) which was constructed by using MM2 calculation (CAChe calculation
system, with an extended parameter set, CAChe Scientific, Inc.). In these calculations
we locked parameters on a dihedral angle for Ti-Csp3-Ccarbonyl-Ocarbonyl (Within
+209) and an atom distance for Csp3(attached to Ti)-Ccarbonyl (2.0-2.5 A) as a

conformational arrangement for carbonyl addition.
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Table 1. Synthesis of Titanium-Imine Complexes?
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] R\\ | po RIS Ner
R N R ; - ~Ti(O'Pr)2
-50~-40 °C Rg/N then Ho0 D
2h
2 3 4
Yield of 4
Entry 1 2
R R (%)° (% D)°
1 a phenyl propyl 97 (98)
2 b z benzyl 96 (97)
3 ¢ 2-napthyl propy! 939 (95)
4 d 2-furyl u 879 (96)
5 e  2-thienyl o 89 (97)
6 f  2-ethyl benzy! 38 (93)

The reactant ratio of imine:Ti{O'Pr)4PrMgCl=1.0:1.5:3.0. bisolated
yields. °Determined by 'H NMR. %The reaction was carried out at -40
~-50 °C for 2h and then warmed to 0 °C over 1h.
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¥ ) ¥ % Friedel-Crafts JUL TR L CABELTWAB Z &0 6, EH HINASKIEL THZHM
H )iy 18a 2 EHET Y MET AT LiC Lz,

) 0 (0]
CHo),CHCO.H '
©/( 2nPHCOH Acy0, A ©/H11//<O AlCl3, CHoClp_ @NHCOR
NHCOR ' '

\( )
R = Me or Ph 55~90%
n=1~3

Scheme 7

Aile . AR 18a % Ar FFPHAT, THRER E L. 0°C TEN B X M AcCl 2272
LA, FENIMRT AT E K BRPICT T MEL e TDdH L 'HNMR 6Kl 4E
B B E T BCA WS B 2 & AR LTEIER36%). U H S H T A
7mvh¢774~m;5ﬁ@%£:&m\m%%um%WK%%fﬁéztﬁ@%t
(Table 2, Entry 1)o & C, POG R DTLCIE & A HERE D 5. & @ INASKUEG I3 -50 °C 225
BAIEITLTWA Z &b olc, L L, UKz Y B0 -30°C $ THEL
Fo S, BRI L & OB OMEIIRE I Lt £ 2T OGRS
éﬁ%tbm\ﬂ@%ht%Mgﬂ@%%%%@bfﬁm%ﬁzﬁot&CE\W$®
e S ﬂf:(Table 2, Bntry 2)o & 512, CITi(OPr), % i\ TREERIC Ko % 8 ot
R, ABMIZHE D W CINER & 72 5 72(Table 2, Entry 3)o
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Table 2 Ti(ll)-Mediated INAS Reactions of Iminoester 17a.

Ac
N——-Ph 1) XTl(O’Pr) pn AcCl (1.0 equiv. ) '
</\¢ g 2 PrMgCl <:\[NH " EtaN (1.0 equiv. ) N._-Ph
’ COQMB THF. 0 ° o
2) HoO 5 F,0°C o
17a 18a 19a
Entry ' Condition Isolated yield, %

1 Ti(OPr)4 (1.3 equiv. ), PrMgCI (2.6 equiv. ), -35~-30 °C,2h 33 (36)?
2 Ti(OPr)4 (2.2 equiv.), PrMgCI (4.4 equiv. ),-50~-45 °C, 2h (42)?

3 CITI(OPr)3 (2.2 equiv.), PrMgCI (4.4 equiv. ), -50~-45 °C,2h 53

alH NMR vyield using an internal stndard.

ZCHA BEEE AR L, JUSOREE B holse DM % Table 3 1IRT, A
FNIAT VEOR LISV TRENV T AT VEEE S OEE 17b 22T Bk
IWRCHERW 19b £ 5272 LA L, BE1Th L OIS TREMRBEAME S 2, 2
—T7 I rantN ) v EBRLIENTERPol, CORREPLOHERE S A
BT LIZY, 2O—BHICOVTHNL, £, TEARAYVOBREBAICEZ &
THIRRATH B P IV TRET L 2o TAT VD afil, BRLIC ATV EE DY 17¢,
17d DYa, 7 I /FEEAFVEL OMICECRGERM 2155 2 L I3 TE 2 do 7205,
B BT 2 L 7 LR 19¢, 19 £ 52720 LA, A 3 B0 afil
AFNWEE S OHRE 17e 11T L A EUSHTHETE S, 72T MR, 1 I 23K %
AT UTE FPREINEN, COZEh b V—FF VEERICE HINASIUG i
AIVDOMAERICKESHBENLZEbhrole F/2, pIICEMES 2 08T 5
HH17t DOBHE D TREEFKREWZOPFUNITIEHITES 20 L 19f DI
WEWR R E oz, DI, FHEEA IV 17g OBEICE, 7V EIEALL
77&A&£¢m%tbf%xtoumﬂmkowfiwiwt AL P TIEE
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Table 32 Synthesis of a-Aminocyclopentanones from Iminoesters Using
CITi(O'Pr)3/ 2 'PrMgClI

Entry Substrate 17 Product 19 Yield, %2 (ds )¢
/I\c
1 a </\¢N\/F’h . R=Me N._ Ph 53
2 b COzR R ='Pr <IO _ 56
/}c
_N—_-Ph N._Ph
3 ¢ CO,Me 52 (70 : 30)
O
Alc
=N—_-Ph N._.Ph
4 d —</\C/02Me —<I 55 (64 : 36)
O
~N—_-Ph
5 e « trace?
CO,Me
Ac
BnO =N~n BnO “n
o0 = e e Gl
BnO COMe BnO o
7 49 Qﬂ“\ Py
-— - N
COMe N-="Pr N=-"Pr
@]
Ph ©
N—/ 64 11

@

Y
h { COsMe trace’

a Conditions: 1.0 equiv. of 17, 2.2 equiv. of CITi(O'Pr)s, and 4.4 equiv. of iPngCl in Et,0 at -50
~ -45 °C for 2 h and then H,O and THF at-45°C. Plsolated yield based on starting aldehyde. ¢
Diastereomeric ratio was determined by 300 MHz 'H NMR analysis. 9 61% of aldehyde was
recovered. € 53% of enamines were obtained.; see Experimental Section. ! The reaction gave a
complicated mixture.

-73-



PLERRTERLLH I, EHIEIA IV —F 7 VEAROINASKILZ EK L, AHRIICE

AR THB2—-T3I /v ouxryy ) vefb Il LI L, ZOBIEI R
IR =TI/ ANVETZFVERACLERET VVERKETHY, o« =7 3
2 v OFREREE LTHEHIET L D THLLEZ TV,
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Supplement

The starting materials were prepared by the conventional methods as follows :

3) O3 / MeOH, -60°C

-75-

1) ROH, 1) HC(OMe)3
O  conc. HSOy (cat.) CHO Ch p-TsOH (cat.)
2) DMSO, EtsN COQR 2) 03 / MeOH 'BOOC
n Pyr-SOg3, CH2Clo
R=Me ipr Me
1) LDA, HMPA n=1 1 2
Mel, THF, -78 °C 16a 16b 16h QCHO
2) MeOH, CO.Me
conc. HaSO4 (cat.) 169
3) DMSO, EtsN
Pyr.S05, CHoClo
CHO
COsMe
16e
1) DHP, p-TsOH, CHoCly 1) NaH, THF
2) LiAlH4, Et,0 (EtO)2P(0)CH,CO2EL
HO CO.Me ~ THPO
2% 8) (coCl),, DMSO CHO  2) Hp, 10% Pd/C, HC!I
EtsN, CHoCly MeOH
DMSO, EtsN
\J\/\ Pyr-SOg3, CH.Cly CHO
HO COgMe COgMe
' 16¢
1) NaH, TBSCI, THF
2) DMSO, EtN otRs 1) MeOH, |
_<:OH Pyr-SO3, CHoClo N _C/ conc. HaS0y (cat.) _CCHO
oy 3 'BUOH, 2-methyl-2-butene COH  2) DMSO, EtgN COzMe
NaH,PQO4, NaClOj, H,O Pyr-8Oj3, CHoCls 16d
1) NaH, THF P 1) NaH, THF
EtO,C ~  B~omp HO}<\A/ BnBr N
EtO-C : . 2) MeOH,
2 2) LiAlHq, E20 HO OTHP  “conc. HpS0O4 (cat.)
1) CrOg, conc. HaSOy4 BnO
BnO % Et,0-acetone :>CCHO
2) MeOH, BnO COsMe
BnO OH conc. HaSO4 (cat.) ‘ 16f



Experimental Section (Chapter 4)

General ; Infrared (IR) spectra were recorded on a JASCO A-100 spectrometer and are
reported in wave numberes (cm-1). 1H NMR spectra were measured on é Varian
Gemini-300 spectrometer (300 MHz) with CDCI3 as the solvent and chemical shifts are
reported in parts per million (6 value) downfield from Me4Si (6 = 0 ppm) or resdual
CHC13‘(5 =7.26 ppm) as an internal standard. 13C NMR spectra were measured on a
Varian Gemini-300 (75 MHz) with CDCI3 as the solvent and chemical shifts are
refenced to the central line of the solvent. Signal patterns are indicated as s; singlet, d;
doublet, t; triplet, q; quartet, m; multiplet, br s; broad peak. EtpO was dried and
distilled from sodium benzophenone ketyl. CITi(O-i-Pr)3 was prepared from TiClg and
Ti(O-i-Pr)4 by the usual procedure, distilled under reduced pressure and stocked as the
2 M ethereal solution under argon atomosphere. i-PrMgBr was prepared as a 0.8 —1.5
M of ethereal solution fromi i-PrBr and magnesium turnings by the usual procedure,
titfated, and stocked under argon atomosphere. All reactions were conducted under an

argon or a nitrogen atomosphere in a flame dried flask.

General Procedure for the Generation and deuteration of Titanium-Imine

Complexes.

To a solution of imine 2 (1.0 mmol) and Ti(O-i-Pr)4 (1.5 mmol) in ether (10 mL) was
added dropwise i-PrMgCl (1.2 - 1.6 M in ether, 2.7 mmol) at -78 OC. The resulting
mixture was allowed to warm up to -50 OC over 30 min and stirred for 2 h at -50 OC ~

-40 OC to afford a solution of the titanium-imine complex 3. To this solution was
added D20 (1.0 mL) at -40 ©C. The mixture was warmed up to 0 ©C, and to this were
added NaF (0.5 g) and then Celite (0.5 g). The mixture was filtered through a pad of
Celite, and the filtrate was concentrated under reduced pressure and chromatographed

on silica gel to afford deuterioamine 4.
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N-Propyl(phenyldeuteriomethyl)amine (4a).
Ph\rn\/\
D
IH NMR (300MHz, CDCI3) § 0.93 (t, J = 7.4 Hz, 3H), 1.32 (br s, 1H), 1.45-1.62
(m, 2H), 2.61 (t, J = 7.4 Hz, 2H), 3.78 (t, J = 1.7 Hz, 1H), 7.20-7.40 (m, S5H).
13¢ NMR (75MHz, CDCI3) § 11.6, 23.1, 51.2, 53.3, 53.6, 53.8, 126.9, 128.1,

128.4, 140.7.
IR (neat) 3026, 2960, 1495, 1452, 1261, 1028, 798, 698 cm™1.

" N-Benzyl(phenyldeuteriomethyl)amine (4b).
H

IH NMR (300MHz, CDCI3) § 1.59 (br s, 1H), 3.74 (s, 1H), 3.76 (s, 2H), 7.14-7.37
(m, 10H).

13C NMR (75MHz, CDClji;) 6 52.5,52.8, 53.0, 53.1, 126.9, 128.1, 128.4, 140.3.
IR (neat) 3311, 3084, 3060, 3026, 2829, 1603, 1495, 1452, 1313, 1201, 1117, 1072,
1028, 982, 912, 874, 698 cm- .

N-Propyl[(2-naphthyl)deuteriomethyl]amine (4c).
D

N7
SO RN

IH NMR (300MHz, CDCl3) §0.93 (t, J = 7.2 Hz, 3H), 1.40-1.70 (m, 3H), 2.64 (t, J
= 7.2 Hz, 2H), 3.94 (s, 1H), 7.30-7.90 (m, 7H).
13c NMR (75MHz, CDCI3) 8 11.6, 23.0, 51.2, 53.3, 53.6, 53.9, 125.5, 126.0,

126.5, 126.6, 127.68, 127.72, 128.1, 132.7, 133.5, 138.0.
IR (neat) 3311, 3053, 2958, 2929, 2871, 2817, 1738, 1635, 1601, 1508, 1456, 1373,
1298, 1269, 1240, 1174, 1128, 1047, 1018, 949, 895, 856, 814, 748 cm~1.

=77 -



N-Propyl[(2-furyl)deuteriomethyl]lamine (4d).
B
0 ~N
D
IH NMR (300MHz, CDCI3) § 0.91 (t, J = 7.4 Hz, 3H), 1.40-1.65 (m, 3H), 2.58 t, J
= 7.1 Hz, 2H), 3.78 (s, 1H), 6.16 (d, J = 2.6 Hz, 1H), 6.31 (dd, J = 2.6, 1.4 Hz,

1H), 7.35 (d, J =1.4 Hz, 1H).

N-Propyl[(2-thienyl)deuteriomethyl]amine (4e).
/S\ H\/\

D
IH NMR (300MHz, CDCI3) § 0.91 (t, J = 7.4Hz, 3H), 1.42-1.59 (m, 2H), 1.75 (br
s, 1H), 2.61 (t, J = 7.2 Hz, 2H), 3.95 (s, 1H), 6.83-6.98 (m, 2H), 7.11-7.22 (m,
1H).
13¢ NMR (75MHz, CDCI3) & 11.7, 23.0, 47.7, 47.9, 48.2, 50.9, 124.1, 124.7,
126.5, 144.2.

IR (neat) 2960, 2873, 1458, 1261, 1099, 1022, 800, 696 cm-1,

N-Benzyl(1-deuteriopropyl)amine (4f).
/\rHvPh
D
IH NMR (300MHz, CDCI3) §0.89 (t, J = 7.5 Hz, 3H), 1.25-1.60 (m, 3H), 2.58 (t, J
= 6.9 Hz, 1H), 3.79 (s, 2H), 7.20-7.38 (m, 5H).

N-Benzyl(5-deuteriohex-3-yl)amine (6).

H
N._Ph

D

1H NMR (300MHz, CDCI3) § 0.86-0.96 (m, 6H), 1.25-1.60 (m, 6H), 2.44-2.54 (m,
. 1H), 3.73 (d, J = 12.9 Hz, 1H), 3.78 (d, J = 12.9 Hz, 1H), 7.20-7.38 (m, 5H).
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Reactions of the Titanium-Imine Complex 3a with Alkynés.

To a solution of the titanium—imine complex 3a prepared from 2a (147.2 mg, 1.0
mmol) was added 1-octyne (132.2 mg, 1.2 mmol) at -40 OC. The reaction mixture was
stirred for 2 h to afford a solution of the organotitanium compound 7. After addition of
H70 (0.5 mL), the resulting mixture was warmed up to room temperature and to this
were added NaF (0.5 g) and then Celite (0.5 g). The mixture was filtered through a pad
of Celite, and the filtrate was concentrated under reduced pressure and
chromatographed on silica gel to afford 8a (160.8 mg, 62%). In the reaction of 3a

with 6-dodecyne, the reaction mixture was reflux for 2 h.

N-Propyl(1-Phenyl-2(E)-nonenyl)amine (8a).

Ph\'/\/"CGHw

NH
CaH7~

1H NMR (300MHz, CDCI3) 8 0.86 (t, J = 6.7 Hz, 3H), 0.89 (t, J = 7.4 Hz, 3H),
1.16-1.60 (m, 11H), 2.00 (dt, J = 6.4, 6.2 Hz, 2H), 2.43 (dt, J = 11.4, 7.3 Hz, 1H),
255 (dt, J = 11.4, 7.2 Hz, 1H), 4.12 (d, J = 6.6 Hz, 1H), 5.52 (dd, J = 15.3, 6.6
Hz, 1H), 5.61 (dt, J =15.3, 6.2 Hz, 1H), 7.16-7.38 (m, SH).

13Cc NMR (75MHz, CDCI3) § 11.8, 14.0, 22.6, 23.3, 28.8, 29.2, 31.7, 32.3, 49.6,
65.6, 126.8, 127.1, 128.4, 131.5, 133.1, 144.0.

IR (neat) 3315, 3082, 3060, 3026, 2925, 1668, 1601, 1583, 1541, 1491, 1456, 1379,
1338, 1298, 1230, 1198, 1176, 1120, 1074, 1047, 1028, 966, 910, 845, 756, 698

cm‘l.

N-Propyl(2-pentyl-1-phenyl-2(E)-octenyl)amine (8b).
CsH1¢
Ph\(\/"CSHn

NH
"CaH7~

IH NMR (300MHz, CDCl3) § 0.82 (t, J = 6.9 Hz, 3H), 0.89 (t, J = 7.4 Hz, 6H),
© 1.04-1.58 (m, 15H), 1.65-1.78 (m, 1H), 1.89-2.02 (m, 1H), 204 (dt, J =173,7.1
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Hz, 2H), 2.42 (dt, J = 11.4, 7.2 Hz, 1H), 2.51 (dt, J = 11.4, 7.2 Hz, 1H), 4.08 (s,
1H), 5.57 (t, J = 7.1 Hz, 1H), 7.15-7.37 (m, 5H).

13C NMR (75MHz, CDCI3) § 11.9, 14.0, 14.1, 22.4, 22.6, 23.3, 27.7, 28.7, 28.9,
29.7, 31.7, 32.2, 49.9, 68.6, 126.0, 126.7, 127.6, 128.0, 140.9, 143.7.

IR (neat) 3060, 3026, 2956, 2925, 2856, 2925, 2856, 1601, 1493, 1454, 1379, 1338,
1300, 1230, 1122, 1028, 746, 700 cm-1.

Reaction of the Titanium-Imine Complex 7a with Carbon monoxide.

A solution of the organotitanium 7a prepared from 2a (147.2 mg, 1.0 mmol) was
exposed to carbon monoxide with the aid of a balloon at -40 6C. The reaction mixturé
was warmed up to room temperature and stirred for 24 h. After addition of H7O, to this
were added NaF (0.5 g) and then Celite (0.5 g). The mixture was filtered through a pad
of Celite, and the filtrate was concentrated under reduced pressure and

chromatographed on silica gel to afford pyrrole 9 (175.1 mg, 65%).

4-Hexyl-2-phenyl-1-propylpyrrole (9).

"CeH1a
L3
Ph

N
NCaHy

IH NMR (300MHz, CDCI3) § 0.81 (t, J = 7.4 Hz, 3H), 0.89 (t, J = 6.9 Hz, 3H),
1.16-1.76 (m, 10H), 2.47 (t, J = 7.8 Hz, 2H), 3.82 (t, J = 7.4 Hz, 2H), 6.03 (d, J =
2.1 Hz, 1H), 6.54 (t, J = 1.1Hz, 1H), 7.16-7.45 (m, 5H).

13C NMR (75MHz, CDCI3) § 11.2, 14.1, 22.6, 24.8, 27.1, 29.3, 31.0, 31.8, 48.7,
109.0, 1194, 124.3, 126.5, 128.2 (2 peaks), 128.7, 134.0.

IR (neat) 3057, 3026, 2956, 2929, 2870, 1701, 1603, 1520, 1489, 1464, 1379, 1261,
1182, 1070, 1028, 922, 891, 804, 764, 702 cm™1.
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Reaction of the Titanium-Imine Complex 3a with Propionitrile.

To a solution of the titanium-imine complex 3a prepared from 2a (147.2 mg, 1.0
mmol) was added propionitrile (82.6mg, 1.5 mmol) at -40 OC and stirred for 1 h at the
same temperature. After addition of H20 (0.5 mL), the resulting mixture was warmed
up to room temperature and to this were added NaF (0.5 g) and then Celite (0.5 g). The
mixture was filtered through a pad of Celite, and the filtrate was concentrated under

reduced pressure and chromatographed on silica gel to afford 10 (174.5 mg, 85%).

1-Phenyl-1-(propylamino)butan-2-one (10).
0

L

NH
I'ICSH7/

1H NMR (300MHz, CDCIl3) 6 0.87 (t, J = 7.4 Hz, 3H), 0.96 (t, J = 7.3 Hz, 3H),
1.41-1.57 (m, 2H), 2.23 (br s, 1H), 2.36 (q, J = 7.4 Hz, 2H), 2.39 (q, J = 7.3 Hz,
2H), 4.38 (s, 1H), 7.20-7.5b (m, 5H).

13¢ NMR (75MHz, CDCI3) 6 7.8, 11.7, 23.2, 33.0, 49.3, 72.4, 128.0, 128.1,
128.9, 138.6, 209.7.

IR (neat) 3336, 3062, 3028, 2960, 2875, 1714, 1601, 1493, 1456, 1410, 1379, 1346,
1242, 1119, 1074, 1030, 987, 895, 850, 754, 702 cm-1,

Reactions of the Titanium-Imine Complex 3a with Imines.

To a solution of the titanium-imine complex 3a prepared from 2a (147.2 mg, 1.0
mmol) was added imine (1.5 mmol) at -40 OC. The reaction mixture was warmed up to
room temperature and stirred for 2 h. After addition of H2O (0.5 mL), to this were
added NaF (0.5 g) and then Celite (0.5 g). The mixture was filtered through a pad of
Celite, and the filtrate was concentrated under reduced pressure and chromatographed

on silica gel to afford diamine 11 in excellent yield.
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(18#,28%)-1,2-Diphenyl-N,N'-dipropylethylenediamine (11a).
1C3H,HN NH"C3H7

Pﬁh Ph
IH NMR (300MHz, CDCI3) §0.84 (t, J = 7.4 Hz, 6H), 1.33-1.55 (m, 4H), 2.00 (br
s, 2H), 2.25-2.48 (m, 4H), 3.61 (s, 2H), 6.93-7.20 (m, 10H).
13C NMR (75MHz, CDCI3) § 117, 23.3, 49.6, 69.4, 126.6, 127.7, 127.8, 141 8.

(18*,28#*)-N-Propyl[2-(benzylamino)-1-phenylbutyl]Jamine (11b).
PhCHoHN.  NH"C5H;

CoHi  Ph
IH NMR (300MHz, CDCI3) & 0.81 (t, J = 7.4 Hz, 3H), 0.85 (t, J = 7.4 Hz, 3H),
1.10-1.60 (m, 4H), 1.85 (br s, 2H), 2.20-2.40 (m, 2H), 2.54-2.75 (m, 1H), 3.43 (d,
J = 8.6 Hz, 1H), 3.70 (d, J = 12.8 Hz, 1H), 3.84 (d, J = 12.8 Hz, 1H), 7.14-7.43
(m, 10H).
13C NMR (75MHz, CDCI3) § 9.3, 11.8, 22.7, 23.3, 49.6, 51.2, 63.2, 66.1, 126.8,
126.9, 128.0, 128.10, 128.14, 128.3, 141.0, 143.0.
IR (neat) 3310, 3070, 3030, 2970, 2930, 2880, 1605, 1500, 1460, 1385, 1260, 1120,
1075, 1030, 845, 745, 700 cm-1.

Reaction of the Titanium-Imine Complex 3a with 5-Cyano-1-pentyne.

To a solution of the titanium-imine complex 3a prepared from 2a (147.2 mg, 1.0
mmol) was added 5-cyano-1-pentyne (139.7 mg, 1.5 mmol) at -40 OC and stirred for 1
h at the same temperature. After addition of H20 (0.5 mL), the resulting mixture was
warmed up to room temperature and to this were added NaF (0.5 g) and then Celite
(0.5 g). The nﬁxture was filtered through a pad of Celite, and the filtrate was
concentrated under reduced pressure and chromatographed on silica gel to afford

pyrrole 13 (117.2 mg, 52%).
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4,5-Dihydro-2-phenyl-1-propyl-6H-cyclopenta{b]lpyrrole (13).

Ry
Ph

N
NG4Hy

IH NMR (300MHz, CDCI3) § 0.80 (t, J = 7.4 Hz, 3H), 1.56-1.72 (m, 2H), 2.36-
© 2,50 (m, 2H), 2.68 (t, J = 6.9 Hz, 2H), 2.75 (t, J = 7.1 Hz, 2H), 3.79 (t, J = 7.7 Hz,
2H), 5.99 (s, 1H), 7.22-7.41 (m, 5H).

13¢ NMR (75MHz, CDCI3) § 11.2, 24.4, 25.3, 25.5, 28.8, 47.5, 103.6, 125.6,
126.3, 128.3, 128.6, 134.5, 137.2, 139.9.

IR (neat) 3060, 2958, 2852, 1603, 1508, 1464, 1375, 1302, 1273, 1157, 1072, 1032,
897, 791, 760, 700 cm-1.

Reaction.of the Titanium-Imine Complex 3a with Methyl nonanoate.

To a solution of the titanium-imine complex 3a prepared from 2a (147.2 mg, 1.0
mmol) was added methyl n.onanoate (258.4 mg, 1.5 mmol) at -50 9C. The reaction
mixture was warmed up to room temperature for 30 min.. After addition of H20 (0.5
mL), to this were added NaF (0.5 g) and then Celite (0.5 g). The mixture was filtered
through a pad of Celite, and the filtrate was concentrated under reduced pressure and

chromatographed on silica gel to afford 14 (75.3 mg, 26%).

1-Phenyl-1-(propylamino)decan-2-one (14).
0]

PhW)J\/\/W
e,
I NMR (300MHz, CDCI3) 6 0.84 (t, J = 6.9 Hz, 3H), 0.86 (t, J = 7.4 Hz, 3H),
1.00-1.60 (m, 15H), 2.31 (t, J = 7.5 Hz, 2H), 2.37 (t, J = 7.4 Hz, 2H), 4.36 (s, 1H),
7.23-7.40 (m, 5H). |
13c NMR (75MHz, CDCI3) § 11.6, 13.9, 22.5, 23.1, 23.6, 28.86, 28.92, 29.1,

31.6, 39.7, 49.2, 72.6, 128.0, 128.2, 128.9, 138.5, 209.5. .
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Starting Materials.

Methyl 5-oxopentanoate (16a).
<:CHO
COoMe
I NMR (300MHz, CDCI3) & 1.88-2.00 (m, 2H), 2.37 (t, J = 7.3 Hz, 2H), 2.52 (dt,
J=1.2,7.2 Hz, 2H), 3.66 (s, 3H), 9.76 (t, J = 1.2 Hz, 1H).
13C NMR (75MHz, CDCI3) 8 17.3, 32.9, 42.9, 51.6, 173.3, 201 4.
IR (neat) 2954, 2837, 2729, 1732, 1439, 1371, 1313, 1250, 1201, 1167, 1082, 1005,
850 cm- 1.

Isopropyl S5-oxopentanoate (16b).
<:CHO
CO5/Pr
I NMR (300MHz, CDCI3) 6 1.23 (d, J = 5.9 Hz, 6H), 1.88-2.01 (m, 2H), 2.33 (1,
J =17.3 Hz, 2H), 2.52 (dt, J = 1.4, 7.1 Hz, 2H), 4.92-5.09 (m, 1H), 9.78 (t, J = 1.4

Hz, 1H).
13C NMR (75MHz, CDCI3) § 17.4, 21.7, 33.5, 42.9, 67.7, 172.3, 201.4.

IR (neat) 2981, 2939, 2827, 2727, 1730, 1468, 1454, 1417, 1375, 1309, 1252, 1182,

1111, 972, 823 cm-1.

Methyl 2-methyl-5-oxopentanoate (16c¢).

CHO
COoMe

IH NMR (300MHz, CDCI3) § 1.16 (d, J = 7.3 Hz, 3H), 1.69-2.00 (m, 2H), 2.35-
2.55 (m, 1H), 2.46 (t, J = 7.4Hz, 2H), 3.65 (s, 3H), 9.73 (s, 1H).

13C NMR (75MHz, CDCI3) § 17.0, 25.7, 38.5, 41.4, 51.6, 176.2, 201.3.

IR (neat) 2976, 2952, 2841, 2727, 1730, 1462, 1437, 1414, 1379, 1244, 1209, 1171,
1136, 1082, 1028, 985, 899, 831, 762 cm-1.
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Meéthyl 3-methyl-5-oxopentanoate (16d).
_<:CHO
COsMe

IH NMR (300MHz, CDCI3) § 1.03 (d, J = 6.6 Hz, 3H), 2.27 (dd, J =15.8, 7.2 Hz,
1H), 2.34 (dd, J = 16.8, 7.2 Hz, 1H), 2.35 (dd, J = 15.8, 7.8 Hz, 1H), 2.48-2.64
(m, 1H), 2.53 (dd, J = 16.8, 5.4 Hz, 1H), 3.67 (s, 3H), 9.75 (s, 1H).
13¢ NMR (75MHz, CDCI3) §20.0, 25.1, 40.6, 50.0, 51.5, 172.8, 201.7.

IR (neat) 2958, 2843, 2729, 2345, 1732, 1439, 1369, 1308, 1261, 1171, 1095, 1012,
885, 841, 698 cm-1.

Methyl 4-methyl-5-oxopentanoate (16e).

&CHO
COsMe

IH NMR (300MHz, CDCI3) & 1.11 (d, J = 6.7 Hz, 3H), 1.60-1.76 (m, 1H), 1.96-
2.12 (m, 1H), 2.26-2.47 (m, 1H), 2.36 (t, J = 7.5 Hz, 2H), 3.6 (s, 3H), 9.61 (d, J
= 1.6 Hz, 1H). | |

13C NMR (75MHz, CDCI3) § 13.2, 25.4, 31.2, 45.5, 51.6, 173.3, 203.9.

IR (neat) 2954, 2877, 2721, 1732, 1439, 1375, 1317, 1257, 1174, 1101, 1016, 987,
928, 893, 829, 777 cm- 1, |

Methyl 3,3-bis(benzyloxymethyl)-5-oxopentanoate (16f).
Bno:><:CHO :

BrO COsMe

1H NMR (300MHz, CDCI3) §2.58 (s, 2H), 2.61 (d, J = 2.4 Hz, 2H), 3.52 (s, 4H),
3.57 (s, 3H), 4.45 (s, 4H), 7.19-7.36 (m, 10H), 9.78 (t, J = 2.4 Hz, 1H).

13¢ NMR (75MHz, CDCI3) §37.2, 41.8, 46.8, 51.4, 72.7, 73.4, 127.5, 127.6,

128.3, 138.1, 171.9, 201.3.
IR (neat) 3087, 3062, 3030, 2949, 2860, 2746, 1732, 1496, 1479, 1454, 1437, 1365,
1252, 1201, 1097, 1028, 908, 739, 698 cm-1
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Methyl (2-formylphenyl)acetate (16g).

Qoo
COoMe

IH NMR (300MHz, CDCI3) §3.70 (s, 3H), 4.06 (s, 2H), 7.30 (d, J = 7.3 Hz, 1H),
7.47-7.61 (m, 2H), 7.85 (d, J = 7.3 Hz, 1H), 10.11 (s, 1H).

13C NMR (75MHz, CDCI3) &38.8, 52.0, 127.9, 132.3, 133.7, 134.3, 134.4,
135.5, 171.4, 192.9. |
IR (neat) 3001, 2952, 2843, 2746, 1738, 1697, 1601, 1577, 1489, 1454, 1435, 1412,
1346, 1290, 1252, 1215, 1169, 1111, 870, 758, 739, 687, 663 cm-L.

Methyl 6-oxohexanoate (16h).
CHO
< COoMe
1H NMR (300MHz, CDCI3) 8 1.67-1.73 (m, 4H), 2.32 (t, J = 6.9 Hz, 2H), 2.45 (dt,
J = 6.6, 1.5 Hz, 2H), 3.65 (s, 3H), 9.75 (t, J = 1.5 Hz, 1H).
13¢ NMR (75MHz, CDCI3) 6§ 21.4, 24.2, 33.6, 43.4, 51.5, 173.8, 202.2.
IR (neat) 2952, 2870, 2727, 1736, 1437, 1365, 1200, 1159, 1093, 1012, 883, 756

CIIl'l.

General Procedure for the Preparation of Imines.

To a stirred solution of benzylamine (107 mg, 1.0 mmol), anhydrous MgSO4 (181 mg,
1.5 mmol) and NEt3 (0.14 mL, 1.0 mmol) in THF (3.3 mL) was added a solution of
aldehyde (1.0 mmol) in THF (2.0 mL) at 0 ©C. After 1 h, the mixture was allowed to
room temperéturc and stirred for another 1 h. Then the reaction mixture was filtered
through a pad of Celite and concentrated. The residue was again filtrated through a pad
of Celite and concentrated to give a crude imine in quantitative yield. It was used for the

the next reaction without purification.
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Methyl 5-(N-benzylimino)pentanoate (17a).
~N-_-Ph

C)/OgMe

IH NMR (300MHz, CDCI3) § 1.86-2.00 (m, 2H), 2.31-2.42 (m, 2H), 2.38 (t, J =
7.4 Hz, 2H), 3.66 (s, 3H), 4.57 (s, 2H), 7.20-7.38 (m, SH), 7.79 (t, J = 4.6 Hz,
1H).

13¢ NMR (75MHz, CDCI3) § 21.0, 33.2, 35.0, 51.4, 64.9, 126.8, 127.7, 128.3,
139.1, 164.7, 173.5. |

IR (neat) 3028, 2951, 1736, 1668, 1604, 1495, 1437, 1367, 1165, 1028, 735, 698

cm'l.

Isopropyl 5-(N-benzylimino)pentanoate (17b).

</\C/02ip r

IH NMR (300MHz, CDCI3) §1.22 (d, J = 6.2 Hz, 6H), 1.84-1.97 (m, 2H), 2.28-
2.40 (m, 2H), 2.33 (t, J = 7.4 Hz, 2H), 4.57 (s, 2H), 4.95-5.05 (m, 1H), 7.20-7.38
(m, 5H), 7.79 (t, J = 4.6 Hz, 1H).

13¢ NMR (75MHz, CDCI3) § 21.2, 21.8, 33.9, 35.1, 64.9, 67.5, 126.8, 127.8,
128.3, 139.2, 164.8, 172.6.

IR (neat) 3028, 2979, 2935, 2873, 1730, 1668, 1495, 1468, 1454, 1373, 1309, 1250,
1178, 1109, 1028, 966, 735, 698 cm-1.

Methyl 5-(N-benzylimino)-2-methylpentanoate (17c).
N—_-Ph

ﬁ/\C/OQMG
1H NMR (300MHz, CDCI3) § 1.18 (d, J = 7.1 Hz, 3H), 1.64-2.02 (m, 2H), 2.32
(dt, J = 4.5, 7.9 Hz, 2H), 2.44-2.58 (m, 1H), 3.66 (s, 3H), 4.56 (s, 2H), 7.20-7.37
(m, 5H), 7.78 (t, J = 4.5 Hz, 1H).

13Cc NMR (75MHz, CDCI3) § 17.0, 29.7, 33.6, 38.9, 51.5, 65.0, 126.9, 127.8,

128.4, 139.2, 164.9, 176.6.
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IR (neat) 3086, 3062, 3028, 2951, 3028, 2951, 2839, 1732, 1668, 1604, 1495, 1454,
1377, 1169, 1080, 1028, 989, 903, 839, 735, 698 cm-1,

Methyl 5-(N-benzylimino)-3-methylpentanoate (17d).
—~N-_-Ph

‘</\C?)2Me

IH NMR (300MHz, CDCI3) & 1.01 (d, J = 6.3 Hz, 3H), 2.14-2.44 (m, 5H), 3.66 (s,
3H), 4.57 (s, 2H), 7.18-7.38 (m, 5H), 7.78 (t, J = 5.0 Hz, 1H).

13¢ NMR (75MHz, CDCI3) § 19.9, 28.1, 40.9, 42.5, 51.4, 65.1, 127.0, 128.0,
128.5, 139.3, 164.6, 173.2.

IR (neat) 3062, 3028, 2954, 1736, 1664, 1604, 1495, 1437, 1369, 1169, 1011, 883,
839, 735, 700 cm™1,

Methyl 5-(N-benzylimino)-4-methylpentanoate (17e).
%/\éNvPh

COoMe
IH NMR (300MHz, CDCI3) § 1.12 (d, J = 7.0 Hz, 3H), 1.66-1.98 (m, 2H), 2.24-
2.49 (m, 1H), 2.36 (t, J = 7.8 Hz, 2H), 3.65 (s, 3H), 4.56 (s, 2H), 7.19-7.37 (m,
5H), 7.62 (d, J = 5.6 Hz, 1H).
13¢ NMR (75MHz, CDCI3) § 17.2, 28.9, 31.7, 39.0, 51.5, 64.8, 126.9, 127.7,
128.4, 139.3, 169.2, 173.8.

IR (neat) 3086, 3062, 3028, 2952, 1738, 1666, 1604, 1495, 1454, 1369, 1173, 1028,
906, 849, 777, 735, 698 cm-!.

Methyl 3,3-bis(benzyloxymethyl)-5-(N-propylimino)pentanoate (17f).
BnO>C%N\/\

BnO COoMe

14 NMR (300MHz, CDCI3) §0.84 (t, J = 7.4 Hz, 3H), 1.47-1.64 (i, 2H), 2.47 (d,

. J = 5.4 Hz, 2H), 2.50 (s, 2H), 3.26 (t, J = 6.6 Hz, 2H), 3.50 (d, J = 8.9 Hz, 2H),
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3.54 (d, J = 8.9 Hz, 2H), 3.56 (s, 3H), 4.48 (s, 4H), 7.21-7.37 (m, 10H), 7.67 (t, J
= 5.4 Hz, 1H).

13C NMR (75MHz, CDCI3) 8 118, 23.9, 37.5, 39.8, 42.0, 51.2, 63.3, 72.9, 733,
127.4 (2 peaks), 128.2, 138.5, 162.2, 172.1.

IR (neat) 3087, 3062, 3030, 2956, 2927, 2860, 1734, 1664, 1496, 1454, 1437, 1363,
1252, 1200, 1099, 1028, 906, 737, 698 cm-1,

Methyl [2-(N-propyliminomethyl)phenyl]acetate (17g).
Q;N\/\

COgMe
1H NMR (300MHz, CDCI3) §0.95 (t, J = 7.4 Hz, 3H), 1.62-1.79 (m, 2H), 3.55 (t, J

= 6.8 Hz, 2H), 3.66 (s, 3H), 3.97 (s, 2H), 7.18-7.29 (m, 1H), 7.30-7.41 (m, 2H),
7.64-7.76 (m, 1H), 8.45 (s, 1H).

Methyl 6-(N-benzylimino)hexanoate (17h).
Ph

N—

Y
( COsMe

IH NMR (300MHz, CDCI3) & 1.54-1.76 (m, 4H), 2.28-2.38 (m, 2H), 2',34 (t, J =
7.2 Hz, 2H), 3.66 (s, 3H), 4.56 (s, 2H), 7.20-7.36 (m, 5H), 7.78 (t, J = 4.8 Hz,
1H).

13¢ NMR (75MHz, CDCI3) 6 24.4, 25.3, 33.7, 35.4, 51.4, 65.0, 127.0, 127.9,
128.5, 139.3, 165.6, 174.0.

IR (neat) 3086, 3062, 3028, 2949, 2860, 1738, 1668, 1604, 1495, 1437, 1369, 1201,
1105, 1080, 1028, 879, 737, 698 cm-1.
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General Procedure for the Preparation of the 2-Aminocyclopentanons.

To a stirred solution of CITi(O-i-Pr)3 (0.51 mL, 2.0 M in Et20, 1.014 mmol) and 17a
(101.0mg, 0.461 mmol) in Etp0 (4.6 mL) was added i-PrMgCl (1.82 mL, 1.11 M in
Et20, 2.028 mmol) at -78 OC. The resulting mixture was allowed to warm up to -50
OC for 30 min and stirred for 2 h at -50 OC to -45 OC. After addition of THF (3.2 mL)
and H20 (0.8mL), the mixture was warmed up to room temperature, and to this were
added NaF (0.2 g) and then Celite (0.2 g). The mixture was filtured through a pad of
Celite, and the filtrate was concentrated under reduced pressure to afford a crude INAS
product. To a solution of this in THF (5 mL) was added Et3N (0.07 mL, 0.461 mmol)
and AcCl (0.04 mL, 0.461 mmol) at 0 OC and the mixture was stirred for 30 minutes. ‘
Then the reaction mixture was quenched with H2O (0.5mL). The organic layer was
separated, dried over MgSO4 and concentrate in vacuo. The crude product was purified

by column chromatography on silica gel to give 19a (63.8 mg, 53%).

2-(N-Acetylbenzylamino)cyclopentanone (19a).
o |

L

IH NMR (300MHz, CDCI3) § 1.50-1.72 (m, 1H), 1.93-2.28 (m, 4H), 2.11 (s, 3H),

2.48 (ddd, J = 18.5, 11.8, 9.0 Hz, 1H), 3.54 (dd, J = 11.1, 8.7 Hz, 1H), 4.57 (s,

2H), 7.25-7.41 (m, 5H).

13¢ NMR (75MHz, CDCI3) § 19.1, 21.5, 27.0, 35.8, 53.7, 64.3, 126.6, 127.7,

128.9, 136.6, 170.0, 213.3.

IR (neat) 3460, 3057, 3032, 2952, 2925, 2881, 1736, 1628, 1496, 1475, 1433, 1396,

1365, 1348, 1277, 1255, 1219, 1153, 1076, 1043, 995, 982, 943, 827, 735, 696,

623 cm- L.
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2-(N-Acetylbenzylamino)-5-methylcyclopentanone (19c¢).

a 70:30 mixture of two diastereomers

e
o

1H NMR (300MHz, CDCI3) & 1.06 (d, J = 6.9 Hz, 3H, major isomer), 1.21 dJ=

Ph

7.2 Hz, 3H, minor isomer), 1.73-2.62 (m, 5H), 2.10 (s, 3H, major isomer), 2.11 (s,
3H, minor isomer), 3.44 (dd, J = 10.7, 8.6 Hz, 1H, rﬁajor isomer), 3.73 (dd, J = 8.4,
8.1 Hz, 1H, minor isomer), 4.57 (s, 2H), 7.25-7.41 (m, SH).

13C NMR (75MHz, CDCI3) § 14.0, 16.0, 21.3, 21.4, 25.2, 25.4, 27.6, 28.1, 41.0,
41.3, 53.6, 53.7, 63.4, 64.3, 126.7 (2 peaks), 127.78, 127.80, 128.9 (2 peaks),
136.7 (2 peaks), 170.07, 170.10, 215.2, 215.6.

IR (neat) 3471, 3062, 3030, 2966, 2871, 2243, 1745, 1645, 1496, 1433, 1365, 1346,
1250, 1213, 1153, 1117, 1076, 1030, 985, 922, 733, 700, 646 cm™1.

2-(N-Acetylbenzylamino)-4-methylcyclopentanone (19d).

a 64:36 mixture of two diastereomers

1H NMR (300MHz, CDCI3) §0.96 (d, J = 7.2 Hz, 3H, minor isomer), 1.11(d, J =
5.7 Hz, 3H, major iéomer), 1.67-2.82 (m, 5H), 2.10 (s, 3H, minor isomer), 2.11 (s,
3H, major isomer), 3.54-3.64 (m, 1H), 4.56 (s, 2H, major isomer), 4.57 (s, 2H,
minor isomer), 7.26-7.42 (m, SH).

13¢ NMR (75MHz, CDCI3) § 19.8, 21.2, 21.3, 21.5, 26.9, 27.7, 34.7, 35.1, 44.1,
443, 5.3.7, 54.0, 62.2, 65.6, 126.7, 127.9, 128.97, 129.00, 136.6, 136.7, 170.2 (2

peaks), 213.2, 213.8.
IR (neat) 3465, 3030, 2958, 2927, 2889, 2372, 1741, 1628, 1496, 1475, 1435, 1348,
1308, 1252, 1221, 1161, 1138, 1076, 1043, 1030, 1007, 985, 737, 698, 621 cm-1,
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2-(N-Acetylpropylamino)-3,3-bis(benzyloxymethyl)cyclopentanone
(19f1). o

BnO T‘1/\/\

Bn0:><:\l:o v ‘

IH NMR (300MHz, CDCI3) §0.92 (t, J = 7.4 Hz, 3H), 1.46-1.70 (m, 2H), 2.04 (s,
3H), 2.14 (dd, J = 12.0, 9.2 Hz, 1H), 2.21 (dd, J = 12.0, 7.8 Hz, 1H), 2.27 d, J =
18.2 Hz, 1H), 2.65 (d, J = 18.2 Hz, 1H), 3.23 (t, J = 7.5 Hz, 2H), 3.45 (d, J = 8.7
Hz, 1H), 3.46 (d, J = 8.9 Hz, 1H), 3.49 (d, J = 8.9 Hz, 1H), 3.55 (d, J = 8.7 Hz,
1H), 3.60 (dd, J = 9.2, 7.8 Hz, 1H), 4.49 (s, 4H), 7.22-7.37 (m, 10H).

13C NMR (75MHz, CDCl3) 8 10.9, 21.2, 22.7, 34.9, 42.0, 43.6, 53.0, 63.9, 73.4,
73.5, 76.2, 76.4, 127.4, 127.5, 127.6, 127.7, 128.4, 128.5, 138.36, 138.43, 169.3,
213.0.

IR (neat) 3446, 3030, 2858, 1747, 1637, 1454, 1363, 1252, 1203, 1115, 1028, 912,

737, 698 cm-1.

Results of the Reaction of Entry 6 in Table 3.
72:28 mixture of Z and E isomers

0O
BnO S j‘l/\/\
Bn0><::OQMe
lH NMR (300MHz, CDCI3) 6 0.88 (t, J = 7.3 Hz, 3H, Z isomer), 0.93 (t, J = 7.4
Hz, 3H, E isomer), 1.40-1.70 (m, 2H), 2.07 (s, 3H, Z isomer), 2.18 (s, 3H, E
isomer),’ 2.60 (s, 2H), 3.42 (t, J = 7.8 Hz, 2H, E isomer), 3.48-3.65 (m, 4H), 3.53
(t, J = 7.8 Hz, 2H, Z isomer), 3.59 (s, 3H), 4.52 (s, 4H), 5.05 (d, J = 14.6 Hz, 1H,
Z isomer), 5.12 (d, J = 15.5 Hz, 1H, E isomer), 6.71 (d, J = 14.6 Hz, 1H, Z isomer),
7.20-7.40 (m, 10H, aromatic protons and 1H, olefinic proton of E isomer).
IR (neat) 3446, 3030, 2958, 2871, 2245, 1734, 1647, 1496, 1454, 1404, 1363, 1227,
. 1101, 1028, 910, 735, 698 cm-1.
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Results of the Reaction of Entry 7 in Table 3.

N\

O
IH NMR (300MHz, CDCI3) §0.77 (d, J = 6.9 Hz, 3H), 0.82 (t, J = 7.4 Hz, 3H),
1.03 (d, J = 6.9 Hz, 3H), 1.47-1.62 (m, 2H), 2.04-2.18 (m, 1H), 2.76-2.90 (m, 1H),
3.51 (d, J = 19.5 Hz, 1H), 3.71 (d, J = 19.5 Hz, 1H), 4.08 (d, J = 6.6 Hz, 1H), 4.14
(ddd, J = 13.4, 8.3, 6.8 Hz, 1H), 7.07-7.28 (m, 4H).
13C NMR (75MHz, CDCI3) § 11.3, 18.3, 20.3, 20.8, 34.2, 38.0, 49.1, 68.2, 125.7,
126.7, 127.3, 127.5, 133.0, 134.1, 169.3.
IR (neat) 3282, 3030, 2964, 2873, 2237, 1651, 1454, 1385, 1367, 1323, 1263, 1200,

1136, 1103, 1080, 1039, 933, 827, 750, 644, 623 cm- 1.

-
0o
IH NMR (300MHz, CDCI3) § 0.92 (t, J = 7.5 Hz, 3H), 1.56-1.70 (m, 2H), 3.48 (t, J

= 7.5 Hz, 2H), 3.61 (s, 2H), 4.46 (s, 2H), 7.14-7.27 (m, 4H).
13¢ NMR (75MHz, CDCI3) § 11.2, 20.5, 37.6, 48.5, 50.8, 125.1, 126.6, 127.3,
127.6, 131.7, 132.7, 169.0.

IR (neat) 3421, 3032, 2964, 2931, 2873, 2239, 1734, 1653, 1487, 1458, 1273, 1201,
1134, 1099, 1036, 955, 922, 739, 644 cm-1.

93



(D

2)

©))

4)

)
(6)
(7

®)

®
(10)

1L

(12)

References and Notes (Chapter 4)

(a) Kasatkin, A.; Okamoto, S.; Sato, F. Tetrahedron Lett. 1995, 36, 6075. (b)
Okamoto, S.; Kasatkin, A.; Zubaidha, P. K.; Sato, F. J. Am. Chem. Soc. 1996,
118, 2208. (c) Kasatkin, A.; Sato, F. Tetrahedron Lett. 1995, 36, 6079. (d)
Zubaidha, P. K.; Kasatkin, A.; Sato, F. Chem. Commun. 1996, 197. (e)
Kasatkin, A.; Kobayashi, K.; Okamoto, S.; Sato, F. Tetrahedron Lett. 1996, 37,
1849. ‘

Kablaoui, N. M.; Buchwald, S. L. J. Am. Chem. Soc. 1996, 118, 3182. Hill, J.
E.; Fanwick, P. E.; Rothwell, I. P. Organometallics 1992, 11, 1771. Hewlett, D.
F.; Whitby, R. J. J. Chem. Soc., Chem. Commun. 1990, 1684.

Durfee, L. D.; Rothwell, I. P. Chem. Rev. 1988, 88, 1059. Durfee, L. D.; Hill,
J. E.; Kerschner, J. L.; Fanwick, P. E.; Rothwell, 1. P. Inorg. Chem. 1989, 28,
3095.

Buchwald, S. L.; Watson, B. T.; Wannamaker, M. W.; Dewan, J. C. J. Am.
Chem. Soc. 1989, 111, 4486. Grossman, R. B.; Davis, W. M.; Buchwald, S.
L. J. Am. Chem. Soc. 1991, 113, 2321.

Jensen, M.; Livinghouse, T. J. Am. Chem. Soc. 1989, 111, 4495. see also: Ito,
H.; Taguchi, T.; Hanzawa, Y. Tetrahedron Lett. 1992, 33, 4469.

Roskamp, E. I.; Pedersen, S. F. J. Am. Chem. Soc. 1987, 109, 6551.

Hill, J. E.; Fanwick, P. E.; Rothwell, I. P. Organometallics 1992, 11, 1775.
Simpkins, N. S.; Stokes, S.; Whittle, A. J. J. Chem. Soc., Perkin Trans.lI
1992, 2471.

Gao, Y.; Harada, K.; Sato, F. Tetrahedron Lett. 1995, 36, 5913.

Basile, T.; Bocoum, A.; Savoia, D.; Umani-Ronchi, A. J. Org. Chem. 1994,
59, 7766. |

Kofnfeld, E. C.; Fornefeld, E. JI.; Kline, G. B.; Mann, M. J.; Morrison, D. E,;
Jones, R. G.; Woodward, R. B. J. Am. Chem. Soc. 1956, 78, 3087.

Carter, H. E. Org. React. 1946, 3, 198.

-94-



e

BHE R

AL B WA LEE S JUE T & 550 FWREA B U0 T-RRET ¥ v g # s
DOFFEAR B LT, YHIEECTRWAENLTIOP),/2 PrMgX 12 X ) 584425 2 {fi
5 ALEMEF Ly $H % BT PURBIE & BI% L7 & oo Tl e
DFIcEEORRERTET 5o

HoE [2MiF 5 ALEWERAVABRIKT LoV, RETOUSVFLTVI— VDA
Bl T, FPICANVKEENVEERETA 7NV ENEEKE 2MMF5 Abag e o
POBCE DBIRT7T LV 7V 2= VR BRIRARE 7 a0 )V 7V 3 — VORGSR T
ERFE LA LIZDWTHERZ, SROEDUMEZNE TIE L A EBID W HNEREK
FMEIEI L BBIRT VA — VoERETH Y, H LVERIMEE O BEDE % v
A

#3% [ 24fiF 5 AALAWEIN B HFIGHET L~ CAWOSTHRET ¥ VB RK
B BT, 2MliF 8 VLA E T LS VRBRT A T )V & ORUE T IAREIRIGIC

FRFRET ¥ VBRI OHELT L7z Z L2 Tili 7z, & HIBFEE T LV = VR B
IAFTNVaEERE LT, FfRORISEIT, HEE S, y —F VT4 VI AT VRE
WCTEBLIEEWOLMIIL, FILOAFERDOEE R,

AR [AIV—F 5 VEROGREZDGTHRET ¥ VEBRIG~OIGH ] Tid

LIV 2MF 5 MEWE DFUETA I ¥ —F & VMR ERBIICAHTESL I & %
oMLz, T, COKETEFL YR MYV, A IVELORBIZLYTY
VTIvRa—TI/ T by VTIVENEI(/AI LITHIIL, &bz A
IV—F I U T AT LSRR T VBB EB I T I AL LT,
FLTC, SFRICTATVEES DA I VLEWE 247 ¥ AMEEWOIBIZ L ) 5
FHRET Y VEBRRICVERTE, o —T I/ Y I7ARYT )0/ IEITHRY L
720

-95-



FERE LY A b
AT S B9 B FE K

1) "Intramolecular Carbon-Carbon Bond Forming Reactions Mediated by XTi(OPr-i), (X
= Cl or OPr-i) / 2 i-PrMgBr Reagent: Efficient Synthesis of Cyclopentanols Having an
Ethenylidene or Alkynyl Moiety at the S-Position"

Yukio Yoshida, Takashi Nakagawa and Fumie Sato

Synlett 1996, 437.

2) "Intramolecular Nucleophilic Acyl Substitution Reaction of 3,4-Alkadienyl Carbonates
Mediated by Ti(O-i-Pr), / 2 i-PrMgCl Reagent. Efficient Synthesis of Optically Active
B, ¥-Unsaturated Esters with an o-Substituent”

Yukio Yoshida, Sentaro Okamoto and Fumie Sato

J. Org, Chem. 1996, 61, 7826.

3) "In Situ Generation of Titanium-Imine Complexes from Imines and XTi(OiPr), (X = Cl,
OiPr) / 2 iPrMgX, and Their reactions with Alkines, Nitrilés, Imines and Esters. A New
Annulation Strategy Based on Intramolecular Nucleophilic Acyl Substitution Reaction of
o-Amino Carbaion”

Yuan Gao, Yukio Yoshida and Fumie Sato.

Angew. Chem., Int. Ed. Engl. 3ZiRtEf

F DD EE TR

4) "An Efficient Approach to Optically Active Benzoprostacyclins by a Two-component
Coupling Process"

Yukio Yoshida, Yoshitaka Sato, Sentaro Okamoto and Fumie Sato

J. Chem. Soc., Chem. Commun. 1995, 811.

5) "Radical Addition Reactions to AllylStannanes Having Substituents at C-1. Highly
Efficient Synthesis of Enantiomerically Pure or-Alkylcyclopentenones, the Key Component
for Synthesis of Prostaglandins by the Two-Component Coupling Process"

Yukio Yoshida, Naoya Ono and Fumie Sato

J. Org. Chem. 1994, 59, 6153.

-96-



6) "A Highly Efficient Approach to Prostaglandins via Radical Addition of o Side-Chains
to Methylenecyclopentanones. Total Synthesis of Natural PGE,, Limaprost and New
Prostaglandin Derivatives"

Naoya Ono, Yukio Yoshida, Kosuke Tani, Sentaro Okamoto, and Fumie Sato
Tetrahedron Lett. 1993, 34, 6427.

7) "Synthesis of a Key Intermediate for Preparation of 4,5-Didehydro Prostaglandins
containing an Allenyl Side-chain Group via Two-component Coupling Process. Synthesis
of EnproStil"

Naoya Ono, Yasufumi Kawanaka, Yukio Yoshida and Fumie Sato

J. Chem. Soc., Chem. Commun. 1994, 1251.

8) "Synthesis of the key component for preparation of 6-keto-prostaglandins by a
two-component coupling process: synthesis of 6-keto-prostaglandin E,, ornoprostil and
A’-trans-6-keto-prostaglandin E, "

Yasufumi Kawanaka, Naoya Ono, Yukio Yoshida, Sentaro Okamoto and Fumie Sato

J. Chem. Soc., Perkin Trans. 1 1996, 715.

9) "Conversion of Allyl Alk-2-ynoates to Alk-2-ynoic Acids Using Morpholine and
Palladium(0)-Bis(diphenylphosphino)alkane Catalyst; Synthesis of 2,2,3,3-Tetradehydro
PGE,"

Sentaro Okamoto, Naoya Ono, Kousuke Tani, Yukio Yoshida and Fumie Sato

J. C'hem_. Soc., Chem. Commun. 1994, 279, ‘

10) "Synthesis of chiral allylic alcohols by the reaction of chiral titanium-alkyne complexes
with carbonyl compounds"

Yoshihiro Takayanagi, Koki Yamashita, Yukio Yoshida and Fumie Sato

Chem. Commun. 1996, 1725.

-97-



B

AR EATICH 2, BIRHE) 2HIBE R B Y T LA AEERIT0 & Y
LETEF. HCHEC Ao T MO T i E, AREBE LR EE LA
WA B RERBY T, GEREARIBY T BB L £ 9, WIge Itk ) BB 2 TR E Icow
TWAWABMFEIC ) F LABEHEFORICECBRHBLE T, BREITb), i3
RIICL, BT S o REE. ik EE. BUHEEELZEILO LT KT
MRS OBRIEHE L T T, BRI, EREMIES, BIHYBMCFERLHE %
LTI 72/ — Bh s df NS /AMRRIF R B 0 BBk 2 iR <R L £ 97

FRO4ELA

-08-



