
STUDIES ON THE DEVELOPMENT OF NOVEL SYNTHETIC 

METHODOLOGIES: PREPARATION AND TRANSFORMATION 

OF SUBSTITUTED VINYLTETRAHYDROFURANS 

by 

LUFENG GUAN, B.S., M.S. 

A DISSERTATION 

IN 

CHEMISTRY 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 

DOCTOR OF PHILOSOPHY 

Approved 

Accepted 

August, 1994 



-t 

COPYRIGHT, 1994, LUFENG GUAN 



ACKNOWLEDGMENTS 

This dissertation would not have been possible without the guidance, 

encouragement and assistance from numerous people. Here I express my sincere 

gratitude to but a few. 

First and foremost, my heartfelt appreciation goes out to Professor Robert 

Walkup. Without his insightful advice and persistent encouragement, none of the 

achievements I have made during the past several years would have been possible. 

I would like to thank the members of my advisory committee. Dr. John Marx, 

Dr. David Bimey, Dr. Allan Headley and Dr. Bruce Whittlesey for their helpful 

suggestions and guidance throughout the years. Special thanks go to Dr. Andy Sac of 

Eastern New Mexico University for his guidance at the first step of my graduate career. 

My appreciation also goes out to the past and present members of Professor 

Robert Walkup's research group, especially to Dr. Derek Cole for his professional 

suggestions and friendship. My sincere thanks also go to David Purkiss for his expert 

advice and assistance in obtaining spectral data for this work. 

The Graduate School as well as the Department of Chemistry and Biochemistry 

of Texas Tech University are appreciated for providing an excellent educational 

opportunity. 

The financial support from the Robert A. Welch Foundation, the National 

Institutes of Health, and the Graduate School of Texas Tech University for this work is 

gratefully acknowledged. 

I would like to thank my father Yunan Guan and my mother Xiangyun He for 

their unconditional love, help and encouragement throughout all these years. 1 would 

also like to thank my parents-in-law Professor Youmin Chen and Professor Peicheng 

Hua for their support and encouragement. 

ii 



This dissertation would not have materialized without the love, support and 

sacrifice of my wife Li C. Guan. I am sincerely grateful that Li has shared both 

disappointment and joy along with me during the past years. 

I dedicate this dissertation to my American Mom Professor Virginia Klapperich 

who had given me so much love and guidance for years and who passed away during 

this work. 

m 



TABLES OF CONTENTS 

ACKNOWLEDGEMENTS ii 

LIST OF TABLES xii 

LIST OF FIGURES xiv 

LIST OF ABBREVIATIONS xv 

CHAPTER 

I. INTRODUCTION 1 

II. BACKGROUND 3 

Allenes 5 

Recent Developments in the Syntheses of 

2,5-Disubstituted Tetrahydrofurans 6 

Transformations of Vinylmercurials 11 

Transformations of Vinyliodides 16 

Palladium-Mediated Cyclization/Coupling Reactions 25 

Rationale for this Research 27 

III. RESULTS AND DISCUSSION 29 

Palladium-Mediated Transformations of Vinylmercurials 29 

Attempted Palladium Catalyzed Intramolecular 
Cyclization/Coupling Reactions 37 
Attempted Radical Transformations of Vinylmercurials 43 

lodocyclizations of y-Hydroxy- and y-Silyloxyallenes 47 
Palladium Catalyzed Vinylation of 

Tetrahydrofuranyl Ethenyl Iodides 51 

Grignard-Type Reactions Using Tetrahydrofuranyl Ethenyl Iodide and 
Tetrahydrofuranylvinyl Trimethyl Stannanes 56 

Palladium Catalyzed CycHzation/Coupling Reactions of y-Hydroxyallenes 
and Aryl- or Alkenyl Halides 63 

iv 



Palladium Catalyzed Cyclization/Coupling Reactions of 
y-Hydroxyallenes and Aryl- or Alkenyl Halides under a 
Carbon Monoxide Atmosphere 72 

Palladium Catalyzed Coupling Reactions of Tetrahydrofuranyl Vinyl 
Iodides and Organometallic Reagents 75 

Palladium Catalyzed Cyclization/Coupling Reactions of y-Hydroxyallenes 
and Allyl Acetates 83 

Palladium Catalyzed Methoxycarbonylation of 6-Phenylthio- and 
6-Phenylsulfinyl-y-Hydroxyallenes 87 

An Attempted [3.3] Rearrangement of (±)-tert-Butyl-3,6-epoxy-
2,7-octadienoate Systems 92 

Palladium Catalyzed Carbonylative Coupling Reactions of 
Tetrahydrofuranyl Vinyl Iodides and Alcohols 102 

Conclusions 111 

IV. EXPERIMENTAL PROCEDURES 113 

General Methods 113 

General Procedure for the Palladium Mediated AUylation of 
Vinyl Mercuric Chloride 114 

General Procedure for the Palladium Mediated AUylation of 

Vinyl Mercuric Trifluoroacetate 114 

General Procedure for the Preparation of N-Iodosuccinimide 115 

General Procedure for the NIS-Mediated lodocyclization 
of y-Silyloxyallenes 115 
General Procedure for the Palladium Catalyzed Vinylation of 
Tetrahydrofuranyl Ethenyl Iodides (Heck Reaction) 116 

General Procedure for the Palladium Catalyzed 
Cyclization/Coupling Reactions of y-Hydroxyallenes 
and Organohaliaes (Gallagher Reaction) 116 

General Procedure for the Palladium Catalyzed Cyclization/Coupling 
Reactions of y-Hydroxyallenes and Organohalides under a Carbon 
Monoxide Atmosphere 117 

General Procedure for the Palladium Catalyzed 
Coupling Reactions of Tetrahydrofuranyl Ethenyl 
Iodides and Olefmic Stannanes 117 



General Procedure for the Palladium Catalyzed Cyclization/Coupling 
Reactions of y-Hydroxyallenes and Allyl Acetates 118 

General Procedure for the Palladium Catalyzed Carbonylativ e Coupling 
Reactions of Tetrahydrofuranyl Ethenyl Iodides and Alcohols 119 

4,5-Hexadien-1 -ol (89) 119 

(±)-2-Hydroxy-5,6-heptadiene (90) 120 

(±)-a-(Tetrahydrofuranyl)vinylmercuric acetate (91) 121 

(±)-a-(Tetrahydrofuranyl)vinylmercuric trifluoroacetate (92) 122 

(±)-a-(Tetrahydrofuranyl)vinylmercuric chloride (93) 122 

(±)-a-(Tetrahydrofuranyl)vinylmercuric bromide (94) 123 

(±)-l-(5'-Methyltetrahydrofuran-2'-yl) ethenylmercuric 
trifluoroacetate (95) 124 

(±)-1 -(5'-Methyltetrahydrofuran-2'-yl) ethenylmercuric 

chloride (96) 125 

(±)-4-Methylidene-5,8-epoxy-l-octene (97) 126 

(±)-2-Methyl-4-Methylidene-5,8-epoxy-l-octene (98) 126 

(±)-(E)-5-Methylidene-6,9-epoxy-2-nonene(99) 127 

(±)-4-Methylidene-5,8-epoxy- 1-nonene (100) 128 

(±)-2-Methyl-4-methyhdene-5,8-epoxy-1 -nonene (101) 129 

(±)-(E)-5-Methylidene-6,9-epoxy-2-decene(102) 130 

(±)-2,3-bis-(Tetrahydrofuran-2'-yl)-1,3-butadiene (106) 131 

4,5-Hexadien-1 -y 1 acetate (107) 132 

3-Methyl-3-(2'-propen-1 '-yl)oxy-1 -buten-2-ylmercuric 
acetate (108) 133 
l-(2'-Propen-l'-yl)oxy-4,5-hexadiene (113) 133 

Bis-(r|3-2-chloro-6-(2'-propen-1 '-yl)oxy-2-hexen-1 -y 1) 

palladium(II) (114) 134 

5,6-Heptadien-2-yl 2-propen-l-yl carbonate (115) 135 

4,5-Hexadien-1-yl trifluoroacetate (118) 136 
vi 



(±)-6-Trifluoroacetoxy-2-hexanone (119) 137 

(+)-1,6,7-Octatrien-3-ol (120) 138 

(±)-l,7,8-Nonatrien-3-ol(121) 139 

(±)-l,6,7-Octatrien-3-yl acetate (126) 140 

(±)-l,7,8-Nonatrien-3-yl acetate (127) 141 

(±)-Methyl l,7,8-nonatrien-3-yl carbonate (128) 141 

(±)-Diethyl 2-(r,7',8'-nonatrien-3'-yl)propanedioate (129) 142 

(±)-2-Vinyltetrahydrofuran (130) 143 

(±)-2-Phenylthio-3,6-epoxy-1 -hexene (131) 144 

(±)-6,7-Octadien-3-ol (132) 145 

(±)-2-tert-Butyldiphenylsilyloxy-5,6-heptadiene (134) 146 

(±)-2-tert-Butyldimethylsilyloxy-5,6-heptadiene (135) 147 

(±)-3-tert-Butyldimethylsilyloxy-6,7-octadiene (136) 147 

(±)-2-Trimethylsilyloxy-5,6-heptadiene (137) 148 

(±)-3-Trimethylsilyloxy-6,7-octadiene (138) 149 

(±)-2-Methyl-3-trimethylsilyloxy-6,7-octadiene (139) 150 

(±)-tert-Butyl 3-trimethylsilyloxy-6,7-octadienoate (140) 151 

(±)-1,3-Bis-(trimethylsilyloxy)-6,7-octadiene (141) 151 

(±)-2-Iodo-3,6-epoxy-1 -heptene (142) 152 

(±)-2-Iodo-3,6-epoxy-l-octene(143) 153 

(±)-2-Bromo-3,6-epoxy-l-heptene (144) 154 

(±)-3,6-Epoxy-2-iodo-7-methyl-1 -octene (145) 155 

(±)-tert-Butyl 3,6-epoxy-7-iodo-7-octenoate (146) 156 

(±)-2-Iodo-8-trimethylsilyloxy-3,6-epoxy-1 -octene (147) 157 

(±)-Dimethyl 5-(5'-methyltetrahydrofuran-2'-yl)-
4-cyclohexen-1,3-dicarboxylate (151) 158 

vii 



(±)-cis, E-methyl 4-methylidene-5,8-epoxy-2-nonenoate (156) 159 

(±)-cis-Methyl 4-methylidene-5,8-epoxy-2-decenoate (157) 159 

(±) Methyl 9-tert-butoxycarbonyl-4-methylidene-
5,8-epoxy-2-nonenoate (158) 160 

(±) Methyl 9-(2',6'-di-tert-butyl-4'-methoxyphenyl)oxycarbonyl-
4-methylidene-5,8-epoxy-2-nonenoate (159) 161 

(±) Methyl 9-(2',6'-di-tert-butyl-4'-methoxyphenyl)oxy-
4-methylidene-5,8-epoxy-2-decenoate (160) 162 

(±)-cis-5-Methylidene-6,9-epoxy-3-decene-2-one (161) 162 

(±)-4-methylidene-5,8-epoxy-2-nonenonitrile (162) 163 

(±)-2-Methyl-4-methylidene-5,8-epoxy-2-nonenonitrile (163a) 164 

(±)-2-Cyano-4-methylidene-5,8-epoxy-1 -nonene (163b) 165 

(±)-2,4-Bis-(methylidene)-5,8-epoxy-nonanal (164a) 166 

(±)-2-Methyl-4-methylidene-5,8-epoxy-2-nonenal (164b) 167 

(±)-4-Methylidene-5,8-epoxynonanal (166) 168 

(±) tert-Butyl 7-iodo-3,6-epoxy-2,7-octadienoate (171) 169 

(±) Methyl 9-tert-Butoxycarbonyl-4-methylidene-
5,8-epoxy-2,8-nonadienoate (172) 170 

(±)-2-methyl-4-methylidene-5,8-epoxy-3-nonanol (173) 171 

(±)-2-Trimethylstannyl-3,6-epoxy-1 -heptene (174) 172 

(±)-l-Phenyl-2-methylidene-3,6-epoxy-1 -heptanol (175) 173 

(±)-2-Phenyl-3,6-epoxy-1 -heptene (182) 174 

(±)-2-Phenyl-6-tert-butyldimethylsilyloxy-1,3-heptadiene (184) 175 

(±)-2-(4'-Acetylphenyl)-3,6-epoxy-1 -heptene (185) 176 

(±)-2-(4'-Nitrophenyl)-3,6-epoxy-1 -heptene (186) 177 

(±)-2-(Naphth-r-yl)-3,6-epoxy-l-heptene(187) 178 

(±)-2-(Naphth-2'-yl)-3,6-epoxy-l-heptene(188) 179 

(±)-2-(4'-Methoxyphenyl)-3,6-epoxy-1 -heptene (189) 180 

viii 



(±)-2-(3'-Methylphenyl)-3,6-epoxy-l-heptene(190) 182 

(±)-3-Methylidene-1 -phenyl-4,7-epoxy-1 -octene (191) 183 

(±)-2-(4'-Methylphenyl)-3,6-epoxy-1 -heptene (192) 184 

(±)-2-(4'-Bromophenyl)-3,6-epoxy-1 -heptene (193) 185 

2,3-Bis-(5'-methyltetrahydrofuran-2'-yl)-l,3-butadiene (199) 186 

(±)-2-Methylidene-1 -pheny 1-3,6-epoxy-1 -heptanone (200) 187 

(±)-2-Methylidene-1 -(2'-methoxyphenyl)-
3,6-epoxy-1 -heptanone (201) 189 

(±)-2-Methylidene-1 -(4'-methoxyphenyl)-

3,6-epoxy-1 -heptanone (202) 190 

(±)-2-Methylidene-l-(naphth-l'-yl)-3,6-epoxy-l-heptanone(203) 191 

(±)-2-Methylidene-l-(naphth-2'-yl)-3,6-epoxy-l-heptanone (204) 192 

(±)-1 -(4'-Acetylphenyl)-2-methylidene-3,6-epoxy-1 -heptanone (205) 194 

(±)-2-Methylidene-1 -(4'-Nitrophenyl)-pheny 1-

3,6-epoxy-l-heptanone (206) 195 

(±)-4-Methylidene-l-phenyl-5,8-epoxy-l-nonen-3-one (207) 196 

Tributylvinyltin (212) 197 

(±)-3-Methylidene-4,7-epoxy-l-octene(213) 198 

(±)-3-Methylidene-4,7-epoxy-1 -nonene (214) 199 

(±)-3-Methylidene-4,7-epoxy-8-methyl-1 -nonene (215) 199 

(±)-4-Methylidene-5,8-epoxy-1 -nonen-3-one (216) 200 

(±)-2-Tributylstannyl-3,6-epoxy-l-heptene (217) 202 

(±)-2-Methyl-6,7-octadien-3-ol(223) 203 

(±)-4-Methylidene-9-methyl-5,8-epoxy-l-decene(224) 204 

(±)-4-Methylidene-2,9-dimethyl-5,8-epoxy-1 -decene (225) 205 

(±)-5-Methylidene-10-methyl-6,9-epoxy-2-undecene (226) 206 

(±)-4-Methylidene-3,9-dimethyl-5,8-epoxy-1 -decene (227) 207 
ix 



5,6-heptadien-2-one (230) 208 

(±)-l-Phenylthio-5,6-heptadien-2-one(231) 209 

(±)-l-Phenylthio-5,6-heptadien-2-ol (232) 210 

4,5-Hexadienal (233) 211 

(±)-l,l-Dichloro-5,6-heptadien-2-ol(234) 211 

(±) Methyl 2-methylidene-3,6-epoxy-7-phenylthio-heptanoate (235) 212 

(±)-l-Phenylsulfinyl-5,6-heptadien-2-ol(236) 213 

(±) Methyl 2-methylidene-3,6-epoxy-

7-phenylsulfmyl-heptanoate (237) 214 

(±)-1,1 -Diphenylthio-5,6-heptadien-2-ol (238) 215 

(±) Methyl 2-methylidene-3,6-epoxy-
7,7-diphenylthio-heptanoate (239) 216 

(±)-tert-Butyl-3-hydroxy-6,7-octadienoate (252) 218 

tert-Butyl 3-oxo-6,7-octadienoate (253) 219 

(±)-(Z)-tert-Butyl 7-methoxycarbonyl-

3,6-epoxy-2,7-octadienoate (254) 220 

(±) tert-Butyl 7-bromo-3,6-epoxy-2,7-octadienoate (255) 221 

(±)-(E)-tert-Butyl 7-methoxycarbonyl-

3,6-epoxy-2,7-octadienoate (256) 222 

5,6-Heptadien-l-ol(257) 223 

(±) tert-Butyl 3-hydroxy-7,8-nonadienoate (259) 224 

tert-Butyl 3-oxo-7,8-nonadienoate (260) 225 
(E)-l-O-tert-Butyl 9-0-methyl 8-methylidene-
3,7-epoxy-2-nonenedicarboxylate (261) 226 
(±) tert-Butyl 6-(r-methoxycarbonylethenyl)-2-oxo-
cyclohexencarboxylate (262) 227 
(E)-tert-Butyl 3,7-epoxy-8-methoxycarbonyl-
3-methoxy-8-nonenoate(263) 228 
(±) Ethyl 2-methylidene-3,6-epoxy-octanoate (264) 229 

X 



(±) Isopropyl 2-methylidene-3,6-epoxy-octanoate (265) 230 

(±) Isopropyl 2-methylidene-3,6-epoxy-7-methyl-octanoate (266) 231 

(±)-tert-Butyl 3,6-epoxy-7-isopropoxycarbony 1-

7-octenoate (267) 232 

(±)-2-(Trimethylsilyl)ethyl 2-methylidene-3,6-epoxy-heptanoate (268) —233 

4,7-Epoxy-13,16-epoxy-l,10-dioxa-3,12-bis-(methylidene)-
2,11-octadecanedione (269) 234 
(±)-6,7-Octadiene-1,3-diol (271) 236 

(±)-1 -0-[3'-tert-Butyldimethylsilyloxy-6',7'-octadien-1 '-y 1] 8-O-tert-butyl 
2-methylidene-3,6-epoxy-octandicarboxylate (273) 237 

(±)-7'-Iodo-3',6'-epoxy-7'-octenyl 2-methylidene-8-hydroxy-
3,6-epoxy-octanoate (274) 238 

(±)-3'-(tert-Butyldimethylsilyl)oxy-6',7'-octadienyl 2-methylidene-
8-(tert-butyldimethylsilyl)oxy-3,6-epoxy-octanoate (276) 239 

(±)-8-(tert-Butyldimethylsilyl)oxy-2-iodo-3,6-epoxy-1 -octene (277) 240 

(±)-3-(tert-Butyldimethylsilyl)oxy-6,7-octadien-l-ol(278) 241 

(±)-1,3-di-(tert-Butyldimethylsilyl)oxy-6,7-octadiene (279) 242 

(±) tert-Butyl 3-(tert-butyldimethylsilyl)oxy-6,7-octadienoate (280) 242 

(±)-7'-Iodo-3',6'-epoxy-7'-octenyl 2-methylidene-
8-(tert-butyldimethylsilyl)oxy-3,6-epoxy-octanoate (281) 243 

(±)-7'-(2'-trimethylsilylethoxycarbonyl)-3',6'-epoxy-7'-octenyl-
3,6-epoxy-2-methylidene-8-tert-butyldimethylsilyloxyoctanoate (282) 244 

REFERENCES 246 

XI 



LIST OF TABLES 

3.1 Preparation of Chromatographically Pure Vinylmercuric Compounds 30 

3.2 Palladium(II)-Mediated Allylation of 
l-(Tetrahydrofuran-2'-yl)ethenylmercury 31 

3.3 Palladium(II)-Mediated Allylation of the Substituted 
l-(Tetrahydrofuran-2'-yl)ethenylmercurals 32 

3.4 Attempted Palladium(0)-Catalyzed Intramolecular 
Carbopalladation of Allenic Compounds 12 

3.5 Studies on the Free Radical Coupling Reactions of 
l-(Tetrahydrofuran-2'-yl)ethenylmercurials 45 

3.6 lodocyclizations of y-Hydroxyallenes and Derivatives 48 

3.7 Palladium(0)-Catalyzed Vinylation of Vinyliodides 53 

3.8 Studies on Lithium Halogen Exchange Reaction Using 
1 -(Tetrahydrofuran-2'-yl)ethenyl Iodide 57 

3.9 Selective Additions to Aldehydes using Vinylchromium Species 60 

3.10 Studies on the Cyclization/Coupling Reactions of y-Hydroxy- and 
y-Silyloxyallenes Mediated by Arylpalladium Halides 64 

3.11 Comparison between the Two Methods Applied to the 
Cychzation/Coupling Reactions of y-Hydroxyallene with 
Various Arylhalides 65 

3.12 Studies on the Cyclization/Coupling Reaction Conditions 
of y-Hydroxyallene 90 with Bromobenzene 67 

3.13 Cyclization/Coupling Reaction of y-Hydroxyallene 90 
Mediated by Organopalladium Halides 68 

3.14 Palladium-Catalyzed Cyclization/Coupling Reactions 
of Aryl Halides in the Presence of tert-Butyl Isocyanide 71 

3.15 Palladium-Catalyzed Cyclization/Coupling Reactions of 
Aryl Halides under a Carbon Monoxide Atmosphere 73 

3.16 Palladium Catalyzed Coupling Reactions between Vinyl Iodides 
and Tributylvinyl Tin 76 

Xll 



3.17 Preparation of Substituted 
1 -(Tetrahydrofuran-2'-yl)ethenyltrialkyltin Compounds 78 

3.18 Palladium-Catalyzed Coupling Reactions of 
l-(Tetrahydrofuran-2'-yl)ethenyl Iodide and Trimethylvinyltin 81 

3.19 Palladium-Catalyzed Coupling Reactions of 
l-(Tetrahydrofuran-2'-yl)ethenyl Iodide and 
l-(Tetrahydrofuran-2'-yl)ethenylmercurials 82 

3.20 Studies on the Cyclization/Coupling Reactions of 
y-Hydroxyallene 90 Mediated by a 7C-Allylpalladium(II) Complex 84 

3.21 Studies on the Cyclization/Coupling Reactions of Various 
y-Hydroxyallenes Mediated by 7i-Allypalladium(II) Complexes 85 

3.22 Studies on the [3.3] Claisen Rearrangement of 
2-Alkylidene-5-vinyl Tetrahydrofurans 97 

3.23 Palladium Catalyzed Carbonylative Coupling Reactions 
between Tetrahydrofuranyl Vinyl Iodides and Alcohols 103 

xni 



LIST OF FIGURES 

2.1 Structure of Macrolide Antibiotics 3 

2.2 Structure of Polyether Antibiotics 4 

2.3 Structure of Allene 5 

xiv 



LIST OF ABBREVIATIONS 

Ar Aryl 

DABCO l,4-Diazabicyclo[2.2.2]octane 

dba Bis(dibenzylidene)acetone 

DBMP 2,6-di-tert-Butyl-4-methoxyphenyl 

DCB 2,6-Dichlorobenzyl 

DIBAL-H Diisobutylaluminum hydride 

DMF N,N-Dimethylformamide 

DMSO Dimethylsulfoxide 

DPPB 1,4-Bis(diphenylphosphino)butane 

DPPE 1,2-Bis(diphenylphosphino)ethane 

DPPH 1,6-Bis(diphenylphosphino)hexane 

DPPP 1,3-Bis(diphenylphosphino)propane 

Et Ethyl 

Ether Diethyl ether 

FVP Flow vacuum pyrolysis 

HMPA Hexamethylphosphorictriamide 

HPLC High performance liquid chromatography 

Hz Hertz 

IR Infrared 

LAH Lithium aluminum hydride 

LDA Lithium diisopropylamide 

MCPBA meta-Chloroperbenzoic acid 

Me Methyl 

XV 



n-Bu 

n-BuLi 

eq. 

NBS 

NIS 

NMR 

OAc 

PCC 

Ph 

ppm 

n-Butyl 

n-Butyllithium 

equivalent 

N-Bromosuccinimide 

N-Iodosuccinimide 

Nuclear magnetic resonance 

Acetoxy 

Pyridinium chlorochromate 

Phenyl 

Parts per million 

TBDMSOTf tert-Butyldimethylsilyltrifluoromethanesulfonate 

TBDPS tert-Butyldiphenylsilyl 

t-BuNCO tert-Butyl isocyanate 

THF Tetrahydrofuran 

TLC Thin layer chromatography 

TMEDA N,N,N,N-tetramethyl-1,2-ethylenediamine 

TMS Trimethylsilyl 

UV Ultraviolet 

XVI 



CHAPTER I 

INTRODUCTION 

The development of new synthetic methodologies is always one of the most 

important aspects of synthetic organic chemistry. Much research has been carried out 

in order to achieve better yields, greater selectivities, milder reaction conditions, simpler 

and more economical reagents for synthesis. These are several reasons that moti\ ate 

organic chemists over the generations to study and develop methodologies for the 

synthesis of organic compounds. 

There are many natural products with biological activities which contain the 

tetrahydrofuran ring system, and one of the most critical operations in the synthesis of 

organic molecules is to generate a new carbon-carbon bond. Transition metals, 

particularly nickel and palladium, are found to be effective in catalyzing various cross-

coupling reactions to form carbon-carbon bonds with high yields under mild 

conditions. This dissertation describes an attempt to develop novel synthetic methods 

for the construction of substituted and functionalized tetrahydrofuran ring systems with 

certain stereochemistries, via the formation of carbon-carbon and/or carbon-oxygen 

bonds, based on transition metal mediated reactions. Transition metal catalyzed carbon-

carbon or carbon-oxygen bond formations usually can be carried out in a relatively 

straightforward manner, under conditions that will tolerate a wide variety of functional 

groups so that tedious protection-deprotection reactions are not necessary. When some 

transition metal catalyzed cross-coupling reactions are carried out in the presence of 

carbon monoxide, carbon monoxide insertion takes place instead of direct coupling to 

generate a ketone or an ester. The combination of the formation of functionalized 

substituted tetrahydrofuran ring systems and the transition metal catalyzed ester 

formations provide us with a tool to construct acyclic or possibly cyclic 

1 



tetrahydrofuran-containing polyesters which will be valuable for the synthesis of a 

group of macrotetralide antibiotics such as nactins. 

This dissertation reports the results from exploration of synthetic methodologies 

which are useful and applicable to the synthesis of polyether and polyester antibiotics, 

including N-iodosuccinimide mediated cyclizations of y-hydroxyallenes and y-

silyloxyallenes, palladium(II) mediated transformations of tetrahydrofuranyl 

vinylmercurials, palladium(O) mediated transformations of tetrahydrofuranyl \inyl 

iodides, preparation and transformations of tetrahydrofuranyl vinylstannanes, 

palladium(O) catalyzed cyclization/coupling reactions of y-hydroxyallenes with an 1- and 

alkenyl halides or allyl acetates, Grignard-Type reactions of tetrahydrofuranyl ethenyl 

iodides, and palladium(O) catalyzed carbonylative coupling reactions of 

tetrahydrofuranyl vinyl iodides with alcohols. 
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CH/U^ER II 

BACKGROUND 

The 2,5-disubstituted tetrahydrofuran ring moiety with either cis or trans 

stereochemistry is found frequently in macrolide antibiotics, e.g., the nactins and 

pamamycin-607 (Figure 2.1),1'2 and polyether antibiotics such as x-14889A and 

semduramicin (Figure 2.2).3'4,5 These antibiotics, which are mostly isolated from 

microorganisms, generally display activity against Gram-positive bacteria and fungi. 

They are often capable of binding metal cations, acting as cation carriers in the cell 

membrane, and their antibiotic activities can sometimes be traced to their ionophoric 

properties. The extensive biological profiles and the structural complexities of these 

antibiotics have stimulated a lot of synthetic studies. 

gH3 ) = o 

R. 

Macrotetralides (Nactins) 

M e . N ' ^ N 

Pamamycin-607 

Figure 2.1 

Structure of Macrolide Antibiotics 
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Semduramicin 

II CH-

Figure 2.2 

Structure of Polyether Antibiotics 

Despite the differences between the structures of these antibiotics, their total 

syntheses share an important synthetic challenge—the stereoselective construction and 

the transformation of 2,5-disubstituted tetrahydrofuran ring moieties. Although a 

number of synthetic methodologies have been developed towards the synthesis and 

functionalization of tetrahydrofurans,^ a lot of research is still focused on the 

development of new methodologies for producing this heterocycle. 



Allenes 

Allene is the parent compound of a series of cumulated dienes. Naturally 

occurring allenes have been found in fungi,̂  algae^ and Chinese tallow tree.^ At 

present allenes have become an important part of synthetic organic chemistry due to 

their versatile chemical transformations.'^ 

Allenes have unique structures. The central carbon with sp hybrid orbitals has 

two p orbitals available for K bonding to the two neighboring sp2 hybrid carbons to 

form two K bonds. In order to achieve maximum overlap, the two K bonds must be 

orthogonal to each other as shown in Figure 2.3. This specific stereochemical feature 

makes allene an attractive functionality for synthetic transformations. 

R2 
..-^^^ \ c=c=c 

Figure 2.3 

Structure of Allene 

Infrared spectroscopy and proton and carbon-13 nuclear magnetic resonance 

spectroscopy provide us with powerful tools to establish the presence of allene groups 

in a molecule. The antisymmetric stretching vibration at 1950-1960 cm'' and the 

torsional motion of the allenic terminal methylene at 850 cm-' from the infrared 

spectrum'' are very useful for the identification of allenes. Proton NMR can provide 



us with important information about the substitution pattern of the allene group and the 

signal of the sp-hybridized carbon in the range of 201-220 ppm in the '^C NMR 

spectrum'2 also provides an excellent method for the structural analysis of allenes. 

Allene hydrocarbons are susceptible to nucleophilic addition reactions w hen the 

allene skeleton is activated by various bases and especially by some transition metals. 

Although numerous synthetic methodologies using an allene as a building block have 

been developed in the synthesis of heterocyclic compounds, there is still considerable 

opportunity for the development of various useful methodologies. 

Recent Developments in the Syntheses of 
2.5-Disubstituted Tetrahydrofurans 

The report in 1965 that the oxidation of 1,5-dienes with potassium 

permanganate under slightly alkaline conditions afforded 

2,5-bis(hydroxymethyl)tetrahydrofurans'3 (Scheme 2.1) suggested that the 

stereochemistry of the four chiral centers near ? the tetrahydrofuran may be controlled 

via stereoselective synthesis of the appropriate 1,5-diene precursor. The results from a 

1979 mechanistic study on the oxidation of the 

Me H Me R] 

Scheme 2.1 

three isomeric 2,6-octadienes''^ indeed showed that cis 2,5-disubstituted 

tetrahydrofurans could be obtained in 30% yield through such oxidations, with no tran^ 

diastereomer detectable by '-"̂ C NMR (Scheme 2.2). 



H R. IT u 

KMn04, -2Q"C Riv.^ ^-/~~\- . ^ 

Acetone/HoO * ' ^ O ^ ^ ' 
HO OH 

Scheme 2.2 

In 1991, Panek and Yang reported'^ a highly diastereo- and enantioselective 

route to cis 2,5-disubstituted tetrahydrofurans via a silyl-stablized carbenium ion 

(Scheme 2.3) generated in the course of Lewis acid-mediated addition of chiral (E)-

crotylsilanes to achiral aldehydes. 

OMe 

MeoSiPh 

t 

r C02Me 
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X 
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BF3*Et20 

Addition 

Scheme 2.3 

SiMe.Ph 

CO.Me 

4 
• bond rotation 
; and cyclization 

CO.Me 

Either BF3«Et20 or SbCls can be used in the addition/cyclization reaction \\ ith 

equally high levels of diastereoselectivity. As illustrated in scheme 2.3, a 

diasterofacially selective addition to the si face of the aldehyde simultaneously generate^ 

two new stereocenters and a p-silyl carbocation which was stabilized through the o-7i 
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conjugation of the adjacent C-Si bond. A 1,2-cationic migration of the silyl group is 

followed by heterocyclization producing the 2,5-cis tetrahydrofuran. 

More recently, in a study using carbohydrates as chiral synthons. Van Boom 

reported a new route to functionalized tetrahydrofurans'^ through silicon-directed 

stereocontrolled cyclizations. As shown in scheme 2.4, when the p,e-dihydroxysilane 

9 was treated with a slight excess of BF3-Et20, the cis 2,5-disubstituted 

tetrahydrofuran ring system 12 was obtained in 60% yield. 
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r 
BnO OH 

^Ph 

Me 

11 

Me 
' ,Ph 

BnO o ^i 

\ ( V—̂  ̂ " 
BnO OBn 

13 

Scheme 2.4 
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The key intermediate was the cationic intermediate 10 formed in the course of 

silicon-directed ionization. The observed stereoselectivity is probably due to a 

kinetically controlled attack of the C-5 hydroxyl anti to the C-Si bond in intermediate 

10 in which rotation about the C-C bond is restricted by vertical stabilization. 

Another attractive method to construct the 2,5-disubstituted tetrahydrofuran ring 

system is electrophilic cyclization of y-hydroxyalkenes. Based on the limited 

information'^ available, trans isomers are expected from these cyclizations.^ In the 

course of studying the lodocyclization of various y-hydroxyalkenes and their 

derivatives, Bartlett'^ found that the desired cis-1,3 stererelationship could be induced 

via two transient trans-1,2 stereorelationships, through the cyclization of olefinic 

ethers, as shown in scheme 2.5. 

15 16 

R .+ 

R X V minor 

R 

I 
R 
17 

R 1+ 

R O 

major 

Scheme 2.5 

After studying a variety of derivatives of 5-hexen-2-ol, it was found that the 

loss of the R' group from the oxonium ion intermediates 15 (or 16) and 17 must be 

slow enough in comparison to reversal of their formation so that the formation of 17 

will be favored thermodynamically, and if the loss of the R' group is too slow, then 
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side reactions may ensue, causing the poor yields. Comparing the stereoselecti\ ities 

from the cyclizations of the free alcohol with the corresponding methyl-, benzyl-, 4-

bromobenzyl-, tert-butyldimethylsilyl-, tert-butyldiphenylsilyl- and 2,6-dichlorobenzyl 

ether derivatives, it was found that the 2,6-dichlorobenzyl ether gave the best results, 

with a cis:trans ratio as high as 50:1. 

The 2,5-trans tetrahydrofurans are also readily available through various 

cyclization reactions. One report in 1971 '^ showed that y-hydroxyalkenes could be 

cyclized in the presence of N-bromosuccinimide (NBS) to give 2,5-trans 

tetrahydrofurans in 85% yields. Another recent example reported by Kennedy^O in 

1992 (Scheme 2.6) showed that the oxidation of 5-hydroxyalkenes with rhenium (VII) 

oxide provided trans 2-hydroxymethyl-tetrahydrofurans as single isomers in good 

yields. The reaction is presumed to proceed via transesterification to produce the 

perrhenate ester 20 and then Sharpless type [2-1-2] cycloaddition to the double bond to 

give the metallaoxetane 21. Finally, reductive elimination provides the observ ed 

product 19. 

HO' 
18 

Re20-
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2. NaOOH *^ 

___[2+_2_]____ 
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Scheme 2.6 
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In 1987, an efficient synthetic process for producing cis 2,5-disubstituted 

tetrahydrofurans bearing an acrylate moiety was reported from our laboratory.^' The 

method utilized oxymercuration of y-silyloxyallenes, followed by a palladium(II) 

mediated methoxycarbonylation. It proceeded in good yield with >959r as 

diastereoselectivity, as shown in scheme 2.7. 

SiMcotBu 
1 ^ 

y - R Hg(OCOCF3)2 

\ 1 CH2CI2, 25° 

22 

HgOCOCF3 
r 0 RCO.MeOH 

\ 1 PdCl^,CuClo 

23 

Scheme 2.7 

COOMe 

24 
r R 

Transformations of Vinylmercurials 

Since vinylmercurials became readily available through a variety of acetylene 

addition reactions22 in the 70s, they have become more and more attractixe synthetic 

intermediates in organic syntheses. They are usually thermally and chemically stable 

organometallics. The ability of vinylmercurials to accommodate essentially all 

important organic functional groups makes them very useful in a variety of mild, 

chemo-, regio- and stereoselective reactions which form carbon-carbon bonds. Direct 

carbonylation, acylation and alkylation are not easily affected, but these reactions 

proceed readily and smoothly in the presence of catalytic amounts of transition metal 

catalysts, especially palladium catalysts. 

In 1975, Larock23 reported that vinylmercuric chlorides readily reacted with 

carbon monoxide at atmospheric pressure in the presence of a catalytic amount of 

palladium(II) chloride in an alcohol or in 1-5% aqueous THF solvent at low 
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temperatures (<-20o) to give good to excellent yields of a,p-unsaturated carboxvlic 

esters or acids (Scheme 2.8). 

0.1 equiv. PdCl2, CuCl R H 
\ = = / 

H^̂  HgCl LiCl, MeOH, -20"̂  or -78° 
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R H 
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COOMe 

26 

: Pdci4^ 
t 

R H 

H PdCl32-

27 

MeOH 

CO 
R 

H 

H 

PdCf 

O 

28 

Scheme 2.8 

The mechanism of the palladium-promoted carbonylation of vinylmercurials 

was believed to proceed by an initial mercury-palladium transmetallation reaction to 

form 27 followed by carbon monoxide insertion and subsequent solvolysis to gi\e the 

final product 26. 

Later Larock found that treatment of vinylmercuric chlorides with acid chlorides 

and aluminum trichloride at room temperature provided a very mild, convenient 

method for the syntheses of a,(3-unsaturated ketones (Scheme 2.9) in excellent yields 

and with high stereochemical purity.̂ "^ Besides aluminum trichloride, titanium 

tetrachloride also promoted the reaction but led to enones with inverted stereochemistr\ 

in some cases. The mechanistic studies showed that both the aluminum trichloride- and 

titanium tetrachloride- promoted reactions appeared to proceed through addition of the 

complexed acid chloride to the carbon-carbon double bond of the vinyl mercurial. 
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followed by the elimination of mercuric chloride. However, direct substitution at the 

carbon-mercury bond cannot be ruled out in the aluminum trichloride reactions. 

R H 

H HgCl 

29 

+ c 
AICI3, 

H . r r» r i 
r.t R^ 

CH2CI2 H 

• CH3COCl«AlCl3 
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CH-CHCOCH3 

CI HgCl 

elimination 

31 

Scheme 2.9 
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0 

30 
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1 

Vinylmercurials are also very valuable in the preparation of symmetric or 

unsymmetric conjugated dienes and polyenes through dimerizations of vinylmercuric 

chlorides. In 1976, Larock first reported^^ that vinylmercuric chlorides would undergo 

dimerization reactions in the presence of palladium chloride and lithium chloride in 

hexamethylphosphoramide (HMPA) at 0 ^C to provide the corresponding symmetric 

conjugated dienes in excellent yields via "head-to-head" dimerization (Scheme 2.10). 

R .H 
2 > = < 

H HgCl 
32 

PdCl2, LiCl, 0°C, HMPA 

H ^j.PdCV^ 

34 

Scheme 2.10 

33 
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Unsymmetric conjugated dienes can also be obtained through the reaction of 

vinylmercuric chloride with palladium chloride in benzene in the presence of 

triethylamine26 via a "head-to-tail" dimerization in good yields, as illustrated in scheme 

2.11. 

R H(R') 
2 > = < 

H HgCl 

35 

R H(R') 
PdCl2, Et3N, 0°C, benzene > = < H 

H > = < 
R H(R') 

36 

Scheme 2.11 

The "head-to-head" dimerization reaction seemed to proceed via a 

divinylpalladium intermediate 34 followed by reductive elimination, however the 

mechanism for the "head-to-tail" dimerization reaction is still unclear. 

Allylation of vinylmercurials in the presence of palladium chloride and lithium 

chloride in THF proceeded readily to give l,4-dienes27 as shown in scheme 2.12. 

H HgCl 
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Scheme 2.12 
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It was found that some allylation reactions required only catalytic amounts of 

palladium chloride while others required stoichiometric amounts and the yields 

decreased with increasing substitution about the carbon-carbon double bond of the 

allylic halides. It was also found that ten equivalents of allyl halide were necessary in 

order to obtain a good yield, and allyl bromides were as effective as allyl chlorides, but 

allyl iodides appeared to give poorer yields. 

The reactions appeared to proceed through the oxidative addition of 

vinylpalladium species 39 to the carbon-carbon double bond of the allylic halide to give 

the palladium(II) intermediate 40, and the subsequent reductive elimination of 

palladium chloride from 40 to give the 1,4-diene 38. 

In general, vinylmercurials are inert toward alkylation, but in the presence of 

stoichiometric amounts of the rhodium reagents, such as CH3Rhl2(PPh3)2, 

vinylmercurials can be methylated^^ in excellent yield. Catalytic methylation of 

vinylmercurials is possible by using the combination of a catalytic amount of 

CH3Rhl2(PPh3)2 and an excess amount of methyl iodide, but the catalyst turnover is 

quite low, allowing some side reaction interference. The catalytic cycle can be 

represented as in scheme 2.13. 

CH3RhX2(PPh3)2 

CH3X 

RHgX 

HgX: 

RhX(PPh3)^ CH3Rh(R)X(PPh3)2 

Scheme 2.13 
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Cross-coupling reactions between primary, secondary alkyl- or alkenylcuprate 

reagents and vinylmercurials provided a general method for the carbon-carbon bond 

formation, as reported by Larock^^ in 1982 (Scheme 2.14). 

n-C4H9 H n-C4HQ H 
> = < + LiCuMe2*SMe2 " ^ ^ " " ^ ^ ^ > = < 

H HgCl Et20,2h H CH3 

41 42 

Scheme 2.14 

The mechanism of these cross-coupling reactions appears to be best represented 

by scheme 2.15. The important feature was the mercury-copper transmetalation to 

generate a mixed diorganocopper intermediate LiCuRR' 47 which can oxidatively or 

thermally cross-couple to give the observed products 48. 

RHgCl + LiCuR'2 • RHgR' + CuR' + LiCl 
43 44 45 46 

RHgR' + CuR' -f- LiCl • LiCuRR' + HgR'2 
45 46 47 

RHgR' + LiCuR'2 • LiCuRR' + HgR'. 
45 44 47 

O. 
LiCuRR' = • R-R' 

47 48 

Scheme 2.15 

Transformation of Vinyliodides 

Alkenyl iodides are very versatile organic intermediates which can be used to 

prepare various alkenylmetal reagents, including vinyllithium,^^ -magnesium,^' 

-copper,^^ -silver,^2 -manganese,^^ -chromium,^'* -tin^^ and -palladium-^^ 
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intermediates which undergo many addition and coupling reactions. Among all those 

alkenylmetal reagents, vinyllithium is one of the most important reagents because some 

of the other alkenylmetal reagents are derived from the corresponding alkenyllithium 

reagent. 

Vinyllithium reagents can be prepared from the addition of 2 molar equivalents 

of tert-butyl lithium to 1 molar equivalent of the vinyl iodide at -78 °C.^^ The use of 2 

equivalents of tert-butyllithium allowed the conversion of tert-butyl iodide, the initial 

product of lithium halogen exchange, to the innocuous products lithium iodide and 

isobutylene. A vinyllithium can also be generated from the addition of 1.1 molar 

equivalents of n-butyl lithium to 1 equivalent of a vinyliodide at low temperature (-70 to 

-50 °C) as reported by Normant^^ in 1976. The mono- or disubstituted vinyllithium 

reagents, produced via iodine/lithium exchange, have been applied in several alkylation 

and addition reactions, as shown in scheme 2.16. Most of the reactions gave excellent 

yields; however, alkylation of the vinyllithium by ethyl iodide was very slow and only 

gave 50% conversion after 24 hours. Retention of the configuration of the double bond 

during the iodine/lithium exchange was found in most of the reactions except in the 

reaction with dimethylformamide, in which the stereochemistry was determined at the 

hydrolysis step. 
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Vinylcuprate reagents prepared from vinyllithium intermediates have proved to 

be very useful species for forming carbon-carbon bonds, especially in the conjugate 

addition reactions of these reagents with acyclic and cyclic enones and in cross coupling 

reactions with carbon halides. In 1972, Fried^^ reported the preparation of a 

functionalized vinylcuprate reagent from a lithium/iodine exchange reaction of 

vinyliodide in his synthetic studies of prostaglandin models (Scheme 2.17). It was 

found that the addition of various ligands such as TMEDA and trimethylphosphite 

would promote the formation of the organocuprate reagent and also allowed the cuprate 

formation at lower temperature. In this way, the product was obtained in 80% yield 

with clean 1,4 addition. 
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Vinylchromium compounds, readily derived from vinyliodide and anhydrous 

chromium(II) chloride in DMF at room temperature,^^ were found to add selectively to 

aldehydes without affecting coexisting ketone or cyano groups in the substrates. 

During synthetic studies on the marine natural product palytoxin, Kishi^^ reported that 

the coupling reaction was remarkably effective for highly oxygenated substrates, even 

for polyfunctional cases, and the stereochemistry of trans- as well as cis-vinyliodides 

was retained at least in the cases of disubstituted and trisubstituted trans-vinyliodides. 

With respect to the newly introduced chiral center, the process produced a mixture of 

two possible diastereomers with a moderate-to-good preference for one of the 

diastereomers, as shown in scheme 2.18. 
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OBn OBn 
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Scheme 2.18 
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Kishi also found that it was necessary to run the coupling reaction in the 

absence of oxygen and to add catalytic amounts of nickel(n) chloride or palladium(II) 

acetate to the reaction because it was believed that the reaction proceeded via oxidativ e 

addition of the vinyl iodide to the nickel(I) or palladium(O), followed by transmetalation 

of chromium(II) with either vinylnickel(III) or vinylpalladium(II) species to form a 

vinylchromium intermediate which then coupled with electrophile. 

One of the most important palladium-catalyzed reactions for carbon-carbon 

bond formation is the Heck reaction,^^' 40 including arylation and vinylation of a wide 

variety of olefinic substrates. These reactions are very important because they 

accomplish transformations not achievable in one single operational step by any other 

known method. More than this, these reactions have the advantage of being simple to 

carry out, not requiring anhydrous or anaerobic conditions and any other special 

techniques. Moreover, they are tolerant of nearly all important functional groups and 

they are stereospecific and regiospecific. The most often used organic halides are aryl-, 

heterocyclic-, benzyl-, and vinylbromides and iodides. Among them, organic iodides 

are more versatile due to the ease of oxidative addition of palladium(O) species to form 

organopalladium complexes, which allow the reactions to run under milder conditions. 

The general reaction can be presented as in scheme 2.19. 

R 
Hv / P d L 2 X 2 \ / D TT+V 

y = \ + RX + Base ^ -^— X \ "" ^^'^ " ^ 

59 60 

Scheme 2.19 

In the reaction, a reactant, product, solvent or most commonly triarylphosphine 

may serve as the ligand L and an amine base such as triethylamine or an inorganic base 

such as potassium carbonate under solid-liquid phase transfer conditions is usually 
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employed. Although the detailed mechanism of the reaction has not been completely 

established, a fairly accurate mechanism can be derived from a large amount of 

information about the products and the intermediates obtained from related studies as 

shown in scheme 2.20. 
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Scheme 2.20 

Due to the air sensitivity of some palladium(O) catalysts such as Pd(PPh3)4, 

most reactions were run in the presence of a palladium(II) catalyst such as Pd(OAc)2 

which is reduced to palladium(O) in situ by the vinylic substrate. Thus various 

conjugated dienoic carbonyl compounds including thermally unstable vinylic 

compounds have been synthesized^^' 4' in excellent yields. 

Numerous palladium-catalyzed cross coupling reactions between vinyl halides 

and organometallics have been well documented.'̂ ^ One of the most versatile cross 
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coupling reactions is the palladium-catalyzed cross coupling of organic halides with 

organotin compounds. A variety of organic halides and organotin compounds can be 

coupled under mild conditions43 in high yields, with the ability to tolerate various 

important functional groups on either partner. Substituted vinyliodides readily undergo 

direct coupling reactions with aryl- and alkenyltin compounds at much milder 

conditions than other vinyl halides and vinyl triflates, again due to the ease of the 

oxidative addition of palladium(O) to the carbon-iodide bond. In the reaction, the 

retention of the double bond configuration was observed. The addition of lithium 

chloride in some cases is necessary because the vinyl palladium chloride complex is 

required for the transmetalation reaction. The mechanism of the direct coupling reaction 

has yet to be established, but many of the individual steps have been documented, as 

shown in scheme 2.21. 

PdL2 
R - R ' - . ^ 

70 \/reductive oxidative 
eliminations addition 

transmetallation 

XSnR"3 

Scheme 2.21 

It was found that a hydrogen on an sp^ hybridized carbon in the p-position to 

the carbon bearing the trialkyltin group presented no problem in the reaction since the 

reductive elimination is faster than p-hydride elimination in this type of coupling 
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reaction. Since the discovery of this direct coupling reaction, it has been widely used in 

syntheses. For example, in 1992, Mourino reported^ the use of this methodology in 

the synthesis of a Vitamin D triene system in 54% yield (Scheme 2.22). 

TBS^^I 

OSBT n-Bu3Sn 

l)5%eq. Pd(CH3CN)2Cl2 
DMF, 25''C 

*-

2) TBAF, THF, 25°C 

71 72 

Scheme 2.22 

Palladium-catalyzed carbonylative coupling reactions are especially valuble for 

the syntheses of ketones, esters and lactones. As in the cross coupling reaction of 

vinyliodide and organotin compound, if the reaction were run under a carbon monoxide 

atmosphere, it would yield the corresponding ketone under mild reaction conditions. It 

was reported^^ in 1984 that the palladium-catalyzed reaction of substituted vinyl iodides 

with vinyl-, alkynyl- and phenyltin compounds in the presence of carbon monoxide 

proceeded to yield the corresponding ketones in good to excellent yields. The probable 

catalytic cycle for this carbonylative coupling reaction is analogous to the direct 

coupling except that carbon monoxide insertion takes place right after the oxidative 

addition step and prior to the transmetalation step. 

In 1974, Heck reported"*^ that aryl and vinylic iodides and benzyl chloride 

readily reacted with carbon monoxide in an alcohol solvent in the presence of a tertiary 

amine and a catalytic amount of palladium(O) catalyst to form esters, and that the esters 

produced from vinylic halides would retain the configurations of the vinylic halides. 
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Unlike vinyl bromides, vinyl iodides could undergo the carbonylative reaction at lower 

temperatures and the addition of triphenylphosphine was not necessary. Many 

lactones, including phthalides and butenolides, have been synthesized"^^ in high \ ields 

through the palladium-catalyzed carbonylative reaction of haloalcohols under mild 

reaction conditions. 

At least two possible mechanisms for the carbonylation reaction ha\ e been 

proposed45. Since the organopalladium compounds are known to undergo carbon 

monoxide insertion reactions very readily, the mechanism involves an oxidative 

addition step, then a carbon monoxide insertion, followed by attack of an alcohol on the 

acyl group, followed by p-hydride elimination, then reductive elimination of HX, as 

shown in scheme 2.23. 

-2L CO 
RX + PdL4 ^ ^ RPdXL2 ^ RPdX(CO)L2 

OH 
R'OH I 

RCOPdXL2 ^ ^ = ^ R _ c - P d X L 2 

OR' 

RCOOR' + HPdXL. 

HPdXL2 
2L 

i^^ PdL4 + HX 

Scheme 2.23 

The second proposed mechanism involves the oxidative addition step, follow ed 

by the attack of the alcohol on the CO associated with palladium(O) as a ligand, 

followed by a reductive elimination of vinyl-carboalkoxypalladium species, as shown 

in scheme 2.24. Even though the first proposed mechanism is more widely accepted, 

the second proposed mechanism can not be ruled out. 
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Scheme 2.24 

Palladium-Mediated Cyclization/Coupling Reactions 

Palladium(0)-catalyzed carbopalladations of allenic,'^^ acetylenic'*^ and vinylic-'̂ ^̂  

compounds are well known. The overall process realizes the creation of two new 

carbon-carbon bonds in a single reaction and leads to functionalized 1,3-dienic or styryl 

compounds. An intramolecular version of the above carbopalladation process has been 

designed starting from suitable substrates which include both allenic (or acetylenic, or 

vinylic) groups and a potential nucleophile to provide a cyclization/coupling reaction 

product. The general reaction can be presented as in scheme 2.25. 
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If the internal nucleophile is a heteroatom such as oxygen or nitrogen, a 

heterocyclic compound can be formed through such a palladium(0)-catalyzed 

cyclization/coupling reaction. Indeed, recent reports have demonstrated that ar\ 1- or 

alkenylpalladium(II) halides, formed in situ, mediate the cyclizations of 4-pentynoic 

acids^l and 4-pentyn-l-ols52 to yield 4-alkylidene substituted furanones and 

tetrahydrofurans, respectively, as shown in scheme 2.26. 

HO 5% Pd(OAc)2(PPh3)2 
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^ > 

b) 1.1 equiv. Arl, 10% Pd(OAc)2 
10%PPh3, 25^C,4hr 

Scheme 2.26 

The stereoselectivity of these reactions implies a mechanism in which the aryl or 

alkenylpalladium(II) halide complexes to the alkyne moiety to activate it for nucleophilic 

attack by the oxygen, forming an aryl (or alkenyl) vinyl palladium intermediate 87 

which subsequently undergoes reductive elimination to yield the final products 88 

(Scheme 2.27). 
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RX + PdL4 RPdXL2 

( \ ^ 0 Base^ % K^Q RPdXL 

84 85 

L - P d - ^ ^ ' ^ M O 2L ^^-^O 
i / = \ 3 ^ + p̂ L. R ^ - ^ R 

87 88 

Scheme 2.27 

Recently Gallagher^^ utilized the same concept in the aminocyclization reaction 

of allenylamines catalyzed by a palladium(II) electrophile generated in situ from 

palladium(O) and either an aryl or an alkenyl halide. Under the conditions, the reaction 

allowed the heteroatom cyclization to be efficiendy combined with an sp--sp- coupling 

step leading to pyrrolidines. 

Rationale for this Research 

In accord with our ongoing interest in developing synthetic methodologies for 

the stereocontrolled syntheses of substituted and functionalized tetrahydrofurans and 

transformations of substituted tetrahydrofuranyl vinylic substrates due to their repeated 

presence as building units in many natural products, a study leading to "new" synthetic 

methods was therefore important as well as enticing. Numerous reports about the 

successful utilization of organometallic compounds directly in organic synthesis, or for 

the preparation of new organometallic reagents for synthesis make the area very 

attractive for further explorations. This project was embarked on with two major goals. 
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First, to determine how to utilize the chelating effect and various substituent effects for 

the stereocontrolled syntheses of substituted and functionalized tetrahydrofurans. 

Secondly, if substituted and functionalized tetrahydrofurans could be obtained, to 

determine how to achieve transformations of such tetrahydrofurans effectivel) under 

mild reaction conditions with tolerance to various organic function groups, through 

either organometallic reagent-catalyzed reactions or through tetrahydrofuran substituted 

organometallic reagents. 
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CHAPTER m 

RESULTS AND DISCUSSION 

Palladium-Mediated Transformations of Vinylmercurials 

As previously mentioned (Scheme 2.7), research in our laboratory has indicated 

that y-(trialkylsilyloxy)allenes 22 are easily converted to 2-(tetrahydrofuran-2'-

yl)acrylate methyl esters 24, with high selectivity for the cis-substituted 

tetrahydrofuran,2' via a one-pot sequential oxymercuration-transmetallation-

methoxycarbonylation process. The intramolecular oxymercuration step, to form a-

(tetrahydrofuranyl)vinyl mercuric acetates 23, is the one which establishes the basic 

structure of the product, including the stereochemistry. This vinyl mercuric 

trifluoacetate 23 or the vinyl mercuric halides prepared from it by treatment with 

aqueous sodium chloride or bromide solution, were thermally and aerobically stable. 

They dissolved well in ethyl acetate and diethyl ether and they can be purified using 

silica gel chromatography with hexane and ethyl acetate eluents, as shown in Table 3.1. 

The characteristic 'H NMR signal for the vinyl mercuric compounds include the signals 

for the two vinylic protons as two doublets at 5.64 ppm (J=1.28 Hz) and at 5.10 ppm 

(J=1.18 Hz) with J'99Hg-'H coupling constants of 291 and 594 Hz, respectively. The 

fact that compound 96, prepared from crude 95, was isolated in better yield (Table 

3.1, entries 4 and 5) indicated that 95 was formed in high yield but it was lost during 

the isolation and purification process. The results also indicated that vinylmercuric 

trifluoroacetates were less stable to isolation than vinylmercuric halides or 

vinylmercuric acetates. Both vinylmercurials 92 and 95 showed characteristic '-"̂ C 

NMR signals of two quartets at ca. 161 and ca. 118 ppm, with C-CF coupling and C-F 

coupling constants of 39 and 286 Hz, respectively. 
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Table 3.1 

Preparation of Chromatographically Pure Vinyl Mercuric Compounds 

\ > - = 

Entry 

1 

2 

3 

4 

4f 

5' 

R 

H(89) 

H 

H 

H 

CH3(90) 

CH3 

Condition* 

Conditions''*''''''^ 

A 

B 

C 

D 

B 

C 

X 

OCOCH3 

OCOCF3 

CI 

Br 

OCOCF3 

CI 

"xV 
Product 

91 

92 

93 

94 

95 

96 

k 
HgX 

Yield^ 

83% 

50% 

64% 

68% 

51% 

779f 
a i l A M 'A" = 1.2 eq. of Hg(OAc)2, CH2CI2, 25 ''C, 4 hrs. ^"B" = 1.2 eq. of 
Hg(OCOCF3)2, CH2CI2, 25''C, 4 hrs. ''"C" = (1) 1.2 eq. of Hg(OCOCF,)2, 
CH2CI2, 25 ""C, 4 hrs. (2) Aqueous NaCl solution, 25 ""C, 4 hrs. '̂ "D" = (1)1.2 
eq. of Hg(OCOCF3)2, CH2CI2, 25 °C, 4 hrs. (2) Aqueous NaBr solution, 25 T , 
4 hrs. ^Based on chromatographically pure product. Cis:Trans = 50 : 50, 
determined by IH-NMR analysis of the crude product mixture. 

Based on the knowledge that vinylmercurials readily undergo various carbon-

carbon bond forming reactions^^ under a variety of conditions, we explored the 

applicability of such reactions to the above vinylmercury compounds (91 - 96). One 

such coupling reaction is the palladium(II)-mediated allylation of vinylmercurials by 

allylic halides and acetates reported by Larock.27 when the a-(tetrahydrofuranyl)vinyl 

mercurials were treated with various allylic bromides or chlorides according to Larock's 

procedure, the corresponding 2-(tetrahydrofuran-2'-yl)-1,4-pentadienes were formed, 

as shown in Table 3.2. 
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Table 3.2 

Palladium(II)-Mediated Allylation of l-(Tetrahydrofuran-2'-yl)ethenylmercury 

HgX 
n eq. PdCl2, THF 
2 eq. LiCl, N2 
-78-25°C, 14 hrs' 

Entry X R, R̂  n Product Yield'' 

1 Cl(93) H H Br 

2 CI H H Br 

3 CI CH3 H CI 

4 CI H CH3 CI 

5 OCOCH3(91) H H Br 

6 OCOCF3(92) H H Br 

7 OCOCF3 H H Br 

8 OCOCF3 H H Br 

9 OCOCF3 H H Br 

10 OCOCF3 H H Br 

11 OCOCF3 H H Br 

1 

0.1 

1 

1 

0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

1 

97 

97 

98 

99 

97 

97 

97 

97 

97 

97 

97 

100% 

18% 

45% 

23%-

32% 

22% 

30% 

39% 

42% 

59% 

'Based on chromatographically pure product. 

When the palladium(II)-mediated allylation was applied to the substituted 

tetrahydrofuranyl vinylmercuric trifluoroacetate 95 or chloride 96, formed as an 85:15 

cis:trans mixture of the diastereomers via oxymercuration of the y-silyloxyallene 22, 

then the yields were significantly diminished, as shown in Table 3.3. 
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Table 3.3 

Palladium(n)-Mediated Allylation of the 
Substituted 1 -(Tetrahydrofuran-2'-yl)ethenylmercurals 

HoC>. O 
HgX + 

n eq. PdCl2 

Y 5 eq. LiCl 

THF, 18 hrs 

Cis : Trans^ = 85 : 15 10 eq. Cis : Trans^ = 85 : 15 

Entry X R, R 2. n Product Yield^ 

1 

2 

3 

4 

5 

6 

7 

OCOCF3(95) H H Br 1 

OCOCF3 H H CI 0.1 

OCOCF3 H H CI 1 

OCOCF3 CH3 H CI 1 

Cl(96) H H CI 1 

CI CH3 H CI 1 

CI H CH3 CI 1 

100 

100 

100 

101 

100 

101 

102 

6% 

25% 

38% 

10% 

45% 

12% 

217r 

^Determined by ^H-NMR analysis of the crude product mixture. "^Based 

chromatographically pure product. 
on 

In both series of reactions, the yields decreased in proportion to the bulkiness of 

the allylic halide (Table 3.2, entry 1,3 and 4 and Table 3.3, entry 5,6 and 7). Since the 

mechanism involved the addition of vinylpalladium species to the carbon-carbon double 

bond of the allylic halide, and the subsequent reductive syn-elimination of palladium 

halide, as shown in scheme 3.1, the effect of steric hindrance is probably expressed at 

the stage of the 7i-palladium complex 104 and the a-palladium complex 105. Indeed, 

several attampts to achieve the coupling of 93 to 3-bromo- or 3-acetoxycyclohexene 

resulted in no measurable amounts of coupled products. 
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(H3C) 
R, 

PdCl 3 + 
Y 

R' 

(H3C) 

-\ '^-

103 104 

2 .Y 

(H3C) 
PdCf -PdCl3Y pentadiene 

• products 

105 

Scheme 3.1 

Comparing entries 1 and 2 (Table 3.2), we can see that the reaction occurs 

through a catalytic process, but the palladium catalyst turnover is quite low. In order to 

optimize the reaction conditions, compound 92 was chosen to study the amount of 

palladium(II) catalyst needed in the reaction. As indicated in Table 3.2 (entry 6-11), 

the yield increased along with the increasing amount of catalyst. From the experiment, 

it seems that stoichiometric amounts of palladium(II) chloride are required in order to 

achieve the best results. These observations about the effects of steric hindrance upon 

the yields and the effects of the amount of added catalyst are similar to what Larock 

observed in his coupling reactions. 

Another transformation of vinyl mercurials is the palladium(II) mediated 

dimerization of vinylmercuric chloride 93 to form the symmetric conjugated diene 106, 

as shown in scheme 3.2. 
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^- ^ ^ H g C l 0-5 eq. PdCl2, 5 eq. LiCl -O 

THF-HMPA, No, 14 hrs 

73% 

93 106 

Scheme 3.2 

Following Larock's procedure,25 the reaction proceeded in good yield. The 

vinyl mercuric acetate 91 can also undergo the same reaction under the conditions to 

give 106 in 78% yield. Whether the dimerization of 91 proceeded via the vinyl 

chloride which could form in situ, or via direct transmetalation of 91 by palladium(Il) 

chloride is not clear at this point. The mechanism proposed by Larock^^ indicated that 

these coupling reactions proceed through an initial transmetalation to form a 

dichlorodivinylpalladium dianion which then reductively eliminates to form the diene, 

chloride anion and palladium(O). 

It has been known that vinyl mercurials can undergo cross coupling reactions 

with various organocuprate reagents^^ to form carbon-carbon bonds. We also 

examined the posibility of coupling the vinyl mercuric chloride 93 with lithium 

dibutylcuprate, as shown in scheme 3.3, using the procedure reported by Larock. 

HgCl 

93 

a). 5 equiv. LiCu(n-Bu)2 ^ 

THF, -78", 1 hr \ / ^ ^ ^ ^ n-Bu 

b). O.,0° 

Scheme 3.3 
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Unfortunately, the reaction did not give any of the desired product. Instead, a 

colorless oil was obtained which could not be identified. The reaction w as also 

performed under a different condition reported by Larock. This time, the reaction w as 

quenched by bubbling oxygen into the reaction mixture at -78 ^C for 30 minutes, and 

then it was hydrolyzed by the addition of saturated NH4CI solution. The result was 

about the same as the first reaction and the products still could not be identified. 

We also attempted to transform the vinyl mercuric chloride 93 to the 

corresponding a,P-unsaturated ketone via Lewis acid promoted acylation,-^ as show n 

in scheme 3.4. 

1 equiv. CH3COCI 
j^g^j 1 equiv. AlCl3^ CH2CI2 ^ 

0 or 25''C, 5 min, N2 

93 

COCH3 

OCOCH3 

107 

Scheme 3.4 

The vinyl mercuric chloride 93 in CH2CI2 was added to a premixed solution of 

equimolar amounts of acetyl chloride and aluminum trichloride under a nitrogen 

atmosphere for 5 minutes, and the solution was quenched with water. The reaction did 

not give the desired a,P-unsaturated ketone. Instead, it gave 4,5-hexadienyl acetate 

107 in 39% yield. This result indicated that the tetrahydrofuran ring was not stable in 

the present of strong Lewis acids and that the ring opening was faster than the acylation 

of the vinyl mercuric moiety. 
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In another attempt, we prepared 3-methyl-3-(2'-propen-l'-yl)oxy-l-buten-2-

ylmercuric acetate 108 through the allyloxymercuration of 3-methyl-l,2-butadiene as 

shown in scheme 3.5. 

-I-
,^^^'\^0U 

1.5 equiv. Hg(0Ac)2 

CH2CI2, N2, -78" 

O 

HgOAc 

108 

Scheme 3.5 

We reasoned that the vinylmercurial species 108 would be readily 

transmetallated with a palladium(II) salt, such as palladium(II) chloride; therefore, the 

vinylpalladium species 109 might undergo intramolecular Heck reaction to give a 

highly functionalized tetrahydrofuran ring, as shown in scheme 3.6. 

O 
0.1 equiv. PdCl2, 1 equiv. CuCU 

HgOAc CH2CI2, N2, 25"C, 48 hrs 

108 

: Pd(II)L2Cl2 

109 110 

Scheme 3.6 
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The reaction did not proceed as desired and no product nor starting material 

were isolated from the reaction mixture, probably due to the decomposition of the 

starting material. 

Attempted Palladium Catalyzed 
Intramolecular Cyclization/Coupling Reactions 

The regiospecific oxymetallation reactions of allenes are known to afford an 

organometallic compound, with the metal bonded to the former central carbon of the 

allene and with nucleophilic attack of the oxygenating species at the terminal carbon,-'̂ ^ 

therefore suggesting the intermediacy of the Ji-complex^^ 111, as shown in scheme 

3.7. 

R 

H 

H 

R' 

MX2 
>-

X 
; 

R ^ ¥ 

H R' 

111 

Scheme 3.7 

R'OH 
R 

H 

MX 

^ - ; 

"RO H 

The observed cyclization of y-hydroxylallene 89 mediated by either mercury(ll) 

or palladium(II) salts can also be explained by initial metallation of the more substituted 

double bond followed by a favorable 5-exo ring closure, as suggested in structure 112. 



We reasoned that if "R" in structure 112 was a group such as an acetoxy or 

allyl group which could complex to palladium(n), the reaction might proceed through 

the cyclization and at same time the R group could intramolecularly transfer to 

palladium to form a 7i-complex. A following reductive elimination would afford the 

intramolecular cyclization/coupling product. 

The first attempted reaction of this type is outlined in scheme 3.8. The starting 

material, y-allyloxyallene 113 was prepared from the reaction of y-hydroxyallene 89 

with allyl bromide in DMF in the presence of sodium hydride at 25 "C. 

113 

0.5 equiv. PdCl2 

5 equiv. LiCl 
» 

THF, reflux 
N2, 18 hrs 

Scheme 3.8 

The reaction was run under several different conditions. It was found that the 

starting material was recovered if no lithium chloride was added. With the addition of 

lithium chloride, a yellow oil was obtained. The '^C NMR spectrum of the yellow oil 

showed signals similar to those characteristic for r|3-allyl-palladium(II) complexes, as 

reported by Maitlis^^ in 1976, with the central carbon signal appearing around 130 ppm 
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and the two terminal carbon signals appearing between 70-88 ppm. Thus, it appeared 

that the complex 114 was formed by this reaction. The addidon of lithium chloride 

provided extra chloride source for the complexation of palladium(II) chloride and 

increased the solubility of palladium(II) chloride in the reaction mixture. 

It has been known that it is easy for palladium(O) to undergo oxidative addition 

to allylesters to form 7C-allylpalladium(II) complexes. We examined the possibility of 

bringing the 6-0-allyloxycarbonyl-l,2-heptadiene 115, prepared from 2-hydroxy-5,6-

heptadiene 90, to the cyclization/coupling reaction, as shown in scheme 3.9. We 

expected that the 7l-allylpalladium(II) complex 116 formed from the oxidative addition 

of palladium(O) to the substrate 115 would further complex to the allene, which would 

induce the cyclization with the release of carbon dioxide. Finally, the reductive 

elimination of the intermediate 117 would give the 1,4-diene as the product. Once 

again, no desired product was obtained and no starting material was recovered, 

probably due to the decomposition of the starting material under the reaction conditions. 

= . V ' ^ V ^ ^ " ^ 0.1 equiv. Pd(PPh3)4 
\ ' /-\ TUX: rof1..v M Q u. THF, reflux, N,, 8 hrs 

-CO^ 

116 117 

Scheme 3.9 
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We then explored the possibility of using mercury(II) trifluoroacetate as the 

catalyst in the intramolecular cyclization/acylation reaction of y-trifluoroacetox) allene 

118, which was prepared from acylation of y-hydroxyallene with trifluoroacetic 

anhydride, as shown in scheme 3.10. The reaction did not proceed as desired; instead 

the product 119 was obtained in 61 % yield. The formation of this product indicated 

that the TT-complex of mercuric trifluoroacetate was subjected to nucleophilic attack, but 

the intramolecular nucleophile either was not strong enough or was not at the right 

position to trigger the cyclization and instead the hydrolysis of the Tt-complex took 

place to give the product 119. 

F3C 

Q 0.2 equiv. 
Hg(OCOCF3)2 

118 

F3COCO. O. ^CF3 
Hg Y 

O. 
-I-

O c ^ 
CF. 

H,C OCOCF^ 

119 

Scheme 3.10 

Palladium-catalyzed intramolecular metallo-ene reactions are known.^^ We 

tried to extend our allene chemistry to the syntheses of functionalized bicyclic 

compounds through the palladium(O) catalyzed intramolecular metallo-ene reaction 

shown in scheme 3.11. 
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0.1 equiv. Pd(PPh3)4 

TT-complex 

122(n=0or 1) 

Pd 

a-complex-I 

123(n=0or 1) 

and/or 

a-complex-II 

124(n=0or 1) 

L 

Pd. 
I X 
L 

G-complex-III 

125(n=0or 1 

Scheme 3.11 

The assumption was that the 7r-allylpalladium complex 122 would form readih 

through the oxidative addition of palladium(O) to the allyl acetate moiety. Then the 

allene moiety may complex to the 7i-allylpalladium complex which ma\' further induce 

the cyclizadon to form the a-palladium complex-I (123) which did not undergo the P-

hydride elimination, so that it is possible to carbometalate the adjacent \ in\ 1 group to 

give the transient a-palladium complex-II 124 or a-palladium complex-Ill 125 which 

may undergo p-hydride elimination to afford the final products. The starting materials 

were allyl acetate or O-methoxycarbonyl allyl compounds, prepared from 6-hydrox\ -

1,2,7-octatriene (n=0, 120) or 7-hydroxy-l,2,8-nonatriene (n=l, 121). After 

experimenting with various solvents at different temperature and with different reaction 

times, we were only able to isolate the TT-allylpalladium complex as a yellow oil, as 

shown in Table 3.4 Those 7i-allylpalladium complexes were stable upon repeated 
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chromatography through silica gel columns. They were not very soluble in pure 

hexanes but dissolved well even in 90 : 10 (v : v) hexanes : ethyl acetate. 

Table 3.4 

Attempted Palladium(0)-Catalyzed 
Intramolecular Carbopalladation of Allenic Compound 

^ 10%Pd(PPh3)4, N2 Pd. ^ n̂ 

// 

Entry 

1 

2 

3 

4 

5 

6 

s 
126 

I 
-128 

n 

0 

0 

0 

0 

1 

1 

solvent. 

X 

OAc(126) 

OAc 

OAc 

OAc 

OAc(127) 

T ( T ) , 

OCOOMe(128) 

thrs' yA/V%^ 

7C 

Solvent 

CH2CI2 

THF 

CH3CN 

-Allyl Pd(II) Compk 

122 

T("C) 

-78 - 25 

reflux 

reflux 

CH3COOH reflux 

THF 

THF 

reflux 

reflux 

IX 

t (hrs) 

18 

4 

4 

4 

24 

12 

In order to prove that the yellow oil was the 7i-allylpalladium complex, alh 1 

acetate 127 in THF was brought to reflux in the presence of 0.1 equivalents of 

palladium(O) tetrakis(triphenylphosphine) under a nitrogen atmosphere for 2 hours. 

When the reacdon mixture turned yellow in color, a mixed solution of 2 molar 

equivalents of diethyl malonate with sodium hydride in THF was added to the above 

reaction mixture. The reaction was brought to reflux again for another 8 hours. The 

product (129) isolated from the reaction was either the product from a direct 
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displacement reaction or the product between the 7C-allylpalladium complex and the 

nucleophile as shown in scheme 3.12. The same product (129) was also obtained 

when a mixed solution of diethyl malonate with sodium hydride in THF w as added to 

the isolated 7i-allylpalladium(II) complex 122. Since the yellow oil has been pro\'ed to 

be something other than the starting material, the conclusion was that the product w as 

compound 129 from the reaction between the Ti-allylpalladium complex and the 

nucleophile. 

OAc 
a). 0.1 equiv. Pd(PPh3)4 

THF, N., reflux, 2 hrs 
• 

b). NaCH(COOEt)2 
THF, reflux, 8 hrs 

EtOOC \ 

> 

EtOOC 

127 
15% 
129 

Scheme 3.12 

Attempted Radical Transformations of Vinylmercurials 

It has been reported that thermal demercuration,^^ photolysis^O or reducti\ e 

demercuration by metal hydrides^' of some alkyl, aryl and alkenylmercurials gave the 

corresponding hydrocarbons, organohalides or alcohols as products. It was believed 

that the mechanism involved the generation of alkyl, aryl and alkenyl radicals. 

With various vinyl mercuric compounds on hand, we investigated the 

possibility of transforming the vinylmercurials to the corresponding vinylic 

compounds. The first experiment carried out was to investigate the possibility of 

trapping the vinyl radical as the acetoxyl vinylic compound. When vinylmercuric 

acetate 91 was heated to 240 ^C under a nitrogen atmosphere for 1 hour, the 

corresponding hydrocarbon was obtained in 8% yield. When vinylmercuric 
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trifluoroacetate 92 was heated to 220 ^C under a nitrogen atmosphere for 1 hour, the 

corresponding hydrocarbon was obtained in 49% yield, as shown in scheme 3.13. 

HgOCOCH3 ' ' ' ° ' ^ ' ^^- ' ' ^ 

HgOCOCF3 220»C, N2, 1 hr̂  

8% 

49% 
130 

Scheme 3.13 

In both cases, the product was obtained with high purity by trapping in a flask 

at -78 oC in a acetone/dry ice bath. Some mercury metal could be seen on the bottom 

of the flask. Besides the vinyl tetrahydrofuran 130 and mercury, no other products 

were detected. 

When vinylmercuric bromide 94 was subjected to reductive demercuration with 

sodium borohydride in the presence of molecular oxygen as radical scavenger w ith the 

intention of converting the vinylmercurial to the corresponding alcohol, a dimerization 

reaction occurred, as shown in scheme 3.14. 

1.5 equiv. NaBH4 

^^^^ O2, DMF, 25^ 20 min * V 
- F/r 

94 106 

Scheme 3.14 

It has been noticed that molecular oxygen has small steric requirements and it is 

highly reactive toward the alkyl radicals but relatively unreactive toward the 
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organomercury compounds and the borohydride ion. In the case of the alkenyl radical, 

at least in the following reaction, the reaction between the alkenyl radicals is faster than 

the reaction between the alkenyl radical and molecular oxygen. 

When several unsubstituted and substituted tetrahydrofuranyl vinylmercurials 

were subjected to studies of radical coupling reactions with diphenyldisulfide or 

thiophenol upon exposure to ultraviolet light under a nitrogen atmosphere, within a few 

minutes after the UV light was turned on, a white suspension was formed and the 

formation of mercury metal was seen after 4 hours. The reaction temperature rose to 45 

oC within 1 hour upon radiation. These results are summarized in Table 3.5. 

Table 3.5 

Studies on the Free Radical Coupling Reactions of 
l-(Tetrahydrofuran-2'-yl)ethenylmercurials 

HgX 
hv, base 
benzene rYr^'O ^ "̂  ), t hrs, \ / 

Entry R X R' Base t(hrs) Product Yield 

1 

2 

3 

4 

5 

H 

H 

CH3 

CH3 

CH3 

OAc(91) 

OAc(91) 

OCOCF3(95) 

Cl(96) 

Cl(96) 

SC^H, 

H 

H 

SC6H5 

H 

none 

NaHC03 

NaHC03 

none 

NaHC03 

12 

18 

18 

36 

48 131 

0% 

iVc 

0% 

0% 

1.3% 

From Table 3.5, we can see that most of the reactions resulted in no detectable 

products except when vinylmercuric chloride 96 was radiated for 2 days, trace amount 

of alkenyl radical was trapped by thiophenol to form phenyl vinyl sulfide. This 
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suggests that alkenyl radicals can be formed upon exposure of the \inylmercurials to 

ultraviolet light, but the reaction has little synthetic value. 

It has been found that reactions that respond to ultrasound irradiation 

correspond to those that proceed, at least in part, through radical intermediates.^- In 

homogeneous reactions, coordinatively unsaturated species or free radicals are 

generated in the superheated liquid shell around the bubble produced by cavitation. 

Reactants must have some vapor presure to diffuse into the cavitation bubble.^-^ On the 

other hand, if it is a heterogeneous reaction, sound waves merely exert a mechanical 

effect to promote mixing or to cleanse a reactive surface.^^ Cavitation is not important 

in producing reactive intermediates. 

Based on the knowledge we have about organic sonochemistry, we subjected 

pure vinylmercuric acetate 91 both in neat form and in a homogeneous THF solution to 

ultrasound irradiation at 25 °C for 4 hours. In both cases, the vinylmercuric acetate 91 

was recovered in high yield. The results indicated that the ultrasound irradiation did not 

promote the formation of the alkenyl radical from the vinylmercuric acetate. 

In the previous reaction (Scheme 3.14), it has been shown that the reductive 

demercuration of vinylmercuric halides with sodium borohydride will form alkenyl 

radicals. This suggested the possibility that the vinylmercuric acetate 108 could cyclize 

through a free radical process to form a highly functionalized tetrahydrofuran ring 

system, as shown in scheme 3.15. We envisioned that the formation of the alkenyl 

radical would trigger the 5-exo ring closure readily and the following hydrogen-

abstration from any hydrogen source in the solution would afford the final product. 

Both reactions were run at 25 ^C for 48 hours. Upon work up, neither desired product 

nor starting material was isolated from the reaction run in methanol, but a colorless oil 

was obtained from the reacdon run in dichloromethane. The 'H and '-"̂ C NMR showed 
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that the colorless oil was a mixture of dimerized product with some unknown producth 

The small amount of the colorless oil was lost in an attempted HPLC separation. 

0.5 equiv. NaBH4, CH3OH. N, 

HgOAc 

108 

0.5 equiv. NaBH4, CH2CI2, N̂  

Scheme 3.15 

lodocyclizations of y-Hydroxy- and y-Silyloxyallenes 

As previously described, the exploration of synthetic applications of various 

vinylmercurials did not lead to many useful applications. The fact that the 

transformations of tetrahydrofuranyl vinylmercurials were hindered either by 

decomposition of the starting materials to intractable product mixtures or by low 

turnover of the catalysts led us to investigate the lodocyclizations of y-hydroxy- and y-

silyloxyallenes to form tetrahydrofuranylvinyl iodides with the hope that such 

cyclizations would proceed with cis selectivity and that the resulting vinyl iodide 

products would prove to be more versatile as synthetic intermediates than the 

vinylmercurials. 

The iodocyclizations of y-benzyloxy- or y-silyloxyalkenes using iodine results 

in the selective formation of cis-tetrahydrofurans bearing an iodoalkyl group at the 

newly formed stereogenic carbon of the tetrahydrofuran ring,^^ thus providing a 

precedent for our studies of allenes. In addition, the intramolecular amidoiodinations of 

a-allenic alcohol carbamates using iodine to form 4-iodoethenyloxazolidinones66 ha\ e 

also investigated. 
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The results of the iodocyclizations of hydroxyallenes and their ether derivative^ 

are indicated in Table 3.6. 

Table 3.6 

lodocyclizafions of y-Hydroxyallenes and Derivatives 

R 
1> 

Entry 

1 

2 

3 

4 

5 

6 

7^ 

8f 

9 

10 

11 

12 

13 

14 

15 

OR' 
' - ^ r ^ V_7 

R 
CH3(90) 

CH2CH3(132) 

CH3(90) 

CH3(133) 

CH3(134) 

CH3(135) 

CH2CH3(136) 

CH3(137) 

CH3(137) 

CH3(137) 

CH3(135) 

CH2CH3(138) 

CH(CH3)2(139) 

CH2CO2tBu(140) 

(CH2)20TMS(14i; 

" X^ " 
^^ 

Conditions 

R' Conditions^''' 
H 

H 

H 

DCB' 

SiPh2tBu 

SiMe2tBu 

SiMe2tBu 

SiMe3 

SiMe3 

SiMe3 

SiMe2tBu 

SiMe3 

SiMe3 

SiMe3 

) SiMe3 

h 
h 
NBS 

h 
h 
h 
h 
h 
NBS 

NIS 

NIS 

NIS 

NIS 

NIS 

NIS 

. ^ 

Product 

142 

143 

144 

142 

142 

142 

143 

142 

144 

142 

142 

143 

145 

146 

147 

/x 

Yield' 

73% 

70% 

61% 

50% 

547r 

557r 

85% 

64% 

82% 

61% 

97% 

88% 

95% 

90% 

41% 

Cis : Trans 

42 :58 

37 : 63 

45 : 55 

62 : 37 

58 : 42 

65 : 35 

90 : 10 

85 : 15 

85 : 15 

86: 14 

88 : 12 

93 :7 

9 9 : 1 

100 : 0 

100:0 
I -

"̂12" = 1 eq. of iodine, excess sodium bicarbonate, acetonitrile. "NIS or NBS" = 

1.5 eq. of N-iodosuccinimide or N-bromosuccinimide in 4:1 (v:v) CH2Cl2:THF. 

'Yield of both diastereomers together based on chromatographically pure product. 

^Measured by integradon of ^H-NMR signals. 'DCB = 2,6-dichlorobenzyl. 

f"l2" = 1 eq. iodine, CH2CI2, 0.5 - 1 hours. 
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When a series of variously substituted y-hydroxyallenes were treated with 

iodine or NBS in the presence of potassium carbonate or sodium bicarbonate in 

acetonitrile for 2 hours, the iodovinyltetrahydrofurans were produced in variable yields 

as - 50:50 mixtures of cis/trans diastereomers (Table 3.6, entries 1-3). 

In an attempt to induce cis-selectivity via the use of cleavable ether derivatives, 

we treated the 2,6-dichlorobenzyl ether derivative of y-hydroxyallene 133 with iodine. 

This resulted in the mixture of cyclized products enriched, to some extent, in the cis 

isomer (Table 3.6, entry 4). Changing the ether group to tert-butyldiphenylsilyl or tert-

butyldimethylsilyl resulted in varying outcomes (Table 3.6, entries 4 - 7), none of 

which represented good stereoselectivity. Some of the reactions of these ether 

derivatives with iodine resulted in mixtures of the cyclized products 149 plus 

significant amounts of the diiodide products 148 which, upon standing, slowly 

cyclized to tetrahydrofuranyl vinyliodides 149, as shown in scheme 3.16. 

SiR'3 (or ArCH2) 
1 

1 V R 2̂ » ^_v O 
r SiR'3 (or 

1 
O 

^ V-R 
\ / \ 

148 

Scheme 3.16 

ArCH2) I 

X. O, R 

149 

We initially thought that the lodocyclization reaction of y-silyloxyallenes with 

iodide proceed, entirely or in part, via the diiodide compound 148 which w as then 

converted into 149 by an SN2'-type step.67 interestingly, this process was also 

suggested by both Friesen^^ and Gallagher^S in their work with iodocyclizations of 

allenes. Further experimentations indicated that the cyclizations of y-silyloxyallenes 

with iodine did not proceed via diiodide intermediates, at least not in the cases of the 
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cyclizafion of 136 and 137. In the cases of cyclizafion of 136 and 137 in 

dichloromethane with iodine, the tetrahydrofuranyl vinyliodide was obtained in good 

yields with good cis selectivity, as shown by carefully momitoring the formation of the 

products with TLC. The diiodide intermediates formed upon prolonging the reaction 

time (>1 hour) due to the reaction of trimethylsilyl iodide with tetrahydrofuranyl 

vinyliodide. The slow conversion of the diiodide intermediate 148 to the 

tetrahydrofuranyl vinyliodide 149 caused the loss of the cis selectivity, as shown in 

scheme 3.17. 

SiMe3 
I 

Q 
R ~Cr 

O. ^R 

150 

Me.Sil 

I-SiMe. 

Scheme 3.17 

y O. .R ^\J 

148 

Due to the inconsistencies observed in stereoselectively producing cis 

tetrahydrofuranyl vinyliodides through the iodine mediated iodocyclizations, we 

decided to invesfigate N-iodosuccinimide as an alternative source of "I+" because it 

would be unaccompanied by as strong a nucleophile as iodide. As indicated in Table 

3.6 (entries 9-13), treatment of y-trialkylsilyloxyallenes with NIS resulted in the 

formafion of tetrahydrofuranyl vinyliodides in good to excellent yields with high cis 
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selecfivity. The cyclizadon reaction with NIS usually was slower than the reaction with 

iodine; the average reacdon time for the NIS cyclizations was less than 4 hours. 

Palladium Catalvzed Vinvladon of Tetrahydrofuranyl Ethenyl Iodides 

In contrast to our findings with vinylmercury intermediates, the substituted 

tetrahydrofuranyl vinyliodides were found to be synthetically versatile intermediates. 

One application was the Heck reaction. First, the Heck reaction between cis 

tetrahydrofuranyl vinyliodide 142 and methyl acrylate was performed under the 

conditions reported by Heck.^0 The product isolated from the reaction indicated that 

the dienoate was formed initially from the Heck reaction, but in the presence of excess 

methyl acrylate, probably a Dies-Alder reaction or muld-step alkene insertion reactions 

occurred to give the final product 151 due to the elevated temperature of the reaction 

conditions. It has long been known that the Diels-Alder reaction is particularly efficient 

and rapid when the dienophile contains one or more electron-attracting groups and is 

enhanced more if the diene also contains electron-releasing groups. Upon examining 

the two starting materials and the products in this Heck reaction, we found that both of 

the dienophile and the diene were electron deficient and the products were a mixture of 

four diastereomers. We found that it was more likely that the reaction proceeded via 

multi-step alkene insertion reactions, as shown in scheme 3.18. 
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COOMe 

H.C 

142 

5 equiv. CH2=CHCOOMe 

5% equiv. Pd(OAc)2, Et3N ^ ^ Q 

15%equiv. PPh3 N2 *" \ 

sealed tube, 100°, 8hrs 

COOMe 

151 
60% 

I 

t 
oxidative 
addition 

P-hydride 
elimination 

COoMe 

H.C^ O 
PdL2l 

H.C^ O 

t 

H.C^ O 

alkene 
insertion 

CO.Me 

alkene 
insertion H^CA. • ^ 

IL.Pd C02Me 

' \ 
CO.Me 

Scheme 3.18 

In 1985, Jeffery reported'*' that a stereospecific palladium catalyzed vinylation 

of vinylic iodides can be performed at room temperature under solid-liquid phase 

transfer conditions and that the addidon of potassium carbonate greatly accelerated the 

reaction, as shown in scheme 3.19. 

2% equiv. Pd(0Ac)2 ^-Bu 
n-Bu H ^ \ 

H T 
2-10 equiv. DMF, 25'', 4-5 hes 

152 

H 
2.5 equiv. K2CO3 ' > = < ' 

C O O M e , . D XT/-1 H \ . 
1 equiv. BU4NCI " \ 

153 
COOMe 

E/Z=99/l 
Scheme 3.19 
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When the Heck reacdon was performed under Jeffery's conditions between 

various cis-tetrahydrofuranyl iodides and various vinylic substrates, tetrahydrofuran 

subsdtuted dienoates, dienones, dienals and enals were obtained in high yields. These 

results are summarized in Table 3.7. The results of the vinylation of methyl acrylate 

with various tetrahydrofuranyl vinyl iodides were very promising. Even when the R 

group in the tetrahydrofuranyl substrate is a bulky group, the Heck products were still 

obtained in good yields (Table 3.7, entries 1 - 5). 

Table 3.7 

Palladium(0)-Catalyzed Vinyladon of Vinyliodides 

R-

Ri J 2% eg. Pd(0Ac)2. 1 eg. BU4NCI. N2 ^ R O > K 

Z 2.5 eg. K2CO3, DMF, 25"C, t (hrs) \ / ^ 
5 eg. \ ' 

Entry R R R2 t(hrs) R' Product Yield" 

1 

2 

3 

4 

5 

6 

7 

CH3(142) 

CH2CH3(143) 

CH2C02t-Bu(146) 

H 

H 

H 

CH2C02(DBMP)°(154) H 

CH(Me)C02(DBMP)^155) H 

CH3(142) H 

CH3(142) H 

CH3(142) H 

9̂  CH3(142) 

10 CH3(142) 

11 CH3(142) 

H 

H 

CH. 

H CO2CH3 8 CH=CHC02CH3 156 917c 

H CO2CH3 8 CH=CHC02CH3 157 877f 

H CO2CH3 8 CH=CHC02CH3 158 -1009^ 

H CO2CH3 8 CH=CHC02CH3 159 SZ^r 

H CO2CH3 8 CH=CHC02CH3 160 

H COCH3 12 CH=CHC0CH3 161 

H CN 12 CH=CHCN 162 

CH3 CN 12 CH=C(CH3)CN 163a 27^f' 

CH2C(CN)=CH2 163b 129f 

12 CH2C(CHO)=CH2 164a 62% 

CH=C(CH3)CHO 164b 23% 

12 CH2CH2CHO 166^ 16% 

100 0% 

43% 

75% 

S6' <"' 

CHi CHO 

H CHoOH 

CHi COOCH 3 

''Based on chromatographically pure product. ^DBMP = 2,6-di-tert-butyl-4-methoxyphenyl. 

^^-74% E and - 2 6 % Z. ''The ratio between 163a and 163b was determined based on ' H - N M R 

analysis. ^50% E and 50% Z. '̂ The ratio of the two isomers was determined based on the ' H -

N M R analysis. ^In addition to 166, the 7i-allylpalladium complex 170 was isolated (see text). 
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The reaction between vinyl iodide 142 and methacrylonitrile afforded two 

products 163a and 163b in 7 : 3 ratio (Table 3.7, entry 8) due to there being two ways 

for the reductive elimination of the hydridopalladium species from the intermediate a-

palladium complex 165 to occur. The reductive elimination through path A would 

lead to the formation of product 163a (as a 1 : 1 mixture of E : Z isomers) and 

reductive elimination via path B would give 163b as the product. The reaction 

between vinyl iodide 142 and methacrolein also yielded two products for the same 

reason. 

^ H x A 
H2C \ 

PdL2X 

NC Y-H/B 
H.C. ^O. 

^-Q-A 
165 

In the vinylic iodide-allyl alcohol reaction (Table 3.7, entry 10), the elimination 

of the hydridopalladium species 168 from the intermediate a-palladium complex 167 

occured with loss of a hydrogen from the carbinol carbon bearing the hydroxyl group 

to yield the product 166. However, p-hydride elimination in the other direction 

followed by alkene insertion resulted in the formation of a relatively stable n-

allylpalladium complex 170 (Scheme 3.20) which could be isolated from the reaction 

mixture by chromatography. Due to the stability of the 7i-allylpalladium complex 170, 

the reaction apparently favors the formation of 170, thus removing the catalyst and 

causing the low isolated yield of the enal 166. 
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-HPdIL 
(168) Me \ / O H 

PdlL^ 

OH 

167 

166 

OH 
170 

Scheme 3.20 

The effects of steric hindrance were also an important factor which influenced 

the outcome of the reacdon. The reaction of methacrylonitrile with tetrahydrofuranyl 

vinyliodide 142 gave only a 39% yield of the Heck product (Table 3.7, entry 8), and 

the reaction of methyl methacrylate with tetrahydrofuranyl vinyliodide 142 resulted in 

no detectable product (Table 3.7, entry 11). The steric hindrance is probably expressed 

at the stage of the 7C-complexation between the a-vinylpalladium complex formed by 

oxidative addidon of palladium(O) to the vinyl iodide and the acrylate substrates. 

Later, we found that vinylic iodide 171 could also undergo Heck reaction with 

methyl acrylate to give the trienoates 172 in 78% yield as shown in scheme 3.21. 

t-BuQ 

171 

5 equiv. CH2=CHC02Me t-BuO Q 

2% equiv Pd(OAc)2 

y 1 equiv. BU4NCI 

2.5 equiv. K2CO3 

DMF, N2,25°C, 12 hrs 

\/0 

172 

^ 
CO.Me 

Scheme 3.21 
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When the Heck reacdon was performed between tetrahydrofuranyl vinyliodide 

143 and ethyl 3-ethoxyacrylate under Jeffery's condition for 20 hours, both starting 

materials were recovered in >90% yields. When the reaction was heated to 80 ^C for 

16 hours, no vinyliodide but 81% of ethyl 3-ethoxyacrylate was recovered. These 

results indicated that the addidon of a-vinylpalladium complex to the electron rich 

alkene was difficult. 

Various tetrahydrofuranyl vinylbromides prepared from NBS-mediated 

bromocyclizadon of y-hydroxy- or y-silyloxyallenes were found to not react in Heck 

reacdons due, apparendy, to no oxidative addition occuring between palladium(O) and 

the vinyl bromide group, even when the reaction was heated to 80 "C. 

Grignard-Type Reactions Using Tetrahydrofuranyl Ethenyl Iodide 
and Tetrahydrofuranylvinyl Trimethyl Stannanes 

It has been reported^^ that alkenyllithium reagents can be prepared from the 

reactions of alkenyl chlorides and bromides with lithium metal in ether solution. 

Alkylations of such alkenyllithium reagents have been used in the preparation of di- or 

trisubsdtuted alkenes.^' However, the preparation of terminal alkenyllithiums through 

halogen/metal exchange is limited by the reladve acidity of the vinylic hydrogen in the 

case of chlorides^^ and with bromides^^ only when the double bond is activated. As 

previously mendoned, a few examples^^' "̂̂  of exchange between alkenyliodides and n-

or tert-butyllithium have been reported. The alkenyllithium reagents so prepared have 

been applied to various Grignard-type reactions. 

Since tetrahydrofuranyl ethenyl iodides were readily available from NIS-

mediated cyclizadon reacdon of various silyloxyallenes, we explored the compatibility 

of tetrahydrofuranyl ethenyl iodides with butyllithium. Various amount of 
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n- or tert-butyllithium have been used under several different reaction conditions as 

shown in Table 3.8. 

Table 3.8 

Studies on Lithium Halogen Exchange Reacdon 
Using l-(Tetrahydrofuran-2'-yl)ethenyl Iodide 

a) n eq. base,THF, 

Me o J i T,(°C),t(..n.) , ^,, ^ '̂ V"" . 
\_J I b) (CH3)2CHCHO ^ „ ^-f 

X% 
recovery 

2-6 hrs Y% 

142 T2(T),N2, "" ^^ 

Entry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

n 

1.5 

1.2 

1.2 

2.0 

1.5 

1.0 

2.0 

2.0 

2.0 

Base 

n-BuLi 

n-BuLi 

n-BuLi 

n-BuLi 

t-BuLi 

t-BuLi 

t-BuLi 

t-BuLi 

t-BuLi 

T, CO 
-78 

0 - 2 5 

-78 

-120 

0 

-78 

-78 

-78 

-120 

t (min) 

10 

60 

15 

30 

30 

15 

30 

1 

20 

T2 ("C) 

-78 - 25 

-78 - 25 

-78 -0 

-120-0 

0 - 2 5 

-78 - 25 

-78 -0 

-78-0 

-120-0 

X^ 

12% 

0% 

0% 

0% 

2% 

53% 

2% 

17c 

14% 

ya 

49% 

53% 

56% 

62% 

61% 

24% 

35% 

82% 

76% 

Z' 

0 

trace 

1% 

0 

0 

0 

4% 

27c 

0 

^Based on chromatographically pure product. 

The lithium-iodide exchange reaction was first tested by adding n-butyl lithium 

to a soludon of 142. When the reactions were quenched with isobutyaldehyde, only 

trace amounts of the addidon product 173 was obtained (Table 3.8, entries 2 and 3). It 

was known that two equivalents of tert-butyllithium were required in such lithium 

halogen exchange reacdon, one equivalent for the exchange reaction and the other 
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equivalent to convert tert-butyl iodide formed from the exchange reaction to 

isobutylene.^O j ^ u s we experimented with tert-butyl lithium and quenched the reaction 

mixture with isobutraldehyde. This led to the isolation of less than 5% of 173 (Table 

3.8, entries 7 and 8). In most cases, either using n- or tert-butyllithium, y-

hydroxyallene 90 was the major product obtained from the reactions due to the ethen\'l-

lithium formed from the lithium iodide exchange reacdon undergoing ring opening 

elimination to produce the more stable lithium alkoxide. The experimental results 

indicated that the tetrahydrofuranyl ethenyllithium species can be generated from 

lithium/halogen exchange reaction but it was unstable even at -120 ^C. 

Alkyl- and alkenylstannanes have become very important synthetic 

intermediates because a carbon-tin bond is quite readily cleaved by electrophiles 

attacking the carbon atom, or by nucleophiles reacting with the electrophilic tin atom. 

The electrophilic trialkyldn group of an alkyl- or alkenylstannane can be easily replaced 

by lithium upon reacdon with n-butyllithium^^ to generate alkyl- or alkenyl lithium 

reagents which can undergo Grignard-type reactions with various carbonyl compounds 

and diphenyldisufide. It also has been reported that exposure of vinylstannane to 1 

equivalent of Me2Cu(CN)Li2 in THF at ambient temperature will lead to the formadon 

of a high order vinylic cyanocuprate reagent which will undergo addition reactions with 

enones to afford 1,4-addidon products.^^ Based on this precedented reaction, we 

synthesized tetrahydrofuranylvinyltin 174 and then attempted to convert it to the 

corresponding vinyllithium, via treatment with butyllithium or to the high order 

cyanocuprate reagent via treatment with dimethyl cyanocuprate. The reaction were 

quenched either with isobutyraldehyde or with a,P-unsaturated ketones, as shown in 

scheme 3.22. The only product obtained from these reactions was the y-hydroxyallene 

90 which once again proved the point that tetrahydrofuranyl ethenyl anions are unstable 

under the conditions used. 
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H B C V ^ O ^ J ^ 
SnMe. 

174 

a) 1.5 eq. n-BuLi, N2 

THF, -78°C, lOmin 
b) 1.2eq. (CH3)2CHCHO 

-78T,N2, 10 min 

a) 1.5 eq. n-BuLi, N^ 

THF,-120°C, 5 min 
b) 1.2eq. (CH3)2CHCHO 

-120-25"C,N2, 6hrs. 

a) 1.1 eq. n-BuLi, N2 

THF,-120"C5min 

b) 1.2eq. (CH3)2CHCHO 

-120°C, N2, 10 min. 

H.C 

H3C 

a) 1 eq. CuCN, 2.2 eq. MeLi 

THF,-78"C, N2, 3 hrs H3C 
b) 1.5 eq. 2-Cyclohexen-l-one 

-78 - 25°C, N2, 6 hrs 

a) 1 eq. CuCN, 2.2 eq. MeLi 

THF, -78°C, N2, 1.5 hrs H^C 

b) l.Oeq. CH2=CHCOMe 

-78°C, N2, 5 min 

Scheme 3.22 

OH 

90 
74% 

r^-

90 
567r 

OH 

90 
287r 

OH 

r^ 

90 
8̂ r 

OH 

r^-

90 
84^; 

r^ 

Vinylchromium compounds derived from vinyliodides and anhydrous 

chromium(II) chloride are known to undergo addition reactions selecti\ely with 

aldehydes.3^* This methodology has also been applied to tetrahydrofuran} 1 \ inyliodide 

142 with various aldehydes as indicated in Table 3.9. The results showed that 

tetrahydrofuranyl vinylchromium compounds could form and couple with the aldeh\ dc. 

When the reacdon was run under a dry nitrogen atmosphere, the isolated yield of the 

coupling product was low (Table 3.9, entries 1, 2) probably due to the presence of 
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small amounts of oxygen in the nitrogen line. When the reaction was run under an 

argon atmosphere, the yield was increased to 39%. Based on these results, we can see 

that tetrahydrofuranyl vinyllithium and vinylcopper species are not stable but 

vinylchromium species are stable, at least to a certain extent, under the reaction 

conditions. 

Table 3.9 

Selecdve Addidons to Aldehyde Using Vinylchromium Species 

H.C 

142 

l .leq. R-CHO, neq. CrCl2 N2 H3C 1 : ^ 
m% eq. NiClj, DMSO, r.t., 18 hrs 

OH 

Entry R n m Product Yield^ 

1 

2 

3b 

C6H5 

CH(CH3)2 

C6H5 

2 

3 

2 

0.1 

10 

1 

175 

173 

175 

21% 

18% 

39% 

^Based on chromatographically pure product. The reaction was run under an 

argon atmosphere. 

Most synthedc applications of radical addition reactions are conducted via chain 

reactions.^^ However, non-chain reactions of radicals,^^ conducted by reductive 

methods, offered an attractive way to terminate a sequence of radical reactions by 

forming a new carbon-carbon bond. One such reagent is samarium(II) iodide, due to 

its dual reactivity either as a Grignard-like reagent or as a one-electron donor. It has 

been found that alkyl iodides and acyl chlorides could react with samarium(II) iodide to 

form alkyl^^ or acyl radicals^^ which could be further reduced to alkyl- or 
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acylsamarium(II) iodide.^^ Quenching the alkylsamarium(II) iodide with aldehydes or 

ketones led to the formadon of Grignard-type addition products. Acylsamarium(II) 

chloride could react with acyl chlorides to form a-diketones. Aryl- or \ inylradicals 

could also be generated from the reaction of aryl- or vinyliodides with samarium(ir) 

iodide in reported cychzadon reactions.^^ With tetrahydrofuranyl ethenyl iodides on 

hand, we envisioned that it might be possible to generate tetrahydrofuranyl 

ethenylsamarium(II) iodide species (e.g., 177) from the reaction of tetrahydrofuranyl 

ethenyl iodides with samarium(II) iodide. Quenching of the tetrahydrofuranyl 

ethenylsamarium(II) iodide species 177 with an aldehyde, to form alcohols (e.g., 

173), may extend the synthetic application of tetrahydrofuranyl ethenyl iodides. 

Experiments were carried out based on the knowledge we have about samarium(II) 

chemistry as shown in scheme 3.23. 

H.C O 

142 

I + Sml2 

2-5 equiv, 

1.5 equiv. 
(CH3)2CHCHO 

THF(/HMPA),N2orAr 
-30 - 25"C, 1 - 5 hrs 

SmL 

. c ^ 

173 OH 

;(CH3)2CHCHO 

SmL H 3 C v . O ^ ^ 
Sml 

176 177 

Scheme 3.23 

It has been noticed that the cyclization of aryl or vinyl radicals is often faster 

than hydrogen abstracdon from solvents^^ such as THF, and the reduction of aryl or 

vinyl radicals by samarium(II) iodide to form an organosamarium(II) iodide species is 
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slower than such hydrogen abstracdon.82 We experimented with using two to fu c 

equivalents of samarium(II) iodide, both using isobutraldehyde and cyclohexanone as 

electrophiles, with reacdon dmes of one to five hours, and using HMPA as the 

cosolvent. The starting material was recovered in each case, in 79% to 86% yields 

without HMPA, and from 10% to 18% with HMPA as the cosolvent. These 

experimental results can be explained by the following consideration: if the vinyl 

radical 176 did form, then the hydrocarbon formed from the hydrogen abstraction 

reaction was very voladle and would be easily lost during workup. This would explain 

the loss of starting material from the reaction. Since the vinylsamarium(II) iodide 177 

was the true intermediate which reacted with the electrophile and its formation was 

slower than the formation of the hydrocarbon formed from the hydrogen abstraction 

reaction, there was no addition reaction product detected from above experiments. 

It also has been reported^"* that Pd(0)/samarium(II) iodide could mediate 

intramolecular coupling reactions between a tethered propargyl ester and a ketone 

functionality as shown in scheme 3.24. 

R, 

\ ^ O C O R 2 Pd(PPh3)4/Sml2ArHF 

R3 

1̂1 

178 

:pd" 
t 

180 181 

Scheme 3.24 
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This reacdon was believed to proceed through the transmetalation of samarium 

iodide with an allenylpalladium intermediate 180 to form the organosamarium 

intermediate 181 which then underwent an intramolecular cyclization to afford the final 

product 179. It was also found that the aldehyde functionality was not compatible w ith 

the cyclizadon due to the fact that it was too reactive toward Sml2. 

Since tetrahydrofuranyl vinyl iodides readily reacted with palladium(O), 

presumably forming vinylpalladium halide species (e.g., the Heck reactions discussed 

above), we assumed that it was possible to transmetalate such a vinylpalladium in situ 

with samarium iodide and then to react it with electrophiles to form tetrahydrofuran 

substituted addition products. When the tetrahydrofuranyl vinyl iodide 145 w as 

subjected to Pdo/Sml2 mediated coupling reaction with either isobutraldehyde or 

cyclohexanone in THF at 25 ^C, tetrahydrofuranyl vinyl iodide 145 was reco\ ered in 

>80% yields in both cases. 

Palladium Catalyzed Cyclizadon/Coupling Reactions 
of y-Hydroxyallenes and Aryl- or Alkenyl Halides 

As previously discussed, it has been demonstrated that aryl- or 

alkenylpalladium(II) halides, formed in situ, can mediate the cyclizations of 4-pentynoic 

acids^' and 4-pentyn-l-ols52 to afford 4-alkylidene-subsdtuted furanones and 

tetrahydrofurans, repecdvely. Our interest in synthetic approaches to substituted 

tetrahydrofurans via metal-mediated cyclizations of y-hydroxyallenes led us to envision 

that this chemistry could be applied to allene counterparts. Such a process would 

provide a novel approach to 2-alkenyltetrahydrofurans. 

Using 5,6-heptadien-2-ol 90 as a typical p-allenylcarbinol and \ arious 

arylhalides, we first examined the cyclizadon/coupling reaction under Heck reaction 

condidons.^Oc, 41 xhe results are indicated in Table 3.10. 
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Table 3.10 

Studies on the Cyclizadon/Coupling Reactions of 
y-Hydroxy- and y-Silyloxyallenes Mediated by Arylpalladium Halide^ 

, . ^ / Conditions , N9 u^c m 
ĤC—C / ^ • - = + ArX •—^ -̂  \ ^ ^ 

^ \ / ^ ^ ' ^ 80«C,t(hrs). V 

Entry ArX R Conditions t (hrs) Product Yield^ cis:trans^' 

1 C^Hg-I H(90) A 10 182 55% 20:80 

2 C6H5-I H(90) B 10 182 89% 20:80 

3 C^Hg-I TBDMS(135) B 18 182 0% 

4 CgHg-Br H(90) B 18 182 7% 35:65 

^"A" = 5% eq. Pd(OAc)2, 1 eq. BU4NCI, 20 eq. Et3N, 15% eq. PPh3, DMF. 

"B" = 5 eq. K2CO3, 5% eq. Pd(OAc)2, 1 eq. BU4NCI, 20 eq. Et3N, 15% eq. PPh3 

DMF. '^Based on chromatographically pure product. 'Measured by integration of 

^H-NMR signals. 

It was clear that the arylpalladium halides formed in situ did induce the 

cyclization reacdon of y-hydroxyallene 90 and the following reductive elimination 

afforded the desired product 182. The reaction gave the desired product in \ei-\ low 

yield when bromobenzene was used as the aryl halide in the reaction (Table 3.10, entry 

4) probably due to the difficulty of the oxidative addition of carbon-bromide bonds to 

palladium(O). When y-silyloxyallene 135 was subjected to this cyclization/coupling 

reacdon (Table 3.10, entry 3), no desired product was detected. Instead, an alkene 

insertion reacdon took place resuldng in the isolation of the diene 184 as the sole 

product in 45% yield, as shown in scheme 3.25. 
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Scheme 3.25 

OTBDMS 

184 

We then tested the effecdveness of the recipes for these cyclization/coupling 

reacdons as reported by Luo52 and by Gallagher.53 The results are summarized in 

Table 3.11. 

Table 3.11 

Comparison between the Two Methods Applied to the 
Cyclizadon/Coupling Reacdons of y-Hydroxyallene with Various Arylhalides 

H 3 C -

Entry 

1 

2 

3 

4 

5 

6 

7 

OH 

< 1 
90 

ArX 

C6H5-I 

C6H5-I 

C^H.-Br 

C6H5-Br 

C^Hs-Br 

P-CH3CO-C6H4 

P-CH3CO-C6H4 

-1- ArX 

5 eq. 

Condition 

-Br 

-Br 

A 

B 

A 

A 

B 

A 

B 

Condidons^, 

T (°C), t (hrs 

T(''C) 

25 

80 

25 

reflux 

80 

25 

80 

t (hrs) 

4 

16 

19 

18 

32 

18 

18 

) . 

Product 

182 

182 

182 

182 

182 

185 

185 

H3C 

Yield^ 

75% 

60% 

137r 

39% 

14% 

0 

48% 

V Ar 

cis:trans^ 

22:78 

31:69 

40:60 

35:65 

33:67 

27:73 

^"A" =1.1 equiv. of n-butyllithium, 0.1 equiv. Pd(OAc)2, 0.3 equiv. PPh3, THF. 

"B" = 5 equiv. K2CO3, 0.1 equiv. Pd(PPh3)4, DMF. ^Based on 

chromatographically purified product. '^Measured by integration of ^H-NMR 

signals. 
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When the reaction was run in THF with n-butyllithium as the base and 

palladium(II) acetate as the catalyst (condition A), the yields of the product were higher 

than the yields obtained under condidon B, either with iodobenzene or bromobenzene 

(Table 3.11, entries 1, 4 vs. 2, 5). However, no desired product was obtained in the 

attempted coupling of 90 with 4'-bromoacetophenone even when the reaction time was 

shortened to one hour. On the other hand, the cyclization/coupling reaction with 4'-

bromoacetophenone proceeded well and afforded a fair yield (48%) in DMF while 

using tetrakis-triphenylphosphinepalladium(O) as the catalyst and potassium carbonate 

as the base (condition B, Table 3.11, entry 7). 

From the above experimental results, it was very clear that arylbromides reacted 

much less efficiently than aryl iodides. Using bromobenzene as the "worse case" 

substrate, experimentation with reaction conditions ~ temperature (25 - 100 ^̂ C), 

solvent (THF vs. DMF), catalyst (Pd(OAc)2/PPh3 vs. Pd(PPh3)4 vs. PdCl2/PPh3), 

ligand (PPh3 vs. DPPP), base (Et3N vs. K2CO3 vs. BuLi) and added halide source 

(BU4NCI or LiCl) — failed to result in any significant improvement in the product yield, 

as shown in Table 3.12. By increasing the amount of catalyst used, a corresponding 

increase in the yield of the product was observed (Table 3.12, entry 3, 4). These 

results implied that the low yields observed from the cyclization/coupling reactions 

between y-hydroxyallene 90 and aryl bromides were probably due to the premature 

precipitadon of metallic palladium, competitively with its oxidative addition to the ar\l 

halide, during the reacdon. Since the cyclization step required the arylpalladium halide 

species to acdvate the allene moiety, a rapid oxidative addition step in the reaction must 

be crucial to the catalytic efficiency of the reaction. 

66 



Table 3.12 

Studies on the Cyclizadon/Coupling Reaction Condidons 
of y-Hydroxyallene 90 with Bromobenzene 

Br 
OH 

-I-

90 

catalyst, ligand, 
base, solvent 

^^^ N2, T ("O, t (hrs.* 

H^C 

n eq. 

182 

Cis:Trans = 48:52 

Entry n Catalyst Ligand Base Solvent T (°C) t (hrs) Yield^ 

1 

2 

3 

4 

5 

6^ 

r 
8 

9 

10'* 

11̂ " 

5.0 

5.0 

5.0 

5.0 

10% eq. Pd(0Ac)2 

10% eq. Pd(0Ac)2 

10%eq. Pd(OAc)2 

20% eq. Pd(OAc)2 

10% eq. Pd(PPh3)4 

10% eq. PdCl2 

10% eq. Pd(OAc)2 

10% eq. Pd(OAc)2 

10%eq. Pd(PPh3)4 

10%eq. Pd(PPh3)4 

10% eq. Pd(PPh3)4 

10% eq. PPh3 

10%eq.PPh3 

30% eq. PPh3 

30% eq. PPh3 

none 

10% eq. PPhi 

10% eq. PPh3 

10% eq DPPP 

none 

none 

none 

n-BuLi 

n-BuLi 

n-BuLi 

n-BuLi 

K2CO3 

n-BuLi 

n-BuLi 

n-BuLi 

K2CO3 

K2CO3 

K2CO3 

THI 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

DMF 

DMF 

DMF 

25 

25 

25 

25 

25 

25 

100 

25 

80 

80 

100 

18 

32 

18 

18 

19 

18 

19 

19 

18 

IS 

18 

129r 

13^r 

\27c 

28% 

0% 

0% 

0% 

12% 

12% 

12% 

0% 

^Based on chromatographically pureproduct. ^Lithium chloride was added as the halide source. 

'̂ The reaction was run in a sealed tube. '*Bu4NCl was added as halide source. 

The experimental results from above different reaction conditions clearly 

indicated that Gallagher's recipe (condition B)53 for the cyclization/coupling was more 

generally successful and better when applied to y-hydroxyallenes. When the 

cyclizadon/coupling reacdon of the y-hydroxyallene 90 with various aryl halides was 

performed using tetrakis(triphenylphosphine)palladium(0) as the catalyst in the 
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presence of potassium carbonate in DMF, the corresponding products were obtained, 

as shown in Table 3.13. 

Table 3.13 

Cyclization/Coupling Reaction of y-Hydroxyallene 90 
Mediated by Organopalladium Halides 

OH 
CH3-^ F=*=^ -h ArX 

5 eq. 

Entry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

ArX 

C6H5-I 

P-O2N-C6H4-I 

1 -lodonaphthalene 

2-Iodonaphthalene 

P-CH3O-C6H4-I 

m-CH3-C6H4-I 

C6H5-Br 

p-CH3CO-C6H4-Br 

p-02N-C6H4-Br 

C6H5-CH=CH-Br' 

p-CH3-C6H4-Br 

p-Br-C6H4-Br 

10% eq. Pd(PPh3)4 ^ j ^ 

5 eq. K2CO3 

DMF, 80''C, N2 

t (hrs) 

16 

6 

19 

18 

18 

18 

32 

18 

18 

9 

18 

18 

Product 

182 

186 

187 

188 

189 

190 

182 

185 

186 

191 

192 

193 

Yield^ 

60% 

75% 

66% 

56% 

61% 

67% 

14% 

48% 

37% 

41%^' 

31% 

13% 

'<y^'-
Cis : Trans 

31 :69 

23 : 77 

36: 64 

39:61 

33 : 67 

38 : 62 

48 : 52 

27 : 73 

23 : 77 

48 : 52 

33 : 67 

40 : 60 

'Based on chromatographically pure product. '̂ Determined by ' H - N M R analysis of 

the crude product mixtures. '̂ ~ 50 : 50 E : Z. ^~ 100% E, accordmg to ' H - N M R . 

Generally, higher yields were obtained when aryl iodides were used (Table 

3.13, entries 1 - 6) and when aryl bromides bearing electron-withdrawing groups, 

structural features which enchance the rate of oxidative addition of palladium(O) to the 

carbon-halide bond^^ of the aryl halides, were used (Table 3.13, entries 8. 9). 
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p-Bromostyrene (Table 3.13, entry 10), the sole alkenyl halide investigated in 

the study, engaged in the cyclizadon/coupling in moderate yield. The product 

underwent polymerizadon upon prolonged reaction times. 

Since the organopalladium(II) halide mediated cyclizadon/coupling reaction 

provided a mixture of cis and trans isomers of the tetrahydrofuran products, with a 

modest stereoselecdvity in favor of the trans isomer, ligand effects were investigated 

with the intendon of possibly improving the stereoselectivity of the reaction. Using the 

allene alcohol 90 and iodobenzene as the reactants (Table 3.13, entry 1), the addition of 

DPPE to the reacdon mixture did slighdy change the cis/trans ratio of the product to 22 : 

78, but changes in the ligand from DPPE to DPPP and DPPH failed to further impro\c 

the stereoselectivity. 

A possible mechanism of this reaction, based on the precedented alkyne 

cyclization, is outlined in scheme 3.26. 

Scheme 3.26 
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The oxidative addition of palladium(O) to the vinyl halide to form the 

O-arylpalladium(II) complex 195 was considered to be the rate determining step. The 

a-arylpalladium(II) complex 195 then complexed to and activated the allene, as the K 

complex 196 which induced the nucleophilic attack to form the a-palladium(II) 

complex 197. Finally, reductive elimination of palladium(O) species from 197 

afforded the product and regenerated the palladium(O) catalyst. 

In an attempt to bring about a carbonyl insertion-type of reaction during the 

cyclization/coupling reaction of y-hydroxyallene 90 with an aryl halide, one equivalent 

of tert-butyl isocyanide was added to the reaction mixture. Upon working up the 

reaction (including treatment with water), it was found that there was no carbonyl 

insertion. Instead, the yield of the direct cyclization/coupling product increased 

dramatically. As indicated in Table 3.14, the yield of the product from the reaction of 

bromobenzene and y-hydroxyallene 90 increased to 54% (Table 3.14, entry 5) when 

one equivalent of tert-butyl isocyanide was added, compared to the 14% yield observed 

in the absence of the isocyanide (Table 3.13, entry 7). The exact role of tert-butyl 

isocyanide in the reaction is not known, but we suspect that by serving as a better 

ligand for palladium(II), it may stabilize the oxidative addition product 195 formed 

during the rate determining step. One observation which supports this idea was the lact 

that in the presence of tert-butyl isocyanide, the time for the reaction mixture to change 

to a black color, which indicated the precipitation of metallic palladium, was much 

longer than for the reacdons run in the absence of the isocyanide, thus implying that the 

palladium is kept in solution (hence in the acdve form), via more rapid oxidative 

addition facilitated by the isocyanide. 
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Table 3.14 

Palladium-Catalyzed Cyclizadon/Coupling Reactions of Aryl Halides 
in the Presence of tert-Butyl Isocyanide 

H 3 C - r ' / = • = + R-

90 

Entry 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

R 

H 

H 

H 

H 

H 

H 

COCH3 

COCH3 

COCH3 

COCH3 

< 

X 

I 

Br 

Br 

Br 

Br 

Br 

Br 

Br 

Br 

Br 

> 
- X 

n 

10 

10 

10 

10 

10 

5 

10 

10 

5 

5 

n% eq. Pd(PPh3)4 
5 eq. K2CO3 N2 

• * -

m eq. tBuNC 

DMF , 80°C, 

m 

0.6 

0.2 

0.4 

0.6 

1.0 

1.0 

1.0 

0.5 

0.5 

1.0 

18 Hrs 

Product 

182 

182 

182 

182 

182 

182 

185 

185 

185 

185 

H 3 C ^ . O . 

f i " " ^ 

^ ^ ^ R 

Yield'' Cis : trans^ 

869f 48 : 52 

3% 48 : 52 

10% 48 : 52 

547r 48 : 52 

547c 48 : 52 

14% 4 8 : 5 2 

73% 40 : 60 

70% 37 : 63 

36% 30 : 70 

39% 40 : 60 

^Based on chromatographically pure product. ''Determined by 'H-NMR analysis of the crude 

product mixtures. 

The possibility that the effect of the tert-butyl isocyanide was catalytic in nature 

was examined. The amount of tert-butyl isocyanate added to the reaction was varied 

from 0.2 equivalents to 1 equivalent (Table 3.14, entries 2 - 6). The results indicated 

that at least 0.6 equivalents of tert-butyl isocyanide in the reaction was necessary in 

order to achieve maximum yields. With such a proper amount of tert-butyl isocyanide 

(0.5 or 1.0 equivalents) in the reaction mixture, the effect of varying the amount of 

palladium(O) catalyst was also examined (Table 3.14, entries 7 - 10). The results 

clearly showed that 0.1 equivalent of palladium(O) were sdll required to effectively 

catalyze the reacdon. 
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When this chemistry was applied to the cyclization/coupling reaction of the y-

hydroxyallene 90 and the tetrahydrofuranyl vinyliodide 142, no desired product w as 

detected. But with a slight modification of the reaction conditions, the 

cyclizadon/coupling reaction proceeded to afford the product in 69% yield as show n in 

scheme 3.27. These reaction condidons were not optimized. This result simply 

demonstrated that the vinylpalladium iodide complex could also induce the cyclization 

of y-hydroxyallene and the following reductive elimination could afford the substituted 

tetrahydrofuranyl conjugated diene. 

5% equiv. Pd(OAc)2 
15% equiv. PPh3 

*\!r-= *iVr* '^'^' *^o^^-°-* 
20 equiv. Et3N, Nj 

90 142 DMF, 80°C, 24 hrs " " 

Scheme 3.27 

Palladium Catalyzed Cychzation/Coupling Reactions of y-Hydroxyallenes 
and Aryl- or Alkenyl Halides under a Carbon Monoxide Atmosphere 

It has been well known that palladium catalyzed carbonylation of organohalides 

can effectively afford various carbonyl compounds^^, 4()c, 45.46 ̂ jue to the ease of 

carbon monoxide insertion between the carbon-palladium bond of an organopalladium 

species. Since this chemistry would provide a novel way to prepare various carbonyl 

compounds, the invesdgadon of a palladium catalyzed cyclization/coupling reaction 

between y-hydroxyallenes, and aryl halides under a carbon monoxide atmosphere \\ as 

carried out. 

As indicated in Table 3.15, when the carbonyladve cyclization/coupling reaction 

was first carried out between iodobenzene and y-hydroxyallene 90, the reaction 
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proceeded well at 80 oc to afford the a, P-unsaturated ketone 200 in good yield (Table 

3.15, entry 1). 

Table 3.15 

Palladium-Catalyzed Cyclizadon/Coupling Reactions of Aryl Halides 
under a Carbon Monoxide Atmosphere 

H3C 
OH ^ ^^- ^2^03 

" Y / = • • = 4- ArX 10% eq. Pd(PPh3)4 ^ 
\ 1 5eq DMF, CO( la tm) 

Entry ArX 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

C6H5-I 

C6H5-I 

0-CH3O-C6H4-I 

P-CH3O-C6H4-I 

1 -lodonaphthalene 

2-Iodonaphthalene 

p-CH3CO-C6H4-Br 

p-CH3CO-C6H4-Br 

p-CH3CO-C6H4-Br 

p-CH3CO-C6H4-Br 

p-02N-C6H4-Br 

C6H5-CH=CH-Br' 

p-CH3-C6H4-Br 

p-F-C(sH4-Br 

T(^C) 

80 

55 

55 

55 

55 

55 

80 

70 

60 

50 

60 

60 

60 

60 

t (hrs) 

16 

16 

16 

16 

18 

18 

16 

16 

16 

16 

16 

9 

18 

18 

Product 

200 

200 

201 

202 

203 

204 

205 

205 

205 

205 

206 

207 

"'^°-

Yield' 

64% 

63% 

52% 

52% 

24% 

62% 

15% 

45% 

52% 

37% 

20% 

49%^̂  

0% 

0% 

r̂  
0 

Cis : Trans 

23 

23 

40 

39 

25 

31 

26 

26 

26 

26 

32 

48 

77 

77 

60 

61 

75 

69 

74 

74 

74 

74 

68 

:52 

^Based on chromatographically pure product. ^Determined by H-NMR analysis 

of the crude product mixtures. '-50:50 E:Z. '^^ 100% E, according to ' H - N M R . 

But when y-hydroxyallene 90 and 4-bromoacetophenone were subjected to the 

same reaction condidon, both carbonyl insertion and direct coupling products were 
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obained in 1 : 1 rado and the ketone product was obtained in 15% yield (Table 3.15, 

entry 7). 

We suspected that this was probably due to the low carbon monoxide 

concentradon in DMF or because the direct coupling reaction took place faster than the 

carbonyl insertion at a higher temperature. Therefore, the reaction temperature was 

varied from 25 ^C to 70 ^C using 4-bromoacetophenone as the test case. It was found 

that when the reaction was run at room temperature it failed to afford any product, that 

60 OC was the best reaction temperature for aryl bromides (Table 3.15, entries 6 -8 ) 

and that 55 ^C was optimum for aryl iodides (Table 3.15, entries 2 - 5). There was no 

steric effect observed in the reacdon, as shown in Table 3.15, entries 3 and 4, where 

both 2- and 4-methoxy iodobenzene gave the same yields under the same reaction 

condidons. Both 4-bromotoluene and 4-fluoro-bromobenzene failed to afford the 

desired products (Table 3.15, entries 13, 14), apparendy due to the difficulty with 

which the oxidadve addidon of the carbon-halide bond to palladium(O) occurred. 

The exact mechanism for this type of reaction is not clear yet. Based on the 

information obtained from some other similar reactions, a mechanism can be proposed 

as indicated in scheme 3.28. The oxidative addition of the aryl halide to the 

palladium(O) to form the a-arylpalladium halide complex 208 was considered to be the 

rate determining step. The two ligands associated with the a-arylpalladium(II) halide 

complex 208 could be triphenylphosphine or carbon monoxide. If the a-

arylpalladium(II) halide complex 208 induced the cyclization reaction before the 

carbonyl insertion, then the direct coupling product would be obtained. Otherwise the 

carbonyl insertion would take place to form the a-acylpalladium halide complex 209, 

which would induce the cyclization to form the a-acylpalladium halide complex 211. 
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Finally the reducdve elimination would afford the carbonyl insertion product and w ould 

regenerate the palladium(O) catalyst. 

L(CO) 
. ^ Pd(LorCO)4 A ' 

ArX . il Ar— P d - x 
I 
L(CO) 

208 

HO R 

+2L ( or CO) 

Direct coupling 
product 

Arv^O 
L(CO) 

Ar I 
>—Pd-X 
O ' 

L(CO) 

209 

HO R 

Ar L (CO) 

o ' \ p ^ ^ L ( C O ) 

Ay 
211 

A^^ \ /L (CO) 

^ i>HO R 

210 

Scheme 3.28 

Palladium Catalyzed Coupling Reactions of 
Tetrahydrofuranyl Vinyl Iodides and Organometallic Reagents 

One of the most versadle organometallic reagents in organic synthesis is an 

organotin reagent, which could undergo palladium or nickel catalyzed^^ cross-coupling 

reactions with a variety of organic electrophiles to generate a new carbon-carbon bond 

under mild reaction condidons. In addidon, such cross-coupling reactions could 

tolerate a wide variety of other functionality on either coupling partner including ester. 

nitrile, alcohol and even aldehyde. When either vinyl dn or vinyl halide is utilized in 

the coupling reaction, retention of geometry at the double bond is observed.^^ 
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Since tetrahydrofuranylethenyl iodides are readily available through the 

iodocyclizadon of various y-hydroxy allenes,^7 the compatibility of the organotin 

reagents with tetrahydrofuranyl ethenyl iodides was explored. One simple organotin 

reagent, tributylvinyltin, 212, was used in the preliminary study. As indicated in Table 

3.16, several tetrahydrofuranyl ethenyl iodides undergo cross-coupling reactions with 

tributylvinyldn under Sdlle's reaction conditions to afford the tetrahydrofuran 

substituted conjugated dienes in good to excellent yields (Table 3.16, entries 2-5) . 

Table 3.16 

Palladium-Catalyzed Coupling Reactions between 
Vinyl Iodides and Tributylvinyl Tin 

^V s ^ 
Entry R 

1 CH3(142) 

2 CH3(142) 

3 CH3(142) 

4 CH2CH3(143) 

5 CH(CH3)2(145) 

B u 3 S n / ^ 
1.2 equiv. 

212 

Catalyst 

catalyst 
3 eq. LiCl 

solvent, N2 
T(^C), 10 hrs 

Solvent 

10% eq. Pd(PPh3)4 THF 

5% eq. Pd(PPh3)2Cl2 DMF 

10% eq. Pd(PPh3)2Cl2 DMF 

10% eq. Pd(PPh3)2Cl2 DMF 

10% eq. Pd(PPh3)2Cl2 DMF 

Rv/°xA^ 

T(°C) Product Yield'' 

reflux 213 0% 

25 213 76% 

25 213 92% 

25 214 80% 

25 215 86% 

^Based on chromatographically pure product. 

Tetrakis (triphenylphosphine)palladium(O) failed to catalyze the cross-coupling 

reaction (Table 3.16, entry 1). When the effectiveness of the palladium catalyst was 

examined, it was found that 0.10 equivalents of bis-(triphenylphosphine)Palladium 

chloride was required in order to achieve the maxium yields (Table 3.16. entries 2 \ s. 

3). A mechanism for this coupling reacdon proposed by Stille^^ invoh ed an oxidati\ e 
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addidon of the organohalide to the palladium(O), followed by a transmetallation u ith the 

organodn reagent and finally a reducdve eliminadon to give the coupling product, as 

shown in scheme 2.21. 

A variant on the catalydc coupling reacdon of organic electrophiles with 

organodn reagents is to carry out the reacdon under a carbon monoxide atmosphere. In 

this case, carbon monoxide insertion can take place sub.sequent to the oxidative addition 

step to yield an acylpalladium complex which undergoes the transmetallation with the 

organotin reagent to give a ketone as the final product.87 Indeed, when 

tetrahydrofuranyl ethenyl iodide 142 was subjected to such a catalytic coupling reaction 

with tributylvinyltin, the tetrahydrofuran substituted cross conjugated ketone 216 u as 

obtained in good yield, as shown in scheme 3.29. 

0.1 equiv. Pd(PPh3),Clo 
I 4- B u 3 S n ^ 3 e q . L i C l , C 0 ( l a t m ) \ ^ K ^ ^ ^ ^ \ y 

1.2 equiv. DMF,25«C,12hrs \ _ J J 

142 212 216 

Cis : Trans = 85 : 15 

82% 

Scheme 3.29 

Our interest in the preparation of two or more substituted tetrahydrofuran units 

linked by a carbon-carbon bond led us to explore the possibility of preparing a 

tetrahydrofuran substituted vinyltrialkyltin reagent. Although the reaction of a 

triorganotin halide with an organometallic compound is widely used, its scope of 

application is limited since the organometallic compound (usually M=Li, Al, Mg) does 

not allow a large variety of functional groups to be introduced into the organotin 

product. Since it has been proved that tetrahydrofuranyl ethenyl iodides can not be 

transformed into the corresponding ethenyllithium or ethenylcuprate reagents, an 
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altemadve way, udlizing a palladium catalyzed transformation, was used. In 1991, 

Farina reported^Sa that an acdvated substituted vinyl chloride could be transformed to 

the trimethylvinyltin reagent upon treatment with hexamethylditin and a catalytic amount 

of a homogeneous palladium catalyst such as Pd(OAc)2/PPh3, Pd2(dba)3/PPh3 at room 

temperature in N-methylpyrrolidinone (NMP). In fact, hexaalkylditins have been used 

in palladium-catalyzed approaches to arylstannanes,88 allylstannanes,^^ ^nd 

vinylstannanes from vinyl triflates.90 Based on the above information, reactions of 

tetrahydrofuranyl ethenyl iodide with several hexaalkylditins were carried out, as 

shown in Table 3.17. 

Table 3.17 

Preparation of Subsdtuted 1 -(Tetrahydrofuran-2'-yl) 
Ethenyltrialkyltin Compounds 

142 

I + (R3Sn)2 

Catalyst 
n eq. LiCl 
Solvent, N2 

H3C 
I + 

H7C O 

2 eq. J ^o^)^ ,6 h^s m% of recovery 

SnR^ 

Entry R Catalyst Solvent T(°C) m Product yield' 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Bu 

Bu 

Bu 

Bu 

Me 

Me 

Me 

Me 

Me 

10%eq. Pd(PPh3)2Cl2 

10%eq. Pd(PPh3)2Cl2 

10%eq. Pd(OAc)2 

30% eq. PPh3 

30% eq. Pd(PPh3)4 

10%eq. Pd(PPh3)4 

10%eq. Pd(PPh3)2Cl2 

20% eq. Pd(0Ac)2 

80% eq. AsPh3 

10%eq. Pd(PPh3)4 

20% eq. Pd(PPh3)4 

3 

3 

0 

0 

3 

3 

0 

0 

0 

CH2C12 

DMF 

DMF 

THF 

NMP 

DMF 

DMF 

THF 

THF 

reflux 

25 

25 

25 

25 

25 

25 

reflux 

reflux 

0 

0 

80 

62 

0 

0 

84 

0 

0 

217 

174 

174 

174 

174 

{)7c 

trace 

0^^ 

09^ 

19% 

26% 

0% 

30^^ 

65 ̂ r 

^Based on chromatographically pure product which was contaminated with <2% alkyltin impurities 
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When hexabutylditin was employed in the reaction, the reactions failed to gi\ e 

the desired product except that a trace amount of the product was detected when the 

reacdon was run in DMF at room temperature in the presence of 0.1 equivalents of bis-

(triphenylphosphine)palladium chloride and 3 molar equivalents of lithium chloride 

(Table 3.16, entry 2). On the other hand, hexamethylditin was much more compatible 

in the reacdon to afford the desired the tetrahydrofuran substituted trimethylvinyltin 

reagent. In order to obtain the desired product in good yield, 0.2 equivalents of 

palladium(O) catalyst in refluxing THF was required (Table 3.17, entry 9). 

Various catalydc cycles can be written for the formation of the trialkylvinyltin 

reagent. One of the mechanisms of the reacdon, proposed in 1981, indicated that there 

is a palladium(IV) species involved in the reacdon,^' as shown in scheme 3.30. 

ArSnR3 -K^ ^ ^ V^^'^iX^ " ^ ^ (RsSn.) 

[PdX2Ar(SnR3)L2] [PdX2(SnR2)2L2 

^ ^ ^ [PdX(SnR3)L2] 

Scheme 3.30 

It is believed that the palladium catalyst which actually catalyzed the reaction is 

in the form of PdL2X2. If PdL4 was used in the reaction, it can be assumed that it first 

dissociated into [PdL2] (possibly complexed with the solvent) which then would be 

converted to [PdL2X2] by appropriate oxidative additions and reduction eliminations. 

It was found that the dissociation of the PdL4 was necessary, as confirmed by studying 

the effect of adding PPhs to the reacdon of hexabutylditin and iodobenzene. With 

[PdL2X2] as catalyst, PhSnBu3 was obtained in 89% yield with the addition of 2% of 
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PPhs. On the other hand, no significant reacdon occurred when [PdL4] was used as 

the catalyst alone under the same conditions. 

It was also evident that the reacdons between organic halides and distannes will 

be unsadsfactory when there is too great a mismatch between the ease of oxidative 

addition of the organic halides (R'X) and distannes (R3Sn)2. The mismatch of the ea.se 

of the oxidative addition of vinyl iodide 142 and hexabutylditin to palladium catalyst 

was probably too great therefore no significant amount of tributylvinyltin 217 was 

obtained. 

With tetrahydrofuran subsdtuted trimethylvinyltin 174 on hand, the palladium 

catalyzed cross-coupling reaction with tetrahydrofuranyl ethenyliodide 141 was carried 

out. All the efforts attempted to obtained the desired direct coupling product failed 

either under Stille's conditions or under various modifications of Stille's conditions, as 

shown in Table 3.18. The fact that the starting material 141 was lost completely or to 

some extent in each reaction indicated that the oxidative addition of vinyl iodide 141 to 

palladium(O) occured, but the transmetalladon step was probably hindered by steric 

hindrance. The loss of starting material 174 was probably due to decomposition. 
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Table 3.18 

Palladium-Catalyzed Coupling Reactions of 
l-(Tetrahydrofuran-2'-yl)ethenyl Iodide and Trimethylvinyltin 

Me^ 

Entry 

1 

2 

3 

4b 

5̂ ^ 

6 

7 

8 

9 

141 

Catalyst 

10% eq. Pd(dba)2 

10% eq. Pd(PPh3)Cl2 

10% eq. Pd(OAc)2 

10%eq.Pd(OAc)2 

10%eq. Pd(PPh3)2Cl2 

5% eq. Pd(PPh3)4 

5% eq. BnPd(PPh3)2Cl 

10%eq. Pd(CH3CN)2Cl 

10%eq. Pd(PPh3)2Cl2 

ojl 
y^SnMe3 

174 

Ligand 

30% eq. PPh3 

none 

30% eq. DPPE 

30% eq. DPPE 

none 

20% eq. AsPPh3 

none 

2 none 

40% eq. AsPPh3 

Catalyst, Ligand 
Halide source 

Solvent, T ("C) 
N2, t (hrs) J 

Halide .source 

2 eq. ZnCb 

3 eq. LiCl 

none 

none 

3 eq. LiCl 

50% eq. Cul 

3 eq. LiCl 

3 eq. LiCl 

none 

Solvent 

NMP 

DMF 

DMF 

DMF 

DMF 

THF 

DMF 

DMF 

DMF 

141 -H 
n% 

recovery 

T 

25 

25 

25 

25 

25 

t (hrs) 

16 

14 

16 

15 

18 

reflux 18 

25 

25 

25 

18 

72 

72 

174 
m%̂  

recov( 

n^ 

0 

0 

9 

21 

19 

48 

43 

14 

26 

-0 

m^ 

0 

0 

4 

7 

15 

21 

0 

0 

0 

^Based on chromatographically pure product. The reaction was run in the presence of 1 eq. of 

tert-Butyl isocyanide. '̂ The reaction was run in the presence of 0.5 eq. of tert-Buty\ isocyanide. 

Since attempts to cross-couple the vinyl iodide 141 and trimethylvinyltin 174 

failed to provide the desired direct coupling product, an alternative coupling reaction 

was pursued. As discussed previously, the tetrahydrofuranyl vinyl mercurials with 

high cis selectivity could be obtained in high purity through the oxymercuration of y-

silyloxyallenes^l and it is well known that vinylmercurials could transmetalate with 

palladium(II) species.^^ Therefore, the cross-coupling reactions of vinyl iodide 141 

with vinylmercurials 96 and 95 were performed as shown in Table 3.19. The reaction 

conditions were varied with respect to temperature (25° or 80 ̂ C), catalyst (Pd(PPh3)4 

81 



vs. Pd(OAc)2-PPh3), base (none vs. K2CO3 vs. K2C03/Et3N) and added halide 

source (none vs. BU4NCI vs. LiCl). The desired product 188 was obtained from some 

reacdons, but 14% was the best yield. None of the reaction conditions could provide a 

synthedcally useful way to afford the desired product 188. The mechanism of the 

reacdon was believed to be similar to the catalydc direct cross-coupling reaction of vinyl 

iodide and vinyldn, which involved an oxidative addition of vinyl iodide to 

palladium(O), followed by a transmetallation of vinylpalladium(II) species with 

vinylmercurial and finally a reductive elimination to afford the desired product and 

regenerated palladium(O) catalyst. 

Table 3.19 

Palladium-Catalyzed Coupling Reacdons of l-(Tetrahydrofuran-2'-yl) 
Ethenyl Iodide and l-(Tetrahydrofuran-2'-yl)ethenylmercurials 

H3C o J 

95 or 96 

Catalyst, Base 
Chloride sak ^ \ ^ 0 ^ / 

I T("C), DMF 
N2, 16 hrs 

O 
CH 

188 

Entry x Catalyst Base Chloride salt T Yield^ 

1 CI 5% eq. Pd(OAc)2 5 eq. K2CO3 1 eq. BU4NCI 25 trace 

15%eq. PPh3 

2 OCOCF3 5% eq. Pd(OAc)2 5 eq.K2C03 1 eq. BU4NCI 25 4% 

15%eq. PPh3 

3 OCOCF3 10% eq. Pd(PPh3)4 none 3 eq. LiCl 80 0% 

4 OCOCF3 10%eq. Pd(OAc)2 5 eq. K2CO3 1 eq. BU4NCI 25 14% 

30% eq. PPh3 

5 OCOCF3 10% eq. Pd(OAc)2 5 eq. K2CO3 none 25 07c 

30% eq. PPh3 20 eq. Et3N 

^Based on chromatographically pure product. 
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Palladium Catalvzed Cyclization/Coupling Reactions of 
y-Hvdroxyallenes and Allyl Acetates 

The 7i-allylpalladium complexes, in general, can be prepared by oxidative 

addition of allylic halides or esters to palladium(O) complexes^ '̂̂ . They are generally 

more stable than a-allylpalladium(II) complexes because of the delocalized 7i-electron 

system of the allylic group bonding to two coordination positions of the metal. The n-

allylpalladium complexes are in equilibrium with the a-allylpalladium(II) complexes 

and the compounds may react in either form. 

Previously, we have demonstrated that y-hydroxyallenes could undergo 

organopalladium(II) halide-mediated cyclizadon/coupling reactions.^2 We envisioned 

that it would be possible to mediate the cyclization/coupling reactions of y-

hydroxyallenes with 7l-allylpalladium complexes. The possible catalytic cycle invoh ed 

is presented in scheme 3.31. 

.̂ ŝ ^̂ ^̂  X + PdL4 

t 
L 

-2L 

< 

HO, R 

t: Pd- X 
I 
L 

218 

<: Pd- X <:pd 

HO Me -HX 

219 

L 
/J 
<;Pd-L 

R 

220 

-h2L 
O, R + PdL4 

222 

Scheme 3.31 

83 



The oxidadve addidon of an allyl acetate or bromide to palladium(O) could 

provide the 7C-allylpalladium complex 218 which could induce the cyclization of a y-

hydroxyallene to form complex 220. Reductive elimination from complex 220 would 

provide the 7i-alkenylpalladium complex 221 which then would dissociate to 

palladium(O) and the product 222. 

Using y-hydroxyallene 90 and allyl acetate or bromide as two simple starting 

materials, experimental conditions were studied as shown in Table 3.20. 

Table 3.20 

Studies on the Cyclizadon/Couphng Reactions of 
y-Hydroxyallene 90 Mediated by a 7U-Allylpalladium(II) Complex 

pxT Catalyst 

90 3 equiv. j (0^^^ ^ (^rs.) \ o g 

Entry X Catalyst Base Solvent T t Cis:Trans^ Yicld^ 

1 OAc 10%eq. Pd(PPh3)4 2.5 eq. K2CO3 DMF 80 17 50:50 397c 

2 OAc 10%eq. Pd(CH3CN)2Cl2 1.5eq. Et3N THF 25 16 Ô r 

3 OAc 10%eq. Pd(CH3CN)2Cl2 none THF 25 18 50:50 12̂ /r 

4 Br 10%eq. Pd(CH3CN)2Cl2 l.Oeq. Et3N THF 25 15 Q7c 

5 Br 10%eq.Pd(CH3CN)2Cl2 2.5 eq. K2CO3 THF 25 20 50:50 \\7c 

6 OAc 5% eq. Pd(PPh3)4 5.0eq. K2CO3 DMF 70 12 40:60 21% 

7 OAc 5% eq. Pd(OAc)2 5.0eq. K2CO3 DMF 70 10 36:64 18% 

15%eq. PPh3 

8 OAc 10%eq. Pd(OAc)2 n-BuLi THF 25 24 0% 

30% eq. PPhs 

^Determined by 'H-NMR analysis of the crude product mixtures. Base on 

chromatographically pure product. 
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Several different reaction conditions which employed different palladium 

catalysts, different bases, and different reaction temperature failed to provide 

sadsfactory results. However, the desired product was obtained from some of the 

reactions (Table 3.20, entries 1, 3, 5, 6 and 7) 

Later, when y-hydroxyallene 223 was subjected to the cyclization/coupling 

reacdon under slightly different reaction condition, the yield of the coupling product 

improved dramatically, as shown in Table 3.21. 

Table 3.21 

Studies on the Cyclizadon/Coupling Reactions of 
Various y-Hydroxyallenes Mediated by 7r-Allylpalladium(II) Complexes 

R 
OR' R 

/ 

20 eq. Et3N, 
Ri 15%eq. PPh3, 

2 J l OAc ^^" ^q- Pd(OAc)2, R Q 

1 eq. BU4NCI *" \ 

3 equiv. DMF, 80°C 

N2, 15hrs. 

^ . ^ 2 

Entry R R' R R2 CisiTrans^ Product Yield^ 

1 

2 

3 

4 

5 

6' 

CH3(90) 

CH3(137) 

CH3(135) 

CH(CH3)2(223) 

CH(CH3)2(223) 

CH(CH3)2(223) 

H 

TMS 

TBDMS 

H 

H 

H 

H H 

H H 

H H 

H H 

CH3 H 

H CH:, 

39:61 

37:63 

42:58 

48:52 

48:52 

48:52 

100 

100 

224 

225 

226 

227 

24% 

21% 

0% 

52% 

15% 

13% 

(^7 

^Determined by ^ H-NMR analysis of the crude product. ^Based on 

chromatographically pure product, '^he product ratio was determined based on the 

' H NMR analysis of the crude mixture. 
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Unfortumately, when the same condidons were applied to some other y-

hydroxyallenes with substituted allylacetates, the yields dinminished sharply (Table 

3.21, entries 5 and 6). 

When y-hydroxyallene 223 reacted with 2-buten-l-yl acetate, two products 

226 and 227 were obtained, due to the fact that the 7r-allylpalladium(II) complex 228 

was in dynamic equilibrium with two possible a-allylpalladium(II) complexes 229a 

and 229b, as shown in scheme 3.32 (Table 3.21, entry 6). Reductive elimination of 

the a-allylpalladium(II) complex 229a leads to the product 226 and reducti\e 

elimination of a-allylpalladium(n) complex 229b leads to the product 227. The yield 

differences between the product 226 and 227 can be explained by the fact that the 

a-allylpalladium(n) complex 229a has much less steric hindrance than the 

a-allylpalladium(II) complex 229a. 

228 ^ ^ 

L 

Pd-L -PdL4 

Y V reductive 
\—' elimination 
229a 

L 
I 

Pd-L 

V-Av R 

229b 

Scheme 3.32 

-PdLi 

reductive 
elimination 

226 

O . . R 

227 

The reason that these attempted 7C-allylpalladium complex mediated 

cyclization/coupling reactions failed to provide the products was probably due to the 
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stability of the 7C-allylpalladium(n) complexes which induced the c\clization but failed 

to yield the product through the reductive elimination. 

Due to the fact that vinylmercurials readily undergo transmetallation reactions 

with palladium(II) and that the vinylpalladium species can undergo alkene insertion 

reacdons to form a new carbon-carbon bond, the palladium catalyzed coupling reaction^ 

of allyl acetate with vinylmercurial and vinyl iodide 142 were carried out as shown in 

scheme 3.33. Both reacdons failed to provide any coupling product. 

O 11 5 equiv. ŝŝ ^̂ x- OAc 

O. 

5 equiv. ŝŝ ^̂ x- OAc 
HgOCOCFg 5%equiv. Pd(PPh3)4 w 

5 equiv. K2CO3, DMF A"" 

25"C, N2, 14 hrs. 

5 equiv. ^ ^ ^ OAc 
5% equiv. Pd(OAc)2 \ / 

5 equiv. K2CO3, DMF / \ 

1 equiv. BU4NCI 

80^C,N2, 18 hrs. 

Scheme 3.33 

Palladium Catalyzed Methoxycarbonylation of 
5-Phenylthio- and 5-Phenylsulfinyl-y-Hydroxyallenes 

As previous described, an efficient synthetic process for producing cis-2.5-

disubstituted tetrahydrofurans bearing an acrylate moiety is the sequential 

intramolecular oxymercuration of y-silyloxyallenes, to form cis l-(tetrahydrofuran-2'-

yl) ethenylmercury intermediates, followed by palladium(II)-mediated 

methoxycarbonyladon.21 It has also been observed that 2,5-disubsdtuted 

tetrahydrofurans bearing an acrylate moiety can be obtained directly through 

oxypalladadon of y-silyloxyallenes, followed by the methoxycarbonylation reaction in 
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methanol to a mixture of cis and trans 2,5-disubstituted tetrahydrofurans due to the 

premature cleavage of the trialkylsilyl group.^^ We envisioned that if there v\ ere a 

functional group containing an element with a lone pair of electrons in a position a to 

the hydroxyl group, then it might complex to the palladium(II) catalyst and direct the 

palladium(II) approaching the allene moiety of the y-hydroxyallene so that the 

oxypalladation followed by the methoxycarbonylation of y-hydroxyallenes might gi\e 

the 2,5-disubstituted tetrahydrofuns with either cis or trans selectivity. Two such 

systems which we invesdgated were 6-Phenylthio- and 6-Phenylsulfinyl-y-

Hydroxyallenes. 

It is well known that quenching an alkyl- or alkenyllithium, or a lithium enolate, 

with diphenyl disulfide will generate the corresponding sulfide.̂ ^ '̂"̂ -̂  We attempted 

such a synthesis, as shown in scheme 3.34. 

a) 2.5 eq. PCC, 2.5 eq. KOAc Q H 
MgS04, CH2CI2, 25°C, 4 hrs^ H.C—T^ r=v-

b) 1.5eq. MeMgCl,THF,0"C 
^ ^ 90 

89 68% 

a) 3 eq. LDA, N. 

2:5 ^q. KOAC ^ H C ^ ' ' / = ^ _ m F i I M P A : : 7 8 ^ 

MgS04, CH2Cr2 y j b)l.leq.(PhS)2ArHF 

25«C, 4 hrs 230 -78 - 25T, 4 hrs 
54% 

^^ O 2.0 eq. NaBH4, N. ^ ^ / ^ ^ 
P h S ^ ^ ^ f = ^ „ > P h S ^ ^ f r=^. 

I MeOH,25"C, 15hrs \ / 

231 
48% 

232 
37% 

Scheme 3.34 
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The desired 6-phenylthio-y-hydroxyallene was obtained in 17c o\'erall yield 

from y-hydroxyallene 89. One of the factors which contributed to the low yield w as 

the volatility of the ketone 230. 

In light of a report^^ by E. J. Corey in 1966 that thioanisole is metalated b\' 

n-butyllithium at the methyl group to form phenylthiomethyllithium in the presence of 

l,4-diazabicyclo[2.2.2]octane (Dabco) in >90%, experiments were carried out using 

this method to produce the desired 6-phenylthio-y-hydroxyallene 232 as show n in 

scheme 3.35. Due to the volatility of aldehyde 233, it was used in the subsequent 

reacdon without purification, so that there was always some dichloromethane carried on 

from the previous PCC oxidation reacdon. 

HO 

89 

2.5 eq. PCC 
2.5 eq. KOAc ^ 

MgS04, CH2CI2 

25''C, 4 hrs 

OHC 

233 

l.eqPhSCH2Li 
1 eq. Dabco, THF, N2 

-78 - 25''C, 6 hrs 

OH 

232 
45% 

Scheme 3.35 

It was found that if dichloromethane were present, phenylthiomethyllithium 

would deprotonate the dichloromethane, which would then react with the aldehyde 233 

to yield l,l-dichloro-5,6-heptadien-2-ol (234). 
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234 

In order to minimize this side reaction, the solvent from the previous PCC 

oxidation reaction in which aldehyde 233 was dissolved must be remo\ ed as much as 

possible. Prolonged concentration time under the rotary evaporator caused a low er 

yield of the aldehyde. However, this procedure has proved to be better than the first 

method (Scheme 3.35). 

With the desired starting material 232 on hand, the palladium mediated 

oxypalladation of it in methanol under a carbon monoxide atmosphere w as carried out 

as shown in scheme 3.36. The product 235 was obained in 60% yield with moderate 

selectivity favoring the trans isomer. 

PhS 
^OH 

. / 

232 

10%PdCl2, 3eq. CuCl. 

MeOH, CO (1 atm) 
25 °C, 14 hrs 

Scheme 3.36 

PhS 

Cis 

vV V OMe 

\ / 

^— ' O 
235 

.Trans = 39 :61 

60% 

Oxypalladation of 8-phenylsulfinyl-y-hydroxyallene 236, obtained from the 

oxidation of 6-phenylthio-y-hydroxyallene 232 w ith MCPBA. under a carbon 

monoxide atmosphere in methanol again gave the cyclized product 237 in excellent 

yield but without any selectivity, as shown in scheme 3.37. 
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OH 
PhS 1.2eq. MCPBA, CH2CI2 ^^ ^ S 

-78 - OT, N2, 4 hrs ^ o 

OH 

232 

10% eq. PdC12 
3 eq. CuC12, MeOH P ^ ^ ^ 

11 
C O ( l atm), 25°C, 16 hrs O 

OMe 

237 

Cis : Trans = 50 : 50 

96% 

Scheme 3.37 

236 
90% 

In another attempt, l,l-diphenylthio-5,6-heptadien-2-ol 238, prepared from the 

reaction of aldehyde 233 and bis(phenylthio)methyllithium, was subjected to the 

palladium mediated oxypalladation under a carbon monoxide atmosphere in methanol as 

shown in scheme 3.38. 

HO 

89 

l )2.5eq. PCC, 2.5 eq. KOAc 
MgS04, CH2CI2, 25"C, 4 hrs 

2) l.eq. (PhS)2CHLi 
THF, N2, 0 °C, 3 hrs 

10% PdCl2, 3 eq. CUCI2 
—»-

MeOH, CO (1 atm) 
25' 'C, 15 hrs 

OMe 

239 
Cis : Trans = 44 : 56 

81% 

Scheme 3.38 

238 
35% 
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The cyclized product 239 was obtained in good yield, but once again there was 

not much selecdvity with regard to the tetrahydrofuan ring system. It was obser\ ed 

that the presence of dichloromethane did not cause any problem in the preparation of 

l,l-diphenylthio-5,6-heptadien-2-ol 238 due to the more acidic hydrogen of 

bis(phenylthio)methane than that of dichloromethane. 

An Attempted 13.31 Rearrangement of 
(±)-tert-Butyl-3.6-epoxv-2.7-octadienoate Systems 

Since the first observadon of a thermally induced rearrangement of a vin\ 1 

allylic ether to the corresponding homoallylic carbonyl compound by Claisen^^ in 

1912, rearrangements of vinyl and aryl allylic ethers have been extensively studied and 

exploited for synthesis. The thermal lability of unconstrained vinyl allyl ethers (Claisen 

rearrangement) is attributed to the concerted nature of the electron reorganization 

leading to the thermodynamically favored homoallylic carbonyl isomer. In 1971, 

Claisen rearrangement of geometrically constrained systems in which the achie\ement 

of the orientations required for a concerted rearrangement would be difficult, w as also 

studied.^7 jt was found that the Claisen rearrangement of 2,5-dimethyl-2-vinyl-2,3-

dihydrofuan to 4-methyl-4,cycloheptenone in the temperature range 140^ -̂200 ^C 

occurred through the intermediacy of 2-methyl-2-vinyl-5-methyllenetetrah\drofuran as 

shown in scheme 3.39. 

I \^ 140-200° 
H.C'^O^CH. 

240 

O CH. 

241 

Scheme 3.39 

H^C 
242 
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Later, the intermediate 241 was synthesized and subjected to the rearrangement 

over the temperature range 1550-185 ^C. The predicted product 242 was indeed 

formed in 60% yield.^^ j\^[^ rearrangement displayed the characteristics of a one-step 

concerted process with reladvely low activation energy and a negative entropy of 

activadon, and thus conformed, energetically as well as structurally, to the general class 

of [3.3] sigmatropic transformations. 

In 1981, a report from Barry Trost and co-workers^^ stated that a 

cycloheptanone can be obtained through thermal rearrangement of an 

alkylidenetetrahydrofuran and a cyclopentanone can be obtained through a palladium(O) 

catalyzed rearrangement of the same alkylidenetetrahydrofuran, as shown in scheme 

3.40. 

O 

A ^ C 0 2 R Pd(PPh3)4 RO2C / \ l FVP ^ 

^̂  (^ ^^^^^O 650°C 

245 243 244 

Scheme 3.40 

Later, it was found that the palladium(0)-catalyzed rearrangement of 5-vin\ 1-2-

alkylidenetetrahydrofurans can be directed to the formation of cyclopentanone \ ia [ 1.3] 

rearrangement or to the formation of cycloheptenone via [3.3] rearrangement.'00 The 

general mechanism can be represented as shown in scheme 3.41. The oxidatixe 

addidon of allyl ether 246 to palladium(O) would form two 7i-allylpalladium(II) 

complexes 247 and 248, which are in equilibrium with each other. The formation of 

the five membered ring arises from 7i;-allylpalladium(II) complex 247 and the 

formation of the seven membered ring arises from 7r-allylpalladium(II) complex 248. 
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^ 
o. PdL. 

246 
247 

Scheme 3.41 

L— 

248 

One example of this system is shown in scheme 3.42, and clearly indicates that 

the product from the palladium-catalyzed rearrangement could be controlled through the 

proper choice of the palladium catalyst and the carefully controlled reaction temperature. 

t-Bu02C 

6% Pd(dppe)2 

DMSO,100°C 

t-Bu02Q,„^^ 

< 

3%, PS-Pd 

DMSO 70°C 
t-BuOoC 

249 

251 
82%-

Scheme 3.42 

In light of the above well precedented rearrangement reactions, allenyl p-keto 

ester 253 was synthesized from y-hydroxyallene 89 as the precursor for the 

preparadon of the geometric restrained allyl vinyl ether moiety, as shown in scheme 

3.43. 

94 



OH 

1) PCC, KOAc, MgS04 

CH2CI2,25 C = . ^ . Y CO.tBu 

2) 1.2 eq. LDA, THF 
89 1.2eq.CH3C02tBu 252 

69% 

Swem oxidation — . , %/^r-r^ .D 
• — • = \ / C02tBu 

O. 

253 
89% 

Scheme 3.43 

Palladium(II) mediated cyclization of allenyl p-keto ester 253 in methanol 

under a carbon monoxide atmosphere afforded the desired alkylidene substituted 

tetrahydrofuran compound 254 bearing allyl vinylether moiety. The P-keto ester 

could also undergo bromo- and lodocyclization in the presence of N-bromosuccinimide 

or N-iodosuccinimide to give correspounding vinylbromide 255 or vinyliodide 171 

which also bear the allyl vinyl ether moiety as shown in scheme 3.44. 
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5 eq. propylene oxide 
5 eq. CH3C(OEt)3 ^ MeO 

10% eq. PdCl2, 3 eq. CuCU 

MeOH, CO (1 atm), 25''C 

0 ^ > \ J 1.5eq. NBS, CHXL/THF 
•=> ^*>^C02 tBu^ 1^^ ^ g^ 

253 

V. 
1.5eq. NIS, CH2CI2/THF 

Scheme 3.44 

With the three alkylidene substituted tetrahydrofuranyl compounds 254. 255 

and 171, attempted Claisen rearrangements were carried out under both thermal and 

palladium-catalyzed conditions as shown in Table 3.22. When 2-alkylidene-5-vin\ 1-

tetrahydrofuran 254 was refluxed in toluene or heated to 200 *̂C in a sealed tube under 

a nitrogen atmosphere, the product isolated from both reactions was the isomer of 254 

due to isomerizadon of the double bond from Z to E (256) (Table 3.22, entries 1, 2). 

No [3.3] sigmatropic rearrangement product was detected. 
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Table 3.22 

Studies on the [3.3] Claisen Rearrangement of 
2-Alkylidene-5-vinyl Tetrahydrofurans 

COOC(CH3)3 Catalyst, 
Solvent, N2, ^ 
T(''C), t (hrs)* X 

Z isomer 

COOC(CH0^ 

E and/or Z isomer 

Entry X Catalyst Solvent T ( T ) t (hrs) Product Yield' 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

COOMe(254) 

COOMe(254) 

COOMe(254) 

COOMe(254) 

COOMe(254) 

COOMe(254) 

Br(255) 

Br(255) 

Br(255) 

1(171) 

1(171) 

1(171) 

none 

none 

none 

10% eq. 
Pd(OAc)2 
30% eq. 
PPh3 

10% eq. 
Pd(PPh3)4 

10% eq. 
Pd(PPh3)4 

none 

none 

10% eq. 
Pd(PPh3)4 

none 

none 

10% eq. 
Pd(PPh3)4 

toluene 

toluene 

xylene 

THF 

DMF 

DMF 

toluene 

toluene 

THF 

THF 

toluene 

THF 

reflux 

200 

300 

reflux 

80 

60 

reflux 

200 

reflux 

reflux 

200 

reflux 

6 

6 

4 

12 

6 

6 

18 

4 

5 

12 

6 

6 

256 

256 

none 

256 

254 

none 

none 

255 

255 

none 

171 

171 

none 

96% 

92% 

52% 

34% 

92% 

86% 

72% 

60% 

"•Based on chromatographically pure product. ^Determined by ^H-NMR analysis 

of the crude product mixtures. 
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When 254 was heated to 300 ^C in a sealed tube, the starting material 

decomposed to intractable products (Table 3.22, entry 3). When 254 was subjected to 

palladium catalyzed rearrangement, a mixture of E and Z isomers was found in 

refluxing THF in the presence of palladium(II) acetate and decomposition of the starting 

material was observed in DMF both at 60^ and 80 ^C in the presence of tetrakis-

(triphenylphosphine)palladium (Table 3.22, entries 4 - 6). Vinylbromide 255 and 

vinyliodide 171 behaved in the same manner as 254: the starting material w as 

recovered when the reactions were run either in refluxing toluene or upon heating to 

200 ^C in a sealed tube. The starting material decomposed when it was subjected to a 

palladium catalyzed rearrangement reacdon. Failure to obtained any rearrangement 

products in the above reacdons is probably due to the electron deficiency of both 

alkenes in the systems or due to the conformational restraint in such system pre\ enting 

the achievement of the orientations required for a concerted rearrangement. 

In an attempt to change the substituient effect of the starting material in the 

rearrangement reaction, l-phenylthio-5,6-heptadiene-2-one 231 was subjected to the 

palladium catalyzed methoxycarbonylation reaction as shown in scheme 3.45. 

Unfortunately, the reacdon failed to provide any cyclized product. Instead, the starting 

material 231 was recovered in high yield. 

5 eq. propylene 
oxide 

5 eq. triethyl 
orthoacetate \ / MeO 

SPh 
10% eq. PdClo 

2-̂ 1 3 eq. CuCl^ 
MeOH, CO (1 atm) 

25''C, 19 hrs 

Scheme 3.45 
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In order to relieve some conformational restraint in the starting material, an 

attempt to synthesize a 2-alkylidene-6-vinyl-tetrahydropyran system was pursued. As 

shown in scheme 3.46, the precusor, P-keto ester 260, was synthesized in 60% yield. 

257 

OH PCC, KOAc, MgS04 

CH2CI2, 25°C, 4 hrs 
-*-< 

= • = 1 CHO 

258 

1.2eq. LDA, THF 
1.2eq. CH3C02tBu 

-78-0", No, 3 hrs 

HQ ^ p tBu _ . , . 
•—, Y vr Swern oxidation 

259 

Scheme 3.46 

O OtBu 

O 

260 
60% 

With the desired P-keto ester 260 on hand, the palladium(II) mediated 

oxypalladation reaction was carried out with the intention of achieving the desired 2-

alkylidene-6-vinyl-tetrahydropyran system 261, bearing an allyl vinyl ether moiety, as 

shown in scheme 3.47. 

OtBu 

260 

5 eq. propylene 
oxide 

5 eq. triethyl 
orthoacetate 

^ 

10% eq. PdCL 
3 eq. CUCI2 
MeOH, CO (1 atm) 
25''C, 19 hrs 

< 

- • MeO 

Scheme 3.47 
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The cyclizadon reacdon turned out to be a carbopalladation reaction to yield the 

subsdtuted cyclohexene 262 as the sole product. 

The p-keto ester 260 was allowed to react with mercury(II) acetate followed by 

a palladium(n)-mediated methoxycarbonyladon reaction with the intention of producmg 

the oxymercuration product. As shown in Scheme 3.48, the substituted cyclohexene 

262 was obtained as the sole product due to the carbopalladation reaction of the p-keto 

ester. 

-n°ry 
O 

260 

OBu-t a)1.2eqHg(OAc)2 
CH2CI2, 25"C, N2, 14 hrs 

• > -

b) 5 eq. propylene oxide 
5 eq. triethyl orthoacetate 
10% eq. PdCl2, 3 eq. CuCf 
MeOH, CO (1 atm), 

25°C, 13 hrs 

Scheme 3.48 

t-BuO 

MeO. 

262 
63% 

Finally, an oxymercuration of the p-keto ester 260 apparently occurred when it 

was treated with mercury trifluoroacetate. However, the following 

methoxycarbonylation reaction did not afford the desired product. Instead, the addition 

reaction of methanol to the enol moiety occurred to gi\e the substituted tetrahv drop> ran 

263 as the sole product, as shown in scheme 3.49. 

Several attempts to monitor this reacdon with TLC with the intention of 

prevendng the addidon of methanol to the enol moiety failed. When the reaction was 

stopped after 3 hours, the starting material 260 was recovered in 49% yield, the 

product 263 was obtained in 8% yield and the desired product 261 was obtained in 

>1% yield, according to NMR analysis. This observation showed that the desired 
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product 261 did form from the reacdon, but the enol moiety of the product 261 was 

highly susceptible to nucleophilic attack. 

O 

O 

260 

a) 1.2eqHg(OCOCF3)2 
OBu-t CH2CI2, 25°C, N2, 4 hrs 

b) 5 eq. propylene oxide 
5 eq. triethyl orthoacetate 
10% eq. PdCl2, 3 eq. CUCI2 
MeOH, CO (1 atm), 

25''C, 9 hrs 

Scheme 3.49 

MeO 

OBu-t 

OMe 

263 
19% 

With the subsdtuted tetrahydropyran 263 on hand, thermal and palladium 

catalyzed rearrangement reactions were carried out with the hope that the elimination of 

methanol will occur to give 261, which would then undergo rearrangement under the 

reaction conditions, as shown in scheme 3.50. 

MeO 

O ^ ^ OBu-t 

OMe 

263 

Toluene, 200"C, 4 hrs Recovered 43% of 

Sealed tube. No Starting Material 

10%eq. Pd(0Ac)2 

30% eq. PPh3, N2 
DMF, 25"C, 12 hrs 

Decomposed 

Scheme 3.50 

However, the starting material was recovered in 437r yield from the thermal 

reaction and the starting material decomposed to untractable products under the 

palladium catalyzed reacdon condidons. 
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Palladium Catalyzed Carbonvlative Coupling Reactions of 
Tetrahydrofuranyl Vinvl Iodides and Alcohols 

As previously mentioned, since organopalladium complexes readily reacted 

with olefins, it seemed reasonable to expect that they would also react with carbon 

monoxide to form acylpalladium derivadves which could then possibly react with 

alcohols to form esters and an unstable palladium hydride species. Reductive 

eliminadon of the palladium hydride would provide an ester and regenerate the 

palladium(O) catalyst. Therefore a catalytic synthesis of esters from various 

organohalides and carbon monoxide might be possible. Indeed, this methodology has 

been developed and used as a sound method for the preparation of esters'̂ ^- '0^ and 

lactones'*'^' '02 Qygj. tĵ g decades. In 1974, Heck reported^^ that esters could be 

prepared by headng a neat mixture of organohalides and alcohols to 60^-100 ^C in the 

presence of various palladium catalysts and tributyl amine under a carbon monoxide 

atmosphere. Recently, Crisp reported^^^ that substituted a,P-butenolides could be 

obtained from palladium catalyzed carbonyladve intramolecular coupling of hydroxy 

vinyl triflates in acetonitrile soludon at 60 ^C in the presence of lithium chloride. 

Based on all these well precedented reactions, various tetrahydrofuranyl \ invl 

iodides and alcohols were subjected to palladium catalyzed carbonylative coupling 

reacdons, as shown in Table 3.23. The anticipation was that the reaction would occur 

at 25 OC due to the ease of the oxidative addition of the vinyl iodide to the palladium(O) 

and therefore triethylamine should function as well as tributylamine. When the reaction 

was run in the presence of bulky alcohols such as tert-butyl alcohol and diisopropyl 

methanol (Table 3.23, entries 4, 5), no coupling product was detected. 

102 



Table 3.23 

Palladium Catalyzed Carbonylative Coupling Reactions between 
Tetrahydrofuranyl Vinyl Iodides and Alcohols 

I + HO-R 
^ 10% eq. Pd(OAc)2, CO (1 atm), ^ 

(n eq.) ^^^^ ^^- PP^B' 1 eq. LiCl, 
2 eq. Et3N, CH3CN, r.t. 12 hrs. 

O-R ' 

Entry 

1 

2 

3 

4 

5 

6 

7 

8 

R 

CH2CH3(143) 

CH2CH3(143) 

CH2CH3(143) 

CH2CH3(143) 

CH2CH3(143) 

CH(CH3)2(145) 

CH2C02C(CH3)3(146) 

CH3(142) 

R' 

CH2CH3 

CH2CH3 

CH(CH3)2 

C(CH3)3 

CH(CH(CH3)2)2 

CH(CH3)2 

CH(CH3)2 

CH2CH2TMS 

n (eq.) 

2 

>100 

2 

2 

2 

2 

2 

2 

Product 

264 

264 

265 

266 

267 

268 

Yield' 

70 ;̂; 

96% 

627r 

07 

0% 

689^ 

59% 

69% 

^Based on chromatographically pure product. 

These results indicated that the reaction very likely proceeded \ ia the mechanism 

shown in scheme 2.23, which involves the carbonyl insertion after the oxidative 

addition step, followed by the addidon of an alcohol to the acylpalladium species with 

the formation of a hydrido-palladium complex, so that the steric effect of the bulky 

alcohol prevented the addition of the alcohol to the acylpalladium species, resulting in 

no coupling product. Another point worth noticing is that the maximum yield of the 

coupling product could be achieved when the reaction was run in the presence of a large 

excess of the alcohol, as indicated in Table 3.23, entries 1 and 2. 

Since this methodology has been proven to be compatible with 

tetrahydrofuranyl vinyl iodides, we decided to pursue the synthesis of a homologue 
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269 of the cyclic dimer of homononactate 270 which has been shown to possess 

andfungal acdvity'03 by using this methodology. 

269 270 

First we tested the carbonylative coupling reaction of tetrahydrofuranyl iodide 

146 and allenyl diol 271 as shown in scheme 3.51. Allenyl diol 271 was prepared in 

89% yield from the lithium aluminum hydride (LAH) reducdon of y-hydroxyallene 

252. Allenyl diol 271 is a very polar compound but it dissolved well in diethyl ether 

so that the diol can be purified by flash column chromatography with pure diethyl ether. 

The coupled product 272 was obtained as what appeared to be a blue colored complex 

with triphenylphosphine (based on the observation of aromatic proton signals in the 

NMR spectrum of the purified material) and possibly some palladium metal. The 

complex was stable to flash column chromatography and was unexpectedly nonpolar ( 

Rp:0.8, TLC in 95:5 hexanes and ethyl acetate). Upon silylation of the complex 272 

with tert-butyldimethylsilyl trifluoromethanesulfonate, a pure silyl ether 273 w as 

obtained in 1% yield based on the starting material 146 along with some silyl ether 

derivadve of the diol 271 and triphenylphosphine-containing material. The low yield 

was due to the repeated chromatographies done to purify the complex 272. The 

reaction to form 272 proceeded as expected to chemoselectively couple 146 with the 

primary alcohol group of 271, and the pure silyl ether derivative was, as expected, a 
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50:50 mixture of two diastereomers based on 'H and '^c NMR analysis. The excess 

amount of the allenyl diol 271 was recovered in 38% yield. 

146 

HO OH 
2 equiv. 

271 

^ 0.1 equiv. Pd(OAc)2, PPhs ^-BuO 

1 equiv. LiCl, 1 equiv. Et3N O 

CO(latm),CH3CN, 25^ 18 hrs 

1.2 equiv, TBDMSOTf 
*-

2 equiv. 2,6-luddine 

0°C, CH2CI2, 1 hour 

TBDMSO 
O 

273 
1% 

Scheme 3.51 

O 

Since we knew that the coupling product from the vinyl iodide 146 and allenyl 

diol 271 was obtainable through the palladium mediated carbonylati\ e coupling 

reaction, but hard to purify, we decided to pursue the synthesis of the target molecule 

269 via the synthetic approach based on the retrosynthetic analysis outlined in scheme 

3.52. To approach this target, we anticipated that the ester functional groups would be 

introduced through intermolecular and intramolecular carbonylative coupling reactions. 

The two tetrahydrofuran rings could be either syn or and to each other since the 

lodocyclization of the y-silyloxyallene could effectively afford the cis tetrahydrofuran 

ring. 
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o 
I 

269 

O 

274 

TBDMSO 

O 
> o 

HO. 

- ^ 

- 7 
> 

TBDMSO 
O 

TBDMSO^^^^^O^y^ 

276 

O 
> 

TBDMO 

275 

O. 

^ HO 

111 

OTBDMS 

278 
Scheme 3.52 

Tetrahydrofuranyl vinyl iodide 277 was synthesized from the allenyl p-

hydroxy ester 252 in three straightforward steps in 77% overall yield as show n in 

scheme 3.53. 

t-BuO^^ys^OH 0.5 eq. LAH HO^y 

0 \-J~ THF, 0^ 2 hrs 
252 

TBDMSO^yv^OTBDMS 1 2 eq. NIS 

\__ /~ CH2CI2/THF* 

279 25^ 4 hrs 
100% 

Scheme 3.53 

. OH 

271 
89% 

TBDMSO^ 

2.2 eq. TBDMSOTI 

2.5 eq. 2,6-lutidine 

CH.CL, 0^ 1 hr 

111 
100% cis 

87% 

The primary allenyl alcohol 278 was also prepared from y-hydroxyallene 252 

in two steps in 95% yield as shown in scheme 3.54. 
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nxT t-BuQ yv OTBDMS 
^ " ^ " ^ Y ^ _ . = 12 eq. TBDMSOTf^ 

O ^—' 2 eq. 2,6-lutidine 280 
252 

2.5 eq. DIBAL-H 

toluene, 0°, 2 hrs 

100% 

HO y\ OTBDMS 
-^-

278 
95% 

Scheme 3.54 

The reducdon of the P-silyloxy ester 280 with 0.5 equivalents of LAH at 0 ''C 

for 30 minutes resulted in the cleavage of the silyl ether to form the allenyl diol 271, 

and when NaBH4 was used as the reducing reagent at 25 "C, no reduction product w as 

obtained and the starting material was recovered in 98% yield. 

With the desired vinyl iodide 277 and the alcohol 278 on hand, the palladium 

catalyzed carbonyladve coupling reacdon was carried out with 1 equivalent of \ inyl 

iodide 277 and 2 equivalents of alcohol 278 at 25 ^C as shown in scheme 3.55. The 

reacdon give the desired coupling product 276 in 58% yield. The product was free of 

any complex and was easy to purify using silica gel column chromatography. Product 

276 appeared to be one single dia.stereomer based on the analysis of both 'H and ' ^C 

NMR, unlike coupling product 273 which was a mixture of the two possible 

diastereomers. Later, the experiments indicated that product 276 was also a mixture of 

the two possible diastereomers. Several attempts made to improve the yield, including 

raising the reacdon temperature, adding 2.5 equivalents of potassium carbonate, and 

prolonging the reacdon dme, but these failed to achieve a better yield. 
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TBDMSO 
O, 

277 

I + 
HO. OTBDMS 

278 

0.1 eq. Pd(0Ac)2 
0.3eq. PPh3 C0"(1 atm) 

^ - ^ * • 

1 eq. LiCl, leq. Et3N 

CH3CN, 25°C, 18 hrs 

TBDMSO. O. O. 

O 

276 
58% 

OTBDMS 

Scheme 3.55 

When the product 276 was subjected to an NIS-mediated lodocyclization 

followed by desilylation using tetrabutylammonium fluoride, the reactions proceeded 

smoothly and the products 281 and 274, respecdvely, were obtained in high yields as 

shown in scheme 3.56. 

TBDMSO 
O 

TBDMSO o ^ 

276 

O 

1.2 eq. NIS 

CH2CI2/THF 

N2, 25^ 3 hr̂ s 
TBDMSO 

O 

O. 

281 
96% 

O 
O 

2 eq. TBAF 

N., THF 

25''C, 8 hrjT 

Scheme 3.56 
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The iodocyclizadon reacdon gave both diastereomers, the newly formed 

tetrahydrofuran ring was either syn (281a) or anti (281b) to the existing 

tetrahydrofuran ring. 

Finally, the palladium catalyzed carbonylative coupling reaction of 274 in \ er\ 

dilute solution (2 - 4 xlO-^ M) was carried out as shown in scheme 3.57. The reactions 

were run at both the concentration of 2x10"^ M and 4x10"^ M in acetonitrile for 18 

hours, but no cyclized products was detected and instead the starting material was 

recovered in 86% and 41% yield, respectively. When the reaction was heated to 50 'C 

or the reaction time was prolonged to 27 hours, neither starting material nor cyclized 

product was detected from the reaction mixture. 

HO O O 

O 
274a 

Q. HO. 
I + 

0.1 eq. Pd(OAc)2 
0.3 eq. PPh3 
1 eq. LiCl, 1 eq. Et3N 

CO(latm),CH3CN 
25''C, 18-27 hrs 

^ 

O + P O 
o=( \ 
J\^Oy/ 

269a 269b 

Scheme 3.56 

The fact that the carbonylative cyclization reaction did not provide an\ desired 

products and the starting material was recovered in both trials led us to question that 

whether the vinyliodide 281 was formed and whether the palladium catalyst in the 
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reacdon mixture survived long enough to effecdvely catalyze the coupling reaction. In 

order to prove that the vinyliodide 281 was indeed formed from the lodocyclization 

reacdon, a carbonyladve coupling reacdon between vinyliodide 281 and 2-

(trimethylsilyl)ethanol was carried out as shown in scheme 3.57. 

TBDMSO 
-I-

I 
/ \ Si-

HO 

2.0 equiv. 

0.1 equiv. Pd(OAc). 
0.3 equiv. PPhj 

1 equiv. LiCl, 1 equiv. Et3N 

CO(l atm), CH3CN, 25°C. 24 hrs 

TBDMSO. O. O 

O 

O. Q 
'N/\SI-

O 

282 
69% 

Scheme 3.57 

The coupling product 282 was obtained in 69% yield, which once again 

appeared to be one single diastereomer based on the analysis of 'H and '-̂ C NMR. 

Next, the effectiveness of the palladium catalyst was examined. If the 

palladium catalyst precipitated out of the reaction mixture prematurely, the carbons lativc 

cyclization reaction simply will not proceed as desired. Therefore, the carbonylative 

cyclization reaction (scheme 3.56) was carried out under the same reaction conditions 

except that each 5% equivalents of palladium catalyst was added into the reaction 

mixture at the begining and after 8-10 hours. Under the conditions, the final c\ clizcd 

products (269a and 269b) were obtained in 6% yields. The reaction was repeated 
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under the same condidons, the same two diastereomers were obtained in 3% and 5% 

yields. Although the yields were low, this result was considered to represent a definite 

success for the methodology being studied. 

Conclusions 

A number of 2,5-disubstituted tetrahydrofuranyl vinylmercurials prepared by 

the intramolecular oxymercuradon of y-hydroxyallenes^l are stable enough to be 

purified through silica gel chromotography. Palladium(II) mediated allylation and 

dimerization of these vinylmercurials proceeded readily under mild condidons using 

Larock's procedure^^^ 27 ^nd one molar equivalent of palladium(II) was necessary in 

these reacdons for achieving the maximum yields. Lewis acid promoted coupling 

reactions of vinylmercurials and electrophiles are not compadble with substituted 

tetrahydrofuranyl vinylmercurials due to the opening of the tetrahydrofuran rings. 

Vinyl radicals can be formed from thermal or photoreactions of the tetrahydrofuranyl 

vinylmercurials to form hydrogen abstraction or coupling products but the yields were 

so low that the methods were not useful for synthetic aplications. 

Palladium catalyzed intramolecular cyclization/coupling reactions of y-

allyloxyallenes and y-O-allyloxycarbonylallenes were not succesful due to either the 

formadon of a stable 7i-allylpalladium complex or the decomposition of the starting 

materials. Also, the intramolecular carbopalladations of y- or 6-acetoxyallenic 

compounds failed due to the stability of the Ti-allylpalladium complex formed in the 

reactions. 

Palladium catalyzed cyclization/coupling reacdons between y-hydroxyallenes 

and organohalides proceeded readily either under a nitrogen atmosphere or under a 

carbon monoxide atmosphere leading to the formation of tetrahydrofuran substituted 

dienes and styrenes or ketones. Palladium catalyzed cyclization/coupling reactions 
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between y-hydroxyallenes and various allylacetates led to the formation of the desired 

tetrahydrofuran subsdtuted 1,4-dienes, but the yields were low so that there appears to 

be little synthetic value for this reaction. 

Cis 2,5-disubsdtuted tetrahydrofuranyl vinyl iodides could be obtained through 

iodocyclizadons of various y-silyloxyallenes. The more bulky the alkyl group at the y-

position to the allene group, the better the cis selectivity. NIS as a reagent for the 

lodocyclization can be prepared either in situ or in crystal form for later use. The 

subsdtuted tetrahydrofuranyl vinyl iodides so prepared readily undergo Heck reactions 

with various vinylic substrates and the products could be obtained in excellent yields. 

The vinyl iodides could also undergo palladium catalyzed cross-coupling reactions w ith 

vinyltin and vinylmercuric reagents as well as carbonyladve coupling reactions with 

vinyltin reagent and various alcohols to form ketones or esters. 

The tetrahydrofurany vinyl iodides and vinylstannanes were proven to be 

unsuitable for the preparation of vinyllithium and vinylcuprate reagents due to the 

instability of the vinyl carbanion, which resulted in the opening the tetrahydrofuran 

rings. Vinylsamarium iodides could not be generated (or could be generated but w ere 

not stable enough to react with electrophiles under the reaction conditions). Chromous 

chloride was able to mediate the coupling reactions between the vinyl iodides and 

electrophiles but the low yields from the reactions were not very encouraging. 

Finally, it was found that 6-phenylthio- and 6-phenylsulfinyl-y-hydroxyallenes 

did not have much of a cheladng effect in directing the palladium mediated 

methoxycarbonyladon reaction to selectively form either cis or trans substituted 

tetrahydrofuran rings, and attempted thermal or catalytic Claisen rearrangements of 

various subsdtuted alkylidenetetrahydrofurans failed, probably due to unfavorable 

substitudon effects of the substrates. 
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CHAPTER IV 

EXPERIMENTAL PROCEDURES 

General Methods 

Unless otherwise indicated, all commercially available starting materials were 

used as received without purificadon. Tetrahydrofuran (THF) and diethyl ether (ether) 

were disdlled from sodium metal and benzophenone under nitrogen immediately prior 

to use. Dichloromethane and triethylamine were distilled from calcium hydride 

immediately prior to use. Ethyl acetate and hexanes were distilled prior to use. 

Methanol was distilled from magnesium tumings and stored in a sealed container. 

Reactions involving air or moisture sensitive reagents or intermediates were performed 

under an inert atmosphere of nitrogen in glassware that had been oven dried. 

NMR spectra were obtained on either an IBM AF-200 (200 MHz for proton, 50 

MHz for carbon) or an IBM AF-300 (300 MHz for proton, 75 MHz for carbon) 

instrument. Unless otherwise indicated, all spectra were obtained in deuterochloroform 

(CDCI3) solvent, with either residual chloroform or tetramethylsilane (TMS) as an 

internal reference. Spectra are reported as follows: peak position (§) (multiplicity, 

coupling constant[s], number of protons). The peak position (5) is in parts per million 

(ppm). The coupling constant (J) is in hertz (Hz). 

Infrared (IR) spectra were measured on a Perkin Elmer 1600 series FT-IR, and 

are reported in wavenumber (cm-'). The samples were neat films on sodium chloride 

plates. 

Analydcal thin layer chromatography (TLC) was performed on Whatman 

UV254 silica gel (250 |im) coated aluminum plates with visualization using UV 

followed by a chromic acid spray reagent. Flash column chromatography was 
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performed using 230-400 mesh silica gel and the indicated eluents according to the 

method reported by Sdll. 

General Procedure for the Palladium Mediated Allylation 
of Vinvl Mercuric Chloride 

To a 0.1-0.2 M solution of the vinyl mercuric chloride substrate in dry THF at 

-78 ^C was added 10 molar equivalents of allyl halide, 1 molar equivalent of 

palladium(II) chloride and 2 molar equivalents of lithium chloride. The reaction 

mixture was sdrred under nitrogen atmosphere and allowed to warm to room 

temperature overnight. The resuldng black mixture was partidoned between aqueous 

saturated ammonium chloride solution and hexane and the aqueous solution was 

extracted with hexane. The combined organic extracts were washed with brine 

solution, dried over MgS04, filtered, and concentrated under vacuum. Flash column 

chromatography (20 g. silica gel, 90:10 hexanes:ethyl acetate eluent) afforded pure 

products in good to excellent yields. 

General Procedure for the Palladium Mediated Allylation 
of Vinyl Mercuric Trifluoroacetate 

To a 0.05-0.1 M solution of (±)-2-tert-butyldimethylsilyloxy-5,6-

heptdiene(135) in dry CH2CI2 at 25 "C was added Hg(OCOCF3)2 (1.5 mola 

equivalents). The reacdon mixture was stirred at 25 "C under a CaCl2 drying tube for 4 

hours and then the solvent was removed by rotary evaporation. The resulting crude 

vinylmercuric trifloroacetate was dissolved in dry THF (10 mL) and was cooled to -78 

OC. To above vinylmercuric trifloroacetate solution were added allyl halide (10 molar 

equivalents), palladium(II) chloride (1 molar equivalent) and lithium chloride (2 molar 

equivalents). The reacdon mixture was stirred under nitrogen atmosphere and allow ed 

to warm to room temperature overnight. The resulting black mixture was partitioned 
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between aqueous saturated ammonium chloride solution and hexane and the aqueous 

solution was extracted with hexane. The combined organic extracts were washed w ith 

brine soludon, dried over MgS04, fdtered, and concentrated under vacuum. Flash 

column chromatography (20 g. silica gel, 90:10 hexanes:ethyl acetate eluent) afforded 

pure products in poor to fair yields. 

General Procedure for the Preparation of N-Iodosuccinimide 

Equimolar molar equivalents of N-chlorosuccinimide and sodium iodide were 

separately dissolved in dry acetone (1.0 M solutions of each), then mixed together and 

stirred at room temperature for 15 minutes. Acetone (100 mL per mol of reagents) was 

then added to the resulting yellow solution, the precipitated sodium chloride w as 

filtered off by passage through a Buchner funnel, and the acetone was removed by 

rotary evaporation. The left yellow color solid was further dried under vacuum for 2 

hours. 

General Procedure for the NIS-Mediated lodocyclization 
of y-Silyloxvallenes 

To a 0.1-0.05 M solution of the y-trialkylsilyloxyallenes in 4:1 (v:v) 

CH2Cl2:THF was added N-iodosuccinimide (1.5 molar equivalents) and the reaction 

mixture was sdrred at room temperature under a nitrogen atmosphere for 1 -2 hours. 

The resulting reddish yellow solution was partitioned between saturated aqueous 

sodium sulfite and CH2CI2, and the aqueous layer was extracted with CH2CI2 (2x15 

mL). The combined CH2CI2 extracts were washed with saturated aqueous NaHC03, 

dried over MgS04, filtered, and concentrated under vacuum. Flash column 

chromatography (98:2 to 95:5 hexanesiethyl acetate eluent) afforded pure products as a 
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mixture of two diastereomers in good to excellent yields. The ratio of the two 

diastereomers was determined based on the 'H NMR analysis. 

General Procedure for the Palladium Catalvzed Vinvlation of 
Tetrahvdrofuranvl Ethenyl Iodides (Heck Reacdon) 

To a 0.1-0.3 M solution of the iodoethenyl tetrahydrofuran substrate in dry 

DMF was added n-tetrabutylammonium chloride (1.0 molar equivalent), anhydrous 

potassium carbonate (2.5 molar equivalents), palladium(II) acetate (0.05 molar 

equivalents), and vinylic substrates (methyl acrylate, methyl vinyl ketone, acrylonitrile, 

methacrolein or allyl alcohol) (5 molar equivalents) at room temperature. The reaction 

mixture was stirred under a nitrogen atmosphere for 8 hours, then the resulting black 

mixture was partidoned between diethyl ether (20 mL) and water (40 mL). The layers 

were separated and the aqueous layer was extracted with ether (2x15 mL). The 

combined organic extracts were washed with brine solution, dried over MgS04, and 

concentrated by rotary evaporadon. Flash column chromatography (20 g. silica gel, 

90:10 hexanes:ethyl acetate eluent) yielded pure products in good to excellent yields. 

General Procedure for the Palladium Catalyzed Cyclization/Coupling 
Reactions of y-Hydroxyallenes and Organohalides 

(Gallagher Reaction) 

To a 0.1-0.5 M soludon of (±)-2-hydroxy-5,6-heptadienein dry DMF was 

added organic halides (5.0 molar equivalents), potassium carbonate (5.0 molar 

equivalents), and of tetrakis(triphenylphosphine)palladium(0) (0.1 molar equivalents) 

at room temperature. The reaction mixture was allowed to warm to 80 "C in an oil bath 

and sdrred under a nitrogen atmosphere for 8-18 hours. The resulting black mixture 

was allowed to cool to 25 ^C and then partidoned between diethyl ether and w ater. The 

layers were separated and the aqueous layer was extracted with ether (2x 15 mL). The 
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combined organic extracts were washed with brine, dried over MgS04, and 

concentrated by rotary evaporadon. Flash column chromatography (20 g. silica gel, 

98:2 to 95:5 hexanes:ethyl acetate eluent) afforded pure products in fair to good yields 

The rado of the two diastereomers was determined based on the 'H NMR analysis. 

General Procedure for the Palladium Catalvzed Cvclization/Coupling Reactions 
of y-Hydroxvallenes and Organohalides under 

a Carbon Monoxide Atmosphere 

To a 0.1-0.5 M solution of (±)-2-hydroxy-5,6-heptadiene in dry DMF was 

added organic halides (5.0 molar equivalents), potassium carbonate (5.0 molar 

equivalents), and tetrakis(triphenylphosphine)palladium(0) (0.1 molar equivalents) at 

room temperature. The reaction mixture was allowed to warm to 55 ^C in an oil bath 

and stirred under a carbon monoxide atmosphere for 9-18 hours. The resulting black 

mixture was allowed to cool to 25 ^C and then partidoned between diethyl ether and 

water. The aqueous layer was extracted with ether (2x 15 mL) and the combined 

organic extracts were washed with brine solution, dried over MgS04, filtered and 

concentrated by rotary evaporadon. Flash column chromatography (20 g. silica gel, 

95:5 hexanes:ethyl acetate eluent) afforded pure products in fair to good yields. The 

ratio of the two diastereomers was determined based on the 'H NMR analysis. 

General Procedure for the Palladium Catalyzed Coupling Reactions 
of Tetrahydrofuranyl Ethenyl Iodides and Olefinic Stannanes 

To a 0.05-0.10 M soludon of Tetrahydrofuranyl ethenyl Iodides in dry DMF 

was added vinyl stannanes (10% molar equivalents), lithium chloride (3 molar 

equivalents) and Bis(triphenylphosphine)palladium(II) chloride (0.05 molar 

equivalents). The yellow reacdon mixture was stirred under a nitrogen atmosphere at 

25 ^C for 10 hours and the resulting black color mixture was partitioned between 
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diethyl ether and saturated ammonium chloride soludon. The layers were separated and 

the aqueous soludon was extracted with ether (2x15 mL). The combined organic 

extracts were washed with brine soludon and the volum was reduced to one half b\ 

rotary evaporadon. Saturated potassium floride aqueous solution (5 mL) was added to 

the ethyl extracts and the mixture was stirred vigorously under a nitrogen atmosphere at 

25 ^C for 4 hours. The resuldng mixture was filtered through a pad of celite, dried 

over MgS04 and concentrated by rotary evaporation. Flash column chromatography 

(20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) afforded pure products in good to 

excellent yields. 

General Procedure for the Palladium Catalyzed Cyclization/Coupling 
Reactions of y-Hydroxyallenes and Allyl Acetate 

To a 0.1-0.05 M solution of y-hydroxyallenes in DMF was added allyl acetate 

(5.0 molar equivalents), triethylamine (20 molar equivalents), tetrabutylammonium 

chloride (1.0 molar equivalent), triphenylphosphine (0.15 molar equivalents) and 

palladium(II) acetate (0.05 molar equivalents). The reaction mixture was heated under 

a nitrogen atmosphere to 80 ^C for 20 hours and then was allowed to cool to 25 "C. 

The resuldng black color mixture was partitioned between diethyl ether and saturated 

aqueous NH4CI solution. The layers were separated and the aqueous solution was 

extracted with ether (2x10 mL). The combined organic extracts were washed with 

brine, dried over MgS04, filtered and concentrated by rotary evaporation. Flash 

column chromatography afforded the pure product in fair to poor yields. The 

diastereomeric rado was determined based on the analysis of 'H NMR. 
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General Procedure for the Palladium Catalvzed Carbonvladve Coupling 
Reactions of Tetrahvdrofuranvl Ethenvl Iodides and Alcohols 

To a 0.05-0.10 M solution of (±)-2-Iodo-3,6-epoxy-l-octene in dry acetonitrile 

was added ethyl alcohol (2.0 molar equivalents), lithium chloride (1.0 molar 

equivalent), triethylamine (2 molar equivalents), triphenylphosphine (0.3 molar 

equivalents) and palladium(II) acetate (0.1 molar equivalents). The yellow color 

reacdon mixture was sdrred under a carbon monoxide atmosphere at 25 ^C for 12-15 

hours. The resulting black color mixture was partitioned between diethyl ether and 

water. The layers were separated and the aqueous solution was extracted with ether 

(2x15 mL). The combined organic extracts were washed with brine soludon, dried 

over MgS04, filtered and concentrated by rotary evaporation. Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) afforded pure 

products in good to excellent yields. The diastereomeric ratio was determined based on 

'H NMR analysis. 

4.5-Hexadien-l-ol(89) 

C6H10O fw. = 98.14 

To a solution of 4-pentyn-l-ol (9.50 g., 112.8 mmol) in dioxane (100 mL ) in a 

round bottom flask (250 mL) was added copper(I) iodide (22.0 g., 115.5 mmol), 

paraformaldehyde (11.9 g.) and diisopropylamine (35 mL). The reaction mixture was 

brought to reflux under a nitrogen atmosphere for 19 hours and then the volume was 

reduced to one half of its original volume through distillation. The residue was allowed 

to cool to 25 oc and then poured into a mixture of 5% HCl (1(X) mL) and diethyl ether 

(100 mL). The mixture then was filtered through a pad of celite and the celite w as 
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further rinsed with ether (200 mL). The two layers were separated and the aqueous 

soludon was extracted with ether (4x50 mL). The combined organic extracts were 

washed with water, dried over MgS04, filtered and concentrated by rotary e\ aporation. 

Flash column chromatography (30 g. silica gel, 80:20 hexanes:ethyl acetate eluent) 

yielded the pure product (5.6983 g., 58.1459 mmol, 54%) as a pale yellow color oil. 

IH (200 MHz, relative to TMS at 0.00 ppm) 6 5.13 (m, IH), 4.68 (m, 2H). 3.69 

(t, J=6.6, 2H), 2.08 (m, 2H), 1.77 (s, IH), 1.66 (m, 2H). 

(±)-2-Hydroxv-5.6-heptadiene(90) 

H O . . 

= n _ / 

C7H12O fw. = 112.17 

To a solution of 4,5-hexadien-l-ol (0.5010 g., 5.1122 mmol) in dry 

dichloromethane (50 mL) was added potassium acetate (1.0035 g., 10.2241 mmol), 

MgS04 (5 g., 41.5385 mmol) and PCC (2.1982 g., 10.2241 mmol). The reaction 

mixture was sdrred under a CaCl2 drying tube at 25 "C for 4 hours and then was 

diluted with diethyl ether. The mixture was filtered through a layer of Florisil and then 

was concentrated by rotary evaporation. The crude 4,5-hexadienal was dissolved in 

dry THF (35 mL) and was cooled to 0 "C. To above 4,5-hexadienal solution w as 

slowly added methylmagnesium chloride (3.0 M solution in THF, 2.1 mL) under a 

nitrogen atmosphere. The resulting white suspension was stirred for 30 minutes and 

quenched with saturated aqueous NH4CI solution (20 mL). The mixture w as diluted 

with ether and the layers were separated. The aqueous layer was extracted with ether 

(2x15 mL). The combined organic extracts were washed with brine, dried over 
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MgS04, and concentrated by rotary evaporation. Flash column chromatography (20 g. 

silica gel, 80:20 hexanesiethyl acetate eluent) yielded the product (0.4301 g., 3.8342 

mmol, 75%) as a light yellow color oil. 

IH (200 MHz, relative to TMS at 0.00 ppm) 6 5.03 (m, IH), 4.57 (m, 2H), 3.74 

(m, IH), 2.63 (s, IH), 2.00 (m, 2H), 1.47 (m, 2H), 1.09 (d, J=6.2, 3H). 

13c (50 MHz) 5 208.27, 89.48, 74.81, 67.03, 38.06, 24.25, 23.15. 

(±)-a-(Tetrahvdrofuranvl)vinylmercuric acetate (91) 

<r°y^» IgOCOCH3 

C8Hi203Hg f.w. = 356.77 

To a stirred solution of 4,5-hexadiene-l-ol (0.1011 g., 1.0301 mmol) in dry 

dichloromethane (10 mL) was added mercury(II) acetate (0.3939 g., 1.2360 mmol). 

The reacdon mixture was stirred under a CaCl2 drying tube at 25 ^C for 4 hours and 

then was partitioned between water and diethyl ether. The aqueous solution was 

extracted with diethyl ether (3x15 mL). The combined organic extracts were dried over 

MgS04, filtered and concentrated under vacuum. Chromatography (20 g., silica gel, 

80:20 hexanes:ethyl acetate eluent) yielded (0.2426 g., 66% ) product with high purity. 

iR (200 MHz, relative to TMS at 0.00 ppm) 6 5.64 (d, J=1.28, IH), 5.10 (d, 

J=1.18, IH), 4.42 (m, IH), 3.76 (m, 2H), 1.98 (s, 3H), 1.89 (m, 3H), 1.55 

(m, IH). 

l^C (50 MHz) 6 175.95, 168.52, 123.44, 83.75, 67.78, 33.30, 25.64, 20.62. 
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(±)-a-(Tetrahvdrofuranvl)vinylmercuric trifloroacetate (92) 

HgOCOCF3 

C6H903HgF3 f w. = 410.74 

To a stirred solution of 4,5-hexadiene-1 -ol (0.2111 g., 2.1540 mmol) in dry 

dichloromethane (10 mL) was added mercury(II) trifloroacetate (0.8237 g., 2.5848 

mmol). The reaction mixture was stirred under a CaCh drying tube at 25 ^C for 4 

hours and then was partitioned between water and diethyl ether. The aqueous solution 

was extracted with diethyl ether (3x15 mL). The combined organic extracts were dried 

over MgS04, filtered and concentrated under vacuum. Chromatography (20 g., silica 

gel, 80:20 hexanes:ethyl acetate eluent) yielded (0.5928 g., 67% ) product with high 

purity. 

IH (200 MHz, relative to TMS at 0.00 ppm) 6 5.57 (s, IH), 5.07 (s, IH), 4.21 (d 

of d, J=7.5, 7.0, IH), 3.80 (m, 2H), 2.03 (m, IH), 1.78 (m, 2H), 1.47 (m, 

IH). 

13c (50 MHz) 6 161.17 (q,Jc-CF=38.5), 157.83, 125.15, 118.36 (q, 

Jc-F=286.0), 83.34, 68.05, 33.33, 25.63. 

(±)-a-(Tetrahvdrofuranvl)vinvlmercuric chloride (93) 

C6H90HgCl f.w. = 333.18 
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To a stirred solution of 4,5-hexadien-l-ol (0.207 g., 2.107 mmol) in 4 mL dry 

dichloromethane was added mercury(II) acetate (0.797 g., 2.5 mmol). The reaction 

mixture was sdrred under a CaCl2 drying tube at 25 ^C for 6 hours. The solvent w as 

removed by rotary evaporation, then a 2 M aqueous sodium chloride solution (10 mL) 

was added and the mixture was sdrred vigorously at 25 "C for 1 hour. The mixture 

was extracted with diethyl ether (3x15 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotary evaporation. 

Chromatography (20 g., silica gel, 80:20 hexanes:ethyl acetate eluent) yielded 0.346 

g., 51% ) product with high purity. 

iR (200 MHz, relative to TMS at 0.00 ppm) 6 5.75 (d of d, J=0.9, 0.9, IH), 5.16 

(dof d, J=0.8, 1.0, IH), 4.42(m, IH), 3.85 (m, 2H), 2.14(m, IH), 1.94 (m, 

2H), 1.58 (m, IH). 

13C (50 MHz) 6 168.87, 123.68, 83.97, 68.06, 33.65, 25.90. 

IR 2949, 2867, 1784, 1712, 1444, 1349, 1217, 1167, 1053, 921 cm-i. 

(±Va-(Tetrahydrofuranvl)vinylmercuric bromide (94) 

CeHQOHgBr fw. = 377.63 

To a stirred soludon of 4,5-hexadien-l-ol (0.1073 g., 1.0933 mmol) in 4 mL 

dry dichloromethane was added mercury(II) acetate (0.4181 g., 1.3120 mmol). The 

reaction mixture was sdrred under a CaCh drying tube at 25 "C for 6 hours. The 

solvent was removed by rotary evaporation, then a saturated aqueous sodium bromide 
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solution (10 mL) was added and the mixture was stirred vigorously at 25 ^C for 1 

hour. The mixture was extracted with diethyl ether (3x15 mL). The combined organic 

extracts were washed with water, dried over MgS04, filtered and concentrated b\ 

rotary evaporation. Chromatography (20 g., silica gel, 80:20 hexanes:ethyl acetate 

eluent) yielded 0.2229 g., 54% ) product with high purity. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.68 (d, J=1.48, IH), 5.12 (d, 

J=1.20, IH), 4.44 (m, IH), 3.79 (m, 2H), 1.97 (m, 3H), 1.56 (m, IH). 

13C (50 MHz) 5 168.83, 123.61, 83.89, 67.99, 33.55, 25.85. 

(±)-l-(5'-Methyltetrahydrofuran-2'-yl)ethenylmercuric trifluoroacetate (95) 

HgOCOCF3 

C9Hii03HgF3 fw. = 424.77 

To a sdrred solution of (±)-2-tert-butyldimethylsilyloxy-5,6-heptdiene (0.3720 

g., 1.6428 mmol) in 10 mL dry dichloromethane was added mercury(II) trifloroacetate 

(0.6182 g., 1.97 mmol). The reacdon mixture was stirred under a CaCh drying tube at 

25 OC for 4 hours and then was partitioned between water and diethyl ether. The 

aqueous solution was extracted with diethyl ether (3x15 mL). The combined organic 

extracts were dried over MgS04, filtered and concentrated by rotary evaporation. 

Chromatography (20 g., silica gel, 80:20 hexanes:ethyl acetate eluent) yielded (0.4255 

g., 61% ) product with high purity. Ĥ NMR analysis indicated the diastereomeric 

ratio was 85:15 (cis:trans). 
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IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.62 (d, J=0.9. IH), 5.12 (d, 

J=3.4, IH), 4.30 (m, IH), 3.88 (m, IH), 1.97 (m, 2H), 1.57 (m, 2H). 1.20 

(d, J=6.1, 3H). 

13c (50 MHz) 5 160.80 (q, Jc-CF=39.3 Hz), 157.32, 118.00 (q, Jc-F=286.34 

Hz), 125.35, 83.68, 68.06, 33.26, 25.81, 21.24. 

(±)-l-(5'-Methyltetrahydrofuran-2'-yl)ethenylmercuric chloride (96) 

HgCl 

CvHiiOHgCl f.w. = 347.21 

To a sdrred solution of (±)-2-tert-butyldimethylsilyloxy-5,6-heptdiene (0.2430 

g., 1.0732 mmol) in dry dichloromethane (10 mL) was added mercury(ll) 

trifloroacetate (0.4104 g., 1.2878 mmol). The reaction mixture was stirred under a 

CaCl2 drying tube at 25 ^C for 4 hours. The solvent was removed by rotary 

evaporation, then aqueous sodium chloride solution (2 M, 10 mL ) was added and the 

mixture was stirred vigorously at 25 ^C for 1 hour. The mixture was extracted w ith 

diethyl ether (3x15 mL). The combined organic extracts were washed with brine, dried 

over MgS04, filtered and concentrated by rotary evaporation. Chromatography (20 g., 

silica gel, 80:20 hexanes:ethyl acetate eluent) yielded product (0.1900 g., 517r ) w ith 

high purity. ^H NMR analysis indicated the diastereomeric ratio was 85:15 (ds:trans). 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.68 (d, J=1.2, IH), 5.10 (d, 

J=1.0, IH), 4.37 (t, J=6.3, IH), 4.01 (m, IH), 2.06 (m, 2H). 1.55 (m, 2H). 

1.23 (d, J=6.1, 3H). 
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13c (50 MHz) 6 157.32, 125.25, 76.24, 68.06, 33.09, 25.35, 21.42 

(±)-4-Methvlidene-5.8-epoxy-1 -octene (97: 

C6H14O fw. = 138.21 

See general procedure for the palladium-mediated allylation of vinyl mercurials. 

Flash column chromatography (20g., silica gel, 90:10 hexanes:ethyl acetate eluent) 

yielded pure product (0.10 g., -100%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.81 (m, IH), 5.09 (m, 2H), 5.02 

(d, J=0.9, IH), 4.83 (d of d, J=1.5, 2.1 IH), 4.30 (d of d, J=6.8, 7.2, IH), 

3.87 (m, 2H), 2.78 (m, 2H), 1.84 (m, 4H). 

13C (50 MHz) 6 148.35, 136.12, 116.23, 109.78, 81.26, 68.27, 36.58, 30.94, 

25.78. 

IR 3077, 2975, 2868, 1824, 1641, 1431, 1069, 908 cm-l. 

(±)-2-Methvl-4-methvlidene-5.8-epoxy-1-octene (98) 

C10H16O f.w. = 152.24 
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See general procedure for the palladium-mediated allylation of vinyl mercurials. 

Flash column chromatography (20g., silica gel, 90:10 hexanes:ethyl acetate eluent) 

yielded pure product (0.030 g., 18%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.11 (m, IH), 4.81 (m, 2H), 4.73 

(d of d, J=0.9, 2.2, IH), 4.24 (d of d, J=6.9, 7.1, IH), 3.86 (m, 2H), 2.72 

(d, J=3.1, 2H), 1.93 (m, 3H), 1.68 (s, 3H), 1.60 (m, IH). 

13C (50 MHz) 6 147.52, 137.45, 112.49, 110.34, 80.81, 68.23, 41.69, 31.04, 

29.68, 25.75. 

IR 2923, 2851, 1736, 1462, 1376 cm-'. 

(±)-(E)-5-Methvlidene-6.9-epoxy-2-nonene(99) 

C10H16O fw. = 152.24 

See general procedure for the palladium-mediated allylation of vinyl mercurials. 

Flash column chromatography (20g., silica gel, 90:10 hexanes:ethyl acetate eluent) 

yielded pure product (0.2921 g., 45%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.51 (m, 2H), 5.10 (d, J=1.5, IH), 

4.79 (m, IH), 4.28 (m, IH), 3.85 (m, 2H), 2.73 (m, 2H), 1.92 (m, 2H), 1.64 

(m, 2H), 1.60 (d, J=6.6, 3H). 

13c (50 MHz) 6 147.38, 137.52, 112.40, 110.32,80.61,68.03,41.09, 31.92, 

29.35, 21.90. 
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IR 2969, 2873, 1648, 1444, 1381, 1083, 969, 901 cm"'. 

(±)-4-Methvlidene-5.8-epoxy-1-nonene (100) 

C10H16O fw. = 152.24 

See general procedure for the palladium-mediated allylation of vinyl mercuric 

trifloroacetate. Flash column chromatography (20g., silica gel, 90:10 hexanes:ethyl 

acetate eluent) yielded pure product (0.0251 g., 45%) as a colorless oil. 

Cis isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.83 (m, IH). 5.12 (d of d, J=0.6. 

1.2, IH), 5.08 (dof d, J=1.0, 3.2, IH), 5.03 (d, J=1.2, IH), 4.83 (d, J=1.3. 

IH), 4.30 (d of d, J=6.6, 7.1, IH), 4.30 (m, IH), 2.75 (m, 2H), 1.98 (m, 

2H), 1.70 (m, IH), 1.50 (m, IH), 1.28 (d, J=6.1, 3H). 

13c (50 MHz) 5 136.28, 117.71, 116.20, 110.13, 81.61, 75.59,47.70, 44.83, 

36.53, 21.11 

Trans isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.83 (m, IH), 5.27 (s, IH), 5.18 

(s, IH), 5.07(s, IH), 4.98(s, IH), 4.96 (d of d, J=1.3, IH), 4.14(m, IH), 

2.75 (m, 2H), 1.98 (m, 2H), 1.70 (m, IH), 1.50 (m, IH), 1.25 (d, J=6.1, 

3H). 
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13c (50 M H z ) 6 135.07, 117.25, 115.38, 110.13,82.29,74.50,47.87.45.25. 

IR 

37.32, 20.08. 

3076, 2959, 2866, 1641, 1444, 1290, 1001, 911 c m ' 

(±)-2-Methyl-4-methylidene-5,8-epoxy-l-nonene (10 

CiiHigO fw. = 166.26 

See general procedure for the palladium-mediated allyladon of vinyl mercuric 

trifloroacetate. Flash column chromatography (20g., silica gel, 90:10 hexanes:ethyl 

acetate eluent) yielded pure product (0.0295 g., 12%) as a colorless oil. 

Cis isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.15 (d of d, J=0.8, 0.6, IH), 4.81 

( d o f d , J = l . 1 , 2 . 1 , IH), 4.78(s, IH), 4.73 (d of d, J=1.0, 1.9, IH), 4.24 (d 

of d, J=6.6, 7.1, IH), 3.88 (m, IH), 2.72 (m, 2H), 1.97 (m, 2H), 1.66 (m, 

IH), 1.67 (m, 3H), 1.45 (m, IH), 1.24 (d, J=6.0, 3H). 

13C (50 MHz) 6 147.63, 143.44, 112.46, 110.54, 81.03, 75.54, 41.66, 32.75, 

31.15, 21.89, 21.13. 

Trans isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.11 (d, J=0.9, 1H),4.81 (dofd, 

J=l . l 2.1, IH), 4.78(s, IH), 4.73 (dofd , J=1.0, 1.9, IH), 4.41 ( d o f d . 
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J=6.6, 7.1, IH), 4.13 (m, IH), 2.72 (m, 2H), 1.97 (m, 2H), 1.66 (m, IH). 

1.64 (s, 3H), 1.45 (m, IH), 1.21 (d, J=6.9, 3H). 

13C (50 MHz) 6 147.70, 143.44, 112.46, 109.86, 80.48, 75.41. 41.48. 33.92, 

31.95, 25.89, 21.38. 

IR 2961, 2925, 1647, 1458, 1363, 1186, 1080, 968 cm-'. 

(±)-(E)-5-Methylidene-6.9-epoxv-2-decene (102) 

CiiHigO f.w. = 166.26 

See general procedure for the palladium-mediated allylation of vinyl mercuric 

trifloroacetate. Flash column chromatography (20g., silica gel, 90:10 hexanes:ethyl 

acetate eluent) yielded pure product (0.0182 g., 21%) as a colorless oil. 

Cis isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.44 (m, 2H), 5.04 (d. J=7.4. IH), 

4.79 (s, IH), 4.26 (d of d, J=3.4, 7.2. IH), 3.83 (m, IH), 2.75 (d, J=7.3, 

IH), 2.67 (d, J=5.9, IH), 1.94 (m, 3H), 1.69 (m, IH), 1.60 (d, J=6.0, 3H). 

1.25 (d, J=6.0, 3H). 

13C (50 MHz) 5 144.01, 128.02, 123.34, 109.01, 80.73. 78.41. 37.71, 32.01, 

31.20, 25.88, 22.54. 
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Trans isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.50 (m, 2H), 5.04 (d, J=7.4. IH). 

4.79 (s, IH), 4.44 (m, IH), 3.98 (m, IH), 2.61 (m, 2H), 1.94 (m, 3H), 1.69 

(m, IH), 1.47 (d, J=7.0, 3H), 1.22 (d, J=6.0, 3H). 

13C (50 MHz) 5 144.01, 128.95, 124.74, 111.02, 80.60, 78.34, 37.44, 31.61, 

30.47, 25.28, 22.01. 

IR 2971, 2934, 1719, 1444, 1380, 1072 cm'. 

(±)-2.3-bis-(Tetrahydrofuran-2'-yl)-1.3-butadiene (106) 

C12H18O2 fw. = 194.27 

To a soludon of a-(tetrahydrofuranyl)vinyl mercuric chloride (0.1409 g., 

0.4230 mmol) in HMPA (2 mL) at 0 ^C was added lithium chloride (35.9 mg., 0.8469 

mmol) and palladium(II) chloride (37.5 mg., 0.2115 mmol). The reaction mixture was 

sdrred under a nitrogen atmosphere and was allowed to warm up to 25 ^̂C for 12 

hours. The resuldng black color mixture was partitioned between diethyl ether and 

water. The layers were separated and the aqueous solution w as extracted with ether 

(2x15 mL). The combined organic extracts were washed with brine, dried over 

MgS04, filtered and concentrated by rotary evaporation. Flash column 

chromatography (20 g. silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure 

product (0.0599 g., 0.3088 mmol, 73%) as a colorless oil. 
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IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.29 (s, 2H), 5.07, (s, 2H), 4.65 

(m, 2H), 3.96 (m, 2H), 3.81 (m, 2H), 2.14 (m, 2H), 1.93 (m, 4H), 1.76 (m, 

2H). 

13C (50 MHz) 6 147.52, 110.68, 109.71, 78.97, 78.35, 68.51, 68.23, 32.23, 

31.95, 25.47, 25.26. 

4.5-Hexadien-1-yl acetate (107) 

OCOCH3 

C8H12O2 fw. = 140.18 

To a solution of 4,5-hexadien-lol (0.1104 g., 1.1265 mmol) in dry CH2CI2 

(10 mL) was added triethylamine (0.3 mL, 2.1523 mmol) and acetic anhydride (0.15 

mL, 1.5897 mmol). The mixture was stirred under a nitrogen atmosphere at 0 ''C for 1 

hour and then was partitioned between diethyl ether and water. The layers w ere 

separated and the aqueous soludon was extracted with ether (2x15 mL). The combined 

organic extracts were washed with brine, dried over MgS04, filtered and concentrated 

by rotary evaporation. Flash column chromatography (20 g. silica gel, 95:5 

hexanes:ethyl acetate eluent) yielded the pure product (108.9 g., 0.7734 mmol, 69%) 

as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.11 (m, IH), 4.69 (m, 2H), 4.10 

(t, J=6.6, 2H), 2.05 (s, 3H), 2.19 (m, 2H), 1.76 (m, 2H). 

IR 2955, 1956, 1740, 1038 cm"'. 
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3-Methyl-3-(2'-propen-r-yl)oxy-l-buten-2-ylmercuric acetate (108) 

O-

HgOCOCH3 

CioHi603Hg fw. = 384.82 

To a solution of 3-methyl-l,2-butadiene (347.0 mg., 5.0939 mmol) in dry 

CH2CI2 at -78 oc was added allyl alcohol (0.5 mL, 7.3519 mmol) and Mercuric acetate 

(2.4350 g., 7.6409 mmol). The reaction mixture was stirred under a nitrogen 

atmosphere at -78 ^C for 4 hours and then was allowed to warm up to 25 ^C in 16 

hours. The resuldng white color mixture was partitioned between diethyl ether and 

water. The layers were separated and the aqueous solution was extracted with ether 

(3x15 mL). The combined organic extracts were washed with brine, dried over 

MgS04, filtered and concentrated by rotary evaporation. Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the pure 

product (177.0 mg., 0.4609 mmol, 9%) as a colorless oil. 

IR (200 MHz, reladve to TMS at 0.00 ppm) 6 5.95 (m, IH), 5.63 (s. IH), 5.32 (d 

of d, J=1.8, 17.2, IH), 5.22 (s, IH), 5.17 (m, IH), 3.87 (m, 2H), 2.06 (s. 

3H), 1.35 (s, 6H). 

13C (50 MHz) 5 170.23, 135.98, 121.02, 119.15, 115.79. 80.29. 63.48, 27.87, 

27.18, 22.55. 

l-(2'-Propen-r-vnoxv-4.5-hexadiene (113) 

C9H14O f.w. = 138.21 
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To a solution of 4,5-hexadien-l-ol (1.0220 g., 10.4285 mmol) in DMF (10 

mL) was added sodium hydride (312.9 mg., 10 43 mmol) and allyl bromide (1.4 mL, 

16.1778 mmol). The reacdon mixture was stirred under a nitrogen atmosphere at 25 

OC for 2 hours and then was quenched with saturated aqueous NH4CI solution. The 

mixture was then partidoned between aqueous NH4CI solution and diethyl ether. The 

layers were separated and the aqueous soludon was extracted with ether (2x20 mL). 

The combined organic extracts were washed with brine, dried over MgS04, filtered and 

concentrated by rotary evaporadon. Flash column chromatography (20 g. silica gel, 

95:5 hexanes:ethyl acetate eluent) yielded the pure product (0.9922 g., 7.1789 mmol. 

69%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.92 (m, IH), 5.20 (m, 3H), 4.67 

(m, 2H), 3.97 (m, 2H), 3.46 (d of d, J=6.4, 6.5, 2H), 2.08 (m, 2H), 1.76 (m, 

2H). 

13C (50 MHz) 6 208.44, 134.59, 116.62, 89.41, 74.89, 71.73, 69.45, 28.94, 

24.67. 

IR 3079, 2937, 2854, 1956, 1647, 1438, 1105, 923, 844 cm'. 

Bis-(r|3-2-chloro-6-(2'-propen-r-yl)oxy-2-hexen-l-yl)palladium(II)) (114) 

X(C1) 

^ o . . x-P ;̂ 
o ̂ x/-

X(C1) 

To a solution of 6-allyloxy-l,2-hexadiene (94.2 mg., 0.6816 mmol) in dry 

THF (10 mL) was added lithium chloride (144.5 mg., 3.4088 mmol) and palladium(II) 
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chloride (60.4 mg., 0.3406 mmol). The mixture was heated to reflux under a nitrogen 

atmosphere for 16 hours and then was allowed to cool to 25 ^C. The mixture was 

partitioned between diethyl ether and water. The layers were separated and the aqueous 

solution was extracted with ether (2x10 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotary evaporation. 

Flash column chromatography yielded the product as a yellow solid 

IR (200 MHz, reladve to TMS at 0.00 ppm) 6 5.87 (m, 2H), 5.28 (d of d, J=1.5, 

1.4, IH), 5.18 (dof d, J=1.5, 3.1, 2H), 5.12 (d, J=1.3, IH), 3.93 (m, 6H), 

3.44 (m, 8H), 1.71 (m, 8H). 

13c (50 MHz) 6 134.73, 122.26, 116.71, 82.48, 71.70, 69.54, 59.26, 27.80, 

27.20. 

IR 2252, 1646, 1097, 90.40 cm-'. 

5.6-Heptadien-2-yl 2-propen-l-yl carbonate (115) 

\ O ( ° ° v^ 
o 

C11H16O3 f.w. = 196.25 

To a soludon of (±)-2-hydroxy-5,6-heptadiene (0.2122 g., 1.8946 mmol) in 

dry THF (10 mL) was added n-butyl lithium (1.0 mL, 2.0 M solution in hexane). The 

mixture was sdrred under a nitrogen atmosphere at 0 ^C for 5 minutes and then a 

soludon of allyl chloroformate (1.4 mL, 18.1185 mmol) in THF (2 mL) was added. 

The reaction mixture was stirred under a nitrogen atmosphere at 0 ^C for 2 hours and 

then was quenched with saturated aqueous NH4CI solution. The mixture then was 
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partitioned between diethyl ether and saturated aqueous NH4CI solution. The layers 

were separated and the aqueous soludon was extracted with ether (2x15 mL). The 

combined organic extracts were washed with brine, dried over MgS04, filtered and 

concentrated by rotary evaporadon. Flash column chromatography (20 g. silica gel. 

90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.2454 g., 1.2504 mmol, 

66%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.93 (m, IH), 5.32 (m, 2H), 5.11 

(p, J=6.6, IH), 4.66 (m,2H), 4.15 (t, J=6.6, IH), 2.21 (m, IH), 2.11 (m, 

IH), 1.73 (m, 4H), 1.30 (d, J=6.3, 3H). 

13c (50 MHz) 6 208.41, 154.49, 131.64, 118.65, 88.88, 75.93, 74.56, 68.65, 

34.79, 19.58, 14.67. 

4,5-Hexadien-1-yl trifluoroacetate (118) 

= T = ^ r- OCOCF3 

C8H9O2F3 fw. = 194.15 

To a solution of 4,5-hexadien-lol (0.2061 g., 2.1030 mmol) in dry CH2CI2 

(10 mL) was added triethylamine (0.5 mL, 3.5873 mmol) and trifluoroacetic anhydride 

(0.4 mL, 2.8319 mmol). The mixture was stirred under a nitrogen atmosphere at 0 *̂C 

for 1 hour and then was partitioned between diethyl ether and water. The layers were 

separated and the aqueous solution was extracted with ether (2x15 mL). The combined 

organic extracts were washed with brine, dried over MgS04, filtered and concentrated 

by rotary evaporadon. Flash column chromatography (20 g. silica gel, 95:5 
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hexanesiethyl acetate eluent) yielded the pure product (0.1595 g.. 0.82152 mmol, 39%) 

as a colorless oil. 

IR (200 MHz, reladve to TMS at 0.00 ppm) 6 4.97 (m, IH), 4.61 (m, 2H), 4.29 

(t, J=6.4, 2H), 1.99 (m, 2H), 1.78 (m, 2H). 

13C (50 MHz) 6 208.64, 157.49 (q, JcF=42.0), 114.58 (q, JCF=284.0) . 88.25, 

75.53, 67.33, 27.55, 23.97. 

(±)-6-Trifluoroacetoxy-2-hexanone (119) 

O 
j ^ J- OCOCF3 

C8H11O3F3 fw. = 212.17 

To a solution of l-trifluoroacetate-4,5-hexadiene (51 mg., 0.2627 mmol) in dry 

CH2CI2 (5 mL) was added mercuric(II) trifluoroacetate (22.4 mg., 0.0525 mmol). The 

mixture was stirred under a nitrogen atmosphere at 25 ^C for 18 hours and then was 

partitioned between diethyl ether and saturated aqueous NaHC03 solution. The la\ers 

were separated and the aqueous solution was extracted with ether (2x10 mL). The 

combined organic extracts were washed with brine, dried over MgS04, filtered and 

concentrated by rotary evaporadon. Flash column chromatography (20 g. silica gel, 

95:5 hexanes:ethyl acetate eluent) yielded the pure product (0.0312 g., 0.1471 mmol, 

56%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 4.32 (t, J=6.1, 2H), 2.49 (t, J=6.9, 

2H), 2.14(s, 3H), 1.72 (m, 4H). 
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13C (50 MHz) 6 209.20, 158.71 (q, J C F = 6 0 . 5 ) , 114.48 (q, JcF=283.0), 67.78. 

42.66, 29.80, 27.45, 19.63. 

(±)-1.6.7-Octatrien-3-ol (120) 

C8H12O fw. = 124.18 

To a solution of 4,5-hexadien-l-ol (504.4 mg., 5.1469 mmol) in CH^Ch (65 

mL) was added potassium acetate (1.0103 g., 10.2934 mmol), MgS04 (5 g., 41.5385 

mmol) and PCC (2.2132 g., 10.2939 mmol). The reaction mixture was stirred under a 

CaCl2 drying tube at 25 ^C for 4 hours and then was diluted with diethyl ether. The 

mixture was filtered through a layer of Florisil and then was concentrated b\ rotary 

evaporadon. The crude 4,5-hexadienal was dissolved in dry THF (25 mL) and w as 

cooled to 0 OC. To above 4,5-hexadienal solution was slowly added vinylmagnesium 

bromide (1.0 M solution in THF, 5.2 mL) under a nitrogen atmosphere. The resulting 

white suspension was stirred at 0 oC for 30 minutes and then quenched with saturated 

aqueous NH4CI solution (20 mL). The mixture was diluted with ether and the layers 

were separated. The aqueous layer was extracted with ether (2x 15 mL). The combined 

organic extracts were washed with brine, dried over MgS04, and concentrated b\ 

rotary evaporation. Flash column chromatography (20 g. silica gel, 80:20 

hexanes:ethyl acetate eluent) yielded the product (389.9 mg., 3.1398 mmol, 61%) as a 

colorless oil. 
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IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.80 (m, IH), 5.08 (m. 3H), 4.61 

(m, 2H), 4.10 (m, IH) 2.17 (s, IH), 2.04 (m, 2H), 1.58 (m. 2H). 

13C (50 MHz) 6 208.42, 140.89, 114.64, 89.44, 75.06, 72.36, 35.94. 23.88. 

(±)-1.7.8-Nonatrien-3-ol (121) 

C9H14O fw. = 138.21 

To a solution of 5,6-heptadien-l-ol (210.5 mg., 1.8766 mmol) in CH2CI2 (60 

mL) was added potassium acetate (368.4 mg., 3.7534 mmol), MgS04 (5 g., 41.5385 

mmol) and PCC (806.9 mg., 3.7530 mmol). The reaction mixture was stirred under a 

CaCl2 drying tube at 25 oC for 4 hours and then was diluted with diethyl ether. The 

mixture was filtered through a layer of Florisil and then was concentrated by rotary 

evaporation. The crude 5,6-heptadienal was dissolved in dry THF (25 mL) and was 

cooled to 0 OC. To above 5,6-heptadienal solution was slowly added vinylmagnesium 

bromide (1.0 M solution in THF, 1.9 mL) under a nitrogen atmosphere. The resulting 

white suspension was stirred at 0 oC for 30 minutes and then quenched with saturated 

aqueous NH4CI solution (20 mL). The mixture was diluted with ether and the lav ers 

were separated. The aqueous layer was extracted with ether (2x15 mL). The combined 

organic extracts were washed with brine, dried over MgS04, and concentrated by 

rotary evaporation. Flash column chromatography (20 g. silica gel, 80:20 

hexanes:ethyl acetate eluent) yielded the product (199.7 mg., 1.4449 mmol, 77%) as a 

colorless oil. 
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IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.83 (m, IH), 5.09 (m, 3H), 4.63 

(m, 2H), 4.06 (m, IH), 1.98 (m, 2H), 1.68 (s, 1H)(BR), 1.51 (m, 4H). 

(+)-1.6.7-Octatrien-3-yl acetate (126) 

H.COCO 

C10H14O2 fw. = 166.22 

To a soludon of (±)-6-hydroxy-1,2,7-octatriene (641.0 mg., 5.1619 mmol) in 

dry CH2CI2 (15 mL) was added pyridine (2.0 mL, 24.7281 mmol) and acetic 

anhydride (2.0 mL, 21.1969 mmol). The mixture was sdrred under a nitrogen 

atmosphere at 25 oC for 4 hours and then was partidoned between diethyl ether and 

water. The layers were separated and the aqueous solution was extracted with ether 

(2x15 mL). The combined organic extracts were washed with brine, dried over 

MgS04, filtered and concentrated by rotary evaporation. Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the pure 

product (334.6 mg., 2.0130 mmol, 39%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 5 5.72 (m, IH), 5.18 (m, 4H), 4.65 

(m, 2H), 2.07 (s, 3H), 1.98 (m, 2H), 1.71 (m, 2H). 

13C (50 MHz) 6 208.44, 170.05, 136.19, 116.64, 88.88, 75.22, 73.92. 33.16, 

23.64, 21.04. 
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(±)-1.7.8-Nonatrien-3-yl acetate (127) 

H3COCO y>v 

C11H16O2 fw. = 180.25 

To a solution of (±)-7-hydroxy-l,2,8-nonatriene (123.5 mg., 0.8936 mmol) in 

dry CH2CI2 (15 mL) at 0 oc was added pyridine (0.15 mL, 1.8546 mmol) and acetic 

anhydride (0.15 mL, 1.5897 mmol). The mixture was stirred under a nitrogen 

atmosphere and was allowed to warm up from 0 oC to 25 oc in 6 hours. The mixture 

then was partitioned between diethyl ether and water. The layers were separated and 

the aqueous solution was extracted with ether (2x15 mL). The combined organic 

extracts were washed with brine, dried over MgS04, filtered and concentrated by rotar\ 

evaporation. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate 

eluent) yielded the pure product (137.1 mg., 0.7606 mmol, 41%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.74 (m, IH), 5.15 (m, 4H), 4.63 

(m, 2H), 2.03 (s, 3H), 1.97 (m, 2H), 1.63 (m, 2H), 1.42 (m, 2H). 

13c (50 MHz) 6 208.36, 169.06, 133.25, 125.48, 89.39, 74.41, 56.56, 52.08, 

31.53, 28.42, 27.43. 

(+VMethvl 1.7.8-Nonatrien-3-vl carbonate (128) 

(' OCOOCH, 

O 
C11H16O3 f.w. = 196.25 
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To a solution of (±)-7-hydroxy-l,2,8-nonatriene (321.6 mg., 2.3304 mmol) in 

THF (15 mL) at 0 oc was added n-butyl lithium (1.4 mL, 2.0 M soludon in hexanes). 

The mixture was sdrred under a nitrogen atmosphere at 0 oC for 5 minutes and then 

methyl chloroformate (1.8 mL, 23.2952 mmol) was added to the above mixture. The 

reaction mixture was stirred under a nitrogen atmosphere at 0 oC for 2 hours and then 

was partitioned between diethyl ether and water. The layers were separated and the 

aqueous solution was extracted with ether (2x15 mL). The combined organic extracts 

were washed with brine, dried over MgS04, filtered and concentrated by rotary 

evaporation. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate 

eluent) yielded the pure product (297.3 mg., 1.5149 mmol, 65%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 5 5.80 (m, IH), 5.30 (d, J=17.2, 

IH), 5.22 (d, J=14.3, IH), 5.07 (m, 2H), 4.66 (m, 2H), 3.77 (s, 3H), 2.01 

(m, 2H), 1.73 (m, 2H), 1.47 (m, 2H). 

13C (50 MHz) 6 208.46, 155.14, 135.81, 117.34, 89.27, 78.80, 74.81, 54.47, 

33.41, 27.75, 24.25. 

(+VDiethvl 2-(l'.7'.8'-nonatrien-3'-yl)propanedioate (129) 

,COOCH2CH3 
CH 

•COOCH2CH3 

C16H24O4 f.w. = 280.36 

To a solution of (±)-7-Acetoxy-l,2,8-nonatriene (162.9 mg.. 0.9050 mmol) in 

dry THF (10 mL) was added Pd(PPh3)4 (52.3 mg., 0.0453 mmol). The mixture was 
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heated to reflux under a nitrogen atmosphere for 1 hour and was allowed to cool to 25 

oc. A mixed solution of diethyl malonate (0.5 mL, 3.2933 mmol) and sodium hydride 

(108.6 mg., 3.6200 mmol) in THF (5 mL) was added to above THF solution. The 

mixture then was heated to reflux under a nitrogen atmosphere for 20 hours and w as 

allowed to cool to 25 oC. The resuldng yellow color solution was partitioned between 

diethyl ether and saturated aqueous NH4CI solution. The layers were separated and the 

aqueous solution was extracted with ether (2x15 mL). The combined organic extracts 

were washed with brine, dried over MgS04, filtered and concentrated by rotary 

evaporation. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate 

eluent) yielded the pure product (38.0 mg., 0.1355 mmol, 15% from the allyl acetate) 

as a yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 5 5.41 (m, 2H), 5.03 (m, 2H), 4.61 

(m, 2H), 4.15 (m, 4H), 3.33 (d of d, J=7.7, 7.5, IH), 2.54 (m, 2H), 1.97 (m, 

3H), 1.41 (m, 2H), 1.21 (m, 6H). 

13C (50 MHz) 6 208.54, 169.00, 133.31, 125.78, 89.66, 74.64, 61.26, 52.25. 

43.94, 32.27, 28.80, 27.69, 14.07. 

(±V2-Vinvltetrahydrofuran (130) 

C6H10O f.w. = 98.14 

To a 25 mL round bottom fiask was added a-(tetrahydrofuranyl)vinyl mercuric 

trifluoroacetate (0.4098 g., 1.0401 mmol) and then it was heated under a nitrogen 
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atmosphere to 220 oc in a ball-to-ball disdllation fashion for 1 hour. The product 

collected in the other flask in an ice bath was obtained as a colorless oil (50.0 mg., 

0.5095 mmol, 49%). 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.80 (m, IH), 5.25 (m, IH), 5.15 

(m, IH), 4.49 (m, IH), 3.95 (m, 2H), 2.06 (m, 3H), 1.74 (m, IH). 

(±)-2-Phenvlthio-3.6-epoxy-l-hexene (131) 

C12H14OS fw. = 221.37 

To a solution of (±)-a-(tetrahydrofuranyl)vinyl mercuric chloride (345.0 mg, 

1.0355 mmol) in benzene (5 ml) was added thiophenol (0.15 ml, 1.46 mmol) and 

sodium bicarbonate (105 mg, 1.2499 mmol). The reaction mixture was exposed to l ' \ 

light under a nitrogen atmosphere for 48 hours and then was partitioned betw een 

diethyl ether and saturated aqueous sodium carbonate solution. The la\ ers w ere 

separated and the aqueous soludon was extracted with ether (2x15 mL). The combined 

organic extracts were washed with brine, dried over MgS04, filtered and concentrated 

by rotary evaporadon. Flash column chromatography (20 g. silica gel, 95:5 

hexanes:ethyl acetate eluent) yielded the pure product (0.4 mg., 1.9x10-3 mmol, 0.2%) 

as a colorless oil. 
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IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.30 (m, 5H), 5.08 (d of d, J=l . l , 

1.8, IH), 4.89 (d of d, J=1.5, 0.6, IH), 4.42 (m, IH), 3.88 (m, 2H), 1.92 

(m, 4H), 1.15 (d, J=6.8, 3H). 

(±)-6.7-Octadien-3-ol n32) 

C8H14O fw. = 126.20 

To a solution of 4,5-hexadien-l-ol (0.8000 g., 8.1632 mmol) in dry 

dichloromethane (50 mL) was added potassium acetate (1.6024 g., 16.3260 mmol), 

MgS04 (10 g., 83.0771 mmol) and PCC (3.5102 g., 16.3265 mmol). The reaction 

mixture was sdrred under a CaCl2 drying tube at 25 oc for 4 hours and then was 

diluted with diethyl ether. The mixture was filtered through a layer of Florisil and then 

was concentrated by rotary evaporation. The crude 4,5-hexadienal was dissolved in 

dry THF (35 mL) and was cooled to 0 oC. To above 4,5-hexadienal solution was 

slowly added ethylmagnesium bromide (1.0 M solution in THF, 10 mL) under a 

nitrogen atmosphere. The resulting white suspension was stirred for 30 minutes and 

quenched with saturated aqueous NH4CI solution (20 mL). The mixture was diluted 

with ether and the layers were separated. The aqueous layer was extracted with ether 

(2x15 mL). The combined organic extracts were washed with brine, dried over 

MgS04, and concentrated by rotary evaporation. Flash column chromatography (20 g. 

silica gel, 80:20 hexanes:ethyl acetate eluent) yielded the product (0.6696 g.. 5.3061 

mmol, 65%) as a light yellow color oil. 
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IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.14 (m, IH), 4.68 (m, 2H). 3.59 

(t, J=4.6, IH), 2.13 (m, 2H), 1.54 (m, 4H), 0.95 (t, J=7.3, 3H). 

13C (50 MHz) 6 208.41, 89.71, 75.06, 72.61, 35.92, 30.16, 24.36, 9.86. 

(±)-2-tert-Butyldiphenvlsilyloxv-5.6-heptadiene (134) 

TBDPSO 

C23H3oOSi fw. = 350.57 

To a solution of (±)-5,6-heptadien-2-ol ( 0.1370 g., 1.2232 mmol) in dry DMF 

(10 mL) under a nitrogen atmosphere at 25 oc was added 2,6-lutidine (0.3 mL, 2.5755 

mmol) and tert-butylchlorodiphenylsilane (0.4 mL, 1.5381 mmol). The reaction 

mixture was stirred at 25 oc for 6 hours and then was partitioned between diethyl ether 

and water. The layers were separated and the aqueous solution was extracted with 

ether (2x10 mL). The combined organic extracts were washed with brine, dried over 

MgS04, filtered and concentrated by rotary evaporation. Flash column 

chromatography (20 g. silica gel, 95:5 hexanes: ethyl acetate eluent) yielded the pure 

product (0.2787 g., 0.7951 mmol, 65%) as a colorless oil. 

IR (200 MHz, reladve to TMS at 0.00 ppm) 6 7.68 (m, 4H), 7.38 (m, 6H), 5.04 

(m, IH), 4.62 (m, 2H), 3.80 (m, IH), 2.07 (m, 2H), 1.61 (m, 2H), 1.05 (d, 

J=5.9, 3H), 1.05 (s, 9H). 

13c (50 MHz) 6 208.31, 135.98, 134.76, 129.34, 127.42. 89.85, 74.82, 63.04, 

38.53, 26.97, 26.51, 23.15, 19.22. 
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(±)-2-tert-Butvldimethvlsilvloxv-5.6-heptadiene (135) 

TBDMSO 

\ 

Ci3H260Si fw. = 226.43 

To a solution of (±)-5,6-heptadien-2-ol (0.1200 g., 1.0714 mmol) in dry 

CH2CI2 (10 mL) under a nitrogen atmosphere at 0 oc was added 2,6-lutidine (2.1428 

mmol, 0.25 mL) and tert-butyldimethylsilyltrifluoromethanesulfonate ((1.6071 mmol, 

0.37 mL). The mixture was stirred at 0 oC for 30 minutes and then was partitioned 

between diethyl ether and water. The layers were separated and the aqueous solution 

was extracted with ether (2x10 mL). The combined organic extracts were washed w ith 

brine, dried over MgS04, filtered and concentrated by rotary evaporation. Flash 

column chromatography (20 g. silica gel, 98:2 hexanes: ethyl acetate eluent) yielded the 

pure product (0.2426 g., 1.0714 mmol, 100%) as a colorless oil. 

IR (200 MHz, reladve to TMS at 0.00 ppm) 6 5.08 (m, IH), 4.63 (m, 2H), 3.62 

(m, IH), 2.04 (m, 2H), 1.62 (m, 2H), 1.11 (d, J=8.0, 3H), 0.88 (s, 9H), 

0.05 (s, 6H). 

13C (50 MHz) 6 208.54, 89.64, 74.85, 67.85, 38.88, 25.89, 25.70, 24.50, -2.95, 

-4.37. 

(+V3-tert-Butvldimethvlsilvloxv-6,7-octadiene (136) 

TBDMSO 

Ci4H280Si f.w. = 240.46 
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To a solution of (±)-6,7-octadien-3-ol ( 0.1180 g., 0.9365 mmol) in dry 

CH2CI2 (10 mL) under a nitrogen atmosphere at 0 oC was added 2,6-lutidine (0.22 

mL, 1.8730 mmol) and tert-butyldimethylsilyltrifluoromethanesulfonate (0.32 mL, 

1.4048 mmol). The mixture was stirred at 0 oC for 30 minutes and then was 

partidoned between diethyl ether and water. The layers were separated and the aqueous 

soludon was extracted with ether (2x10 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotary evaporation. 

Flash column chromatography (20 g. silica gel, 98:2 hexanes: ethyl acetate eluent) 

yielded the pure product (0.2252 g., 0.9365 mmol, 100%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.39 (m, IH), 4.94 (m, 2H), 3.91 

(m, IH), 2.30 (m, 2H), 1.77 (m, 4H), 1.15 (m, 12H), 0.32 (s, 6H). 

13C (50 MHz) 6 208.47, 90.13, 74.92, 72.72, 35.68, 29.81, 25.95, 24.05, 18.16, 

9.52, -4.40. 

(±)-2-Trimethylsilyloxy-5.6-heptadiene (137) 

TMSO 

CioH2oOSi fw. = 184.35 

To a solution of (±)-5,6-heptadien-2-ol (0.1000 g., 0.8929 mmol) m dry THF 

(10 mL) under a nitrogen atmosphere at 25 oC was added triethylamine (0.6 mL, 

4.3047 mmol) and chrolotrimethylsilane (0.3 mL, 2.3637 mmol). The reaction mixture 

was stirred at 25 oC for 8 hours and then was partitioned between diethyl ether and 

water. The layers were separated and the aqueous solution was extracted with ether 
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(2x10 mL). The combined organic extracts were washed with water, dried over 

MgS04, filtered and concentrated by rotary evaporadon to yield the desired product 

(0.1646 g., 0.8929 mmol, 100%) as yellow color oil. The product was used in 

subsequent experiments without further purification. 

IR (200 MHz, relative to TMS at 0.00 ppm) 5 5.10 (m, IH), 4.66 (m, 2H), 3.81 

(m, IH), 2.05 (m, 2H), 1.53 (m, 2H), 1.14 (d, J=6.1, 3H), 0.12 (s, 9H). 

13C (50 MHz) 6 208.45, 89.80, 74.92, 67.78, 38.60, 24.50, 23.84, -0.38. 

(±)-3-Trimethvlsilyloxv-6.7-octadiene (138) 

TMSO 

— O ^ 
CiiH220Si fw. = 198.38 

To a solution of (±)-6,7-octadien-3-ol (0.1100 g., 0.8730 mmol) in dry THF 

(10 mL) under a nitrogen atmosphere at 25 oC was added triethylamine (0.6 mL, 

4.3047 mmol) and chrolotrimethylsilane (0.3 mL, 2.3637 mmol). The reaction mixture 

was stirred at 25 oc for 8 hours and then was partitioned between diethyl ether and 

water. The layers were separated and the aqueous solution was extracted with ether 

(2x10 mL). The combined organic extracts were washed with water, dried over 

MgS04, filtered and concentrated by rotary evaporation to yield the desired product 

(0.1732 g., 0.8730 mmol, 100%) as yellow color oil. The product was used in 

subsequent experiments without further purification. 
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IR (200 MHz, relative to TMS at 0.00 ppm) 6 5.11 (m, IH), 4.66 (m, 2H), 3.61 

(m, IH), 2.08 (m, 2H), 1.49 (m, 4H), 0.88 (t, J=7.3, 3H), 0.11 (s, 9H). 

13c (50 MHz) 6 208.45, 89.92, 74.93, 73.05, 35.91, 30.11, 24.26, 9.86, 0.38. 

(±)-2-Methvl-3-trimethvlsilvloxv-6.7-octadiene (139) 

TMSO 

Ci2H240Si fw. = 212.41 

To a solution of (±)-2-methyl-6,7-octadien-3-ol (0.1000 g., 0.7142 mmol) in 

dry THF (10 mL) under a nitrogen atmosphere at 25 oc was added triethylamine (0.5 

mL, 3.5873 mmol) and chrolotrimethylsilane (0.3 mL, 2.3637 mmol). The reaction 

mixture was stirred at 25 oC for 8 hours and then was partitioned between diethyl ether 

and water. The layers were separated and the aqueous solution was extracted with 

ether (2x10 mL). The combined organic extracts were washed with water, dried o\er 

MgS04, filtered and concentrated by rotary evaporation to yield the desired product 

(0.1517 g., 0.7142 mmol, 100%) as yellow color oil. The product was used in 

subsequent experiments without further purification. 

IR (200 MHz, reladve to TMS at 0.00 ppm) 6 5.11 (m, IH), 4.68 (m, 2H), 3.50 

(m, IH), 2.61 (m, IH), 2.05 (m, 2H), 1.67 (m, IH), 1.52 (m, IH), 0.88 (d, 

J=1.9, 3H), 0.85 (d, J=1.9, 3H), 0.12 (s, 9H). 

13C (50 MHz) 6 208.47, 90.02, 76.60, 74.92, 33.35. 32.53, 24.36, 17.99, 0.51. 
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(±)-tert-Butvl 3-trimethylsilvloxv-6.7-octadienoate (140) 

MTSO^ / v Ot-Bu 

O 

Ci5H2803Si fw. = 284.47 

To a soludon of (±)-tert-butyl-3-hydroxy-6,7-octadienoate (0.1500 g., 0.7065 

mmol) in dry THF (15 mL) under a nitrogen atmosphere at 25 oC was added 

triethylamine (0.5 mL, 3.5873 mmol) and chrolotrimethylsilane (0.3 mL, 2.3637 

mmol). The reaction mixture was stirred at 25 oC for 8 hours and then was partitioned 

between diethyl ether and water. The layers were separated and the aqueous solution 

was extracted with ether (2x10 mL). The combined organic extracts were washed with 

water, dried over MgS04, filtered and concentrated by rotary evaporation to yield the 

desired product (0.2010 g., 0.7065 mmol, 100%) as yellow color oil. The product 

was used in subsequent experiments without further purification. 

IR (200 MHz, relative to TMS at 0.00 ppm) 5 5.10 (m, IH), 4.66 (m, 2H), 4.13 

(m, IH), 2.36 (d of d, J=6.6, 2.3, 2H), 2.02 (m, 2H), 1.58 (m, 2H), 1.44 (s, 

9H), 0.12 (s, 9H). 

13C (50 MHz) 8 208.43, 170.84, 89.54, 80.29, 75.13, 68.75, 43.98, 36.48. 

28.06, 23.89, 0.24. 

(+)-1.3-Bis-(trimethvlsilvloxy)-6,7-octadiene(141) 

TMSQ . Q3 j^^ 

Ci4H3o02Si2 f.w. = 286.56 
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To a solution of (±)-3-hydroxy-6,7-octadien-l-ol (149.5 mg.. 1.0513 mmol) in 

dry THF (15 mL) was added (1.5 mL, 10.7619 mmol) and trimethylchlorosilane (0.8 

mL, 6.3033 mmol). The mixture was stirred under a nitrogen atmosphere at 25 "C for 

9 hours and then was partidoned between diethyl ether and water. The layers w ere 

separated and the aqueous solution was extracted with ether (2x15 mL). The combined 

organic extracts were washed with brine, dried over MgS04, filtered and concentrated 

by rotary evaporation. Flash column chromatography (10 g. silica gel, 98:2 

hexanes:ethyl acetate eluent) yielded the pure product (298.2 mg., 1.0406 mmol, 99%) 

as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.26 (m, IH), 4.85 (m, 2H), 4.03 

(m, IH), 3.82 (t, J=6.8, 2H), 2.18 (m, 2H), 1.76 (m, 4H), 0.31 (s, 9H), 0.29 

(s, 9H). 

13C (50 MHz) 8 208.47, 89.54, 75.03, 68.80, 59.22, 40.22, 36.71, 24.15, 0.38, 

-0.49. 

(±)-2-Iodo-3.6-epoxv-l-heptene (142 

H3C o 1 ^ 

C7H11OI fw. = 238.07 

See general procedure for the NIS-mediated lodocyclization of y-silyloxyallenes. 

Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) 

yielded the pure product (0.3996 g., 1.6784 mmol, 97%) as a colorless oil. The 

diastereomeric rado was >86:<14 (cis:trans). 
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Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.42 (s, IH), 5.81 (d of d. 

J=0.8, 0.5, IH), 4.15 (m, 2H), 1.82 (m, 4H), 1.32 (d, J=6.0, 3H). 

13C (50 MHz) 8 124.62, 115.43, 84.35, 76.99, 32.36, 32.01, 20.84. 

Trans isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.38 (s, IH), 5.78 (d of d, 

J=0.8, 0.6, IH), 3.98 (m, 2H), 1.75 (m, 4H), 1.25 (d, J=6.0, 3H). 

13C (50 MHz) 8 124.30, 115.40, 84.20, 69.39, 32.48, 32.15, 25.85. 

IR 2954, 2856, 1617, 1441, 1382, 1254, 1079, 901, 836, 776 cm"'. 

(±)-2-Iodo-3.6-epoxv-l-octene (143) 

H3CH2C. , 0 

C8H13OI f.w. = 252.09 

See general procedure for the NIS-mediated iodocyclizadon of y-silyloxyallenes. 

Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) 

yielded the pure product (0.7321 g., 2.9042 mmol, 82%) as a coloriess oil. The 

diastereomeric ratio was 90:10 (cis:trans). 

Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.36 (d of d, J=1.2, 1.4, IH), 5.73 

(d of d, J=1.3, 1.8, IH), 4.14 (d of d, J=5.9, 6.9, IH), 3.88 (m, IH), 1.77 

(m, 6H), 0.92 (t, J=7.4, 3H). 
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13C (50 MHz) 8 124.16, 115.36, 84.31, 82.58, 32.23, 29.94. 28.55, 10.43. 

Trans isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.31 (d of d, J=1.5, 1.3, IH), 5.70 

(d of d, J=1.3, 0.9, IH), 4.10 (m, IH), 3.85 (m, IH), 1.76 (m, 6H), 0.86 (t, 

J=7.3, 3H). 

13C (50 MHz) 8 123.65, 116.09, 84.02, 82.12, 33.04, 31.02, 28.48, 10.10. 

IR 2962, 2934, 2874, 1616, 1461, 1070, 1034, 902 cm-'. 

(±)-2-Bromo-3.6-epoxy-l-heptene (144) 

CvHiiOBr fw. = 191.07 

To a soludon of (±)-2-hydroxy-5,6-heptadiene (0.1588 g., 1.4178 mmol) in 

dry CH2CI2 (35 mL) was added N-bromosuccinimide (277.6 mg., 1.5596 mmol). 

The yellow color reaction mixture was stirred under a nitrogen atmosphere at 25 "C for 

2 hours and then was partitioned between diethyl ether and saturated aqueous NaHS03 

solution. The layers were separated and the aqueous solution was extracted with ether 

(2x15 mL). The combined organic extracts were washed with brine, dried over 

MgS04, filtered and concentrated by rotary evaporation. Flash column 

chromatography (20 g. silica gel. 95:5 hexanes:ethyl acetate eluent) yielded the pure 

product (0.1663 g., 0.8711 mmol, 61%) as a colorless oil. The rado of the two 

diastereomers was determined based on the analysis of 'H NMR as 45:55 (cis:trans). 
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Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.96 (t, J=1.3, IH), 5.50 (d of d, 

J=0.8, 0.6, IH), 4.12 (m, IH), 2.09 (m, 3H), 1.66 (m, IH), 1.31 (d, J=5.9. 

3H). 

13C (50 MHz) 8 135.36, 116.02, 82.19, 77.14, 32.22, 31.56, 20.99. 

Trans isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.90 (d, J=l.l, IH), 5.47 (d Of d, 

J=0.8, 0.7, IH), 4.56 (d of d, J=7.1, 6.5, IH), 4.27 (m, IH), 2.09 (m, 3H), 

1.56 (m, IH), 1.25 (d, J=5.8, 3H). 

13C (50 MHz) 8 135.74, 115.32, 81.85, 76.55, 33.34, 32.02, 20.99. 

(±)-3.6-Epoxy-2-iodo-7-methyl-l-octene (145) 

C9H15OI fw. = 266.12 

See general procedure for the NIS-mediated lodocyclization of y-silyloxyallenes. 

Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) 

yielded the pure product (0.2623 g., 0.9857 mmol, 92%) as a colorless oil. The 

diastereomeric rado was 99:1 (cis:trans). 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.43 (d of d, J=1.2. 1.4, IH), 5.81 

(d of d, J=1.0, 1.1, IH), 4.17 (m, IH), 3.64 (m, IH), 1.84 (m, 5H), 1.02 (d, 

J=6.6, 3H), 0.90 (d, J=6.7, 3H). 
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13C (50 M H z ) 8 124.65, 115.15, 86.70, 84.17, 33.19. 32.34, 28.05, 19.57, 

18.74. 

IR 3090, 2957, 2871, 1617, 1467, 1386, 1365, 1179, 1054, 901 cm'. 

(±)-tert-Butyl 3.6-epoxy-7-iodo-7-octenoate (146) 

C12H19O3I fw. = 338.18 

See general procedure for the NIS-mediated lodocyclization of y-silyloxyallenes. 

Flash column chromatography (20 g. silica gel, 90:10 hexanes:ethyl acetate eluent) 

yielded the pure product (0.1967 g., 0.5818 mmol, 79%) as a colorless oil. The 

diastereomeric rado was >99:<1 (cis:trans). 

Cis isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.43 (dofd, J= 1.4, 1.3, IH), 5.81 

(s, IH), 4.39 (p, J=6.8, IH), 4.21 (d of d, J=5.8, 6.9, IH). 2.57 (m, 2H), 

2.14 (m, 2H), 1.77 (m, 2H), 1.46 (s, 9H). 

13C (50 MHz) 8 170.35, 124.82. 114.61, 84.59, 80.61. 76.38, 42.04, 32.16. 

30.32, 28.07. 
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Trans isomer(minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.39 (d of d, J=1.0, 5.4. IH), 5.86 

(s, IH), 4.51 (m, IH), 4.33 (m, IH), 2.57 (m, 2H), 2.14 (m, 2H), 1.77 (m, 

2H), 1.47 (s, 9H). 

13C (50 MHz) 8 170.18, 123.91, 115.07, 84.10, 80.62, 71.04, 41.79, 32.73, 

31.31, 28.07. 

IR 2975, 1728, 1617, 1456, 1367, 1154, 1057, 905 cm'. 

(±)-2-Iodo-8-trimethylsilyloxy-3,6-epoxy-1 -octene (147) 

TMSO. 

C11H21O2I f.w. = 312.19 

See general procedure for the NIS-mediated lodocyclization of 

y-silyloxyallenes. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl 

acetate eluent) yielded the pure product (279.4 mg., 0.8950 mmol, 86%) as a colorless 

od. The distereomeric ratio was >99:<1 (cis:trans). 

Cis isomer: 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 6.59 (d of d, J=1.2, 1.0, IH), 5.98 

(d of d, J=0.7, 1.4, IH), 4.31 (m, 2H), 3.91 (m, 2H), 2.06 (m, 6H), 0.30 (s, 

9H). 

13C (50 MHz) 8 124.67, 115.40, 84.31, 78.11, 59.84, 38.75, 32.26, 30.60, 

-0.55. 
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(±)-Dimethyl5-(5'-methvltetrahvdrofuran-2'-vl)-4-cvclohe.\en 
1.3-dicarboxvlate (151) 

COOMe 

tr H . C . ^O^ - ^ ^ - u 
COOMe 

C15H22O5 fw. = 282.34 

A mixed solution of (±)-2-iodo-3,6-epoxy-l-haptene (0.1500 g., 0.6302 

mmol), methyl acrylate ( 6.302 mmol, 0.5 mL), triphenylphosphine (0.063 mmol, 

16.524 g.) and Pd(OAc)2 (0.035 mmol, 7.0 mg) in dry triethylamine (5 mL) was put in 

a tube which was sealed under nitrogen atmosphere. The sealed tube was heated to 100 

^C for 8 hours in an oil bath and was allowed to cooled to room temperature. The 

reaction mixture was then partidoned between water and diethyl ether. The aqueous 

solution was extracted with diethyl ether (2X10 mL). The combined organic extracts 

were washed with brine solution, dried over MgS04, filtered and concentrated by 

rotary evaporation. Flash column chromatography (20 g. silica gel, 90:10 

hexanes:ethyl acetate eluent) yielded the pure product (0.1068 g.. 60%) as a colorless 

oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.76 (d, J=1.3, IH), 4.23 (d of d, 

J=7.0, 7.0, IH), 4.00 (m, IH), 3.69 (s, 6H), 3.57 (m, IH), 2.90 (m, IH), 

2.06 (m, 4H), 1.69 (m, 2H), 1.44 (m, 2H). 1.26 (d, J=6.0, 3H). 

13C (50 MHz) 8 175.10, 173.43, 140.23, 118.40, 81.96, 75.54, 52.05, 51.88, 

43.81, 41.55, 33.03, 30.29, 25.54, 22.94, 20.91. 

IR 2952, 2869, 1732, 1434 cm"'. 
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(±)-Cis. E-Methvl 4-methvlidene-5.8-epoxy-2-nonenoate (156) 

H , C . ^ Q 
COOMe 

C11H16O3 fw. = 196.25 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.1199 g., 

0.6117 mmol, 77%) as light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.34 (d, J=18.0, IH), 5.91 (d, 

J=16.3, IH), 5.70 (t, J=1.52, IH), 5.46 (t, J=0.85, IH), 4.60 (t, J=6.8, 

IH), 4.08 (m, IH), 3.76 (s, 3H), 2.13 (m, 2H), 1.58 (m, 2H), 1.32 (d, 

J=6.1, 3H),. 

13c (50 MHz) 8 167.27, 146.00, 144.38, 121.39, 117.97, 77.36, 75.86, 51.54. 

32.58, 32.17, 20.73. 

IR 1726, 1632, 1603, 1089 cm"'. 

(±)-cis-Methvl 4-methvlidene-5.8-epoxy-2-decenoate (157) 

H .CH.C . ^ Q 13^112 COOMe 

C12H18O3 fw. = 210.27 
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See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 80:20 hexanes:ethyl acetate eluent) yielded the pure product (0.0290 g., 

0.1380 mmol, 87%) as light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.33 (d, J=16.37, IH), 5.91 (d, 

J=16.29, IH), 5.70 (s, IH), 5.45 (d, J=0.64, IH), 4.60 (t, J=6.9, IH), 3.86 

(m, IH), 3.76 (s, 3H), 2.11 (m, 2H), 1.61 (m, 4H), 0.98 (t, J=7.5, 3H). 

13C (50 MHz) 8 167.17, 145.82, 144.29, 121.22, 117.76,81.12,77.03,51.41. 

31.74, 30.23, 28.23, 10.26. 

IR 1721, 1631, 1603, 1170, 1081 cm"'. 

(±) Methyl 9-tert-butoxycarbonyl-4-methylidene-
5,8-epoxy-2-nonenoate (158) 

COOMe 

C16H24O5 fw. = 296.36 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.0510 g., 

0.1716 mmol, 100%) as colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.33 (d, J=16.4, IH), 5.89 (d, 

J=16.3, IH), 5.69 (s, IH), 5.45 (s, IH), 4.62 (t, J=6.7, IH), 4.34 (m, IH), 

3.76 (s, 3H), 2.54 (m, 2H), 2.19 (m, 2H), 1.65 (m, 2H), 1.46 (s, 9H). 
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13C (50 MHz) 8 170.35, 167.26, 145.60, 144.33, 121.44, 117.99, 80.61, 77.45. 

76.03, 51.59, 41.87, 31.77, 30.71, 28.04. 

IR 1720, 1632, 1604, 1167 cm"'. 

(±) Methyl 9-(2'.6'-di-tert-butyl-4'-methoxyphenyl )oxycarbony 1-4-
methvlidene-5.8-epoxy-2-nonenoate (159) 

.t-Bu 

H . C O ^ V O COOMe 

t-Bu 

C27H38O6 f w. = 458.59 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.0528 g., 

0.1151 mmol, 82%) as light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.35 (d, J=16.4. IH), 6.86 (s, 2H). 

5.91 (d, J=16.3, IH), 5.71 (s, IH), 5.48 (s, IH), 4.63 (t, J=6.3, IH), 4.46 

(m, IH), 3.79 (s, 3H), 3.77 (s, 3H), 2.97 (m, 2H), 2.25 (m, 2H), 1.71 (m. 

2H), 1.33 (s, 18H). 

13C (50 MHz) 8 171.40, 167.25, 156.25, 145.44, 144.28. 143.29, 141.42. 

121.30, 118.19, 111.60, 77.38, 75.09, 55.17, 51.62, 41.71. 35.50, 31.74, 

31.31, 31.13. 

IR 1757, 1720, 1632, 1594, 1172, 1064 cm-'. 
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(±) Methyl 9-(2'.6'-di-tert-butyl-4'-methoxyphenyl)oxy-4-
methylidene-5.8-epoxy-2-decenoate (160) 

t-Bu 

COOMe 

t-Bu 

C28H40O6 f.w. = 472.62 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.0201 g., 

0.0426 mmol, 43%) as light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.34 (d, J=16.3, IH), 6.86 (s, 2H), 

5.92 (d, J=16.3, IH), 5.74 (s, IH), 5.48 (s, IH), 4.60 (t, J=6.9, IH), 4.42 

(m, IH), 3.79 (s, 3H), 3.77 (s, 3H), 3.17 (p, J=7.3, IH), 2.15 (m, 2H), 1.70 

(m, 2H), 1.42 (d, J=7.3, 3H), 1.33 (s, 18H). 

13C (50 MHz) 8 174.24, 167.40, 156.15, 145.24, 144.36, 143.67, 142.31, 

121.28, 118.18, 111.57, 79.14, 77.13, 55.18, 51.64, 44.50, 35.55, 31.89, 

31.29, 27.46, 11.95. 

IR 1747, 1721, 1632, 1596, 1170, 1064 cm-'. 

(-H)-ris-5-Methvlidene-6.9-eDOXv-3-decene-2-one (161) 

H,C. A Q 

C11H16O2 fw.= 180.25 
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See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.1082 g.. 

0.6011 mmol, 75%) as yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.17 (d, J=16.67, IH), 6.16 (d, 

J=16.61, IH), 5.75 (d, J=1.5, IH), 5.50 (s, IH), 4.61 (t, J=6.9, IH), 4.08 

(m, IH), 2.31 (s, 3H), 2.14 (m, 2H), 1.56 (m, 2H), 1.33 (d, J=6.1, 3H). 

13C (50 MHz) 8 198.50, 146.36, 142.90, 127.56, 121.15, 77.00. 75.48. 33.41. 

32.68, 27.07, 21.20. 

IR 1672, 1623, 1592, 1088 cm-'. 

(±)-4-methylidene-5,8-epoxy-2-nonenonitrile (162) 

C10H13ON fw. = 163.22 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 80:20 hexanes:ethyl acetate eluent) yielded the pure product (0.1045 g.. 

0.6402 mmol, 86%) as light yellow color oil. Analysis of 'H NMR indicated that the 

E:Z ratio was 4:1. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.04 (d, J=16.79, IH), 5.69 (s, 

IH), 5.48 (d, J=17.05, IH), 5.44 (s, IH), 4.51 (t, J=6.95, IH), 4.06 (m, 

IH), 2.11 (m, 2H), 1.61 (m, 2H), 1.31 (d, J=6.0, 3H). 
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13C (50 MHz) 8 149.93, 147.37, 122.36, 117.88, 97.21, 77.11, 76.34, 32.47. 

31.67, 20.70. 

IR 2224, 1636, 1087 cm-'. 

(±)-2-Methyl-4-methylidene-5.8-epoxy-2-nonenonitrile (163a) 

CH3 

H3C Y ^ V > y ^ 
I CN 

^̂  ' H 

C11H15ON f.w. = 177.25 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 80:20 hexanes:ethyl acetate eluent) yielded the pure product (0.0545 g., 

0.3075 mmol, 27%) as light yellow color oil. Analysis of 'H NMR indicated that the 

E:Zrado was 1:1. 

(E)-Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.61 (s, IH), 5.58 (s, IH). 5.54 (s, 

IH), 4.70 (m, IH), 4.36 (m, IH), 2.13 (m, 2H), 2.06 (s. 3H), 1.73 (m. 2H), 

1.29 (d, J=6.1, 3H). 

13C (50 MHz) 8 144.77, 141.94, 121.15, 118.10, 113.26, 80.43, 76.09, 33.72. 

32.57, 31.83, 21.02. 

(Z)-Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.29 (s, IH), 5.14 (s, IH), 4.97 (s, 

IH), 4.70 (m, IH), 4.36 (m, IH), 2.13 (m, 2H), 2.06 (s, 3H), 1.73 (m, 2H), 

1.28 (d, J=5.8, 3H). 
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13C (50 MHz) 8 144.95, 142.34, 121.15, 118.10, 112.70, 79.64, 75.62, 33.72. 

33.70, 31.95, 20.88. 

(E)-Trans isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.61 (s, IH), 5.57 (s, IH), 5.51 (s, 

IH), 4.59 (m, IH), 4.18 (m, IH), 2.09 (m, 2H), 2.05 (s, 3H), 1.62 (m, 2H), 

1.27 (d, J=5.1, 3H). 

13C (50 MHz) 8 144.95, 142.15, 121.15, 117.29, 112.70, 79.64, 76.09, 33.82, 

32.57, 21.90, 21.26, 20.88. 

(Z)-Trans isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.26 (s, IH), 5.11 (s, IH), 4.95(s. 

IH), 4.59 (m, IH), 4.27 (m, IH), 2.09 (m, 2H), 2.05 (s, 3H), 1.62 (m. 2H), 

1.26 (d, J=7.6, 3H). 

13C (50 MHz) 8 144.95, 142.15, 121.15, 117.29, 112.69, 79.49, 75.95, 33.82. 

32.57, 21.25, 20.88. 

(±)-2-Cyano-4-methylidene-5.8-epoxy-1-nonene (163b) 

.fyXJ. H.c. ^q 
CN 

C11H15ON fw. = 177.25 
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See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 80:20 hexanes:ethyl acetate eluent) yielded the pure product (0.0234 g.. 

0.1320 mmol, 12%) as light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.68 (d, J=1.5, IH), 6.50 (d of d, 

J=1.5, 2.9, IH), 5.96 (s, IH), 5.81 (s, IH), 4.17 (m, IH), 4.05 (m, IH), 

2.98 (m, 2H), 2.06 (m, 2H), 1.52 (m, 2H), 1.25 (d, J=6.0, 3H). 

13c (50 MHz) 8 142.15, 131.87, 121.15, 117.30, 112.69,80.87,75.61.36.95, 

32.30, 21.26, 16.88. 

(±)-2.4-Bis-(methylidene)-5.8-epoxv-nonanal (164a) 

CHO 

C11H16O2 f.w. = 180.25 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.0529 g., 

0.2932 mmol, 62%) as light yellow color oil. 

Cis isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 9.58 (s, IH), 6.35 (s. IH). 6.14 (s. 

IH), 5.19 (s, IH), 4.77 (s, IH), 4.64 (t, J=7.o, IH), 4.06 (m, IH), 2.97 (s, 

2H), 2.10 (m, 2H), 1.75 (m, IH), 1.52 (m, IH). 1.26 (d. J=6.3, 3H). 

13C (50 MHz) 8 139.92, 146.90, 135.63, 118.58, 111.38,81.22,75.72,32.69, 

31.19, 30.09, 20.99. 
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Trans isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 9.58 (s, IH), 6.35 (s. IH), 6.14 (s 

IH), 5.15 (s, IH), 4.74 (d, J=1.0, IH), 4.43 (t, J=7.0, IH), 4.21 (m, IH), 

2.97 (s, 2H), 2.10 (m, 2H), 1.75 (m, IH), 1.50 (m, IH), 1.23 (d, J=6.3 3H). 

13C (50 MHz) 8 192.60, 147.08, 135.63, 118.88, 110.69, 80.64, 75.72, 33.83, 

31.99, 30.07, 21.29. 

(±)-2-Methyl-4-methylidene-5.8-epoxy-2-nonenal (164b) 

H,C. . O 
CHO 

C11H16O2 fw. = 108.25 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.0118 g.. 

0.1087 mmol, 23%) as light yellow color oU. 

Cis isomer (major): 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 9.48 (s, IH), 6.78 (s, IH), 5.69 (s. 

IH), 5.35 (s, IH), 4.64 (t, J=7.0, IH). 4.06 (m, IH), 2.10 (m, 2H). 1.93 (d, 

J=1.2, 3H), 1.75 (m, IH), 1.52 (m, IH), 1.31 (d, J=6.6, 3H). 

13C (50 MHz) 8 195.34, 147.86, 145.13, 143.99, 139.96, 81.05, 76.10, 39.12. 

33.83, 31.99, 25.72. 
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Trans isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 9.48 (s, IH), 6.78 (s. IH), 5.64 (s. 

IH), 5.32 (s, IH), 4.43 (t, J=7.0, IH), 4.21 (m, IH), 2.10 (m, 2H), 1.93 (d, 

J=1.2, 3H), 1.75 (m, IH), 1.52 (m, IH), 1.26 (d, J=6.3. 3H). 

13C (50 MHz) 8 195.17, 147.66, 144.98, 143.99, 139.86, 80.47, 75.52. 39.12. 

33.83, 31.99, 25.72. 

IR 3120, 2964, 1690, 1444, 1381, 1006, 1022 cm'. 

(±)-4-Methylidene-5.8-epoxynonanal (166) 

CHO 

C10H16O2 f w. = 168.24 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.0099 g., 

0.05894 mmol, 16%) as light yellow color oil. 

Cis isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 9.80 (dofd, J= 1.4, 1.5, IH), 5.12 

(d of d, J=0.9, 1.0, IH), 4.78 (s, IH), 4.32 (t, J=7.0, IH), 4.02 (m, IH), 

2.66 (m, 2H), 2.40 (m, 2H), 2.11 (m, 2H), 1.72 (m, IH), 2.42 (m, IH). 1.28 

(d, J=6.2, 3H). 

13C (50 MHz) 8 202.13, 152.02, 109.81. 81.88, 75.67, 42.15, 32.81, 31.09, 

23.84, 21.03. 
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Trans isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 9.80 (d of d, J=1.4, 1.5, IH), 5.09 

(dofd, J=l.l , 1.0, lH),4.76(s, IH), 4.46(t, J=7.1, IH), 4.16 (m, IH), 

2.66 (m, 2H), 2.40 (m, 2H), 2.11 (m, 2H), 1.73 (m, IH), 1.51 (m, IH), 1.24 

(d, J=6.1, 3H). 

13C (50 MHz) 8 194.10, 128.92, 123.33, 77.31, 76.02, 42.35, 32.58. 32.16, 

29.67, 20.76. 

IR 2972, 1726, 1686, 1444, 1382, 1118, 903 cm-'. 

(±) tert-Butvl 7-iodo-3.6-epoxy-2.7-octadienoate (171) 

t-BuO o 

C12H17O3I fw. = 336.20 

To a soludon of (±)-tert-Butyl-6,7-octadien-3-onoate (0.0790 g., 0.3733 

mmol) in dry CH2CI2-THF (10 mL, 4:1 (v:v) )was added N-iodosuccinimide (NIS) 

(126.0 mg., 0.5600 mmol). The mixture was stirred under a nitrogen atmosphere at 25 

oc for 8 hours and then was partitioned between diethyl ether and saturated aqueous 

NaHS03 solution. The layers were separated and the aqueous solution was extracted 

with ether (2x15 mL). The combined organic extracts were washed brine, dried o\er 

MgS04, filtered and concentrated by rotary evaporation. Flash column 

chromatography (20 g. silica gel, 70:30 hexanes:ethyl acetate eluent) yielded the pure 

product (0.0289 g., 0.0859 mmol, 23%) as a light yellow color oil. 
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IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.39 (d of d, J=1.6, 1.6. IH). 5.90 

(d, J=1.9, IH), 5.32 (dofd, J=1.8, 1.8, IH), 4.67 (d of d, J=6.6, 6.9. IH), 

3.13 (m, 2H), 2.17 (m, 2H), 1.47 (s, 9H). 

13c (50 MHz) 8 174.34, 173.40 131.96, 126.30, 92.31, 87.40. 86.77, 31.39, 

29.67, 28.36. 

(±) Methyl 9-tert-butoxvcarbonyl-4-methylidene-
5,8-epoxy-2.8-nonadienoate (172) 

t-BuO^ ^O 

o 
COOMe 

C16H22O5 f.w. = 294.35 

See general procedure for Heck reaction. Flash column chromatography (20 g. 

silica gel, 90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.0205 g., 

0.0697 mmol, 78%) as light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.94 (s, IH), 5.85 (s, IH), 5.56 (s 

IH), 5.52(s, IH), 5.35 (dofd, J=1.8, 1.7, IH), 5.08 (d of d, J=6.5, 6.7, 

IH), 3.73 (s, 3H), 2.37 (m, 2H), 1.98 (m, 2H), 1.47 (s, 9H). 

13C (50 MHz) 8 174.44, 172.64, 168.17, 143.12, 121.98, 118.89,98.06,92.22, 

82.14, 80.71, 59.00, 42.63, 31.12, 28.24. 

IR 2953, 2868, 1740, 1636, 1437, 1170, 1110, 1046, 784, 707 cm-'. 

170 



(±)-2-Methvl-4-methvlidene-5.8-epoxv-3-nonanol (173) 

H.C O 

C11H20O2 f.w. = 184.28 

To a solution of (±)-2-iodo-3,6-epoxy-l-heptene (101.1 mg, 0.4247 mmol) in 

fresh disdlled DMSO (5 mL) was added isobutyraldehyde (0.03 mL, 0.3303 mmol), 

chromium(II) chloride (104.4 mg, 0.8495 mmol) and nickel(II) chloride (0.5 mg. 

3.8574x10-3 mmol). The reacdon mixture was sdrred at 25 oC under an argon 

atmosphere for 18 hours and then was partidoned between diethyl ether and water. The 

layers were separated and the aqueous solution was extracted with ether (2x10 mL). 

The combined organic extracts were washed with brine, dried over MgS04. filtered and 

concentrated by rotary evaporation. Flash column chromatography (20 g. silica gel, 

90:10 hexanes:ethyl acetate eluent) yielded the pure product (14.1 mg, 0.0765 mmol, 

18%, 37:63, syn:anti) as a colorless oil. 

Syn isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.21 (d of d, J=1.4, 1.3, IH), 5.07 

(d of d, J=0.9, 2.0, IH), 4.37 (m, IH), 4.03 (m, IH), 3.87 (m, IH), 3.56 (m. 

IH), 2.06 (m, 2H), 1.86 (m, 2H), 1.57 (m, IH), 1.26 (d, J=5.6, 6H), 0.86 

(d, J=6.7, 3H). 

Anti isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.15 (d of d, J=1.4. 1.3, IH), 5.07 

(d of d, J=0.9, 0.2, IH), 4.37 (m, IH), 4.03 (m, IH), 3.69 (m, IH). 2.93 (m, 
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IH), 2.06 (m, 2H), 1.86 (m, 2H), 1.57 (m, IH), 1.27 (d, J=6.1, 6H), 0.85 

(d, J=6.6, 3H). 

(±)-2-Trimethvlstannvl-3.6-epoxv-1 -heptene (174) 

SnMe3 

CioH2oOSn fw. = 274.96 

To a solution of (±)-2-iodo-3,6-epoxy-l-heptene (0.1270 g, 0.5336 mmol) in 

dry THF (20 mL) was added hexamethylditin (174.9 mg., 0.5339 mmol), 

tetrakis(triphenylphosphine)palladium(0) (185.0 mg., 0.1601 mmol) and lithium 

chloride (135.7 mg., 3.2012 mmol). The yellow color reacdon mixture was brought to 

reflux under a nitrogen atmosphere for 12 hours and was allowed to cool to 25 oC. 

The resulting black color mixture was partitioned between diethyl ether and saturated 

aqueous ammonium chloride solodon. The layers were separated and the aqueous 

solution was extracted with ether (2x15 mL). The combined organic extracts were 

washed with brine soludon, dried over MgS04, filtered and concentrated by rotary 

evaporation. Flash column chromatography (20 g. silica gel, 99:1 hexanes:ethyl acetate 

eluent) yield a mixture of the product and some trimethyltin impurities as a colorless oil. 

Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.76 (d of d, J=0.8. 1.4, IH), 5.20 

(d of d, J=1.4, 0.8, IH), 4.38 (t, J=7.9, IH), 3.96 (m, IH), 1.99 (m, 2H), 

1.51 (m, 2H), 1.23 (d, J=6.1, 3H), 0.14 (s, 9H). 
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13C (50 MHz) 8 137.26, 123.03, 85.87, 75.17, 34.24, 32.85, 21.15, 14.12. 

(±)-l-Phenyl-2-methvlidene-3.6-epoxv-l-heptanoH175^ 

H.C. ^O, 

C14H18O2 fw. = 218.30 

To a solution of (±)-2-iodo-3,6-epoxy-l-heptene (102.7 mg, 0.4314 mmol) in 

fresh distUled DMSO (5 mL) was added benzaldehyde (0.03 mL, 0.2951 mmol), 

chromium(II) chloride (106.0 mg, 0.8625 mmol) and nickel(II) chloride (0.1 mg, 

7.7148x10"* mmol). The reacdon mixture was stirred at 25 oC under an argon 

atmosphere for 18 hours and then was partitioned between diethyl ether and water. The 

layers were separated and the aqueous solution was extracted with ether (2x10 mL). 

The combined organic extracts were washed with brine, dried over MgS04. filtered and 

concentrated by rotary evaporation. Flash column chromatography (20 g. silica gel, 

90:10 hexanes:ethyl acetate eluent) yielded the pure product (36.7 mg, 0.1681 mmol, 

39%, 50:50 syn:and) as a colorless oil. 

Syn isomer: 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 7.32 (m, 5H), 5.35 (m, IH), 5.20 

(d of d, J=1.2, 1.2, IH), 5.03 (d, J=0.8, IH), 4.32 (m. IH), 3.98 (m, IH), 

3.65 (d, J=4.5, IH), 1.90 (m, 2H), 1.60 (m, 2H), 1.23 (d, J=6.0, 3H). 
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Anti isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.32 (m, 5H), 5.35 (m, IH), 5.25 

(d of d, J= l . l , 1.2, IH), 5.13 (d, J=0.9, IH), 4.32 (m, IH), 3.98 (m, IH), 

3.07 (d, J=4.7, IH), 1.90 (m, 2H), 1.60 (m, 2H), 1.29 (d, J=6.0, 3H). 

(±)-2-Phenvl-3.6-epoxv-1 -heptene (182) 

H.C. O 

C]3Hi60 fw. = 188.27 

See the general procedure for the palladium catalyzed cyclization/coupling 

reactions of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the product 

(0.0500 g., 0.2679 mmol, 60%) as colorless oil with diastereomeric ratio as 31:69 

(cis: trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.32 (m, 5H), 5.43 (d of d, J=1.6, 

1.6, IH), 5.31 (d of d, J=0.7, 0.7, IH), 4.83 (d of d, J=7.0, 6.8, IH), 4.13 

(m, IH), 2.06 (m, 2H), 1.58 (m, 2H), 1.34 (d, J=6.2. 3H). 

13C (50 MHz) 8 149.91, 139.90, 128.14, 127.32. 126.72. 111.82,80.08,75.93, 

32.60, 31.95, 20.97. 
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Trans isomer (major): 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 7.32 (m, 5H), 5.38 (d of d, J=1.6, 

1.6, IH), 5.26 (d of d, J=0.9, 0.9, IH), 4.99 (d of d, J=7.0, 6.8, IH), 4.28 

(m, IH), 2.06 (m, 2H), 1.58 (m, 2H), 1.28 (d, J=6.0, 3H). 

13C (200 MHz) 8 149.91, 139.90, 128.14, 127.32, 126.72, 111.07.79.77,75.39. 

33.51, 32.47, 21.37; 

IR 3029, 2968, 2870, 1599, 1495, 1444, 1381, 1024, 906, 778, 700 cm"'. 

(±)-2-Phenyl-6-tert-butyldimethylsilyloxy-1,3-heptadiene (184) 

Ph 
OTBDMS 

Ci9H3oOSi fw. = 302.53 

To a soludon of iodobenzene (270 mg., 1.3235 mmol) in DMF (15 mL) was 

added palladiun(II) acetate (7.5 mg., 0.0334 mmol), triphenylphosphine (26.1 mg.. 

0.0995 mmol), tetrabutylammonium chloride hydrate (184.5 mg., 0.6639 mmol) and 

triethylamine (1.9 mL, 13.6317 mmol). The mixture was heated under a nitrogen 

atmosphere to 60 oC for 3 hours and then was allowed to cool to 25 ''C. To the abo\ e 

mixture was further added (±)-6-(tert-butyldimethylsilyl)oxy-1.2-hepadicne (150 mg, 

0.6625 mmol), K2CO3 (274.7 mg., 1.9876 mmol). The mixture was then heated 

under a nitrogen atmosphere to 80 oC for 18 hours and was allowed to cool to 25 ^C. 

The resuldng black color mixture was partitioned between diethyl ether and saturated 

aqueous NH4CI solution. The layers were separated and the aqueous solution was 

extracted with ether (2x15 mL). The combined organic extracts were washed with 

brine, dried over MgS04, filtered and concentrated by rotary e\ aporation. Flash 
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column chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the 

pure product (0.1243 g., 0.4108 mmol, 62%) as a coloriess oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.33 (m, 5H), 6.34 (d, J=15.6, 

IH), 5.65 (m, IH), 5.21 (d, J=1.3, IH), 5.10 (d, J=1.8, IH), 3.81 (m, IH), 

2.24 (m, 2H), 1.14 (d, J=6.1, 3H), 0.88 (s, 9H), 0.03 (s, 3H), 0.01 (s, 3H). 

(±)-2-(4'-Acetylphenvl)-3.6-epoxv-l-heptene(185) 

H.Q - 0 _ _ ^ 
COCH3 

C15H18O2 fw. = 230.31 

See the general procedure for the palladium catalyzed cyclization/coupling 

reactions of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the product 

(0.0538 g., 0.2336 mmol, 48%) as yellow color oil with diastereomeric rado as 36:67 

(cis:trans). 

Cis isomer (minor): 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 7.92 (m, 2H), 7.49 (m, 2H), 5.54 

(d of d, J=1.4, 1.5, IH), 5.42 (d of d, J=0.7, 1.4, IH). 4.84 (d of d, J=6.2, 

7.4, IH), 4.11 (m, IH), 2.60 (s, 3H), 2.07 (m, 2H), 1.58 (m, 2H), 1.34 (d, 

J=6.1, 3H). 
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13c (50 MHz) 8 197.70, 149.08, 136.01, 128.73, 128.33, 126.96, 113.98. 79.87, 

76.10, 32.64, 31.85, 26.86, 21.01. 

Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.92 (m, 2H), 7.49 (m, 2H), 5.48 

(dof d, J=1.5, 1.5, IH), 5.36 (dofd, J=l.l, 1.1, IH), 5.00 (d of d, J=6.6, 

7.4, IH), 4.28 (m, IH), 2.60 (s, 3H), 2.28 (m, 2H), 1.58 (m, 2H), 1.29 (d, 

J=6.0, 3H). 

13c (50 MHz) 8 197.70, 149.08, 136.01, 128.73, 128.33, 126.96, 113.21, 79.53. 

75.58, 33.55, 32.44, 26.58, 21.35. 

IR 2968, 2870, 1685, 1604, 1560, 1357, 1267, 1079 cm-'. 

(±)-2-(4'-Nitrophenyl)-3.6-epoxy-1 -heptene (186) 

NO. 

C13H15O3N fw. = 233.27 

See the general procedure for the palladium catalyzed cyclization/coupling 

reacdons of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the product 

(0.0630 g., 0,2700 mmol, 76%) as yellow color oil with diastereomeric rado as 23:77 

(ds: trans). 
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Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 8.21 (m, 2H), 7.56 (m, 2H). 5.60 

(d of d, J=1.2, 1.3, IH), 5.45 (d, J=1.0, IH), 4.81 (d of d, J=6.3, 7.3, IH), 

4.12 (m, IH), 2.14 (m, 2H), 1.62 (m, 2H), 1.33 (d, J=6.9, 3H). 

13C (50MHz) 8 148.47, 146.67, 129.22, 127.62, 123.43, 115.58, 79.80, 76.10, 

32.60, 31.64, 20.95. 

Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 8.21 (m, 2H), 7.56 (m, 2H), 5.55 

(d of d, J=1.2, 1.4, IH), 5.41 (d, J=1.0, IH), 4.98 (d of d, J=6.7, 7.5, IH), 

4.24 (m, IH), 2.14 (m, 2H), 1.62 (m, 2H), 1.30 (d, J=6.1, 3H). 

13c (50 MHz) 8 148.47, 146.67, 129.22, 127.62, 123.43, 114.84, 79.43. 

75.62, 33.54, 32.33, 21.28; 

IR 3079, 2969, 2869, 1596, 1518, 1345, 1073, 1010, 858, 706 cm-'. 

(+)-2-(Naphth-1 '-yl)-3,6-epoxy-1 -heptene (187) 

^ ^ ^ 

H,C. O 

C17H18O fw. = 238.33 

See the general procedure for the palladium catalyzed cyclization/coupling 

reactions of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the product 
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(0.0260 g., 0.1090 mmol, 66%) as brown color oil with diastereomeric ratio as 39:61 

(ds: trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 8.07 (m, IH), 7.80 (m, 2H), 7.36 

(m, 4H), 5.67 (dofd, J=1.5, 1.6, IH), 5.17 (d of d, J=0.8, 0.9, IH), 4.77 (d 

of d,J=7.1,7.9, IH), 4.13 (m, IH), 1.93 (m, 2H), 1.58 (m, 2H), 1.30 (d, 

J=6.0, 3H). 

13c (50 MHz) 8 149.19, 138.41, 133.59, 131.86, 128.12, 127.40, 125.85, 

125.81, 125.62, 125.09, 114.87, 81.92, 76.14, 32.47, 31.29, 21.17. 

Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 8.07 (m, IH). 7.80 (m, 2H), 7.36 

(m, 4H), 5.72 (dof d, J=1.8, 1.8, IH), 5.13 (d of d, J=0.8, 1.0, IH), 4.91 (d 

of d, J=7.3, 7.4, IH), 4.24 (m, IH), 1.93 (m, 2H). 1.58 (m, 2H), 1.26 (d, 

J=8.1, 3H). 

13c (50 MHz) 8 149.19, 138.41, 133.59, 131.86, 128.12, 127.40, 125.85. 

125.81, 125.62, 125.09, 114.29, 81.69. 75.68, 33.44, 31.75. 21.46. 

IR 3043, 2967, 2868, 1640, 1590, 1505, 1458, 1378, 1081, 802, 778 cnr'. 

(±)-2-(Naphth-2'-yl)-3.6-epoxy-l-heptene (188) 

H,C O 

CnHigO f.w. = 238.33 
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See the general procedure for the palladium catalyzed cyclization/coupling 

reactions of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the product 

(0.0751 g., 0.3150 mmol, 56%) as brown color oil with diastereomeric ratio as 36:64 

(ds: trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.84 (m, 7H), 5.54 (d of d, J=1.6, 

1.5, IH), 5.45 (dof d, J=1.2, 0.7, IH), 4.97 (d of d, J=6.6, 6.6, IH), 4.17 

(m, IH), 2.14 (m, 2H), 1.63 (m, 2H), 1.37 (d, J=6.1, 3H). 

13c (50 MHz) 8 149.83, 137.26, 133.24, 132.72, 129.00, 128.08. 127.70, 

127.51, 126.07, 125.79, 125.29, 112.48, 80.15, 75.71, 32.71, 32.09, 21.06. 

Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.84 (m, 7H), 5.48 (d of d,J=l .5. 

1.5, IH), 5.40 (d of d, J=L1, 1.5, IH), 5.13 (d of d, J=6.6. 7.4. IH), 4.32 

(m, IH), 2.14 (m, 2H), 1.63 (m, 2H), 1.31 (d, J=6.0, 3H). 

13c (50 MHz) 8 149.83, 137.26, 133.24, 132.72, 129.00, 128.08, 127.70, 

127.51, 126.07, 125.79, 125.29, 111.69, 79.82, 76.08, 33.58, 32.62, 21.42 

IR 3055, 2968, 2866, 1626, 1596, 1504, 1443, 1023, 901, 859, 819, 751 cm'. 

(+)-7-(̂ 4'-Methoxvphenvl)-3,6-epoxv-l-heptene (189) 

H^C^ O 

C14H18O2 f.w. = 218.30 
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See the general procedure for the palladium catalyzed cyclizadon/coupling 

reactions of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the product 

(0.0794 g., 0.3637 mmol, 62%) as light yellow color oil with diastereomeric ratio as 

33:67 (ds:trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.31 (m, 2H), 6.81 (m, 2H), 5.36 

(d of d, J=1.5, 1.5, IH), 5.25 (d of d, J=0.9, 0.6, IH), 4.80 (d of d. J=6.3, 

7.3, IH), 4.10 (m, IH), 3.80 (s, 3H), 2.04 (m, 2H), 1.58 (m, 2H), 1.36 (d, 

J=6.1, 3H). 

13C (50 MHz) 8 158.99, 149.20, 132.36, 129.32, 113.53, 109.78, 80.18, 75.40. 

55.16, 32.64, 31.99, 21.38. 

Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.31 (m, 2H). 6.81 (m, 2H), 5.30 

(d of d, J=1.6, 1.7, IH), 5.20 (d of d, J=1.0, 1.5, IH), 4.96 (d of d, J=6.9, 

7.1, IH), 4.26 (m, IH), 3.80 (s, 3H), 2.09 (m, 2H), 1.59 (m, 2H), 1.28 (d, 

J=6.2, 3H). 

13C (50 MHz) 8 158.99, 149.20, 132.36. 129.46, 114.10, 109.78, 79.82, 

75.94, 55.16, 32.54, 31.99, 21.00; 

IR 3035, 2967, 2835, 1608, 1511, 1465, 1381, 1075, 1033, 900, 835 cm-1. 
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(±)-2-(3'-Methvlphenyl)-3,6-epoxv-l-heptene (190) 

CH. 

H3C O 

C14H18O fw. = 202.30 

See the general procedure for the palladium catalyzed cyclization/coupling 

reactions of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the product 

(0.0756 g., 0.3739 mmol, 67%) as hght yellow color oil with diastereomeric ratio as 

38:62 (ds:trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.22 (m, 4H), 5.41 (d of d, J=1.6, 

1.6, IH), 5.29 (d of d, J=0.6, 0.6, IH), 4.82 (d of d, J=6.8, 7.3. IH). 4.10 

(m, IH), 2.34 (s, 3H), 2.08 (m, 2H), 1.58 (m, 2H), 1.34 (d, J=6.1, 3H). 

13c (50 MHz) 8 150.07, 139.94, 137.67, 128.11, 128.06, 127.48, 123.80, 

111.59, 80.13, 75.96, 32.63, 32.01, 25.91.21.03. 

Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.22 (m, 4H), 5.36 (d of d, J=1.6, 

1.7, IH), 5.24 ( d o f d , J=0.9, 1.7, IH), 4.98 (d of d, J=6.8, 7.1, IH), 4.26 

(m, IH), 2.17 (s, 3H), 2.08 (m, 2H), 1.58 (m, 2H), 1.28 (d, J=6.1, 3H). 

13c (50 MHz) 8 150.07, 139.94, 137.67, 128.11, 128.06, 127.48. 123.80, 

110.82, 79.78, 75.40, 33.52, 32.51, 25.91, 21.42. 
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IR 3031, 2968, 2867, 1602, 1487, 1456, 1380, 1076, 1025, 902, 791 cm-1 

(±)-3-Methvlidene-1 -phenyl-4.7-epoxy-1 -octene (191) 

H3C. O 

C15H18O fw. = 214.31 

See the general procedure for the palladium catalyzed cyclization/coupling 

reactions of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the product 

(0.0508 g., 0.2368 mmol, 41%) as yellow color oil with diastereomeric ratio as 48:52 

(cis:trans) and E:Z ratio as 1:1. 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.37 (m, 5H), 6.79 (d of d, J=3.6, 

16.6, IH), 6.56 (d, J=16.6, IH), 5.41 (d of d, J=1.6, 1.7, IH), 5.22 (d, 

J=1.6, IH), 4.73 (d of d, J=7.0, 7.0, IH), 4.09 (m, IH), 2.19 (m, 2H), 1.68 

(m, 2H), 1.34(d, J=6.0, 3H). 

13C (50 MHz) 8 147.55, 137.26, 128.71, 128.54, 128.29, 127.46, 126.31, 

114.15, 77.80, 75.75, 32.95, 32.47, 20.86. 

Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.37 (m, 5H), 6.79 (d of d, J=3.6, 

16.6, IH), 6.56 (d, J=16.6, IH), 5.34 (d of d, J=1.6, 1.6, IH), 5.19 (d, 

183 



J=1.6, IH), 4.88 (d of d, J=7.0, 7.7, IH), 4.26 (m, IH), 2.19 (m, 2H), 1.68 

(m, 2H), 1.29(d, J=6.2, 3H). 

13C (50 MHz) 8 147.55, 137.26, 128.71, 128.54, 128.29, 127.46, 126.31, 

113.22, 78.12, 75.42, 33.55, 32.75, 21.34. 

IR 3026, 2968, 2869, 1601, 1494, 1448, 1378, 1085, 963, 898, 754, 692 cm"'. 

(+)-2-(4'-Methvlphenvl)-3.6-epoxv-l-heptene (192) 

H,C. O 

i/-cu-

C14H18O fw. = 202.30 

See the general procedure for the palladium catalyzed cyclization/coupling 

reactions of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the product 

(0.0223 g., 0.1100 mmol, 20%) as light yellow color oil with diastereomeric ratio as 

33:67 (cis:trans). 

Cis isomer (minor): 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 7.24 (m, 4H), 5.39 (d of d, J= 1.5, 

1.6, IH), 5.29 (s, IH), 4.82 (dofd, J=6.3. 7.4, IH), 4.11 (m, IH), 2.34 (s, 

3H), 2.07 (m, 2H), 1.55 (m, 2H), 1.34 (d, J=6.1, 3H). 

13c (50 MHz) 8 149.91, 137.57, 128.88, 127.74, 126.52, 115.67,80.11,75.99, 

32.64, 32.03, 29.69, 21.05. 
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Trans isomer (major): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 7.24 (m, 4H), 5.33 (d of d, J=1.6, 

1.7, IH), 5.24 (s, IH), 4.98 (d of d, J=6.7, 4.7, IH), 4.25 (m, 2H), 2.34 (s, 

3H), 2.07 (m, 2H), 1.55 (m, 2H), 1.29 (d, J=6.2, 3H). 

13c (50 MHz) 8 149.91, 137.57, 128.88, 127.74, 126.52, 111.11,80.11,75.99, 

33.28, 32.67, 30.52, 21.41. 

IR 2968, 2925, 2867, 1629, 1512, 1444, 1379, 1109, 1075, 901, 824 cm"'. 

(±)-2-(4'-Bromophenyl)-3.6-epoxy-l-heptene (193) 

H,C O 

Ci3Hi50Br fw. = 267.16 

See the general procedure for the palladium catalyzed cyclization/coupling 

reactions of y-hydroxyallenes and ogananohalides (Gallagher reaction). Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the product 

(0.0169 g., 0.0633 mmol, 13%) as light yellow color oil with diastereomeric ratio as 

40:60 (ds:trans). 

Cis isomer (minor): 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 7.35 (m, 4H), 5.44 (d of d, J=1.4. 

1.5, IH), 5.30 (s, IH), 4.76 (d of d, J=6.6, 6.8, IH), 4.08 (m, IH), 2.06 (m, 

2H), 1.60 (m, 2H), 1.32 (d, J=6.2, 3H). 
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13C (50 MHz) 8 149.19, 139.04, 131.32, 128.53,121.43, 112.84, 80.09, 75.56, 

32.67, 31.82, 21.03. 

Trans (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.35 (m, 4H), 5.39 (d of d, J=1.5, 

1.5, IH), 5.25 (s, IH), 4.93 (d of d, J=6.5, 7.3, IH), 4.22 (m, IH), 1.99 (m, 

2H), 1.60 (m, 2H), 1.28 (d, J=6.2, 3H). 

13C (50 MHz) 8 149.19, 139.04, 131.32, 128.53,121.43, 112.10, 79.74, 75.56, 

33.61, 32.44, 21.38. 

IR 2968, 2926, 2868, 1588, 1487, 1383, 1077, 1008, 906, 832 cm-'. 

2.3-Bis-(5'-methyltetrahvdrofuran-2'-vl)-1.3-butadiene( 199) 

O CH3 

C14H22O2 fw. = 222.33 

To a solution of (±)-2-(tert-butyldimethylsilyl)oxy-5,6-heptadiene (0.1032 g., 

0.4566 mmol) in dry CH2CI2 (20 mL) was added Hg(OCOCF3)2 (233.8 mg., 0.5480 

mmol). The mixture was stirred under a nitrogen atmosphere at 25oC for 4 hours and 

then the solvent was removed by rotary evaporation. To above crude vinyl mercuric 

trifluoroacetate in a 50 mL round bottom flask was added DMF (15 mL), cis-2-iodo-

3,6-epoxy-l-heptene (163.1 mg., 0.6851 mmol), NBU4CI (126.9 mg., 0.4566 mmol), 

K2CO3 (157.8 mg., 1.1417 mmol), triphenylphosphine (18.0 mg., 0.0686 mmol) and 

palladium(II) acetate (5.1 mg., 0.0227 mmol). The reacdon mixture was stirred under 
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a nitrogen atmosphere at 25 oc for 16 hours and then was partitioned between diethyl 

ether and saturated aqueous NH4CI solution. The layers were separated and the 

aqueous soludon was extracted with ether (2x15 mL). The combined organic extracts 

were washed with brine, dried over MgS04, filtered and concentrated by rotary 

evaporation. Flash column chromatography (20 g. silica gel. 90:10 hexanes:ethyl 

acetate eluent) yielded the product (0.0142 g., 0.0639 mmol, 14%, cis/cis:trams/trans 

82:18) as a light yellow color oil. 

Cis/Cis isomer (major): 

IR (200 MHz, rdadve to TMS at 0.00 ppm) 8 5.39 (s, 2H), 5.05 (s, 2H), 4.62 (d 

of d, J=6.6, 13.7, 2H), 4.04 (m, 2H), 2.18 (m, 2H), 1.96 (m, 2H), 1.74 (m, 

4H), 1.32 (d, J=6.1, 6H). 

13c (50 MHz) 8 147.73, 110.75, 78.97, 75.72, 32.72, 25.67, 20.79. 

Trans/Trans isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.30 (d, J=1.2, 2H), 5.01 (d, 

J=2.8, 2H), 4.76 (d of d, J=6.9, 7.0, 2H), 4.22 (m, 2H), 2.18 (m, 2H). 1.96 

(m, 2H), 1.74 (m, 4H), 1.26 (d, J=6.1, 6H). 

13c (50 MHz) 8 147.90, 111.07,79.11,75.34,32.50,25.88,21.37. 

(±)-2-Methvlidene-l-phenyl-3.6-epoxy-l-heptanone (200) 

H,C. O 

C14H16O2 fw. = 216.28 
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See the general procedure for the reacdons of carbonyl insertion in the 

palladium catalyzed cyclizadon/coupling reactions of y-hydroxyallenes and 

organohalides. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl 

acetate eluent) yielded the pure product (0.0766 g., 0.3543 mmol, 64%) as colorless oil 

with diastereomeric ratio as 25:75 (ds:trans). 

Cis isomer (minor): 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 7.76 (m, 2H), 7.49 (m, 3H), 6.21 

(dof d, J=1.4, 1.3, IH), 5.71 (dof d, J=l.l, 1.08, IH), 4.91 (t, J=7.3. IH), 

4.12 (m, IH), 2.42 (m, IH), 2.07 (m, IH), 1.71 (m, 2H), 1.33 (d of d, 

J=6.0, 3H). 

13c (50 MHz) 8 197.42, 149.43, 137.81, 132.26, 129.33, 128.15. 124.38, 77.39, 

75.83, 32.55, 32.34, 21.05. 

Trans isomer (major): 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 7.76 (m, 2H), 7.49 (m, 3H), 6.16 

(dofd, J=1.5, 1.2, IH), 5.66 (dof d, J=l.l, 1.0, IH), 5.03 (dofd. J=6.8. 

7.3, IH), 4.28 (m, IH), 2.42 (m, IH), 2.07 (m. IH), 1.71 (m, 2H), 1.29 (d, 

J=6.2, 3H). 

13c (50 MHz) 8 197.42, 149.43, 137.81, 132.26, 129.33, 128.15, 123.61, 77.39, 

75.58, 33.54, 32.92, 21.28. 

IR 3077, 2969, 2870, 1654, 1597, 1577, 1447, 1374, 1083, 978. 698 cm-'. 
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(±)-2-Methvlidene-1 -(2'-methoxvphenyl)-
3.6-epoxv-l-heptanone (201) 

H3CO 

H3C. . 0 . 

C15H18O3 fw. = 246.31 

See the general procedure for the reactions of carbonyl in.sertion in the 

palladium catalyzed cyclizadon/coupling reactions of y-hydroxyallenes and 

organohalides. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl 

acetate eluent) yielded the pure product (0.0384 g., 0.1560 mmol, 52%) as light yellow 

color oil with diastereomeric ratio as 36:64 (cis:trans). 

Cis isomer (minor): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 7.40 (m, IH), 7.25 (m, IH), 6.99 

(m, 2H), 6.20 (s, IH), 5.68 (s, IH), 4.94 (d of d, J=6.6, 7.2, IH), 4.12 (m. 

IH), 3.77 (s, 3H), 2.48 (m, IH), 2.06 (m, IH), 1.68 (m, 2H), 1.32 (d, 

J=6.1, 3H). 

13C (50 MHz) 8 197.70, 156.98, 151.15, 131.35, 129.05, 126.34, 125.60, 

120.13, 111.27, 76.58, 75.79, 55.54, 32.56, 32.47, 21.03. 

Trans isomer (major): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 7.40 (m, IH). 7.25 (m, IH). 6.99 

(m, 2H), 6.15 (s, IH), 5.64 (s. IH), 5.06 (d of d, J=6.9. 7.0. IH), 4.28 (m. 
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IH), 3.77 (s, 3H), 2.48 (m, IH), 2.06 (m, IH), 1.68 (m, 2H). 1.28 (d, 

J=6.2, 3H). 

13C (50 MHz) 8 197.81, 156.98, 150.98, 131.35, 128.86, 126.34, 125.60, 

120.13, 111.27, 76.58, 75.40, 55.54, 33.41, 32.92, 21.32. 

IR 3073, 2967, 2872, 1660, 1599, 1488, 1463, 1083. 1024. 978, 756 cm-' 

(±)-2-Methvlidene-1 -(4'-methoxyphenyl)-
3.6-epoxv-l-heptanone (202) 

H,C. O 

C15H18O3 fw. = 246.31 

See the general procedure for the reactions of carbonyl insertion in the 

palladium catalyzed cyclizadon/coupling reactions of y-hydroxyallenes and 

organohalides. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl 

acetate eluent) yielded the pure product (0.0406 g., 0.1648 mmol, 52%) as light yellow 

color oil with diastereomeric ratio as 39:61 (cis:trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.81 (m, 2H), 6.90 (m, 2H), 6.15 

(s, IH), 5.63 (s, IH), 4.90 (d of d, J=6.5, 7.1, IH), 4.05 (m, IH), 3.82 (s. 

3H), 2.42 (m, IH), 2.07 (m, IH), 1.72 (m, 2H), 1.30 (d, J=6.2. 3H). 

13C (50 MHz) 8 196.53, 161.98, 149.15, 131.55, 130.05, 124.28, 118.46, 

113.20, 109.27, 77.58, 75.77, 55.42, 32.41, 32.17, 21.64. 
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Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.81 (m, 2H). 6.90 (m, 2H), 6.05 

(s, IH), 5.58 (s, IH), 5.12 (d of d, J=7.0, 7.2, IH), 4.33 (m, IH), 3.77 (s, 

3H), 2.42 (m, IH), 2.07 (m, IH), 1.72 (m, 2H), 1.26 (d, J=6.1, 3H). 

13c (50 MHz) 8 196.71, 161.98, 148.15, 131.58, 128.05, 124.20, 118.76. 

113.30, 109.27, 77.51, 75.27, 55.40, 32.21, 32.87, 21.94. 

IR 2984, 2867, 1600, 1509, 1420, 1072, 1038, 940 cm-'. 

(±)-2-Methylidene-l-(naphth-r-yl)-3.6-epoxy-l-heptanone (203) 

C18H18O2 fw. = 266.34 

See the general procedure for the reactions of carbonyl insertion in the 

palladium catalyzed cyclizadon/coupling reactions of y-hydroxyallenes and 

organohalides. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl 

acetate eluent) yielded the pure product (0.0197 g., 0.0741 mmol, 24%) as brown 

color oil with diastereomeric rado as 24:76 (cis:trans). 

Cis isomer (minor): 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 7.96 (m, 3H), 7.49 (m, 4H), 6.31 

(d of d, J=1.4, 1.5, IH), 5.75 (d of d, J=l.l, 1.2 IH), 5.05 (d of d, J=6.9, 
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7.4, IH), 4.08 (m, IH), 2.60 (m, IH), 2.12 (m, IH), 1.75 (m, 2H), 1.35 (d, 

J=6.0, 3H). 

13C (50 MHz) 8 207.47, 159.97, 138.92, 136.88, 136.46, 133.59. 132.41, 

130.67, 128.11, 127.39, 127.10, 126.34, 124.16, 76.76, 75.86, 33.37, 

32.71, 21.06. 

Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.96 (m, 3H), 7.49 (m, 4H), 6.26 

(dofd, J=1.4, 1.3, IH), 5.71 (dofd, J=1.0, 1.0, IH), 5.16 (d of d, J=5.5, 

7.4, IH), 4.30 (m, IH), 2.60 (m, IH), 2.12 (m, IH), 1.75 (m, 2H), 1.31 (d, 

J=6.0, 3H). 

13c (50 MHz) 8 207.47, 157.95, 138.92, 136.88, 135.29, 133.59, 130.89, 

128.29, 127.39, 127.10, 126.34, 125.34, 124.16, 76.76, 75.62, 33.71, 

33.37, 21.32. 

IR 3048, 2968, 2869, 1651, 1596, 1507, 1444, 1074, 944, 799 cm-'. 

(±)-2-Methylidene-1 -(naphth-2'-yl)-3.6-epoxy-1 -heptanone (204) 

H3Q O 

C18H18O2 fw. = 266.34 

See the general procedure for the reactions of carbonyl insertion in the 

palladium catalyzed cyclizadon/coupling reactions of y-hydroxyallenes and 

organohalides. Flash column chromatography (20 g. silica gel. 95:5 hexanes:ethyl 
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acetate eluent) yielded the pure product (0.0214g., 0.0803 mmol, 627c) as brown color 

oil with diastereomeric rado as 31:69 (cis:trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 8.36 (m, IH). 7.69 (m, 4H), 7.61 

(m, 2H), 6.35 (dof d, J=1.3, 1.6, IH), 5.75 (dof d, J=1.2, 1.3, IH), 5.15 (d 

of d, J=6.7, 7.6, IH), 4.18 (m, IH), 2.65 (m, IH), 2.11 (m, IH), 1.79 (m. 

2H), 1.38 (d, J=6.0, 3H). 

13C (50 MHz) 8 205.47, 160.97, 139.96, 134.78, 132.41, 131.53, 130.47, 

129.67, 127.81, 126.33, 126.05, 125.94, 124.36, 76.46, 75.16, 32.87, 

32.01, 20.66. 

Trans isomer (major): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 8.36 (m, IH), 7.69 (m, 4H), 7.61 

(m, 2H), 6.40 (dofd, J= 1.4, 1.5, IH), 5.79 (d of d, J=l.l, 1.3, IH), 5.03 (d 

of d, J=6.0, 6.8, IH), 4.10(m, IH), 2.65 (m, IH), 2.11 (m, IH), 1.79 (m, 

2H), 1.33 (d, J=6.0, 3H). 

13c (50 MHz) 8 205.47, 160.97, 139.96, 135.26, 132.41, 131.53, 131.42, 

129.67, 128.88, 126.33, 126.15, 125.94, 124.36, 76.46, 74.96, 32.87, 

32.81, 20.66. 

IR 3050, 2960, 2872, 1651, 1596, 1507, 1468, 1074, 974, 792 cm-'. 

193 



(±)-l-(4'-Acetylphenvl)-2-methylidene-3.6-epoxy-l-heptanone (205 

H3Q O COCH3 

C,6H,803 f.w. = 258.32 

See the general procedure for the reactions of carbonyl insertion in the 

palladium catalyzed cyclizadon/coupling reactions of y-hydroxyallenes and 

organohalides. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl 

acetate eluent) yielded the pure product (0.0540 g., 0.2089 mmol, 52%) as yellow 

color oil with diastereomeric rado as 65:35 (cis:trans). 

Cis isomer (minor): 

IR (200 MHz, rdadve to TMS at 0.00 ppm) 8 8.02 (d, J=4.9, 2H), 7.80 (d, 

J=8.5, 2H), 6.29 (d of d, J=1.3, 1.3, IH), 5.73 (d. J=1.0, IH), 4.89 (d of d, 

J=6.3, 6.4, IH), 4.12 (m, IH), 2.47 (s, 3H), 2.36 (m, IH), 2.08 (m, IH), 

1.66 (m, 2H), 1.33 (d, J=6.1, 3H). 

13C (50 MHz) 8 197.73, 197.34, 144.62, 131.79, 129.77, 128.12, 127.67, 

113.94, 79.78, 76.07, 32.56, 31.78, 26.81, 20.94. 

Trans isomer (major): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 8.01 (d, J=8.3, 2H), 7.80 (d, 

J=11.7, 2H), 6.24 (d of d, J=1.4, 1.0, IH), 5.69 (d, J=1.0, IH), 5.01 (d of 

d, J=6.6, 7.4, IH), 4.28 (m, IH), 2.60 (s, 3H), 2.36 (m, IH), 2.08 (m, IH), 

1.66 (m,2H), 1.30(d, J=6.2, 3H). 
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13C (50 M H z ) 8 197.73, 197.34, 148.96, 135.94, 130.16, 128.29, 127.70, 

113.17, 79.46, 75.55, 33.47, 32.36, 26.52, 21.28. 

IR 3423, 2965, 1676, 1639, 1499, 1398, 1356, 1264, 953, 796 cm'. 

(±)-2-Methvlidene-1 -(4'-nitrophenyl)-pheny I-
3.6-epoxy-l-heptanone (206) 

H.C. O 

C14H15O4N fw. = 261.28 

See the general procedure for the reactions of carbonyl insertion in the 

palladium catalyzed cyclizadon/coupling reactions of y-hydroxyallenes and 

organohalides. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl 

acetate eluent) yielded the pure product (0.0447 g., 0.1710 mmol, 50%) as yellow 

color oil with diastereomeric rado as 40:60 (cis:trans). 

Cis isomer (minor): 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 8.30 (d, J=8.7, 2H), 7.87 (d, 

J=8.7, 2H), 6.35 (s, IH), 5.73 (s, IH), 4.89 (d of d, J=7.0, 6.9. IH). 4.14 

(m, IH), 2.43 (m, IH), 2.10 (m, IH), 1.66 (m, 2H), 1.33 (d, J=6.8. 3H). 

13C (50 MHz) 8 195.58, 149.70, 149.39, 143.08, 130.08, 126.75, 123.47, 76.00. 

75.83, 32.58, 32.47, 21.04. 
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Trans isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 8.30 (d, J=8.7. 2H), 7.87 (d, 

J=8.7, 2H), 6.30 (s, IH), 5.70 (s, IH), 5.00 (d of d, J=6.7, 7.4, IH), 4.28 

(m, IH), 2.43 (m, IH), 2.10 m, IH), 1.66 (m, 2H). 1.27 (d, J=6.1, 3H). 

13C (50 MHz) 8 195.47, 149.39, 149.32, 143.08, 130.08, 126.03, 123.47, 76.00. 

75.52, 33.66, 33.16, 21.25. 

IR 3107, 2971, 2868, 1657, 1600, 1525, 1348, 1082, 981, 854 cm'. 

(±)-4-Methylidene-1 -phenyl-5.8-epoxy-1 -nonen-3-one (207) 

H.C 

C16H18O2 f.w. = 242.32 

See the general procedure for the reactions of carbonyl insertion in the 

palladium catalyzed cyclizadon/coupling reactions of y-hydroxyallenes and 

organohalides. Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl 

acetate eluent) yielded the pure product (0.0356 g., 0.1470 mmol, 499r) as yellow 

color oil with diastereomeric rado as 50:50 (ds:trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.73 (m, 2H), 7.45 (m, 3H), 7.25 

(m, 2H), 6.20 (s, IH), 6.14 (s, IH), 4.86 (d of d, J=6.6, 7.4, IH), 4.09 (m, 

IH), 2.46 (m, IH), 2.03 (m, IH), 1.56 (m, 2H), 1.33 (d, J=6.0, 3H). 

196 



13C (50 MHz) 8 191.29, 151.27, 143.68, 134.80, 132.51, 129.29, 128.88. 

122.33, 121.93, 75.79, 75.00, 33.59, 32.95, 21.04. 

Trans isomer (major): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 7.73 (m, 2H), 7.45 (m, 3H), 7.25 

(m, 2H), 6.14(s, IH), 6.10 (s, IH), 4.98 (d of d, J=6.8, 7.3, IH), 4.25 (m, 

IH), 2.46 (m, IH), 2.03 (m, IH), 1.56 (m, 2H), 1.27 (d, J=6.1, 3H). 

13C (50 MHz) 8 191.08, 151.19, 143.68, 134.80, 132.51, 129.05, 128.56, 

122.05, 121.60, 76.90, 75.54, 33.59, 32.95, 21.31. 

IR 3060, 3028, 2970, 2871, 1714, 1599, 1495, 1450, 1072, 763, 698 cm"'. 

Tributvlvinvltin (212) 

Bu3Sn' 

Ci4H3oSn fw. = 317.08 

To a solution of vinyl magnesium bromide (20.0 mmol) in THF at 25 ^C was 

slowly added a soludon of tributyltin chloride (10.0 mmol) through a addtional funnel. 

The reacdon mixture was brought to reflux under a nitrogen atmosphere for 19 hours 

and then was allowed to cool to 25 oC. The resulting solution was partitioned between 

diethyl ether and saturated aqueous ammonium chlorides solution. The layers were 

separated and the aqueous solution was extracted with ether (2x15 mL). The combined 

organic extracts were washed with brine soludon, dried over MgS04, filtered and 

concentrated by rotary evaporadon. Reduced pressure (1.5 mm Hg) distillation 

afforded the pure product as colorless oil in 85% yield. 
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IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.47 (d of d, J=20.6, 14.0, IH), 

6.14 (d of d, J=14.1, 3.9, IH), 5.59 (d of d, J=20.8, 3.9, IH), 1.39 (m, 

18H), 0.89 (t, J=7.4, 9H). 

13C (50 MHz) 8 139.17, 133.64, 29.11, 27.31, 13.71, 9.29. 

IR 3031, 2957, 2926, 2361, 1463 cm-'. 

(±)-3-Methylidene-4.7-epoxv-1 -octene (213) 

"'̂ -̂ AA^ 
C9H14O fw. = 138.21 

See general procedure for the palladium catalyzed coupling reactions of 

tetrahydrofuranyl vinyl iodide and olefinic stannanes. Flash column chromatography 

(20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the pure product (0.0567 g. 

0.4108 mmol, 92%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.37 (d of d, J=18.0, 11.2, IH), 

5.34 (d of d, J=1.3, 1.4, IH), 5.20 (d, J=18.0, IH), 5.09 (d, J=0.7, IH), 

5.06 (d, J=8.2, IH), 4.62 (d of d, J=6.9, 7.0, IH), 4.05 (m, IH). 2.17 (m. 

IH), 2.00 (m, IH), 1.59 (m, 2H), 1.32 (d, J=6.1. 3H). 

13C (50 MHz) 8 145.66, 136.78, 113.80, 113.73, 77.83. 75.68, 32.34. 26.96, 

20.85. 
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(±)-3-Methvlidene-4.7-epoxy-1 -nonene (214) 

C10H16O fw. = 152.24 

See general procedure for the palladium catalyzed coupling reactions of 

tetrahydrofuranyl vinyl iodide and olefinic stannanes. Flash column chromatography 

(20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the pure product (0.0362 g. 

0.2380 mmol, 80%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.37 (d of d, J=l 1.2. 17.9. IH). 

5.33 (d, J=1.8, IH), 5.20 (d, J=17.3, IH), 5.09 (d, J=1.4, IH), 5.06 (d, 

J=6.9, IH), 4.62 (t, J=6.8, IH), 3.85 (m, IH), 2.19 (m, 2H), 1.96 (m, 2H). 

1.52 (m, 2H), 0.97 (t, J=7.6, 3H). 

13C (50 MHz) 8 147.76, 136.81, 113.73, 113.73,81.12,76.35.32.09,30.53, 

28.49, 10.50. 

IR 2957, 2922, 2871, 1464, 1377, 1076 cm-'. 

r+V3-Methvlidene-4.7-epoxv-8-methvl- 1-nonene (215) 

Ci iHisO f.w. = 166.26 
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See general procedure for the palladium catalyzed coupling reactions of 

tetrahydrofuranyl vinyl iodide and olefinic stannanes. Flash column chromatography 

(20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the pure product (0.0387 g.. 

0.2327 mmol, 86%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.36 (dofd, J= 11.1, 17.9, IH), 

5.35 (d, J=0.8, IH), 5.19 (d, J=17.4, IH), 5.08 (s, IH), 5.04 (d, J=7.5, 

IH), 4.60 (t, J=6.9, IH), 3.56 (m, IH), 2.18 (m, IH), 1.70 (m, 4H), 1.03 (d, 

J=6.6, 3H), 0.91 (d, J=6.7, 3H). 

13C (50 MHz) 8 147.72, 136.84, 113.68, 113.68,85.17,77.55,33.17,32.20, 

28.59, 19.61, 18.72. 

IR 3089, 2958, 2872, 1636, 1594, 1468, 1384, 1086, 901 cm-'. 

(±)-4-Methlidene-5.8-epoxy-l-nonen-3-one (216) 

H.C. O 

C10H14O2 fw. = 166.22 

To a solution of tetrahydrofuranyl ethenyl iodides 142 (101.0 mg., 0.4244 

mmol) in dry DMF (10 mL) was added tributylvinyltin (161.5 mg., 0.5093 mmol), 

lithium chloride (54.0 mg., 1.2739 mmol) and bis(triphenylphosphine)palladium(II) 

chloride (29.8 mg., 0.0425 mmol). The yellow reaction mixture was stirred under a 

carbon monoxide atmosphere (balloon) at 25 oC for 12 hours and the resulting black 

color mixture was partitioned between diethyl ether and saturated ammonium chloride 
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soludon. The layers were separated and the aqueous solution was extracted with ether 

(2x15 mL). The combined organic extracts were washed with brine solution and the 

volume was reduced to one-half by rotary evaporation. Saturated potassium fluoride 

(aqueous) (5 mL) was added to the ether extract and the mixture was stirred vigorously 

under a nitrogen atmosphere at 25 oC for 4 hours. The resulting mixture was filtered 

through a pad of celite, dried over MgS04 and concentrated by rotary evaporation. 

Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) 

afforded a mixture of cis and trans isomers of the pure products (0.0487 g., 0.2928 

mmol, 69%) as a colorless oil. 

Cis isomer (major): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 6.92 (d of d, J=10.5. 17.1, IH), 

6.29 (m, IH), 6.20 (d of d, J=0.8, 0.7, IH), 6.08 (s, IH), 5.79 (d of d, 

J=10.5, 1.9, IH), 4.80 (d of d, J=6.2, 7.6, IH), 4.08 (m, IH), 2.32 (m, IH). 

2.00 (m, IH), 1.51 (m, 2H), 1.31 (d, J=6.0, 3H). 

13c (50 MHz) 8 195.96, 134.01, 128.98, 123.50, 122.78, 76.38, 75.80, 32.62, 

29.71, 21.06. 

Trans isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.90 (dofd, J= 10.5. 17.1, IH), 

6.29 (m, IH), 6.15 (dofd, J=0.6, 1.5, IH), 6.03 (s. IH), 5.79 (d of d, 

J=10.5, 1.9, IH), 4.92 (d of d, J=6.5, 8.0, IH), 4.22 (m, IH), 2.32 (m, IH). 

2.00 (m,lH), 1.51 (m, 2H), 1.27 (d, J=6.1, 3H). 

13c (50 MHz) 8 197.12, 134.87, 132.18, 128.98, 123.50, 75.54, 71.76, 33.61, 

29.25, 21.31. 

IR 2966, 2926, 2855, 1740, 1668, 1608, 1457, 1409, 1016 cm-'. 
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(±)-2-Tributvlstannvl-3.6-epoxy-1 -heptene (217) 

SnBu3 

Ci9H380Sn fw. = 401.20 

To a solution of (±)-2-iodo-3,6-epoxy-l-heptene (0.1004 g, 0.4218 mmol) in 

dry DMF (10 mL) was added bis(tributyldn) (1.6821 mmol, 0.85 mL), 

riphenylphosphine (33.2 mg, 0.1266 mmol) and palladium(II) acetate (9.5 mg., 

0.0423 mmol). The yellow color reaction mixture was stirred at 25 "C under a nitrogen 

atmosphere for 18 hours and the resulting black color mixture was partitioned between 

diethyl ether and saturated aqueous ammonium chloride solotion. The layers were 

separated and the aqueous soludon was extracted with ether (2x15 mL). The combined 

organic extracts were washed with brine, dried over MgS04, filtered and concentrated 

by rotary evaporation. Flash column chromatography (20 g. silica gel, 99:1 

hexanes:ethyl acetate eluent) yield a mixture of the product and some tributyltin 

impurities as a colorless oil. 

Cis isomer: 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 5.39 (s, IH), 5.05 (s, IH), 4.64 (d 

of d, J=6.0, 7.7, IH), 4.04 (m, IH), 2.11 (m, 4H), 1.62 (m, 6H), 1.33 (m, 

15H), 0.92 (t, J=7.1, 9H). 

13C (50 MHz) 8 147.69, 110.69, 78.93, 75.69, 32.78, 29.65, 27.80. 26.82. 

20.76, 17.47, 14.10. 
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(±)-2-Methvl-6.7-octadiene-3-ol (223) 

C8H16O f w. = 140.22 

To a solution of 4,5-hexadien-l-ol (0.6880 g., 7.0204 mmol) in dry 

dichloromethane (50 mL) was added potassium acetate (1.3781 g, 14.0407 mmol), 

PCC (3.0188 g., 14.0409 mmol) and MgS04 (10 g., 83.0771 mmol). The reaction 

mixture was stirred under a CaCl2 drying tube at 25 oC for 4 hours and then was 

diluted with diethyl ether. The mixture was filtered through a layer of Florisil and then 

was concentrated by rotary evaporation. The crude 4,5-hexadienal was dissoh ed in 

dry THF (35 mL) and was cooled to 0 oC. To above 4,5-hexadienal solution w as 

slowly added isopropylmagnesium bromide (2.0 M solution in THF, 4.3 mL) under a 

nitrogen atmosphere. The resulting white suspension was stirred for 30 minutes and 

quenched with saturated aqueous NH4CI solution (20 mL). The mixture w as diluted 

with ether and the layers were separated. The aqueous layer was extracted with ether 

(2x15 mL). The combined organic extracts were washed with brine, dried over 

MgS04, and concentrated by rotary evaporation. Flash column chromatography (20 g. 

silica gel, 80:20 hexanes:ethyl acetate eluent) yielded the product (0.6694 g., 4.7739 

mmol, 68%) as a light yellow color oil. 

IR (200 MHz, rdadve to TMS at 0.00 ppm) 8 5.14 (m, IH), 4.70 (m, 2H), 3.44 

(m, IH), 2.45 (d, J=7.2, IH), 2.13 (m, 2H), 1.59 (m, 3H), 0.92 (d, J=6.8, 

6H). 

13C (50 MHz) 8 208.41, 89.76, 76.07, 75.02, 33.17, 24.67, 18.72, 17.16. 
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IR 3410, 2959, 1958, 1437, 1264, 1053, 844 cm" 

(±)-4-Methvlidene-9-methvl-5.8-epoxy-l-decene (224) 

C12H20O fw. = 180.29 

See general procedure for palladium catalyzed cyclization/coupling reaction of 

y-hydroxyallenes and allyl acetates. Flash column chromatography (20 g. silica gel, 

95:5 hexanes:ethyl acetate eluent) yielded the pure product (0.0413 g.. 0.2288 mmol. 

52%) as a colorless oil. The diastereomeric rado was 42:58 (cis:trans). 

Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.51 (m, IH), 5.31 (s, IH), 5.06 

(s, IH), 4.72 (m, 2H), 3.60 (m, IH), 3.39 (m, IH), 2.48 (m, 2H), 2.25 (m, 

2H), 1.66 (m, 3H), 0.97 (m, 6H). 

Trans isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.51 (m, IH). 5.21 (s. IH), 5.03 

(s, IH), 4.72 (m, 2H), 3.74 (m, IH), 3.39 (m, IH), 2.48 (m, 2H), 2.25 (m, 

2H), 1.66(m, 3H), 0.97(m, 6H). 

IR 3079, 2958, 2872, 1738, 1641, 1594, 1468, 1386, 1260, 1059, 902 cm'. 
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(±)-4-Methylidene-2.9-dimethvl-5.8-epoxy-1 -dec ene(225 

C13H22O fw. = 194.32 

See general procedure for palladium catalyzed cyclization/coupling reaction of 

y-hydroxyallenes and allyl acetates. Flash column chromatography (20 g. silica gel. 

95:5 hexanes:ethyl acetate eluent) yielded the pure product (0.0226 g., 0.1165 mmol. 

27%) as a colorless oil. The diastereomeric ratio was 48:52 (cis:trans). 

Cis isomer (major): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 5.12 (s, IH), 4.74 (m, 2H), 4.70 

(s, IH), 4.19 (dof d,J=6.5, 7.0, IH), 3.52 (d of d, J=7.1, 7.0, IH), 2.68 

(m, 2H), 1.64 (s, 3H), 1.84 (m, 5H), 0.93 (d, J=6.6, 3H), 0.82 (d, J=6.7, 

3H). 

13C (50 MHz) 8 156.84, 143.50, 112.48, 110.42, 84.93, 80.85, 41.65. 33.19, 

31.04, 29.46, 28.49, 21.92, 19.41. 

Trans isomer (minor): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 5.07 (s, IH), 4.74 (m, 2H), 4.65 

(s, IH), 4.30 (d of d, J=7.1, 9.3, IH), 3.64 (d of d, J=7.2, 8.5, IH), 2.69 

(m, 2H), 1.49 (s, 3H), 1.84 (m, 5H), 0.90 (d, J=6.5, 3H), 0.79 (d, J=6.6, 

3H). 
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13c (50 MHz) 8 156.70, 147.52, 112.73, 109.78, 85.04, 80.64, 41.65, 31.92. 

30.31, 29.70, 28.48, 21.92, 18.61. 

(±)-5-Methvlidene-10-methvl-6,9-epoxy-2-undecenc (226) 

C13H22O f w. = 194.32 

See general procedure for palladium catalyzed cyclization/coupling reaction of 

y-hydroxyallenes and allyl acetates. Flash column chromatography (20 g. silica gel, 

95:5 hexanes:ethyl acetate eluent) yielded the pure product (0.0095 g., 0.0489 mmol. 

9%) as a colorless oil. The diastereomeric ratio was 49:51 (cis:trans). 

Cis isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.09 (s, IH), 4.92 (s, IH), 4.81 (s, 

IH), 4.79 (s, IH), 4.29 (d of d, J=7.3, 6.3, IH), 3.56 (m, IH), 2.74 (m, 

2H), 1.66 (m, 5H), 1.47 (d, J=7.1, 3H), 1.00 (m, 3H), 0.88 (m, 3H). 

13C (50 MHz) 8 141.32, 127.84, 109.26, 108.71, 85.01, 81.26, 35.45, 33.34. 

29.70, 28.84, 28.56, 19.40, 18.66. 

Trans isomer (minor): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 5.09 (s, IH), 4.92 (s, IH), 4.81 (s, 

IH), 4.79 (s, IH), 4.36 (d of d, J=6.8, 8.3, IH), 3.67 (m, IH), 2.74 (m, 

2H), 1.66 (m, 5H), 1.47 (d, J=7.2, 3H), 1.00 (m, 3H), 0.88 (m, 3H). 
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13C (50 M H z ) 8 143.15, 127.11, 109.44, 108.85, 85.14, 81.40, 35.28, 33.34. 

29.49, 28.83, 28.70, 19.39, 18.26. 

IR 3074, 2959, 2872, 1715, 1646, 1468, 1385, 1067, 891 cm-'. 

(±)-4-Methvlidene-3,9-dimethvl-5,8-epoxv-1 -decene (227) 

C13H22O fw. = 194.32 

See general procedure for palladium catalyzed cyclization/coupling reaction of 

y-hydroxyallenes and allyl acetates. Flash column chromatography (20 g. silica gel, 

95:5 hexanes:ethyl acetate eluent) yielded the pure product (0.0158 g., 0.0814 mmol, 

15%) as a colorless oil. The diastereomeric ratio was 49:51 (cis:trans). 

Cis isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.50 (m, IH), 5.47 (m, 2H). 5.04 

(d, J=1.5, IH), 4.96 (d, J=2.2, IH), 4.29 (d of d, J=7.3, 6.3, IH), 3.56 (m, 

IH), 2.74 (m, IH), 1.66 (m, 5H), 1.45 (m, 3H), 1.00 (m, 3H), 0.88 (m, 3H). 

13c (50 MHz) 8 138.79, 132.03, 127.38, 114.48, 85.01, 81.25. 35.45, 33.33. 

33.14, 31.92, 26.54, 19.39, 18.65. 
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Trans isomer (minor): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 5.50 (m, IH), 5.47 (m, 2H), 5.04 

(d, J=1.5, IH), 4.96 (d, J=2.2, IH), 4.36 (d of d, J=6.8, 8.3, IH), 3.67 (m, 

IH), 2.74 (m, IH), 1.66 (m, 5H), 1.45 (m, 3H), 1.00 (m, 3H), 0.88 (m, 3H). 

13c (50 MHz) 8 138.78, 130.98, 126.86, 114.42, 85.14, 81.40. 35.27, 33.23, 

33.14, 31.04, 26.02, 19.39, 18.26. 

5,6-Heptadien-2-one (230) 

O 

C7H10O f.w. = 101.16 

To a solution of (±)-5,6-heptadien-2-ol (0.1500 g., 1.3392 mmol) in dry 

CH2CI2 (40 mL) was added potassium acetate (262.9 mg., 2.6786 mmol), PCC 

(575.9 mg., 2.6786 mmol) and MgS04 (5 g., 41.5385 mmol). The reaction mixture 

was stirred under a CaCl2 drying tube at 25 oC for 3 hours and then w as diluted with 

diethyl ether. The resulting dark brown color mixture was filtered through a layer of 

Florisil and concentrated by rotary evaporation. Flash column chromatography (20 g. 

silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the product (0.0813 g., 0.8035 

mmol, 60%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.16 (m, IH), 4.71 (m, 2H), 2.57 

(d of d, J=7.1, 7.2, 2H), 2.26 (m, 2H), 2.16 (s, 3H). 

13C (50 MHz) 8 208.25, 208.00, 88.95, 75.94, 42.17, 31.54, 21.79. 
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(±)-l-Phenylthio-5.6-heptadien-2-one (231) 

Qv ^ S P h 

C13H14OS fw. = 218.31 

To a solution of 5,6-heptadiene-2-one (0.1880 g.. 1.7091 mmol) in dry THF 

(10 mL) undre a nitrogen atmosphere at -78 oC was added 2.0 molar equivalents of 

LDA (3.42 mmol) in THF. The mixture was stirred at -78 "C for 30 minutes and then 

a soludon of phenyl disulfite (447.8 mg., 2.0509 mmol) in HMPA (5 mL) was added. 

The reaction mixture was allowed to warm up to 25 oC in 2 hours and then w as 

partitioned between diethyl ether and saturated aqueous sodium bicarbonate solution. 

The layers were separated and the aqueous solution was extracted with ether (2x15 

mL). The combined organic extracts were washed with brine, dried over MgS04, 

filtered and concentrated by rotary evaporation. Flash column chromatography (20 g. 

sdica gel, 98:2 hexanes:ethyl acetate eluent) yielded the pure product (0.1530 g.. 

0.7007 mmol, 41%) as light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.34 (m, 5H), 5.08 (m, 1H), 4.71 

(m, 2H), 2.25 (m, IH), 1.97 (m, IH), 1.79 (m, 2H), 1.26 (s, 2H). 

13C (50 MHz) 8 208.47, 194.74, 137.10, 135.32, 128.96, 128.36, 89.09, 75.85. 

33.09, 23.01, 17.70. 
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(±)-l-Phenvlthio-5.6-heptadien-2-ol(232) 

HO ^ - s P h 

C13H16OS f.w. = 220.33 

To a solution of thioanisole (0.15 mL, 1.2776 mmol) in THF (15 mL) at 0 oc 

was added Dabco (146.0 mg., 1.3015 mmol) and n-butyl lithium (2.0 M in hexane, 

0.60 mL). The solution was stirred under a nitrogen atmosphere at 0 oc for 45 minutes 

and then was cooled to -78 oC. A solution of crude 4,5-hexadienal in 

ether/dichloromethane (1.0 mL), obtained from a PCC oxidation of 4,5-hexadiene-l-ol 

(127.6 mg., 1.3020 mmol) reacdon, was added slowly to the above 

phenylthiomethyllithium soludon at -78 oc. The reaction mixture was allowed to warm 

up to 25 oc in 5 hours and then was partitioned between diethyl ether and saturated 

aqueous ammonium chloride soludon. The layers were separated and the aqueous 

solution was extracted with ether (2x15 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotary evaporation. 

Flash column chromatography (20 g. silica gel, 90:10 hexanes:ethyl acetate eluent) 

yielded the pure product (0.1291 g., 0.5859 mmol, 45%) as a light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.31 (m, 5H), 5.11 (m, IH), 4.67 

(m, 2H), 3.72 (m, IH), 3.16 d of d, J=13.7, 3.4, IH), 2.84 (d of d, J=8.9, 

13.7, IH), 2.48 (d, J=3.4, IH), 2.13 (m, 2H), 1.65 (m, 2H). 

13c (50 MHz ) 8 208.40, 135.15, 130.02, 129.05, 126.60, 89.37, 75.31, 68.58, 

42.14, 35.04, 24.22. 
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4.5-Hexadienal (233^ 

4—V C H O 

CeHsO f.w. = 96.13 

To a solution of 4,5-hexadien-l-ol (0.5883 g., 6.0031 mmol) in dry 

dichloromethane (50 mL) was added potassium acetate (1.1784 g., 12.0061 mmol), 

PCC (2.5813 g., 12.0060 mmol) and MgS04 (5 g., 41.5385 mmol). The reaction 

mixture was stirred under a CaCl2 drying tube at 25 oC for 4 hours and then was 

diluted with diethyl ether. The mixture was filtered through a layer of Florisil and then 

was concentrated by rotary evaporadon to yield the desired product (0.3578 g., 3.7219 

mmol, 62%) as a colorless oil. 'H NMR analysis showed that the desired product w as 

in greater than 90% purity. The crude product was used in subsequent experiments 

without further purification. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 9.73 (t, J=1.3, IH), 5.10 (m. IH). 

4.66 (m, 2H), 2.51 (m, 2H), 2.27 (m, 2H). 

(+)-1.l-Dichloro-5.6-heptadien-2-ol (234) 

C7H10OCI2 f.w. = 181.06 

211 



IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.71 (d, J=4.1, IH), 5.15 (m, IH), 

4.72 (m, 2H), 3.95 (m, IH), 2.37 (d, J=6.1, IH), 2.19 (m, 2H), 1.78 (m. 

2H). 

13c (50 MHz) 8 208.51, 88.92, 76.60, 75.51. 75.66, 31.36, 23.88. 

IR 3404, 3057, 2983, 2925, 2856, 1955, 1710, 1438, 1073, 846 cm-'. 

(+) Methyl 2-methvlidene-3.6-epoxv-7-phenvlthio-heptanoate (235) 

C15H18O3S f.w. = 278.37 

To a soludon of (±)-l-phenylthio-5,6-heptadiene-2-ol (0.4638 g., 2.1050 

mmol) in dry methanol (20 mL) was added copper(II) chloride (849.1 mg., 6.3154 

mmol), and palladium(II) chloride (37.3 mg., 0.2104 mmol). The reaction mixture 

was stirred under a carbon monoxide atmosphere at 25 oc for 14 hours and the 

resulting black color mixture was partidoned between diethyl ether and water. The 

aqueous solution was extracted with ether (2x15 mL). The combined organic extracts 

were washed with water, dried over MgS04, filtered and concentrated by rotary 

evaporadon. Flash column chromatography (20 g. silica gel, 90:10 hexanes:ethyl 

acetate eluent) yielded the pure product (0.3495 g., 1.2556 mmol, 60%) as a coloriess 

oil. The diastereomeric rado was determined based on the 'H NMR analysis as 39:61 

(ds: trans). 

212 



Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.30 (m, 5H), 6.21 (d of d, J=1.4, 

2.0, IH), 5.94 (d of d, J=1.7, 1.6, IH), 4.74 (t, J=6.8, IH), 4.14 (m, IH), 

3.66 (s, 3H), 3.22 (m, IH), 3.00 (m, IH), 2.34 (m, IH), 2.09 (m, IH), 1.73 

(m, 2H). 

Trans isomer (major): 

IR (200 MHz, rdadve to TMS at 0.00 ppm) 8 7.30 (m, 5H), 6.20 (d of d. J=1.5, 

1.4, IH), 5.87 (d of d, J=1.6, 1.6, IH), 4.87 (t, J=6.8, IH), 4.30 (m, IH), 

3.75 (s, 3H), 3.22 (m, IH), 3.00 (m, IH), 2.34 (m, IH), 2.09 (m, IH), 1.73 

(m,2H). 

3058, 2922, 2850, 1718, 1631, 1583, 1438, 1270, 1060, 954, 739, 691 cm'. 

(±)-l-Phenylsulfinvl-5.6-heptadien-2-ol(236) 

IR 

C13H16O2S fw. = 236.33 

To a solution of (±)-l-phenylthio-5,6-heptadiene-2-ol (73.0 mg., 0.3300 

mmol) in dry dichloromethene (15 mL) at -78 oC was added MCPBA (68.2 mg., 

0.3965 mmol). The reaction mixture was stirred at -78 oC for 2 hours and then at 0 oc 

for another 2 hours under a caelum chloride drying tube. The resulting mixture was 

partitioned between diethyl ether and saturated aqueous sodium bisulfite solution. The 

layers were separated and the aqueous soludon was extracted with ether (2x15 mL). 

The combined organic extracts were washed with brine, dried over MgS04. filtered and 
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concentrated by rotary evaporadon. Flash column chromatography (20 g. silica gel, 

80:20 hexanes:ethyl acetate duent) yielded the pure product (0.0686 g., 0.2904 mmol. 

89%) as light yellow color oil. 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 7.94 (m, 2H), 7.65 (m, 3H). 5.07 

(m, IH), 4.61 (m, 2H), 4.21 (m, IH), 3.48 (s, br, IH), 3.26 (d of d, J=6.1, 

1.3, 2H), 2.08 (m, 2H), 1.62 (m, 2H). 

13c (50 MHz) 8 208.30, 139.06, 133.99, 129.38, 127.82, 88.82, 75.41, 65.09, 

62.10, 35.27, 23.37. 

3516, 3062, 2975, 2860, 1955, 1585, 1447, 1305, 1144, 1024, 844 cm"'. 

(±) Methvl 2-methvlidene-3.6-epoxy-
7-phenylsulfinvl-heptanoate (237) 

IR 

OCH3 

C15H18O4S fw. = 294.36 

To a solution of (±)-l-phenylsulfoxide-5,6-heptadiene-2-ol (0.0691 g., 0.2913 

mmol) in dry methanol (20 mL) was added copper(II) chloride (117.5 mg., 0.8739 

mmol), and palladium(II) chloride (5.2 mg., 0.0293 mmol). The reaction mixture w as 

stirred under a carbon monoxide atmosphere at 25 oC for 6 hours and the resulting 

black color mixture was partitioned between diethyl ether and water. The aqueous 

solution was extracted with ether (2x15 mL). The combined organic extracts were 

washed with water, dried over MgS04, filtered and concentrated b\ rotary e\ aporation. 

Flash column chromatography (20 g. silica gel, 80:20 hexanes:ethyl acetate eluent) 
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yidded the pure product (0.0823 g., 0.2796 mmol, 96%) as a coloriess oil. The 

diastereomeric rado was determined based on the 'H NMR analysis as 50:50 

(cis:trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.07 (d of d, J=1.4, 1.5, IH). 4.65 

(m, IH), 4.51 (m, IH), 3.72 (s, 3H), 3.50 (m,lH), 3.28 (m, IH), 2.21 (m, 

2H), 1.70 (m, 2H). 

13C (50 MHz) 8 166.01, 140.90, 139.82, 133.65, 129.06, 128.15, 123.40, 77.24. 

73.22, 61.18, 51.66, 31.77, 31.01. 

Trans isomer (major): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 7.95 (m, 2H). 7.59 (m, 3H), 5.77 

(d of d, J=1.6, 1.6, IH), 5.50 (d of d, J=1.6, 1.6, IH), 4.65 (m, IH), 4.38 

(m, IH), 3.73 (s, 3H), 3.50 (m, IH), 3.28 (m, IH), 2.21 (m, 2H). 1.70 (m, 

2H). 

13C (50 MHz) 8 166.01, 140.83, 139.82, 133.65, 129.06, 128.05, 123.71. 77.24. 

73.43, 61.47, 51.66, 32.12, 31.53. 

IR 3063, 2952, 1715, 1631, 1585, 1446, 1305, 1146, 1054, 750, 688 cm"'. 

(±)-1.1 -Diphenylthio-5,6-heptadien-2-ol (238: 

HO SP"̂  
SPh 

C19H20OS2 f.w. = 328.49 
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To a soludon of bis(phenylthio)methane (226.7 mg.. 0.9756 mmol) in dry THF 

(15 mL) under a nitrogen atmosphere at 0 oC was added 1 molar equivalent of n-But\ 1 

lithium (2.1 M in hexane, 0.4 mL) and the mixture was stirred at 0 oc for 30 minutes. 

A soludon of crude 4,5-hexadienal in ether/dichloromethane (1.0 mL), obtained from a 

PCC oxidadon of 4,5-hexadiene-l-ol (95.6 mg., 0.9755 mmol) reaction, was added 

slowly to the above Bis(phenylthio)methyllithium solution at 0 "C. The reaction 

mixture was stirred at 0 oC for 2 hours and then was partitioned between diethyl ether 

and saturated aqueous sodium bicarbonate solution. The layers were separated and the 

aqueous solution was extracted with ether (2x15 mL). The combined organic extracts 

were washed with brine, dried over MgS04, filtered and concentrated by rotary 

evaporation. Flash column chromatography (20 g. silica gel, 90:10 hexanes: ethyl 

acetate eluent) yielded the pure product (0.0481 g., 0.1463 mmol, 15%) as a light 

yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 7.37 (m, lOH), 5.08 (m, IH). 4.59 

(m, 2H), 4.45 (d, J=3.9, IH), 3.88 (m, IH), 2.67 (d, J=5.0, IH), 2.12 (m, 

2H), 1.88 (m, 2H). 

(±) Methvl 2-methvlidene-3.6-epoxv-
7.7-diphenvlthio-heptanoate (239) 

P h S II 
P h s \ ^ ^ y \ / O C H 3 

C21H22O3S2 fw. = 386.52 
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To a solution of (±)-l,l-diphenylsulfite-5,6-heptadiene-2-ol ( 0.1004 g., 

0.3154 mmol) in dry methanol (20 mL) was added copper(II) chloride (127.2 mg., 

0.9461 mmol), and palladium(II) chloride (5.6 mg., 0.0316 mmol). The reaction 

mixture was stirred under a carbon monoxide atmosphere at 25 oC for 15 hours and the 

resulting black color mixture was partitioned between diethyl ether and water. The 

aqueous solution was extracted with ether (2x15 mL). The combined organic extracts 

were washed with water, dried over MgS04, filtered and concentrated by rotary 

evaporation. Flash column chromatography (20 g. silica gel, 90:10 hexanes:ethyl 

acetate eluent) yielded the pure product (0.0987 g., 0.2555 mmol, 81%) as a coloriess 

oil. The diastereomeric rado was determined based on the 'H NMR analysis as 44:56 

(ds: trans). 

Cis isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.08 (d of d, J=1.6, 1.6. IH). 4.74 

(t, J=7.0, IH), 4.59 (d, J=1.7, IH), 4.34 (m, IH). 3.76 (s, 3H), 2.34 (m. 

IH), 2.12(m, 2H), 1.71 (m, IH). 

13C (50 MHz) 8 166.30, 140.66, 134.25, 132.69, 129.04. 127.97, 124.43, 80.95. 

77.72, 63.50, 51.67, 32.56, 28.93. 

Trans isomer (major): 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 7.44 (m, 4H), 7.26 (m, 6H). 6.19 

(d of d, J=1.4, 1.3, IH), 5.88 (d of d, J=1.7. 1.6, IH), 4.96 (d of d. J=7.0, 

1.3, IH), 4.57 (d, J=1.9, IH), 4.46 (m, IH), 3.74 (s, 3H), 2.50 (m, IH), 

2.11 (m, 2H), 1.71 (m, IH). 

13C (50 MHz) 8 166.20, 141.28, 134.39, 132.56, 128.89, 127.66, 123.64, 80.95. 

77.72, 64.01, 51.67, 33.06, 29.36. 
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IR 3057, 2949, 2873, 1716, 1631, 1582, 1480, 1438, 1068, 956, 741 

(±)-tert-Butvl-3-hvdroxv-6.7-octadienoate (252 

cm-

C12H20O3 f.w. = 212.29 

To a solution of LDA (8.3263 mmol) in dry THF (30 mL) under a nitrogen 

atmosphere at -78 oc was added r^r/-butyl acetate (1.12 mL, 8.3263 mmol). The 

mixture was stirred for 30 minutes and then a solution of 4,5-hexadienal in THF (10 

mL), prepared from the PCC oxidation of 4,5-hexadien-l-ol (0.7418 g., 7.5693 mmol; 

was added through a syringe. The resulting light yellow color solution w as allowed to 

warm up from -78 oC to 25 oC in 2 hours and then was quenched with saturated 

aqueous NH4CI solution (20 mL). The mixture was partitioned between diethyl ether 

and saturated aqueous NH4CI solution and the layers were separated. The aqueous 

solution was extracted with ether (2x15 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotary evaporation. 

Flash column chromatography (20 g. sihca gel, 90:10 hexanes:ethyl acetate eluent) 

yielded the pure product (0.1077 g., 5.0714 mmol, 67%) as light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.06 (m, IH), 4.60 (m, 2H). 3.94 

(m, IH), 3.13 (d, J=4.0, IH), 2.31 (m, 2H), 2.05 (m, 2H), 1.53 (m, 2H), 

1.39 (s, 9H). 

13C (50 MHz) 8 208.40, 172.47, 89.47, 81.30. 75.20, 67.42. 42.21. 35.49. 

28.11, 24.09. 
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IR 3448, 2978, 1956, 1727, 1368, 1150, 1075, 843 cm-'. 

tert-Butyl 3-oxo-6.7-octadienoate (253) 

C12H18O3 fw. = 210.27 

To a solution of DMSO (0.2 mL, 2.8183 mmol) in dry CH2CI2 (15 mL) at -78 

oc under a nitrogen atmosphere was added trifluoroacetic anhydride (0.3 mL, 2.1239 

mmol). The solution was stirred at -78 oC for 10 minutes and then a solution of (±)-

tert-butyl-3-hydroxy-6,7-octadienoate (0.2519 g., 1.3675 mmol) in CH2CI2 (2.0 mL) 

was added. The mixture was stirred at -78 oC for 30 minutes following by addition of 

triethylamine (1.9 mL, 13.6317 mmol). The reaction mixture was allowed to warm up 

to 25 oc over 3 hours and then was partitioned between diethyl ether and saturated 

aqueous NaHC03 soludon. The layers were separated and the aqueous solution w as 

extracted with ether (2x15 mL). The combined organic extracts were washed with 

brine, dried over MgS04, filtered and concentrated by rotary evaporation. Flash 

column chromatography (20 g. silica gel, 90:10 hexanes:ethyl acetate eluent) yielded 

the pure product (0.2444 g., 1.1624 mmol, 85%) as a yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.17 (m, IH), 4.71 (m, 2H), 3.37 

(s, 2H), 2.67 (t, J=7.1, 2H), 2.29 (m, 2H), 1.47 (s, 9H). 

13C (50 MHz) 8 208.19, 202.34, 166.30, 88.68, 81.78, 76.03. 50.66. 41.36. 

27.83, 21.55. 
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(±)-(Z)-tert-Butvl7-methvloxvcarbonvl-3.6-epoxy-
2.7-octadienoate (254) 

H3CO 

C14H20O5 fw. = 268.31 

To a solution of (±)-tert-butyl-6,7-octadien-3-onoate (0.2519 g., 1.3675 mmol) 

in dry methanol (20 mL) was added copper(II) chloride (551.6 mg., 4.1026 mmol). 

propylene oxide (0.5 mL, 7.1453 mmol), triethyl orthoacetate (1.3 mL, 7.0917 mmol) 

and palladium(II) chloride (24.2 mg., 0.1365 mmol). The reaction mixture was stirred 

under a carbon monoxide atmosphere at 25 oC for 9 hours and the resulting green color 

suspension was partitioned between diethyl ether and water. The layers were separated 

and the aqueous solution was extracted with ether (2x15 mL). The combined organic 

extracts were washed with water (80 mL), dried over MgS04, filtered and concentrated 

by rotary evaporadon. Flash column chromatography (20 g. silica gel, 90:10 (50 mL) 

and then 70:30 hexanes:ethyl acetate eluent) yielded the pure product (0.0854 g., 

0.3185 mmol, 78%) as a light yellow color oil. 

IR (200 MHz, reladve to TMS at 0.00 ppm) 8 6.38 (d of d, J=0.9. 0.9, IH), 6.07 

( d o f d , J= 1.7, 0.9, IH), 5.44(m, IH), 4.91 (dofd , J=1.2, 1.4, IH), 3.83 

(s, 3H), 2.75 (m, 2H), 2.50 (m, IH), 1.87 (m, IH), 1.53 (s, 9H). 

13C (50 MHz) 8 170.01, 165.44, 165.19, 138.54, 125.10, 90.57, 82.86, 78.98, 

51.90, 30.89, 29.28, 28.31. 

IR 2976, 1716, 1634, 1439, 1367, 1276, 1153, 1041, 1001, 851, 819 cm'. 
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(±) tert-Butvl 7-bromo-3.6-epoxv-2.7-octadienoate (255) 

O^jj^^^OtBu 

Ci2Hi703Br fw. = 289.17 

To a solution of (±)-tert-butyl-6,7-octadien-3-onoate (0.0890 g., 0.4206 mmol) 

in dry CH2CI2-THF (10 mL, 4:1 v:v) was added N-bromosuccinimide (NBS) (112.3 

mg., 0.6309 mmol). The mixture was stirred under a nitrogen atmosphere at 25 ^C for 

8 hours and then was partitioned between diethyl ether and saturated aqueous NaHS03 

solution. The layers were separated and the aqueous solution was extracted w ith ether 

(2x15 mL). The combined organic extracts were washed brine, dried over MgS04 

filtered and concentrated by rotary evaporadon. Flash column chromatography (20 g. 

silica gel, 70:30 hexanes:ethyl acetate eluent) yielded the pure product (0.0681 g., 

0.2355 mmol, 56%) as a light yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.20 (d of d, J=1.0, 1.1, IH), 5.76 

(dofd, J=5.6, 2.8, IH), 5.75 (s, IH), 5.30 (d of d, J=5.1, 5.2, IH), 2.67 

(m, 2H), 1.56 (s,9H), 1.51 (m, 2H). 

13C (50 MHz) 8 166.34, 161.45, 128.34, 120.21, 90.96, 83.92, 83.14, 43.65, 

42.82, 28.00. 
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(±)-(E)-tert-Butvl7-methvloxvcarbonvl-3.6-epoxy-
2.7-octadienoate (256) 

C14H20O5 fw. = 268.31 

A solution of (±)-(Z) 1-O-tert-butyl 8-O-methyl 7-methylidene-3,6-epoxy-2-

octenedicarboxylate (0.0620 g., 0.2313 mmol) in toluene was heated to 200 ^C in a 

sealed tube for 6 hours (or reflux in toluene for 18 hours) under a nitrogen atmosphere. 

The reacdon mixture was allowed to cooled to 25 oC and then was partitioned between 

diether ether and water. The layers were separated and the aqueous solution w as 

extracted with ether (2x10 mL). The combined organic extracts were washed brine, 

dried over MgS04, filtered and concentrated by rotary evaporation. Flash column 

chromatography (20 g. silica gel, 70:30 hexanes:ethyl acetate eluent) yielded the pure 

product (0.0570 g., 0.2128 mmol, 92%) as a light yellow color oil. 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 6.29 (s, IH), 5.83 (s. IH), 5.33 (d 

ofd, J=1.7, 1.8, IH), 5.19 (do fd , J=6.4, 6.4, IH), 3.79 (s, 3H), 3.09 (m, 

2H), 2.46 (m, IH), 1.87 (m, IH), 1.47 (s, 9H). 

13C (50 MHz) 8 174.73, 167.86, 165.44, 139.08, 124.51, 92.01, 80.26, 79.08, 

51.95, 30.05, 29.12, 28.35. 
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5.6-Heptadiene-l-ol (257) 

C7H12O fw. = 112.17 

To a solution of 5-hexyn-l-ol (5.0 g., 51.0204 mmol) in dioxane (45 mL) in a 

round bottom flask (100 mL) was added copper(I) iodide (9.9508 g., 52.2516 mmol), 

paraformaldehyde (5.3825 g.) and diisopropylamine (16 mL). The reaction mixture 

was brought to reflux under a nitrogen atmosphere for 20 hours and then the volume 

was reduced to one-half of its original volume through distillation. The residue w as 

allowed to cool to 25 oc and then poured into a mixture of 5% HCl (100 mL) and 

diethyl ether (50 mL). The mixture then was filtered through a pad of celite and the 

celite was further rinsed with ether (100 mL). The two layers were separated and the 

aqueous solution was extracted with ether (4x30 mL). The combined organic extracts 

were washed with water, dried over MgS04, filtered and concentrated by rotary 

evaporation. Flash column chromatography (25 g. silica gel, 80:20 hexanes:ethyl 

acetate eluent) yielded the pure product (3.2621 g., 29.0816 mmol, 57%) as a pale 

yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.10 (m, IH), 4.65 (m, 2H). 3.60 

(t, J=5.8, 2H), 3.18 (s, IH), 2.03 (m, 2H), 1.55 (m, 4H). 

13C (50 MHz) 8 208.33, 89.58, 74.54, 62.13. 31.85. 27.78, 25.06. 
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(±) tert-Butvl 3-hvdroxv-7.8-nonadienoate (259 

HO , 
OtBu 

O 

C13H22O3 fw. = 226.32 

To a soludon of LDA (22.50 mmol) in dry THF (50 mL) under a nitrogen 

atmosphere at -78 oC was added tert-buiyl acetate (3.03 mL, 22.50 mmol). The mixture 

was sdrred for 30 minutes and then a solution of 5,6-heptadienal in 10 mL of THF, 

prepared from the PCC oxidation of 5,6-heptadiene-l-ol (2.10 g., 18.75 mmol), was 

added slowly through a syringe. The resuldng light yellow color solution was allowed 

to warm up from -78 oC to 25 oC in 2 hours and then was quenched w ith saturated 

aqueous NH4CI solution (40 mL). The mixture was partitioned between diethyl ether 

and saturated aqueous NH4CI solution and the layers were separated. The aqueous 

solution was extracted with ether (3x15 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotary e\ aporation. 

Flash column chromatography (20 g. silica gel, 90:10 hexanes:ethyl acetate eluent) 

yielded the pure product (2.8431 g., 12.56 mmol. 67%) as light yellow color oil. 

IR (200 MHz, rdadve to TMS at 0.00 ppm) 8 5.09 (m, IH), 4.65 (m, 2H), 3.96 

(m, IH), 3.29 (d, J=4.0, IH), 2.36 (d of d, J=4.0, 16.4, 2H), 2.02 (m, 2H), 

1.55 (m, 4H), 1.49 (s, 9H). 

13C (50 MHz) 8 208.40, 172.26, 89.51, 80.93, 74.63, 67.73. 42.23, 35.67, 

27.90, 27.77, 24.75. 
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tert-Butvl 3-oxo-7,8-nonadienoate ^ 
tert-Butvl 3-hvdroxv-2.7.8-nonatrienoate (260) 

^ ' y ^ \ ^ O t B u _ ^ ™ \ . . : ^ .OtBu 

O 

C13H20O3 f.w. = 224.30 

To a solution of DMSO (0.2 mL, 2.8183 mmol) in dry CH2CI2 (25 mL) at -78 

oc under a nitrogen atmosphere was added trifluoroacetic anhydride (0.3 mL, 2.1239 

mmol). The solution was stirred at -78 oc for 10 minutes and then a solution of (±)-

tert-Butyl 3-hydroxy-7,8-nonadienoate (0.30 g., 1.3255 mmol) in CH2CI2 (2 mL) was 

added. The mixture was stirred at -78 oc for 30 minutes following by addition of 

triethylamine (1.8 mL, 12.9142 mmol). The reaction mixture was allowed to warm up 

to 25 oc over 3 hours and then was partitioned between diethyl ether and saturated 

aqueous NaHC03 solution. The layers were separated and the aqueous solution w as 

extracted with ether (2x15 mL). The combined organic extracts were washed with 

brine, dried over MgS04, filtered and concentrated by rotary evaporation. Flash 

column chromatography (20 g. silica gel, 90:10 hexanes:ethyl acetate eluent) yielded 

the pure product (0.2527 g., 1.1267 mmol, 85%) as a yellow color oil. 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 5.07 (m, IH), 4.68 (m, 2H), 3.34 

(s, IH), 2.92 (d ofd, J=0.8, 1.1, IH), 2.59 (m, 2H), 2.05 (m, 2H), 1.75 (m, 

2H), 1.47 (s, 9H). 

13C (50 MHz) 8 208.50, 202.96, 166.37, 89.06, 81.75, 75.03, 59.66, 50.59, 

41.90, 31.67, 27.83. 
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(E)-l-O-tert-Butvl 9-O-methvl 8-methvlidene-
3.7-epoxv-2-nonpnedicarboxvlate (261) 

OtBu 

oV 

C15H22O5 f.w. = 282.34 

To a solution of tert-butyl 3-hydroxy-2,7,8-nonatrienoate (0.2504 g., 1.1164 

mmol) in dry CH2CI2 (20 mL) was added Hg(OCOCF3)2 (571.5 mg., 1.340 mmol). 

The mixture was stirred under a nitrogen atmosphere at 25 oC for 4 hours and the 

solvent was removed by rotary evaporation. To above mixture in a 50 mL round 

bottom flask was added methanol (20 mL), propylene oxide (0.2 mL, 2.8581 mmol), 

triethyl orthoacetate (0.6 ml, 3.2731 mmol), copper(II) chloride (450.0 mg., 3.347 

mmol) and palladium(II) chloride (20.0 mg., 0.1128 mmol). The reaction mixture was 

stirred under a carbon monoxide atmosphere at 25 oC for 3 hours and the resulting 

green color solution was partitioned between diethyl ether and water. The layers w ere 

separated and the aqueous soludon was extracted with ether (3x15 mL). The combined 

organic extracts were washed with water (100 mL). dried over MgS04, filtered and 

concentrated by rotary evaporation. Flash column chromatography (20 g. silica gel. 

90:10 hexanes:ethyl acetate eluent) yielded the pure product (47.3 mg., 0.1675 mmol. 

15%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.24 (d, J=1.3, IH), 5.41 (d of d, 

J= l . l , 2.3, IH), 4.86 (m, IH), 3.82 (m, IH), 3.80 (s, 3H), 2.23 (m, 2H), 

1.61 (m, 2H), 1.49 (m, 2H), 1.39 (s, 9H). 
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(±) tert-Butvl 6-(l'-methoxvcarbonvlethenvl)-2-oxo-
cvclohexencarboxvlate (262) 

ButO 

MeO 

O. 

C15H22O5 f.w. = 282.34 

To a solution of tert-butyl 3-hydroxy-2,7,8-nonatrienoate (0.1013 g., 0.4490 

mmol) in dry methanol (30 mL) was added copper(II) chloride (181.1 mg., 1.3470 

mmol), propylene oxide (0.2 mL, 2.8581 mmol), triethyl orthoacetate (0.4 mL, 2.1820 

mmol) and palladium(II) chloride (8.0 mg., 0.0451 mmol). The reaction mixture was 

stirred under a carbon monoxide atmosphere at 25 oc for 19 hours and the resulting 

green color soludon was partitioned between diethyl ether and water. The la\ ers were 

separated and the aqueous solution was extracted with ether (2x20 mL). The combined 

organic extracts were washed with water (100 mL), dried over MgS04. filtered and 

concentrated by rotary evaporation. Flash column chromatography (20 g. silica gel, 50 

mL of 90:10 and then 70:30 hexanes:ethyl acetate eluent) yielded the pure product 

(0.0608 g., 0.2155 mmol, 48%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 12.62 (s, IH), 6.25 (d, J=1.3, IH), 

5.41 (d of d, J=1.2, 1.1, IH), 3.82 (d of d, J=2.9, IH). 3.77 (s, 3H), 2.26 (d 

of d, J=6.3, 5.7, 2H), 1.60 (m, 4H), 1.39 (s, 9H). 

13c (50 MHz) 8 173.26, 171.81, 167.41, 144.23, 124.59, 100.36, 81.06, 51.78, 

33.86, 28.97, 28.01, 26.92, 16.66. 

IR 3517, 2938, 1719, 1654 cm-'. 
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(E)-tert-Butvl3.7-epoxv-8-methoxvcarbonyl-
3-methoxv-8-nonenoate (263) 

C16H26O6 fw. = 314.38 

To a solution of tert-butyl 3-hydroxy-2,7,8-nonatrienoate (0.1554 g., 0.6888 

mmol) in dry CH2CI2 (20 mL) was added Hg(OCOCF3)2 (352.6 mg., 0.8265 mmol). 

The mixture was sdrred under a nitrogen atmosphere at 25 oc for 4 hours and the 

solvent was removed by rotary evaporadon. To above mixture in a 50 mL round 

bottom flask was added methanol (20 mL), propylene oxide (0.2 mL, 2.8581 mmol), 

triethyl orthoacetate (0.6 ml, 3.2731 mmol), copper(II) chloride (277.8 mg., 2.0662 

mmol) and palladium(II) chloride (12.2 mg., 0.0688 mmol). The reacdon mixture was 

stirred under a carbon monoxide atmosphere at 25 oc for 9 hours and the resulting 

green color solution was partitioned between diethyl ether and water. The layers w ere 

separated and the aqueous solution was extracted with ether (3x15 mL). The combined 

organic extracts were washed with water (100 mL), dried over MgS04, filtered and 

concentrated by rotary evaporation. Flash column chromatography (20 g. silica gel, 

90:10 hexanes:ethyl acetate eluent) yielded the pure product (0.0888 g., 0.2824 mmol, 

41%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.25 (m, IH), 5.93 (m, IH), 4.48 

(m, IH), 3.76 (s, 3H), 3.37 (s, 3H), 2.59 (m, 2H), 1.90 (m, 4H), 1.66 (m, 

2H), 1.47 (s, 9H). 
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IR 2976, 2950, 1724, 1630, 1439, 1368, 1152, 1115, 1032, 959 cm-

(±) Ethyl 2-methvlidene-3.6-epoxv-octanoate (2641 

O^ 
CH2CH3 

C11H18O3 fw. = 198.26 

See general procedure for the palladium catalyzed carbonylative coupling 

reactions of tetrahydrofuranyl ethenyl iodides and alcohols. Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the pure 

products (0.0529 g., 0.2666 mmol, 70%) as a pale yellow color oil with the 

diastereomeric ratio of 90:10 (cis:trans). 

Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.13 (d ofd, J=1.3, 1.4, IH), 5.87 

(d ofd, J=1.7, 1.9, IH), 4.63 (m, IH), 4.14 (q, J=7.0, 2H), 3.84 (m, IH). 

2.23 (m, IH), 1.90 (m, IH), 1.52 (m, 4H), 1.23 (t, J=7.1, 3H), 0.89 (t, 

J=7.4, 3H). 

13c (50 MHz) 8 165.99, 142.52, 123.09, 81.33, 76.69, 60.39, 32.27, 31.04, 

28.56, 14.10, 10.39. 

Trans isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.11 (dofd, J=1.3, 1.7, IH), 5.81 

(d ofd, J=1.6, 1.9, IH), 4.69 (m, IH), 4.15 (q, J=7.3, 2H), 3.98 (m, IH), 
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2.23 (m, IH), 1.90 (m, IH), 1.52 (m, 4H), 1.23 (t, J=7.1, 3H), 0.87 (t, 

J=7.4, 3H). 

13c (50 MHz) 8 165.99, 142.52, 122.57, 80.98, 76.69, 60.39, 32.76, 31.04. 

28.56, 14.10, 10.19. 

IR 2964, 2877, 1715, 1632, 1463, 1372, 1152, 1074, 1045, 950 cm-'. 

(±) Isopropvl 2-methvlidene-3.6-epoxy-octanoate (265) 

H.CHoC. . O 

C12H20O3 f.w. = 212.29 

See general procedure for the palladium catalyzed carbonylative coupling 

reactions of tetrahydrofuranyl ethenyl iodides and alcohols. Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the pure 

products (0.0648 g., 0.3051 mmol, 62%) as a pale yellow color oil with the 

diastereomeric rado of 90:10 (ds:trans). 

Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.19 (d ofd, J=1.6, 1.6, IH), 5.92 

(d ofd, J=1.8, 1.9, IH), 5.09 (h, J=6.2, IH), 4.71 (m, IH), 3.87 (m, IH), 

2.28 (m, IH), 1.96 (m, IH), 1.58 (m, 4H). 1.27 (d, J=6.2, 6H), 0.97 (t. 

J=7.4, 3H). 

13C (50 MHz) 8 165.50, 142.91, 122.81, 81.30, 76.71, 67.77, 32.28, 30.23, 

28.56, 21.72, 10.40. 
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Trans isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.16 (d, J=1.5, IH), 5.86 (d ofd, 

J=1.7, 1.8, IH), 5.14 (m, IH), 4.77 (m, IH), 3.99 (m, IH), 2.28 (m, IH), 

1.96 (m, IH), 1.58 (m, 4H), 1.27 (d, J=6.2, 6H), 0.94 (t, J=7.4, 3H). 

13C (50 MHz) 8 165.50, 142.91, 122.26, 80.95, 76.71, 67.77, 32.78, 31.05, 

28.56, 21.72, 10.19. 

2976, 2877, 1712, 1632, 1466, 1374, 1268, 1107, 1075, 1046, 950 cm"'. 

(±) IsoproDvl 2-methvlidene-3.6-epoxy-
7-methvl-octanoate (266) 

IR 

C13H22O3 fw. = 226.32 

See general procedure for the palladium catalyzed carbonylati\ e coupling 

reactions of tetrahydrofuranyl ethenyl iodides and alcohols. Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the pure 

products (0.0746 g., 0.3298 mmol, 70%) as a pale yellow color oil with the 

diastereomeric rado of 99:1 (cis:trans). 

Cis isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.19 (d ofd, J=1.8, 1.6, IH), 5.92 

(d ofd, J=1.8, 1.9, IH), 5.08 (h, J=6.2, IH), 4.70 (m, IH), 3.61 (m, IH), 

2.29 (m, IH), 1.73 (m, 4H), 1.27 (d, J=6.2, 6H), 1.02 (d, J=6.6, 3H). 0.89 

(d, J=6.8, 3H). 
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13C (50 MHz) 8 165.57, 142.81, 122.84, 85.35, 76.62, 67.79, 33.27, 32.42, 

28.38, 21.75, 19.47, 18.68. 

(±)-tert-Butvl 3.6-epoxv-7-isopropoxycarbonvl-7-octenoate (267) 

O ^^—' O 

C16H26O5 fw. = 298.38 

See general procedure for the palladium catalyzed carbonylative coupling 

reactions of tetrahydrofuranyl ethenyl iodides and alcohols. Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the pure 

products (0.0356 g., 0.1194 mmol, 63%) as a pale yellow color oil with the 

diastereomeric rado of >99:<l(ds:trans). 

Cis isomer (major): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.19 (d ofd, J=1.5, 1.6, IH), 5.9 

(d of d, J=1.7, 1.8, IH), 5.08 (m, IH), 4.72 (d of d, J=5.9, 7.6, IH), 4.34 

(m, IH), 2.50 (m, 2H), 2.11 (m, IH), 1.68 (m, 3H), 1.46 (s, 9H), 1.27 (d, 

J=6.2, 6H). 

13C (50 MHz) 8 170.49, 165.47, 142.51, 123.09, 77.24, 76.20, 71.07, 67.93, 

42.21, 32.19, 30.68, 28.10, 21.80. 
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Trans isomer (minor): 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.17 (dofd, J= 1.5, 1.5. IH). 5.88 

(dofd, J=1.8, 1.7, IH), 5.08(m, IH), 4.83 (d of d, J=7.0, 6.9, IH), 4.42 

(m, IH), 2.50 (m, 2H), 2.11 (m, IH), 1.68 (m, 3H), 1.48 (s, 9H), 1.23 (d, 

J=8.5, 6H). 

13C (50 MHz) 8 172.68, 165.47, 142.35, 122.57, 80.58, 75.88, 71.07, 67.93, 

45.74, 32.56, 31.39, 28.10, 23.18. 

IR 2978, 1726, 1630, 1458, 1368, 1162, 1062, 948 cm-'. 

(±)-2-(Trimethvlsilyl)ethvl 2-methylidene-
3.6-epoxy-heptanoate (268) 

Ci3H2403Si fw. = 256.42 

See general procedure for the palladium catalyzed carbonylati\ e coupling 

reactions of tetrahydrofuranyl ethenyl iodides and alcohols. Flash column 

chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) yielded the pure 

products (0.104 g., 0.4056 mmol, 69%) as a colorless oil with the diastereomeric ratio 

of 85 : 15 (ds:trans). 

Cis isomer (major): 

iR (200 MHz, relative to CDCI3 at 7.26 ppm) 8 6.17 (d ofd, J=1.6, 3.0, IH), 

5.89 (d of d, J=1.8, 3.6, IH), 4.68 (d of d, J=6.1, 7.5, IH), 4.22 (m, 2H), 
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4.05 (m, IH), 2.31 (m, IH), 1.96 (m, IH), 1.55 (m, 2H), 1.26 (d. J=6.0, 

3H), 1.01 (m, 2H), 0.02 (s, 9H). 

13C (50 MHz) 8 166.16, 142.74, 122.98, 76.87, 75.92, 62.68, 33.40. 32.54. 

20.93, 17.22, -1.56. 

Trans isomer (minor): 

IR (200 MHz, relative to CDCI3 at 7.26 ppm) 8 6.13 (d ofd, J=1.5, 2.9, IH), 

5 .84(dof d, J=1.8, 3.5, IH), 4.80 (d of d, J=6.8, 8.8, IH), 4.22 (m, 2H). 

4.05 (m, IH), 2.31 (m, IH), 1.96 (m, IH), 1.55 (m, 2H), 1.24 (d, J=6.1, 

3H), 1.01 (m, 2H), 0.02(s, 9H). 

13C (50 MHz) 8 166.16, 142.61, 122.36, 76.87, 75.47, 62.70, 32.98, 32.38, 

21.21, 17.22, -1.56. 

4.7-Epoxy-13.16-epoxy-1. lO-dioxa-3.12-bis-(methylideiK^ )-
2.11-octadecanedione (269) 

C18H24IO6 f.w. = 336.16 

To a solution of (±)-7'-Iodo-3',6'-epoxy-7'-octenyl 2-methylidene-

8-hydroxy-3,6-epoxy-octanoate (274) (34 mg., 0.0779 mmol) in CH3CN (60 mL) 

was added triethylamine (0.05 mL, 0.3587 mmol), lithium chloride (3.5 mg., 0.0826 
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mmol), triphenylphosphine (10.0 mg., 0.0381 mmol) and palladium (II) acetate (0.9 

mg., 4.0x10-3 mmol). The reacdon mixture was stirred under a carbon monoxide 

atmosphere at 25 oc for 10 hours and then palladium(II) acetate (0.9 mg., 4.0x10--̂  

mmol) was added to the reacdon mixture. The reacdon mixture was again stirred under 

a carbon monoxide atmosphere at 25 oC for 17 hours and the resulting black color 

mixture was partitioned between diethyl ether and water. The layers were separated 

and the aqueous solution was extracted with ether (3x10 mL). The combined organic 

extracts were washed with brine, dried over MgS04, filtered and concentrated b\ roiaiy 

evaporation. Flash column chromatography (20 g. silica gel, 80:20 hexanes:ethyl 

acetate duent) yielded the pure product (2.1 mg., 6.247x10-^ mmol, 8%) as a \ellow 

color oil. 

Less polar isomer: 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 6.09 (s, IH), 6.08 (s, IH). 5.58 (s, 

2H), 4.58 (m, 4H), 4.10 (m, 4H), 2.07 (m, 6H), 1.95 (m, 6H). 

13c (50 MHz) 8 166.84, 141.70, 125.59, 79.78, 75.27, 61.44. 34.90, 31.02, 

29.70. 

More polar isomer: 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.99 (s, 2H), 5.54 (s, 2H), 4.55 

(m, 2H), 4.34 (m, 2H), 4.12 (m, 4H), 1.98 (m, 12H). 

13c (50 MHz) 8 167.18, 141.96, 123.97, 79.78, 76.31. 62.30, 34.56. 31.57, 

29.10. 
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(±)-6.7-Octadiene-1.3-diol (271) 

HO. OH 

C8H14O2 fw. = 142.20 

To a solution of lithium aluminum hydride (26.8 mg., 0.7062 mmol) in dry 

diethyl ether (30 mL) at 0 oC was slowly added (±)-tert-butyl-3-hydroxy-6,7-

octadienoate (150.0 mg., 0.7066 mmol) in dry diethyl ether (5 mL). The reaction 

mixture was stirred under a nitrogen atmosphere and was allowed to warm up to 25 "C 

in 4 hours. The reaction was worked up by adding water (0.1 mL) for 15 minutes, 

aqueous sodium hydroxide solution (1.0 M, 0.1 mL) for 15 minutes and then water 

(0.2 mL) for another 15 minutes. The resulting white color mixture was filtered 

through a pad of celite and the ether solution was concentrated by rotary evaporation. 

Flash column chromatography (10 g. silica gel, ether eluent) yielded the pure product 

(0.0884 g., 0.6218 mmol, 88%) as a colorless oil. 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 5.14 (m, IH), 4.69 (m, 2H), 3.86 

(m, 3H), 3.21 (s, 2H), 2.14 (m, 2H), 1.64 (m, 4H). 

13C (50 MHz) 8 208.40, 89.51, 75.18, 71.26, 61.45, 38.18, 36.66, 24.16. 

IR 3345, 2937, 1955, 1438, 1056, 843 cm-'. 
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n /L~^"!"P"^'!'"!^''^"^''^^'^'"^^^h^'^^^^^^^V-^'-'7'-octadine-r-vl1 
5-U-tert-hiityl 2-methvlidene-3.6-epoxv-octanedicarhoxvlate (273 

TBDMSO 

O 

ButO 

C21H32O6 fw. = 380.48 

To a solution of (±) tert-butyl 3,6-epoxy-7-iodo-7-octenoate (125.0 mg., 

0.3696 mmol) in CH3CN (10 mL) was added (±)-3-hydroxy-6,7-octadien-l-ol (105.0 

mg., 0.7384 mmol), triethylamine (0.06 mL, 0.4305 mmol), lithium chloride (16 mg., 

0.3774 mmol), triphenylphosphine (29.0 mg., 0.1106 mmol) and palladium(II) acetate 

(8.3 mg., 0.0370 mmol). The reaction mixture was stirred under a carbon monoxide 

atmosphere at 25 oC for 18 hours and the resulting dark brown color mixture was 

partitioned between diethyl ether and water. The layers were separated and the aqueous 

solution was extracted with ether (3x15 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotar\ evaporation. 

Flash column chromatography (20 g. silica gel, 95:5 hexanes:ethyl acetate eluent) 

yielded a blue color oil. To the blue color oil in CH2CI2 (10 mL) was added 2.6-

lutidine (0.1 mL, 0.8585 mmol) and tert-butyldimethylsilyl trifluoromethanesulfonate 

(0.1 mL, 0.4354 mmol). The mixture was stirred at 0 "C for 1 hour and then was 

partidoned between diethyl ether and water. The layers were separated and the aqueous 

soludon was extracted with ether (2x15 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotar\ e\ aporation. 
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Flash column chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) 

yielded the pure product (5.6 mg., 0.01472 mmd, 4%) as a yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.21 (dofd, J= 1.2, 1.1. IH), 4.97 

(d ofd, J=0.9, 1.0, IH), 4.57 (m, IH), 4.44 (d ofd, J=5.7, 6.9, IH), 4.16 

(m, 2H), 3.71 (m, IH), 3.37 (m, 2H), 3.20 (m, 2H), 2.30 (m, 2H), 1.97 (m, 

5H), 1.57 (m, 5H), 1.33 (s, 9H). 

(±)-7'-Iodo-3'.6'-epoxv-7'-octenvl 2-methvlidene-
8-hvdroxv-3.6-epoxv-octanoate (274) 

HO. 

C17H25IO5 fw. =436.29 

To a solution of silyoxyether (100 mg, 0.1816 mmol) in dry THF (15 ml) was 

added tetrabutylammonium fluoride hydrate (118.0 mg, 0.4513 mmol). The solution 

was stirred at 25 oC under a nitrogen atmosphere for 8 hours and then w as partitioned 

between diethyl ether and water. The layers were separated and the aqueous solution 

was extracted with ether (3x10 ml). The combined organic extracts were washed with 

brine, dried over MgS04, filtered and concentrated by rotary evaporation. Flash 

column chromatography (20 g. silica gel, 10:90 hexanes:ethyl acetate eluent) yielded 

the pure product (72.9 mg., 0.1671 mmol, 92%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.41 (d ofd, J=1.4, 1.3, IH), 6.23 

(d, J=1.2, IH), 5.90 (d, J=1.5, IH), 5.83 (s, IH), 4.75 (d ofd, J=6.3, 7.2. 
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IH), 4.32 (m, 2H), 4.10 (m, 3H), 3.86 (t, J=5.6, 2H), 2.77 (s, IH), 1.98 (m. 

12H). 

13C (50 MHz) 8 165.77, 141.91, 125.11, 123.71, 115.01, 84.48. 79.81. 77.86, 

77.27, 62.13, 61.57, 37.60, 34.77, 32.23, 31.85, 31.02, 30.67. 

(±)-3'-(tert-Butvldimethvlsilvl)oxv-6',7'-octadienvl 2-methylidene-
8-(tert-butvldimethvlsilvl)oxy-3.6-epoxy-octanoatc(276) 

TBDMSO 
O 

TBDMSO' 

C29H5405Si2 f w. = 538.91 

To a solution of (±)-2-iodo-8-(trimethylsilyl)oxy-3,6-epoxy-l-octene (89 mg., 

0.2851 mmol) in CH3CN (15 mL) was added (±)-3-hydroxy-6,7-octadien-l-ol (81.1 

mg., 0.5703 mmol), triethylamine (0.1 mL, 0.7174 mmol), lithium chloride (12.5 

mg., 0.2949 mmol), triphenylphosphine (25.0 mg., 0.0953 mmol) and palladium (II) 

acetate (3.2 mg., 0.0143 mmol). The reaction mixture was stirred under a carbon 

monoxide atmosphere at 25 oC for 10 hours and then palladium(II) acetate (3.2 mg., 

0.0143 mmol) was added to the reacdon mixture. The reaction mixture was again 

sdrred under a carbon monoxide atmosphere at 25 oC for 17 hours and the resulting 

black color mixture was partidoned between diethyl ether and water. The layers w ere 

separated and the aqueous soludon was extracted with ether (2x15 mL). The combined 

organic extracts were washed with brine, dried over MgS04, filtered and concentrated 

239 



by rotary evaporadon. Flash column chromatography (20 g. silica gel, 98:2 

hexanes:ethyl acetate eluent) yielded the pure product (89.1 mg.. 0.1654 mmol, 58%) 

as a yellow color oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.95 (d ofd, J=1.7, 1.8, IH), 5.13 

(m, IH), 4.71 (m, 2H), 4.42 (m, 2H), 4.08 (m, IH), 3.75 (m, 4H). 1.90 (m, 

12H), 0.14(s, 9H). 

13C (50 MHz) 8 208.41, 166.34, 142.22, 123.73, 89.44, 75.23, 67.89, 67.82, 

61.79, 61.69, 59.95, 38.85, 36.36, 32.15, 30.88, 25.55, 24.24, -0.56. 

(±)-8-(tert-Butvldimethvlsilvl)oxv-2-iodo-
3.6-epoxv-l-octene (277) 

TBDMSO 

Ci4H27l02Si fw. = 382.36 

See general procedure for the NIS-mediated lodocyclization of y-silyloxy

allenes. Flash column chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate 

eluent) yielded the pure product (269.9 mg., 0.7059 mmol, 87%) as a colorless oil. 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 6.41 (d ofd, J=1.3, 1.4. IH), 5.80 

(d ofd, J=0.8, 1.4, IH), 4.11 (m, 2H), 3.75 (t, J=6.9, 2H), 1.87 (m, 6H), 

0.89 (s, 9H), 0.05 (s, 6H). 

13C (50 MHz) 8 124.65, 115.43, 84.28, 78.34, 60.47, 38.91, 32.30, 30.63, 

25.92. 18.27, -5.34. 
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(±)-3-(tert-Butvldimethvlsilvl)oxv-6.7-octadien-1 -ol (27S 

TBDMSO 

Ci4H2802Si fw. = 256.46 

To a soludon of (±) tert-butyl-3-(tert-Butyldimethylsilyl)oxy-6,7-octadienoate 

(204.1 mg., 0.6250 mmol) in toluene (15 mL) at 0 oC under an argon atmosphere was 

slowly added diisobutylaluminum hydride (1.5 mL, 1.0 M solution in hexanes). The 

soludon was stirred at 0 oc for 2 hours and then was quenched with methanol (10 

drops) and buffer (20 mL, pH 6.0) soludon. The mixture was partitioned between 

diethyl ether and the buffer solution. The layers were separated and the aqueous 

solution was extracted with ether (2x15 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotary evaporation. 

Flash column chromatography (20 g. silica gel, 80:20 hexanes:ethyl acetate eluent) 

yielded the pure product (152.3 mg.,0.5938 mmol, 95%) as a colorless oil. 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 5.11 (m, IH), 4.68 (m, 2H), 3.97 

(m, IH), 3.77 (m, 2H), 2.55 (s, IH), 2.02 (m, 2H), 1.77 (m, 2H), 1.64 (m, 

2H), 0.90 (s, 9H), 0.08 (s, 3H), 0.07 (s, 3H). 

13c (50 MHz) 8 208.40, 89.61, 75.19, 70.90, 60.06, 37.82, 35.83, 25.78, 23.64. 

17.92, -4.48, -4.71. 
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(±)-13-di-(tert-Butvldimethvlsilvl)oxv-6.7-octadiene (279) 

TBDMSO ^ 
' OSMDBT 

C20H42O2Si2 f w. = 370.72 

To a solution of (±)-3-hydroxy-6,7-octadien-l-ol (204.0 mg., 1.4346 mmol) in 

dry CH2CI2 (15 mL) at 0 oc was added 2,6-lutidine (0.50 mL, 4.2926 mmol) and tert-

butyldimethylsilyl trifluoromethanesulfonate (0.75 mL, 3.4699 mmol). The mixture 

was stirred under an argon atmosphere at 0 oC for 1 hour and then was partitioned 

between diethyl ether and water. The layers were separated and the aqueous solution 

was extracted with ether (2x15 mL). The combined organic extracts were washed w ith 

brine, dried over MgS04, filtered and concentrated by rotary evaporation. Flash 

column chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) yielded the 

pure product (531.8 mg., 1.4346 mmol, 100%) as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 5.11 (m, IH), 4.66 (m, 2H), 4.13 

(m, IH), 2.33 (m, 2H), 2.04 (m, 2H), 1.62 (m, 2H), 1.44 (s, 9H). 0.87 (s, 

9H), 0.74 (s, 3H), 0.66 (s, 3H). 

13c (50 MHz) 8 208.47, 90.03, 75.01, 68.72, 59.89, 40.13, 36.62, 25.95, 25.72, 

23.84, 18.30, 18.13, -4.41, -4.53. 

(±) tert-Butyl 3-(tert-butyldimethvlsilvl)oxv-6.7-octadienoate (280 

TBDMSO 
OtBu 

O 

Ci8H3403Si fw. = 326.55 
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To a soludon of (±) tert butyl 3-hydroxy-6,7-octadienoate (201.6 mg.. 0.9496 

mmol) in dry CH2CI2 (15 mL) at 0 oc was added 2,6-lutidine (0.2 mL, 1.7171 mmol) 

and tert-butyldimethylsilyl trifluoromethanesulfonate (0.3 mL, 1.3062 mmol). The 

mixture was sdrred under a nitrogen atmosphere at 0 oc for 30 minutes and then w as 

partidoned between diethyl ether and water. The layers were separated and the aqueous 

soludon was extracted with ether (2x15 mL). The combined organic extracts were 

washed with brine, dried over MgS04, filtered and concentrated by rotary evaporation. 

Flash column chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate eluent) 

yielded the pure product (310.1 mg., 0.9496 mmol, 100%) as a colorless oil. 

IR (200 MHz, rdative to TMS at 0.00 ppm) 8 5.11 (m, IH), 4.66 (m, 2H). 4.14 

(m, IH), 2.37 (m, 2H), 2.03 (m, 2H), 1.66 (m, 2H), 1.45 (s, 9H), 0.88 (s. 

9H), 0.07 (s, 6H). 

13c (50 MHz) 8 208.47, 170.79, 89.69, 80.22, 75.10, 66.61, 43.77, 36.43. 

28.10, 25.81, -4.62. 

(±)-7'-Iodo-3'.6'-epoxy-7'-octenyl 2-methylidene-
8-(tert-butyldimethylsilyl)oxy-3,6-epoxy-octanoate (281) 

TBDMSO '^^!A°^^ o 

C23H39l05Si fw. = 550.55 

See general procedure for the NIS-mediated lodocyclization of y-silyloxy

allenes. Flash column chromatography (20 g. silica gel, 98:2 hexanes:ethyl acetate 

eluent) yielded the pure product (58.6 mg., 0.1064 mmol, 96%) as a coloriess oil. 
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IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.41 (d of d,J= 1.4, 1.2, 1H),6.21 

(dofd , J=1 .6 , 1.5, IH), 5.92 (dofd , J=1.9, 1.8, IH), 5.82 (d of d, J=0.7, 

0.7, IH), 4.69 (d ofd, J=5.9, 7.3, IH), 4.29 (m, 2H), 4.07 (m, 3H), 3.75 (t. 

J=6.8, 2H), 1.87 (m, 12H), 0.89 (s, 9H), 0.04 (s, 6H). 

13c (50 MHz) 8 165.95, 142.45, 125.10, 123.44, 115.05,84.51,77.93,77.21. 

76.63, 62.05, 60.64, 39.02, 34.82, 32.36. 32.29, 30.94. 30.70, 25.95. 

18.33, -5.34. 

(±)-7'-(2'-Trimethvlsilvlethoxvcarbonvl)-3'.6'-epoxv-7'-octenvl-
3,6-epoxv-2-methvlidene-8-tert-hutvldimethvlsilvloxvoctanoate (282 

TBDMSO. 

O 

C29H52l07Si2 f w. = 568.33 

To a soludon of (±)-7'-iodo-3',6'-epoxy-7'-octenyl 2-methylidene-

8-(tert-butyldimethylsilyl)oxy-3,6-epoxy-octanoate (281) (35 mg., 0.0636 mmol) in 

CH3CN (10 mL) was added 2-(trimethylsdyl)ethanol (15.1 mg., 0.1277 mmol). 

triethylamine (0.05 mL, 0.3587 mmol), lithium chloride (5 mg., 0.1180 mmol). 

triphenylphosphine (7.0 mg., 0.0267 mmol) and palladium (II) acetate (0.8 mg., 

3.5634x10-3 mmol). The reaction mixture was stirred under a carbon monoxide 

atmosphere at 25 oC for 10 hours and then palladium (II) acetate (0.8 mg., 

3.5634x10-3 mmol) was added to the reacdon mixture. The reaction mixture was again 

stirred under a carbon monoxide atmosphere at 25 oC for 17 hours and the resulting 

black color mixture was partitioned between diethyl ether and water. The layers w ere 
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separated and the aqueous soludon was extracted with ether (3x 10 mL). The combined 

organic extracts were washed with brine, dried over MgS04, filtered and concentrated 

by rotary evaporadon. Flash column chromatography (20 g. silica gel, 95:5 

hexanes:ethyl acetate eluent) yielded the pure product (24.9 mg., 0.0438 mmol. 69%) 

as a colorless oil. 

IR (200 MHz, relative to TMS at 0.00 ppm) 8 6.21 (s,2H), 5.91 (d ofd. J=2.1. 

3.6, 2H), 4.70 (m, 2H), 4.26 (m, 4H), 4.03 (m, 2H), 3.76 (d of d, J=6.7, 

6.8, 2H), 2.28 (m, 2H), 1.77 (m, lOH), 1.04 (m, 2H), 0.89 (s, 9H), 0.07 (s. 

15H). 

13C (50 MHz) 8 166.13, 165.99, 142.45, 142.35, 123.45, 123.12. 77.21. 76.80, 

76.63, 76.38, 62.86, 62.13, 60.64, 39.02, 34.86, 32.34, 32.23, 30.95, 

25.95, 18.34, 17.29, -1.49, -5.34. 
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