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S-D%0%1G! -3! +$%! M==! *"::"-/! +-//%&! -3! ;:6&+"8&! ;1-,(8%,! 6//(6::2! D-1:,D",%G!

1%/%D6):%!;-:2*%1&!8-/+1")(+%!:%&&!+$6/!>KF5.I !#$%!J%2!1%6&-/&!6)&%/+"/5!1%/%D6):%!

;-:2*%1&!31-*!+$%!8-**%18"6:! *61J%+!61%!+$%"1!$"5$!8-&+G!6/,!+$%!1%:6+"0%:2! ;--1!

;1-;%1+"%&!-3!+$%!*6+%1"6:&!8-*;61%,!+-!+$%"1!;%+1-8$%*"86:!%H("06:%/+&FFTG!!

R%/%D6):%!16D!*6+%1"6:&!$60%!+$%!;-+%/+"6:!+-!;1-0",%!6!D",%!16/5%!-3!*-/-*%1&!

615(6):2!6&!8-*;1%$%/&"0%!6&!+$-&%! ;1-0",%,! )2!+$%! ;%+1-8$%*"86:! "/,(&+12F@!#$%!

"/81%6&%!"/!686,%*"8!1%&%618$G!6/,!1%8%/+:2G!"/,(&+1"6:!6++%/+"-/!61%!:"J%:2!+-!%/&(1%!

+$6+!&-8"%+2!&+61+&!+-!(+":"&%!1%/%D6):%!8$%*"86:&!3-1!+$%!;1-,(8+"-/!-3!;:6&+"8&FU.5>!A&!

*%/+"-/%,!6)-0%!+$%!1%/%D6):%!;-:2*%1&!8(11%/+:2!-/!+$%!*61J%+!86//-+!8-*;%+%!

D"+$! ;%+1-:%(*! )6&%,! ;:6&+"8&G! 6/,! +$"&! D"::! /-+! 8$6/5%! (/+":! +$%! +%8$/-:-52! "&!

,%0%:-;%,! 3(1+$%1F! #$%&%! 6,06/8%&! D"::! 1%H("1%! ,%0%:-;*%/+! -3! /-0%:! 6/,! +1(:2!

&(&+6"/6):%! ;-:2*%1&G! 6/,! +-! 68$"%0%! 6::! -3! +$"&G! 3(::! "/+%516+"-/! -3! -+$%1! %&&%/+"6:!

,"&8";:"/%&!"&!/%8%&&612F55.54!!

S-D%0%1G!"+!"&!"*;-1+6/+!+-!1%*%*)%1!+$6+!&(&+6"/6):%!;-:2*%1&!61%!1%:6+"0%:2!/%D!

D$%/!8-*;61%,!+-!;%+1-:%(*!)6&%,!;:6&+"8&F!#$%!$"5$!;%13-1*6/8%!-3!;:6&+"8&!,%1"0%,!

31-*!3-&&":!3(%:&!"&!+$%!-(+8-*%!-3!*6/2!2%61&!-3!"/+%/&"0%!1%&%618$!6/,!8-**%18"6:!



! <!

&86:%! -;+"*"&6+"-/F! ! #$"&! D"::! 8-*%! 3-1! +$%! /%I+! 5%/%16+"-/! -3! 1%/%D6):2! ,%1"0%,!

;-:2*%1&G!)(+!D"::!1%H("1%!&"5/"3"86/+!6/,!8-/8%1+%,!686,%*"8!6/,!"/,(&+1"6:!1%&%618$!

"/!+$%!8-*"/5!,%86,%&F54!

#$%!&2/+$%&"&!-3!*681-*-:%8(:%&!31-*!/6+(16:!&-(18%&!"&!/-+!6!/%D!",%6F!Q/!368+G!+$"&!

61%6! -3! 1%&%618$! D6&! +$%! 3-8(&! -3! ;"-/%%1"/5! %I;:-16+"-/&! "/! ;-:2*%1! &8"%/8%F5C!

S-D%0%1G!+$%&%!&+(,"%&!3%::!-(+!-3!360-(1!6&!+$%!,%0%:-;*%/+!-3!-":!)6&%,!&2/+$%+"8!

8$%*"86:&!51%DF!Y/:2!1%8%/+:2G!"/!+$%!:"5$+!-3!%/0"1-/*%/+6:!8-/8%1/&G!+$%!1%8-5/"+"-/!

-3!-(1!3"/"+%!-":!1%&-(18%G!6/,!+$%!/%%,!+-!(+":"&%!&-8"%+2d&!D6&+%!&+1%6*&!$6&!+$%1%!

)%%/!6!1%/6"&&6/8%!-3!1%&%618$!+-D61,&!&2/+$%&"&!-3!&(&+6"/6):2!;1-,(8%,!;-:2*%1&F!

#$"&! "&! %*;$6&"&%,! 6/,! $"5$:"5$+%,! "/! +$%! "/81%6&%,! /(*)%1! -3! 1%0"%D&! ;():"&$%,!

1%8%/+:2!"/!+$"&!61%6F!5.@.!5I .5F!!

!

Q/! 1%8%/+! 2%61&! 8-/&",%16):%! 1%&%618$! $6&! )%%/! ,%0-+%,! +-! 3"/,"/5! 1%/%D6):%!

*-/-*%1&! 3-1! +$%! &2/+$%&"&! -3! &(&+6"/6):%! ;-:2*%1&F! #$%&%! "/8:(,%! )-+$! /%D!

*6+%1"6:&! %/+"1%:2! ,%1"0%,! 31-*! 1%/%D6):%! 3%%,&+-8J&G! 6/,!+$-&%! +$6+! 8-*)"/%!

;%+1-:%(*! )6&%,! 6/,! 1%/%D6):%! *-/-*%1&F5E! Q/! -1,%1! +-! &(88%&&3(::2! &$"3+! +-!

&(&+6"/6):%!6:+%1/6+"0%&G!+$%!8$%*"86:!"/,(&+12!*(&+!,%0%:-;!)-+$!%I"&+"/5!6/,!/%D!

:-D!8-&+!;-:2*%1&!D$"8$G!6&!6!*"/"*(*!61%!6):%!+-!8-*;%+%!D"+$!8(11%/+!;%+1-:%(*!

)6&%,!;:6&+"8&!-/!;1"8%!6/,!*-1%!"*;-1+6/+:2!-/!;%13-1*6/8%F!!

!

A!$"5$! ;1-;-1+"-/! -3!+$%! ;:6&+"8&! (&%,!+-,62!688(*(:6+%!"/! :6/,3"::!D$%1%!+$%2!61%!

)(:J2! 6/,! ;%1 06&"0%F! 9-:2*%1&! 31-*! 1%/%D6):%! 1%8-(1&%&! 61%! /-+! "/$%1%/+:2!

)"-,%516,6):%G!$-D%0%1!"+!"&!/-D!"*;%16+"0%!+$6+!&-8"%+2!8-/&",%1&!861%3(::2!+$%!%/,!

-3!:"3%!"&&(%!-3!-(1!;:6&+"8&F!'"/8%!D%!86//-+!%I"&+!D"+$-(+!+$%*G!D%!$60%!+-!:%61/!+-!

:"0%!D"+$!+$%!8-/&%H(%/8%&!-3!;:6&+"8&!"/!-(1!&-8"%+2F!4%D!*6+%1"6:&!61%!8(11%/+:2!)%"/5!

,%0%:-;%,! +-! )%! *-1%! %6&":2! 1%828:%,G! ,%516,%,! +-! (&%6):%! )2B;1-,(8+&! -1! &63%:2!

"/8"/%16+%,!+-!1%8-0%1!+$%"1!%*)%,,%,!%/%152F5G.5@!

!

!

!



! M!

JIJI! 0+#+L%4&!24+L!<(+L*&&!

!
9:6/+! )"-*6&&! "&! 6! *6e-1! ;-+%/+"6:! &(&+6"/6):%! &-(18%! -3! -156/"8! 861)-/F5U!

W"-*6&&B)6&%,! ;1-8%&&%&! +$6+! 8-(:,! 1%;:68%! 81(,%! -":! 8-(:,! $61/%&&! %/X2*6+"8!

*%+$-,&G! *"81-)"-:-52G!6/,! *%+6)-:"8!%/5"/%%1"/5!+-! ,"1%8+!+$%!+16/&3-1*6+"-/! -3!

&(561&G! :";",&G! 6/,! -+$%1! )"-*6&&B,%1"0%,! *-:%8(:%&! +-! +$%! ,%&"1%,! *-/-*%1&F!

L-/-*%1&! ,%1"0%,! 31-*! )"-*6&&! 86/! )%! ,"0",%,! "/+-! +$1%%! 86+%5-1"%&! )6&%,! -/!

$2,1-5%/G!861)-/G!6/,!-I25%/!8-*;-&"+"-/&!CH()K4%!JEFG!

!

>F! YI25%/B1"8$!*-:%8(:61!)"-*6&&!D"+$!6!*-:61!16+"-!-3!PfY!:%&&!+$6/!6/!61)"+1612!

/(*)%1!cF=GC861)-I2:"8!68",&G!;-:2-:&G!,"6/$2,1-6:,"+-:&G!6/,!3(16/&EF!

<F! S2,1-861)-/ B1"8$! *-:%8(:61! )"-*6&&! D"+$! +$%! 16+"-! -3! PfY! :615%1! +$6/! cF=G!

C0%5%+6):%!-":&G!36++2!68",&G!+%1;%/%&G!+%1;%/-",&G!6/,!1%&"/!68",EF!

MF! S2,1-861)-/!*-:%8(:61!)"-*6&&!D"+$!/-!-I25%/!C)"-%+$%/%G!)"-;1-;%/%G!6/,!

)"-"&-;1%/%EF!

!

!

Q+! "&! 6:&-! "*;-1+6/+! +-! *%/+"-/! -;;-1+(/"+"%&! 61-(/,! /-/B$2,1-861)-/! *-:%8(:61!

)"-*6&&F!A!0%12!-)0"-(&!%I6*;:%!"&!861)-/!,"-I",%G!D$"8$!$6&!+$%!;-+%/+"6:!+-!)%!(&%,!

6&!)-+$!6!*-/-*%1G4>!6/,!6&!6!&-:0%/+!3-1!+$%!&(&+6"/6):%!&2/+$%&"&!-3!;-:2*%1&F45!

!

46+(16:!L-:%8(:61!W"-*6&&!

YI25%/BR"8$!W"-*6&&!
" P61)-I2:"8!A8",&!
" 9-:2-:&!C\:28%1-:E!
" 7"6/$2,1-6:,"+-:&!
" V(16/&!

S2,1-861)-/ BR"8$!W"-*6&&!
" g%5%+6):%!Y":&!
" V6++2!A8",&!
" #%1;%/%&!
" #%1;%/-",&!
" R%&"/!A8",&!

S2,1-861)-/!W"-*6&&!
" T+$%/%!
" 91-;%/%!
" Q&-;1%/%!
" W(+%/%!

&'()"*+, : Categories of natural molecular biomass.G 



! O!

.&"/5! +$%! 1%/%D6):%! *-/-*%1&! *%/+"-/%,! 6)-0%G! +$%1%! "&! /-D! 6! ;:%+$-16! -3!

;-:2*%1&!D$"8$!86/!)%!&2/+$%&"&%,!31-*!)"-*6&&F!#$%&%!;-:2*%1&!*6J%!(&%!-3!*6/2!

*%+$-,&!-3!;-:2*%1"&6+"-/G!&(8$!6&!31%%!16,"86:G!1"/5!-;%/"/5G!8-/,%/&6+"-/!6/,!*6/2!

-+$%1! "//-06+"0%! 6;;1-68$%&! +-! ;1-,(8%! ;-:2*%1&! D"+$! 6! 16/5%! -3! ;1-;%1+"%&! 6/,!

&(&+6"/6):%!8$6168+%1"&+"8&F!!

!

91-)6):2! +$%! *-&+! 36*":"61! 1%/%D6):%! *-/-*%1! "&! :68+"8! 68",! 3-1! +$%!&2/+$%&"&! -3!

;-:2C:68+"8! 68",E! C9_AEF44! 9_A! $6&! 1%8%"0%,! &"5/"3"86/+! 8-**%18"6:! 6++%/+"-/! 6&! "+!

,"&;:62&! &("+6):%! ;1-;%1+"%&! +-! 1%;:68%! ;-:2-:%3"/&! 6&! D%::! 6&! ;-+%/+"6::2! -33%1"/5!

&(&+6"/6)":"+2!)%/%3"+&!-0%1!;%+1-8$%*"86:!)6&%,!;-:2*%1&F4CT4E!A!*6e-1!,16D)68J!-3!

9_A!"&!+$%!/%%,!3-1!$"5$!H(6:"+2!:6/,!+-!51-D!+$%!8-1/!/%%,%,!+-!%I+168+!+$%!&+618$F!Q/!

+$%!3(+(1%!+$%1%!D"::!)%!6!/%%,!+-!*-0%!6D62!31-*!&(8$!3%%,&+-8J&G!3-1!%I6*;:%!+$%!

(&%!-3!D6&+%!PY4!6&!6/!6:+%1/6+%!861)-/!&-(18%!F4G!

!

V(16/&!61%!6/-+$%1!51-(;!-3!*-/-*%1&!;1%,-*"/6/+:2!-)+6"/%,!31-*!;-:2&688$61",%&!

-1! &(561&! 6/,! %/8-*;6&&! *-:%8(:%&! &(8$! 6&!3(13(16:! CJEG! 3(13(12:! 6:8-$-:! CMEG!

cB*%+$23(13(16:!COE!6/,! ! cB$2,1-I2*%+$2:3(13(16:!CSLVE!CQE!CH()K4%!MEF4@!#$%&%!61%!

D%::!,%0%:-;%,!*-/-*%1&!D$"8$!86/!)%!(&%,!,"1%8+:2!"/!&+%;!51-D+$!;-:2*%1"&6+"-/!

-1!86/!;61+"8";6+%!"/!7"%:&BA:,%1!1%68+"-/&!+-!"/+1-,(8%!/%D!3(/8+"-/6:!51-(;&!"/+-!+$%!

;-:2*%1F!4UTC4!V(13(16:!CJE!6/,!"+&!,%1"06+"0%&!61%!6!;61+"8(:61:2!1"8$!&-(18%!-3!;-+%/+"6:!

1%/%D6):%!*-/-*%1&F!L-1%-0%1G!+$%!368+!+$6+!+$%&%!86/!)%!;1-,(8%,!,"1%8+:2!31-*!

D6&+%!)"-*6&&!"&!%I+1%*%:2!6++168+"0%!&"/8%!+$"&!-0%18-*%&!"*;-1+6/+!%+$"86:!"&&(%&!

&(11-(/,"/5!3--,! +9!3(%:F!!W%86(&%!-3!$"5$!;1-,(8+"-/!8-&+&G!O!"&!/-+!2%+!6!$"5$B0-:(*%!

8$%*"86:!6/,!+$%!;-+%/+"6:!(&%&!-3!SLVB,%1"0%,!8-*;-(/,&!$60%!8(11%/+:2!/-+!)%%/!

3(::2! %I;:-"+%,FCC! g%5%+6):%! -":&! 6/,!36++2! 68",&! 6:&-! 1%;1%&%/+! 6! :615%! 61%6! -3!

-;;-1+(/"+2!"/!/%D!&(&+6"/6):%!;-:2*%1&FCI.CF!

!

!



! c!

!
+

&'()"*+- . Furfural and some common derivatives. 

!

`"+$"/!+$%!86+%5-12!-3!$2,1-861)-/!1"8$!)"-*6&&!61%!+%1;%/%&!6/,!+%1;%/-",&G!6/,!

+$%&%! 1%;1%&%/+! 6!06&+! 16/5%! -3! *-:%8(:%&! D$"8$! 61%! -3! 51%6+! "/+%1%&+! +-! ;-:2*%1!

&8"%/8%F!#$%!*6/2! ,%&"16):%! ;1-;%1+"%&!-3!+%1;%/%&!$60%!1%8%/+:2!*6,%!+$%*!0%12!

6++168+"0%!3-1!;-:2*%1!1%&%618$!6/,!+$"&!"&!$"5$:"5$+%,!)2!1%0"%D&!D$"8$!$60%!)%%/!

;():"&$%,!D"+$"/!+$%!;6&+!3"0%!2%61&F5I.CE!!

!

#$"&!1%0"%D!D"::!3-8(&!-/!+$%!(&%!-3!*-/-+%1;%/%&!6/,!1%&"/!68",&!6&!*-/-*%1&!3-1!

+$%!&2/+$%&"&!-3!1%/%D6):%G!+$%1*-;:6&+"8!;-:2*%1&F!Q/"+"6:!6++%*;+&!6+!;-:2*%1"&"/5!

+$%! *-&+! 6)(/,6/+! +%1;%/%&! CTG!JU! 6/,! JJ[! 8-/8%/+16+%,! -/! (&"/5! +$%"1! -:%3"/"8!

*-"%+"%&!3-1!31%%!16,"86:! -1!86+"-/"8! ;-:2*%1"&6+"-/F!A:+$-(5$!+$"&! *%+$-,!&$-D%,!

&-*%!&(88%&&GCG!+$%! ,6+6!D6&! /-+!8-*;%::"/5!6/,!1%8%/+:2!6++%/+"-/!$6&!&$"3+%,!+-!

;%13-1*! &2/+$%+"8! *-,"3"86+"-/&! +-! +$%! +%1;%/%&! "/! -1,%1! +-! &2/+$%&"&%! 6! +%1;%/%!

)6&%,!*-:%8(:%!D$"8$!86/!*-1%!%6&":2!(/,%15-!;-:2*%1"&6+"-/F!#$"&!;1-8%&&!$6&!)%%/!

&()&+6/+"6::2! 6",%,! )2! +$%!8-11%&;-/,"/5! 6,06/8%&! "/! &(&+6"/6):%! &2/+$%+"8!

*%+$-,-:-5"%&! +$6+! $60%! %/6):%,! ;1%3(/8+"-/6:"&6+"-/! -3! +%1;%/%&! "/! ;-:2*%1!

8$%*"&+12F!#$"&!6&;%8+!D"::!)%!8-0%1%,!6+!:%/5+$!"/!+$"&!8$6;+%1F!

!

O O O
H

O O
OH H

O

H

O

HO

1 2 3 4

Furfural Furfural Alcohol 5-Methyl Furfural 5-Hydroxymethyl Furfural



! N!

!
+

&'()"*+/ : Some common monoterpenes:#

#%1;%/%&G!+%1;%/-",&!6/,!1%&"/!68",&!61%!6!51-(;!-3!/-/B;-:61!*-:%8(:%&!6/,!&$61%!6!

)(":,"/5! ):-8JG! "&-;1%/%! CSEG! 6&! 6! 8-**-/! %:%*%/+612! (/"+! CH()K4%! OEF! #$%! *-&+!

8-**-/!+%1;%/%&!8-/+6"/!+D-!"&-;1%/%!(/"+&!6/,!61%!J/-D/!6&!*-/-+%1;%/%&G!+$%&%!

61%!+2;"86::2!;1-,(8%,!)"-&2/+$%+"86::2!)2!*6/2!8:6&&%&!-3!+1%%&!6/,!;:6/+&FC@!#$"&!8:6&&!

-3!*-:%8(:%&!"&!51-(;%,!(/,%1!$2,1-861)-/!1"8$!)"-*6&&G!6/,!8-/+6"/&!6!06&+!36*":2!

-3! /6+(16::2! -88(11"/5! 8-*;-(/,&! D$"8$! &$-D! %/-1*-(&! &+1(8+(16:! ,"0%1&"+2!

CH()K4%!OEF!'-*%!8-**-/!+%1;%/%&!61%!:"*-/%/%!CTEG!hB+%1;"/%/%!CNEG!*218%/%!CPEG!MB

861%/%! CWEG! hB;"/%/%! CJJE! 6/,! i B;"/%/%! CJUE! CH()K4%! OEF! #%1;%/%&! 61%! 6)(/,6/+G!

"/%I;%/&"0%!6/,!,-!/-+!,"1%8+:2!8-*;%+%!D"+$!3--,!&-(18%&G!6/,!61%!+$%1%3-1%!",%6:!

&*6::! *-:%8(:%! )(":,"/5! ):-8J&! 3-1! *6/2! 6;;:"86+"-/&FC@!#$%&%! $2,1-861)-/! )6&%,!

*-:%8(:%&! (&(6::2! 8-/+6"/! -/%! -1! *-1%! 861)-/B861)-/! ,-():%! )-/,&! 6/,! $60%! 6!

5%/%16:!3-1*(:6!P5>S5EF!#(1;%/+"/%!"&!+$%!0-:6+":%!3168+"-/!"&-:6+%,!31-*!;"/%!1%&"/!6/,!

"&!;1-,(8%,!-/!6!&86:%!-3!MM=!J":-+-//%&!;%1!6//(*!C^#AEFCU!!

!

5

6

7

8

9

10

11

Limonene Myrcene

Isoprene

α-pinene

β-pinene

3-carene

α-terpinene



! b!

#$%!8-*;-&"+"-/!-3!+(1;%/+"/%!"&!,%;%/,%/+!-/!+$%!65%!6/,!&;%8"%&!-3!+$%!+1%%G!6*-/5!

-+$%1!368+-1&F!S-D%0%1G!+$%!*6e-1!8-*;-/%/+&!61%!JJ!COcBjb KEG!JU!C=FcB<?KE!6/,!

&*6::%1! 6*-(/+&! -3!-+$%1! *-/-+%1;%/%&FI> ! #$"&! 8:6&&! -3! *-:%8(:%&! 86/! %6&":2!

"/+%18-/0%1+!+-!5"0%!6! /(*)%1!-3!)6&"8!*-/-+%1;%/%!&J%:%+-/&!&+61+"/5!31-*!*6/2!

;1%8(1&-1&FI5 !L-/-+%1;%/%&!61%!;61+"8(:61:2!,"0%1&%!&+1(8+(16::2!,(%!+-!+$%!;1%&%/8%!

-3! /(*%1-(&! &+%1%-5%/"8! 8%/+1%&G! )(+! 6:&-! )%86(&%! -3! +$%! *6/2! -I25%/6+%,!

8-*;-(/,&!D$"8$!86/!%6&":2!)%!5%/%16+%,!31-*!+$%!)6&"8!&J%:%+-/&FC@!7%&;"+%!+$%!06&+!

16/5%!-3!+%1;%/%&!606":6):%G!hB;"/%/%!CJJEG!iB;"/%/%!CJUEG!*218%/%!CPE!6/,!:"*-/%/%!
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012*3*+5. The two proposed mechanisms of polymerisation of α-pinene (,, ) 
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012*3*+7. The radical polymerisation of 6+using benzoyl peroxide as an initiatorEE 
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012*3*+8. Copolymerisation of /7  and+/6  with carbon dioxideGI 
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012*3*+: . Ring opening polymerisation of carvone derived monomers 55 and 58G@ 
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&'()"*+8: Monomers derived from terpenes@E 
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&'()"*+9: Polymers from acrylate and methacrylate monomers derived from terpenes@E 
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8(11%/+:2! /%"+$%1!v51%%/d! -1!&(&+6"/6):%F!S-D%0%1G!D"+$!+$%!%0",%/8%! -3!+$%! (&%3(:!

;1-;%1+"%&!-3!+$%&%!;-:2*%1&!6/!%33-1+!86/!)%!*6,%!+-!-;+"*"&%!+$%!8-/,"+"-/&!6/,!

,%0%:-;! "*;1-0%,! 1-(+%&! 3-1! )-+$! +$%! &2/+$%&"&! -3! +$%! *-/-*%1&! 6/,! +$%!

;-:2 *%1"&6+"-/!;1-8%&&F!!

!

`"+$!+$"&!"/!*"/,!+$%!&2/+$%&"&!D6&!,%0%:-;%,!+-!*-0%!6D62!31-*!+$%!+-I"8!6812:-2:!

6/,!*%+$6812:-2:!8$:-1",%!6/,!&()&+"+(+"/5!D"+$!6812:"8!6/,!*%+$6812:"8!68",t!)-+$!-3!

D$"8$! D"::! )%8-*%! 8-**%18"6::2! 606":6):%! 31-*! 1%/%D6):%! &-(18%&F!A! ;1-;2:!

;$-&;$-/"8!6/$2,1",%!D6&!"/+1-,(8%,!+-! ;1-*-+%!%&+%1!8-(;:"/5!)%+D%%/!+%1;%/%!

6:8-$-:&! 6/,! 6812:"8! 68",G! ;1-,(8"/5! 6/! %/0"1-/*%/+6::2! )%/"5/! D6+%1B&-:():%!

+1";$-&;$6+%!)2B;1-,(8+t!8-/&",%16):2!*-1%!&(&+6"/6):%!+$6/!8$:-1",%!"/!6/2!D6&+%!

&+1%6*F!
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! M=!

S- D,:%G!'+-8J*6/!6/,!8- BD-1J%1&!:--J%,!"/+-!6!*-1%!%33"8"%/+!-/%!&+%;!&2/+$%&"&!-3!

+$%! *-/-*%1&!+0%! PBS! 68+"06+"-/G! D$"8$! 86/! )%! 0"%D%,! 6&! 6/! %33"8"%/+! D62! -3!

3(/8+"-/6:"&"/5! 6:J%/%&F@E! L%+$6812:"8! 68",! D6&! 6,,%,! +-!JU! +0%! 86+6:2+"8! PBS!

3(/8+"-/6:"&6+"-/!(&"/5!9,CYA8E4!6&!6!86+6:2&+!C-/,%L%!JQEF!Y;+"*6:!8-/,"+"-/&!D%1%!

3-(/,!+-!)%!<!*-:K!9,CYA8E4G!<!%H("0F!)%/X-H("/-/%!(/,%1!6/!6+*-&;$%1%!-3!Y4!6/,!

(&"/5!*%+$6812:"8!68",!6&!+$%!&-:0%/+F!#$%!1%68+"-/!D6&!8611"%,!-(+!6+!c=!mP!3-1!>N!$!

6/,!;1-,(8%,!+D-!;-&&"):%!;1-,(8+&!"/!?<K!CPO!6/,! PQE!"/!6!>=u>!16+"-F!!

!

!
+

012*3*+,5 : C-H activation of β-pinene (,4 ) using a Pd catalyst to yield functionalised monomers.@E 

PBS! 68+"06+"-/! $6&! )%%/! &(88%&&3(:! "/! "*;1-0"/5! +$%! &2/+$%&"&! -3! 6812:6+%! 6/,!

*%+$6812:6+%!3(/8+"-/6:"&%,!*-/-*%1&!)2!1%,(8"/5!+$%!/(*)%1!-3!&+%;&!31-*!-/%!+-!

+D-G!6&!D%::!6&!;1-,(8"/5!/%D!"/+%1%&+"/5!*-/-*%1&F!#$-(5$!+$"&!D-1J!"&!&+"::!-/5-"/5G!

;1-*"&"/5!1%&(:+&!$60%!)%%/!,%*-/&+16+%,F!

L-1%!1%8%/+:2!_"* 6!,)#%;:#(&%,!6!&"*":61!6;;1-68$!+-!&2/+$%&"&%!)/%'9B&-)1%1-:!,%1"0%,!

6812:6+%&! 6/,! *%+$6812:6+%&F@G! #$%! &%8-/,612! 6:8-$-:! "/!)/%'9B&-)1%1-:! D6&!

3(/8+"-/6:"&%,! (&"/5! 6812:-2:! 8$:-1",%! 6/,! *%+$6812:"8! 6/$2,1",%! 1%&;%8+"0%:2! +-!

;1-,(8%!*-/-*%1&F!#$%&%!*-/-*%1&!D%1%!+$%/!1%68+%,!D"+$!(/&6+(16+%,!;-:2%&+%1&!

+-! ;1-,(8%! 1%&"/&! D"+$! +(/6):%! +$%1*-*%8$6/"86:! ;1-;%1+"%&F! #$%! &-)1%-:B,%1"0%,!

*-/-*%1&! $60%! +$%! ;-+%/+"6:! +-! 1%;:68%! ;%+1-8$%*"86:! ,%1"0%,! &+21%/%! "/!

3-1*(:6+"-/&F!!
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! M>!

#$%!1%&%618$!$"5$:"5$+%,!6)-0%!1%6::2!%*;$6&"&%&!+$%!)%/%3"+&!-3!8-::6)-16+"-/!D"+$"/!

+$%!&8"%/+"3"8!,"&8";:"/%&G!$%1%!+$%!8-/0%15%/8%!-3!;-:2*%1!6/,!-156/"8!8$%*"&+12!$6&!

1%&(:+%,!"/!/-0%:!;-:2*%1&!D"+$!"/+%1%&+"/5!6/,!(&%3(:!;1-;%1+"%&F!

!

#$%!;-:2*%1&!&2/+$%&"&%,!6)-0%!61%!,%1"0%,!31-*!1%/%D6):%!1%&-(18%&!6/,!;-&&%&&!

1%H("1%,! 8$%*"86:! ;1-;%1+"%&! D$"8$! "&! 81(8"6:! D$%/! ,%0%:-;"/5! /%D! 51%%/! 6/,!

&(&+6"/6):%!;:6&+"8&F!#$%1%!61%!&+"::!;1-):%*&!+-!)%!&-:0%,G!3-1!%I6*;:%!6!1%/%D6):%!

&-(18%!-3!+$%!6812:"8!6/,!*%+$6812:"8!68",&!"&!1%H("1%,F!!S-D%0%1G!/%D!;1-8%&&%&!61%!

6;;%61"/5G!6/,!&2/+$%+"8!)"-:-52!:--J&!&%+!+-!81%6+%!6!v+--:)-Id!-3!;:6+3-1*!8$%*"86:&!

+$6+!8-(:,!)%!8-/&",%1%,!"/!+$%!3(+(1%F!!

!

/#=#! H(*-&!IA-F*!

\(*!1-&"/! "&!+$%!/-/ B0-:6+":%!3168+"-/! -3! ;"/%!1%&"/! -)+6"/%,! )2!+6;;"/5! :"0"/5! ;"/%!

+1%%&!6/,!"&!+$%!*-&+!8-**-/!1-&"/F!91-,(8+"-/!-3!1-&"/!%I8%%,&!>G===!̂ #AG!8-/&"&+"/5!

;1"*61":2!-3!1%&"/!68",&!D$"8$!"/8:(,%!)-+$!6)"%+"8B!6/,!;1"*61"8!+2;%!1%&"/!68",&!D"+$!

8$6168+%1"&+"8!$2,1-;$%/6/+$1%8%/%!&+1(8+(1%&!CH()K4%!WEFCE!#$%!&2/+$%&"&!-3!;-:2*%1&!

(&"/5!1-&"/!68",&!"&!6!$(5%!61%6!-3!1%&%618$!6/,!D"::!/-+!)%!8-0%1%,!"/!,%;+$!$%1%G!*-1%!

8-*;1%$%/&"0%!1%0"%D&!$60%!)%%/!;():"&$%,!;1%0"-(&:2F@@.CE!

!

!



! M<!

!
+

&'()"*+: : Some common components of pine resin 

!

L6"/!8$6"/!;-:2*%1&!,%1"0%,!31-*!1%&"/!68",&!61%!*-&+!8-**-/:2!;-:2*%1"&%,!)2!&+%;!

51-D+$!;-:2*%1"&6+"-/!+6J"/5!6,06/+65%!-3!861)-I2:"8!68",!3(/8+"-/6:!51-(;&F!A!16/5%!

-3! 3(/8+"-/6:! *-/-*%1&! 31-*! 1%&"/! 68",&! $60%! )%%/! &2/+$%&"&%,! (&"/5! 7"%:&BA:,%1!

1%68+"-/&F@U!#$%&%! *-/-*%1&! :%6,! +-! +$%! ;1%;616+"-/! -3!;-:2%&+%1&G! ;-:26*"/,%&G!

;-:26*"/,%"*",%&!6/,!;-:2%&+%1!;-:2-:&FU>!L6/2!-3!+$%&%!*6"/!8$6"/!;-:2*%1&!$60%!

:-D! *-:%8(:61!D%"5$+&!6/,!+$"&! "&! ,(%!+-!&+%1"8!$"/,16/8%! -3!+$%!)(:J2!1%&"/!68",&G!

*-/-*%1!"*;(1"+"%&!6/,!&+-"8$"-*%+1"8!8-/+1-:F@@!!

!

R%&"/! 68",&! $60%! )%%/! 8-/0%1+%,! "/+-! 0"/2:G! 6812:"8! -1! 6::2:! %&+%1! 51-(;&! +$6+! 86/!

(/,%15-! 16,"86:! ;-:2*%1"&6+"-/! CH()K4%! JSEFU5!P-/+1-::%,! 16,"86:! ;-:2*%1"&6+"-/! -3!

*-/-*%1&!,%1"0%,!31-*!5(*!1-&"/!%/6):%&!+$%!;1%;616+"-/!-3!D%::B,%3"/%,!;-:2*%1&!

D"+$!$"5$!*-:%8(:61!D%"5$+!6/,!3(/8+"-/6:"+2G!+$%&%!8-(:,!)%!,%0%:-;%,!"/+-!6,06/8%,!

*6+%1"6:&!&(8$!6&!+$%1*-;:6&+"8!%:6&+-*%1&!6/,!8-*;-&"+%&F!!

COOH COOH COOH

COOHCOOH
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! MM!

!
+

012*3*+,7 . Conversion of dehydroabietic acid (98) to acrylates and meth(acrylates)U5 

!

#6/5! 6/,! 8- BD-1J%1&! $60%! ,%0%:-;%,! 6! &%1"%&! -3! D%::B,%3"/%,! 1%&"/B8-/+6"/"/5!

C*%+$E6812:"8! ;-:2*%1&! )2! 8-/+1-::%,! ;-:2*%1"&6+"-/FU5! #$%! 8-/0%1&"-/! -3! +$%!

861)-I2:"8!68",!51-(;!-3!PN!!+-!6812:6+%!6/,!*%+$6812:6+%!51-(;&!1%&;%8+"0%:2!1%&(:+%,!

"/!+$%!&2/+$%&"&!-3!*-/-*%1&!8-/+6"/"/5!6!0"/2:!51-(;!D$"8$!D6&!$"5$:2!&(&8%;+"):%!+-!

16,"86:!;-:2*%1"&6+"-/!WU*G/ !6/,! WJF!A#R9!D6&!(&%,!+-!;-:2*%1"&%!+$%!C*%+$E6812:6+%!

*-/-*%1&F! !

!

A812:-2:-I2:!,%$2,1-6)"%+"8861)-I2:6+%!CA7AE!CWJE!"/!D$"8$!+$%!,%$2,1-6)"%+"8!51-(;!

"&!8-//%8+%,!,"1%8+:2!+-!+$%!0"/2:!%&+%1!51-(;G!D6&!;1%;61%,!31-*!6812:-2:!8$:-1",%!6/,!

,%$2,1-6)"%+"8! 6:8-$-:G! -)+6"/%,! )2! 1%,(8+"-/! -3! ,%$2,1-6)"%+"8! 68",! CPNE! D"+$!

&-,"(*! )-1-$2,1",%! C-/,%L%! JSEF! V-1! *-/-*%1&! <B*%+$6812:-2:-I2%+$2:!

,%$2,1-6)"%+"8861)-I2:6+%! CLAT7AE! CWU/ EG! <B6812:-2:-I2%+$2:!

,%$2,1-6)"%+"8861)-I2:6+%! CAT7AE! CWU*EG! 6/,! OB6812:-2:-I2)(+2:!

,%$2,1-6)"%+"8861)-I2:6+%!CAW7AE!CWU8EG!,%$2,1-6)"%+"8!68",!CPNE!D6&!3"1&+!8-/0%1+%,!
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! MO!

"/+-! 6/! 682:! 8$:-1",%! (&"/5! -I6:2:! 8$:-1",%! 3-::-D%,! )2! +$%! "/>90)4! %&+%1"3"86+"-/!

1%68+"-/&!D"+$!$2,1-I2:!51-(;&!-3!8-11%&;-/,"/5!C*%+$E6812:6+%&F!!

!

P-;;%1!86+6:2&%,!A+-*!+16/&3%1!16,"86:!;-:2*%1"&6+"-/!CA#R9E!-3!WJ!D6&!8611"%,!-(+!

+-!5"0%!;-:2*%1&!D"+$!6!)1-6,!,"&;%1&"+2!"/,"86+"/5!+$%!1%68+"-/!D6&!/-+!8-/+1-::%,F!

#$"&!D6&!*-&+! :"J%:2! ,(%!+-!+$%! ,-*"/6+"/5!&+%1"8!$"/,16/8%! -3!+$%! ,%$2,1-6)"%+"8!

*-"%+2F! V-1! -+$%1! 6812:6+%&G! A#R9! 6::-D%,! +$%! ;1%;616+"-/! -3! D%::B,%3"/%,! 1%&"/B

,%1"0%,!;-:2*%1&!D"+$!:-D![!6/,!8-/+1-::%,!*-:%8(:61!D%"5$+F!#$%!*-:%8(:61!D%"5$+!

-3!;-:2*%1&!16/5%,!31-*!>=!J76!+-!>==!J76!D"+$![!s!>FMF!#$%!$"5$%1!*-:%8(:61!D%"5$+!

D6&!8-/&"&+%/+!D"+$!+$%!:-/5%1!&;68%1&!)%+D%%/!+$%!1-&"/!*-"%+2!6/,!+$%!0"/2:!51-(;G!

3(1+$%1! "/,"86+"/5! +$%! 68+"-/! -3! 6! &+%1"8! %33%8+F! #$%&%! ;-:2*%1&! %I$")"+%,! +(/6):%!

+$%1*6:!;1-;%1+"%&!)2!&"*;:%!*6/";(:6+"-/!-3!*-/-*%1!&+1(8+(1%&!6/,!8-(:,!&$-D!

;-+%/+"6:!6;;:"86+"-/&!3-1!+$%1*-;:6&+"8!%:6&+-*%1&!-1!8-*;-&"+%&F!

!

Q+! "&! 8:%61! +$6+! +$%! 3(/8+"-/6:"&6+"-/! -3! 1%/%D6):%! 3%%,&+-8J&! (&"/5! 51%%/! 6/,!

&(&+6"/6):%! *%+$-,&! "&! )-+$!6/! "/+%1%&+"/5!6/,!6!8-**%18"6::2!%I;:-"+6):%!3"%:,!-3!

1%&%618$F! Q/! ;61+"8(:61! +$%! +16/&3-1*6+"-/! -3! 1%/%D6):%! 3%%,&+-8J&! +-! 2"%:,! &*6::!

*-:%8(:%&!8-/+6"/"/5!3(/8+"-/6:!51-(;&!D$"8$!86/! )%!1%6,":2! ;-:2*%1"&%,! "&!6!0%12!

;1-*"&"/5! 61%6! -3! 1%&%618$! 6/,! ,%0%:-;*%/+FGI! #$%! +%1;%/%&! 61%! ;61+"8(:61:2!

"/+%1%&+"/5!)%86(&%!-3!+$%"1!D",%!16/5%!-3!3(/8+"-/6:!51-(;&!6/,!8$"16:!8%/+1%&F!#$%2!

;1%&%/+!6!&"5/"3"86/+!-;;-1+(/"+2!"/!+$%!&%618$!3-1!v51%%/!;-:2*%1&d!6/,!(;!(/+"::!/-D!

"+!"&!+$%!:68J!-3!6!0"6):%!8-**%18"6:!&86:%!1-(+%!+-!/%D!!;-:2*%1&!+$6+!86/!8-*;%+%!

D"+$!;%+1-8$%*"86::2!,%1"0%,!8-**-,"+2!;-:2*%1&!+$6+!"&!$-:,"/5!)68J!+$"&!;-+%/+"6:F!

QI! =+#/9K&(+#&!*#1!@K'9++R!!

#$%1%! "&! 6! :-/5! $"&+-12! -3! +$%! ;-:2*%1"&6+"-/! -3! *-/-+%1;%/%&G! "/"+"6::2! +$%! *-&+!

8-**-/! ;-:2*%1"&6+"-/! +%8$/"H(%!D6&! +-! (+":"&%! +$%! ,-():%! )-/,! 3-1! 86+"-/"8!

;-:2*%1"&6+"-/! +-! ;1-,(8%! $-*-;-:2*%1&! -3! ! B! 6/,! " B;"/%/%FCG! R6,"86:!

;-:2*%1"&6+"-/!$6&!;1-0%/!+-!)%!"/%33%8+"0%!3-1!+$%!;-:2*%1"&6+"-/!-3!+%1;%/%&!,(%!+-!

+$%"1! $"5$! 1%68+"0"+2! 6/,! 6)":"+2! +-! 68+! 6&! 8$6"/! +16/&3%1! 65%/+&FEG.E@! #$%! ;"/%/%&G!



! Mc!

:"*-/%/%!6/,!*21%8%/%!61%!+$%!*-&+!6)(/,6/+!+%1;%/%&!6/,!+$%1%3-1%!1%&%618$!$6&!

3-8(&%,!-/!+$%&%!*-/-+%1;%/%&!6/,!"&!8:%61:2!1%3:%8+%,!"/!+$%!:"+%16+(1%F!#$%!*6e-1"+2!

-3!+$"&!1%0"%D!3-8(&%,!-/!+$%!3(/8+"-/6:"&6+"-/!-3!+%1;%/%&!;1"-1!+-!;-:2*%1"&6+"-/G!

-D"/5!+-!+$%!&(88%&&!-3!+$"&!6;;1-68$! -0%1!1%8%/+!2%61&F!#$"&!*%+$-,!$6&!6::-D%,!

+%1;%/%!,%1"0%,!*-/-*%1&!+-!)%!;-:2*%1"&%,!+$1-(5$!*%+$-,&!-+$%1!+$6/!86+"-/"8!

6/,! 16,"86:! ;-:2*%1"&6+"-/F! #%8$/"H(%&! &(8$! 6&G! 1"/5! -;%/"/5! 6/,! 8-/,%/&6+"-/!

;-:2*%1"&6+"-/&! $60%! )%%/! (+":"&%,! +-! ;1-,(8%! /-0%:G! +%1;%/%! ,%1"0%,! ;-:2%&+%1&G!

;-:26*",%&G!;-:2(1%+$6/%&!6/,!;-:2861)-/6+%&!D"+$!6!16/5%!-3!;1-;%1+"%&F!!

!

#%1;%/%&!61%!8(11%/+:2! ;1-,(8%,! -/!+$%!&86:%! -3!M==!^#A!D"+$!+$%! ;-+%/+"6:!+-! )%!

;1-,(8%,! -/ !6! :615%1! &86:%! 31-*! D6&+%! &+1%6*&! "3! +$%! ,%*6/,! D6&! $"5$! %/-(5$F!

#%1;%/%&!61%!;1-,(8%,!)2!;:6/+&!+$1-(5$!*%+6)-:"8!;6+$D62&!6/,!6&!6!1%&(:+!$60%!

"/$%1%/+!3(/8+"-/6:"+2!6/,!8$"16:"+2F!#$%!;1%&%/+!;1-,(8+"-/!-3!+%1;%/%&!"&!/-+!%/-(5$!

+-! *6/(368+(1%! 6! /%D! ;:6&+"8! -/! 6! :615%! 8-**-,"+2! &86:%G! )(+! +$%! 3(/8+"-/6:"&%,!

/6+(1%!-3!+%1;%/%&!8-(:,!%/6):%!+$%!&2/+$%&"&!-3!:-D!0-:(*%!6/,!06:(6):%!&;%8"6:"+2!

*6+%1"6:&!,%1"0%,!,"1%8+:2!31-*!1%/%D6):%!3%%,&+-8J&FF5!!

!

#$"&!1%0"%D!$6&!$"5$:"5$+%,!+$%!;1%&%/+!,"33"8(:+"%&!&(11-(/,"/5!;1-,(8+"-/!-3!+%1;%/%!

$-*-;-:2*%1&! D"+$! (&%3(:! ;1-;%1+"%&! 6/,! 6! 16/5%! -3! "/0%/+"0%! *%+$-,&! )%"/5!

%*;:-2%,! )2! &-*%! 1%&%618$! 51-(;&! +-! -0%18-*%! +$"&! ;1-):%*F! ! L-&+! ;1-*"&"/5!

;%1$6;&! "&! +$%! ,"1%8+! 3(/8+"-/6:"&6+"-/! -3! +%1;%/%&! "/+-! *-/-*%1&! +$6+! 86/! )%!

y,1-;;%, B"/z!+-!%&+6):"&$%,!6/,!%33"8"%/+!;-:2*%1"&6+"-/!;1-8%&&%&F!#$%&%!6;;1-68$%&!

$60%! +$%! ;-+%/+"6:! +-! ;1-,(8%! &(&+6"/6):%! ;-:2*%1&! D"+$! 06:(6):%! 6/,! +(/%6):%!
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&'()"*+,4 : Graph displaying the relationship of conversion to the average molecular weight for step-
growth and chain-growth polymerisation 
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L-1%!1%8%/+:2!+$%!L%"%1!51-(;!(+":"&%,!+$%!+$"-:B%/%!8:"8J!8$%*"&+12!+-!&2/+$%&"&%!/%D!

1%/%D6):%!,"6*"/%!*-/-*%1&!31-*!C?EBC|EB!6/,!C@EBCrEB:"*-/%/%!CTEF5>5!Q/! -1,%1!+-!

-)+6"/!1%/%D6):%!;-:26*",%&G!+$%!8-B;-:2*%1"&6+"-/!-3!+$%!&2/+$%&"&%,!,"6*"/%&!D"+$!

,"33%1%/+! 1%/%D6):%! ,"%&+%1&!+0%#;-:28-/,%/&6+"-/! ;-:2*%1"&6+"-/! D6&! 6++%*;+%,!

CH()K4%!JMEF!#$"&!*%+$-,!D6&!6:&-!(&%,!+-!-)+6"/!"&-826/6+%B31%%!;-:2(1%+$6/%&F!

!

!
&'()"*+,- . Polyamide (:5 ) synthesised from limonene (6)5>5 

!

#$%!&2/+$%&"&!-3!1%/%D6):%!;-:26*",%&!WQ!D"+$!*-:%8(:61!D%"5$+&!(;!+-!x &!p!><!J76!

D%1%!-)+6"/%,!+0%!+$%! &%:%8+"0%! 8-*)"/6+"-/! -3! +$"-:! *-,"3"%,! :"*-/%/%F! `-1J! )2!

L%"%1! 6/,! 8-BD-1J%1&! 6:&-! ,%*-/&+16+%&! +$%! ;-+%/+"6:! 3-1! %:%56/+! 6/,! %33"8"%/+!

8$%*"86:!3(/8+"-/6:"&6+"-/!-3!1%/%D6):%!*-/-*%1&FE5.5>5!#$%!3(/8+"-/6:"&6+"-/&!D%1%!

8611"%,!-(+!6+!1--*!+%*;%16+(1%!D"+$-(+!+$%!;1%&%/8%!-3!&-:0%/+&F!S-D%0%1G!+$%!(&%!

-3!+$"-:&!"/!;-:2*%1&!86/!)%!&%%/!6&!(/,%&"16):%!)%86(&%!-3!;-+%/+"6:!,"&8-:-(16+"-/!

6/,! )6,! -,-(1&t! )-+$!61%!"*;-1+6/+!8-/&",%16+"-/&!D$%/! ,%0%:-;"/5! ;-:2*%1&!3-1!

8-**%18"6:!6;;:"86+"-/&F!!

!

O
S S

H
N

O
S S

H
N

n

94



! OM!

!

012*3*+,8 . Biotransformation of borneol (:7 ) to 5-hydroxyborneol (:6 ) using an engineered whole 
cell catalyst, and subsequent polymerisation with dimethylsuccinate5>4 

!

A/-+$%1!%I6*;:%!-3!+%1;%/%!,%1"0%,!&+%;B51-D+$!;-:2*%1"&6+"-/!8-*%&!31-*!R-+$!,)#

%;:#D$- ! (&%,! )"-+%8$/-:-52! +-! &2/+$%&"&%! 6!)-1/%-: ! ,%1"0%,! ,"-:! WT! &("+6):%! 3-1!

&+%;B51-D+$! ;-:2*%1"&6+"-/!C-/,%L%!JNEF5>4! .&"/5! 6! 82+-8$1-*%!9Oc=G!D$"8$! $6,!

)%%/!%/5"/%%1%,!+-!;%13-1*!6!D$-:%!8%::!86+6:2+"8!+16/&3-1*6+"-/G!6!$2,1-I2:!51-(;!

D6&!"/&%1+%,!"/+-! WS!;1-,(8"/5 !cB$2,1-I2)-1/%-: !CWTEF!WT!&()&%H(%/+:2!(/,%1D%/+!6!

;-:28-/,%/&6+"-/ !1%68+"-/!D"+$!,"*%+$2:!&(88"/6+%!CWNE!+-!;1-,(8%!;-:2%&+%1&!WP!D"+$!

+$%!)"828:"8!&+1(8+(1%!"/8-1;-16+%,!"/+-!"+&!)68J)-/%F!#$%!1%&(:+"/5!;-:2*%1!%I$")"+%,!

6!$"5$!5:6&&!+16/&"+"-/!+%*;%16+(1%!-3!61-(/,!b=!mP!6/,!6!*-:%8(:61!D%"5$+!"/!+$%!

16/5%! -3! <BO! J76F! #$"&! D-1J! ,%*-/&+16+%&! $-D! 8$%*"86:! )"-:-52! 86/! )%! (&%,! "/!

8-::6)-16+"-/!D"+$! ;-:2*%1!8$%*"&+12!+-!6::-D!688%&&!+-! "/+%1%&+"/5! /%D!)"-B)6&%,!

*-/-*%1&F! !

!

!
+

012*3*+,9 : Synthesis of PTA (,4, ) from limonene (6)5>C 

!

P-**-,"+2! *-/-*%1! +%1%;$+$6:"8! 68",! CJUUE! D6&! &2/+$%&"&%,! 31-*! :"*-/%/%! CTE!

C-/,%L%!JPE!"/!-1,%1!+-!3-1*!;-:2C+%1%;$+$6:"8!68",E!C9#AE!CJUJEF5>C!!#$"&!"&!6/!%I6*;:%!

-3!6!)"-)6&%,!0%1&"-/!-3!6!;:6&+"8!D$"8$!"&!6:1%6,2!"/!(&%!6/,!+$%1%3-1%!$6&!;1-;%1+"%&!

OH
Whole-Cell 

Catalyst OH

HO

1. Sn(OAc)2, 2 h, 190 oC

O

O
O

O

2. 4 h, 250 oC, 90 mbar

O

O O

O

n

95 96 98

borneol

97

O OH

OHO

(CH2NH2)2, FeCl3,Na0 1. HNO3, Water

2. KMnO4, NaOH, Water
Poly(terephthalic acid)

6 99 100 101



! OO!

D$"8$! 61%! ,%&"16):%F! S-D%0%1G! +$"&! "&! 6! 0%12! %I;%/&"0%! &2/+$%&"&! -3! 9#A! 6/,! +$%!

*%+$-,! (&%,! 86//-+! )%! ,%&81")%,! 6&! 51%%/F! #$(&G! *%1%:2! (&"/5! 6! 1%/%D6):%!

6:+%1/6+"0%! 6&! 6! &+61+"/5! *6+%1"6:! 3-1! 6! ;-:2*%1! ,-%&! /-+! /%8%&&61":2! 1%&(:+! "/! 6!

&(&+6"/6):%!-1!8-**%18"6::2!0"6):%!1-(+%!+-!6!;-:2*%1F!#$%1%!*(&+!)%!6!&2/%15"&+"8!

1%:6+"-/&$";! )%+D%%/! +$%! ,%0%:-;*%/+! -3! &(&+6"/6):%! &2/+$%+"8! *%+$-,&! 6/,! +$%!

6,06/8%&!-3!/-0%:!6/,!"*65"/6+"0%!)"-*6+%1"6:&F!!

!

MI! ;(L&!*#1!@8V%/'($%&!!
!
#$%!-0%16::!6"*!-3!+$"&!1%&%618$!;1-516**%!"&!+-!&2/+$%&"&%!/-0%:!6/,!(&%3(:!;-:2*%1&!

,%1"0%,! ;61+"6::2! -1! %/+"1%:2! 31-*! 1%/%D6):%! 3%%,&+-8J&F! #%1;%/%&! D"::! )%! +$%! )"-B

3%%,&+-8J!-3!8$-"8%!+$1-(5$-(+!+$"&! ;1-e%8+G!&;%8"3"86::2! :"*-/%/%!CTE!6/,! hB;"/%/%!

CJJEG!D"+$!+$"&!8$6;+%1!3-8(&"/5!-/!:"*-/%/%!CTEF!#$"&!1%&%618$!6"*&!+-!&2/+$%&"&%!&*6::!

*-:%8(:%&G!,%1"0%,!31-*!+%1;%/%&G!8-/+6"/"/5!$6/,:%&!3-1!;-:2*%1"&6+"-/!1%68+"-/&F!

Q,%6::2G!+$%&%!&2/+$%&%&!&$-(:,!)%!;%13-1*%,!"/!6!&(&+6"/6):%!*6//%1G!6/,!D"::!6"*!+-!

*"/"*"&%!6,0%1&%!%33%8+&!-/!+$%!%/0"1-/*%/+F!

!

#$"&!;1-e%8+!D"::!)(":,!-/G!6/,!,16D!"/&;"16+"-/!31-*G!D-1J!;1%0"-(&:2!8611"%,!-(+!)2!

S-D ,:%!6/,!'+-8J*6/!6/,!8- BD-1J%1&F!S-D%0%1G!"+!D"::!*-0%!6D62!31-*!8$6"/!51-D+$!

;-:2*%1&! D"+$! 6::B861)-/! )68J)-/%&F@E! #$%! 6"*! "&! +-! &2/+$%&"&%!/-0%:! ;-:2%&+%1&!

"/8-1;-16+"/5!+$%!3(/8+"-/6:"&%,!+%1;%/%! "/+-!+$%! )68J)-/%! -3!+$%! ;-:2*%1G!D$"8$!

,"33%1%/+"6+%&! +$"&! D-1J! 31-*! ;1%0"-(&! 6;;1-68$%&!D"+$"/! +$%! ./"0%1&"+2! -3!

4-++"/5$6*F!!



! Oc!

!
012*3*+,: : Proposed structures of limonene (6) derived monomers ,4-  and ,4/  

!

#$%! +%1;%/%&! D"::! )%! 8-/0%1+%,! "/+-! *-/-*%1&! 8-/+6"/"/5! %"+$%1! +D-! -1! +$1%%!

3(/8+"-/6:!51-(;&G!"/8:(,"/5t!861)-I2:"8!68",&G!6:8-$-:&!6/,!%&+%1&!C-/,%L%!JWEF!#$%&%!

;1%8(1&-1&!D"::!+$%/!$60%!+$%!;-+%/+"6:!+-!%"+$%1!$-*-;-:2*%1"&%!-1!8-B;-:2*%1"&%!

D"+$!-+$%1! )"3(/8+"-/6:! *-:%8(:%&! 3-1! +$%! &2/+$%&"&! -3! ;-:2%&+%1&F! #$%! :-D! 8-&+G!

&2/+$%&"&!%33"8682G!%6&%!-3!"&-:6+"-/!6/,!1%,(8+"-/!-3!D6&+%!*6+%1"6:&!"/!+$%!+%1;%/%!

;-:2*%1!;1-,(8+"-/!D"::!)%!+$%!*6e-1!3-8"!-3!+$"&!1%&%618$F!

!

#$%!;1-e%8+!D"::!)%!&;:"+!"/+-!+D-!*6"/!61%6&u!

!

>F! #$%! &(&+6"/6):%! &2/+$%&"&! -3! *-/-*%1&G! 31-*! /6+(16::2! -88(11"/5! +%1;%/%&G!

D$"8$!61%!&("+6):%!3-1!;-:2*%1"&6+"-/F!

<F! Q/0%&+"56+"-/&! "/+-!+$%! ;-:2*%1"&6+"-/! -3!+$%!3(/8+"-/6:"&%,!+%1;%/%&! (/,%1!

061"-(&!8-/,"+"-/&G!"/8:(,"/5!*%+6:!6/,!-156/"8 !86+6:2&+&F!

A&!+$"&!;1-e%8+!"&!8%/+1%,!61-(/,!+$%!&2/+$%&"&!-3!;-+%/+"6::2!,%516,6):%!;-:2%&+%1&!

+$%!%/,!-3!:"3%!&+16+%52!3-1!+$%&%!;-:2*%1&!D"::!6:&-!)%!"/0%&+"56+%,F!!

!

#$%!;-:2%&+%1&!&2/+$%&"&%,!"/!+$"&!;1-e%8+!D"::!)%!/-0%:!6/,!"+!"&!+$%1%3-1%!,%&"16):%!+-!

6"*!3-1!;-:2*%1&!D$"8$!%I$")"+!6!16/5%!-3!;1-;%1+"%&!C%F5F!6!16/5%!-3!L &&!6/,!#$&EF!#$"&!

D"::!6::-D!6!:615%!&;68%!+-!)%!+615%+%,!D"+$!1%&;%8+!+-!6;;:"86+"-/&F!#$%!;1-e%8+!D"::!

6:&-!%I;:-1%!+$%!6;;:"86+"-/!-3!6!061"%+2!-3!;-:2*%1"&6+"-/!+%8$/"H(%&F!

R1

R2

R1 = COOH, COOR or OH
R2 = COOH, COOR or OH

R1

R26

102

103

(R)-Limonene



! ON!

OI! 6%&K9'&!*#1!1(&/K&&(+#!!
!
OIJI! -.#',%&(&!+2!B(L+#%#%!D%4($%1!].14+X.G; /(1!\JUS[!
!
!
!

!
 

+

012*3*+-4 . Proposed synthesis and polymerisation of hydroxy-acid (,47 ) 

!

Q+!D6&!,%&"16):%!+-!"/0%&+"56+%!+$%!3-1*6+"-/!-3!6!:"*-/%/%!CTE!,%1"0%,!*-/-*%1!+$6+!

8-(:,!$-*- B;-:2*%1"&%G!6/,!"+!D6&!;1-;-&%,!+$6+!+$%!$2,1-I2 B68",!JUS!8-(:,!&%10%!

6&!6!*-/-*%1!3-1!+$%!;-:2*%1"&6+"-/!+-!;-:2*%1!JUTF!>==K!-3!+$%!861)-/!6+-*&!"/!

+$%!)68J)-/%!-3!JUT!D-(:,!-1"5"/6+%!31-*!6!+%1;%/%!6/,!+-!+$%!)%&+!-3!-(1!J/-D:%,5%!

6!*6+%1"6:!-3!+$"&!/6+(1%!"&!2%+!+-!)%!1%;-1+%,!31-*!&+%;B51-D+$!;-:2*%1"&6+"-/F!'+%;B

51-D+$! ;-:28-/,%/&6+"-/! -3! $2,1-I2B68",&! "&! D%::! J/-D/G! $-D%0%1! +$%1%! 61%! 3%D!

%I6*;:%&!D$%1%!6!C861)-828:"8E1"/5!"&!"/8-1;-16+%,!"/+-!+$%!)68J)-/%!-3!+$%!;-:2*%1F!

Q+!D6&!;1-;-&%,!+$6+!+$"&!3%6+(1%!D-(:,!"*;61+!&+1(8+(16:!1"5","+2!6/,!;%1$6;&!:%6,!+-!

,%&"16):%!;1-;%1+"%&!&(8$!6&!6!$"5$!#$F!

!

Limonene

OH

OH

104

OH

O

OH

105

Brown 
hydroboration / oxidation

6

Oxidation

O

O

106

n Melt 
Polymerisation



! Ob!

CX59*#*'(+#!+2!?KL8%4(#)!-.&'%L!

!

!
 

&'()"*+,/ . Example numbering for the different diastereomers of ,45  

#$1-(5$-(+!+$"&!1%;-1+!8-*;-(/,&!61%!&2/+$%&"&%,!6&!*"I+(1%&!-3!,"6&+%1%-*%1&G!+$%!

3-::-D"/5!/(*)%1"/5!&2&+%*!$6&!+$%1%3-1%!)%%/!,%0"&%,!+-!6",!+$%!1%6,%1F!`$%/!6!

8-*;-(/,!"&!1%3%11%,!+-!)2!/(*)%1!-/:2!CJUQE!"+!"&!1%3%11"/5!+-!+$%!5%/%16:!8-*;-(/,!

6&!6!*"I+(1%!-3!,"6&+%1%-*%1&F!`$%/!+$%!/(*)%1!"&!3-::-D%,!)2!6!:%++%1!CJUQ*E!+$"&!"&!

1%3%11"/5!+-!6!<09!-1!)/%'9#1%:6+"-/&$";!)%+D%%/!;-&"+"-/&!P>!6/,!Pc!D"+$!6!*"I+(1%!-3!

%;"*%1&!6+!+$%!P?!;-&"+"-/F!`$%/!6!/(*)%1!3-::-D%,!)2!6!:%++%1!D$"8$!&()&%H(%/+:2!

$6&!v!-1!vd!6++68$%,!CJUQ*aE!"+!"&!1%3%11"/5!+-!6!&"/5:%!%;"*%1!6+!+$%!P?!;-&"+"-/!CH()K4%!

JOEF!!

!

OIJIJI! -.#',%&(&!+2!9(L+#%#%!1(+9!(#'%4L%1(*'%!JUQ!
!
Q+!D6&!;1-;-&%,!+$6+!JUS!8-(:,!)%!688%&&%,!+0%!6!,"-:!"/+%1*%,"6+%!JUQF!!. &"/5!+$%!

W1-D/!$2,1-)-16+"-/!f!-I",6+"-/ !8-/,"+"-/& G!JUQ!D6&!&2/+$%&"&%,!31-*!:"*-/%/%!CTE!

C3*89%!J^!C#'4.!JEF5>I!A/6:2&"&!(&"/5!*6&&!&;%8+1-*%+12!8-/3"1*%,!+$%!;1%&%/8%!-3!+$%!

,%&"1%,!;1-,(8+!$-D%0%1G!"+!D6&!&$-D/!+-!)%!"*;(1%!)2!5S!4LR!6/6:2&"&G!JUQ*!6/, !

JUQ8!D%1%!"&-:6+%,!63+%1!;(1"3"86+"-/!)2!8-:(*/!8$1-*6+-516;$2 !"/!6!b<K!2"%:,F!!

!

!

!

!

!

!

OH

OH
H

104

OH

OH
H

OH

OH
H

104a 104aÕ

OH

OH
H

OH

OH
H

104b 104aÕÕ

5

1

2

8

R

OH
H



! O?!

;#<=*+, : Optimisation of the synthesis of diols ,45#  and ,45<  from limonene (6) 

!
!

!
!

!

C#'4.!
<+4*#%b=c=!

\d!%eI[!
@41%4!+2!;11('(+#! '!\,[ ! f(%91!\g[! JUQ*bJUQ8!

J! <u>!COE!
_"*-/%/%!+-!

W-16/%!
O! b<! bMF<b!

M! >u<!C>E!
_"*-/%/%!+-!

W-16/%!
O! cM! bNu<O!

O! >u<!C>E!
W-16/%!+-!
_"*-/%/%!

O! bN! NjFM>!

Q! >u<!C>E!
W-16/%!+-!
_"*-/%/%!

>N! jb ! b>u<j!

S. ! >u<!C>E!
W-16/%!+-!
_"*-/%/%!

c! <b! >==u=!
!!%()#M98!S*:%&#!3%,!Q,#H!%,!-)#!S*:%&#!,*Q:0#!=-/,%L%!MM?2!
!

91-+-/&!"/! 6I"6:! 6/,!%H(6+-1"6:! ;-&"+"-/&! -/! 6! 828:-$%I6/%!1"/5!61%!J/-D/!+-! 5"0%!

1%&-/6/8%&!31-*!5S!4LR!&;%8+1-&8-;"8!6/6:2&"&!D$"8$!$60%!6!,"33%1%/8%!-3!(;!+-!=Fc!

;;*! ,(%!+-! 6/"&-+1-;"8!%33%8+&F5>F.5>E!S%+%1-/(8:%61!L(:+";:%B](6/+(*!P-11%:6+"-/!

CSL]PE!4LR!6/6:2&"&!D6&!(&%,!+-!;1-)%!+$%!&+%1%-8$%*"86:!-(+8-*%!-3!+$%!1%68+"-/!

6/, !"/,"86+%,!+$%!;1%&%/8%!-3!)-+$!JUQ*!6/,! JUQ8!6&!+$%!>GcB<09!6/,!>GcB)/%'9!,"-:!

,%1"06+"0%&!CH()K4%!JQEF!#$"&!86/!)%!,%,(8%,!31-*!+$%!;1%&%/8%!-3!1%&-/6/8%&!6+!MF>=!

;;*!6/,!MFN<!;;*!D$"8$! 8-11%&;-/,!+-!+$%!;1-+-/&!%;6*%!+-!+$%!&%8-/,612!6:8-$-:!

"/!+$%!6I"6:!6/,!%H(6+-1"6:!;-&"+"-/&!1%&;%8+"0%:2!CH()K4%!JSEF!#$%!5CP!4LR!6/6:2&"&!6:&-!

8-/3"1*&!+$6+!+$%1%!61%!3-(1!,"6&+%1%-"&-*%1&!;1%&%/+!"/ !+$%!*"I+(1%!) -+$!JUQ*!6/,!

JUQ8!%I"&+!6&!>u>!%;"*%1&!"/!+$%!P?!;-&"+"-/F!!

!

Limonene

5

1
OH

8 OH

104a

1. BH3
. THF (X eq.)

2. NaOH, (3 eq.), H2O2 (3 eq.)

6

THF, t h, 0 oC - r.t. 5

1
OH

8 OH

104b

+H H



! Oj!

!
+

&'()"*+,5 . 3D representation of the products synthesised from the Brown hydroboration / oxidation of 
limonene (6) 

!

!
!
!
!
!
Q/! 6/! 6++%*;+!+-! "/3:(%/8%!+$%! &+%1%-&%:%8+"0"+2! -3! +$%! 1%68+"-/!+$%! %H("06:%/+&! -3!

)-16/%!6/,!-1,%1!-3!6,,"+"-/!D%1%!061"%,!C3*89%!JEF!Q+!"&!;1-;-&%,!+$6+!+$%!1%68+"-/!

5-%&!+$1-(5$!+$%!828:"8!"/+%1*%,"6+%!JUN!"/!-1,%1!+-!360-(1!;1-,(8+! JUQ*G!$-D%0%1!

5

1
OH

8 OH

104a

5

1
OH

8 OH

104b

H H

Hax
OH

OH
Heq

OH OH

66I!

6%H!

&'()"*+,7 : HMQC spectrum of ,45#  and+,45< 



! c=!

,%;%/,"/5!-/!+$%!%H("06:%/+&!-3!)-16/%!(&%,!+$%1%!"&!6:&-!+$%!;-+%/+"6:!+-!5-!+$1-(5$!

"/+%1*%,"6+%&!JUN!-1!JUP!C-/,%L%!MJEF!Q3!+$%1%!"&!*-1%!+$6/!-/%!%H("06:%/+!-3!WSC!

+$%1%!"&!6!$"5$%1!;-+%/+"6:!3-1!JUP*!6/,! JUP8!+-!3-1*F!R%68+"-/!8-/,"+"-/&!D%1%!061"%,!

"/! -1,%1! +-! %/8-(165%! +$%! 3-1*6+"-/! -3! 828:"8! "/+%1*%,"6+%! JUN! +-! -;+"*"&%! +$%!

3-1*6+"-/!-3!JUQ*F!

!

!

!
 

012*3*+-, : Proposed intermediates for the synthesis of ,45#  and ,45<  from limonene (6). 

!

#$%!%H("06:%/+&!-3!)-16/%!D%1%!1%,(8%,!31-*!O!+-!>G!"/!6/!%33-1+!+-!%/8-(165%!+$%!

3-1*6+"-/! -3! 828:"8! "/+%1*%,"6+%!JUN! C3*89%!JG!C#'4.! MEF! #$"&!1%&(:+%,! "/! 6! &*6::!

"/81%6&%!"/!+$%!2"%:,!-3!JUQ*!$-D%0%1!+$%!-0%16::!2"%:,!D6&!&"5/"3"86/+:2!1%,(8%,!CcMK!

+9!b<KEF!#$%!-1,%1!-3!6,,"+"-/ !D6&!6:&-!8$6/5%,!6/,!+$%!)-16/%!D6&!6,,%,!+-!+$%!

:"*-/%/%G!656"/!+-!%/8-(165%!+$%!3-1*6+"-/!-3!JUN!C3*89%!JG!C#'4.!OEF!'(1;1"&"/5:2!+$"&!

&:"5$+:2!1%,(8%,!+$%!16+"-!-3!JUQ*!+-!JUQ8!CNjuM>E!$-D%0%1!+$%!2"%:,!D6&!"/81%6&%,!+-!

bNKF! A&! +$%! 16+"-&! ,"33%1%,! -/:2! &:"5$+:2! )%+D%%/! +$%! 1%68+"-/&! "+! D6&! ,%8",%,! +-!

6++%*;+!+-!"/81%6&%!+$%!2"%:,!D$":%!&+"::!J%%;"/5!+$%!%H("06:%/+&!-3!)-16/%!:-DF!#$%!

1%68+"-/!D6&!6++%*;+%,!6!3"/6:!+"*%!3-1!6!:-/5%1!;%1"-,!-3!+"*%!C>N!$E!6/,!;:%6&"/5:2!

+$%! 2"%:,! -3!JUQ! D6&! "/81%6&%,! +-! jbK! C3*89%!J^! C#'4.! QEF!#$"&! 1%;1%&%/+&! 6/!

6;;1-I"*6+%!<cK!"/81%6&%!"/!+$%!2"%:,!31-*!+$%!:"+%16+(1%!&2/+$%&"&G!6/,!6:&-!+$%!3"1&+!

+"*%!5S!4LR!6/6:2&"&!$6&! )%%/! (&%,!+-! ;1-)%!+$%!&+%1%-8$%*"86:! -(+8-*%!-3!+$%!

1%68+"-/F!!

H

H H

BH2 BH2

BH2 BH2

BH

H H

OH OH

OH OH

H

OH

OH

6

107

108a 108b 104a 104b

104a

+ +

1 eq. BH3

>1 eq. BH3

NaOH / H2O2

NaOH / H2O2



! c>!

Q/!6!3(1+$%1!%33-1+!+-!&2/+$%&"&%!%I8:(&"0%:2!JUQ*!"+!D6&!;1-;-&%,!+-!(&%!8-/,"+"-/&!

,%0%:-;%,!)2!W1-D/!,)#%;:#C-/,%L%!MM̂!3*89%!JG!C#'4.!SE!(+":"&"/5!+$%I2:!)-16/%!CJUWE!

3-1! +$%! $2,1-)-16+"-/! -3! :"*-/%/%! CTEF5>I!#$"&! "&! 6! )(:J2! 1%65%/+! 6/,! %/8-(165%&!

"/+16*-:%8(:61! 828:"&6+"-/! )2! $"/,%1"/5! +$%! 6++68J! -3! 6! &%8-/,! *-:%8(:%! -3!TG!6/,!

"/&+%6,!1%68+"/5!"/+16*-:%8(:61:2!D"+$!+$%!&%8-/,!,-():%!)-/,!-3!:"*-/%/%!CTE!3"1&+!+-!

&2/+$%&"&%!JJUF!JJU!86/!+$%/!)%!"&-:6+%,!6/,!-I","&%,!+-!3-1*!%I8:(&"0%:2!JUQ*!-0%1!

JUQ8F!

!

!

012*3*+-- : Synthesis of ,45#+as a single 1,5, 'cis' diastereomer 

Q/! -1,%1! +-! "&-:6+%! +$%! 828:"8! )-1-/! &;%8"%&!JJUG! +$%! 81(,%! 1%68+"-/! *"I+(1%! D6&!

,"&+"::%,! (/,%1! 068((*F! #$%! ,"&+"::6+%! D6&! +$%/! &()*"++%,! +-! &+6/,61,! -I",6+"-/!

8-/,"+"-/& !C46YSfS4Y4E!+-!2"%:,!JUQ*!6&!6!8-:-(1:%&&!-":!"/!6!<bK!2"%:,F!!

5S! 4LR! 6/6:2&"&! D6&! (&%,! +-! "/0%&+"56+%! D$%+$%1! +$%!<09#"&-*%1!JUQ*!$6,! )%%/!

"&-:6+%,F!!91%0"-(&!1%68+"-/&!(&"/5!WSC!2"%:,%,!6!*"I+(1%!-3!JUQ*!6/,! JUQ8!C3*89%!JEF!

S%+%1-/(8:%61!&"/5:%!H(6/+(*!8-11%:6+"-/!CS']PE!&;%8+1-&8-;2!D6&!(&%,!+-!;1-)%!+$%!

;1%&%/8%!-3!+$%!%H(6+-1"6:!;1-+-/!%;6*%!+-!+$%!&%8-/,612!6:8-$-:!"/! JUQ8F!#$%!;1-,(8+!

"&-:6+%,!31-*!+$%!-I",6+"-/!-3!+$%!828:"8!)-1-/!&;%8"%&!JUQ*!$6&!6/!6)&%/8%!-3!+$%!

&"5/6:!6+!WMFNc!;;*!D$"8$!"&!"/,"86+"0%!-3!+$%!)/%'9#"&-*%1!JUQ8!/-+!)%"/5!;1%&%/+F!

!

.;-/!&+-165%!-3!JUQ*!6+!B<=!*P!3-1!>N!$!6!D$"+%!&-:",!;1%8";"+6+%,F!#$"&!D6&!6/6:2&%,!

(&"/5!5S! 6/,! 5CP!4LR! &;%8+1-&8-;2! D$"8$! "/,"86+%,! +$6+! +$%!&-:",! 8-/&+"+(+%,!6/!

%/1"8$%,!&6*;:%!-3!%"+$%1!JUQ*a!-1!JUQ*aaI!

!

H2B

B

OH

OH

H
NaOH (3 eq.)
H2O2 (3 eq.)H

(1 eq.)

THF, 0 oC, 2 h THF, 0 oC, 3 h

6 110

109

104a



! c<!

#$%!%/6/+"-*%1&!-3!JUQ*a!6/,! JUQ*aa!C%#'GJUQ*a!6/,! %#'GJUQ*aaE!$60%!)%%/!;1%0"-(&:2!

&2/+$%&"&%,!6/,!8$6168+%1"&%,!)2!S611-D0%/!,)#%;:5>G!#$%!6&&"5/*%/+&!3-1!JUQ*a!6/,!

JUQ*aa!D%1%!8-*;61%,!+-!+$%!:"+%16+(1%!06:(%&!3-1!+$%!%/6/+"-*%1&!6/,!D%1%!3-(/,!+-!

8-11%&;-/,! :%6,"/5!+-!+$%!6&&"5/*%/+! -3! +$%! *6e-1!,"6&+%1%-*%1!"/! +$%! %/1"8$%,!

&6*;:%!6&!JUQ*aF!!

!

.;-/!1%812&+6::"&6+"-/!6!&"/5:%!812&+6:!D6&!-)+6"/%,!31-*!+$%!%/1"8$%,!&6*;:%!6/,!

63+%1!6/6:2&"&! (&"/5! &"/5:%! 812&+6:! aB162! ,"33168+"-/! &;%8+1-&8-;2! +$%! &+1(8+(1%! D6&!

%:(8",6+%,!6&!JUQ*a!CH()K4%!JTEF!#$"&!8-/3"1*%,!+$%!<09!1%:6+"-/&$";!)%+D%%/!+$%!P>!

6/,!P? !&()&+"+(%/+F!#$%!1%812&+6::"&%,!&6*;:%!D6&!6/6:2&%,! (&"/5!5CP!6/,! 5S!4LR!

&;%8+1-&8-;2!6/,!"/,"86+%,!+$6+!"+!D6&!6!3(1+$%1!%/1"8$%,!&6*;:%!-3!JUQ*aG!"*;:2"/5!

+$6+!+$%!&"/5:%!812&+6:!D6&!1%;1%&%/+6+"0%!-3!+$%!)(:J!-3!+$%!1%812&+6::"&%,!&6*;:%F!!

!

!

!

&'()"*+,6 . Molecular structure of ,45#> 



! cM!

!

A:+$-(5$!+$%!&2/+$%&"&!-3!JUQ*!D6&!&(88%&&3(:!+$%!2"%:,!D6&!&"5/"3"86/+:2!:-D%1!+$6/!

+$6+!-3!+$%!&2/+$%&"&!-3!JUQ!6&!6!*"I+(1%!-3!,"6&+%1%-*%1&!C<bK!+9!jbKE!6/,!3-1!+$"&!

1%6&-/!"+!D6&!,%8",%,!+-!(&%!+$%!,"-:!JUQ!6&!6!*"I+(1%!3-1!&()&%H(%/+!%I;%1"*%/+&F!

#$%!-;+"*"&%,!&2/+$%&"&!-3!JUQ!D6&!;%13-1*%,!(;!+-!6!>==!**-:!&86:%G!+-!2"%:,!>NFb!5!

-3!,"-:! JUQG!6/,!D"+$!+$"&!J%2!"/+%1*%,"6+%!"/!$6/,!+$%!&2/+$%&"&!-3!$2,1-I2B68",!JUS!

8-(:,!)%!"/0%&+"56+%,F!!

!

OIJIMI! "#$%&'()*'(+#&!(#'+!',%!@5'(L*9!-.#',%&(&!+2!].14+X.G; /(1!JUS!
!
#$1%%! &2/+$%+"8! 1-(+%&! 3-1! +$%! &2/+$%&"&! -3!JUS! 31-*! JUQ! D%1%! ;1-;-&%,G! +$%!

-;+"*"&%,!+D-B&+%;!1-(+%&!D%1%!8-*;61%,! "/!+%1*&!-3!2"%:,G!-;%16+"-/6:!&"*;:"8"+2!

6/,!&(&+6"/6)":"+2!C-/,%L%!MOEF!

!

!

!
+

012*3*+-/ . Three proposed synthetic routes for the synthesis of hydroxy-acid ,47+

!

OH

OH

O
OH

OH

OH

O

O

O

OH

O O Hydrolysis

ReductionJonesÕ Oxidation

Oxidative 
Lactonisation

Pinnick Oxidation

105
104

Chemoselective 
Oxidation

111

112

113



! cO!

#$%!3"1&+!1-(+%!8-*;1"&%&!6/!-I",6+"0%!:68+-/"&6+"-/!3-::-D%,!)2!$2,1-:2&"&G!-;%/"/5!

:68+-/%!JJJ!+-!2"%:,! $2,1-I2B68",!JUSF!.&"/5!8-/,"+"-/&!1%;-1+%,! )2!V-1&2+$!,)#%;:#

:68+-/%! JJJ! D6&! &2/+$%&"&%,! D"+$! 6!<G<GNGNB+%+16*%+$2:B>B;";%1","/2:-I2!

C#TL9YE!f !W"&B68%+-I2"-,-)%/X%/%!CWAQWE!&2&+%*F5>@!#TL9Y!D6&!8$-&%/!6&!+$%1%!"&!

;1%8%,%/+!3-1!+$%!8$%*-&%:%8+"0%!-I",6+"-/! -3! ;1"*612!6:8-$-:&! "/!+$%!;1%&%/8%!-3!

&%8-/,612!6:8-$-:&F5>U!#$%!&2/+$%&"&!-3!JJJ!D6&!-;+"*"&%,!+-!"*;1-0%!+$%!2"%:,!6/,!

1%,(8%!+$%!/(*)%1!-3!&",%!;1-,(8+&!3-1*%,!C3*89%!MEF!

+

;#<=*+- . Optimisation of the synthesis of lactone ,,, +

!

!
!

*RQ:1;10%-1*&!3%,!%--#+7-#H!)*3#K#:!JJJ!3%,!&*-!,#7%:%-#H!;:*+!JJO8.!8JUQ!3%,!&*-!7Q:1;1#H!7:1*:!-*!Q,#.!05>I!

++*8!,0%8#!

!
#$%!&2/+$%&"&!-3!JJJ!D6&!6++%*;+%,!(&"/5!8-/,"+"-/&!1%;-1+%,!C3*89%!MG!C#'4.!JEF55>!

5S!4LR!6/6:2&"&!&$-D%,!3-1*6+"-/!-3!:68+-/%&!JJJ!$-D %0%1!3-::-D"/5!;(1"3"86+"-/!6!

*"I+(1%!-3!JJJ!6/,! JJO8!D6&!-)+6"/%,F!JJO8!D6&!",%/+"3"%,!6&!+$%!)/%'9!"&-*%1&!-3!

+$%!6:,%$2,%&!3-1*%,!31-*!+$%!-I",6+"-/!-3!JUQ!D$"8$!8-(:,!/-+!828:"&%!,(%!+-!+$%!

1%:6+"0%! ;-&"+"-/! -3! +$%! >Gc!&()&+"+(%/+&! -/! +$%! 1"/5F!](6/+"+6+"0%!5S!4LR! 6/6:2&"&!

Catalyst (X mol%)
Oxidant (Y eq.)

Solvent, r.t.,

OH

OH

O OH
OH

OH

H

111

OH

O

H+

113b

O

O

H

114104a 104b

+ +

C#'4.! =*'*9.&'h@X(1*#'! d! f ! 3(L%! -+9$%#'!
:4+1K/' !\"&+9*'%1!

f(%91!+2!JJJ[!

J*! (X"RLYZNJZ! 4>! C! 4>!)! OA" ! JJJ![ !JJO8!

M! (X"RLYZNJZ! 4>! C! F!)! OA" ! JJJ![ !JJO8!

O! (X"RLYZNJZ! 4>! C! 4I!) ! "#A\Y6 4L!5]5! JJJ![ !JJO8!

Q! (RNRY\"L ! 5>! C! F!)! OA" ! JJQ!

S! (X"RLYZNJZ! I> ! F! I@!)! OA" ! JJJ!=4@̂?!

T*^8! (X"RLYZNJZ! I> ! F! 4I!) ! OA" ! JJJ![ !JJO8!

N/! (X"RLYZNJZ! I> ! C! I@!)! OA" ! JJJ!=CĈ?!

P! (X"RLYZNJZ! I> ! C! UE!)! OA" ! JJJ!=4Ĝ ?!



! cc!

"/,"86+%,!+$%!2"%:,&!-3!+$%!"*;(1%!*6+%1"6:!D%1%!;--1!-3+%/!s!<=KF!Q/!;61+!+$"&!D6&!

,(%!+-!+$%!;1%&%/8%!-3!+$%!(/D6/+%,!)2B;1-,(8+&!6:,%$2,%&!JJO8!C3*89%!MG!C#'4(%&!JG

MEF! #$%! &-:0%/+! &2&+%*! D6&!8$6/5%,! +-! D6+%1f68%+-/"+1":%! C3*89%! MG! C#'4.! OE! +$"&!

&-:0%/+!&2&+%*!"&!8-**-/!+$1-(5$-(+!+$%!:"+%16+(1%!3-1!#TL9YfWAQW#-I",6+"-/&F555!

S-D%0%1!6!;(1%!;1-,(8+!D6&!/-+!-)+6"/%,!6/,!5S!4LR!6/6:2&"&!"/,"86+%,!+$%!6*-(/+!

-3!JJJ!"/!+$%!81(,%!*6+%1"6:!D6&!:-DF!

#9A9f4LY! &2&+%*&! $60%! )%%/! &$-D/! +-! -I","&%! >Gc! ,"-:&! +-! :68+-/%&G! 6/,! "+! D6&!

+$%1%3-1%!6++%*;+%,!+-!8$6/5%!+$%!-I",6+"-/!&2&+%*!31-*!#TL9YfWAQW!+-!#9A9f4LY!

C3*89%!MG!C#'4.!QEF554!#$%!1%68+"-/!D6&!6++%*;+%,!(&"/5!8-/,"+"-/&!31-*!W:-8$!,)#%;:#

#_P!6/6:2&"&!&$-D%,!+$6+!+$%!&+61+"/5!*6+%1"6:!D6&!8-/&(*%,!8-*;:%+%:2!63+%1!c!$F!

5CP!4LR!6/6:2&"&!-3!+$%!81(,%!*6+%1"6:!"/,"86+%,!+$6+!JJJ!$6,!/-+!)%%/!3-1*%,!6/,!

"/!368+!+$%!&%8-/,612!6:8-$-:!$6, !6:&-!)%%/!-I","&%,!+-!3-1* !+$%!J%+-/%!JJQF!!

!

S"5$%1!%H("06:%/+&!-3!+$%!86+6:2&+!C#TL9YE!6/,!+%1*"/6:! -I",6/+ !CWAQWE!D%1%!(&%,!

C3*89%!MG!C#'4.!SEF!V-::-D"/5 !8-:(*/ !8$1-*6+-516;$2G!+$%!3168+"-/&!D%1%!6/6:2&%,!

(&"/5!5S!4LR!&;%8+1-&8-;2!6&!#_P!6/,!*6&&!&;%8+1-*%+12!6/6:2&"&!D6&!3-(/,!+-!)%!

(/&("+6):%F!#$"&!1%&(:+%,!"/!+$%!3"1&+!"&-:6+"-/!-3!:68+-/%&!JJJ!"/!6!<?K!2"%:,!6&!6!*"I+(1%!

-3!%;"*%1&!6+!+$%!P?!;-&"+"-/F!!

!

#$%!;--1!%33"8"%/82!-3!+$%!;(1"3"86+"-/!D6&!1%&(:+"/5!"/!6!:-D!"&-:6+%,!2"%:,G!$-D%0%1!

:68+-/%&!JJJ!6/,!6:,%$2,%&!JJO!$60%!6:*-&+!",%/+"86:!R;!06:(%&!D$"8$!;1-0%,!+-!)%!6!

,"33"8(:+!&%;616+"-/F!Q/!-1,%1!+-!1%,(8%!+$%!6*-(/+!-3!;(1"3"86+"-/!&+%;&!6!+%:%&8-;%!

1%68+"-/! D6&! 6++%*;+%,! (&"/5! 81(,%!JUQ! +-! &2/+$%&"&%!JJJ! C3*89%! MG! C#'4.! TEF!

S-D%0%1G!+$%!&%;616+"-/!;1-0%,!+--!,"33"8(:+!+-!"&-:6+%!6!$"5$!2"%:,!-3!JJJF!

!

Q+!D6&!$2;-+$%&"&%,!+$6+!+$%!2"%:,!6/,!+$%!;(1"3"86+"-/!8-(:,! )%!"*;1-0%,!)2!(&"/5!

JUQ*!C+$%!<09#"&-*%1!-3!+$%!,"-:E!6&!+$%!&+61+"/5!*6+%1"6:!"/!-1,%1!+-!"/81%6&%!+$%!2"%:,!

-3!JJJG!D$"8$!86/!-/:2!)%!3-1*%,!+0%#+$%!1"/5!8:-&(1%!-3!+$%!<09#,"-:! JUQ*F!`"+$!JUQ*!

"/! $6/,!C31-*!+$%!&2/+$%&"&! -3!JUQ!(&"/5!+$%I2:! )-16/%!C&%%!6)-0%EE!+$%! -I",6+"0%!

:68+-/"&6+"-/!D6&!6++%*;+%,F!5S!4LR!6/6:2&"&G!$-D%0%1!"/,"86+%,!+$6+!+$%!2"%:,!D6&!

&+"::!:-D!Cq<=KE!6/,!/-+!D-1+$!+$%!%I+16!&+%;&!1%H("1%,!+-!&2/+$%&"&%!JUQ*F!.&"/5!+$%!



! cN!

<09!,"-:!6&!+$%!&+61+"/5!*6+%1"6:!$6,!/-+!&"5/"3"86/+:2!"*;1-0%,!+$%!2"%:,!6/,!+$%1%3-1%!

,%&;"+%!+$%!:-D!2"%:,G!"+!D6&!,%8",%,!+-!&86:%!(;!+$%!86+6:2+"8!:68+-/%!&2/+$%&"&F!#$%!

&2/+$%&"&!-3!JJJ!D6&!&86:%,!(;!+-!<=!5!C3*89%!M̂!C#'4.!NE!+-!5"0%!JJJ!"/!6!MMK!2"%:,F!

!

!

+

012*3*+-5 : Synthesis of ,47#> and ,47#>> 

!

Q+!D6&!%/0"&65%,!+$6+!JUS*a!6/,! JUS*aa!8-(:,!)%!688%&&%,!+0%!6!$2,1-:2&"&!+-!-;%/!+$%!

1"/5!-3!JJJ*F!#$"&!&+16+%52!D-(:,!2"%:,!+D-!,"6&+%1%-*%1&!CJUS*EG!*6J"/5!+$%!6/6:2&"&!

-3!)-+$!+$%!*-/-*%1!6/,!;-:2*%1!%6&"%1F!#$%!1%68+"-/!D6&!6++%*;+%,!-/!6!cFc!**-:!

&86:%! +-! 2"%:,! JUS*! "/! 6! j?K! 2"%:,F! '()&%H(%/+! 1%812&+6::"&6+"-/! 31-*! $-+! T+YA8!

633-1,%,! 6! &"/5:%! ,"6&+%1%-*%1!JUS*a! -1! JUS*aa! D$"8$! D6&! "&-:6+%,! 3-1! 6/6:2+"86:!

;(1;-&%&F!!

!

#$%!&%8-/,!;1-;-&%,!1-(+%!C1%,E!C-/,%L%!MOE!(&%&!U-/%&d&!1%65%/+!+-!;%13-1*!6!5:-)6:!

-I",6+"-/!-3! JUQG!3-::-D%,!)2!6!&%:%8+"0%!1%,(8+"-/!-3!+$%!828:-$%I6/-/%!*-"%+2!+-!

2"%:,!+$%!$2,1-I2!68",!JUS!C-/,%L%!MSEF!!

!

!
 

012*3*+-7 : Oxidation of ,45  and subsequent reduction for the synthesis of ,47  

O O

111a’’

O O

111a’

OH OH

OH

O

OH

O

H H

105a’ 105a’’

NaOH (5 eq.)

THF, reflux, 18 h
+ +

OH

OH

OH

OH

O

O

OH

O

CrO3/H2SO4 (3 eq.)

Acetone, 0 oC, 
20 mins

NaBH4 (4 eq.)

MeOH, 0 oC, 1.5 h

Quantatative 38%

104 112 105



! cb!

!
#$%!-I",6+"-/!-3!JUQ!D%/+!&*--+$:2!6/,!D6&!3"/"&$%,!"/!<=!*"/!C"/,"86+%,!)2!6!8-:-(1!

8$6/5%!31-*!1%,!+-!51%%/E!+-!2"%:,!+$%!J%+-B68",!JJM!"/!6!H(6/+"+6+"0%!2"%:,G!D$"8$!D6&!

(&%,!D"+$-(+!3(1+$%1!;(1"3"86+"-/F!'-,"(*!)-1-$2,1",%!D6&!(&%,!+-!&%:%8+"0%:2!1%,(8%!

+$%!J%+-/%!*-"%+2!+-!5"0%!+$%!,%&"1%,!;1-,(8+!JUSF!#$%!-I",6+"-/!-3!JUQ!81%6+%,!6!

J%+-/%! 1%*-0"/5! +$%! &+%1%-8%/+1%! 6+! +$%! P>! ;-&"+"-/! -3! +$%! *-:%8(:%F! .;-/! +$%!

/-/ B&+%1%-&%:%8+"0%!1%,(8+"-/G!P>!656"/!)%86*%!6!&+%1%-8%/+1%G!1%&(:+"/5!"/!6!+-+6:!-3!

?!,"33%1%/+!,"6&+%1%-*%1&!CJUS*B1E!CH()K4%!JNEF!!

!

!

!
 

&'()"*+,8 : Eight diastereomers arising from the reduction of ,,- . Each one is an epimer at the C8 
position. 

!

#$%!+$"1,!1-(+%!"/0%&+"56+%,!(+":"&%,!6!8$%*-&%:%8+"0%!-I",6+"-/!-3!+$%!;1"*612!6:8-$-:!

-3!JUQ!-0%1!+$%!&%8-/,612!6:8-$-:!+-!-)+6"/!+$%!$2,1-I2B6:,%$2,%&!NMF!#$%!6:,%$2,%&!

NM! 8-(:,! )%! &%H(%/+"6::2! -I","&%,! +-! +$%! ,%&"1%,! $2,1-I2B68",&!TW! +0%#6! &%8-/,!

8$%*-&%:%8+"0%!-I",6+"-/!-3!+$%!6:,%$2,%!-0%1!+$%!6:8-$-:!C-/,%L%!MT[I!

!

!

5

1

2

8

O

OH

H
OH

O

OH

H
OH

O

OH

H
OH

O

OH

H
OH

105a 105b 105c 105d



! c?!

!
+

012*3*+-6 : Proposed synthesis of ,47+via ,#_Q#&-1%8!*M1H%-1*&, 

!

#TL9Y!"&!6):%!+-!&%:%8+"0%:2!-I","&%!;1"*612!-0%1!&%8-/,612!6:8-$-:&!,(%!+-!+$%!&+%1"8!

)(:J!-3!#TL9Y!6/,!+$%1%3-1%!"+!D6&!8$-&%/!6&!+$%!86+6:2&+!3-1!+$%!+16/&3-1*6+"-/!-3!

JUQ!+-!JJO!C-/,%L%!MNEF555!P-/,"+"-/&!,%0%:-;%,!)2!T"/$-1/ !,)#%;:#D%1%!%*;:-2%,!

6/,! +$%&%! (&%,! 86+6:2+"8! 6*-(/+&! -3! #TL9Y! C>=! *-:KE! 6/,!8B8$:-1-&(88"/6*",%!

C4P'E!6&!+$%!&+-"8$"-*%+1"8!-I",6/+F55C!!

!

!
+

012*3*+-8 : Synthesis of ,,/  

!

OH

OH
H

104a

OH

OH
H

104b

O

OH
H

113a

O

OH
H

113b

TEMPO (10 mol%)
NCS (1.5 eq.)

TBACl (10 mol%)

CH2Cl2, r.t.
NaHCO3, K2CO3 (pH 8.6)

+ +



! cj !

#$%!1%68+"-/!D6&!8611"%,!-(+!-/!6!&*6::!&86:%!C>FbO!**-:E!6+!1--*!+%*;%16+(1%!6/,!

D6&!J%;+!6+!6;;1-I"*6+%:2!;S!?FN!(&"/5!6!)(33%1!&-:(+"-/F!#$%!1%68+"-/!D6&!*-/"+-1%,!

)2! #_P! 6/6:2&"&! 6/,! D6&! &$-D/! +-! )%! 8-*;:%+%! 63+%1! >Fc! $!+-! 2"%:,! +$%! 1%H("1%,!

$2,1-I2 B6:,%$2,%&!JJO*!6/, !JJO8G!"/!6!O=K!2"%:,G!6&!6!*"I+(1%!-3!3-(1!,"6&+%1%-*%1&!

JJO*ah*aa!6/,! JJO8ah8aa!C,F1F!Mu>EF 

#$%!1%68+"-/!D6&!&86:%,!(;!"/!-1,%1!+-!68H("1%!%/-(5$!JJO!+-!"/0%&+"56+%!+$%!-I",6+"-/!

-3!6:,%$2,%&!JJOF!#$%!1%68+"-/!D6&!1%;%6+%,!-/!6!MO!**-:!&86:%!+-!633-1,!>FN!5!-3!

6:,%$2,%&!JJO!63+%1!;(1"3"86+"-/!"/!6!M<K!2"%:,F!!

!

Q/!-1,%1!+-!"/0%&+"56+%!+$%!;1-;%1+"%&!-3!6!*-/-*%1G!6!:615%!6*-(/+!-3!*6+%1"6:!"&!

/%%,%,F!A!M<K!2"%:,!-3!+$%!6:,%$2,%&!JJO!63+%1!&86:%!(;!"&!:-D!6/,!D-(:,!1%H("1%!6!

:615%!6*-(/+!-3!&+61+"/5!*6+%1"6:!+-!&2/+$%&"&%!%/-(5$!*-/-*%1F!Q+!D-(:,!6:&-!)%!

,%&"16):%! +-! 1%;:68%! 4P'! D"+$! -I25%/! 6&! +$%! &+-"8$"-*%+1"8! -I",6/+G! 1%,(8"/5! +$%!

6*-(/+!-3!D6&+%!5%/%16+%,!"/!+$%!&2/+$%&"&!-3!6:,%$2,%&!JJOF!

!

!

!
+

012*3*+-9 : Synthesis of ,,/ +using catalytic reagents 

!
.&"/5!8-/,"+"-/&!,%0%:-;%,!)2!S--0%1!,)#%;:#6:,%$2,%&!JJO!D%1%!&2/+$%&"&%,!(&"/5!

-I25%/!31-*!+$%!6"1!6&!+$%!+%1*"/6:!-I",6/+!C-/,%L%!MPE!F55IT55E!#$"&!6;;1-68$!1%H("1%&!

+$%!6,,"+"-/!-3!/-!&+-"8$"-*%+1"8!1%65%/+&!6/,!+$%1%3-1%!5%/%16+%&!:%&&!D6&+%!+$6/!

+$%!;1%0"-(&!&2/+$%+"8!*%+$-,F!#$%!&2/+$%&"&!-3!JJO!D6&!"/"+"6::2!+1"6::%,!-/!6!&*6::!

&86:%!C<Fj!**-:EG!+-!2"%:,!6:,%$2,%&!JJO!"/!6!O<K!2"%:,!C,F1F!Mu>EF!#$%!1%68+"-/!D6&!

&86:%,!(;!C<jF>!**-:E!6/, !JJO!D6&!"&-:6+%,!"/!6!bbK!2"%:,!C,F1F!Mu>EF!!

!



! N=!

#$%! +D-! *%+$-,&! $"5$:"5$+%,! 6)-0%! D%1%! 8-*;61%,! "/! -1,%1! +-! ,%8",%! +$%! *-&+!

6;;1-;1"6+%!3-1!:615%B&86:%!&2/+$%&"&!-3!JJO!C3*89%!OEF!

+

;#<=*+/ A#B%3;,#C(/#)*,#<($6%/09('#(C#)*,#).(#$,)*(19#C(/#)*,#9&')*,909#(C#,,/ +

!

C#'4.! =*'*9.&'&!
0+9g!+2!
/*'*9.&'&!

3%4L(#*9!
@X(1*#'!

-/*9%!
\LL+9[ !

f(%91!\g[! CGH*/'+4!

J! (X"RL!Y!(ZNA8! 4>! \A/ ! CI! C4! U2G!

M!
(X"RLY!

`AQ="#A\?I aL(;Y!
S79Y\"J!

4>!
L4!=P:*+!

N1:?!
4U! GG! >2E!

!

TB368+-1!"&!6!*%6&(1%!-3!$-D!%33"8"%/+!6!1%68+"-/!"&!6/,!"&!-3+%/!(&%,!6&!6!*%+1"8!"/!

51%%/!8$%*"&+12!CCeK*'(+#!JEF!!

!

E − Factor	 =
Total	waste	(g)
Total	product	(g)																						(Equation	1)!

!
!
#$%!:-D%1!+$%!06:(%!-3!+$%!TBV68+-1G!+$%!:%&&!D6&+%!+$%!1%68+"-/!5%/%16+%&F!P-*;61"&-/!

-3!+$%!TBV68+-1!3-1!+$%!+D-!&2/+$%+"8!*%+$-,&!3-1!+$%!&2/+$%&"&!-3!JJO!"/,"86+%,!+$6+!

+$%!&%8-/,!*%+$-,!5%/%16+%&!:%&&!D6&+%F!#$"&!"&!;1"*61":2!,(%!+-!+$%!(&%!-3!6"1!6&!+$%!

+%1*"/6:!-I",6/+! C3*89%!OG!C#'4.!MEF!'$%:,-/! ,)#%;:#&+6+%!+$6+!3-1!+$%!&2/+$%&"&!-3!)(:J!

8$%*"86:&!+$%!TB368+-1!&$-(:,! )%! )%+D%%/!>Bc!6/,!+$%1%3-1%!+$%!8-;;%1!86+6:2&%,!

-I",6+"-/!$6&!6/!%I+1%*%:2!:-D!TB368+-1!C=FNEF55G!#$%!2"%:,&!-3!+$%!&86:%,B(;!1%68+"-/&!

D%1%!6:&-!8-*;61%,!6/,!+$%!&%8-/,!*%+$-,!D6&!3-(/,!+-!$60%!6!*(8$!$"5$%1!2"%:,!

CbbK!+9#M<KE!C3*89%!OEF!#6J"/5!+$%&%!1%&(:+&!"/+-!8-/&",%16+"-/!"+!D6&!8-/8:(,%,!+$6+!

3(+(1%!&2/+$%&"&!-3!+$%!6:,%$2,%!JJO!&$-(:,!)%!8611"%,!-(+!(&"/5!+$%!8-/,"+"-/&!D$"8$!

560%!+$%!$"5$%&+!2"%:,!6/,!:-D%&+!TBV68+-1!C3*89%!OG!C#'4.!MEF!!

!



! N>!

`"+$!6:,%$2,%&!JJO!"/!$6/,!+$%2!8-(:,!/-D!)%!-I","&%,!+-!+$%!$2,1-I2B68",&!JUSF!A!

9"//"8J!-I",6+"-/!D6&!8$-&%/!3-1!+$"&!+16/&3-1*6+"-/!6&!"+!(&%&!*":,!8-/,"+"-/&!D$"8$!

&$-(:,!/-+!-I","&%!+$%!&%8-/,612!6:8-$-:!C-/,%L%!MWEF55@.55U!!

!

!

!

012*3*+-: . Pinnick oxidation of ,,/  to ,47+

!

A!8-**-/! &860%/5%1! (&%,! "/! +$%! 9"//"8J! -I",6+"-/! "&! $2,1-5%/! ;%1-I",%G! "+! D6&!

$2;-+$%&"&%,!+$6+!+$%!)2B;1-,(8+&!-3!+$%!1%68+"-/!(&"/5!+$"&!&860%/5%1!D-(:,!6::!)%!

D6+%1!&-:():%!6/,!+$%1%3-1%!D-(:,!/-+!)%!"&-:6+%,F!#$%!1%68+"-/!D6&!1%;%6+%,!(&"/5!

$2,1-5%/!;%1-I",%!6&!+$%!&860%/5%1!+-!2"%:,!JUS*!6/,! JUS8!"/!6!N=K!2"%:,!C,F1F!Mu>EF!

#$%!1%68+"-/!D6&!&86:%,!(;!C>bFc!**-:E!+-!2"%:,!+$%!$2,1-I2 B68",&!JUS!"/!6!N?K!2"%:,G!

D"+$-(+!+$%!/%%,!3-1!3(1+$%1!;(1"3"86+"-/F!

!

OH

OH
H

105a

OH

OH
H

105b

OO
O

OH
H

113a

O

OH
H

113b

NaClO2 (6 eq.)
H2O2 (5 eq.)

NaH2PO4 
.2H2O (3 eq.)

tBuOH : H2O (2:1)
0 oC, 1 h

+ +



! N<!

!
012*3*+/4 : Comparison of three routes for the synthesis of ,47  

!

R-(+%!A!8-*;1"&%&!5:-)6:!-I",6+"-/!3-::-D%,!)2!J%+-/%!1%,(8+"-/G!R-(+%!W!"/0-:0%&!

-I",6+"0%! :68+-/"&6+"-/! 6/,! &()&%H(%/+! $2,1-:2+"8! 1"/5! -;%/"/5G!6/,! R-(+%! P!

8-*;1"&%&! 6! +D-B&+%;! 8$%*-&%:%8+"0%! ;1"*612!6:8-$-:! +-! 861)-I2:"8! 68",! -I",6+"-/!

C-/,%L%! OUEF! #$%! -;+"*"&%,! +D-B&+%;! 1-(+%&! D%1%! 8-*;61%,! "/! +%1*&! -3! 2"%:,G!

-;%16+"-/6:! &"*;:"8"+2! 6/,! &(&+6"/6)":"+2! C6&! e(,5%,! (&"/5! +$%! *%+1"8! +--:! \1%%/!

L-+"-/ $ E!CH()K4%!JPEF54>!!

!

Y/%!)%/%3"+!-3!R-(+%!A!"&!"+&!-;%16+"-/6:!&"*;:"8"+2t!+$%!&2/+$%+"8!&%H(%/8%!8-(:,!)%!

8611"%,!-(+!"/!6!&"/5:%!D-1J"/5!,62G!D"+$-(+!+$%!/%%,!3-1!;(1"3"86+"-/!-3!+$%!;1-,(8+&!

(&"/5! 8-:(*/! 8$1-*6+-516;$2 F! #$"&! 1-(+%! ,",! $-D%0%1! 1%H("1%! +$%! (&%! -3! &(;%1B

&+-"8$"-*%+1"8!U-/%&d!1%65%/+G!D$"8$!6;61+!31-*!)%"/5!+-I"8G!;1-,(8%,!6!*"I+(1%!-3!

%"5$+! ,"6&+%1%-*%1&G! 8-*;:"86+"/5! 6/6:2&"&! -3! +$%! 1%68+"-/! *"I+(1%&! 8-/&",%16):2F!

R-(+%!W!$6,!6!&"*":61!-0%16::!2"%:,!+-!R-(+%!A!CM?K!0&!M<KEG!$-D%0%1!;(1"3"86+"-/!-3!

+$%!:68+-/%!JJJ!+0%#8$1-*6+-516;$2!D6&!1%H("1%,!6/,!%68$!&+%;!+--J!:-/5%1!+$6/!6!

OH

OH

O

OH

O

O

O

OH

O O
NaOH (5 eq.)

THF, reflux, 18 h

NaBH4 (5 eq.)

MeOH, 0-25 oC, 3 h

CrO3 / H2SO4 (3 eq.)

Acetone, 0-25 oC, 20 min

TEMPO (40 mol%)
BAIB (3 eq.)

CH2Cl2, r.t., 16 h

NaClO2 (6 eq.)
NaH2PO4

.2H2O (3 eq.)
H2O2 (5 eq.)

tBuOH : H2O (2:1),
0 oC, 45 min77%

Route A = 38%
Route B = 32%
Route C = 52%

Quantitative

33% 111

112

113

105

[Cu(MeCN)4]OTf (5 mol%)
bpy / TEMPO (5 mol%)

NMI (10 mol%)

MeCN, r.t. 24 h, air

68%

38%

98%

OH

OH

H

104

H

H

H



! NM!

,62!3-1!8-*;:%+"-/F!R-(+%!P!D6&!+$%!$"5$%&+!2"%:,"/5G!633-1,"/5!+$%!$2,1-I2B68",!JUS!

"/!c<K!-0%1!+D-!&+%;&!C6&!-;;-&%,!+-!M<K!6/,!M?K!3-1!R-(+%&!A!6/,!W!1%&;%8+"0%:2EF!

Y+$%1!)%/%3"+&!+-!R-(+%!P!61%!+$%!"/8-1;-16+"-/!-3!6!86+6:2+"8!;1-+-8-:!3-1!6:,%$2,%!

3-1*6+"-/! +$6+! (+":"&%&! *-:%8(:61! -I25%/! 6&! +$%! +%1*"/6:! -I",6/+! 6/,! +$%! *":,!

8-/,"+"- /&!%*;:-2%,!3-1!+$%!9"//"8J!-I",6+"-/F!Y/%!,16D)68J!-3!+$"&!1-(+%!D6&!+$6+!"+!

1%H("1%,!;(1"3"86+"-/!-3!JJO!(&"/5!&":"86!5%:!8$1-*6+-516;$2F!!

!

#$%!+--:! \1%%/!L-+"-/$ !D6&! (&%,!+-!%06:(6+%!%68$!1-(+%!D"+$!1%&;%8+!+-! -0%16::!

&(&+6"/6)":"+2G!+$%!:-D%1!+$%!"*;68+!+$%!%/0"1-/*%/+!+$%!$"5$%1!+$%!16+"/5!C>==!)%"/5!

",%6:EF!#$%!*%+1"8!8-*)"/%&!+$%!+D%:0%!;1"/8";:%&!-3!51%%/!8$%*"&+12!D"+$!6!;%/6:+2!

;-"/+!&2&+%*F!#$%!(&%!-3!+$%!+-I"8!U-/%&d!1%65%/+!"/!1-(+%!A!1%&(:+%,!"/!6!&8-1%!-3!X%1-!

D"+$!1%&;%8+!+-!$6X61,!6/,!+-I"8"+2!6/,!&()&%H(%/+:2!+$%!:-D%&+!-0%16::!&8-1%!-3!M?F!

R-(+%!W!&8-1%&!6!&:"5$+:2!$"5$%1!O>!$-D%0%1!36::&!,-D/!,(%!+-!+$%!(&%!-3!$6:-5%/6+%,!

&-:0%/+&! 3-1! +$%! -I",6+"0%! :68+-/"&6+"-/F! cM! D6&! +$%! $"5$%&+! &8-1%! 8-*"/5! 31-*!

R-(+%!PG!D$"8$!&8-1%,!$"5$!,(%!+-!+$%!(&%!-3!6!86+6:2+"8!;1-+-8-:!6/,!)%/"5/!1%65%/+&F!!

!

!

!

!

!

Y0%16::G! "+! D6&! 8-/8:(,%,! +$6+! R-(+%! P! 8-/&+"+(+%&! 6! 1-)(&+! 6/,! %/0"1-/*%/+6::2!

)%/"5/!&2/+$%&"&!-3!JUSG!;1-8%%,"/5!"/!1%6&-/6):%!2"%:,!-0%1!+D-!&+%;&F!#$"&!1-(+%!$6,!

)%%/!&86:%,!(;!3-1!+$%!&2/+$%&"&!-3!<F<!5!-3!*-/-*%1!JUS!D$"8$!D6&!%/-(5$!+-!&+61+!

+$%!"/0%&+"56+"-/!-3!+$%!;-:2*%1"&6+"-/!-3!JUSF!`"+$!6;;1-I"*6+%:2!M!5!-3!*-/-*%1!

H()K4%!JPb!N&%89,1,!*;!-)#!-):##!:*Q-#,!Q,1&$!-)#!+#-:10!-**8!b:##&!"*-1*&!

R-(+%!A! R-(+%!W! R-(+%!P!



! NO!

JUS! C31-*! +$%! 061"-(&! &2/+$%&%&! -3!JUSE! "/! $6/,! &-*%! "/"+"6:! &+(,"%&! -3! +$%!

;-:2*%1"&6+"-/!8-(:,!)%!8611"%,!-(+F!!

!

OIMI! :+9.L%4(&*'(+#!-'K1(%&!+2!].14+X.G; /(1!JUS!
!

;#<=*+5: Polymerisation studies of hydroxy-acid ,47+

!

!

!

C#'4.! 3!\%=[! ' ! 0 &!\RD*[! i ! 3T!\%=[!

J! >?=! <O!$! <FN! >FO! OO!
M. ! >?=! <O!$! =FM! >F>! 4fA!
O! ><=! <O!$! >F<! MFc! B!
Q! ><=! >!*-/+$ ! <F<! <FO! OO!

%'#%0-1*&!7#:;*:+#H!Q,1&$!JUS*!*&89!!

!

#$%!;-:2*%1"&6+"-/!D6&!6++%*;+%,!(&"/5!6!+D-!&+65%!*%+$-,!D$"8$!"&!8-**-/:2!(&%,!

"/!+$%!:"+%16+(1%!3-1!+$%!,"1%8+!8-/,%/&6+"-/!-3!6:8-$-:&!D"+$!861)-I2:"8!68",&F@!'/C-8+E4!

D6&!(&%,!6&!6!86+6:2&+!6+!>?=!*P!(/,%1!6/!"/%1+!6+*-&;$%1%!6/,!D6&!+$%/!;(+!(/,%1!

068((*!3-1!+$%!&%8-/,!&+65%!-3!+$%!;-:2*%1"&6+"-/!C3*89%!QEF!5S!4LR!6/6:2&"&!-3!+$%!

1%68+"-/!*"I+(1%!"/,"86+%,!+$6+!"/"+"6::2!JUS!3-1*%,!;1"*61":2!:68+-/%&!JJJ!C<=!*"/!6/,!

M!$E!CH()K4%!JWEF!A3+%1!<O!$G!+$%!8-/8%/+16+"-/!-3!JUS8!$6,!&+61+%,!+-!,%81%6&%!6/,!6!

;-:2*%1!;%6J!6+!6;;1-I"*6+%:2!OFb!;;*!$6,!6;;%61%,F!A3+%1!<O!$!068((*!D6&!6;;:"%,!

6/,!+$%!5S!4LR!6/6:2&"&!&(55%&+%,!+$6+!:68+-/%&!JJJ!$6,!)%%/!*-&+:2!1%*-0%,!(/,%1!

1%,(8%,! ;1%&&(1%F! #$"&! :%3+! ;-:2*%1! JUTG! "/,"86+%,! )2! +$%! )1-6,! ;%6J&! 6+!

6;;1-I"*6+%:2!OFc!6/,!OFb!;;*F!Q+!D6&!$2;-+$%&"&%,!+$6+!+$%&%!+D-! ,"&+"/8+! ;%6J&!

8-(:,!)%!,(%!+-!+$%!6I"6:!6/,!%H(6+-1"6:!;1-+-/&!%;6*%!+-!+$%!-I25%/!"/!+$%!%&+%1!)-/,!

C1%;1%&%/+%,!)2!+$%!;"/J!8"18:%!CH()K4%!JWEEF!#$%!;-:2*%1!D6&!6/6:2&%,!(&"/5!\9P!+-!

;1-)%!+$%!*-:%8(:61!D%"5$+F!#$%!6/6:2&"&!&$-D%,!6!)1-6,!;%6J!+2;"86:!-3!&+%;!51-D+$!
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! Nc!

;-:2*%1"&6+"-/G! D"+$! *-:%8(:61! D%"5$+&! (;! +-! <FN! J76F! #$%! )1-6,! ;%6J! 6/,! +$%!

1%:6+"0%:2! :-D! *-:%8(:61! D%"5$+&! 86/! )%! 6++1")(+%,! +-! +$%! &+%1"86::2! $"/,%1%,!

/(8:%-;$":"8!&%8-/,612!6:8-$-:!D$"8$!68+&!+-!;1-;656+%!+$%!1%68+"-/F545!#$%!+$%1*6:!

;1-;%1"+%&!-3!+$%!;-:2*%1!D%1%!6:&-!"/0%&+"56+%,G!,2/6*"8!*%8$6/"86:!6/6:2&"&!C7LAE!

D6&!(&%,!+-!;1-)%!+$%!#$F!#$%!6/6:2&"&!&$-D%,!+$%!;-:2*%1&!$6&!6!#$!-3!OO!*PG!+$"&!#$!

"&!1%:6+"0%:2!$"5$!,%&;"+%!+$%!;-:2*%1&!)%"/5!-3!:-D!*-:%8(:61!D%"5$+F!Q+!D6&!+$%-1"&%,!

+$6+! +$"&! $"5$! #$! 61-&%! 31-*! +$%!6B*%/+$6/%! ,%1"0%,! )68J)-/%G! D$"8$! ;:%6&"/5:2!

6:"5/%,!D"+$!+$%!-1"5"/6:!$2;-+$%&"&F!!

!

!

!

!

!

!

!

!

&'()"*+,: : 1H NMR analysis of the polymerisation of ,47#  and ,47<  



! NN!

A! ,"B3(/8+"-/6:! $2,1-I2B68",! "&! /-+! &(33"8"%/+! +-! 6&&(1%! 3-1*6+"-/! -3! ;-:2*%1G! +$%!

1%68+"-/! *62! ;1-8%%,! "/+16*-:%8(:61:2! D"+$! +$%! 3-1*6+"-/! -3! 828:"8! ;1-,(8+&F! V-1!

%I6*;:%G!$2,1-I2B68",&!3-1*!%"+$%1!C-1!)-+$E!:68+-/%!-1!:"/%61!;-:2*%1FUE!Q3!+$%!1"/5!

&"X%!"&!:%&&!+$6/!3"0%!6+-*&G!-1!*-1%!+$6/!&%0%/G!-;%/B8$6"/!;-:2*%1!D"::!)%!6:*-&+!

%I8:(&"0%:2!3-1*%,!(/,%1!-1,"/612!8-/,"+"-/&F!Q3!6!3"0%!*%*)%1%,!1"/5!86/!)%!3-1*%,G!

+$"&!D"::!)%!+$%!&"/5:%!;1-,(8+F!Q3!&"I!-1!&%0%/!*%*)%1%,!1"/5&!86/!)%!3-1*%,G!%"+$%1G!

-1!)-+$G!1"/5!6/,!8$6"/!;-:2*%1!61%!:"J%:2!+-!)%!3-1*%,F!Q+!D6&!$2;-+$%&"&%,!+$6+!+$%!

:68+-/"&6+"-/!-3!JUS!D6&!-/:2!;-&&"):%!3-1!+$%!<09!"&-*%1!JUS*^!+$1-(5$!+$%!,"&360-(1%,!

>GcB,"6I"6:! 8-/3-1*%1! -3!JUS*F! ` $%1%)2! +$%!8:-&%! ;1-I"*"+2! -3! +$%!,'1 ( B6:8-$-:!

3(/8+"-/6:"+2!D"+$!+$%!861)-I2:"8!68",! "&!&(33"8"%/+!+-!6::-D! :68+-/"&6+"-/!6/,!Q+!D6&!

&;%8(:6+%,!+$6+!+$%!&6*%!"&!/-+!+1(%!3-1!JUS8:!#-!+%&+!+$"&!$2;-+$%&"&#$2,1-I2 B68",!

JUS*!C688%&&%,!+$1-(5$!+$%!$2,1-:2&"&!-3!JJJE!D%1%!&()e%8+%,!+-!+$%!;-:2*%1"&6+"-/!

8-/,"+"-/&!C"/!+$%!6)&%/8%!-3!JUS8E!C3*89%!QG!C#'4.!MEF!] (6/+"+6+"0%!8-/0%1&"-/!+-!+$%!

:68+-/%!JJJ!D6&!-)&%10%,!C5S!4LR!6/6:2&"&EG!D"+$!/-!&"5/!-3!;-:2*%1"8!&;%8"%&!)%"/5!

,%+%8+%,!&-*%D$6+!&(;;-1+"/5!+$%!+$%-12!+$6+!JUS*!"&!3-1*"/5! :68+-/%!JJJ!"/!+$%!

;-:2*%1"&6+"-/!*"I+(1%F!!

!

!

+

012*3*+/, . Attempted polymerisation of ,47#  

!
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! Nb!

Q/!6/!%33-1+!+-!*"/"*"&%!+$%!828:"&6+"-/!-3!JUS*G!+$%!;-:2*%1"&6+"-/!D6&!1%;%6+%,!6+!

><=!*P!C3*89%!QG!C#'4.!OE!6&!"+!D6&!$2;-+$%&"&%,!+$6+!6!:-D%1!+%*;%16+(1%!D-(:,!360-(1!

+$%! 3-1*6+"-/! -3! :"/%61! ;-:2*%1&! -0%1! +$%! "/+16*-:%8(:61! 828:"&6+"-/F! S-D%0%1G!

6/6:2&"&!(&"/5!\9P!&$-D%,!+$6+!+$%!*6+%1"6:!D6&!*6"/:2!8-*;-&%,!-3!:-D!*-:%8(:61!

D%"5$+!-:"5-*%1&F!'"/8%!+$%!:-D%1!+%*;%16+(1%!*62!)%!8-/+1")(+"/5!+-!6!&:-D%1!16+%!

-3! 1%68+"-/G! +$%! 1%68+"-/! D6&! &()&%H(%/+:2! 1%;%6+%,! 3-1! 6! :-/5%1! ;%1"-,! -3! +"*%!

C>!*-/+$E!C3*89%!Q̂!C#'4.!Q[F!5S!4LR!6/6:2&"&!&(55%&+%,!+$6+!+$%!1%68+"-/!$6,!5-/%!+-!

3(::! 8-/0%1&"-/G! 6/,! +$%! 6)&%/8%! -3! +$%! *-/-*%1! D6&! 8-/3"1*%,! (&"/5! *6&&!

&;%8+1-*%+12!6/6:2&"&F!

!

\9P!6/6:2&"&!D6&!(&%,!+-!8-*;61%!+$%!*-:%8(:61!D%"5$+&!-3!+$%!+$1%%!;-:2*%1"&6+"-/!

6++%*;+&!CH()K4%!MUEF!A&!;1%0"-(&:2!*%/+"-/%,!+$%!+168%&!&$-D!)1-6,! ,"&+1")(+"-/&!

D"+$! ,"&+"/8+! ;%6J&!61"&"/5!31-*!+$%!&+%;B51-D+$! /6+(1%!-3!+$%!;-:2*%1"&6+"-/F!#$%!

+168%&!&$-D!6!$"5$!*-:%8(:61!D%"5$+!1%5"-/!6+!6;;1-I"*6+%:2!>=!*"/(+%&!1%+%/+"-/!

+"*%F! #$%! 1%,! +168%! $6&! 6! ,"&+"/8+! ;%6J! 6+! >=! *"/(+%&! 8-11%&;-/,"/5! +-! 6/ ! L &!

-3!}<FN!J76!6+!6!:-D%1!+%*;%16+(1%!-3!><=!*P!"+!"&!8:%61!+$%1%!"&!6!:-D%1!;1-;-1+"-/!-3!

$"5$!*-:%8(:61!D%"5$+!&;%8"%&!;1%&%/+!63+%1!<O!$!C51%%/!+168%EF!Q+!"&!$-D%0%1!8:%61!+$6+!

(;-/! :%60"/5!+$%!1%68+"-/!3-1!6! :-/5%1! ;%1"-,! -3!+"*%!C>!*-/+$E!+$%!*"I+(1%!656"/!

8-/+6"/&!$"5$%1!*-:%8(:61!D%"5$+!&;%8"%&!-3!6;;1-I"*6+%:2!<FO!J76!C):(%!+168%EF!7LA!

D6&! (&%,! +-! "/0%&+"56+%! +$%! +$%1*6:! ;1-;%1+"%&! -3! +$%! ;-:2*%1! 1%&(:+"/5! 31-*! +$%!

1%68+"-/! 6+! ><=!*P! 6/,! >! *-/+$! 6/,! "+! D6&! -)&%10%,! +-! $60%! 6! &"*":61! #$!6&! +$%!

;1%0"-(&:2!6/6:2&%,!;-:2*%1!COO!*PEF!9:%6&"/5:2!)-+$!;-:2*%1&!&$-D%,!$"5$!*-:%8(:61!

D%"5$+&!-3!<FOB<FN!J76G!6:)%"+!D"+$!$"5$!,"&+1")(+"-/&G!6/,!#$&!-3!OO!*PF!#$"&!#$!"&!$"5$!

3-1!6/!6:";$6+"8!;-:2%&+%1!-)+6"/%,!31-*!1%/%D6):%!1%&-(18%&G!6/,!"+!"&!$2;-+$%&"&%,!

+$"&!"&!,(%!+-!+$%!828:-$%I6/%!1"/5!;1%&%/+!"/!+$%!)68J)-/%!-3!+$%!;-:2*%1F!!



! N?!

!

!

+

&'()"*+-4 : GPC analysis of the polymerisations of ,47  

!
!Y/%! ;-+%/+"6:! %I;:6/6+"-/! 3-1! +$%! &:-D! 16+%! -3! ;-:2*%1"&6+"-/! -)&%10%,! D"+$! +$%!

$2,1-I2 B68",&!JUS*!6/, !JUS8#"&!+$%!&-*%D$6+!&+%1"86::2!$"/,%1%,!%/0"1-/*%/+!-3!+$%!

&%8-/,612!6:8-$-:&F!.&"/5!7V#!6/6:2&"&!"+!8-(:,!)%!"/3%11%,!+$6+!+$%!3-1*6+"-/!-3!+$%!

:68+-/%!+0%!JUS*!D6&!360-(1%,!C%\!p!B!?FM!J86:f*-:E!-0%1!$-*-;-:2*%1"&6+"-/!C%\! B=Fj!

J86:f*-:E! -1! 8-;-:2*%1"&6+"-/! D"+$!JUS8! C%\! p! 6&! :-D! 6&!BMFj!J86:f*-:EF! #$%!

;-:2*%1"&6+"-/!-3!JUS8!"&!*615"/6::2!360-(1%,!+$%1*-,2/6*"86::2!C%\!p!)%+D%%/!B=F?!

6/,! B>Fj!J86:f*-:! , %;%/,"/5! -/! +$%! 8-/3-1*6+"-/C&E! -3!JUS8!(/"+&! "/! +$%! ;-:2*%1!

:"/J65%!@!%F5F!6I"6:f6I"6:G!%H(6+-1"6:f%H(6+-1"6:G!6I"6:f%H(6+-1"6:!-1!%H(6+-1"6:f6I"6:EF!

#$"&!&-*%D$6+!%I;:6"/&!+$%!:-/5!1%68+"-/!+"*%&!6/,!:-D!*-:%8(:61!D%"5$+&!-)+6"/%,!

31-*!+$%!;-:2*%1"&6+"-/!-3!JUS*!6/,! JUS8F!Y/%!;-+%/+"6:!&-:(+"-/!+-!+$"&!"&!+-!(+":"&%!

JUS*!6/,! JUS8!6&!8-*-/-*%1&!"/!+$%!&2/+$%&"&!-3!8-;-:2%&+%1&F!!!

!
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! Nj!

#$%!1%/%D6):%!;-:2*%1! JUT!D6&!&2/+$%&"&%,!31-*!+$%!$2,1-I2 B68",!JUS!+-!2"%:,!6!

;-:2%&+%1!D$"8$!8-/+6"/&!>==K!-3!"+&!861)-/&!31-*!:"*-/%/%F!#$"&!"&!+$%!3"1&+!%I6*;:%!

-3!6!+%1;%/%B,%1"0%,!;-:2%&+%1G!&2/+$%&"&%,!+$1-(5$!&+%;!51-D+$!;-:2*%1"&6+"-/!6/,!

8-/+6"/"/5!6/!%I8:(&"0%:2!+%1;%/%!,%1"0%,!)68J)-/%F!#$%!*-:%8(:61!D%"5$+&!D%1%!:-D!

C<FN! J76E! $-D%0%1! +$%! ;-:2%&+%1! ,"&;:62%,! $"5$! #$&! *6J"/5! "+! 6/! "/+%1%&+"/5! :-D!

*-:%8(:61! D%"5$+! ;-:2*%1! 3-1! 6;;:"86+"-/&! 1%H("1"/5! 6! $"5$! 5:6&&! +16/&"+"-/!

+%*;%16+(1%F!!

!

OIOI! :+9.L%4(&*'(+#!+2!',%!B(L+#%#%!D%4($%1!B*/'+#%!JJJ!
!
`%!D%1%!6:&-!"/+1"5(%,!+-!"/0%&+"56+%!D$%+$%1!+$%!:68+-/%!JJJG!D$"8$!$6,!&%10%,!6&!

6/!"/+%1*%,"6+%!"/!+$%!&2/+$%&"&!-3!JUS* !̂8-(:,! "+&%:3!)%!(+":"&%,!6&!6!*-/-*%1!3-1!

&2/+$%&"&!-3!;-:2%&+%1!JUT!+0%!1"/5!-;%/"/5!;-:2*%1"&6+"-/!CRY9EF!

!

!

!
+

012*3*+/- : Proposed synthesis and polymerisation of lactone ,,,  

!
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2. NaOH, (3 eq.), H2O2 (3 eq.)

THF, 16 h, 0 oC - r.t.
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! b=!

`$%/! "/0%&+"56+"/5! RY9! "+! "&! "*;-1+6/+! +-! +6J%! "/+-! 688-(/+! +$%! 1"/5!&+16"/! "/! +$%!

*-/-*%1!86/,",6+%F!Q+!"&!D%::!J/-D/!+$6+!&"I!*%*)%1%,!1"/5&!61%!+2;"86::2!&+6):%!+-!

1"/5!-;%/"/5!,(%!"/!;61+!+-!:-D!1"/5!&+16"/F544!!Q+!"&!6:&-!68J/-D:%,5%,!+$6+!&()&+"+(%/+&!

-/!+$%!1"/5!,%81%6&%&!+$%!%H(":")1"(*!*-/-*%1! 8-/0%1&"-/F!#$"&!"&!%&;%8"6::2!+1(%!3-1!

:68+-/%&! &()&+"+(+%,! "/! +$%!%;6*%! 6/,! 1,;)%! ;-&"+"-/&F54C.54I! !#$%! +%1;%/%! ,%1"0%,!

:68+-/%!JJJ!"&!6!&"I! *%*)%1%,!1"/5!6/,! "&!&()&+"+(+%,! "/! )-+$!+$%!%;6*%!6/,! 1,;)%!

;-&"+"-/&!*%6/"/5!+$6+!"+!8-(:,!)%!+$%1*-,2/6*"86::2!(/360-(16):%!3-1!1"/5!-;%/"/5!

;-:2*%1"&6+"-/F!S-D%0%1G!JJJ!"&!6:&-!6!)1",5%,!)"828:"8!&2&+%*!6/,!"+!D6&!+$%-1"&%,!

+$6+!+$"&!D-(:,!;1-0",%!+$%!6,,%,!1"/5!&+16"/!/%%,%,!+-!368":"+6+%!-;%/"/5!-3!+$%!1"/5F!!

!

OIOIJI! DH3!-'K1(%&!+2!',%!B*/'+#%!JJJ!
!
7V#!86:8(:6+"-/&!D%1%!8-/,(8+%,! )2!A/+-"/%!W(8$61,!6+!#$%! ./"0%1&"+2! -3!W6+$!+-!

;1-)%!+$%!;-+%/+"6:!-3!JJJ!3-1!RY9F!!

!

7%/&"+2! 3(/8+"-/6:! +$%-12! C7V#E! 86:8(:6+"-/&! -/! JJJ! D%1%! (&%,! +-! ;1-)%! +$%!

+$%1*-,2/6*"8&! -3! +$%! 1"/5! -;%/"/5! -3!JJJ! C;1-+-8-:! 1L=N<aB7MfNB

M>>||5C<,G;Ef8;8*p%+$2:%+$6/-6+%EF! 7V#! 6/6:2&"&! "/,"86+%,! +$6+! +$%! *-&+! &+6):%!

8-/3-1*6+"-/! -3! JJJ*a!6/, !JJJ*aa! -88(1&!D$%/! +$%! 828:-$%I6/%! 1"/5! "&! "/! 6! 8$6"1!

8-/3-1*6+"-/!CH()K4%!MJEF!

!

#$%! ,1"0"/5! 3-18%! 3-1! *-&+! RY9! "&! +$%! 1%:%6&%! -3! 1"/5! &+16"/F! #$%! %/+$6:;2! -3!

;-:2*%1"&6+"-/! C~SE! 86/! )%! (&%,! 6&! 6! *%6&(1%! -3! +$%! 1"/5! &+16"/G! 6/,! 3-1!

;-:2*%1"&6+"-/!+-!)%!360-(16):%!~S!s!=FUF!#$%!1"/5!&+16"/!3-1!+$%!;1%,"8+%,!&+1(8+(1%!

D6&!86:8(:6+%,!+-!)%!6+!:%6&+!BN!J86:f*-:!D$"8$!"*;:"%,!+$6+!;-:2*%1"&6+"-/!*62!)%!

%/+$6:;"86::2! 360-(16):%F! S-D %0%1G! +$%! -0%16::! ~\! -3! +$%! ;-:2*%1"&6+"-/! D6&!

86:8(:6+%,!6&!6+!)%&+!|=FN!J86:f*-:F!#$"&!8-(:,!"/,"86+%!+$6+!+$%!%/+1-;"8!368+-1!-3!+$%!

RY9!*62!8-(/+%168+!+$%!1"/5!-;%/"/5G!6:+$-(5$!+$%!86:8(:6+%,!06:(%!-3!~\!D6&!"/!+$%!

*615"/!3-1!%11-1!3-1!7V#F!



! b>!

!

#-!68$"%0%!$"5$!8-/0%1&"-/!-3!6!828:"8!%&+%1!+-!6!;-:2*%1!"+!"&!81(8"6:!+-!*"/"*"&%!+$%!

%H(":")1"(*! *-/-*%1! 8-/8%/+16+"-/ F! V-1! +$"&! 1%6&-/G! :-D! 8-/8%/+16+"-/&! 6/,!

+%*;%16+(1%&!D%1%!6++%*;+%,!+-!360-(1!+$%!%H(":")1"(*!+-D61,&!+$%!-;%/%,!3-1*F54F!

A3+%1!7V#!&+(,"%&!"/,"86+%,!+$6+!+$%!RY9!-3!JJJ!8-(:,! )%!360-(16):%G!Q+!D6&!,%8",%,!+-!

6++%*;+! &-*%! ;-:2*%1"&6+"-/! &+(,"%&! (&"/5! 8-/,"+"-/&! J/-D/! +-! )%!5--, ! 3-1!

;-:2*%1"&6+"-/!-3!&()&+"+(+%,!&"I!*%*)%1%,!:68+-/%&F!

!

OIOIMI! "#$%&'()*'(+#&!(#'+!',%!6@:!+2!JJJ!
!
A!16/5%!-3!86+6:2&+&!D"+$!:"+%16+(1%!;1%8%,%/+!3-1!+$%!RY9!-3!N!*%*)%1%,!1"/5&!D%1%!

"/0%&+"56+%,!"/!+$%!&2/+$%&"&! -3!;-:2*%1! JUTG!"/8:(,%,!W1•/&+%,!68",&G!_%D"&!68",&G!

_%D"&!)6&%&!6/,!*%+6:!6:J-I",%&!C3*89%!S!6/, !3*89%!TEF!!

!

!

!

!

!

!

&'()"*+-, .#D%;<4;%),1#C%+(4/%3;,#<('C(/$%)0('#(C#,,,#??#



! b<!

;#<=*+7.#"'+,9)0-%)0('9#0')(#)*,#6(;&$,/09%)0('#(C#;%<)(',9#,,, #490'-#10CC,/,')#<%)%;&9)9#

!

!

!

C#'4.! =*'*9.&'! =*'!\L+9g[ !
<#@]!
\L+9g[ !

=+#/%#'4*'(+#! 3(L%!
3%L5!
\j= [!

:+9.L%4!

J! SP:FT+<Y! >F?=! =FN! =FO!L! O!,62&! <c! 4- !

M! SP:FT+<Y! >F?=! =FN! =FO!L! b!,62&! >==! 4- !

O! '/C-8+E<! =F<=! <! 4%6+! b!,62&! >==! 4- !

Q! '/C-8+E<! >! <! 4%6+!
>!

*-/+$ !
><=! 4- !

S! '/CY#3E<! =F=O! >F<! 4%6+! N!,62&! <c! 4- !

T! '8CY#3EM! =F=O! >F<! 4%6+! N!,62&! <c! 4- !

!

!

Q/"+"6:!;-:2*%1"&6+"-/&! D%1%! 8-/,(8+%,! (&"/5! 6! W1•/&+%,! 68",! 86+6:2&+! C3*89%!

SG!C#'4(%&!J!6/, !ME!(&"/5!8-/,"+"-/&!+6J%/!31-*!_-(!,)#%;:54E!#$%!1%68+"-/!D6&!8611"%,!

-(+!6+!1--*!+%*;%16+(1%!3-1!3-(1!,62&t!$-D%0%1G!5S!4LR!6/6:2&"&!"/,"86+%,!+$6+!+$%!

*-/-*%1 !1%*6"/%,! "/+68+F! #$%!1%68+"-/! D6&! 6:&-! 1%;%6+%,! 6+! >==!*P! 3-1! b! ,62&F!

S-D%0%1!+$"&!6:&-!,",!/-+!:%6,!+-!6!;-:2*%1F!!

!

'/C-8+E4!"&!8-**-/:2!(&%,!+-! ; %13-1*!1"/5B-;%/"/5!;-:2*%1"&6+"-/!-3!:68+-/%&!C3*89%!

SG!C#'4.!OEF!#$%!8-/,"+"-/&!D%1%!+6J%/!31-*!6!;6;%1!)2!P--;%1!,)#%;:#"/!D$"8$!6/!%;6*%!

&()&+"+(+%,!&"I! *%*)%1%,! :68+-/%!D6&!-;%/%,!+-!3-1*!6! ;-:2*%1F54G!A3+%1!b! ,62&G!

5S!4LR!6/6:2&"&!&$-D%,!+$6+!+$%!*-/-*%1!$6,!/-+!-;%/%,!+-!3-1*!6!;-:2*%1F!#$%!

1%68+"-/!D6&!1%;%6+%,!6+!6!$"5$%1!+%*;%16+(1%G!$-D%0%1!+$%!1"/5!D6&!&+"::!:%3+!"/+68+G!

%0%/!63+%1!>!*-/+$!C3*89%!SG!C#'4.!QEF!!

O O
O

O
n

Catalyst

BnOH

111 106



! bM!

#16/&"+"-/!*%+6:!+1"3:6+%&!86/!)%!(&%,!+-!-;%/!&()&+"+(+%,!:68+-/%&!6/,!3-1*!;-:2*%1&G!

'/CY#3E4!6/,! '8 CY#3EC!D%1%!(&%,!C3*89%!Ŝ !C#'4(%&!S!6/, !TEF54G!#$%&%!86+6:2&+&!6:&-!

;1-0%,!(/&(88%&&3(:!D"+$!+$%!*-/-*%1!2%+!656"/!1%*6"/"/5!"/+68+F!#$%&%!1%68+"-/&!

D%1%!6:&-!;1-)%,!(&"/5!5%:!;%1*%6+"-/!8$1-*6+-516;$2!D$"8$!6:&-!8-/3"1*%,!+$6+!

+$%1%!D%1%!/-!&;%8"%&!-3!$"5$!*-:%8(:61!D%"5$+!"/!+$%!1%68+"-/!*"I+(1%F!!A/6:2&"&!-3!

+$%!1%68+"-/!*"I+(1%!31-*!6::!-3!+$%&%!8-/,"+"-/&!"/,"86+%,!+$6+!/-+!-/:2!D6&!6!;-:2*%1!

/-+!)%"/5!3-1*%,!)(+!6:&-!)%/X2:!6:8-$-:!D6&!/-+!"/"+"6+"/5!+$%!1%68+"-/F!

!

OIJIJI! "#('(*'(+#!*#1!:4+5*)*'(+#!&'K1(%&!+2!JJJ!

9-:2*%1"&6+"-/!&+(,"%&!C3*89%!SG!C#'4(%&!JBSE!D%1%!6/6:2&%,!(&"/5!5S!4LR!6/6:2&"&!6/, !

"+!D6&!8:%61!+$6+!"/"+"6+"-/! (&"/5! )%/X2:!6:8-$-:!D6&!/-+!+6J"/5! ;:68%F!S-D%0%1!7V#!

&(55%&+%,! +$6+! +$%1%! "&! %/-(5$! 1"/5! &+16"/! "/!JJJ! 3-1! +$%! 1"/5! +-! -;%/F!Q+! D6&!

$2;-+$%&"&%,!+$6+!+$%!%:%8+1-;$":"8!8%/+1%!-3!+$%!828:"8!%&+%1!D6&!&+%1"86::2!81-D,%,!

D$"8$!D-(:,!*6J%!"+! ,"33"8(:+!3-1! /(8:%-;$":%&!+-!6++68J!6/,! -;%/!+$%!1"/5F!P-/+1-:!

1%68+"-/&!D%1%!,%&"5/%,!+-!"/0%&+"56+%!+$%!1"/5!-;%/"/5!-3!+$%!:68+-/%!(&"/5!061"-(&!

/(8:%-;$":%&!C-/,%L%!OOEF!!

!

!
+

012*3*+// : The opening of+,,,  using NaOMe or BnOH 

!
_68+-/%!JJJ!D6&! -;%/%,! (&"/5! &-,"(*! *%+$-I",%! "/,"86+"/5! +$6+! +$%1%! "&! %/-(5$!

&;68%!3-1!6!&*6::! /(8:%-;$":%!+-!6++68J!+$%!861)-/2:! -3!JJJ!C-/,%L%!OOEF!A3+%1!+$%!

&(88%&&3(:! &2/+$%&"&! -3! %&+%1!JJS! "+! D6&! ,%8",%,! +-! *-,%:! +$%! "/"+"6+"-/! -3! +$%!

;-:2*%1"&6+"-/!(&"/5!)%/X2:!6:8-$-:!C-/,%L%!OOEF!A3+%1!>b!$!+$%!1%68+"-/!D6&!D-1J%,!

(;!6/,!6/6:2&%,!(&"/5! 5S!4LR!&;%8+1-&8-;2!D$"8$!&$-D%,!+$6+!)%/X2:!%&+%1!JJT!$6,!



! bO!

)%%/!&2/+$%&"&%,G!$-D%0%1!+$%1%!D6&!6:&-!6!&*6::!6*-(/+!-3!&+61+"/5!*6+%1"6:!JJJ!&+"::!

;1%&%/+F!#$"&!&(55%&+%,!+$6+!)%/X2:!6:8-$-:!D6&!6!5--,!%/-(5$!/(8:%-;$":%!+-!-;%/!

JJJ!$-D%0%1!"+!"&!&:-DF!!

!

#$%!&2/+$%&"&!-3!%&+%1&!JJS!6/,! JJT!"/,"86+%,!+$6+!"+!D6&!;-&&"):%!+-!-;%/!+$%!1"/5!-3!

JJJ!D"+$!/(8:%-;$":%&F!A3+%1!+$%!&(88%&&!-3!(&"/5!#W7!6/,!W/YS!+-!-;%/!JJJ!3(1+$%1!

RY9!&+(,"%&!D%1%!8-/,(8+%,!(&"/5!+$%&%!8-/,"+"-/&G!6&!#W7!"&!6!86+6:2&+!J/-D/!3-1!"+&!

$"5$!68+"0"+2!D"+$!1%&;%8+!+-!1"/5!-;%/"/5!;-:2*%1"&6+"-/&F54@.54U!

!

;#<=*+6. Investigations into the polymerisation of lactone ,,, +using a catalyst that induced initiation 

!

!

!

C#'4.! =*'*9.&'!
=*'!

\L+9g[ !
<#@]!
\L+9g[ !

=+#/%#'4*'(+#!
3%L5!
\j= [!

6%&K9'!

JP!,! N!1*.&!
T!

L+#',& !

J! #W7! >=! >! 4%6+! <c!
Q/"+"6+"-/!

-/:2 !
Q/"+"6+"-/!

-/:2 !
Q/"+"6+"-/!

-/:2 !

M! #W7! >=! >! 4%6+! =!
Q/"+"6+"-/!

-/:2 !
Q/"+"6+"-/!

-/:2 !
4fA!

O! #W7! >=! >! 4%6+! ><=!
Q/"+"6+"-/!

-/:2 !
Q/"+"6+"-/!

-/:2 !
4fA!

Q! '8CY#3EM! >=! >! =Fj!L! <c!
Q/"+"6+"-/!

-/:2 !
Q/"+"6+"-/!

-/:2 !
Q/"+"6+"-/!

-/:2 !

S! #W7! >==! >! 4%6+! <c!
Q/"+"6+"-/!

-/:2 !
Q/"+"6+"-/!

-/:2 !
Q/"+"6+"-/!

-/:2 !

6 7AWPY! >=! 4fA! 4%6+! <c! B! B! B!

7 7AWPY! >=! 4fA! 4%6+! >==! B! B! B!

!

O O
O

O
n

Catalyst

BnOH

111 106

OH

O

O

Ph
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! bc!

>=!*-:K!6/,!>==!*-:K!-3!#W7!D6&!(&%,!+-!86+6:2&%!+$%!RY9!-3!:68+-/%!JJJ!C3*89%!

TG!C#'4(%&!JGM!*#1!SEF!5S!4LR!6/6:2&"&!63+%1!>?!$!1%0%6:%,!+$6+!"/"+"6+"-/!(&"/5!)%/X2:!

6:8-$-:!$6,!+6J%/!;:68%F!#$%!1%68+"-/!D6&!6:&-!1%;%6+%,!6+!=!*P!6/,!><=! *P!C3*89%!T̂ !

C#'4(%&!M!*#1!OEG!656"/!5S!4LR!6/6:2&"&!,%+%8+%,!JJT!"/,"86+"/5!"/"+"6+"-/!$6,!+6J%/!

;:68%F!'8CY#3EC!D6&!(&%,!656"/!6&!6!86+6:2&+!C3*89%!TG!C#'4.!QE!6&!6!&-:(+"-/!"/!+-:(%/%G!

+$"&!1%68+"-/!"/"+"6+%,!63+%1!>?!$!D"+$!5S!4LR!6/6:2&"&!1%0%6:"/5!+$6+!+$%!)%/X2:!6:8-$-:!

$6,!)%%/!8-*;:%+%:2!8-/&(*%,F!!

!

#$%!1%68+"-/&!"/!D$"8$!+$%! ;-:2*%1"&6+"-/!$6,! "/"+"6+%,!D%1%!6/6:2&%,!656"/! (&"/5!

5S!4LR! 63+%1! 6/! %I+%/,%,! ,(16+"-/! Cb! ,62&EF! 5S! 4LR! 6/6:2&"&! 1%0%6:%,! +$6+! +$%!

1%68+"-/!$6,!&+-;;%,!63+%1!"/"+"6+"-/!6/,!+$%1%!D6&!/-!&"5/!-3!;-:2%&+%1&!)%"/5!3-1*%,F!!

!

9-:2*%1"&6+"-/&! -3!&()&+"+(+%,! :68+-/%&!86/! -3+%/! )%!&:-D!6/,!+$%1%3-1%!+$%!+$1%%!

1%68+"-/&! D$%1%! +$%! ;-:2*%1"&6+"-/! D6&! "/"+"6+%,! D%1%!1%;%6+%,! C3*89%!

TG!C#'4(%&!JG!Q!6/, !SE!6/,!:%3+!3-1!6!:-/5!;%1"-,!-3!+"*%!CN!*-/+$&EF!5S!4LR!6/6:2&"&!

&$-D%,! +$6+! %0%/! 63+%1! N! *-/+$&! +$%1%! D6&! /-! &"5/! -3! ;1-;656+"-/! -3! +$%!

;-:2*%1"&6+"-/G!6/,!/-!$"5$!*-:%8(:61!D%"5$+!;-:2*%1&!;1%&%/+F!#$%!8-*;:%+%!:68J!-3!

:-D! *-:%8(:61! D%"5$+! %&+%1&! &2/+$%&"&%,! 1%"/3-18%&! +$%! ",%6! +$6+! +$%! &%8-/,612!

6:8-$-:!86//-+!;1-;656+%!+$%!;-:2*%1"&6+"-/!6/,!+$6+!%0%/!63+%1!:-/5!;%1"-,&!-3!+"*%!

+$%!&+%1"8!368+-1&!61%!+$%!,-*"/6+"/5!368+-1!;1%0%/+"/5!;-:2*%1"&6+"-/F!!

!

7"6X6)"828:-k<F<F<l-8+6/%! C7AWPYE! "&! 6! /(8:%-;$":"8! -156/-86+6:2&+! 6/,! Q+! D6&!

$2;-+$%&"&%,!+$6+!+$"&!8-(:,!86+6:2&%!+$%!RY9!-3!JJJF!7AWPY!"&!6! )(:J2! )(+!$"5$:2!

/(8:%-;$":"8!6*"/%!6/,!68+&!+-!68+"06+%!+$%!%&+%1!+-D61,&!/(8:%-;$":"8!6++68JF!Q+!D6&!

$2;-+$%&"&%,!+$6+!+$%!&+%1"86::2!$"/,%1%,G!/(8:%-;$":"8!&%8-/,612!6:8-$-:!8-(:,!1%68+!

D"+$!+$%!682:!6**-/"(*!&;%8"%&!,(%!+-!"+&!$"5$:2!68+"06+%,!/6+(1%F!#$%!1%68+"-/!D6&!

6++%*;+%,!(&"/5! >=! *-:K! -3! 7AWPY! 6+! <c! 6/,! >==!*P!C3*89%!TG!C#'4(%&! T!6/,! NEG!

$-D%0%1!5S!4LR!6/6:2&"&!"/,"86+%, !+$6+!+$%!*-/-*%1!1%*6"/%,!"/+68+F!!

!

#$%! &2/+$%&"&! -3!JJT! &(55%&+%,! +$6+!JJJ! "&! 6):%! +-! )%! -;%/%,! )2! -I25%/! )6&%,!

/(8:%-;$":%&F! S-D%0%1G! +$%! &+6::"/5! -3! +$%! RY9! 63+%1! "/"+"6+"-/!"/,"86+%&!+$6+!

;1-;656+"-/!)2 !+$%!1%&(:+"/5!6:8-$-:!JJT!"&!(/360-(16):%F!Y/%!$2;-+$%&"&!"&!+$6+!+$%!



! bN!

&%8-/,612!6:8-$-:!-3!JJT!D6&!+--!&+%1"86::2!$"/,%1%,!3-1!+$%!&(88%&&3(:!6;;1-68$!-/!

+$%!6:1%6,2!$"/,%1%,!861)-/2:!-3!JJJF!

!

OIMI! =+#/9K&(+#&!24+L!',%!-.#',%&(&!*#1!:+9.L%4(&*'(+#!+2!JJJ!

A! :"*-/%/%B,%1"0%,! :68+-/%! *-/-*%1!JJJ! D6&! &2/+$%&"&%,! 6/,! RY9! +-! 3-1*! 6!

+%1;%/%B,%1"0%,! $-*-;-:2*%1! JUT! D6&! "/0%&+"56+%,F! #$%! *-/-*%1!JJJ! D6&!

&2/+$%&"&%,!,"1%8+:2!"/!+D-!&+%;&!31-*!:"*-/%/%F!#$%!&%8-/,!&+%;!D6&!-;+"*"&%,!+-!

5"0%!6! *-,%16+%!2"%:,!-3!NcK! -0%1!+D-!&+%;&F!L-/-*%1! JJJ!D6&!3(1+$%1! (&%,!3-1!

;-:2*%1"&6+"-/!&+(,"%&F!Q/0%&+"56+"-/!"/+-!+$%!RY9!1%0%6:%,!+$6+!"+!D6&!(/6):%!+-!3-1*!

6!$-*-;-:2*%1!-3! JJJ!,(%!+-!"&&(%&!"/!+$%!;1-;656+"-/!&+%;!-3!+$%!;-:2*%1"&6+"-/F!!

!

!
OIOI! 3+7*41&!',%!-.#',%&(&!+2!*!B(L+#%#%!D%4($%1!].14+X.GC&'%4!

!

Q+!D6&!;1-;-&%,!+$6+!6!$2,1-I2B%&+%1!CJJWE!8-(:,!)%!688%&&%,!(&"/5!;6::6,"(*!86+6:2&"&!

3-::-D%,! )2! 6! W1-D/! $2,1-)-16+"-/! -I",6+"-/F! #$"&! D-(:,! 5"0%! 6! ,"B3(/8+"-/6:!

*-:%8(:%! &("+6):%! 3-1! &+%;B51-D+$! ;-:2*%1"&6+"-/G! 6/,! "/! +$"&! 86&%! +$%! *-/-*%1!

D-(:,! ;-&&%&&! 6! ;1"*612! 6:8-$-:! 51-(;G! *%6/"/5! +$6+! "+! D-(:,! )%! :%&&! &+%1"86::2!

$"/,%1%,! 3-1! +$%! 6++68J! -/! +$%! %&+%1F! #$%! *-/-*%1! D-(:,! 6:&-! )%! :%&&! :"J%:2! +-!

(/,%15-!6/!"/+%1*-:%8(:61!828:"&6+"-/!,(%!+-!+$%!1%&(:+"/5!1"/5!&"X%!)%"/5!,"&360-(1%,!

C/"/%!*%*)%1%,!1"/5EF!

!

!
+

012*3*+/5 . Proposed synthesis of hydroxy-ester ,,:  

!

HO
OMe

O

Pd(OAc)2
BQ, p-TSA, O2

O
OMe

O
1.9-BBN
2.NaOH/H2O2

THF

OH

O
OMe

O

6
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118 119



! bb!

R%8%/+!:"+%16+(1%!;():"&$%,!)2!\-/€6:0%&!,)#%;:#1%;-1+%,!+$%!6:J-I2:6+"-/!-3!:"*-/%/%!

(&"/5!061"-(&!6:8-$-:&!C-/,%L%!OSEF5C>!

!

!

!
+

012*3*+/7 .The alkoxylation of limonene (6) using a Pd(OAc)2 catalyst5C> 

!

#$"&! 1%68+"-/! 8-(:,! "/+1-,(8%! 6! $6/,:%! 3-1! ;-:2*%1"&6+"-/! &(8$! 6&! 6/! %&+%1! -1!

861)-I2:"8!68",F!Q+!D6&!,%8",%,!+-!6,6;+!+$%!8-/,"+"-/&!+-!&2/+$%&"&%!+$%!*-/-*%1!

;1%8(1&-1!JJPF!Q/! -1,%1! +-! &2/+$%&"&%! 6! &*6::! *-:%8(:%! 86;6):%! -3! ;61+"8";6+"/5! "/!

;-:2*%1"&6+"-/!1%68+"-/&!6/!%&+%1!-1!861)-I2:"8!68",!51-(;!/%%,%,!+-!)%!"/+1-,(8%,!

"/+-! :"*-/%/%G! 6/,! "+! D6&! ;1-;-&%,! +-! )%! ,-/%! (&"/5! +$%! 8-/,"+"-/&! 1%;-1+%,! )2!

\-/€6:0%&!,)#%;:#C3*89%!NEF!!

!

!

!

!

!

!

!

!

!

OR
Pd(OAc)2 (5 mol%)
p-TSA (20 mol%)

Benzoquinone (2 eq.)

ROH, 25 oC

120 R = CH3
121 R = C2H5
122 R = i-C3H7

6



! b?!

;#<=*+8. Solvent screen for the synthesis of ,,9  

!

!

C#'4.! -+9$%#'! 3(L%!\,[! <k!\ %eI[! JJN!\%eI[! f(%91!JMO!\g[ !

J! #SV! N! >! <! =%!

M! T+$2:!A8%+6+%! N! >! <! =%!

O! #-:(%/%! <=! >FN! >! >>!

Q! #-:(%/%! N! >! <! >c%!

S! #SV! <=! >FN! >! =!

T! T+$2:!A8%+6+%! <=! >FN! >! =!
%!c1#8H,!3#:#!0%80Q8%-#H!Q,1&$!_Q%&-1-%-1K#!56!\"'!-#0)&1_Q#,!%&H!79:%d1&#!%,!%&!1&-#:&%8!,-%&H%:H2!

!

#-!"/0%&+"56+%!+$%!&2/+$%&"&!-3!JJP!6!&*6::!"/"+"6:!&-:0%/+!&81%%/!D6&!8611"%,!-(+G!(&"/5!

&-:0%/+&!D"+$!6!16/5%!-3!;-:61"+"%&!6/,!;1-;%1+"%&!C3*89%!NEF!!

!

#SV! 6/,! T+YA8! D%1%! "/0%&+"56+%,! 6&! &-:0%/+&G! 63+%1! &"I! $-(1&! +$%! 81(,%! 1%68+"-/!

*"I+(1%&! D%1%! 6/6:2&%,! (&"/5! H(6/+"+6+"0%! 5S! 4LR! D"+$!;216X"/%! 6&! 6/! "/+%1/6:!

&+6/,61,!C3*89%!N̂ !C#'4(%&!JGMEF!5S!4LR!6/6:2&"&!&$-D%,!&+61+"/5!*6+%1"6:!1%*6"/"/5F!!

!

#$%! 1%68+"-/! D6&! "/0%&+"56+%,! "/! +-:(%/%! 3-1! <=! $! C3*89%!N̂ ! C#'4.! OE! 6/,!5S! 4LR!

6/6:2&"&! "/,"86+%,! 3-1*6+"-/! -3! 6! /%D! ;1-,(8+F! 9(1"3"86+"-/! (&"/5! &":"86! 5%:!

8$1-*6+-516;$2!560%!JMO!"/!6!>>K!2"%:,F!!

!

#$%!1%68+"-/!+"*%!D6&!,%81%6&%,!+-!N!$!C3*89%!N̂ !C#'4.!QEF!5S!4LR!6/6:2&"&!-3!+$%!

81(,%!*"I+(1%!31-*!+$%!1%68+"-/!"/!+-:(%/%!&$-D%,!&-*%!&+61+"/5!*6+%1"6:!1%*6"/%,G!

$-D%0%1!6:&-!+$%!6;;%616/8%!-3!6!;-+%/+"6:!;1-,(8+!D"+$!6/!5S!4LR!2"%:,!-3!>cKF!

!

#$%!1%68+"-/!D6&!1%;%6+%,!3-1!6!:-/5%1!6*-(/+!-3!+"*%G!C<=!$E!+-!"/0%&+"56+%!D$%+$%1!

6!:-/5%1!1%68+"-/!+"*%!D-(:,!1%&(:+!"/!3(::!8-/&(*;+"-/!-3!6!&+61+"/5!*6+%1"6:!C3*89%!

+ HO OMe

O

Pd(OAc)2 (4 mol%)
BQ (X eq.)

p-TSA (8 mol%) O OMe

O

6 117 123

O2, Solvent, r.t.

O OMe

O

118

+



! bj !

N̂!C#'4(%&!S!6/, !TEF!#$%!1%&(:+&!D%1%!0%12!&"*":61!3-1!+$%!1%68+"-/!6+!<=!$-(1&!6/,!N!

$-(1&G!%+$2:!68%+6+%!6/,!+%+16$2,1-3(16/!)-+$!2"%:,%,!-/:2!&+61+"/5!*6+%1"6:F!!

!

5S!4LR!6/6:2&"&!-3!+$%!;(1%!;1-,(8+!1%0%6:%,!+$6+!*%+$2:!5:28-:6+%!CJJNE!$6,!6++68J%,!

+$%!:"*-/%/%!CTE!"/!6!,"33%1%/+!D62!+$6/!D6&!6/+"8";6+%,F!#$%!;1%,"8+%,!;%6J!3-1!+$%!

+D-!0"/2:"8! ;1-+-/&!-/!+$%!%I-828:"8! ,-():%!)-/,!6++68$%,!+-!+$%!828:-$%I6/%!1"/5!

D%1%!/-+!;1%&%/+G!6/,!"/&+%6,!+$%1%!D6&!6!;%6J!6+!cFNc!;;*F!`$%/!"/+%516+%,!+$"&!

8-11%&;-/,%,!+-!-/%!;1-+-/!6/,!+$%!&+1(8+(1%!JMO!C3*89%!NE!D6&!;1-;-&%, F!

!

Q+!D6&!;1-;-&%,!+$6+!JJT!8-(:,!)%!3(1+$%1!3(/8+"-/6:"&%,!"/!6!&%:%8+"0%!$2,1-)-16+"-/!

-I",6+"-/!&%H(%/8%!+-!&2/+$%&"&%!6!*-/-*%1!D"+$!+$%!;-+%/+"6:!+-!(/,%15-!&+%;D"&%!

;-:2*%1"&6+"-/F!`"+$!+$"&!"/!*"/,!+$%!1%68+"-/!3-1!+$%!&2/+$%&"&!-3!JMO!D6&!-;+"*"&%,F!

A!*-1%!8-*;1%$%/&"0%!&-:0%/+!&81%%/!D6&!8611"%,!-(+!C3*89%!PEF!

!

;#<=*+9: Optimisation of the synthesis of ,-/  

!

!

C#'4.! -+9$%#'! f(%91!\g[. !

J! A8%+-/"+1":%! #168%!

M! 7L'Y ! #168%!

O! 7LV ! #168%!

Q! S%I6/%! >>!

S! (*8Q#&#! 5F!

%Z"%:,&! D%1%! 86:8(:6+%,! (&"/5! H(6/+"+6+"0%!5S! 4LR! +%8$/"H(%&! 6/,! ;216X"/%! 6&! 6/!
"/+%1/6:!&+6/,61,F!!
!

#$%! -/:2!1%68+"-/&!+-! ;1-,(8%!6!8:%61!6*-(/+! -3!JMO!D%1%!+$-&%! (&"/5!$%I6/%! -1!

+-:(%/%!C3*89%!PG!C#'4(%&!Q!6/, !SE!+-!5"0%!JMO!"/!>>K!6/,!>cK !2"%:,&!1%&;%8+"0%:2F!Y3!

+$%!&"I!&-:0%/+&!&81%%/%,!-/:2!+-:(%/%!6/,!$%I6/%!2"%:,%,!+$%!,%&"1%,!;1-,(8+!JMOG!

+ HO OMe

O

Pd(OAc)2 (4 mol%)
BQ (1 eq.) 

p-TSA (8 mol%) O OMe

O

6 117 123

O2, Solvent, 6 h, r.t.

2 eq.



! ?=!

"/,"86+"/5!+$6+!/-/B;-:61!&-:0%/+&!61%!+$%!*-&+!%33%8+"0%F!V(1+$%1!-;+"*"&6+"-/!(&%,!

+-:(%/%!6&!+$%!&-:0%/+!6&!+$"&!$6,!5"0%/!+$%!)%&+!2"%:,!C3*89%!WEF!

!

;#<=*+: . Further optimisation of the synthesis of ,-/  using toluene as the solvent 

!

!

!

C#'4.! 3(L%! 3%L5%4*'K4%!\%=[! <k!\ %eI[! ;'L+&5,%4%! JJN!\%eI[! f(%91!\g [!

J! >?Fc!$! <c! >FN! Y4! >! >b%!

M! >?Fc!$! <c! >FN! Y4! >Fc! >j !

O! >?Fc!$! <c! >! Y4! <! >>!

Q! >?Fc!$! <c! >! Y4! >! >?!

S! >!D%%J! <c! >FN! Y4! >! =!

T! c>!$! <c! >FN! Y4! O! <N!

N! N!$! c=! >FN! Y4! >! =!

P! N!$! <c! >FN! A"1! >! =!

W! <!$! <c! >! Y4! <! >=!

JU! >NFc!$! <c! >FN! Y4! >! <?!
%Q&-:6+%,!2"%:,!

!

#$%! "/"+"6:! ;616*%+%1! 8$6/5%,! D6&! +$%! %H("06:%/+&! -3! +$%! 1%65%/+&!\3*89%!

Ŵ!C#'4(%&!JGQEF!#$%!%H("06:%/+&!-3!JJN!D%1%!"/81%6&%,!6/,!+$%!%H("06:%/+&!-3!W]!D%1%!

,%81%&%,! 6&! "+!"&! 6! 0%12! +-I"8! 1%65%/+! 6/,! %"+$%1! $6&! +-! )%! 1%*-0%,! )2! 8-:(*/!

8$1-*6+-516;$2! -1! D6&$%,! D"+$! 8-;"-(&! 6*-(/+&! -3! &-,"(*! ,"+$"-/"+%F ! #$%&%!

8$6/5%&!,",/d+!&%%*!+-!"/3:(%/8%!+$%!2"%:,!&"5/"3"86/+:2G!5"0"/5!JMO!"/!2"%:,&!-3!>>B>jKF!!

!

#$%!1%68+"-/!+"*%!D6&!"/81%6&%,!+-!-/%!D%%J!C3*89%!Ŵ!C#'4.!SE!A3+%1!-/%!D%%J!+$%1%!

D6&! /-! ;1-,(8+! -)&%10%,! "/! +$%!5S! 4LR! &;%8+1(*! "/,"86+"/5! +$6+! :-/5%1! 1%68+"-/!

+"*%&!,-%&!/-+!:%6,!+-!3(::!8-/&(*;+"-/!6/,!;-+%/+"6::2!:%6,&!+-!,%516,6+"-/F!!

+ HO OMe

O

Pd(OAc)2 (4 mol%)
BQ (X eq.) 

p-TSA (8 mol%) O OMe

O

6 117 123

Toluene, r.t.



! ?>!

!

#$%! 8-/,"+"-/&! (&%,! )2!\-/€6:0%&!,)# %;:#+$%! 6:8-$-:! 6&! )-+$! +$%! 1%68+6/+! 6/,! +$%!

&-:0%/+!D$"8$!%/&(1%,!+$%1%!D6&!*(:+";:%!%H("06:%/+&!-3!+$%!1%65%/+!"/!+$%!1%68+"-/G!

+$%1%3-1%!+$%!%H("06:%/+&!-3!JJN!D%1%!"/81%6&%,!+-!O!C3*89%!Ŵ!C#'4.!T[I!#$"&!560%!6!

1%6&-/6):%!2"%:,!-3!<NK!$-D%0%1!+$"&!1%68+"-/!6:&-!$6,!6!:-/5%1!1%68+"-/!+"*%G!Cc>!$E!

6/,!+$%!$"5$!2"%:,!-)&%10%,!8-(:,!)%!,(%!+-!+$"&F!!

!

Q+!D6&!$2;-+$%&"&%,!+$6+!$%6+"/5!+$%!1%68+"-/!8-(:,!;1-*-+%!3(::!8-/&(*;+"-/!-3!+$%!

&+61+"/5!*6+%1"6:G!+$%!1%68+"-/!D6&!$%6+%,!+-!c=!*P!C3*89%!Ŵ!C#'4.!NEF!5S!4LR!6/6:2&"&!

"/,"86+%,! /-! 3-1*6+"-/! -3!+$%! ,%&"1%,! ;1-,(8+!JMO!6/,! 3(1+$%1*-1%! /-! 1%*6"/"/5!

&+61+"/5!*6+%1"6:!TG!&"5/"32"/5!,%8-*;-&"+"-/!,(1"/5!$"5$!+%*;%16+(1%&F!#$%!1%68+"-/!

D6&! 8611"%,! -(+! "/! 6"1! "/&+%6,! -3! 6/! 6+*-&;$%1%! -3! -I25%/G! $-D%0%1! &$-D%,! /-!

3-1*6+"-/!-3!+$%!,%&"1%,!;1-,(8+!JMOG!6/,!-/:2!,%516,6+"-/!D6&!-)&%10%,!(&"/5!+$%!

5S!4LR!6/6:2&"&!C3*89%!Ŵ!C#'4.!PEF!!

!

#$%!$"5$%&+!2"%:,!68$"%0%,!3-1!+$"&!1%68+"-/!D6&!<?K!C3*89%!Ŵ!C#'4.!JU[G!(&"/5!+$%!

8-/,"+"-/&!1%;-1+%,!)2!\-/€6:0%&!,)#%;:#D"+$!6!1%68+"-/!+"*%!-3!>NFc!$-(1&F!S-D%0%1!

+$"&! 2"%:,! D6&! /-+! ,%%*%,! +-! )%! $"5$! %/-(5$! 3-1! 6! &2/+$%+"8! &+%;! "/! *-/-*%1!

&2/+$%&"&!6/,!3-1!+$"&!1%6&-/!/-!3(1+$%1!"/0%&+"56+"-/&!"/+-!+$"&!3(/8+"-/6:"&6+"-/!D%1%!

8611"%,!-(+F!!

!
!

OIQI! -.#',%&(&!+2!:+9.L%4&!24+L!B(L+#%#%!D(+9!\JUQ[!
!
!
_"*-/%/%! ,"-:! JUQ!D6&!&2/+$%&"&%,! ;1%0"-(&:2!6/,! (&%,!6&!6/! "/+%1*%,"6+%!"/!+$%!

&2/+$%&"&!-3!$2,1-I2B68",!JUSG!$-D%0%1!"+!D6&!$2;-+$%&"&%,!+$6+!"+!8-(:,!)%!(&%,!6&!6!

8-*-/-*%1!"/!+$%!&2/+$%&"&!-3!;-:2%&+%1&!C-/,%L%!OTEF!!

!



! ?<!

!
+

012*3*+/6 . Proposed synthesis of polyesters ,-8  and ,-9 +

!
!

OIQIJI! "#$%&'()*'(+#&!(#'+!',%!&.#',%&(&!+2!5+9.L%4&!JMN!*#1!JMP!K&(#)!
&+9K'(+#!5+9./+#1%#&*'(+#!!

!
!
Q+!D6&!;1-;-&%,!+$6+!+$%!&2/+$%&"&!-3!;-:2*%1&!JMN!6/,! JMP!8-(:,!)%!688%&&%,!+$1-(5$!

&-:(+"-/!8-/,%/&6+"-/&!D"+$!6!,"682:!8$:-1",%!-1!"/!+$%!*%:+!(&"/5!6!,"861)-I2:"8!68",F!

A,"; - 2:! 8$:-1",%!CJMSE!6/,! &(88"/2:! 8$:-1",%!CJMQE! D%1%!"/0%&+"56+%,! +-! ;1-)%! +$%!

%33%8+!-3!:"/J%1!8$6"/!:%/5+$!-/!+$%!;1-;%1+"%&!-3!+$%!;-:2*%1F!!

!

!

!

!

!

!

!

!

!

!

!

!

OH

OH
H

OH

OH
H+

104a 104b

Cl Cl

O O

m

124 m=2
125 m=4

Pyridine, DCM, r.t.

HO

O
OH

O
126

Catalyst

O

O O

O
n

m

127 m=2
128 m=4



! ?M!

!

;#<=*+,4 . Investigations into the solution polycondensation of ,45#  and ,45<+

!

!

!

'(88"/2:!8$:-1",%!JMQ!6/,!6,";-2:!8$:-1",%!JMS!D%1%!8$-&%/!6&!8-B*-/-*%1&!)%86(&%!

-3!+$%"1!1%:6+"0%:2!&$-1+!8$6"/!:%/5+$&!CPO!6/,!PN!1%&;%8+"0%:2E!"/!6/!6++%*;+!+-!*6J%!

6!36"1:2!1"5",!;-:2*%1F!921","/%!D6&!&%:%8+%,!6&!+$%!;1-+-/!+16;!,(%!+-!"+&!;1%06:%/8%!

"/! :"+%16+(1%! 3-1! )%"/5! 6! 5--,! 6*"/%! 3-1! +$%! &2/+$%&"&! -3! $"5$! *-:%8(:61! D%"5$+!

;-:2*%1&F5C5!\6/,"/"!6/,!8- BD-1J%1&!1%;-1+%,!+$6+!+%*;%16+(1%!$6,!:"++:%!%33%8+!-/!

+$%!;1-;%1+"%&!-3!+$%!1%&(:+"/5!;-:2*%1!6/,!+$%1%3-1%!+$%!1%68+"-/!D6&!8611"%,!-(+!6+!

1--*!+%*;%16+(1%!C}<c!*PEF5C5!>F>!%H("06:%/+&!-3!JMQ!6/,! JMS!D%1%!(&%,!+-!688-(/+!

3-1!6/2!$2,1-:2&"&!-3!+$%!68",!8$:-1",%&!+-!861)-I2:"8!68",&!D$"8$!61%!(/1%68+"0%!(/,%1!

+$%!8-/,"+"-/&!-3!+$%!;-:2*%1"&6+"-/F!!#$%!;-:2*%1"&6+"-/&!D%1%!"/"+"6::2!6++%*;+%,!

(&"/5!6!:-D!8-/8%/+16+"-/!-3!,"-:!C=F<M!LE!6/,!6!$"5$!%I8%&&!-3!;21","/%!C>bu>!DF1F+F!

,"-:E! C3*89%!JUG!C#'4(%&! J! *#1! MEF! #$%! D-1J(;! ;1-8%,(1%! "/0-:0%,! D6&$"/5! D"+$!

46SPYCG!+$%/!P('YI G!3-::-D%,!)2!,12"/5!+$%!-156/"8!:62%1!-0%1!L5'YI G!1%*-06:!-3!+$%!

&-:0%/+!"/!+%<4(!+-!5"0%!+$%!;-:2*%1!D$"8$!D6&!6/6:2&%,!D"+$-(+!3(1+$%1!;(1"3"86+"-/F!

5S!4LR!&$-D%,!%0",%/8%!+$6+!6! ;-:2*%1!$6,!3-1*%,!$-D%0%1G!+168%&! -3! ;21","/%!

D%1%!&+"::!;1%&%/+!"/!+$%!;-:2*%1F!S%/8%!"+!D6&!,%8",%,!+-!&:"5$+:2!6:+%1!+$%!8-/,"+"-/&!

OH

OH
H

OH

OH
H+

104a 104b

Cl Cl

O O

m

124 m=2
125 m=4

O

O O

O
n

m

127 m=2
128 m=4

Pyridine, DCM, r.t.

C#'4.! 0+#+L%4!
3(L%!
\, [!

:.bJUQ! =+#/%#'4*'(+#! :K4(2(/*'(+#!
0 &!

\RD*[!
i !

3T!

\%=[!

J! 0cQ! 5E2F! 5G]5! >24C!"!
L:$%&10!
3*:eQ7!

52@! 42E!
<

4C2C!

M! 0cQ! G4! 5G]5! >24C!"!
L:$%&10!
3*:eQ7!

F2@! C2E!
<

5G2F!

O! 0cM! I@! F]5! >2G!"!
R:#0171-%-1*&!

1&!"#L6!
G24! 424! 5524!

Q! 0cQ! I@! F]5! >2G!"!
R:#0171-%-1*&!

1&!"#L6!
5>2C! C2>!

<
5G2>!



! ?O!

-3!+$%!&-:(+"-/!;-:28-/,%/&6+"-/&F!#$%!8-/8%/+16+"-/!-3!+$%!,"-:!D6&!"/81%6&%,!+-!}!

=Fb!L!6/,!+$%!%H("06:%/+&!-3!;21","/%!:-D%1%,!+-!6!c=K!*-:61!%I8%&&!D"+$!1%&;%8+!+-!

+$%!SP:!5%/%16+%,!C<Fc!%HFE!C3*89%!JUG!C#'4(%&!O!*#1!QEF!#$%!;-:2*%1!D6&!+$%/!"&-:6+%,!

+$1-(5$!;1%8";"+6+"-/!"/!L%YS!+-!5"0%!6!;(1%!;-:2*%1!D"+$!/-!+168%!-3!;21","/%!)2!

5S!4LR !CH()K4%!MMEF!!

!

!
#$%!;-:2*%1&!D%1%!6/6:2&%,!)2!5S!4LR!+-!;1-)%!+$%!8-/&(*;+"-/!-3!+$%!*-/-*%1F!

5S!4LR!-3!6::!&2/+$%&"&%,!;-:2*%1&!,"&;:62%,!/-!;%6J&!8-11%&;-/,"/5!+-!6/2!&+61+"/5!

*-/-*%1&!"/,"86+"/5!+$6+!6::!*-/-*%1&!$6,!1%68+%,F!5S!4LR!&;%8+16!-3!6::!1%68+"-/&!

(&"/5!Q!&$-D%,!6!&$"3+!"/!+$%!;%6J&!3-1!+$%!;1-+-/&!6+!MFNMBMFMN!;;*!6/,!MF>=!;;*!

D$"8$!8-11%&;-/,!+-!+$%!;1-+-/&!%;6*%!+-!+$%!$2,1-I2:!51-(;&G!&(55%&+"/5!+$6+!6::!+$%!

$2,1-I2: !51-(;&!-3!*-/-*%1! JUQ!1%68+%,!D"+$!JMQ!-1!JMS!+-!3-1*!%&+%1&!CH()K4%!MMEF!

#$%!5S!4LR!&$-D&!+$%!3-1*6+"-/!-3!+$%!;-:2*%1!6&!+$%!;%6J&!8!6/,!,!C31-*!+$%!682:!

8$:-1",%E!$60%!&$"3+%,!,-D/3"%:,!8-*;61%,!+-!+$%!*-/-*%1!"/,"86+"/5!+$%!%&+%1!$6&!

)%%/!3-1*%,G!+$%!;%6J&!$60%!6:&-!)1-6,%/%,!D$"8$!"&!3(1+$%1!%0",%/8%!+$%!;-:2*%1!

$6&!)%%/!3-1*%,F!!

&'()"*+-- : From top to bottom, 1H NMR spectra of the acyl chloride, monomer ,-7 +and polymer 
,-9 . The shift in resonances from ~3.5 ppm - ~4.2 ppm is indicative of the formation of ester 

bonds. 



! ?c!

A/6:2&"&!(&"/5!\9P!8-/3"1*%,!+$%!&(88%&&3(:!&2/+$%&"&!-3!;-:2*%1&G!D$"8$!$60%!%:(+%,!

6+! +"*%&! )%+D%%/! NFc! 6/,! ?Fc! *"/F! #$%! ;-:2*%1&! &2/+$%&"&%,! (&"/5! &-:(+"-/!

;-:28-/,%/&6+"-/&!3-::-D%,!)2!;1%8";"+6+"-/!"/!*%+$6/-:!560%!+$%!$"5$%&+!*-:%8(:61!

D%"5$+&G!bB>=!J76!\3*89%!JUG!%#'4(%&!O!6/, !QEF!#$"&!&(55%&+%,!+$6+!+$%!)%&+!8-/,"+"-/&!

3-1!&-:(+"-/!;-:28-/,%/&6+"-/!61%!6!$"5$!8-/8%/+16+"-/!-3!,"-:G!6!16+"-!-3!;21","/%!+-!

,"-:! -3! Ou>! 6/,! "&-:6+"-/! +$1-(5$! ;1%8";"+6+"-/! "/! L%YSF! #$%&%! &$-(:,! )%! 3(1+$%1!

"/0%&+"56+%,!6/,!-;+"*"&%,G!;-+%/+"6::2!)2!8$6/5"/5!+$%!+"*%G!+$%!+%*;%16+(1%!-1!+$%!

8-/8%/+16+"-/&! -3! 1%65%/+&F! L-:%8(:61! D%"5$+&! -3! )%+D%%/! bF<! 6/,! >=FM! J76! 61%!

;1-*"&"/5!&+61+"/5! ;-"/+&!3-1!+$%!&2/+$%&"&! -3!$"5$! *-:%8(:61!D%"5$+! ;-:2*%1&!6/,!

8:%61:2!,%*-/&+16+%&!&2/+$%&"&%,!,"-:!JUQ!86/!)%!(&%,!+-!;1-,(8%!;-:2%&+%1&!,%1"0%,!

31-*!+%1;%/%&!CH()K4%!MUEF!!

!

!

!

!
!
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&'()"*+-/ : GPC traces for the solution polycondensation of ,45+with adipoyl chloride (,-7 ) 
and succinyl chloride (,-5 ) 



! ?N!

7'P! D6&! %*;:-2%,! +-! 8-/,(8+! +$%1*6:! 6/6:2&"&! -3! +$%! ;-:2*%1&! ;1-,(8%,! (&"/5!

&-:(+"-/! ;-:28-/,%/&6+"-/! 1%68+"-/&G! 6/,! +$"&! 6::-D%,! +$%! 86:8(:6+"-/! -3! # $&! 3-1!

;-:2*%1&!D"+$!6/!L&!-3!-1!6)-0%!>!J76!C3*89%!JUEF!#$%!$"5$%&+!#$&!C>>F<!*PE!D%1%!+$-&%!

D"+$!+$%!$"5$%&+!*-:%8(:61!D%"5$+&!6/,!+$%!&$-1+%&+!:"/J%1!D$"8$!"&!(&(6::2!+$%!5%/%16:!

+1%/,! 3-1! ;-:2*%1&F5C4!#$%! ;-:2*%1&! (&"/5!JMQ!$6,! 6! $"5$%1! #$!+$6/! +$-&%! D$"8$!

8-/+6"/%,!JMS!6&!+$%"1!8-B*-/-*%1F!#$"&!"&!)%:"%0%,!+-!)%!,(%!+-!+$%!:-/5%1!861)-/!

8$6"/!:%/5+$G!D$"8$!5"0%&!+$%!;-:2*%1!6!$"5$%1!,%51%%!-3!3:%I")":"+2!6/,!+$%1%3-1%!6!

:-D%1!#$F!#$%!;-:2*%1&!&2/+$%&"&%,!6::!$6,!36"1:2!:-D!#$&!C)%:-D!1--*!+%*;%16+(1%E!

6/,! +$"&! "/,"86+%,! +$%! ;-+%/+"6:! 3-1! (&%&! "/! 8-6+"/5! 6;;:"86+"-/&! ,(%! +-! +$%"1! $"5$!

3:%I")":"+2F!

!

#$%!;-:2*%1&!D%1%!6/6:2&%,!(&"/5!!*6+1"I!6&&"&+%,!:6&%1!,%&-1;+"-/!"-/"&6+"-/!CLA_7QE!

&;%8+1-*%+12F!#$%!LA_7Q!&;%8+16!-3!;-:2*%1&!JMN!6/,! JMP!C3*89%!JUG!C#'4(%&!M!6/,! OE!

&$-D!6!;6++%1/!8-**-/!D"+$!;-:2*%1&!-3!6!8%1+6"/!1%;%6+"/5!(/"+!CH()K4%!MTEF!#$%!

LA_7Q!&;%8+1(*!-3!;-:2*%1!JMNG!$6&!6!1%;%6+"/5!(/"+!-3!<cO!*6&&!(/"+&!D$"8$!"&!%H(6:!

+-!-/%!*-:%8(:%!-3!JUQ!8-(;:%,!D"+$!-/%!*-:%8(:%!-3!JMQG!CH()K4%!MQEF!!

!

!

#

+

&'()"*+-5 : From left to right repeating units of ,-8  and ,-9  confirmed by MALDI spectrometry. 
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! ?b!

!

!

LA_7Q! &;%8+1-*%+12! 6/6:2&"&!-3!JMPG!"/,"86+%&! 6! 1%;%6+"/5! (/"+! -3! <?<! *6&&! (/"+&!

CH()K4%!MTEF!#$"&!"&!8-/&"&+%/+!D"+$!+$%!&+1(8+(1%!,16D/G!&(55%&+"/5!+$%!1%;%6+"/5!(/"+!

"&!-/%!*-:%8(:%!-3!JUQ!8-(;:%,!D"+$!-/%!*-:%8(:%!-3!JMS:#

!

!

!

&'()"*+-7 . MALDI spectrum of ,-8 . 

<cO!

<cO!



! ??!

!

!

#$%! LA_7Q! &;%8+16! -3! )-+$! ;-:2*%1&! CJMN! 6/,! JMPE! ,"&;:62! +D-! ,"&+"/8+! &%+&! -3!

;-:2*%1&G!+$"&!8-(:,!)%!,(%!+-!,"33%1%/+!%/,!51-(;&G!3-1!%I6*;:%!"+!"&!%I;%8+%,!+$6+!

+$%!;-:2*%1&!8-(:,!)%!86;;%,!D"+$!%"+$%1!68",!-3!6:8-$-:!%/,!51-(;&F!!

!

OIQIMI! "#$%&'()*'(+#&!(#'+!',%!&.#',%&(&!+2!5+9.L%4!JMN!K&(#)!L%9'!
5+9./+#1%#&*'(+#!

!

#$%! ;1%0"-(&:2! ,"&8(&&%,! &-:(+"-/! ;-:28-/,%/&6+"-/&! $6,! ;1-,(8%,! ;-:2*%1&! D"+$!

*-,%16+%! *-:%8(:61! D%"5$+&G! $-D%0%1! "+! D6&! ,%&"16):%! +-! 6++%*;+! +-! ;(&$! +$%!

*-:%8( :61!D%"5$+&!$"5$%1F!L%:+!8-/,"+"-/&!61%!D%::!J/-D/! "/!+$%! :"+%16+(1%!3-1!+$%!

,"1%8+! &2/+$%&"&! -3! ;-:2%&+%1&! 31-*! ,"-:&! 6/,! ,"68",&F! S"5$! +%*;%16+(1%&! 6/,! :-D!

;1%&&(1%&!61%!(&%,!+-!$%:;!+-!;(&$!+$%!%H(":")1"(*!-3!+$%!;-:2*%1"&6+"-/!6/,!68$"%0%!

$"5$! *-:%8(:61! D%"5$+&F!Q+! 86/! 6:&-! )%! &%%/! 6&!)%/%3"8"6:!31-*! 6! 51%%/! 8$%*"&+12!

;%1&;%8+"0%!6&!"+!,-%&/d+!1%H("1%!8$:-1"/6+%,!&-:0%/+&!6/,!(&%&!6!1%/%D6):%!,"68",!6&!

6!8-*-/-*%1!C6&!-;;-&%,!+-!6/!682:!8$:-1",%!D$"8$!8(11%/+:2!86//-+! )%!688%&&%,!

31-*!)"-*6&&EF!!'(88"/" 8!68",!CJMTE!D6&!&%:%8+%,!6&!8-B*-/-*%1!,(%!+-!"+&!%&+6):"&$%,!

606":6)":"+2!31-*!1%/%D6):%!1%&-(18%&5CCt!"+!D6&!%/0"&65%,!+$6+!8-B;-:2*%1"&6+"-/!-3!

JUQ!6/,! JMT!D-(:,!2"%:,!+$%!%/+"1%:2!)"-B)6&%,!;-:2%&+%1!JMN!C3*89%!JJEF!P-/,"+"-/&!

&'()"*+-6 : MALDI spectrum of ,-9 . 

<?<!
<?<!



! ?j !

;1%8%,%/+%,!3-1!+$%!*%:+!;-:2*%1"&6+"-/!-3!,"-:&!6/,!,"68",&!D%1%!"/"+"6::2!&%:%8+%,!

C3*89%!JJEF!!

!

#$%!;-:2*%1"&6+"-/&!D%1%!"/"+"6::2!;%13-1*%,!(&"/5!6!+D-B&+%;!*%+$-,!D$%1%!+$%!,"-:!

6/,!,"68",!D%1%!$%6+%,!(/,%1!6!3:-D!-3!/"+1-5%/!3-1!N!$-(1&!6+!>j=!*PG!'/C-8+E4!D6&!

+$%/!6,,%,!6/,!+$%!1%68+"-/!D6&!;(+!(/,%1!068((*!3-1!<O!$!C3*89%!JJG!C#'4.!MEF!#$%!

;-:2*%1"&6+"-/!D6&!6/6:2&%,!(&"/5!5S!4LR!&;%8+1-&8-;2!6/,!+$%!1%&(:+"/5!&;%8+1(*!

&$-D%,!+$%!&6*%!1%&-/6/8%&!6&!+$%!;-:2*%1!;1%0"-(&:2!&2/+$%&"&%,!(&"/5!&-:(+"-/!

;-:28-/,%/,&6+" -/! 6/,! +$"&! "/,"86+%,! +$6+! 656"/! +$%! ;-:2*%1!JMN! $6,! )%%/!

&2/+$%&"&%,F! #$%! ;-:2*%1! D6&! 6:&-! 6/6:2&%,! (&"/5! \9P! +-! %:(8",6+%! +$%! *-:%8(:61!

D%"5$+F!#$%!*-:%8(:61!D%"5$+!D6&!3-(/,!+-!)%!<=Fb!J76G!D$"8$!"&!6!&"5/"3"86/+:2!$"5$%1!

+$6/! 6/2! -3! +$%! *-:%8(:61! D%"5$+&! 68$"%0%,! (&"/5! &-:(+"-/! ;-:28-/,%/&6+"-/F! #$%!

+$%1*6:!;1-;%1+"%&!D%1%!6/6:2&%,!(&"/5!7LA!6/,!+$%!#$!D6&!3-(/,!+-!)%!<>!*P!656"/!

+$"&! "&!$"5$%1!+$6/!+$-&%!&2/+$%&"&%,! ;1%0"-(&:2!6/,!+$"&! "&! ;1%&(*6):2! ,(%!+-!+$%!

"/81%6&%!"/!*-:%8(:61!D%"5$+F!!

!

;#<=*+,, : Investigations into the melt condensation of diol ,45  with succinic acid 

!
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1. 190 oC, 6 h, N2
2. Catalyst (1 mol%), 
    T / oC, t / h, 
    vacuum

C#'4.! =*'*9.&'! 3M!h%=! 'M!h!,! 0 &!h!RD*! 3T!h!%=! i !
J! #"CYW(EI ! >j= ! <O! >?FO! N! <FO!
M! '/C-8+E4! >j= ! <O! <=Fb! <>! <Fc!
O! 4fA! >j= ! <O! j ! Bb! >Fb!
Q! #"CYW(EI ! <M=! <O! >>F<! O! >Fc!
S! '/C-8+E4! <M=! <O! >=F>! >c! >Fc!
T! 4fA! <M=! <O! jF<! >j ! >FO!
N! #"CYW(EI ! <M=! M! M=FO! >N! <Fc!
P! 4fA! <M=! M! jFM! N! >FM!
W! '/C-8+E4! <M=! M! <?FM! <M! <FM!



! j= !

Y/%!-3!+$%!*6e-1!8$6::%/5%&!,%6:+!D"+$!"/!;-:2*%1!&2/+$%&%&!"&!(/,-()+%,:2!+$%!(&%!

-3! 1%/%D6):%!1%&-(18%&! D$"8$! &(;;-1+&! +$%! &(&+6"/6)":"+2! -3! +$%! ;1-8%&&G! $-D%0%1!

&"*;:2! (&"/5! 1%/%D6):%! &+61+"/5! *6+%1"6:&! "&! /-+! %/-(5$F! Q+! "&! 6:&-! "*;-1+6/+! +-!

8-/&",%1!+$%!51%%//%&&!-3!+$%!;1-8%&&!)2!,%0%:-;"/5!8-/0%/"%/+!&2/+$%+"8!;6+$D62&G!

60-","/5!$6X61,-(&!6/,!+-I"8!&()&+6/8%&!6/,!(&"/5!*-1%!%8-B31"%/,:2!8-/,"+"-/&FE.5CI!

V"/,"/5!6!1%;:68%*%/+!3-1!$"5$:2!%33"8"%/+!+"/!8-/+6"/"/5!;-:2*%1"&6+"-/!86+6:2&+&!"&!6!

;1%06:%/+! 61%6! -3! 1%&%618$F!Y/%! -3! +$%! *-&+! 8-**-/:2! %*;:-2%,! 86+6:2&+&! 3-1!

8-/,%/&6+"-/! ;-:2*%1"&6+"-/! "&! '/C-8+E4G! $-D%0%1! +$%! (&%! -3! +$"&! &;%8"%&! 16"&%&!

8-/8%1/&!D"+$!1%&;%8+!+-!&(&+6"/6):2F!Y/%!8:6&&!-3!86+6:2&+&!+$6+!86/!)%!8-/&",%1%,!6!

51%%/%1!6:+%1/6+"0%!61%!+$%!+"+6/"(*!6:J-I",%!8-*;:%I%&G@.5CF!D$-&%!%/0"1-/*%/+6:!

)%/%3"+&!61"&%!;1%,-*"/6/+:2!31-*!+$%!368+!+$6+!+"+6/"(*!"&!5%/%16::2! /-/B+-I"8!6/,!

%61+$! 6)(/,6/+F5CE! #$%! ;-:2*%1"&6+"-/! -3!JUQ*! 6/,! JUQ8! D"+$! &(88"/"8! 68",! D6&!

"/0%&+"56+%,!(&"/5!'/C-8+E4!6/,!#"CYW(EI!6&!86+6:2&+&!6/,!+$%!1%&(:+&!D%1%!8-*;61%,!)2!

\9P! 6/6:2&"&F!#$%!;-:2*%1"&6+"-/!(&"/5!+$%!86+6:2&+!'/C-8+E4!D6&!8-*;61%,!+-!(&"/5!

#"CYW(EI! 6/, !6!8-/+1-:!1%68+"-/!D$"8$!D6&!86+6:2&+!31%%!C3*89%!JJG!T/+1"%&!>BMEF!#$%!

;-:2*%1"&6+"-/&!(&"/5!+$%!,"33%1%/+!86+6:2+"8!&2&+%*&!D%1%!8-*;61%,!(&"/5!5S!4LR!

6/,!\9P!6/6:2&"&F!5S!4LR!6/6:2&"&!"/,"86+%,!+$6+!6::!+$1%%!&2&+%*&!$6,!5-/%!+-!3(::!

8-/0%1&"-/!31-*!+$%!8-*;:%+%!,"&6;;%616/8%!-3!+$%!*-/-*%1F!\9P!6/6:2&"&!D6&!(&%,!

+-! ;1-)%! +$%! *-:%8(:61! D%"5$+&! 6/,! ;:%6&"/5:2! 8-*;616):%! 1%&(:+&! D%1%! 68$"%0%,!

(&"/5!)-+$!'/C-8+E4!6/,!#"CYW(EI !CH()K4%!MNEF!

!



! j> !

!

!
#$%! &2&+%*&! (&"/5! )-+$!'/C-8+E4!6/,! #"CYW(EI !)-+$! 1%&(:+%,! "/! ;-:2*%1&! -3! &"*":61!

*-:%8(:61!D%"5$+&!C>?B<=!J76EF!#$%!&2&+%*!D$"8$!,",/d+!(&%!6!86+6:2&+!1%&(:+%,!"/!6!

;-: 2*%1!-3!6!:-D%1!*-:%8(:61!D%"5$+!Cj!J76E!D$"8$!"&!+-!)%!%I;%8+%,!D$%/!+$%!&2&+%*!

,-%&/d+!$60%!6!*%+6:!86+6:2&+G!$-D%0%1!;-:2*%1&!D"+$!6!*-:%8(:61!D%"5$+!-3!j!J76!61%!

,%&"16):%!%&;%8"6::2!D$%/!+$%1%!"&/d+!6!/%%,!3-1!6!*%+6:!86+6:2&+!"/!+$%!1%68+"-/F!7LA!

D6&!(&%,!+-!;1-)%!+$%!#$&!-3!+$%!;-:2*%1&!C3*89%!JJE!6/,!+$%!#$&!D%1%!3-(/,!+-! )%!

)%:-D!1--*!+%*;%16+(1%!CBbB<>!*PEF!#$%&%!1%&(:+&!"/,"86+%!+$6+!+$%&%!;-:2*%1&!61%!

6):%! +-! )%! &2/+$%&"&%,! (&"/5! %"+$%1! 6! +"/! -1! +"+6/"(*! 86+6:2&+G! D$"8$! 31-*! 6!

&(&+6"/6)":"+2!;%1&;%8+"0%!"&!;1-*"&"/5F!!

!

#$%!1%68+"-/! +%*;%16+(1%!D6&! "/81%6&%,!+-!<M=!*P! "/! -1,%1!+-!&+(,2!+$%!%33%8+!-3!

+%*;%1+6+(1%! -/! +$%! 1%&(:+6/+! ;-:2*%1&F! Q+! D6&! $2;-+$%&"&%,! +$6+! 6! $"5$%1!

+%*;%16+(1%!8-(:,!368":"+6+%!+$%!&2/+$%&"&!-3!$"5$%1!*-:%8(:61!D%"5$+!;-:2*%1&!C3*89%!

JJG!C#'4(%&!QGTEF!!
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&'()"*+-8 : GPC traces of the polymerisation of ,45  and ,-6  using different catalytic systems+



! j< !

!

#$%! ;-:2*%1"&6+"-/&!8-/,(8+%,!(/,%1!$"5$%1!+%*;%16+(1%&!D%1%!3-(/,! +-! )%! -3!6!

:-D%1!*-:%8(:61!D%"5$+!+$6/!+$%!;1%0"-(&:2!&2/+$%&"&%,!;-:2*%1&!CjB>>!J76E!"+!D6&!

$2;-+$%&"&%,!+$6+!+$"&!8-(:,! )%! ,(%!+-!+$%! ;-:2*%1! )%"/5!$%6+%,!6)-0%!"+&!8%":"/5!

+%*;%16+(1%! 3-1! 6/! %I+%/,%,! ;%1"-,! -3! +"*%F! #$%! 1%68+"-/&! D%1%!&()&%H(%/+:2!

1%;%6+%,! 3-1! 6! &$-1+%1! ;%1"-,! -3! +"*%! 6+! +$%! %:%06+%,! +%*;%16+(1%! C3*89%!

JJG!C#'4(%&!NGWEF!\9P! 6/6:2&"&! "/,"86+%,! +$6+! +$%!;-:2*%1&!&2/+$%&"&%,! (/,%1! +$%&%!

8-/,"+"-/&!(&"/5!'/C-8+E4!-1!#"CYW(EI !$6,!$"5$!L&&!-3!)%+D%%/!<?BM=!J76F!#$%&%!D%1%!

+$%!$"5$%&+!68$"%0%,!3-1!+$%!;-:2*%1"&6+"-/!-3!,"-:!JUQ!6/,!&(88"/"8!68",!CJMTEG!656"/!

+$%! &2&+%*! /-+! (&"/5! 6! 86+6:2&+!68$"%0%,! *-:%8(:61! D%"5$+&! -3!86F!j! J76F!#$%&%!

*-:%8(:61!D%"5$+&!61%!+$%!$"5$%&+!68$"%0%,!3-1!+$%!;-:2*%1"&6+"-/! -3!JUQ!6/,! JMT!

"/,"86+"/5! +$6+! +$%!-;+"*"&%,! 8-/,"+"-/&! 3-1! +$"&! &2&+%*! "&! +-! ;%13-1*! +$%!

;-:2*%1"&6+"-/!6+!<M=!*P!3-1!+$%!&$-1+%1!;%1"-,!+"*%!-3!M!$F!!

!

#$%!;-:2*%1"&6+"-/! -3!+$%!:"*-/%/%!,%1"0%,! ,"-:!JUQ!D"+$!&(88"/"8!68",!CJMTE!D%1%!

&(88%&&3(:! 6/,! 2"%:,%,! /-0%:! 6:";$6+"8! ;-:2%&+%1&! D"+$! 1%6&-/6):2! $"5$! *-:%8(:61!

D%"5$+&!C(;!+-!M=!J76EF!'(88"/"8!68",!CJMTE!86/!)%!,%1"0%,!31-*!1%/%D6):%!1%&-(18%&!

6/,! +$%1%3-1%! +$%! ;-:2%&+%1! &2/+$%&"&%,! 86/! )%! 8:6&&%,! 6&! 8-*"/5! 31-*! >==K!

1%/%D6):%!)"-*6&&G!D"+$!6!:615%!;%18%/+65%!-3!+$%!;-:2*%1!61"&"/5!31-*!+%1;%/%&F!!

!

OISI! "#$%&'()*'(+#&!(#'+!',%!D%)4*1*'(+#!+2!:+9.L%4!JMN!
!
T/,!- 3!:"3%!&-:(+"-/&!61%!6/!"*;-1+6/+!6/,!-3+%/!-0%1:--J%,!61%6!-3!;-:2*%1!1%&%618$F!

A&!+$%!;1%06:%/8%!-3!;:6&+"8&!"/!-(1!%/0"1-/*%/+!"/81%6&%&!"+!"&!)%8-*"/5!*-1%!6/,!

*-1%! 81"+"86:! 3-1! 8$%*"&+12! +-! ,%&"5/! %/,! -3! :"3%! &-:(+"-/&! "/+-! ;-:2*%1&F5CG!Q+! D6&!

+$%1%3-1%!,%8",%,!+-!"/0%&+"56+%!+$%!;-+%/+"6:!3-1!;-:2*%1!JMN!+-!,%516,%F!Q/"+"6::2!+$%!

;-:2*%1!JMN!D6&!"/0%&+"56+%,!3-1!$2,1-:2+"8!,%516,6+"-/F!!

!



! jM!

!
+

012*3*+/8 : Attempted degradation of polymer ,-8 +under hydrolytic conditions. 

!

9-:2%&+%1&!$60%!%&+%1!:"/J65%&!6:-/5!+$%!)68J)-/%G!6/,!+$%&%!)-/,&!61%!J/-D/!+-!)%!

&(&8%;+"):%!+-!$2,1-:2&"&F!#$"&!*%6/&!+$6+!"/!+$%-12!+$%!)-/,&!8-(:,!)%!)1-J%/!6/,!

+$%! *-/-*%1&!1%8:6"*%,F!#$%!$2,1-:2&"&!D6&!6++%*;+%,! (/,%1!68","8G! /%(+16:!6/,!

)6&"8!8-/,"+"-/&!(&"/5!)(33%1!&-:(+"-/&!C3*89%!JMEF!!

!
;#<=*+,- : Hydrolytic degradation studies of ,-8  

C#'4.! <K22%4! 5] ! D%)4*1*'(+#!

J! P"+1"8!68",! <Fc! 4- !

M! 9$-&;$6+%! b! 4- !

O! '-,"(*!861)-/6+% ! >=Fb! 4- !

!
!
#$%!;-:2*%1!D6&!D%"5$%,!"/+-!6!0"6:!6/,!&-:()":"&%,!"/!PS4P:4G!+$%!&-:0%/+!D6&!+$%/!

6::-D%,! +-! %06;-16+%! :%60"/5! 6! ,"&8! "/! +$%! 0"6:G! D$"8$! D6&! +$%/! ,1"%,! +-! 8-/&+6/+!

D%"5$+!(/,%1!068((* F!#$%!)(33%1!&-:(+"-/&!D%1%!+$%/!6,,%,G!6/,!+$%!&-:(+"-/&!$%6+%,!

+-!c=!*P!3-1!<!D%%J&F!#$%!;-:2*%1&!D%1%!6/6:2&%,!(&"/5!5S!4LR!&;%8+1-&8-;2!6/,!

\9PG!+-!;1-)%!3-1!+$%!%I"&+%/8%!-3!$"5$!*-:%8(:61!D%"5$+!&;%8"%&F!A3+%1!+D-!D%%J&!+$%!

6H(%-(&!&-:(+"-/!D6&!,%86/+%,!-33!6/,!+$%!1%*6"/"/5!&-:",!,1"%,!(/,%1!068((*!+-!6!

8-/&+6/+!D%"5$+F!#$%!&-:",!D6&!3-(/,!+-!)%!+$%!&6*%!D%"5$+!6&!"+!D6&!)%3-1%!)%"/5!!

&()*"++%,!+-!+$%!,%516,6+"-/!&+(,"%&F!#$%!&-:",!D6&!6/6:2&%,!(&"/5!5S!4LRG!+$%!;%6J&!

)%+D%%/!OF?!6/,!MFj!;;*!C1%;1%&%/+"/5!+$%!;1-+-/!%;6*%!+-!+$%!%&+%1!)-/,E!"/,"86+%!

+$6+!+$%!%&+%1!)-/,&!"/!+$%!;-:2*%1!1%*6"/%,!"/+68+!CH()K4%!MPEF!

!!
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! jO!

!

!

!

!

#$%!1%*6"/"/5!&-:",!D6&!6:&-!6/6:2&%,!(&"/5!\9PG!6&!"+!D6&!$2;-+$%&"&%,!+$6+!6!&*6::!

6*-(/+!-3!$2,1-:2&"&!8-(:,!$60%!+6J%/!;:68%G!D$"8$!D-(:,!)%!(/,%+%8+6):%!(&"/5!5S!

4LR!&;%8+1-&8-;2!$-D%0%1!+$%1%!8-(:,!)%!6!,%81%6&%!"/!+$%!*-:%8(:61!D%"5$+F!#$%!

+$1%%!&6*;:%&!D%1%!6/6:2&%,!656"/&+!+$%!-1"5"/6:! ;-:2*%1!6/,!+$%!+168%&!"/,"86+%,!

+$6+!+$%!;-:2*%1&!$6,!1%*6"/%,!"/+68+F!#$%!-1"5"/6:!;-:2*%1!&$-D%,!6!1%+%/+"-/!+"*%!

-3!}>N!* "/ !6/,!+$"&!D6&!6:&-!+$%!86&%!3-1!+$%!;-:2*%1&!63+%1!$2,1-:2+"8!,%516,6+"-/!

&+(,"%&!CH()K4%!MWEF!

&'()"*+-9 . 1H NMR analysis of ,-8  before and after degradation experiments. 

;S!<FcG!c=!
*
PG!<!`%%J&!!

9-:2*%1!"05!



! jc !

!

!
!

H()K4%!MWb!bRA!%&%89,1,!*;!JMN!S#;*:#!%&H!%;-#:!)9H:*89-10!H#$:%H%-1*&!#M7#:1+#&-,!

!

Q+!D6&!+$%-1"&%,!+$6+!+$%!;-:2*%1&!D%1%!/-+!,%516,"/5!,(%!+-!;--1!&-:()":"+2!"/!+$%!

6H(%-(&! *%,"6F! Q+! D6&! +$%1%3-1%! ,%8",%,! +-! 6++%*;+! +$%! ,%516,6+"-/! &+(,2! 656"/!

(&"/5!6!*"I+(1%!-3!6H(%-(&!6/,!-156/"8!&-:0%/+&!C-/,%L%!OPEF!!

!

!!
 

012*3*+/9 : Degradation studies of ,-8  
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! jN!

#$%!,%516,6+"-/!D6&!6++%*;+%,!656"/!(/,%1!)6&"8!8-/,"+"-/&!(&"/5!&-,"(*!$2,1-I",%!

CM!LE!"/!#SV!C>u>EF!!#$%!1%68+"-/!D6&!$%6+%,!+-!jc!*P!3-1!>=!,62&G!+$%!#SV!D6&!1%*-0%,!

(/,%1!1%,(8%,!;1%&&(1%!6/,!+$%!*"I+(1%!&()e%8+%,!+-!6/!68",!D6&$!3-::-D%,!)2!6/!

%I+168+"-/F!!

!

!

!

!

!

#$%! 81(,%! 1%&",(%! D6&! 6/6:2&%,! (&"/5!5S! 4LR! &;%8+1-&8-;2F! #$%! ;-:2*%1! $6&!

1%&-/6/8%&!)%+D%%/!OF?!6/,!MF?!;;*!8-11%&;-/,"/5!+-!+$%!;1-+-/!%;6*%#+-!+$%!%&+%1!

)-/,!C H()K4%!OUG!';%8+1(*!6EG!63+%1!+$%!,%516,6+"-/!%I;%1"*%/+!+$%!5S!4LR!&$-D&!

/-! 1%&-/6/8%&! "/! +$%! 1%5"-/! -3! OF?! 6/,! MF?! ;;*G! "/,"86+"/5! +$%! %&+%1! )-/,&! $60%!

)1-J%/F!#$%!6/6:2&"&!-3!+$%!81(,%!1%&",(%!"/,"86+%,!+$6+! /-+! -/:2!$6,!+$%!;-:2*%1!

,%516,%,! )(+! "/! 368+!+$%!*-/-*%1!$6,! )%%/!1%8:6"*%,!+-!+$%!&6*%! ;(1"+2!6&!+$%!

*-/-*%1!D$%/!"+!D6&!(&%,!3-1!+$%!;-:2*%1"&6+"-/!CH()K4%!OUG!';%8+16!)!6/,!8EF!#$%!

*-/-*%1! JUQ!D6&!1%8-0%1%,!"/!%I8%::%/+!;(1"+2!)2!&"*;:%!%I+168+"-/!"/+-!PS4P:4F!#$"&!

-;%/&!(;!+$%!;-+%/+"6:!+-!1%828:%!+$%!;-:2*%1!JMN!6/,!81%6+%!6!8:-&%,G!8"18(:61!&2&+%*F!

\9P!6/6:2&"&!6:&-!"/,"86+%,!+$6+!+$%!;-:2*%1!$6,!,%516,%,G!+$%!,"&6;;%616/8%!-3!+$%!

;%6J!6+!6!1%+%/+"-/!+"*%!-3!}M=!*"/!"/,"86+%&!+$%1%!"&!6!:-&&!-3!$"5$!*-:%8(:61!D%"5$+!

&;%8"%&!CH()K4%!OJEF!!

!

6E!

8E!

)E!

&'()"*+/4 . 1H NMR analysis of the decomposition of polymer of ,-8  using NaOH : THF (1:1). 
a) Polymer ,-8+b) monomer ,45+c) Polymer after degradation experiment. 



! jb !

!
&'()"*+/, . GPC analysis of the degradation of ,-8 +

!
!
#$%!:"*-/%/%!,"-:!JUQ!86/!)%!688%&&%,G!"/!-/%!&+%;!31-*!:"*-/%/%!CTEG!"/!6/!6:*-&+!

H(6/+"+6+"0%!2"%:,!-3! jbKF!#$"&!$6&!)%%/!&$-D/!+-!68+!6&!6!8-!*-/-*%1!D"+$!6!)"-!

)6&%,!,"68",G!&(88"/"8!68",!CJMTE!+-!;1-,(8%!;-:2%&+%1&!D"+$!$"5$!L&&!C(;!+-!M=!J76EF!

V(1+$%1*-1%!(;-/!%I;-&(1%!+-!)6&"8!8-/,"+"-/&!+$%!;-:2%&+%1!86/! ,%516,%!6/,!+$%!

,"-:! *-/-*%1! JUQ!86/! )%! 1%8:6"*%,! D"+$! %I8%::%/+! ;(1"+2F! #$"&! "/,"86+%&! +$6+! +$%!

+%1;%/%B,%1"0%,!;-:2*%1!JMN!$6&!+$%!;-+%/+"6:!+-!)%!8"18(:61F!!

!
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! j? !

!
+

012*3*+/: . Synthesis and subsequent degradation of polymer ,-8  

!

QI! =+#/9K&(+#&!*#1!HK'K4%!A+4R!
!
#D-!+%1;%/%!,%1"0%,!*-/-*%1&!CJUS!6/,! JUQE!$60%!)%%/!&2/+$%&"&%,!31-*!:"*-/%/%!

CTE!6/,! +$%"1! ;-:2*%1"&6+"-/! ;-+%/+"6:&! "/0%&+"56+%,! C-/,%L%! QUEF5C@! #$%! (/(&(6:!

)1",5%,! )"828:"8! :68+-/%!JJJ! D6&! 6:&-! &+(,"%,! )-+$! %I;%1"*%/+6::2! 6/,!

8-*;(+6+"-/6::2! )(+ ! D6&! -)&%10%,! /-+! +-! (/,%15-! 1"/5! -;%/"/5! ;-:2*%1"&6+"-/F!

9-:2*%1"&6+"-/!-3!+$%!$2,1-I2B68",!JUS!(&"/5!6!;-:28-/,%/&6+"-/!+%8$/"H(%!2"%:,%,!

:-D!*-:%8(:61!D%"5$+!;-:2*%1&!CL&&!<%F!<FN!J76E!D"+$!#$&!-3!<%:#OO!*PF!S-D%0%1G!8-B

;-:2*%1"&6+"-/!-3!+$%!,"-:!JUQ!6/,!&(88"/"8!68",!;1-,(8%,!+$%!/-0%:!;-:2%&+%1!JMN!D"+$!

8-/&",%16):2!$"5$%1!L&&! -3! (;!+-!M=!J76F!#$"&!*6+%1"6:! "&! ,%1"0%,!8-*;:%+%:2!31-*!

1%/%D6):%!1%&-(18%&!6/,!6!$"5$!;%18%/+65%!-3!"+&!861)-/!8-/+%/+!86/!)%!&-(18%,!31-*!

+%1;%/%!D6&+%!&+1%6*&F!V"/6::2G!+$%!;-:2*%1!JMN!D6&!&$-D/!+-!,%516,%!(/,%1!)6&"8!

8-/,"+"-/&!"/+-!"+&!&()&+"+(%/+!*-/-*%1!JUQG!-;%/"/5!(;!6!&"5/"3"86/+!-;;-1+(/"+2!3-1!

1%828:"/5F!!!

!

!
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1. 190 oC, 6 h, N2
2. Catalyst (1 mol%), 
    T / oC, t / h, 
    vacuum

NaOH (3M) : THF 
(50:50)

95 oC, 10 days



! jj !

!
012*3*+54. Synthesis and polymerisation attempts of ,47  and ,,,  

!
!
!
V(+(1%!D-1J!"/0-:0"/5!+$%&%!+%1;%/%B,%1"0%,!*-/-*%1&!8-(:,!"/8:(,%!&-*%!3(1+$%1!

%I;:-16+"-/!"/+-!+$%!1%828:6)":"+2!-3!+$%!&2&+%*F!#$%!8(11%/+!,%516,6+"-/!;1-8%,(1%!

(&%&! $61&$! 8-/,"+"-/&! 6/,! :-/5! +"*%! &86:%&F! Q+! D-(:,! )%! ,%&"16):%! +-! &$-1+%/! +$%!

,%516,6+"-/! +"*%&! 6/,! +-! :-D%1! +$%! 8-/8%/+16+"-/! -3! )6&%! (&%,F! Q+! D6&! 6:&-! )%!

"/+%1%&+"/5!+-!*6J%!+$%!&2&+%*!3(::2!1%828:6):%!+$1-(5$!+$%!1%B;-:2*%1"&6+"-/!-3!+$%!

+%1;%/%!,%1"0%,!*-/-*%1!JUQ!3-1!+$%!&2/+$%&"&!-3!+$%!;-:2*%1!JMNF!#$"&!8-(:,! )%!

&+(,"%,!)2!1%B&()*"++"/5!+$%!1%8:6"*%,!JUQ!+-!+$%!;-:2*%1"&6+"-/!8-/,"+"-/&!+-!;1-)%!

+$%!1%828:6)":"+2!-3!+$%!*-/-*%1!JUQ!6/,!"/0%&+"56+"/5!+$%!;1-;%1+"%&!-3!+$%!;-:2*%1!

&2/+$%&"&%,!(&"/5!+$%!1%828:%,!*-/-*%1F!!

!

!

!

!

!
!

6

1. BH3
.THF (1 eq.)

2. NaOH/H2O2
    THF,
    0oC - r.t., 5 h

OH

OH

OH

OH

O

O O

O

O
n

104

105

111

127

97%

1. [Cu(MeCN)4]OTf (5 mol%)
bpy / TEMPO (5 mol%)

NMI (10 mol%)
MeCN, rt, 24 h, air

2. NaClO2 (1 eq.)
H2O2 (5 eq.)

NaHPO4
.H2O 1.5 (eq.)

tBuOH : H2O (2:1)
0 oC 1 h

TEMPO (40 mol%)
BAIB (3 eq.)

CH2Cl2, r,t, 16 h

Sn(oct)2 (1 mol%)

Ring Opening 
Polymerisation

52%

33%



! >==!

SI! CX5%4(L%#'*9!
SIJI! E%#%4*9!CX5%4(L%#'*9!!
!
!

W/YS!D6&!,"&+"::%,!31-*!P6S4!6/,! <GMB,"*%+$2:B<B)(+%/%!D6&!,"&+"::%,!-/+-!*-:%8(:61!

&"%0%&!;1"-1!+-!(&%t!#SV!D6&!31%&$:2!,"&+"::%,!31-*!&-,"(*!*%+6:!6/,!)%/X-;$%/-/% t!

D6+%1!D6&!,%"-/"&%,!)%3-1%!(&%F!A::!-+$%1!1%65%/+&!D%1%!;(18$6&%,!31-*!6!8$%*"86:!

&(;;:"%1!6/,!(&%,!D"+$-(+!3(1+$%1!;(1"3"86+"-/F!#_P&!D%1%!;%13-1*%,!-/!&":"86!5%:!-/!

6:(*"/"(*!6/,!D%1%!0"&(6:"&%,!(&"/5!6!;-+6&&"(*!;%1*6/56/6+%!-1!;$-&;$-*-:2),"8!

68",!-1!06/"::"/!,";F!TI;%1"*%/+&!8611"%,!-(+!(/,%1!"/%1+!6+*-&;$%1%!(&%,!615-/!-1!

/"+1-5%/G!6/,!5:6&&D61%!D6&!3:6*%!,1"%,!;1"-1!+-!(&%F!A::!&-:(+"-/&!61%!&6+(16+%,!(/:%&&!

&+6+%,!-+$%1D"&%F!!

!

5S! 6/,! 5CP! 4LR! &;%8+16! D%1%! 1%8-1,%,! "/! P7P:CG! CP7CE4'Y! -1! P7CY7! 6+! 6*)"%/+!

+%*;%16+(1%! (&"/5! W1(J%1! 79aO==! CO==! LSXEG! AgO==! CO==! LSXEG! AgMO==S7! CO==!

LSXEG!AgMO==!CO==!LSXE!6/,!AgMc==!Cc==!LSXE!&;%8+1-*%+%1&F!76+6!61%!%I;1%&&%,!

6&!8$%*"86:!&$"3+&!"/!;61+&!;%1!*"::"-/!C;;*E!1%:6+"0%!+-!+$%!1%&",(6:!&-:0%/+!&"5/6:!-3!

PSP:C! C• 6! p! bF<bE! -1! P7P:C! C• A! p! bbF=! 6&! +$%! "/+%1/6:! &+6/,61,F! #$%! 3-::-D"/5!

6))1%0"6+"-/&! 61%! (&%,! +-! ,%&"5/6+%! +$%! *(:+";:"8"+2! -3! %68$! &"5/6:t! &G! &"/5:%+t! ,G!

,-():%+t!,,G!,-():%+!-3!,-():%+&t!,,,,G!,-():%+!-3!,-():%+!-3!,-():%+!-3!,-():%+&t!+G!

+1";:%+t! ,+G! ,-():%+! -3! +1";:%+&t! ,,+G! ,-():%+! -3!,-():%+! -3! +1";:%+&t! HG! H(61+%+t! *G!

*(:+";:%+t!6;;G!6;;61%/+t!)1G!)1-6,F!!P-(;:"/5!8-/&+6/+&!E!61%!5"0%/!"/!$%1+X!CSXEF!

!

' "X%!%I8:(&"-/!8$1-*6+-516;$2!C'TPE!D6&! ;%13-1*%,!(&"/5!6/!A5":%/+!><N=!Q/3"/"+2!

'%1"%&!S9_P!CA5":%/+!#%8$/-:-5"%&G!.'AE!"/!#SV!CS9_P!516,%G!V"&$%1!'8"%/+"3"8E!6&!%:(%/+!

6+!1--*!+%*;%16+(1%!(&"/5!+D-!A5":%/+!9_B5%:!*"I%,BT!8-:(*/&!"/!&%1"%&!D"+$!6!3:-D!

16+%!-3!>!*_!*"/<5F!A!,"33%1%/+"6:!1%3168+-*%+%1!C7RQEG!D6&!(&%,!3-1!&6*;:%!,%+%8+"-/F!

Y1! (&"/5!6/! A5":%/+! ><N=! Q/3"/"+2! '%1"%&! S9_P! CA5":%/+! #%8$/-:-5"%&G! .'AE! "/!

P$:-1-3-1*!CS9_P!516,%G!V"&$%1!'8"%/+"3"8E!6+!1--*!+%*;%16+(1%!(&"/5!+D-!A5":%/+!9_B

5%:!c!‚*!*"I%, BP!8-:(*/&!CM==!I!bFc!**E!"/!&%1"%&!D"+$!6!9_B5%:!>=!‚*!\(61,!P-:(*/!

Cc=!I!bFc!**EF!A!3:-D!16+%!-3!=Fc!*_ !*"/ <5!D6&!(&%,F!A!9LLA!8-:(*/!86:")16+"-/!D6&!



! >=>!

(&%,! 6:-/5&",%! 6! ,"33%1%/+"6:! 1%3168+-*%+%1! C7RQG! `26++E! 3-1! &6*;:%! ,%+%8+"-/! 6/,!

6/6:2&"&F!

!

Q/316B1%,!&;%8+16!D%1%!1%8-1,%,!(&"/5!6!W1(J%1!#%/&-1!<b!V#BQR!&;%8+1-;$-+-*%+%1!

(&"/5!%"+$%1!6/!A#R!6++68$*%/+!-1!6!&-:(+"-/!8%::!(&"/5!PSP:C!6&!+$%!&-:0%/+!6/,!+$%"1!

;%6J&!61%!H(-+%,!6&!&+ %M!"/!8* <5F!S"5$B1%&-:(+"-/!*6&&!&;%8+16!D%1%!-)+6"/%,!(&"/5!6!

W1(J%1!L"81-#YV!*6&&!&;%8+1-*%+%1!-;%16+"/5!"/!%:%8+1-&;162!"-/"&6+"-/!CT'QE!*-,%F!

LA_7QB#YV!6/6:2&%&!D%1%!;%13-1*%,!(&"/5!W1(J%1!.:+16V:%I!QQQF!#$%!*6+1"I!(&%,!D6&!

+16/&B<BkMBCOB),/) B)(+2:;$%/2:EB<B*%+$2:B<B;1-;%/2:",%/%l*6:-/-/"+1":%! C7P#WE! D"+$!

&-,"(*! C46 [ E! 6/,! ;-+6&&"(*! C[̂ E! 6&! 86+"-/&F! Q/+-! +$%! 6/6:2&"&! D%1%! 6;;:"%,! +$%!

1%3:%8+"-/!*-,%!6/,!}!>cK!-3!:6&%1!"/+%/&"+2F!#$%!LA_7QB#YV!&6*;:%!8-/&"&+&!"/!>=!‚:!

-3! ;-:2*%1!&6*;:%!"/! *%+$6/-:!C>=!*5! *:<5E! *"I%,!D"+$!<=! ‚:! -3!7P#W!&-:(+"-/! "/!

68%+-/"+1":%!C>=!*5!*:<5EF!A3+%1D61,&G!>!‚:! -3!+$"&!*"I+(1%!"&!&;-++%,!"/+-!+$%!+615%+!

;:6+%!6/,!:%3+!+-!,12!6+!1--*!+%*;%16+(1%F!

!

72/6*"8!*%8$6/"86:!6/6:2&"&!C7LAE!D6&!(&%,!+-!,%+%1*"/%!+$%!#$!-3!+$%!;-:2*%1&F!

L%6&(1%*%/+&!D%1%!;%13-1*%,!-/!6!#1"+-/!#%8$/-:-5"%&!7LA!C/-D!L%++:%1!#-:%,-!
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;21","/%!C<F<j!*_G!<jF=!**-:E!D6&!6,,%,!,1-;D"&%!-0%1!>=!*"/(+%&F!A,";-2:!8$:-1",%!

C=Fj<c! *_G! NFM?! **-:E! D6&! ,"&&-:0%,! "/! ,12! ,"8$:-1-*%+$6/%! COFM! *_E! 6/,! 6,,%,!
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,1-;D"&%! -0%1! <c! *"/(+%&G! +$%! 1%&(:+"/5! &-:(+"-/! D6&! +$%/! &+"11%,! 6+! 1--*!

+%*;%16+(1%!CO?!$EF!#$%!;-:2*%1!D6&!+$%/!"&-:6+%,!)2!;1%8";"+6+"-/!"/!6/!%I8%&&!-3!

L%YS!+-!2"%:,!6!;6:%!2%::-DG!0"&8-(&!-":F!!

H3"6!CA#RE!' +%M!#$%&'!%(#)'!%*+,'!-+%)'!--*+ t!" ]! ?06 !CO==!LSXG!P7P:CE!( 6!OF?cBOFMO!

C*G!>SG!SB>EG!OF<<BMFb?!C*G!<SG!SB>=EG!<FMc!C)1!&G!OSG!SB><!6/,!SB>cEG!>FjjB=F?N!C*G!

>jSEF!

!

!

!

!

!

!

!
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=,*5' %4!M!Y!"#$%&'()*'(+#&!(#'+!',%!-.#',%&(&!*#1!

:+9.L%4(&*'(+#!+2!0+#+L%4&!D%4($%1!24+L!! G: (#%#%!

!
!

JI!"#'4+1K/'(+#!
!

'-8"%+2d&!8(11%/+!*-,%:!3-1!;:6&+"8!(&%!"&!8%/+1%,!61-(/,!;%+1-8$%*"86:!3%%,&+-8J&F!

7%&;"+%! &"5/"3"86/+! %33-1+&! +-! "/+1-,(8%! ;-:2*%1&! 31-*! 1%/%D6):%! 3%%,&+-8J&! 3-1!

8-**%18"6:!(&%!D%!&+"::!:68J!&(&+6"/6):%!;-:2*%1&F!A&!;1%0"-(&:2!*%/+"-/%,!+%1;%/%&!

;1%&%/+!6/!6++168+"0%!3%%,&+-8J!3-1!*-/-*%1!&2/+$%&"&!6&!+$%2!61%!8(11%/+:2!-)+6"/%,!

31-*! D6&+%! &+1%6*&! 6/,! -33%1! 6! *6&&"0%! ;-+%/+"6:! 3-1! &2/+$%+"8! *6/";(:6+"-/&F!!

hB9"/%/%!CJJE!"&!+$%!*-&+!6)(/,6/+!+(1;%/+"/%!8-*;-/%/+!6/,!+$%1%3-1%!1%&%618$!

"/+-! "+&! (&%!3-1! ;-:2*%1"&6+"-/!D-(:,! )%!0%12! )%/%3"8"6:F!#$"&!$6&! :%,!+-! /(*%1-(&!

6++%*;+&!6+!+$%!;-:2*%1"&6+"-/!-3!+$"&!8-*;-(/,FCG.II !S-D%0%1!+$%!;-:2*%1"&6+"-/!-3!

JJ!$6&!/-+!)%%/!6&!&(88%&&3(:!6&!iB;"/%/%!CJUEG!:615%:2!,(%!+-!+$%!6)&%/8%!-3!6!1%68+"0%!

,=( B828:"8!,-():%!)-/,G!1%&(:+"/5!"/!6!&$-1+65%!-3!;-:2*%1&!-1"5"/6+"/5!31-*!hB; "/%/%!

CJJE!"/!+$%!:"+%16+(1%F!#(1;%/+"/%!86/!)%!8-*;-&%,!-3!(;!+-!jbK!hB; "/%/%!CJJE!6/,!

+$%1%3-1%! "+! "&! ;1(,%/+! +$6+! +$%! +16/&3-1*6+"-/! -3! hB; "/%/%!CJJE! "/+-!6! *-/-*%1!

&$-(:,! )%! %I;:-1%,F! A:+$-(5$! +$%1%! $6&! )%%/! &-*%! &*6::! &(88%&&! "/! +$%! 86+"-/"8!

$-*-;-:2*%1"&6+"-/!-3!h B; "/%/%!CJJEG!+$%1%!$6&!)%%/!3%D!;():"86+"-/&!8-/8%1/"/5!+$%!

;-:2*%1"&6+"-/!-3!*-,"3"%,!-1!-I25%/6+%,!JJF!Y/%!-3!+$%!-/:2!61+"8:%&!8-/8%1/"/5!+$%!

;-:2*%1"&6+"-/! -3! -I25%/6+%,!JJ! "&! )2! ^$%"16!,)# %;:#6/, #,%+6":&! +$%! 1"/5! -;%/"/5!

;-:2*%1"&6+"-/! -3! hB;"/%/%! -I",%! CJMWE! (&"/5! 6! *65$/"+%! 86+6:2&+!+-! 3-1*!

;-:2ChB;"/%/%! -I",%EF5CU!Y/%! -3! +$%! *-&+! 8-**-/! +16/&3-1*6+"-/&! hB;"/%/%! CJJE!

(/,%15-%&!"&!+$%!%;-I",6+"-/!-3!"+&!%/,-828:"8!,-():%!)-/,!+-!3-1*!hB;"/%/%!-I",%!

CJMWE!C-/,%L%!QJEF!!

!

!
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012*3*+5, . Epoxidation of α-pinene (,, ), to form α-pinene oxide (,-: ) 

!

JIJI!3,%!/,%L(&'4.!+2!̀G5(#%#%!+X(1%!\JMW[!

hB9"/%/%! -I",%! CJMWE! ;1%&%/+&! 6! :615%! -;;-1+(/"+2! D"+$! 1%&;%8+! +-! 3(1+$%1!

3(/8+"-/6:"&6+"-/!3-1!*-/-*%1!&2/+$%&"&G!6/,!+$%1%3-1%!D"::!)%!6!J%2!"/+%1*%,"6+%!3-1!

+$%!&2/+$%&"&!-3!/%D!*-/-*%1&!"/!+$"&!8$6;+%1F!!

!

#$%!&+(,2!-3!+$%!%;-I",6+"-/!-3!hB; "/%/%!CJJE!!"&!6/!%/-1*-(&!61%6!"/!"+&%:3!6/,!D"::!

/-+!)%!8-0%1%,!"/!+$"&!1%;-1+G!+$%!1%6,%1!&$-(:,!1%3%1!+-!+$%!8-*;1%$%/&"0%!1%0"%D!-/!

+$%!+-;"8!D1"++%/!)2!P-1*6! ,)#%;:#3-1!*-1%!"/3-1*6+"-/FI5 !A&!6!1%&(:+!-3!+$%&%!&+(,"%&!

hB; "/%/%! -I",%! CJMWE! "&! &2/+$%&"&%,! %33"8"%/+:2! -/! 6/! "/,(&+1"6:! &86:%! 3-1! +$%!

%I;:-"+6+"-/!-3!"+&!3(1+$%1!+16/&3-1*6+"-/&!6/,!"&-*%1"&6+"-/&!+-!;1-,(8%!8$%*"86:&!

D$"8$!61%!-3!"*;-1+6/8%!+-!+$%!316516/8%!"/,(&+12F5I>!!

!

hB9"/%/%!-I",%!CJMWE!"&!6!0%12!1%68+"0%!&;%8"%&!6/,!6!061"%+2!-3!86+6:2&+&!86/!)%!(&%,!

+-! -;%/! +$%! %;-I",%! -3!JMW!+-! 5%+! *6/2! ;1-,(8+&! C-/,%L%! QMEF! A*-/5! +$%! *6"/!

+%1;%/-",&! ;1-,(8%,! 61%! 86*;$-:%/"8! 6:,%$2,%! CJOQE5I5G! 3%/8$-:%/"8! 6:,%$2,%!

CJOOE5I4G!)/%'9B&-)1%1-:! CJOTE5ICG! ;"/-:! CJOWE5II ! 6/,! )/%'9B8610%-:! CJONE5IFF! L"/-1!

;1-,(8+&! -3+%/! %/8-(/+%1%,! 61%!)/%'9B;"/-86*;$-/%! C JOSEG!6B82*%/%! CWWEG!)/%'9B

;"/-8610%-:!CJOME!6/,!-+$%1!8-*;-(/,&F!_%D"&!68",&!360-(1!+$%!3-1*6+"-/!-3!JOQ!6/,!

JOMG! D$":%! W1-/&+%,! 68",&! 360-(1! +$%! 3-1*6+"-/! -3!JONG!JOTG!JOSG! 6/,G!6B82*%/%!

CWWEF5IE!

!

O
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012*3*+5- . Products of the ring opening of ! -pinene oxide (,-: )5IE+

!

P6*;$-:%/"8! 6:,%$2,%! CJOQE! "&! 6/! "*;-1+6/+! "/+%1*%,"6+%! (&%,! )2! +$%! 316516/8%!

"/,(&+12!"/!+$%!&2/+$%&"&!-3!&6/+6:-:G!6/,!"&!8(11%/+:2!;1%;61%,!)2!_%D"&B68",B86+6:2&%,!

1%6116/5%*%/+! -3!JMWF5IF! #$%! "&-*%1"&6+"-/! -3! hB;"/%/%! -I",%! CJMWE! "&! 368":%G!

;1-,(8"/5!-0%1!>==!;1-,(8+&!(/,%1!,"33%1%/+!1%68+"-/!8-/,"+"-/&F5IG!

!
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#$%! *6"/! ;1-,(8+&! -)&%10%,! 31-*! +$%! 68",! 86+6:2&%,! "&-*%1"&6+"-/! -3!JMW!86/! )%!

16+"-/6:"&%,!)2!+$%!*%8$6/"&*!-(+:"/%,!)%:-D!C-/,%L%!QOE!6/,!"&!8$6168+%1"&+"8!-3!+$%!

&+1(8+(16:!1%6116/5%*%/+&!1%;%6+%,:2!%/8-(/+%1%,!"/!+%1;%/-",!8$%*"&+12F!Y/8%!+$%!

%;-I",%!JMW!$6&! )%%/! -;%/%,! +-! 5"0%! 861)%/"(*! "-/!JQU! -/%! -3! +D-! 8-*;%+"/5!

*-0%*%/+&!-3!%:%8+1-/&!31-*!+$%!&6*%!„!)-/,!86/!$6;;%/u!6!k>G<l!&$"3+!C;6+$!AE!-1!

6/!T>!%:"*"/6+"-/!C;6+$!WE!5"0"/5!861)%/"(*!"-/&!JQJ!6/,! JQM!1%&;%8+"0%:2F!'()&%H(%/+!

:-&&!-3!6!;1-+-/!2"%:,&!)/%'9B8610%-:!CJONE!6/,!6!1%6116/5%*%/+!:%6,&!+-!86*;$-:%/"8!

6:,%$2,%!CJOQEF!

 

 
 

012*3*+5/ : Proposed mechanism for the acid catalysed transformations of ,-:  

!

#16,"+"-/6::2!1%&%618$!$6&!3-8(&%,!-/!+$%!(&%!-3!$-*-5%/%-(&!_%D"&!68",!86+6:2&+&!3-1!

+$%! "&-*%1"&6+"-/! -3! hB;"/%/%! -I",%! CJMWEF! #$%! *-&+! 68+"0%! 6/,! &%:%8+"0%!

$-*-5%/%-(&! &2&+%*&! (&%,! "/! +$"&! 1%68+"-/! 61%! n/P:4!6/,! n/W14t! $-D%0%1G! +$%&%!

,"&;:62! :-D!1%68+"-/!16+%&!6/,!36&+G!;%1*6/%/+!86+6:2&+!,%68+"06+"-/G!D"+$!+(1/-0%1!

/(*)%1&!6&!:-D!6&!<=!)%"/5!1%;-1+%,F5IE!AH(%-(&!%I+168+"-/!-3!+$%&%!86+6:2&+&!31-*!
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+$%!1%68+"-/!1%&(:+&!"/!+$%!3-1*6+"-/!-3!06&+!H(6/+"+"%&!-3!$%602!*%+6:!8-/+6*"/6+%,!

D6+%1!D$"8$!"&!(/6++168+"0%!31-*!6!51%%/!6/,!&(&+6"/6):%!8$%*"&+12!;%1&;%8+"0%F!#$"&!

$6&! 1%&(:+%,! "/! 6! ;:%+$-16! -3! 1%&%618$! "/+-! $%+%1-5%/%-(&! 86+6:2&+&! 3-1! +$%!

"&-*%1"&6+"-/! -3!JMWG! "/8:(,"/5! X%-:"+%&G! $%+%1-;-:2! 68",&G! *%&-;-1-(&! &":"86! 6/,!

;-:2*%1!&(;;-1+%,!86+6:2&+&F5I>.5I@T5FF!

!

L-+$%1D%::!,)# %;:#&2/+$%&"&%,# *-:%8(:61:2! "*;1"/+%,! ;-:2*%1&! CLQ9&E! (&"/5!

)/%'9B86102:! 6*"/%! 6&! 6/! "*;1"/+! *-:%8(:%! +-! 3-1*! +$%! +%*;:6+%! 3-1! +$%! &%:%8+"0%!

"&-*%1"&6+"-/!-3!JMW!+-!)/%'9B8610%-:!CJONEF5FC!#$%!6*"/%!3(/8+"-/6:"+2!-3!+$%!"*;1"/+!

*-:%8(:%!D6&! (&%,!+-!&%:%8+"0%:2! ;-&"+"-/!6!&(:3-/"8!68",!51-(;! "/!+$%!LQ9! )"/,"/5!

;-8J%+!(+":"&"/5!OB&+21%/%!&(:3-/"8!68",!6&!+$%!3(/8+"-/6:!*-/-*%1F! 

 

A!16/5%!-3!LQ9&!D%1%!&2/+$%&"&%,!6/,!+%&+%,!3-1!+$%!&2/+$%&"&!-3!)/%'9B8610%-:!CJONEF!

#$%!&+(,2!3-(/,! +$6+!+$%! ,-*"/6+"/5!368+-1! "/! ,%+%1*"/"/5!+$%! ,"&+1")(+"-/! -3!+$%!

*6e-1!;1-,(8+&!D6&!"/!368+!+$%!&-:0%/+!8$-"8%F!.&"/5!7LV!6&!&-:0%/+G!(;!+-!b=K!-3!+$%!

;1-,(8+&! 31-*! 68",! 86+6:2&%,! "&-*%1"&6+"-/! -3!! B;"/%/%! -I",%! CJMWE! D"+$! +$%!

;-:2&+21%/%! LQ9&! D%1%! -)+6"/%,# +0%! +$%! /%8%&&612!6%/%B*%/ +$%/%! +%1+"612!

861)-86+"-/!CJQMEG!6/,! "/,(&+1"6::2!"*;-1+6/+!)/%'9B8610%-:!CJONE!D6&!-)+6"/%,!"/!6!

OcK! 2"%:,F! `$%/! *%+$6/-:! D6&! (&%,! 6&! 6! &-:0%/+! +$%! ;1-,(8+! ,"&+1")(+"-/! D6&!

,"33%1%/+!CH()K4%!OMEF!#$%!-)&%10%,!;1-,(8+&!"/,"86+%!+$6+!&-:0%/+&!D"+$!6!/(8:%-;$":"8!

8-(/+%1!"-/!86/!+16;!+$%!861)%/"(*!"-/!"/+%1*%,"6+%&F!!

!

!

!

!

&'()"*+/- : Major products synthesised using methanol as a solvent5FC+

!
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76!'":06!,)#%;:#"/0%&+"56+%,!+$%!6)":"+2!-3!6!+(/5&+%/!)6&%,!$%+%1-;-:2!68",!SC9` 54YI>!

3-1! +$%! "&-*%1"&6+"-/! -3!JMW! "/! 6! 061"%+2! -3! &-:0%/+&F! #$%! &-:0%/+! 8$-"8%! $%60":2!

"/3:(%/8%,!+$%!16+"-&!-3!-)&%10%,!;1-,(8+&u!86*;$-:%/"8!6:,%$2,%!CJOQEG!+16/&B8610%-:!

CJONEG!)/%'9B&-)1%1-:!CJOTEG!-1!;"/-:!CJOWEF!T68$!-3!+$%&%!(&%3(:!316516/8%!8-*;-(/,&!

D%1%!&2/+$%&"&%,!"/!5--,!+-!%I8%::%/+!2"%:,&G!(;!+-!jMK!-3!JON!6/,!(;!+-!b=K!-3! JOQG!

)2!(&"/5!6/!6;;1-;1"6+%!&-:0%/+F!Q+!D6&!3-(/,!+$6+!&-:0%/+!;-:61"+2!6/,!)6&"8"+2!,"1%8+!

+$%!1%68+"-/!;6+$D62&u!/-/;-:61G!/-/)6&"8!&-:0%/+&!360-(1%,!+$%!3-1*6+"-/!-3!JOQt!

;-:61G!)6&"8!&-:0%/+&!;1-*-+%,!+$%!3-1*6+"-/!-3!JONF!!Q/!D%6J:2!)6&"8!;-:61!&-:0%/+&G!

+$%!*6e-1!;1-,(8+&!D%1%!8-*;-(/,&!JOT!6/,! JOWF!#$%!$%+%1-;-:2!68",!D6&!6):%!+-!)%!

1%8-0%1%,! 6/,! D6&! (&%,! "/! 0%12! :-D! H(6/"+"%&! C=F==cB>! *-:KEG! &"5/"3"86/+:2! *-1%!

%/0"1-/*%/+6::2! 31"%/,:2! +$6/! ;1%0"-(&!$-*-5%/%-(&! 86+6:2+"8! *%+$-,&! 3-1! +$%!

&%:%8+"0%!&2/+$%&"&!-3!316516/8%!8-*;-(/,&!"/!$"5$!2"%:,&F!

!

Q/! <=>M! a(! 6/,! ](! 1%;-1+%,! +$6+! hB;"/%/%! -I",%! CJMWE! 86/! 1%68+! D"+$! D6+%1! "/! 6!

&-:0-:2&"&B+2;%! 1%68+"-/! +-! 5"0%!)/%'9>&-)1%1-:G!CJOTE#C-/,%L%! QQEF5IC! `$%/! +$%!

1%68+"-/!D6&!;%13-1*%,!6+!<=!*PG!%/6+"-*%1"86::2! ;(1%!JOT!D6&!-)+6"/%,G!$-D%0%1!

D$%/!+$%!1%68+"-/!D6&!;%13-1*%,!6+!1%3:(IG!6!*"I+(1%!-3!)-+$!<09!6/,! )/%'9!&-)%11-:!

D6&!;1-,(8%,!"/!6!16+"-!-3!OuNF!

!

!

+

012*3*+55: The synthesis of trans-sobrerol (,/6 )l by Xu et al.5IC 

Q+! "&! ;1-;-&%,! +$6+! D6+%1! "&! 6):%! +-! 68+"06+%! +$%! %;-I",%G! ;1-*-+"/5! "+&! -;%/"/5!

+$1-(5$! $2,1-5%/! )-/,"/5! +-! 5"0%! +$%! 861)%/"(*! "-/!JQMG! 3-::-D%,! )2! 6!

1%6116/5%*%/+!+-!1%:"%0%!+$%!&+16"/!-3!+$%!828:-)(+6/%!1"/5F5FE!̀ 6+%1!+$%/!6++68J&!JQU!

+-!5"0%!;1-,(8+!JOT!C-/,%L%!QQEF!!
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hB9"/%/%! -I",%! CJMWE! "&! 1%6,":2! ;1-,(8%,! 31-*! hB;"/%/%! CJJEG! -/%! -3! +$%! *-&+!

6)(/,6/+! +%1;%/%&G! 6/,! 86/! 1%6,":2! "&-*%1"&%! "/+-! 6! 16/5%! -3! ;1-,(8+&F! #$%!

"&-*%1"&6+"-/!86/!)%!8-/+1-::%,!)2!/6+(1%!-3!+$%!68",!86+6:2&+!6/,!+$%!&-:0%/+!8$-"8%F!

#$%!1%6116/5%*%/+!-3!JMW!;1-,(8%&!;1-,(8+&!D$"8$!$60%!+$%!;-+%/+"6:!+-!)%!(&%,!6&!

*-/-*%1&G! 6/,! +$%! ,%0%:-;*%/+! -3! &(&+6"/6):%! &2/+$%+"8! *6/";(:6+"-/&! -3! +$"&!

1%/%D6):%!*-:%8(:%!"&!6/!61%6!-3!51%6+!"/+%1%&+F!!

!

MI!;(L&!*#1!@8V%/'($%&!
!

#$%!6"*! -3!+$"&!1%&%618$!D6&!+-! (+":"&%!+$%!*-&+!6)(/,6/+!+%1;%/%!ChB;"/%/%!CJJEE!

D$"8$!$6&!6!:"*"+%,!;1-3":%!"/!+$%!61%6!-3!1%/%D6):%!;-:2*%1&F!A&!;1%0"-(&:2!,"&8(&&%,!

hB;"/%/%!CJJE!86/!)%!%33"8"%/+:2!+16/&3-1*%,!"/+-!hB;"/%/%!-I",%!CJMWE!-/!6/!"/,(&+1"6:!

&86:%F!!hB9"/%/%!-I",%!CJMWE!"&!*-1%!1%68+"0%!+$6/!hB;"/%/%!CJJE!6/,!+$%1%3-1%!"&!6!

5--,!;1%8(1&-1!3-1!*-/-*%1!&2/+$%&"&F!Y/%!6"*!-3!+$"&!1%&%618$!D6&!+-!"/0%&+"56+%!

+$%! &-:0-:2&"&! -3!! B;"/%/%! -I",%! CJMWE! (&"/5! /(8:%-;$":%&G! 5%/%16+"/5! 6! *-:%8(:%!

8-/+6"/"/5!+$%!6;;1-;1"6+%!3(/8+"-/6:"+2!+-!)%!(&%,!6&!6!*-/-*%1F!

!

#$%! &-:0-:2&"&! -3!! B;"/%/%! -I",%! CJMWE! 5-%&! +$1-(5$! 6! &%1"%&! -3! 861)%/"(*! "-/&!

C-/,%L%! QOEF! #$"&! D-1J! "+! D6&! 6++%*;+%,! +-! +16;! 861)%/"(*! "-/! JQM! D"+$! 6/!

6&&-1+*%/+!-3!-I25%/!)6&%,!/(8:%-;$":%&!3-1!+$%!&2/+$%&"&!-3!&*6::!*-:%8(:%&!D$"8$!

8-(:,!)%!(&%,!6&!*-/-*%1&!JQN!C-/,%L%!QSEF!!

!

!
+

012*3*+57: Proposed synthesis of monomers via the addition of oxygen based nucleophiles into 
carbenium ion ,5-  

O

129

-H+

140

OH
OH OH

O
R

142 147

R-OH



! ><<!

#$%! :"+%16+(1%!"/,"86+%&!+$%!&-:0-:2&"&!1%68+"-/! ;1-8%%,&!D"+$!&"*;:%! -I25%/! )6&%,!

/(8:%-;$":%&G! &(8$! 6&! *%+$6/-:G5FC!+$%! 1%68+"-/! D6&! &()&%H(%/+:2!6++%*;+%,! D"+$!

*-1%!8$6::%/5"/5!&()&+16+%&F!!

!

!
 

012*3*+56. Proposed synthesis of monomers from a-pinene oxide (,-: ) 

!
!
A3+%1!+16;;"/5!-3!+$%!861)%/"(*!"-/!JQM!"+!D6&!;1-;-&%,!+$6+!+$%!6:J%/%!*-"%+2!"/!JQP!

8-(:,! )%! 3(1+$%1! 3(/8+"-/6:"&%,! +-! ;1-,(8%! *-/-*%1&!JQW! C-/,%L%! QTEF! Q+! D6&!

$2;-+$%&"&%,! +$6+! +$%&%! D-(:,! 2"%:,! 6! ;-:2*%1! D"+$! 6! ,"33%1%/+! )68J)-/%! 6/,!

+$%1%3-1%!;-+%/+"6::2!;-&&%&&!,"33%1%/+!;1-;%1+"%&F!!

!

OI!6%&K9'&!*#1!D(&/K&&(+#!
!
!
OIJI!3+7*41&!',%!HK#/'(+#*9(&*'(+#!+2!! G:(#%#%!@X(1%!\JMW[!

OIJIJI! 3+7*41&!',%!-.#',%&(&!+2!0+#+L%4&!2+4!]+L+5+9.L%4(&*'(+#!
!
Q/"+"6:!&+(,"%&!(/,%1+6J%/!"/!+$%!'+-8J*6/!51-(;!%I;:-1%,!+$%!&-:0-:2&"&!1%68+"-/!(&"/5!

,"33%1%/+!-I25%/!)6&%,!/(8:%-;$":%&F5FG!!A!16/5%!-3!6:8-$-:&!D%1%!"/0%&+"56+%,!6/,!"+!

D6&! 3-(/, G! 6/! 68",! 86+6:2&+! D6&! 1%H("1%,! +-! 368":"+6+%! -;%/"/5! -3! +$%! %;-I",%!JMW!

C3*89%!JOG!C#'4.!JEF!91%0"-(&!&+(,"%&!)2!'+%J1-06!,)#%;:!$60%!"/,"86+%,!+$6+!_%D"&!68",&!

O OH OH

XR

OH

XR

B
A

Polymers Polymers

129 142 148 149



! ><M!

(&(6::2!,"&;:62!$"5$!&%:%8+"0"+2!"/!360-(1!-3!86*;$-:%/"8!6:,%$2,%!CJOQEG!D$":%!"/!+$%!

;1%&%/8%! -3! W1•/&+%,! 68",&G! 061"-(&! 6*-(/+&! -3!)/%'9B8610%-:! CJONE! 6/,! -+$%1!

6%/%B*%/+$%/"8!8-*;-(/,&!61%!6:&-! ;1-,(8%,F5F>!A!16/5%!-3!68",&!D%1%!&81%%/%,G!

D"+$!+$%!3-8(&!-/!W1•/&+%,!68",&!"/!-1,%1!+-!60-",!+$%!3-1*6+"-/!-3!JOQ!C3*89%!JOEF!!A::!

1%68+"-/&!D%1%!*-/"+-1%,!)2!5S!4LR!6/6:2&"&!6/,!D%1%!D-1J%,!(;!D$%/!+$%!&+61+"/5!

*6+%1"6:!$6,!)%%/!3(::2!8-/&(*%,!-1!+$%1%!D6&!/-!3(1+$%1!8-/&(*;+"-/!-3!&+61+"/5!

*6+%1"6:! -)&%10%,F!Q/!%68$!86&%!+$%!6:8-$-:!D6&! (&%,!6&! )-+$!+$%!&-:0%/+!6/,!+$%!

1%68+6/+F!

!

;#<=*+,/ . Acid screen for the synthesis of ,74  and ,57   

!

!

C#'4.. ! 6!
;/(1!

/*'*9.&' !
; /(1!\L+9g[ ! 3(L%!\,[! f(%91!\g[!

J! T+! 4-!86+6:2&+! 4fA! O?! =!

M! T+! S4'Y I ! =F>N! >! O!

O! T+! #P4T5F@! ><! <! <=!

Q! T+! 9#'A! =F>N! <! M<!

SW! L%! 4-!86+6:2&+! 4fA! N! <=!

T! L%! S4'Y I ! =F>N! <! O!

N! L%! #P4T! ><! <! >>!

P! L%! 9#'A! =F>N! <! Mc!

W! L%! P'A! =F<N! <! Mb!

!!!!!!!!!!!!!%N88!:#%0-1*&,!3#:#!0%::1#H!*Q-!S9!",!X++%!/-*88!S'#%0-1*&!0%::1#H!*Q-!1&!%!F>]F>!+1M-Q:#!!!!!!!!!!!!!!!!

!!!!!!!!!!!*;!+#-)%&*8!%&H!3%-#:!

 

O
OH

O

129

R-OH

Acid Catalyst R

150  R = Et
  145  R = Me



! ><O!

Q/"+"6::2G! +$%! 1%68+"-/! -3!! B;"/%/%! -I",%! CJMWE! 6/,! %+$6/-:! (&"/5! &(:3(1"8! 68",! 6&! 6!

86+6:2&+!D6&!"/0%&+"56+%,!C3*89%!JOG!C#'4.!MEF!'(:3(1"8!68",!D6&!8$-&%/!)%86(&%!"+!"&!6!

&+1-/5!W1•/&+%,!68",!C;^6!BMF=EF5FU!#$%&%!8-/,"+"-/&!2"%:,%,!6!$"5$!;%18%/+65%!-3!&",%!

;1-,(8+&G!;1%,-*"/6/+:2!JOQ!6/,! JONG!6/,!6!:-D!2"%:,!COKE!-3!+$%!,%&"1%,!;1-,(8+!JSUF!!

#%+16826/-%+$2:%/%!C#P4TE!"&!6!*":,!…B68",!86+6:2&+!6/,!D6&!&+(,"%,!6&!"+!$6&!;1-0%,!

+-!)%!&(88%&&3(:!"/!+$%!1"/5!-;%/"/5!-3!%;-I",%&G!"/8:(,"/5!JMWG!"/!+$%!:"+%16+(1%F5F@!

#P4T!560%!6!&()&+6/+"6::2!"*;1-0%,!2"%:,!-3!<=K!C3*89%!M^!C#'4.!OEF!Q3!+$"&!1%68+"-/!D6&!

+-!)%!6;;:"%,!3-1!+$%!&2/+$%&"&!-3!6!&(&+6"/6):%!*-/-*%1!6!$"5$%1!2"%:,!D6&!,%&"16):%G!

31-*!+$%!;%1&;%8+"0%!-3!51%%/!8$%*"&+12!*%+1"8&!6/,!3-1!:615%!&86:%!;-:2*%1"&6+"-/&F!!

#

6%/%B#-:(%/%&(:3-/"8!68",!C6B#'AE!D6&!8$-&%/!6&!"+!"&!6!W1•/&+%,!68",!D"+$!6!$"5$%1!;^6!

+$6/!&(:3(1"8!68",F!.&"/5!+$%!D%6J%1!68",!560%!6!8-/&",%16):2!$"5$%1!2"%:,!+$6/!6/2!-3!

+$%!-+$%1!6++%*;+&!C3*89%!JÔ!C#'4.!QEF!Q/"+"6:!&+(,"%&!(&%,!%+$6/-:!6&!+$%!/(8:%-;$":%G!

+$%!1%68+"-/! -3!! B;"/%/%!-I",%!CJMWE!6/,!*%+$6/-:!D%1%!&()&%H(%/+:2!%I;:-1%,!+-!

8-/3"1*!+$%!1%&(:+&!D%1%!1%;1-,(8"):%!(&"/5!6!,"33%1%/+!6:8-$-:!C3*89%!JOG!C#'4(%&!SGWEF!

#$%!&6*%!68",&!D%1%!(&%,!+-!"/0%&+"56+%!+$%!&2/+$%&"&!-3!JQS!(&"/5!*%+$6/-:F!'"*":61!

+1%/,&!D%1%!-)&%10%,!3-1!+$%!1%68+"-/!D"+$!)-+$!%+$6/-:!6/,!*%+$6/-:G!&(:3(1"8!68",!

;1-,(8"/5!+$%!:-D%&+!2"%:,!-3!JQS!6/,! 6B#'A!5"0"/5!+$%!$"5$%&+F!!P6*;$-1!&(:3-/"8!68",!

CP'AE!D6&!6:&-!"/0%&+"56+%,!3-1!8-*;61"&-/!+-!6B#'A!C3*89%!JOG!C#'4.!WE!6/,!+$"&!560%!

8-*;616):%!2"%:,&!+-!6B#'AF!#$%!1%&(:+&!&$-D!+$6+!1%6&-/6):%!2"%:,&!-3!<%:#McK!86/!)%!

68$"%0%,!(&"/5!)-+$!*%+$6/-:!6/,!%+$6/-:F!!

!

#$%! $"5$%&+! 2"%:,&! D%1%! -)+6"/%,! (&"/5! %"+$%1!6B#'A! -1! P'A! C3*89%!

JOG!C#'4(%&!QG!P!6/, !WEG! 6/,! +$%1%3-1%! &()&%H(%/+! 1%68+"-/&! D%1%! +$%/! 8611"%,! -(+!

(&"/5!P'A!-1!6B#'A!6&!6!86+6:2&+F!#$%!$"5$%&+!2"%:,"/5!8-/,"+"-/&!D%1%!+$%/!(&%,!+-!

&2/+$%&"&%!*-:%8(:%&!D$"8$!61%!1%:%06/+!+-!;-:2*%1"&6+"-/&!&+(,"%&!C3*89%!JQEF!Y/%!

%I6*;:%! D6&! ;1-;-&%,! +-! )%!5:28-:"8! 68",! CJSJEt! +$%! ;1-,(8+! D-(:,! )%! 6! +%1;%/%!

,%1"0%,!*-/-*%1G!JSMG!D$"8$!86/!(/,%15-!;-:2*%1"&6+"-/!+-!3-1*!JSQ!C-/,%L%!QNEF!!!

!

!



! ><c!

!
!

-/,%L%!QN]!R:*7*,#H!,9&-)#,1,!*;!7*89+#:,!;:*+! ! <71&#&#!*M1H#=JMW?!

!

!
V-::-D"/5!+$%!;1%0"-(&!-;+"*"&6+"-/!-3!+$%!&2/+$%&"&!-3!JQS!6/,! JSU!"+!D6&!,%8",%,!+-!

6++%*;+!+-!+16;!+$%!861)%/"(*!"-/!JQM!D"+$!-I25%/!)6&%,!/(8:%-;$":%&!D$"8$!8-(:,!

;1-,(8%!*-/-*%1&!&("+6):%!3-1!;-:2*%1"&6+"-/!C-/,%L%!QNEF!!

!

!

!
+

012*3*+59: Synthesis of α-pinene oxide (,-: ) from α-pinene (,, ) 

!

hB9"/%/%!-I",%!CJMWE!D6&!688%&&%,!+$1-(5$!6/!%;-I",6+"-/! -3!hB;"/%/%!CJJE!(&"/5!

$,)%B8$:-1-;%1-I2)%/X-"8!68",!C$ P9WAEG!D$"8$!;1-8%%,%,!&*--+$:2!"/!6!H(6/+"+6+"0%!

2"%:,F!!

!

T+$2:%/%!5:28-:!D6&!8$-&%/!6&!6!&()&+16+%!+-!"/0%&+"56+%!6&!"+!D-(:,! ;1-,(8%!6!,"-:!

D"+$!6! ;1"*612!6/,!6!&%8-/,612!6:8-$-:!JUPG!D$"8$!D-(:,! )%!6):%!+-!8-;-:2*%1"&%!

D"+$! 6/-+$%1! )"3(/8+"-/6:! *-:%8(:%F! A++68$*%/+! -3! 6! 861)-I2:"8! 68",!6/,! 6/! %&+%1!

*-"%+2! D6&! 6:&-! 6++%*;+%,G! 6&! +$"&! D-(:,! ;1-,(8%! 6! *-:%8(:%!D$"8$! "&! 6):%! +-!

$-*-;-:2*%1"&%F!A&! 5:28-:"8! 68",! CPTE!"&! 6! &-:",! 6/,! *%+$2:! 5:28-:6+%! CPNE! "&! *-1%!

OH

O
O

O

R

O

129

O

O
HO R

O

O
O

O
n

154 152 R = H 
 153 R = Me

 151 R = H 
 117 R = Me

O
mCPBA (1.02 eq.)
NaHCO3 (1.3 eq.)

CH2Cl2, 0 oC - r.t. 1.5 h

Quantitative

11 129



! ><N!

%I;%/&"0%!+$6/!%+$2:%/%!5:28-:!+$%!1%68+"-/&!D%1%!8611"%,!-(+!"/!6!&-:0%/+G!)>)(+6/-:!

D6&!8$-&%/!6&!"+!"&!6!;-:61G!/-/B/(8:%-;$":"8!&-:0%/+F!

!

;#<=*+,5 . Reactions of alcohols with α-pinene oxide (,-: ) using previously optimised conditions 

!

C#'4.! ?K/9%+5,(9%!
;/(1!

=*'*9.&'!
;/(1!

\L+9g[ !
3(L%!
\,[ !

f(%91!
\g[ !

:4+1K/' !

J.XW! T+$2:%/%!
\:28-: !

9#'A! =F>N! >N! MN! JSS!

M.XW! T+$2:%/%!
\:28-: !

P'A! =F<N! >N! M?! JSS!

O. ! \:28-:"8!A8",! 9#'A! =F>N! <! <! JSM!

Q. ! \:28-:"8!A8",! P'A! =F<N! >N! O!C<NEA! JSM!

S! \:28-:"8!68",! P'A! =F<N! >N! b! JSM!

T. ! L%+$2:!
\:28-:6+%!

9#'A! =F>N! >N! N! JSO!

N. ! L%+$2:!
\:28-:6+%!

P'A! =F<N! O?! b! JSO!

P!
L%+$2:!

\:28-:6+%!
P'A! =F<N! c!,62&! =! JSO!

61%68+"-/!8611"%,!-(+!)2!L&!T**6!'+-::F!) R%68+"-/!D6&!8611"%,!-(+!/%6+G!"/!6/!%I8%&&!-3!1%65%/+!
P](6/+"+6+"0%!2"%:,!C>S!4LR!&;%8+1-&8-;2E!

!

T+$2:%/%!5:28-:!D6&!(&%,!&(88%&&3(::2!6&!6!/(8:%-;$":%!(/,%1!8-/,"+"-/&!%&+6):"&$%,!

;1%0"-(&:2!\3*89%!JQG!C#'4(%&!J!6/, !ME!+-!5"0%!JSS!"/!6!M?K!2"%:,F!6B#'A!6/,!P'A!560%!

+$%!)%&+!2"%:,&!;1%0"-(&:2!6/,!+$%&%!D%1%!8$-&%/!3-1!+$%!&2/+$%&"&!-3!JSSG!+$%!2"%:,&!

-)+6"/%,!61%!/-+!&"5/"3"86/+:2!,"33%1%/+!&"5/"32"/5!%"+$%1!86/!)%!(&%,!+-!86+6:2&%!+$"&!

1%68+"-/!&(88%&&3(::2F!!

!

O
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R-OH, Acid

!BuOH, r.t.



! ><b!

#$%! &2/+$%&"&! -3!JSM!6/,! JSO!C3*89%!JQG!C#'4(%&! OBPE! D%1%! /-+! 6&! $"5$! 2"%:,"/5! 6&!

;1%0"-(&! 1%68+"-/&! (&"/5! +$%! &6*%! 8-/,"+"-/&F! Q+! D6&! ;1-;-&%,! +$6+! 1%68+"/5! D"+$!

5:28-:"8!68",!CJSJE!C3*89%!JQG!C#'4(%&!OBSE!560%!6!:-D!"&-:6+%,!2"%:,!,(%!+-!;1-):%*&!

D"+$!+$%!;(1"3"86+"-/F!A/!5S!4LR!2"%:,!D6&!86:8(:6+%,!(&"/5!+$%!81(,%!*"I+(1%!"/!-1,%1!

+-!"/0%&+"56+%!D$%+$%1!+$%!1%68+"-/!"+&%:3!D6&!:-D!2"%:,"/5!-1!+$%!;1-):%*!D6&!D"+$!

+$%!;(1"3"86+"-/! C3*89%!JQG!C#'4.! QEF!5S! 4LR! 6/6:2&"&! D"+$! ;216X"/%! 6&! 6/! "/+%1/6:!

&+6/,61,!"/,"86+%,!+$6+!+$%!5S!4LR!2"%:,!-3!+$%!1%68+"-/!D6&!<NKF!#$"&!"&!&()&+6/+"6::2!

$"5$%1! +$6/! +$%! "&-:6+%,! 2"%:,! COKE! 63+%1! &":"86! 5%:! 8$1-*6+-516;$2G! "/,"86+"/5!

;(1"3"86+"-/!"&!/-+!%33"8"%/+F!#$1-(5$-(+!+$"&!1%&%618$!+$%!;(1"3"86+"-/!-3!+$%!8-*;:%I!

*"I+(1%&!-3!6!16/5%!-3!+%1;%/-",! ;1-,(8+&!;1-0%,!8$6::%/5"/5! ,(%!+-!+$%!&"*":61!R;!

06:(%&!-3!*6/2!-3!+$%!;1-,(8+&F!#$%1%!$6&!)%%/!&"5/"3"86/+!&%;616+"-/!6/,!"&-:6+"-/!

,"33"8(:+"%&! +$1-(5$-(+! +$"&! 1%&%618$! 6/,! +$"&! $6&! 1%&(:+%,! "/! +$%! 8-/&",%16):%!

8-*;:"86+"-/&! "/! ,%+%1*"/"/5! 2"%:,&! 6/,! ,16D"/5! 8-/8:(&"-/&! 31-*! *6/2! -3! +$%&%!

1%68+"-/&F!!

!

R%68+"-/&!D"+$!!*%+$2:!5:28-:6+%!CJJNE!C3*89%!JQG!C#'4(%&!TBP[!%&;%8"6::2!&(33%1%,!31-*!

:-D!2"%:,&G!;-+%/+"6::2!,(%!+-!+$%!1%68+"-/!/-+!5-"/5!+-!8-*;:%+%"-/G!5S!4LR!6/6:2&"&!

&$-D%,!1%*6"/"/5!&+61+"/5!*6+%1"6:!,%&;"+%!1(//"/5!3-1!c!,62&!C3*89%!JQG!C#'4.!PEF!7(%!

+-!+$"&!,"&81%;6/82!"/!2"%:,&!)%+D%%/!+$%!,"33%1%/+!/(8:%-;$":%&!"+!D6&!/%8%&&612!+-!

3(1+$%1!"/0%&+"56+%!+$%&%!1%68+"-/&F!

!

#$%!%33%8+!-3!&-:0%/+!-/!+$%!68",!86+6:2&%,!"&-*%1"&6+"-/!-3!JMW!$6&!;1%0"-(&:2!)%%/!

%&+6):"&$%,!"/!+$%!:"+%16+(1%!6/,!D6&!3(1+$%1!"/0%&+"56+%,!C3*89%!JSEF5FI!#$%!&-:0%/+!

;-:61"+2! "&! %&&%/+"6:! "/! "/3:(%/8"/5! D$%+$%1! 86*;$-:%/"8! 6:,%$2,%! CJOQE! -1! )/%'9B

8610%-:!CJONE!"&!;1-,(8%,F!6%/%>L%/+$%/%!+2;%!&+1(8+(1%&!61%!3-1*%,!"/!)6&"8G!;-:61!

&-:0%/+&!&(8$!6&!7LVG!$-D%0%1!JOQ!3-1*6+"-/!-88(1&!"/!/-/;-:61!&-:0%/+&G!&(8$!6&!

828:-$%I6/%F5I>.5IU.5F5!

!

!

!



! ><?!

;#<=*+,7 . Investigation of the effect of solvent on the isomerisation of a-pinene oxide (,-: ) under 
acidic conditions. 

!

!

!

C#'4.! -+9$%#'! 3(L%! JOQ!\g[ . ! JON!\g[ . ! JOW!\g[ . ! 3+'*9!\g[. ! #5E>!

M! )BW(+6/-: ! M!,62&! M>! >O! >>! cN! ><Fc!

J! P$:-1-3-1* ! M!,62&! <O! ?! >N! O?! OF?>!

O! T+$2:!68%+6+%! M!,62&! M?! >N! <<! bN! NF=<!

Q! #-:(%/%! M!,62&! MM! >N! <>! b>! <FM?!

S! S%I6/%! M!,62&! <M! j ! >>! OM! >Fj<!

T! P$:-1-3-1* ! MM!$! M>! b! <M! cN! !

N! )BW(+6/-: ! ?!$! <c! >O! >! Oc! !
%!c1#8H,!3#:#!H#-#:+1&#H!S9!5!6!\"'!%&%89,1,!*;!-)#!Q&7Q:1;1#H!:#%0-1*&!+1M-Q:#.!Q,1&$!79:%d1&#!%,!%&!
1&-#:&%8!,-%&H%:H2!
!

#$%!68",!86+6:2&%,!"&-*%1"&6+"-/!-3!hB;"/%/%!-I",%!CJMWE!"/!6!061"%+2!-3!&-:0%/+&!D6&!

"/0%&+"56+%,F!961+"8(:61!6++%/+"-/!D6&!;6",!+-!+$%!H(6/+"+2!-3!68",!86+6:2&+!/%%,%,!3-1!

JMW!+-!)%!8-*;:%+%:2!8-/&(*%,!C3*89%!JSG!C#'4(%&!JBSEF!

!

=F<N!*-:K!-3!P'A!D6&!6,,%,!+-!JMW!"/!6!061"%+2!-3!&-:0%/+&G!8$-&%/!3-1!+$%"1!0612"/5!

;-:61"+"%&F!A3+%1!M!$-(1&!5S!4LR!6/6:2&"&!&$-D%,!&+61+"/5!*6+%1"6:!D6&!&+"::!;1%&%/+!

6/, !+$%!1%68+"-/&!D%1%!6::-D%,!+-!&+"1!3-1!6!3(1+$%1!M!$-(1&F!5S!4LR!6/6:2&"&!D6&!

1%;%6+%,! +-! "/0%&+"56+%! D$%+$%1! +$%! 16+"-! -3! &+61+"/5! *6+%1"6:! +-! ;1-,(8+&! $6,!

8$6/5%,G!"+!$6,! /-+!"/!%68$!86&%!6/,!+$%1%3-1%!6/-+$%1!;-1+"-/! -3!68",!D6&!6,,%,!

C>FM!*-:KEF!#$%!1%68+"-/&!D%1%!656"/!*-/"+-1%,!)2!5S!4LR!6/6:2&"&G!6!1%,(8+"-/!"/!

+$%!6*-(/+! -3!&+61+"/5! *6+%1"6:G!JMWG!D6&! -)&%10%,F!P-/+"/(-(&! *-/"+-1"/5! )2!5S!

4LR!6/6:2&"&!D6&!/%8%&&612!+-!",%/+"32!D$%/!+$%1%!D6&!/-!3(1+$%1!8$6/5%!"/!+$%!16+"-&!

-3!&+61+"/5!*6+%1"6:&!+-!;1-,(8+F!A+!+$"&!;-"/+!6,,"+"-/6:!P'A!D6&!6,,%,!C?Fc!*-:KE!

6/,! 656"/! *-/"+-1%,! )2! 5S! 4LR! 6/6:2&"&F! #$%! 6*-(/+! -3! 68",! 8-/+"/(%,! +-! )%!

O
CSA, (20 mol%) O

O
OH

134 137 139

3 days, r.t

129

+ +



! ><j !

"/81%6&%,!516,(6::2!6/,!+$%!1%68+"-/!D6&!*-/"+-1%,!(&"/5!5S!4LR!&;%8+1-&8-;2G!(/+":!

+$%1%!D6&!/-!&+61+"/5!*6+%1"6:!1%*6"/"/5F!#$%!+-+6:!6*-(/+!-3!68",!6,,%,!+-!-)&%10%!

8-*;:%+%! 8-/0%1&"-/! D6&! <=! *-:KF! #$%! &-:0%/+! D6&! +$%/! 1%*-0%,! 6/,! +$%! 81(,%!

1%&",(%!6/6:2&%,!)2!5S!4LR!(&"/5!;216X"/%!6&!6/!"/+%1/6:!&+6/,61,!+-!86:8(:6+%!+$%!

2"%:,&!-3!JOQG!JON!6/,! JOWF!!

!

#$%!1%68+"-/&!8611"%,!-(+!"/!8$:-1-3-1*!6/,! )B)(+6/-:!D%1%!1%;%6+%,!3-1!&$-1+%1!+"*%!

;%1"-,&!+-!&%%!"3!+$"&!D-(:,!"/81%6&%!+$%!6*-(/+!-3!JON!;1-,(8%,!D"+$!1%&;%8+!+-!+$%!

)2B;1-,(8+&!C3*89%!JSG!C#'4(%&!T!6/,! N[F!S-D%0%1! /-!&"5/"3"86/+! "*;1-0%*%/+!D6&!

-)&%10%,F!!

!

#$%!2"%:,&!-3#)/%'9B8610%-:!CJONEG!;"/-:!CJONE!6/,!86*;$-:%/"8!6:,%$2,%!CJOQE!D%1%!

H(6/+"3"%,!(&"/5!+$%!;%6J&!"/!+$%!5S!4LR!&;%8+16!CH()K4%!OOEF!JON!D6&!H(6/+"3"%,!(&"/5!

"+&! +D-! +%1*"/6:! 0"/2:"8! ;1-+-/&! 6+! OFbO! ;;*! 6/,! +$%! 0"/2:"8! ;1-+-/! 6+! cFNM! ;;*F!

P6*;$-:%/"8!6:,%$2,%!CJOQE!D6&!H(6/+"3"%,!+0%!"+&!0"/2:"8!;1-+-/!6+!cF<c!;;*F!9"/-:!

CJOWE!D6&!H(6/+"3"%,!+0%!+$%!0"/2:"8! ;1-+-/!6+!cF>M!;;* G!+$%!;1-+-/!5%*"/6:!+-!+$%!

%+$%1!1"/5!6+!MFN<!;;*!6/,!+$%!;1-+-/!6+!MF=M!;;*F!

!

!

&'()"*+// . An example 1H NMR spectra showing the peaks used to determine the yields of ,/8 , ,/5  
and ,/:  

!

OH

O

O



! >M=!

#$%!&-:0%/+!8$-"8%!&%%*%,!+-!"/3:(%/8%!+$%!;1-,(8+! ,"&+1")(+"-/!6/,!6:&-!+$%!+-+6:!

81(,%! *6&&G! $-D%0%1! +$%1%! D6&! /-+! 6/! -)0"-(&! +1%/,! )%+D%%/! +$%! ;1-,(8+!

,"&+1")(+"-/&!6/,!+$%!,"%:%8+1"8!8-/&+6/+&!-3!+$%!&-:0%/+&F!V-8(&"/5!-/!+$%!81(,%!2"%:,!

-3!+$%!*6e-1!;1-,(8+&G!%+$2:!68%+6+%!6/,!+-:(%/%!560%!+$%!$"5$%&+!06:(%&G!bNK!6/,!

b>K!1%&;%8+"0%:2!C3*89%!JŜ !C#'4(%&!O!6/, !QEF!!!

!

Q+!"&!$2;-+$%&"&%,!"/!+$%!:"+%16+(1%!+$6+!+$%!,"33%1"/5!_%D"&!)6&"8"+%&!-3!+$%!&-:0%/+&!

:%6,&! +-! 0612"/5! 6)":"+"%&! +-! &+6)":"&%! +$%! 861)%/"(*! "-/&! 3-1*%,! "/! +$%! +16/&"+"-/!

&+6+%&F5FI.5F4!Q+! "&! ;1-;-&%,!+$6+!JOW!"&!3-1*%,!31-*!+$%! ,%$2,16+"-/! -3!<09B8610%-:!

CJOPEF5FE!T;"*%1"&6+"-/!-3!JOT!+-!JOP!"&!&:-D!C+01,#946/%HG!6/,!+$%1%3-1%!JOW!"&!-/:2!

3-1*%,!D$%/!+$%!1%68+"-/!D6&!:%3+!3-1!6!:-/5!+"*%!"/!8%1+6"/!&-:0%/+&F!!!

!

A3+%1!"/0%&+"56+"-/! -3!+$%!68",!86+6:2&%,!"&-*%1"&6+"-/! -3!hB;"/%/%!-I",%!CJMWE!"/!6!

061"%+2!-3!&-:0%/+&!D"+$!/-!/(8:%-;$":"8!&;%8"%&F!!Q+!D6&!,%8",%,!+-!1%;%6+!+$%!&2/+$%&"&!

-3!JSO!"/!6/!6&&-1+*%/+!-3!&-:0%/+&!C3*89%!JTEF!7(%!+-!+$%!$"5$%&+!2"%:,!-3!JSO!-)+6"/%,!

D$%/!+$%!1%68+"-/!D6&!8611"%,!-(+!"/!+-:(%/%G!+$%!&2/+$%&"&!-3!JSO!D6&!6++%*;+%,!

656"/! (&"/5!+-:(%/%!6&!+$%!&-:0%/+!C3*89%!JTG!C#'4.! JEF!91-,(8+&!JOQ!6/,! JON!D%1%!

,%+%8+%,! )2!5S!4LR!6/6:2&"&! -3!+$%!1%68+"-/! *"I+(1%!6/,!+$%!*6&&! -3!+$%! ,%&"1%,!

;1-,(8+! JSO!D6&!,%+%8+%,!)2!SRL'!6/6:2&"&!C*fX!p!<NcF>O>jEG!$-D%0%1!/-/%!-3!JSO!

D6&!"&-:6+%,F!

!

!

!

!

!

!



! >M>!

;#<=*+,6 : Investigation into acid concentration and solvent effects on the formation of ,7/  

!

!

C#'4.! 3(L%! :4+1K/'&! -+9$%#'! ;/(1!\L+9 g[ !
;9/+,+9!

\%eI[!

J! @!)! JON![! JOQ! ( *8Q#&#! C>! 5!

M! 4I!) ! JON![! JOQ! O"P! C>! 5!

O! 5!)! \YN! N0#-*&#! 4>! 5!

Q. ! 52F!)! JOQ![! JST![! JSN![! JSP! "#-)98!b 890*8%-#! >24! 4>!

S. ! 5!)! JOQ![! JST![! JSN![! JSP! "#-)98!b 890*8%-#! >24! 4>!

!%:#%0-1*&!3%,!7#:;*:+#H!&#%-2!

!

Q/!<==OG!L-+$%1D%::!,)#%;:#1%;-1+%,!+$6+!7LV!D6&!6):%!+-!&+6)":"&%!+$%!3-1*6+"-/!-3!

+$%!6%/%B*%/+$%/%!+%1+"612!861)%/"(*!"-/!JQMF!Q+!D6&!+$%1%3-1%!$2;-+$%&"&%,!+$6+!

+$"&!*"5$+!)%!6,06/+65%-(&!3-1!+$%!3-1*6+"-/!-3!+$%!,%&"1%,!;1-,(8+!JSOG!+$(&!+$%!

1%68+"-/!D6&!8611"%,!-(+!"/!7LV!C3*89%!JTG!C#'4.!MEF!5S!4LR!6/6:2&"&!-3!+$%!1%68+"-/!

*"I+(1%! ;1-0%,! 8$6::%/5"/5!,(%! +-! +$%! $"5$! )-":"/5! ;-"/+! -3! 7LV! 6/,! +$%! &+61+"/5!

*6+%1"6:d&!&%/&"+"0"+2!+-!D6+%1F!#$%!1%68+"-/!D6&!+$%1%3-1%!D-1J%,!(;!63+%1!<O!$-(1&G!

+-!5"0%!6!81(,%!*"I+(1%!-3!;1-,(8+&!"/!6!M<K!2"%:,F!#$%!81(,%!1%&",(%!D6&!;(1"3"%,!)2!

8-:(*/! 8$1-*6+-516;$2! -/! &":"86! 5%:G! +-! 2"%:,!JOQ!6/,! JON!$-D%0%1! +$%! ,%&"1%,!

;1-,(8+! JSO! D6&! /-+!"&-:6+%,F!#$%! 1%68+"-/! D6&! 6++%*;+%,! "/! 68%+-/%! C3*89%!

O

62

HO
O

O

+

117

O
O

O

OH

153
CSA, r.t.

OH

137

O

134

OMe

O
OMe

O

O OMe

O

OMe

O

O
OMe

O

OMe

O

156 157 158



! >M<!

JTG!C#'4.!OEG! 6/6:2&"&! (&"/5! #_P! "/,"86+%,! 6! 8-*;:"86+%,! *"I+(1%! -3! ;1-,(8+&! 6/,!

6++%*;+&!6+!;(1"3"86+"-/!D6&!/-+!6++%*;+%,F!!

!

#$%!$"5$%&+!2"%:,&!-3!;1%0"-(&!1%68+"-/&!$60%!)%%/!68$"%0%,!D$%/!+$%!1%65%/+!D6&!

(&%,!6&!+$%!&-:0%/+F!#$%&%!8-/,"+"-/&!D%1%!6;;:"%,!+-!+$%!&2/+$%&"&! -3!JSO!C3*89%!

JT̂ !C#'4(%&!Q!6/, !SEF!#$%!1%68+"-/!D6&!*-/"+-1%,!)2!5S!4LR!6/6:2&"&!6/,!D6&!8-*;:%+%!

D"+$"/!-/%!$-(1F!7(%!+-!+$%!$"5$!)-":"/5!;-"/+!-3!*%+$2:!5:28-:6+%!CJJNE!+$%!1%68+"-/!

*"I+(1%!D6&!:-6,%,!,"1%8+:2!-/+-!&":"86!3-1!;(1"3"86+"-/!(&"/5!&":"86!5%:!8$1-*6+-516;$2F!

#$%! ;(1"3"86+"-/! -3! +$%! 81(,%! *"I+(1%! 2"%:,%,! 3168+"-/&! D$"8$! D%1%! *6,%! (;! -3! 6!

/(*)%1!-3!;1-,(8+&G!$-D%0%1!8:%6/!&6*;:%&!-3!JSNG!JSP!6/,! JOQ!D%1%!8-::%8+%,F!5S!

4LR!6/6:2&"&!-3!+$%!;(1"3"%,!8-*;-(/,&!1%&(:+%,!"/!+$%!8-/8:(&"-/!+$6+!JSTG!JSNG!JSP!

6/, G! JOQ! D%1%! 3-1*%,F! SRL'! 6/6:2&"&! -3! +$%! 81(,%! *"I+(1%! ;1"-1! +-! ;(1"3"86+"-/!

"/,"86+%,!+$6+!+$%!;1-,(8+!$6,!)%%/!3-1*%,!C*fX!p!<NcF>O>?E!,%&;"+%!+$"&!JSO!D6&!

/-+!"&-:6+%,F!

! !

Q/!8-/8:(&"-/G!+$%!&-:0-:2&"&!-3!hB;"/%/%!-I",%!CJMWE!;1-,(8%&!6!8-*;:"86+%,!*"I+(1%!

-3!;1-,(8+&!&(55%&+"/5!+$%!"/0-:0%*%/+!-3!&%0%16:!1%68+"0%!861)%/"(*!"/+%1*%,"6+%&G!

*6J"/5!+$%!1%68+"-/!"+&%:3!%I+1%*%:2!8$6::%/5"/5!+-!&+(,2F!#$%!&-:0-:2&"&!1%68+"-/!$6&!

)%%/!-;+"*"&%,!3-1!6!16/5%!-3!6:8-$-:!)6&%,!/(8:%-;$":%&!6/,!+$%!1%&(:+"/5!;1-,(8+!

,"&+1")(+"-/!%I+%/&"0%:2!&+(,"%,F!#D-!;-+%/+"6:!/-0%:!+%1;%/%!)6&%,!*-/-*%1&!JSM!

6/,! JSS!$60%!)%%/!&2/+$%&"&%,!"/!1%6&-/6):%!2"%:,&!C>>K!6/,!M?K!1%&;%8+"0%:2E!6/,!

63+%1!&86:%!(;!8-(:,!)%!(&%,!3-1!&2/+$%&"&!-3!/-0%:G!1%/%D6):%!;-:2%&+%1&F!#$%!*6&&!

1%8-0%12!31-*!1%68+"-/&!"&!-3+%/!:-D%1!+$6/!N=K!6/,!+$%1%!61%!,"&81%;6/8"%&!)%+D%%/!

5S!4LR!2"%:,&!6/,!"&-:6+%,!2"%:,&!-)+6"/%,!63+%1!;(1"3"86+"-/G!+$%1%3-1%!"+!D6&!,%8",%,!

/-+!+-!+6J%!+$%&%!*-/-*%1&!3-1D61,!3-1!;-:2*%1"&6+"-/!&+(,"%&F!

!

OIJIMI!@5'(L(&*'(+#!+2!',%!-.#',%&(&!+2!!"#$%G-+84%4+9!\JOT[!2+4!=+5+9.L%4(&*'(+#!
!
Y/%!-3!+$%!8-**-/! ;1-,(8+&!31-*!+$%!$2,1-:2&"&!-3!hB;"/%/%!-I",%!CJMWE!"&!)/%'9B

&-)1%1-:!CJOTEF!#$"&!,"-:!D6&!$2;-+$%&"&%,!+-!68+!6&!6!8-B*-/-*%1!3-1!+$%!&2/+$%&"&!-3!

;-:2%&+%1&F!)/%'9B'-)1%1-:!CJOTE!$6&!)%%/!;1%0"-(&:2!&2/+$%&"&%,!"/!+$%!:"+%16+(1%!)2!

a(! ,)# %;:#6/,! +$%&%! 8-/,"+"-/&! D%1%! &%:%8+%,! 6&! 6! &+61+"/5! ;-"/+! 3-1! 3(+(1%!



! >MM!

"/0%&+"56+"-/&! C3*89%!JNG!C#'4.! JEF! #$%! 1%68+"-/! "&! 8611"%,! -(+! )2! &"*;:2! *"I"/5!hB

;"/%/%! -I", %! CJMWE!"/! D6+%1F! #$%! D6+%1! 68+&! 6&! +$%! /(8:%-;$":%G! 86+6:2&+G! 6/,! +$%!

&-:0%/+F!.&"/5!+$%&%!8-/,"+"-/&G!JOT!D6&!&2/+$%&"&%,!"/!6!ObK!2"%:,F!!

!

;#<=*+,8 . Investigations into the synthesis of trans-sobrerol (,/6 ) 

!

!

!

C#'4.! =+#/%#'4*'(+#!\0 [! -/*9%!\LL+9[! 3(L%!\,[ ! f(%91!\g[!
J. ! >2>@C! 5>! I2F! IG!
MW! >2>@C! EE! I ! FF!
OA! >2>@C! U@! I ! 4G!
Q! >2>@C! 5>! 5@! C4!
S! >2>@C! 5>! 4@! CF!
T! >2>@C! 5>! FF! IU!
N! >24F! 4FC! 5@! F5!

6;(1"3"%,!+$1-(5$!8-:(*/!8$1-*6+-516;$2!) ; 6&&%,!+$1-(5$!;:(5!-3!&":"86!81%812&+6:"&6+"-/!
!
!
#$%!:"+%16+(1%!H(-+%,!6!NjK!2"%:,!3-1!+$%!&2/+$%&"&!-3!JOTG!$-D%0%1!+$%!2"%:,!8-(:,!

/-+! )%! 1%;:"86+%,! (&"/5! +$%! :"+%16+(1%! 8-/,"+"-/&F!Y;+"*"&6+"-/! 1%68+"-/&! D%1%!

8-/,(8+%,!"/!6/!6++%*;+!+-!"*;1-0%!+$%!2"%:,F!#$%!1%68+"-/!D6&!1%;%6+%,!-/!6!:615%1!

&86:%! 6/,! ,(%! +-! +$%! :615%! &86:%! +$%! ;(1"3"86+"-/! D6&! 6++%*;+%,! (&"/5! 6!

1%812&+6::"&6+"-/! "/! %+$2:!68%+6+%G! 6&! -;;-&%,! +-! 6! 8-:(*/! 8$1-*6+-516;$2!C3*89%!

JNG!C#'4.!OEF!#$"&!560%!6!:-D%1!2"%:,!+$6/!(&"/5!8-:(*/!8$1-*6+-516;$2!C<bK!+9!ObKEF!

#$%!1%68+"-/!D6&!6++%*;+%,!656"/!3-1!6!:-/5%1!;%1"-,!-3!+"*%!C>?!$E!C3*89%!JNG!C#'4.!

QE!6/,!+$%!D-1J!(;!D6&!8$6/5%,!31-*!6/! -156/"8!%I+168+"-/!+-!+$%!1%*-06:!-3!+$%!

6H(%-(&!&-:0%/+!(/,%1!1%,(8%,!;1%&&(1%!+-!:%60%!+$%!&-:",!)/%'9B&-)1%1-:!CJOTE!CM<KE!

6/,!&-*%!&",%!;1-,(8+&F!#$"&!1%&",(%!D6&!+$%/!D6&$%,!(&"/5!8-:,!,"8$:-1-*%+$6/%!+-!

2"%:,! ;(1%!JOTF! #$"&! D-1J! (;! (&%&! :%&&! -156/"8! &-:0%/+! 6/,! 6:&-! :%&&! :6)! +"*%G!

8-/&%H(%/+:2! "+! D6&! ,%8",%,! +-!(&%! +$"&! ;1-8%,(1%! 3-1! 6::! 3(+(1%!1%68+"-/&F! #$%!

,(16+"-/!-3!+$%!1%68+"-/!D6&!+$%/!"/0%&+"56+%,F!#$%!+"*%!D6&!"/81%6&%,!"/!6/! 6++%*;+!

O

OH

OH
H2O

129 136



! >MO!

+-! "/81%6&%!+$%!2"%:,!C3*89%!JNG!C#'4(%&!QBTEF!#$%!2"%:,&!&+%6,":2! "/81%6&%,!D"+$!+$%!

:%/5+$!-3!+$%!1%68+"-/!CM<K!B!OjKEF!S-D%0%1!6!:-/5!1%68+"-/!+"*%!Ccc!$E!D6&!1%H("1%,!

+-!68$"%0%!+$%!$"5$%&+!2"%:,!C3*89%!JNG!C#'4.!TEF!#$%!1%68+"-/!D6&!+$%/!;%13-1*%,!6+!6!

$"5$%1!8-/8%/+16+"-/!"/!-1,%1!+-!1%,(8%!+$%!6*-(/+!-3!D6+%1!(&%,!C3*89%!JN̂ !C#'4.!NEG!

+$%!1%68+"-/!D6&!D-1J%,!(;!63+%1!>?!$!6/,!JOT!D6&!"&-:6+%,!"/!6!c>K!2"%:,F!!

!

A:+$-(5$!"+!D6&!,%&"16):%!+-!&2/+$%&"&%!JOT!D"+$-(+!+$%!/%%,!+-!6,,!6!86+6:2&+G!+$%!

2"%:,&!68$"%0%,!D%1%!/-+!6&!$"5$!6&!+$-&%!"/!+$%!:"+%16+(1%F!Q+!D6&!+$%1%3-1%!,%8",%,!+-!
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;#<=*+,9 . Synthesis of trans-sobrerol (,/6 ) using CO2 as a catalyst 
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S! >2F! E2E! 5E! CF! CF! II !
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&'()"*+/5 : Reaction profile of the synthesis of ,/6  at 100 oC (;#<=*+,9 , A$!"B+8). The red, green and 
blue lines represent the concentrations of α-pinene oxide (,-: ), campholenic aldehyde (,/5 ), and 

trans-sobrerol (,/6 ) respectively.  
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#$%!1%68+"-/&!8611"%,!-(+!6+!+%*;%16+(1%&!-3!>==!*P!6/,!Mc!*P!D%1%!1%;%6+%,!(&"/5!

+"*%!1%&-:0%,!QR!C3*89%!TG!C#'4(%&!N!6/,! PEF!9%6J&!61"&"/5!31-*!JMWG!JOT!6/,! JOQ!D%1%!

+168J%,!(&"/5!+$%!&-3+D61%!+-!&$-D!+$%!8-/&(*;+"-/!-3!+$%!&+61+"/5!*6+%1"6:!6:-/5&",%!
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+-!"/8:(,%!6/!"/+%1/6:!&+6/,61,!"/!+$%!5S!4LR!6/6:2&"&!-3!+$%!;1-,(8+F!#$%!5S!4LR!

6/6:2&"&!"/,"86+%,!+$6+!+$%!;1-,(8+!D6&!&2/+$%&"&%,!"/!6!c>K!2"%:,G!6/,!63+%1!D6&$"/5!

+$%!;1-,(8+!D6&!"&-:6+%,!"/!6!OOK!2"%:,F!
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c!*PG!$-D%0%1!+$%!"&-:6+%,!2"%:,!,1-;;%,!&"5/"3"86/+:2!+-!<NKF!

&'()"*+/7 : reaction profile of the reaction at 35 oC. (;#<=*+,9 , A$!"B+9).  The yellow, blue  and 
brown lines represent the concentrations of α-pinene oxide (,-: ), campholenic aldehyde 

(,/5 ), and trans-sobrerol (,/6 ) respectively.  
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8$-&%/!D6&!'/C-8+E4!6&!"+!"&!J/-D/!+-!)%!6/!%33%8+"0%!86+6:2&+!3-1!+$%!;-:28-/,%/&6+"-/!
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!

!



! >Mj!

!
 

012*3*+5: : Attempted polymerisation of ,/6  and ,-6  

 

#$%! ;-:2*%1"&6+"-/! 1%68+"-/! D6&! (/&(88%&&3(:! 6/,!5S! 4LR! 6/6:2&"&! &$-D%,! +$6+!
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,%$2,16+"-/!-3!)/%'9>&-1)%1-:!CJOTE!"/!+$%!;1%&%/8%!-3!&(88"/"8!68",!CJMTEG!6/,!"&!,1"0%/!

)2!+$%!&+6)":"&6+"-/!%33%8+!-3!+$%!3-1*6+"-/!-3!+$%!61-*6+"8!1"/5!C-/,%L%!SUEF5FE!
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012*3*+74: Acid catalysed dehydration of ,/6  to form ::  
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#-!-0%18-*%!+$%!&%/&"+"0"+2!-3!JOT!+-!68","8!8-/,"+"-/&G!"+!D6&!,%8",%,!+-!(&%!&(88"/2:!

8$:-1",%!CJMQE!6&!+$%!8-B*-/-*%1F!A82:!8$:-1",%&!61%!8-**-/!8-*-/-*%1&!3-1!+$%!

&2/+$%&"&! -3! ;-:2%&+%1&! 6/,!6::-D%,! +$%! (&%! -3!6! &-:(+"-/! ;-:28-/,%/&6+"-/!

+%8$/"H(%F5EC!#$%!*%+$-,!"/0-:0%&!+$%!(&%!-3!6!>u>!&+-"8$"-*%+1"8!16+"-!-3!,"-:!+-!,"68",!

8$:-1",%! "/! 6! &("+6):%! &-:0%/+! D"+$! 6/! %I8%&&! -3! ;21","/%! +-! /%(+16:"&%! +$%! SP:!

8-/,%/&6+%G!%/&(1"/5!JOT!"&/d+!%I;-&%,!+-!68","8!8-/,"+"-/&!C-/,%L%!SJEF5EI.5C5!!
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012*3*+7, . Synthesis of tertiary alcohol capped diester ,64  
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OH

136

Cl

O

Pyridine (5 eq.)
CH2Cl2, 48 h, r.t.
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O
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O

O

O

O

160

OH

&'()"*+/6 . 1H NMR analysis of the polymerisation of ,-6  and ,/6 . Spectrum at 10 min shows the 
monomer and the spectrum after 180 min shows the formation of p-cymene (:: ) 

JU!L(#!

JPU!L(#!
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#$%!1%68+"-/!D6&!6/6:2&%,! (&"/5!5S!4LR!&;%8+1-&8-;2!D$"8$! "/,"86+%,!+$6+!)/%'9B

&-)1%1-:! CJOTE! $6,! )%%/! 8-/&(*%,F!'$"3+&! "/! +$%!5S! 4LR! D%1%! -)&%10%,G! +$%!

1%&-/6/8%! 6+! OF=O! ;;*! D6&! &$"3+%,! +-!cF<j! ;;*! "/,"86+"/5! +$%! %&+%1"3"86+"-/! D6&!

&(88%&&3(:F!Q/+%516+"-/&!"/,"86+%,!+$%!,"%&+%1!JTU!D6&!&2/+$%&"&%,G!6/,!+$"&!D6&!6:&-!

-)&%10%,!(&"/5!*6&&!&;%8+1-*%+12!6/6:2&"&!C*fX!p!OONF<cjNEF!!

Q+!D6&!$2;-+$%&"&%,!+$6+!JTU!D6&!&2/+$%&"&%,!,(%!+-!+$%!&+%1"86::2!$"/,%1%,!+%1+"612!

6:8-$-:!/-+!1%68+"/5!D"+$!+$%!682:!8$:-1",%!JMQF!A&!+$%!-+$%1!&"+%!3-1!%&+%1"3"86+"-/!"&!6!

H(6+%1/612!861)-/G!+$%!5CP!4LR!&;%8+1(*!D6&!6/6:2&%,!:--J"/5!3-1!6!8$%*"86:!&$"3+!

6+! b<Fc! ;;*F! #$%!5CP! 4LR! &$-D%,! /-! &()&+6/+"6:! &$"3+! 3-1! +$6+! 861)-/G! 6/,! +$"&!

6)&%/8%!-3!&"5/"3"86/+!&$"3+!"*;:"%,!+$6+!+$%!+%1+"612!6:8-$-:!51-(;!,",!/-+!1%68+!D"+$!

+$%!682:!8$:-1",%!JMQF!!

 
\9P !6/6:2&"&!&(55%&+%,!+$6+!+$%!;-:2*%1"&6+"-/!1%68+"-/!,",!/-+! 3-1*!$"5$!*-:%8(:61!

D%"5$+!;-:2*%1&!Cq>!J76EF!LA_7QB#YV!D6&!6:&-!(&%,!+-!6/6:2&%!+$%!;-:2*%1&!3-1*%,!

6/,!+$"&!651%%,!D"+$!+$%!$"5$%&+!*-:%8(:61!D%"5$+!&;%8"%&!)%"/5!s>!J76F!

!

)/%'9B'-)1%1-:!CJOTE!D6&!&%%*"/5:2!/-+!(&%3(:!"/!+$%!&2/+$%&"&!-3!;-:2*%1&G!6&!"+!,",/d+!

;-&&%&&!+D-!1%68+"0%!8%/+1%&!/%%,%,!3-1!&+%;!51-D+$!;-:2*%1"&6+"-/F!7%&;"+%!+$"&t!"+!

D6&! $2;-+$%&"&%,! +$6+! +$%! 6:J%/%! 3(/8+"-/6:"+2! 8-(:,! )%! 3(1+$%1! 3(/8+"-/6:"&%,! +-!

&2/+$%&"&%!6!*-:%8(:%!D$"8$!8-(:,!)%!(&%,!3-1!&+%;!51-D+$!;-:2*%1"&6+"-/F!

!

OIMI!-.#',%&(&!+2!!"#$%G-+84%4+9!1%4($%1!1(+9&!2+4!/+5+9.L%4(&*'(+#!

OIMIJI! -.#',%&(&!+2!0+#+L%4&!
!
A&! ;1%0"-(&! "/0%&+"56+"-/&! &$-D#)/%'9B'-)1%1-:! \JOT[! -/:2! ;-&&%&&%&! -/%! 1%68+"0%!

8%/+1%!+-D61,&!&+%;B51-D+$!;-:2*%1"&6+"-/!C&%8-/,612!$2,1-I2:!51-(;EG!8-/&%H(%/+:2!

"+! 8-(:,! /-+! )%! (&%,! "/! +$%! &2/+$%&"&! -3! ;-:2*%1&F! ! Q+! D6&! $2;-+$%&"&%,! +$6+! 6!

8-/0%15%/+! &+16+%52! 8-(:,! )%! %*;:-2%,G! 1%&(:+"/5! "/! +$%! &2/+$%&"&!-3! +D-! /%D!

hB;"/%/%!CJJE!,%1"0%,!*-/-*%1&!CJTJ!6/,! JTMEF!.+":"&"/5!+$%!6:J%/%!3(/8+"-/6:"+2!-3!

)/%'9B&-)1%1-:! CJOTEG! "+! D6&! $2;-+$%&"&%,! +$6+! W1-D/! $2,1-)-16+"-/! 6/,! .;e-$/!



! >O<!

,"$2,1-I2:6+"-/! 8-(:,! )%! (&%,! +-! 688%&&! +$%! v+1"-:d!JTJ! 6/,! +$%! v+%+16-:d!JTM!

1%&;%8+"0%:2!C-/,%L%!SMEF!!

!

!
012*3*+7- . Proposed synthesis of triol ,6,  and tetraol ,6-  

!

#$%! +1"-:!JTJ!6/,! +%+16-:!JTM!)-+$! 8-/+6"/! +$%! &6*%! 8-1%! &+1(8+(1%G! ;-&&%&&"/5! 6!

6>*%/+$6/%#8-1%!D"+$!6!+%1+"612!6:8-$-:!51-(;!6+!P?G!6/,!+D-!$2,1-I2:!51-(;&!-/!P<!

6/,!PN!CH()K4%!ONEF!V-1!JTM!P>!"&!3(/8+"-/6:"&%,!D"+$!6!3-(1+$!$2,1-I2:!51-(;!6/,!"/!

+$%!86&%!-3!JTJ!P>!"&!)-/,%,!+-!6!$2,1-5%/F!Q+!D6&!+$%-1"&%,!+$6+!+$%!;-:2*%1"&6+"-/!

D-(:,!;1-8%%,!+$1-(5$!+$%!+D-!$2,1-I2:!51-(;&!"/!+$%!P<!6/,!PN!;-&"+"-/&!6/,!+$%!

+%1+"612! 6:8-$-:! 51-(;&! "/! +$%! P>! 6/,! P?! ;-&"+"-/&! D-(:,! /-+! +6J%! ;61+! "/! +$%!

;-:2*%1"&6+"-/!CH()K4%!ONEF!#$%!1%&(:+"/5!;-:2*%1!D-(:,!8-/+6"/!31%%!$2,1-I2:!51-(;&!

6/,!"+!D6&!+$%-1"&%,!+$6+!+$"&!D-(:,!"/81%6&%!+$%!$2,1-;$":"8"+2!6,,"/5!+$%!;-+%/+"6:!

3-1!D6+%1!&-:()":"+2!-3!+$%!;-:2*%1F!!

!

!

! -Pinene

O

OH

OH

OH

OH

OH

OHHO

HO
HO

Upjohn 
Dihydroxylation

Brown Hydroboration 
Oxidation

trans-Sobrerol

11 129 136

161

162

[O] H2O

! -Pinene Oxide



! >OM!

6 2
1

8

OH

OHHO

161 X = H
162 X = OH

X

!

!

!

!

Q+! D6&! ,%8",%,! +-! 3"1&+! "/0%&+"56+%! +$%! &2/+$%&"&! -3! +1"-:!JTJ! (&"/5! 6! W1-D/!

$2,1-)-16+"-/!f!-I",6+"-/!&%H(%/8%!%*;:-2%,!;1%0"-(&:2!"/!+$"&!1%&%618$F!

!

Q+!D6&!$2;-+$%&"&%,!+$6+!*-/-*%1!JTJ!D-(:,!/-+!)%!&%/&"+"0%!+-!68","8!8-/,"+"-/&!,(%!

+-!+$%!6)&%/8%!-3!6!,-():%!)-/,G!*%6/"/5!+$%!,1"0"/5!3-18%!-3!+$%!3-1*6+"-/!-3!6/!

61-*6+"8!8-*;-(/,!C 6B82*%/%!CWWEE!D"::!/-!:-/5%1!)%!;1-):%*6+"8F!JTJ!8-(:,!)%!(&%,!

"/!*%:+!6/,!&-:(+"-/!;-:28-/,%/&6+"-/&!+-!3-1*!6!;-:2*%1!D"+$!6!31%%!+%1+"612!6:8-$-:!

3(/8+"-/6:"&6+"-/F!S2,1-I2:!3(/8+"-/6:"&%,!;-:2*%1&!$60%!5%/%16+%,!6!:-+!-3!"/+%1%&+!"/!

;-:2*%1!8$%*"&+12!,(%!+-!+$%"1!;-+%/+"6:!3-1!*6/2!6;;:"86+"-/&!&(8$!6&!,1(5!,%:"0%12!

&2&+%*&F5EF!

!

!

!
 

012*3*+7/ . Synthesis of triol ,6,  using a Brown hydroboration oxidation 

!

OH

OH 1. BH3
.THF (1.5 eq.)

2. NaOH (3 eq.), H2O2 (3 eq.)

THF, 3 h, 0 oC - r.t.
OH

OHHO

136 161

&'()"*+/8 . Predicted polymerisation of ,6,  and ,6-  through their two secondary alcohols 

9-:2*%1"&6+"-/!9-:2*%1"&6+"-/!

./1%68+"0%!

./1%68+"0%!



! >OO!

#$%! *-/-*%1! JTJ! D6&! &2/+$%&"&%,! (&"/5! +$%! W1-D/! $2,1-)-16+"-/! f! -I",6+"-/ !

8-/,"+"-/&! ;1%0"-(&:2! %&+6):"&$%,! 3-1! +$%! &2/+$%&"&! -3! *-/-*%1!JUQ!C-/,%L%!SOEF!

P-*;-(/,! JTJ!D6&! &(88%&&3(::2! &2/+$%&"&%,! 6/,! ;(1"3"%,!+0%!6! 1%812&+6::"&6+"-/! "/!

68%+-/"+1":%F!!

!
#$%!$2,1-)-16+"-/!f!-I",6+"-/!1%68+"-/!;1-8%%,%,!&+%1%-&%:%8+"0%:2!+-!"/8-1;-16+%!6/!

6:8-$-:!51-(;! 5%/%16+"/5! JTJ!6/,! JTJa!D"+$!6!,F1F!-3!C?cu>cE!CH()K4%!ONEF!#$%!*6e-1!

,"6&+%1%-*%1!)%"/5!JTJG!D$%1%!+$%!/%D:2!6,,%,!$2,1-I2:!3(/8+"-/6:"+2!"&!"/!6!)/%'9!

8-/3"5(16+"-/! +-! +$%! -1"5"/6:! YS! 51-(;G! &()&%H(%/+! 1%812&+6::"&6+"-/! 31-*! $-+!

68%+-/"+1":%! 2"%:,%,! +$%! *6e-1! ,"6&+%1%-*%1!JTJ! "/! 6! ccK! 2"%:,F! #$%! *"/-1!

,"6&+%1%-*%1!D6&!"&-:6+%,!+0%!&":"86!5%:!8-:(*/!8$1-*6+-516;$2!6/,!",%/+"3"%,!(&"/5!

5S!4LR!&;%8+1-&8-;"8!6/6:2&"&F!!

!

!
+

&'()"* +/8 . The two diastereomers resulting from the Brown hydroboration / oxidation of ,/6  
(d.r.85:15) 

!
'"/5:%!812&+6:&!-3!+$%!*6e-1!,"6&+%1%-*%1!&("+6):%!3-1!aB162!,"33168+"-/!&+(,"%&!D%1%!

51-D/! )2! &:-D! %06;-16+"-/! "/! ,%(+%16+%,! 8$:-1-3-1*G! D$"8$! 6::-D%,! 3-1! +$%!

6&&"5/*%/+!-3!6)&-:(+%!&+%1%-8$%*"&+12!C"#$%&'!() EF!!

!

OH

OHHO

161

OH

OHHO

161’



! >Oc!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!

#$%!&%8-/,!/-0%:!*-/-*%1!D6&!688%&&%,!31-*!)/%'9B&-)1%1-:!CJOTE!(&"/5!6/!.;e-$/!

,"$2,1-I2:6+"-/!C-/,%L%!SQEF!#$%!1%68+"-/!;1-8%%,%,!&*--+$:2!+-!5"0%!JTM!63+%1!>?!$!

"/!6!H(6/+"+6+"0%!2"%:,!63+%1!;(1"3"86+"-/!+0%#8-:(*/!8$1-*6+-516;$2F! !

!

!
012*3*+75. Synthesis of tetraol ,6-  from trans-sobrerol (,/6 ). (Performed by Dr Jonathan Moore) 

!

OH

OH

136
OH

OHHO
HO

OsO4 (0.2 mol%)
Me3NO.H2O (3 eq.)

Acetone : H2O (1:1)

Quantitative

162

&'()"*+/9 : Molecular structure of ,6, +determined by X-ray crystallography. 



! >ON!

#$%!.;e-$/!,"$2,1-I2:6+"-/!;1-8%%,&!9&'B&%:%8+"0%:2!$-D%0%1!"/!+$"&!86&%!+$%!1%68+"-/!

6:&-! ;1-8%%,%,! ,"6&+%1%-&%:%8+"0%:2! +-! 5"0%!JTM! 6&! 6! &"/5:%! ,"6&+%1%-*%1F! Q+! "&!

$2;-+$%&"&%,!+$6+!+$%!-&*"(*!+%+1-I",%!6,,&!+-!+$%!)-++-*!368%!-3!+$%!)/%'9B&-)1%1-:!

,(%!+-!+$%!&+%1"8!8-/&+16"/+&!-3!+$%!6::2:"8!6:8-$-:F!#$%!&+%1%-8$%*"&+12!D6&!8-/3"1*%,!

(&"/5!&"/5:%!812&+6:!aB162!,"33168+"-/!&;%8+1-&8-;2F!!!

!

#D-! /%D!*-:%8(:%&!D$"8$!61%!$2;-+$%&"&%,!+-! ;-&&%&&!+$%!8-11%8+!3(/8+"-/6:"+2!+-!

;-:2*%1"&%!D%1%!&2/+$%&"&%,!31-*!)/%'9 B&-)1%-:!C-/,%L%!SSEF!#$"&!1%;1%&%/+&!+$%!3"1&+!

&2/+$%&"&! -3! *-/-*%1&! 3-1! &+%;B51-D+$! ;-:2*%1"&6+"-/! 31-*!! B;"/%/%! CJJEF! #$%!

W1-D/!$2,1-)-16+"-/!f!$2,1-)-16+"-/!6/,!+$%!.;e-$/!,"$2,1-I2:6+"-/!;1-8%%,!"/!6!

&+%1%-&%:%8+"0%! *6//%1! +-! 5"0%! +$%! *-/-*%1&!JTJ!6/,! JTM!1%&;%8+"0%:2!6&! &"/5:%!

,"6&+%1%-*%1&G!"/!+$1%%!&+%;&!31-*!JJF!#$%!+1"-:!JTJ!&2/+$%&"&%,!"/!6/!-0%16::!2"%:,!-3!

MbK!-0%1!+$1%%!&+%;&!6/,!+$%!+%+16-:!JTM!"/!6/!"*;1%&&"0%!N?K!2"%:,!-0%1!+$1%%!&+%;&F!

W-+$! 1%68+"-/&! D%1%! ;%13-1*%,! -/! +$%! *(:+"516*! &86:%! 6/,! +$%! *6+%1"6:! +6J%/!

3-1D61,!3-1!;-:2*%1"&6+"-/!&+(,"%&F!!

!



! >Ob!

!
+

012*3*+77: Synthesis of triol ,6,  and tetraol ,6-  from ,,  

!

!

!

!

!

O

OH

OH

OH

OH

OH

OHHO

HO
HO

mCPBA (1.02 eq.)
NaHCO3 (1.3 eq.)

CH2Cl2, 0 oC - r.t. 1.5 h

Quantitative

CO2, H2O
r.t. 24 h

68%

1. BH3 . THF (1.5 eq.) 
2. NaOH (3 eq.), H2O2 (3 eq.)

OsO4 (0.2 mol%)
Me3NO.H2O (3 eq.)

55%

Acetone : H2O (1:1)
r.t., 18 h

Quantitative

11

129

136

162

161

THF, 2 h, 0 oC - r.t.



! >O?!

OIMIMI! :+9.L%4(&*'(+#&!+2!'4(+9!JTJ!*#1!'%'4*+9!JTM!!
!
#$%!&2/+$%&"&!-3!)-+$!+$%!+1"-:!JTJ!6/,!+%+16-:!JTM!D%1%!&86:%,!(;!+-!+$%!*(:+"516*!

&86:%! "/! -1,%1! +-! ;%13-1*! ;-:2*%1"&6+"-/! &+(,"%&F! Q+! D6&! $2;-+$%&"&%,! +$6+! )-+$!

*-/-*%1&!D-(:,!;-:2*%1"&%!+$1-(5$!+$%"1!&%8-/,612!6:8-$-:&!6/,!+$6+!+$%!+%1+"612!

$2,1-I2:&!D-(:,!1%*6"/!(/1%68+%,!6&!&%%/!;1%0"-(&:2!(&"/5!JOT!C-/,%L%!STEF!!

!

!
 

012*3*+76. Proposed polymerisation of ,6,  and ,6-  with a diester 

!

;#<=*+,: . Attempted polymerisation of ,6,  and ,6-  using dimethyl succinate (:8 )  

!

!

C#'4.! 0+#+L%4! =*'*9.&'! =*'*9.&'!\L+9g[ ! :+9.L%4(&*'(+#!
J! (:1*8! (ZO! F! \* !
M! (:1*8! (ZO! 5>! \* !
O! (:1*8! (1=LZQ?O! 5! \* !
Q! (#-:%*8! (ZO! F! \* !
S! (#-:%*8! (ZO! 5>! \* !
T! (#-:%*8! (1=LZQ?O! 5! \* !

!

OH

OO

O

OH

OHHO

161 X = H 163 X = H

X
X

164 X = OH162 X = OH

Melt Polymerisation

Diester
O

m n

OH

OO

O

O

n

OH

OHHO
O

O
O

O

N2, 125 oC. 24 h, Catalyst

161 X = H 163 X = H

97

X
X

164 X = OH162 X = OH



! >Oj!

!
9-:2*%1"&6+"-/&! D%1%! 6++%*;+%,! (&"/5! ,"*%+$2:! &(88"/6+%! CWNE! 6&! +$%! 8-*-/-*%1!

(/,%1!*%:+!8-/,"+"-/&F!#W7!6/,!#"CYW(EI !$60%!)-+$!)%%/!&$-D/!+-!)%!68+"0%!86+6:2&+&!

"/!+$%!;-:2*%1"&6+"-/!-3!6!,"-:!6/,!,"%&+%1G5EE!6/,!+$%1%3-1%!+$%&%!D%1%!&%:%8+%,!+-!

86+6:2&%!+$%!1%68+"-/F!#$%!*-/-*%1&!D%1%!$%6+%,!+-!><c!*P!3-1!<O!$!6+!D$"8$!;-"/+!

5S! 4LR! 6/6:2&"&! D6&! (&%,! +-! ;1-)%! +$%! 1%68+"-/&F! V-1! %68$! 1%68+"-/G! +$%! 6/6:2&"&!

1%0%6:%,!+$6+!+$%!*-/-*%1&!1%*6"/%,!"/+68+!6/,!/-!+16/&%&+%1"3"86+"-/!$6,!-88(11%,!

C3*89%!JWEF!!

!

#$%!(&%!-3!6!,"%&+%1!6&!6!8-*-/-*%1!D6&!(/&(88%&&3(:G!$-D%0%1!"+!"&!8-**-/!3-1!)-+$!

,"%&+%1&!6/,!,"861)-I2:"8!68",&!+-!)%!(&%,!3-1!+$%!&2/+$%&"&!-3!;-:2%&+%1&!(&"/5!*%:+!

;-:2*%1"&6+"-/!+%8$/"H(%&F5EC!#$%1%3-1%!"+!D6&!;1-;-&%,!+-!(&%!6!,"68",!+-!68+!6&!+$%!

8-*-/-*%1F! #$%! ;-:2*%1"&6+"-/&! D%1%! ;%13-1*%,! (&"/5! &+6/,61,! *%:+! 8-/,"+"-/&!

,%&81")%,!;1%0"-(&:2!"/!+$"&!;1-e%8+F!W-+$!+"/!6/,!+"+6/"(*!86+6:2&+&!D%1%!"/0%&+"56+%,!

6+! >j=!*P! C3*89%!MUEF! #$%! ,"68",! (&%,! 6&! +$%! 8-*-/-*%1! D6&! 656"/! 8$-&%/! +-! )%!

&(88"/"8!68",!6&!"+!86/!)%!-)+6"/%,!31-*!1%/%D6):%!1%&-(18%&F5CC!JTJ!D6&!&()*"++%,!+-!

+$%!;-:2*%1"&6+"-/!8-/,"+"-/&!C3*89%!MUG!C#'4.!MEF!

!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



! >c=!

!
;#<=*+-4 . Polymerisation studies of ,6,  and ,6-  with succinic acid (,-6 ) 

!

!

C#'4.! 0+#+L%4! =*'*9.&'! 3!\%=[! :4+1K/' ! 0 &!\D*[! 3T!\%=[!

J! JTJ! '/C-8+E4! M! JTS! ?>==! NN!

M! JTJ! '/C-8+E4! <O! JTS! ?b==! N?!

O! JTJ! #"CYW(EI ! <O! JTS! ?===! Nc!

Q! JTM! '/C-8+E4! M! JTT! c?==! ?=!

S! JTM! '/C-8+E4! <O! JTT! Nj==! bb!

T! JTM! #"CYW(EI ! <O! JTT! cb==! b?!

!
!
#$%!5S!4LR!6/6:2&"&!-3!+$%!;-:2*%1!"/,"86+%,!+$6+!+$%!%&+%1"3"86+"-/!D6&!&(88%&&3(:F!

'(55%&+%,!)2!+$%!&$"3+!-3!+$%!1%&-/6/8%&!-3!+$%!;1-+-/&!%;6*%!+-!+$%!-I25%/!31-*!}MFc!

6/,!MFj!;;*!+-!}c!;;*F!#-!3(1+$%1!"/0%&+"56+%!+$%!;-:2*%1"&6+"-/!5CP!4LR!6/6:2&"&!

D6&!;%13-1*%,F!#$%!6/6:2&"&!&$-D%,!+$6+!+$%!;%6J&!6+!}<b!;;*!8-11%&;-/,"/5!+-!+$%!

+D-!*%+$2:!51-(;&!"/!+$%!P?!;-&"+"-/!$6,!&$"3+%,!&"5/"3"86/+:2!(;B3"%:,G!"/,"86+"/5!+$%!

+%1+"612!6:8-$-:!*62!/-+!$60%!1%*6"/%,!"/+68+!,(1"/5!+$%!;-:2*%1"&6+"-/F!#$%1%!D6&!

6:&-!6!861)-/!&$"3+!6+!6!;;*!6+!>=j!;;*!D$"8$!D6&!/-+!;1%&%/+!"/!+$%!*-/-*%1G!6/,!

(&"/5!7T9#B>Mc!6/6:2&"&!6:-/5&",%!S']P!4LR!6/6:2&"&!+$"&!D6&!3-(/,!+-! )%!6!PS4!

861)-/! CH()K4%! QUEF! #$%! &$"3+! 6/,! *(:+";:"8"+2! "&! "/,"86+"0%! -3! 6:J%/"8! ;1-+-/&F! #$"&!

6/6:2&"&!&(55%&+&!+$6+!(/,%1!+$%!68","8!8-/,"+"-/&!-3!+$%!;-:2*%1"&6+"-/!+$%!+%1+"612!

6:8-$-:!*62!$60%!%:"*"/6+%,!+-!2"%:,!6!+%1*"/6:!6:J%/%!;1-,(8"/5!+$%!;-:2*%1!JTSF!

OO

O

O

n

OH

OHHO

HO

O
OH

O

1. N2, 190 oC, t 
2. Vacuum, 190 oC, 
    24 h, Catalyst

161 X = H 165 X = H

126

X X

166 X = OH162 X = OH

OH

OO

O

O

n

163 X = H

X

164 X = OH

+



! >c>!

!

+

&'()"*+/: . Multiplicity edited HSQC NMR spectra of the polymer ,67  

!

!

#$%! ;-:2*%1"&6+"-/! D6&! 1%;%6+%,! D"+$! +$%! +%+16-:!JTM!(&"/5! +$%! &6*%! 8-/,"+"-/&!

C3*89%!MUG!C#'4.!SE!6/,!+$%!5S!4LR!6/6:2&"&!"/,"86+%,!+$6+!+$%!$2,1-I2:!51-(;!$6,!

656"/!)%%/!%:"*"/6+%,!(/,%1!+$%!68","8!8-/,"+"-/&!+-!5"0%!+$%!;-:2*%1!JTTF!#$%!S']P!

4LR!6/6:2&"&!"/,"86+%,!+$%!;1%&%/8%!-3!-/%!6:J%/"8!PS4!6/,!31-*!+$"&!"&!D6&!6&&(*%,!

+$6+!+$%!6:8-$-:!6+!+$%!PN!;-&"+"-/!$6,!/-+!(/,%15-/%!%:"*"/6+"-/F!!

!
#$%! ;-:2*%1"&6+"-/&! D%1%! 6++%*;+%,! D"+$! &+6//-(&! 6/,! +"+6/6+%! 86+6:2&+&! 3-1!

,"33%1%/+!:%/5+$&!-3!+"*%!C3*89%!MUEF!#$%!1%&(:+"/5!;-:2*%1&!D%1%!6/6:2&%,!(&"/5!\9P!

6/,!7LA!+-!;1-)%!+$%"1!*-:%8(:61!D%"5$+&!6/,!#$&F!#$%!+1"-:!JTJ!D6&!6):%!+-!1%68$!

*-:%8(:61!D%"5$+&!-3!(;!+-!?Fb!J76!C3*89%!MUG!C#'4(%&!JBOE!6/,!+$%!+%+16-:!JTM!&:"5$+:2!

:-D%1!L&&!-3!NFj!J76!C3*89%!MUG!T/+1"%&!OBNEF!Q/!5%/%16:G!+$%!+%+16-:B)6&%,!;-:2*%1&!

$6,!6! :-D%1!*-:%8(:61!D%"5$+&!+$6/!+$%"1!8-*;616+"0%!+1"-:B)6&%,!;-:2*%1&F!Q+!D6&!

$2;-+$%&"&%,!+$6+!+$"&!*62!)%!,(%!+-!+$%!"/81%6&%,!1"5","+2!-3!+$%!+%1+"612!6:8-$-:!6+!

T&+%1!PS&!!

A:J%/%!PS4!



! >c<!

+$%!PN!;-&"+"-/!-/!+$%!+%+16-:!JTM!1%&(:+"/5!"/!6!$"5$%1!6*-(/+!-3!&+%1"8!$"/,16/8%!"/!

+$%!;-:2*%1"&6+"-/!-3!+$%!+%+16-:!JTMF!!

!

!g612"/5!+$%!1%68+"-/!+"*%!6/,!+$%!86+6:2&+!,",/d+!1%&(:+!"/!6!:615%!,"33%1%/8%!"/!+$%!

;-:2*%1!; 1-;%1+"%&!CL&&!6/,!#$&EF!A15(6):2!+$%!-;+"*(*!8-/,"+"-/&!61%!+$-&%!(&"/5!

+$%!+"+6/"(*!86+6:2&+!,(%!+-!"+&!51%%/!8$%*"&+12!81%,%/+"6:&!&(8$!6&!:-D!+-I"8"+2!6/,!

$"5$!/6+(16:!6)(/,6/82F5EC!

!

A/6:2&"&!-3!+$%!;-:2*%1&!(&"/5!7LA!&$-D%,!#$&!-3!)%+D%%/!Nc!6/,!?=!*PF!#$%!+1"-:!

;-:2*%1&!$6,!#$&!"/!+$%!16/5%!-3!NcBN?!*PG!6/,!+$%!+%+16-:!)6&%,!;-:2*%1&!%I$")"+%,!

#$&! "/!+$%!16/5%!-3!bbB?=!*P!C3*89%!MUEF!#$%!+1"-:B)6&%,! ;-:2*%1&!$60%! :-D%1!5:6&&!

+16/&"+"-/!+%*;%16+(1%&!+$6/!+$%!+%+16-:B)6&%,!;-:2*%1&!,%&;"+%!+$%!368+!+$6+!+$%2!

$60%!$"5$%1!*-:%8(:61!D%"5$+&F!#$"&!*62!)%!)%!,(%!+-!+$%!368+!+$6+!+$%2!61%!:%&&!1"5",!

+$6/!+$%!+%+16-:!;-:2*%1&!,(%!+-!+$%!6)&%/8%!-3!+$%!6:8-$-:!"/!+$%!PN!;-&"+"-/F!W-+$!

;-:2*%1&! $60%! 1%:6+"0%:2! $"5$! #$&! 3-1! 6:";$6+"8! ;-:2%&+%1&! ,%1"0%,! 31-*! 1%/%D6):%!

1%&-(18%&F!Q/!368+G!+-!+$%!)%&+!-3!-(1!J/-D:%,5%G!+$%!$"5$%&+!#$!- 3!6!+%1;%/%!,%1"0%,!

;-:2%&+%1!"&!b=!*PF5>4!9-:2%&+%1&!JTS!6/,! JTT!6:&-!$60%!+$%!)%/%3"+!-3!)%"/5!,%1"0%,!

31-*!+$%!*-&+!6)(/,6/+!+%1;%/%G!&$-D"/5!6/!%I6*;:%!-3!6/!hB;"/%/%!)6&%,!;-:2*%1!

D$"8$!,"&;:62&!6!(/"H(%!)68J)-/%!6/,!$"5$!#$&F!Q+!"&!$2;-+$%&"&%,!+$6+!)%86(&%!+$%!

)68J)-/%!"/8-1;-16+%&!+$%!828:-$%I6/%!1"/5G!+$"&!"*;61+&!+$%!&+1(8+(16:!1"5","+2!+-!5"0%!

+$%!;-:2*%1!+$%!$"5$!#$&!-)&%10%,G!,%&;"+%!+$%!:-D!*-:%8(:61!D%"5$+&!Cs!>=!J76EF5EGT

5EU! #$%! ;-:2*%1&! $60%! 6! +%1*"/6:! ,-():%! )-/,! "/! +$%! ;%/,6/+! 8$6"/! 6/,! "+! "&!

$2;-+$%&"&%,!+$6+!+$"&!8-(:,!)%!)%/%3"8"6:!3-1!;-&+!;-:2*%1"&6+"-/!3(/8+"-/6:"&6+"-/!-1!

81-&&B:"/J"/5!"/!+$%!3(+(1%F!!

!

OIOI!"#$%&'()*'(+#&!(#'+!',%!-'%4%+/+L59%X*'(+#!+2!:+9.L%4!JTS!

#$%!*-/-*%1! JTJ!"&!6!&"/5:%!%/6/+"-*%1!8-/+6"/"/5!3-(1!,%3"/%,!&+%1%-8%/+1%&!6/,!

+$%1%3-1%!$60%!+$%!;-+%/+"6:!+-!3-1*!&+%1%-1%5(:61!;-:2*%1&F!Q+!D6&!$2;-+$%&"&%,!+$6+!

6&!+$%!+D-!6:8-$-:!3(/8+"-/6:"+"%&!-/!+$%!1"/5!61%!6I"6:!6/,!%H(6+-1"6:!+$%1%!D-(:,!)%!

6! ;1%3%1%/8%!"/!+$%!1%68+"0"+2! -3!+$%*!D"+$!+$%! ,"68",F!#$%!$2,-I2:!51-(;!D$"8$! "&!

%H(6+-1"6:! -/! +$%! 1"/5! 8-(:,! )%! *-1%! 1%68+"0%! +-D61,&! /(8:%-;$":"8! 6++68J! -/! +$%!



! >cM!

,"68",!6/,!+$%1%3-1%!1%68+!;1%3%1%/+"6::2F!#$"&!D-(:,!;-+%/+"6::2!"/,(8%!1%5(:61"+2!"/!

+$%! ;-:2*%1F!Q+! D6&! $2;-+$%&"&%,! +$6+! +$%1%! 61%! +D-! *%+$-,&! -3! )-/,"/5! -3! +D-!

*-:%8(:%&!-3!+$%!+1"-:!CJTJE!6/,!68",!CJMTE!:6)%::%,!; !6/,! <!CH()K4%!QUEF!#$%!5S!4LR!

6/6:2&"&! -3!JTS! "/,"86+%&! +$6+! +$%! ;-:2*%1! 8-(:,! $60%! 6! &+%1%-1%5(:61! &+1(8+(1%!

CH()K4%!OWEG!+$%!1%&-/6/8%&!"/!+$%!&;%8+1(*!8-11%&;-/,"/5!+-!+$%!;1-+-/&!%;6*%!+-!+$%!

%&+%1!61%!3-(1!,%3"/%,!;%6J&!"/,"86+"0%!-3!1%5(:61"+2!"/!+$%!;-:2*%1!)68J)-/%F!Q+!D6&!

;1%,"8+%,!+$6+!"3!+$%!;-:2*%1"&6+"-/!;1-8%%,%,!+$1-(5$!+$%!)-/,"/5!,"&;:62%,!"/!; !"+!

D-(:,!,"&;:62!+D-!!,"&+"/8+!;%6J&!"/!5S!4LR!$-D%0%1!+$1-(5$!<!"+!D-(:,!1%&(:+!"/!3-(1!

,"&+"/8+! ;%6J&! 6/,! "3! +$%! ;-:2*%1! D6&! 8-*;:%+%:2! 16/,-*! +$%! 1%&-/6/8%&! "/! +$%!

5S!4LR!&;%8+1(*!D-(:,! )%!)1-6, F!#$%1%3-1%!"+!D6&!+%/+6+"0%:2!8-/8:(,%,!+$6+!+$%!

;-:2*%1!D6&!&2/,"-+68+"8!6/,!,"&;:62%,!&-*%!1%5(:61"+2!+0%!)-/,"/5!"/ !&+1(8+(1%&!; !

6/, !<F!Q+!D6&! ,%8",%,!+-!6++%*;+!+-!+6J%!6,06/+65%! -3!+$%!&+%1%-1%5(:61"+2! -3!+$%!

;-:2*%1G!)2!3-1*"/5!&+%1%-8-*;:%I%&!D"+$!"+&!%/6/+"-*%1F!!

!

!
+

&'()"*+54. The proposed bonding between the triol ,6,  and the succinic acid (,-6 ) 

!

Y/%!8$6168+%1"&+"8!-3!&+%1%-1%5(:61!;-:2*%1&!"&!+$%!3-1*6+"-/!-3!6!&+%1%-8-*;:%IG!6!

;-:2*%1! &+%1%-8-*;:%I! "&! ,%3"/%,! 6&! 6/! "/+%168+"-/! )%+D%%/! +D-! 8-*;:%*%/+"/5!

&+%1%-1%5(:61!;-:2*%1&F5G>!#$%!3"1&+!%I6*;:%!-3!&+%1%-8-*;:%I6+"-/!C&+%1%-&%:%8+"0%!

6&&-8"6+"-/E!3-1!%/6/+"-*%1"8!;-:2*%1&G!"F%F!)%+D%%/!C?EB!6/,! C@EB8-/3"5(1%,!C-1!_B!6/,!

7B8-/3"5(1%,E!;-:2*%1!8$6"/&G!D6&!1%;-1+%,!)2!96(:"/5!6/,!P-1%2!3-1!6!;-:2;%;+",%!"/!

>jcMF5G>!#$%!*6"/!"/+%168+"-/&G!1%&(:+"/5!"/!+$%!8-*;:%I6+"-/G!61%!&(55%&+%,!+-!1%:2!-/!

O O

O

O

O

O
2 n

(R) (S)(R)(S)

O O

O

O

O

O
2 n

(R) (R)(S)(S)

Or

A

B



! >cO!

&+%1%-&%:%8+"0%! 06/! ,%1! `66:&! 3-18%&F! #$%! ;-:2*%1&! 86/! (/,%15-! /-/B8-06:%/+!

"/+%168+"-/&!3-1*"/5!6!/%D!8-*;-&"+%G!D$"8$!86/!%I$")"+!6:+%1%,!;$2&"86:!;1-;%1+"%&!

D$%/!8-*;61%,!+-!+$%!;61%/+!;-:2*%1&F!#$%!8-*;:%*%/+"/5!;-:2*%1!*-:%8(:%&!86/!

)%!6!;6"1!-3!"&-+68+"8!6/,!&2/,"-+68+"8!;-:2*%1&!-1!+D-!-;+"86::2!68+"0%!;-:2*%1&!-3!

-;;-&"+%!%/6/+"-*%1&!D"+$!",%/+"86:!8$%*"86:!8-*;-&"+"-/&F!A!+$"1,!51-(;!8-/&"&+&!-3!

$%+%1-B&+%1%-8-*;:%I%&! 3-1*%,! )2! ;-:2*%1&! 31-*! ,"33%1"/5! ;-:2*%1! 36*":"%&! C:"J%!

;-:2%&+%1&! 6/,! ;-:26*",%&E! $60"/5! -;;-&"+%! &+%1%-1%5(:61! 8-/3"5(16+"-/F! Q&-+68+"8!

;-:2*%1! 8$6"/&! -3! -;;-&"+%! 8$"16:"+2! 61%! 6:&-! 3-(/,! +-! "/+%168+! 6/,! 3-1*! $-*-B

&+%1%-8-*;:%I%&G! 6! 8-**-/! %I6*;:%! "&! ;-:2C7! 6/,! _B:68+"8! 68",EF5G5! S-*- B

&+%1%-8-*;:%I%&!61%!3-(/,!6*-/5!+$-&%!;-:2%&+%1&G!D$"8$!8-/&"&+!-3!*-/-*%1&!D"+$!

6+! :%6&+! -/%! 8$"16:! 8%/+1%! "/! +$%! ;-:2*%1! )68J)-/%F! #$%! -)+6"/%,! "&-+68+"8"+2!"&! 6!

3(/8+"-/!-3!+$%!%/6/+"-*%1"8!%I8%&&!-3!+$%!(&%,!*-/-*%1&F!'+%1%-8-*;:%I%&!-3!+$"&!

51-(;!-3!;-:2*%1&!61%!-)+6"/%,!)%+D%%/!7B!6/,!_ B"&-+68+"8!;-:2*%1&F!!

Q/!-1,%1!+-!"/0%&+"56+%!+$%!;-+%/+"6:!-3!+$%!;-:2*%1!JTS!+-!3-1*!6!&+%1%-8-*;:%I!"+!

D6&!/%8%&&612!+-!3"1&+!&2/+$%&"&%!+$%!%/6/+"-*%1!-3!+$%!*-/-*%1!JTJF!C|EBhB;"/%/%!

CC|EBJJE!D6&!(&%,!6&!+$%!&+61+"/5!*6+%1"6:!6/,!",%/+"86:!1%68+"-/!8-/,"+"-/&!D%1%!

(&%,!+-!&2/+$%&"&%!+$%!-;;-&"+%!%/6/+"-*%1!-3!JTJG!,())%,!CBEBJTJ!C-/,%L%!SNEF!

!
+

012*3*+78. Synthesis of (-)-,6, +from (+)-α-pinene (,, ) 

!
CBEBJTJ!D6&!&2/+$%&"%,!+0%#%;-I",6+"-/!-3! C|EBhB;"/%/%!CC|EBJJE!+-!3-1*!C|EBhB;"/%/%!

-I",%!CC|EBJMWE!D$"8$G!(;-/!1%68+"-/!D"+$!D6+%1!6/,!861)-/!,"-I",%!D6&!+16/&3-1*%,!

+-!C|EB)/%'9B&-)1%1-:!CC|EBJOTEF!A!W1-D/!$2,1-)-16+"-/!f!-I",6+"-/!D6&!+$%/!(&%,!+-!

688%&&! CBEBJTJG! 6/,! 6! 1%812&+6::"&6+"-/! "/! $-+! 68%+-/"+1":%! 5%/%16+%,! 6&! 6! &"/5:%!

,"6&+%1%-*%1!CBEBJTJ!"/!6!8-*;616):%!2"%:,!+-!+$%!&2/+$%&"&!-3!CBEBJTJF!!

OH

OH

OH

OHHO

(+)-11 (+)-136 (-)-161

1. BH3 . THF (1.5 eq.) 
2. NaOH (3 eq.), H2O2 (3 eq.)

THF, 2 h, 0 oC- r.t.



! >cc!

Q/!-1,%1!+-!8-/3"1*!+$%!&2/+$%&"&!-3!+$%!CBE!6/,!C|E!%/6/+"-*%1&!-3!JTJG!+$%!&;%8"3"8!

1-+6+"-/&!-3!+$%!1%:%06/+!*-:%8(:%&!D%1%!*%6&(1%,F!Q+!D6&!3-(/,!+$6+!+$%!*-:%8(:%&!

6::! ,"&;:62%,!6!8$6/5%!"/!&"5/! (;-/! *%6&(1%*%/+!-3!+$%!1%3168+"0%!"/,%I!"/,"86+"/5!

+$6+!+$%2!61%!%/6/+"-*%1&!-3!+$%!-1"5"/6:!8-*;-(/,!&2/+$%&"&%,!C3*89%!MJEF!#$"&!D6&!

6:&-!1%;%6+%,!3-1!+$%!;-:2*%1!6/,!656"/!6!8$6/5%!-3!&"5/!D6&!-)&%10%,!D$"8$!"&!5--,!

"/,"86+"-/!+$6+!+$%!;-:2*%1&!&2/+$%&"&%,!61%!%/6/+"-*%1"86::2!%/1"8$%,!&6*;:%&!-3!CBE!

6/,!C|E!1%&;%8+"0%:2F!!

!

;#<=*+-, . Refractive index measurements of the +/- compounds used in the synthesis of ,67  

C#'4.! =+L5+K#1!
l ! mO!!

\H4+L!\n[G̀G5(#%#%[!
l ! mO!!

\H4+L!\G[G̀G5(#%#%[!
J! JJ! >FON! B>FM<!
M! JMW! M?F<b! BO=FO?!
O! JOT! >>?Fcb! B>M<FNM!
Q! JTJ! BMMFc?! c?FMO!
S! JTS! BNMF=M! N>FjM!

!
Q/!-1,%1!+-!"/81%6&%!+$%!;1-)6)":"+2!-3!&2/+$%&"&"/5!6!&+%1%-8-*;:%IG!+$%!C|E!6/,!CBE!

;-:2*%1&! &$-(:,! )%! -3! 6! &"*":61! *-:%8(:61! D%"5$+F! #$%1%3-1%G! +D-! ",%/+"86:!

;-:2*%1"&6+"-/&!D%1%!&%+!(;G!(&"/5!8-/,"+"-/&!;1%0"-(&:2!%&+6):"&$%,!C-/,%L%!SPEF!!

!

!
+

012*3*+79. Polymerisation of (-)-,6,  and (+)-,6,  to yield the polymers (-)-,67  and (+)-,67+respectively  

OO

O

O

n

OH

OHHO HO

O
OH

O

1. N2, 190 oC, 24 h 
2. Vacuum, 190 oC, 24 h, Catalyst

OO

O

O

n

OH

OHHO
HO

O
OH

O

1. N2, 190 oC, 24 h 
2. Vacuum, 190 oC, 24 h, Catalyst

(+)-161

(-)-161 (-)-165

(+)-165

126

126



! >cN!

#$%!;-:2*%1&!C|EBJTS!6/,!CBEBJTS!D%1%!&2/+$%&"&%,!6/,!+$%!&+1(8+(1%&!8-/3"1*%,!(&"/5!

5S!4LR!&;%8+1-&8-;"8!6/6:2&"&F!#$%!;-:2*%1&!D%1%!6:&-!6/6:2&%,!(&"/5!\9P!+-!%/&(1%!

+$6+! +$%2! $6,! 8-*;616):%! *-:%8(:61! D%"5$+&F! #$%! \9P! 6/6:2&"&! "/,"86+%,! +$6+! +$%!

;-:2*%&!D%1%!&2/+$%&"&%,!+-!6:*-&+!",%/+"86:!*-:%8(:61!D%"5$+&!CNFc!J76EF!Q/!-1,%1!+-!

"/,(8%! &+%1%-8-*;:%I6+"-/! +$%! ;-:2*%1&! D%1%! ):%/,%,F! #$"&! D6&! 8611"%,! -(+! )2!

,"&&-:(+"-/!"/!,"8$:-1-*%+$6/%!+-!5"0%!6!$-*-5%/-(&!&-:(+"-/!-3!%H(6:!8-/8%/+16+"-/F!

#$%&%! &-:(+"-/&! D%1%! +$%/! 8-*)"/%,! 6/,! +$%! ,"8$:-1-*%+$6/%! 1%*-0%,! (/,%1!

1%,(8%,!;1%&&(1%!+-!5"0%!+$%!&+%1%-8-*;:%I!CH()K4%!QJEF!!

!

!

!
!
!
!
!
!
!
!
!
!
!
!

!

!

'+%1%-8-*;:%I%&! 61%! J/-D/! +-! ,"&;:62! "*;1-0%,! +$%1*6:! ;1-;%1+"%&! +-! +$%"1!

8-/&+"+(%/+! ;-:2*%1&! 6/,! "+! D6&! +$%1%3-1%! ,%8",%,! +-! ;1-)%! +$%! 3-1*6+"-/! -3! 6!

&+%1%-8-*;:%I!(&"/5!7LA!6/6:2&"&F!Y/%!-3!+$%!*-&+!D%::BJ/-D/!;-:2%&+%1&!+-!3-1*!6!

&+%1%-8-*;:%I! "&! ;-:2C:68+"8! 68",E! C9_AEF! #$%1%! $6&! )%%/! 6! &"5/"3"86/+! 6*-(/+! -3!

1%&%618$!"/+-!+$%!&+%1%8-*;:%I6+"-/!-3!9_A!6&!+$%!+D-!%/6/+"-*%1&!86/!)%!688%&&%,!

+$1-(5$!+$%!RY9!-3!7B!-1!_B:68+",%F!#$%!&+%1%8-*;:%I!-3!7B!6/,!_ B9_A!&$-D&!"*;1-0%,!

;1-;%1+"%&!31-*!+$%!"/,"0",(6:! ;-:2*%1&G!3-1!%I6*;:%!+$%!#$!-3!+$%!7B!6/,!_ B9_A!"&!

OO

O

O

n
OO

O

O

n

+

(+)-165 (-)-165

&'()"*+5, . Stereocomplexation of (+)-,67  and (-)-,67  

>u>!*"I+(1%!"/!PS4P:4!



! >cb!

c=BNc!*P!+9#NcBb<!*P!3-1!+$%!&+%1%-8-*;:%IF5G5!#$%!#$&!-3!C|EBCJTSEG!CBEBJTS!6/,!+$%!

):%/,!-3!+$%!+D-!;-:2*%1&!D%1%!"/0%&+"56+%,!(&"/5!7LA!CH()K4%!QMEF!!

!

!

!
!
!
!

#$%!7LA!6/6:2&"&!"/,"86+%,!#$&!-3!cc!*P!3-1!+$%!"/,"0",(6:!;-:2*%1&G!+$%&%!61%!&:"5$+:2!

:-D%1!+$6/!+$-&%!-)+6"/%,!)%3-1%G!$-D%0%1!+$"&!"&!+-!)%!%I;%8+%,!,(%!+-!+$%!:-D%1!

L &&! "/! 8-*;61"&-/! +-! ;1%0"-(&:2! &2/+$%&"&%,!JTSF! Q/! 8-/+16&+! +$%! &+%1%-8-*;:%I!

,"&;:62%,!6!#$!-3!Nj!*PG!1%;1%&%/+"/5!6/!"/81%6&%!"/!+$%!#$!-3!>O!*PF!#$"&!1"&%!"/!+$%!5:6&&!

+16/&"+"-/!+%*;%16+(1%!"/,"86+%&!+$6+!+$%!&+%1%-8-*;:%I!D6&!&(88%&&3(::2!&2/+$%&"&%,G!

&$-D"/5! ;-+%/+"6:! 3-1! 3(1+$%1! "/0%&+"56+"-/! -3! +$%! ;1-;%1+"%&! 6/,! 6;;:"86+"-/&! -3! 6!

/-0%:!&+%1%-8-*;:%I%,!;-:2*%1!&2/+$%&"&%,!31-*!1%/%D6):%!1%&-(18%&F!!

!!

!
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! >c?!

QI!=+#/9K&(+#&!*#1!HK'K4%!A+4R!
!
Q/!8-/8:(&"-/G!! B;"/%/%!CJJE!$6&!)%%/!&(88%&&3(::2!+16/&3-1*%,!"/+-! *-/-*%1&!3-1!

&+%;! 51-D+$! ;-:2*%1"&6+"-/F! #$%! *-/-*%1! &2/+$%&"&! D6&! 8%/+16:"&%,! 61-(/,! +$%!

$2,1-:2&"&! -3!! B;"/%/%! -I",%! CJMWE! +-! 3-1*! +16/&B&-)1%1-:! CJOTEF! #$%! &-:0-:2&"&! -3!

! B;"/%/%! -I",%!CJMWE!3-1!+$%! "/8-1;-16+"-/! -3! -I25%/! )6&%,! /(8:%-;$":%&!D6&!6:&-!

"/0%&+"56+%,G!$-D%0%1!+$"&!,",!/-+!:%6,!+-!+$%!&2/+$%&"&!-3!*-:%8(:%&!D$"8$!8-(:,!)%!

(&%,! 6&! *-/-*%1&! "/! ;-:2*%1"&6+"-/! &+(,"%&! ,(%! +-! &",%! 1%68+"-/&! :%6,"/5! +-! :-D!

2"%:,&F!!

!

#$%!*-&+! ;1-*"&"/5!;-:2*%1&!D%1%!&2/+$%&"&%,!31-*!+$%!+1"-:!JTJ!6/,!+%+16-:!JTM!

D$"8$!61%!6):%!+-!8-B;-:2*%1&"&%!D"+$!&(88"/"8!68",!CJMTE!+-!5"0%!6!;-:2*%1!8-/+6"/"/5!

6!828:-$%I6/%!1"/5! "/!+$%!)68J)-/%F!#$%!;-:2*%1&!1%68$%,!*-:%8(:61!D%"5$+&!-3! }!

?!J76!6/,!$"5$!5:6&&!+16/&"+"-/!+%*;%16+(1%&!C}bc!*PE!"/!8-*;61"&-/!+-!-+$%1!6:";$6+"8!

;-:2*%1&!-)+6"/%,!31-*!1%/%D6):%!1%&-(18%&F!Q+!D6&!$2;-+$%&"&%,!+$6+!+$%!;-:2*%1!

JTS!D6&!&+%1%-1%5(:61!6/,!+$%1%3-1%!$6,!+$%!;-+%/+"6:!+-!3-1*!&+%1%-8-*;%:I%&F!#$%!

-;;-&"+%! %/6/+"-*%1! -3!JTS! D6&! &2/+$%&"%,! 31-*! C|EB! B;"/%/%! CC|EBJJEG! +$%!

%/6/+"-*%1&!D%1%!):%/,%,!6/,!+$%!1%&(:+6/+!;-:2*%1!D6&!3-(/,!+-!;-&&%&&!6!$"5$%1!

#$!+$6/!+$%!8-/&+"+(%/+!;-:2*%1&F!#$"&!;1-0",%&!6!&+1-/5!"/,"86+"-/!-3!3-1*6+"-/!-3!6!

&+%1%-8-*;:%IF!!

!

#$%!;-:2*%1&!JTS!6/,! JTT!%68$!8-/+6"/!6!+%1*"/6:!6:J%/%!*-"%+2!"/!+$%"1!;%/,6/+!

8$6"/&G!3(+(1%!D-1J!8-(:,!"/0-:0%!(+":"&"/5!+$%&%!1%68+"0%!3(/8+"-/6:!51-(;&!+-!;1-,(8%!

+%1;%/%B,%1"0%,!;-:2*%1&!D"+$!"/+%1%&+"/5!;1-;%1+"%&F!V-1!%I6*;:%!+$%!,-():%!)-/,!

8-(:,!)%!(&%,!+-!"/,(8%!81-&&!:"/J"/5!)%+D%%/!+$%!8$6"/&G!-;%/"/5!(;!+$%!-;;-1+(/"+2!

3-1!+$%!;-:2*%1!+-!)%!(&%,!"/!8-6+"/5&F!A/-+$%1!&+16+%52!8-(:,! )%!+-! ;%13-1*!;-&+!

;-:2*%1"&6+"-/!*-,"3"86+"-/&!+$1-(5$!+$%!3(/8+"-/6:"&6+"-/!-3!+$%!,-():%!)-/,F!#$%&%!

&+16+%5"%&!;1%&%/+!;1-*"&"/5!3(+(1%!"/0%&+"56+"-/&!+-D61,&!+(/"/5!+$%&%!;-:2*%1&!3-1!

;-+%/+"6:!6;;:"86+"-/&F!!!

!

#$%!&2/+$%&"&!-3!6!&+%1%-1%5(:61!;-:2%&+%1!+$1-(5$!;-:28-/,%/&6+"-/!D"+$-(+!+$%!(&%!

-3!6!8$"16:!86+6:2&+!$6&!/-+!)%3-1%!)%%/!1%;-1+%,G!6/,!"&!$2;-+$%&"&%,!+-!-1"5"/6+%!31-*!



! >cj !

+$%!"/$%1%/+!8$"16:"+2!-3!+$%!*-/-*%1!"+&%:3F!#$"&!8-(:,!)%!%I;:-1%,!3(1+$%1!"/!-1,%1!+-!

6&8%1+6"/!%I68+:2!+$%!*%8$6/"&*!-3!+$%!;-:2*%1"&6+"-/!6/,!+$%1%3-1%!16+"-/6:"&%!$-D!

+$%!;-:2*%1!"&!)-/,%,F!#$"&!&+(,2!8-(:,!)%!68$"%0%,!+$1-(5$!+$%!8-/+1-::%,!&2/+$%&"&!

-3! ,"*%1&G!+1"*%1&!6/,!+%+16*%1&! !6/,!&()&%H(%/+!5S!4LR!6/6:2&"&!+-! ,%,(8%!+$%!

&+%1%-8$%*"86:! -(+8-*%&! -3! +$%&%! 1%68+"-/&F! #$"&! 8-(:,!;-+%/+"6::2! :%6,! +-! +$%!

-;+"*"&6+"-/! -3! +$%! ;-:2*%1"&6+"-/! +-D61,&! &+%1%-1%5(:61"+2! 6/,! 3(1+$%1!

"/0%&+"56+"-/&!"/+-!+$%!&+1(8+(1%!-3!+$%!&+%1%-8-*;:%I!3-1*%,!31-*!+$%!):%/,!-3!+$%!

;-:2*%1&!C|EBJTS!6/,!CBEBJTSF!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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!



! >N=!

=@?=BZ-"@?-!
!
#$%! &()&+"+(+"-/! -3! ;%+1-8$%*"86:! ,%1"0%,! 3%%,&+-8J&! 3-1! ;:6&+"8! ;1-,(8+"-/! "&! 6/!

%&&%/+"6:!61%6!-3!1%&%618$!6/,!+$"&!1%;-1+!$6&!,%*-/&+16+%,!+$%!;-+%/+"6:!3-1!+%1;%/%&!

+-! )%! 6! &"5/"3"86/+! 6/,! (&%3(:! D6&+%! &+1%6*! 3-1! ;-:2*%1! 6;;:"86+"-/&F! .+":"&"/5! +$%!

1%68+"0%!6:J%/%!*-"%+"%&!6/,!:6+%/+!8$"16:"+2!-3!:"*-/%/%!6/,!! B;"/%/%!$6&!6::-D%,!

+$%! &2/+$%&"&! -3! 3-(1! /-0%:! *-/-*%1&! D$"8$! 86/! ;-:2*%1"&%! (/,%1! &+%;B51-D+$!

;-:2*%1"&6+"-/!8-/,"+"-/&F!#$%!&2/+$%&"&!-3!-I25%/6+%,!+%1;%/%B,%1"0%,!*-/-*%1&!

$6&!6::-D%,!+$%!&2/+$%&"&!-3!1%/%D6):%!;-:2%&+%1&G!D$"8$!,(%!+-!+$%"1!%&+%1!:"/J65%&!

6:&-!&$-D!$"5$!;-+%/+"6:!3-1!%/,!-3!:"3%!&-:(+"-/&G!D$"8$!61%!"*;%16+"0%!"/!+$%!,%&"5/!

-3!1%/%D6):%!;-:2*%1&F!!

!
#D-!+%1;%/%!,%1"0%,!*-/-*%1&!CJUS!6/,! JUQE!$60%!)%%/!&2/+$%&"&%,!31-*!:"*-/%/%!

CTE!6/,!+$%"1! ;-:2*%1"&6+"-/! ;-+%/+"6:&! "/0%&+"56+%,F!#$%!3"1&+! )%"/5!6!$2,1-I2B68",!

D$"8$!D6&!&$-D/!+-!$-*-B;-:2*%1"&%!6::-D"/5!688%&&!+-!6!;-:2%&+%1!D"+$!>==K!-3!"+&!

861)-/!8-/+%/+!8-*"/5!31-*!+$%!+%1;%/%!*-:%8(:%F!#$%!$2,1-I2B68",!D6&!;-:2*%1"&%,!

+-!2"%:,!:-D!*-:%8(:61!D%"5$+!;-:2*%1&!D"+$!CL&&!<%F!<FN!J76E!6/,!#$&!-3!<%:#OO!*PF!#$%!

:"*-/%/%!,"-:! "/+%1*%,"6+%!D6&!(&%,!6&!6!8-B*-/-*%1!D"+$!+$%!1%/%D6):%!,"68",G!

&(88"/"8!68",G!+-!;1-,(8%!6!;-:2%&+%1!D"+$!"*;1%&&"0%!*-:%8(:61!D%"5$+&!C(;!+-!M=!J76E!

6/,! :-D!# $&!C86F!<=*PEF!9%1$6;&!+$%!*-&+!;1-*"&"/5!;1-;%1+2!-3!+$"&!;-:2*%1!"&!+$%!

6)":"+2!+-!,%516,%!(/,%1!)6&"8!8-/,"+"-/&!6::-D"/5!3(::!1%8:6*6+"-/!-3!"+&!&()&+"+(%/+!

+%1;%/%! ,%1"0%,! ,"-:G! D$"8$! D-1J&! +-D61,&! +$%! ;1-,(8+"-/! -3! 6! 8"18(:61! ;-:2*%1G!

8(11%/+:2!-/%!-3!+$%!)"55%&+!8$6::%/5%&!3-1!;:6&+"8!D6&+%!"/!&-8"%+2F!!

!

! B9"/%/%!D6&!6:&-!, %1"06+"&%,!"/+-! *-/-*%1&!3-1!&+%;!51-D+$! ;-:2*%1"&6+"-/F!#$%!

*-/-*%1!&2/+$%&"&!D6&!8%/+16:"&%,!61-(/,!+$%!$2,1-:2&"&!-3!! B;"/%/%!-I",%!(/,%1!

*":,!8-/,"+"-/&!+-!3-1*! )/%'9B&-)1%1-:G!D$"8$!D6&!3(1+$%1!3(/8+"-/6:"&%,!+-!;1-,(8%!

+D-! ;-:2-:&F! #$%&%! ;-:2-:&! D%1%!6):%! +-! &(88%&&3(:! 68+! 6&! 6! 8-! *-/-*%1! 3-1! +$%!

&2/+$%&"&! -3! ;-:2%&+%1&F! #$%&%! ;-:2*%1&! ;-&&%&&%,! /-+6):2! $"5$! #$&! 3-1! 1%/%D6):%!

6:";$6+"8! ;-:2%&+%1&G! ,(%! "/! ;61+! +-! +$%! 828:-$%I6/%! 1"/5! "/! +$%"1! )68J)-/%&F!#$%!

;-:2*%1&!1%68$%,!*-:%8(:61!D%"5$+&!-3!}!?!J76!6/,!$"5$!5:6&&!+16/&"+"-/!+%*;%16+(1%&!

C}bc!*PEF!#$%&%!*6+%1"6:&!6:&-!8-/+6"/!6!31%%!6:J%/%!"/!+$%"1!;%/,6/+!51-(;G!-;%/"/5!



! >N>!

(;! -;;-1+(/"+"%&! 3-1! 81-&&B:"/J"/5! 6/,! ;-&+! ;-:2*%1"&6+"-/! 3(/8+"-/6:"&6+"-/!

6;;:"86+"-/&F!!9-&&"):2!+$%!*-&+!"/+%1%&+"/5!;1-;%1+2!-3!+$%!;-:2*%1!D6&!"+&!6)":"+2!+-!

(/,%15-! &+%1-8-*;:%I6+"-/! D"+$! "+&! 8-11%&;-/,"/5!%/6/+"-*%1F! #$"&! 1%&(:+%,! "/! 6!

&+%1%-8-*;:%I%,! ;-:2*%1! D"+$! "*;1-0%,! +$%1*6:! ;1-;%1+"%&! +$6/! "+&! 8-/&+"+(%/+!

;-:2*%1&F!!

!
Q/!8-/8:(&"-/!+$"&!;1-e%8+!$6&!6::-D%,!+$%!&2/+$%&"&!-3!3-(1!/-0%:!;-:2%&+%1&!D$"8$!61%!

,%1"0%,!31-*!+D-!,"33%1%/+!+%1;%/%!&-(18%&F!V(1+$%1*-1%!+$%!;-:2%&+%1&!&2/+$%&"&%,!

,"&;:62!6!16/5%!-3!*-:%8(:61!D%"5$+&!6/,!#$&!,%*-/&+16+"/5!+$%!,"0%1&"+2!-3!+%1;%/%&!

6&! 6! 1%/%D6):%! 3%%,&+-8JF! #$%! 3-(1! ;-:2*%1&! &2/+$%&"&%,! $60%! 6/! 6&&-1+*%/+! -3!

;1-;%1+"%&G! "/8:(,"/5u! ,%516,6)":"+2G! ;-&+B;-:2*%1"&6+"-/! 3(/8+"-/6:"&6+"-/! 6/,! +$%!

;-+%/+"6:!3-1!+$%!+(/"/5!-3!+$%!+$%1*6:!;1-;%1+"%&!+$1-(5$!&+%1%-8-*;:%I6+"-/F!#$"&!

;1-e%8+! 8:%61:2! ,%*-/&+16+%,! +$6+! "/! +$%! 3(+(1%! +%1;%/%! D6&+%!&+1%6*&! ;1%&%/+! 6!

&"5/"3"86/+!-;;-1+(/"+2!"/!+$%!3"%:,!-3!&(&+6"/6):%!;-:2*%1&F!!

!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



! >N<!

SI!CX5%4(L%#'*9!
!

SIJI!E%#%4*9!CX5%4(L%#'*9!

#SV!D6&!31%&$:2!,"&+"::%,!31-*!&-,"(*!*%+6:!6/,!)%/X-;$%/-/% t!D6+%1!D6&!,%"-/"&%,!

)%3-1%! (&%F!A::! -+$%1!1%65%/+&!D%1%! ;(18$6&%,!31-*!6!8$%*"86:!&(;;:"%1!6/,! (&%,!

D"+$-(+!3(1+$%1!;(1"3"86+"-/F!#_P&!D%1%!;%13-1*%,!-/!&":"86!5%:!-/!6:(*"/"(*!6/,!D%1%!

0"&(6:"&%,!(&"/5!6!;-+6&&"(*!;%1*6/56/6+%!-1!;$-&;$-*-:2),"8!68", !-1!06/"::"/!,";F!

TI;%1"*%/+&! 8611"%,! -(+! (/,%1! "/%1+! 6+*-&;$%1%! (&%,! 615-/! -1! /"+1-5%/G! 6/,!

5:6&&D61%! D6&! 3:6*%! ,1"%,! ;1"-1! +-! (&%F! A::! &-:(+"-/&! 61%! &6+(16+%,! (/:%&&! &+6+%,!

-+$%1D"&%F!!

!

5S! 6/,! 5CP! 4LR! &;%8+16! D%1%! 1%8-1,%,! "/! P7P:CG! CP7CE4'Y! -1! P7CY7! 6+! 6*)"%/+!

+%*;%16+(1%! (&"/5!W1(J%1! 79aO==! CO==! LSXEG! AgO==! CO==! LSXEG! AgMO==S7! CO==!

LSXEG!AgMO==!CO==!LSXE!6/,!AgMc==!Cc==!LSXE!&;%8+1-*%+%1&F!76+6!61%!%I;1%&&%,!

6&!8$%*"86:!&$"3+&!"/!;61+&!;%1!*"::"-/!C;;*E!1%:6+"0%!+-!1%&",(6:!&-:0%/+!&"5/6:&!CPSP:CG!
5S!4LR!bF<bEG!CP7P:CG!5CP!4LR!bbF=EG!CCPSCE4'Y! 5S!4LR!<Fc=EG!CCP7CE4'Y! 5CP!4LR!

MjFcEG!CPSCYS!5S!4LR!MFM>E!-1!CP7CY7!5CP!4LR!OjF=E!6&!+$%!"/+%1/6:!&+6/,61,!-/!+$%!

•!&86:%F!#$%!3-::-D"/5!6))1%0"6+"-/&!61%! (&%,!+-! ,%&"5/6+%!+$%!*(:+";:"8"+2! -3!%68$!

&"5/6:t!&G!&"/5:%+t! ,G! ,-():%+t! ,,G! ,-():%+! -3! ,-():%+&t! ,,,,G! ,-():%+! -3! ,-():%+! -3!

,-():%+! -3! ,-():%+&t! +G! +1";:%+t! ,+G! ,-():%+! -3! +1";:%+&t! ,,+G! ,-():%+! -3! ,-():%+! -3!

+1";:%+&t!HG!H(61+%+t!*G!*(:+";:%+t!6;+G!6;;61%/+t!)1G!)1-6,F!!P-(;:"/5!8-/&+6/+&!E!61%!

5"0%/!"/!$%1+X!CSXEF!

!

'"X%!%I8:(&"-/!8$1-*6+-516;$2!C'TPE!D6&! ;%13-1*%,! (&"/5!6/!A5":%/+!><N=!Q/3"/"+2!

'%1"%&!S9_P!CA5":%/+!#%8$/-:-5"%&G!.'AE!"/!P$:-1-3-1*!CS9_P!516,%G!V"&$%1!'8"%/+"3"8E!

6+!1--*!+%*;%16+(1%!(&"/5!+D-!A5":%/+!9_B5%:!c!‚*!*"I%, BP!8-:(*/&!CM==!I!bFc!**E!

"/! &%1"%&! D"+$! 6! 9_B5%:! >=! ‚*! \(61,! P-:(*/! Cc=! I ! bFc! **EF! A! 3:-D! 16+%! -3!

=Fc!*_ !*"/ <5!D6&!(&%,F!A!9LLA!8-:(*/!86:")16+"-/!D6&!(&%,!6:-/5&",%!6!,"33%1%/+"6:!

1%3168+-*%+%1!C7RQG!`26++E!3-1!&6*;:%!,%+%8+"-/!6/,!6/6:2&"&F!

!



! >NM!

72/6*"8!*%8$6/"86:!6/6:2&"&!C7LAE!D6&!(&%,!+-!,%+%1*"/%!+$%!#$!-3!+$%!;-:2*%1&F!

L%6&(1%*%/+&!D%1%!;%13-1*%,!-/!6!#1"+-/!#%8$/-:-5"%&!7LA!C/-D!L%++:%1!#-:%,-!

7LA>E!(&"/5!+$%!;-D,%1!;-8J%+!688%&&-12F!#$%!&6*;:%!CO=!*5!ƒ!c!*5E!D6&!D%"5$%,!

"/+-!6! ;-D,%1! ;-8J%+F! '6*;:%&!D%1%!*%6&(1%,!6+!>!6/,!>=!SX! "/!&"/5:%!86/+":%0%1!

)%/," /5!5%-*%+12!)%+D%%/!B>==@>==!mPF!#$%!06:(%!-3!+$%!#$!D6&!+6J%/!6&!+$%!;%6J!-3!

+$%!+6/!,%:+6!C+6/!•E!8(10%F!

!

Q/316B1%,!&;%8+16!D%1%!1%8-1,%,!(&"/5!6!W1(J%1!#%/&-1!<b!V#BQR!&;%8+1-;$-+-*%+%1!

(&"/5!%"+$%1!6/!A#R!6++68$*%/+!-1!6!&-:(+"-/!8%::!(&"/5!PSP:C!6&!+$%!&-:0%/+!6/,!+$%"1!

;%6J&!61%!H(-+%,!6&!&+ %M!"/!8* <5F!S"5$B1%&-:(+"-/!*6&&!&;%8+16!D%1%!-)+6"/%,!(&"/5!6!

W1(J%1!L"81-#YV!*6&&!&;%8+1-*%+%1!-;%16+"/5!"/!%:%8+1-&;162!"-/"&6+"-/!CT'QE!*-,%F!
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