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012*3*+, . The cationic polymerisation of 6-pinene.®
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012*3*+ : The living cationic polymerisation of 8-pinene (,4 )" "¢
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012*3*4 . Hydrogenation of poly(B-pinene) (,6 ).7
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&'()"*+7. Propagting species of 6-pinene (,4 ) and isobutene
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012*3*45. The two proposed mechanisms of polymerisation of a-pinene (,, )
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012*3*+7. The radical polymerisation of 6-+tising benzoyl peroxide as an initiator=®
!
4%D!*%+$-,&! +-1(+":"&%0!:"*- 1%V ;-: 2*% 1! 8$%*"&+12!161%!8:%661:2! 1%H("1%,! &"/8%)!
"+1"&18/(8$16/16)(/,6/+D6&+%%! 8+ 1B F
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012*3*+6: Syntheis of polymyrcene (/5 ) using RAFT®C

|
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012*3*+8. Copolymerisation of I7 and+6 with carbon dioxide®
!
il B""™*"16+%!X"/8!68%+6+%!8-*;: 0%6NGS() KAFE'!D%1%!8$-&%0/'6&!86+6:2&+&!, (%0 !+-1+$%"1 !
$"5$!68+"0"+2!+-D61,&!;-:2*%1"&6+"-/1-31%:;-1",%&!6/,'861)-/!,"-II', %F!
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&'()"*+6: 8 -Diiminate zinc complex I8 used as a catalyst for the copolymerisation of [7 and /6 with
carbon dioxide.®'
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012*3*+9. Polymerisation of myrcene (9)®°
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*0h+$2:%/%828:-;%/+%/QEG! D$"8$! D6&! &()&YoH (%/+:2! ;-1 2061 DRAAGH"-/"8!

12406 1"&6+"-/F #$"&! ;1-8%&&! ;1-,(8%,! 6! $"5$! *-:%8(:61! D%"5$+! 6/,! 1%5"-;(1%!
120611 QAL ¢lp!<<1J761D"+$!6![1-31>F><F1#$%! 86+"-/"8!;-:2061"&6+"-/\ DB&!"["+"6+%,!
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012*3*+ . Ring opening polymerisation of carvone derived monomers 55 and 58°@

!
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012*3*+4 : Synthesis of polymers from menthol 495)°"

|
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012*3*+,, : Synthesis of polymers via lactams 77 and 78 obtains using the Beckman rearrangement.®®
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-0:9!)-/,GID$"8$!"8&!8-/e(56+%, | 461 I%+-1%!*-"%+2G!6/,186/1)%! $:*:2%%1"&%,

+$1-(5$! 6! 16,"86:1 1"/5! -:%/"/5! ;1-8%&&F! #$%! ;-:2*%1"&6+"-/! D6&! "/0%&+"56+%,! "/! 6!
1(*)%1!-31 &-:0%/+&! +-12"%: 1 ;-:23%+-/%&! D"+$!5/B<N! J76!6/,1 61 36"1:21 $"58! #
C>NEPEFIW-+$1%/6/+"-*06 1 &8 3Y0/%! CIE! D%1%! (&%, |6&1&+61+"/5!1*6+%1"6:&1"/!-1,%1!
+-1"/0%&+"56+%!+$%!%633%8+1-318$"16:"+21-/1+$%! 1%& (:+"/5!;-:2*% L F1#$%! ) (":+!"/18$"16:
0%6121"/+%61%&+"/5168;%8+!-31(&"/5!+%1: %/ $8RIBIINGL, | 1968 (:+96,1"/1:-: 2+ 1 &ID"+!

- +"86:168+"0"+1%&F

!

V-1:-D"/51+$%!&(88%&&!-31+$%IRY9!-31828:"81968+%116/,16*",%&!, %1 " 0% 06/ + $-:
6/,18610-/%@QMG!D-1JID6&! ,-/%!+-1%I:6/,1+$%! & 2/+$%&"&!-31:68+-/%&6/,1:68+6*&!+-!
+$901:" %1% &F ] (":AMAE2/+$% 8. " &IBEA)1-;2:86;1-:68+-/%TNE!"/13-(11&+UBE-*!

" B"/%/%! QUE! D$"8S$! 86/! %! &%6%/! 6&! 6! +%1;%/% HEBA: DIGB-+-/%-L%L %! IMEF!

#$%! *-/-*0511 DB&! :1%:61%,! -/! 6! *(:+"516*! &86:%! 6/, D6&! 6):%! +-! (/,%15-1 1"/5!
S%["/5) -12%%1"&6+"-/! +-! 5"0%! :-D!s#@=! ‘PE! )"B6&%,! 6:+%1/6+"0%&! +-!
-:2C86;1-:68+-/%EF!



1. O, CH,Cl,, o)
-78 °C AICl3 (2 eq.)
2. EtsN, rt. CH,Cl,
0°C,1.5h
N
10 59 60
H, (10 bar)
Rh(PPhs)5Cl (5 wt%)
EtOAc, 40°C, 24 h
] CPBA 9
0] m ,
M\/O% ROP ° CHCl,
n
0-25°C
N
N N
63 62 61 I
+

012*3*+- . Functionalisation of -pinene (,4 ) to yield a cyclic ester capable of ROP®'
|
!
" B"/%/%!QUE!$6&!6:&-1)%%/!*-,"3"%,!)2!""//168I%p % #-!;1-,(8%!)"828:"8!:68+6*&!
D$"8%$!61%!6):%!+-!(/,%15-! RMWH/"-/"8!-1!186+"-/"8!;-:2*%1"&6+"-/@F$%! :68+6*!
T3"&!&2/+$%&"&%,!"/'3-(1! &+%; XEBR41% ! QUE! D$"8%! +$%/!186/!3-1*16!;-:26*" Do
TN+09RY9!&,%L %! JCEF#$%!;-:26*",%&!D%1%!&2/+$%&" & UK Yo% %/ >Fb!6/,!
?F>1376!6/,'D%1%!3-(/,!+-1)%!812&+6::"/%!;-:2*% 1 & X WA¥5%! 16/5%! -3 MR Q/!
6,,"+"-/+-1+$%&%+$%1*6:!;1-;%1+"%&!+3$%!;-: 2*0%61&!,"&;:68%,'0'8R16/,+-5%+$% 1!
+$"&!1*6J%&!+$%*10%12!6++168+"0%!3-1!$"5%!;%13-1*6/8%!;-:2*% 1&F



O NH,OHHCI, N

KM nO4, A|203 NaHC03 |
Hzo/CH2C|2 MEOH/Hzo

10 59 64
o 0O Polyphosphoric
id
©/U\N aci
O

o 5 66

R NaH or KO'Bu HN

e
]
67 65 !

012*3*+/ . Synthesis and polymerisation of "-pinene (,4 ) derived lactam (67)
!
Al 1%8%/+! 8-::6)-16+"-/! )%+D%%!/! S-D,:%! 6/,! '+-8J*6/! $B60%:-;%,! &"*;:%!
8%%*"&+12! +-! *-"32! +%1;%/%4&! 6/, 81%6+%! /%D! ;SPFHY&E 6/,! 6)(/,6/+!
+%1;%/%&G! &(84BEEANR6! TIEGH"/%/%! QUE! 6/,!:"*-/%/%! TEG! D%1%! +16/&3-1*%,!
"[+-1*-[-*051&1)2!6,,"+"-/ 1-316812:6+%&!6/,!*%+$6812:6+%!3(/8+"-/6:"+2!+-181%6+%!/%D!
*-[-*051&!+$6+186/1%6&":2!(/,%15-131%%!16,"86:!;-:2*%1'Q@GRBE
!
Al061"%+2!-31+%1;%/%!,%1"0%,!*-/-*%1&!$60%!)%%0/! & - K& da® J51J 16/ ,!
TID%1%!3(/8+"-/6:"&%:,!)2!(&%!-3!6!$2,1-)-16-8%/!-1",6+"-/'&%H(%/8%!"/!-1,%1! +-!
"1&+6::161$2,1-12:13(/8+"-/6:"+2F!Q/!+$%! SQEB6/86:8-$-:! D6 &!3-1*%,1)2! 1%, (8+"-/!
=31 +3%! %/-/%! 3(/8+"-/6:"+2! D"+$! "+$"(*! 6:(*"/'(*! $2,1",%F! #3%! $2,1-12:!
3(/8+"-16:"&%,!+%1;%/%&! D%1%! %&+%1"3"%,! D"+$! 6§63 12:- 2 8%:-1",%! (&"/5!
T+416&!6!)6&%F
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Ao g E;kf 7

72 73 74 75 |

+
&'()"*+8: Monomers derived from terpenes®®

|

#$%8&%! 1%D! *-/~*%1&IFBE D%1%! ;-12*%1"&%,! +$$4(8-/0%/+"-/6:1 VRI(&"/5!
BX-)"&"&-)(+21-/"+1":%! 6&! 6/! ""+"6+-1F! Q/! *-&+! 86&%&! +$%! ;-:12*%1"&6+"-/&! D%1!
&(88%&&3(:12"%:,"/5!+$%! ;- 2KTRRRIE () KAVEE I #$%0! -1 2% % 1" &6+"-/&560%!:-: 2+% 1 &!
D"+$!%-:968(:611D%"5$+&!(;1+-1>=NIJ761D"+$!$"5$!8-/0%DE U F#$% [ D6 &S 5$!
C>BF<EBR.! %1:%8+%,!3-11 VRO! D$"8$! -1 /-+1 (&%6! 8-/+1-1 65%/+&F! #$%! :-:2*%1&! 6:8.!
"&::62%,! #106:(%&! 31-B-2IR! (;1 +-1 >0<! MPG! 5"0"/5! +$%*! +$%! ;-+%/+"6:1 3-11 *6/2!
6;;:"86+"-/&F



76 77 78

\, | D"“f

%
YR 0 Yy

79 80 81 82 !

+
&'()"*+9: Polymers from acrylate and methacrylate monomers derived from terpenes®®

|

9612"/5!+$%!+%1:%/%!6/,16812:"8168" 1&+61+"/51%6+961"6:&16::-D&!+(/"/5!-31+$%!; 1-: 961 +"C
-31+$9%! 1%8&(:+6/+1:-: 250 1G1*6.J"/5! +$%*1%18%::%/+186/,",6+%6&!3-118-++0618"6::2! (&%3 ;!
-:2%0618&1 31-*! 1%/%D6):%! 1%&-(18%&F! #$%! 6)-0%! &2/HEPE "G <BI1&! "&!
8(11%/+:2!/%"+$%1! v51%9%/d! - 1! &(&+6"/6):%F! S-D%0%LG! D"+$! +$%! %0",%/8%! -3! +$
1% 1+"%8&! -31 +$%&Y6! ;-1 2+%1&! 6/1%33-1+!86/1)%!+6, %! +-1 -;+"*" &Y%l +$%6! 8-/,"+"-/&!1 61/,
9%0%:-;1 "*%:1-0%,! 1-(+%&! 3-11 )-+$! +$%! &2/+$%&"&! -3! +$%! *-/-*%1&! 6/, +$%!
12 %05 1"86+"-/1:1-8%&&F!

!

SIS &L 145961 82/+$%&" &I D6&!,%0%:-;%, 1+-1*-0%!6D62! 31-*1+$%! +-1"816812:-2:!
6/,1*06+$6812:-2:18%:-1" %16/, |&()&+"+(+"/5!D"+$!6812:"816/,1*%+$6812:"8168" t1)-+$!-3!
D$"8$! D"::! )%8-*%! 8-*%0618"6::2! 606":6):%! 31-* 1%/%D6):%! &-(I8UEE!
$-&:$5-/"816/$2,1",%! DB&! "/+1-,(8%, ! +-1: 1-*-+9%! %6&+9%1! 8-(;:"/5!)%+D%%6/! +%1:%/%!
6:8-$-:&! 6/,! 6812:"8! 68",G! ;1-,(8"/5! 6/! %/0"1-/*%/+6::2! )%/"5/! DEMEH():%!
+1"$-8;$6+96! - (8+1! 8-/&" %16):2! *-1%! &(&+6"/6):%! +$6/18$:-1",%!"/1 6/2! D6&+%!
&+1%6HF



S-D,:%G!"+-8J*6/!6/,18- BD-1J%1&:--3%,!"/+-16!*-1%619633"8"%6/+!-/%! &+%:;!&2/+$%&"&1-3!
+$9%! *-/-*061 &1 +0YPEB! 68+"06+"-/G! D$"83$! 86/! )%! 0"%D%,! 6&! 6/! %33"8"%/+! D62! -3
3(/8+"-16:"&"/5! 6:1%/98&E%+$6812:"8! 68",! D6&! 6,,%,! I +0%B6+6:2+"SEFP
3(/8+"-/6:"86+"-/1(&"/519,CY AGR.! 6!86+6: 28T %! JEF! Y;+"*6:18-/,"+"-/1& D%1%!
3-(/,1+-1)%!<I*-:K19,CY ABE/GI<I%H("OF ) %/X-H("/-/%(/,%116/16+*-&:$%1%I6BIY
(&"/51*06+$6812:"8168",16&!+$%! &-:0%/+F!#$%! 1%68+"-/| D6&! 861 TG 1(>MHglc=!
6/,1;1-,(8%,1+D-1;-8&"):%!;1-,(8+&!"/1?<KI®AB/,! PE!"/16!>=u>1164"-F!

!
OW/K
Pd(OAc),, BQ 0 j{& o
+
@] o
o)k[/

H

10 83 84 !

+

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

PES! 68+"06+"-/! $6&! )%%/! &(88%&&3(:! "/ "*;1-8YB! &2/+$%&"&! -3! 6812:6+%! 6/,!
*0+$6812:6+%!3(/8+"-/6:"&%,!*-/-*%1&!)211%,(8"/5!+$%!/(*)%1!-31&+%0;&!31-*1-/%! +-!
+D-G!16&!D%::16&!;1-,(8"/51/%D!"/+%1%&+"/5*-/-*%1&F#$-(5$+$"&!D-1J!"&!&+"::1-/5-"/5G!
;1-*"&"/511%&(:+&!$60%!)%%/!,%*-/&+16+%,F

L-1%!1%8%/% % 61)#%#&%, 16!&"*":6116:;1-68%$!+-1&2/+ SV RIGIR.-) 1%1-:1,%1"0%,
6812:6+%&! 6/,! *%+$6812BR UM &%8-/,612! 6:8-$-11 "W%'OR-)1%1-!! D6&!
3(/8+"-/6:"8%,! (&"/5! 6812:-2:! 8$:-1",%! 6/,] *%+$6812:"8! 6/$2,1",%! 1%&;%8+"0%:2! +-!
11-,(8%!*-/-*9%1 &F#$% &6 !*-/-%1 &ID%1%!+$%/!1%68+%, ID"+$!(/&6+(16+%, |;- 2%&+%1&!
+-1:1-,(8%! 1%&"/&! D"+$! +(/6):%! +$%1*-*068$6/"86:! ;1-;%1+"%&F! #BAbEYL4-

*|*051&! $60%! +$%! -+06/+"6: +-| 1%6::68%! ;%+1-8$%*"86:! ,%1"0%,! &+21%/%! "/!
3-1*(:6+"-/&F



#$%!1%8%618$!$"5$5:"5$+%, 16)-0%6K $68:“R%6&!+$%!)%/%3"+&I-318-::6)-16+"-/ID"+$"/!
+$9%!1&8"%/+"3"81,"&8"::"1%&G!$%1%! +$%!8-/0%15%/8%!-31;-:2*06116/,1-156/"8!8$%6*"&+12
19%8(:+%,1"N-0%:1;-: 2506 1 &ID"+$!"/+%1%&+"/516/,1(&%3(:!; 1-:% 1+ "% &F

!

H$Y%%!;-12%% 18! &2/+$%&"&%,!6)-0%!61%!,%1"0%, | 3By VOLMD (18%&!6/,!;-&8I6&E!
1%H("1%,! 8$%*"86:! :1-:%1+"%&! D$"8$! "&! 81(8"6:! D$%/! ,%0%:-:"/5! [%D! 51%%/! 6/,!
&(8&+6"16):%!;:68+"B&FI#$%1%! 61%! &+"::1;1-):%6*&! +-1)%! &-:0%, G! 3-11%16*;:%6! 6! 1%/%D!H
&-(18%!-31+$%!6812:"816/,1*06+$6812:"8168",&!"&! 1%H (" 1%, F¥ B! [196804RIEBHE. 61%!
6::9%61"/5G!6/,1&2/+$%+"81)"-:-521:--J&I&Yo+!+-181%66+%6!61v+--:)-1d!-3!::6+3-1*185%*"86:&!
+$6+18-(:,1)%!8-/&", %1%, I"1+$%!3(H(1%F!

!
[H#=# H(*-&!A-F*¥

\(*11-&"/1"&! +$%! /- B-:6+":%! 3168+"-/1-3!;"/%! 1%&"/1-)+6"/%,1) 2! +6;;"/5! :"0"/5! ;" /%!
+1%%& 681+ $%0!*-& +18-**-/11-&"/F191-,(8+"-/1-311-&"1%]8%%,&!>G==="#AG!8-/&"&+"/5!
11"61":21-311%&"/168",&!D$"8$!"/8:(,%$}6)"%-BE&,!;1"61"81+2;%!184/!68",&!D"+$!
8$6168+%1"8&+"8!$2,1-;$%/6/+$1%8%/%!&-H(IBUXPRIG%0!& 2/+$%&"&1-3!;-:2* %1 &!
(&"/5!1-&"/168",&!"&16!$(5%!61%6!-311%&%6183$!6/,!D"::!/-+1)%!8-0%1%,!"/!,%;+$!$%1 %G *-1
8-*:1%%$%/&"0%!1%D'&!$60%!)%%/!;():"8&$%,!;1%0"q@DF

|



solselsv

COOH COOH COOH

85 86 87

E j/\% F j/\§
COOH COCOH

88 89 !

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

I
L6"/18$6"/!;-:2*%1&!,%1"0%,!31-*I&9468",&16 1%!*-&+18-**-/:21;-:2*%1"&%, ) 2!&+%;!
51-D+$!;-:2*%1"&6+"-/'+6J"/5!6,06/+65%!-3!861)-12:"8!168",13(/8+"-/6:151-(; & FHA!16/5
-313(/8+"-16:1 *-/-*%61&! 31-*1 196&"/1 68",&! $60%! )% %/! &A&IY%0,! (&"/5! 7H6;861!
1%68+"-/8¥$%&%! *-/-*%1&! :%6,! +-! +$%! ;1%,;616+":/12%6&+%1&G! ;-:26*"/,%&G!
;-126%",9%"*",%&!16/,!;-:2%8&+%1!;-:2-:&BL6/2!-31+$%& %! *6"/1 856" /! ;-:2*% 1 &! $60%!
:-D!*-:%8(:61! D%"5$+&! 6/,! +$"&! "&! , (U418 $"/,16/8%! -3! +$92I %"/ 68",&C!
*<[-*0p 11" (1"+"%& 6/, &+-"8%$"-*%+1"8!8-/+1OF

!

R%"/! 68",&! $60%! )%%/! 8-/0%1+%,! "/+-10"/2:G! 6812:"8! -1! 6::2:! %&+%1! 51-(;&! +$6+! 8
(/,%15-1 16,"86:! ;-:2*%1"&6+"-/HF)K4%! B P-/+1-::%,! 16,"86:! ;-:2*%1"&6+"-/! -3!
*-[-*001&!1,%1"0%,!31-*15(*11-&"/1%/6):%&!+$%!;1%;616+"-/!-3B288./%,!;-: 2*%1&!
D"+$!$"5$!*-:%8(:61!D%"5$+!6/,!3(/8+ M2 G!+$%&%!8-(:,1)%!,%0%:-;%,!"/+-16,06/8%,!
*6+%1"6:&!&(8$!6&!+$%1*-;:6&+"8!%:6&+-*%1&!6/,!8-*1-&"+%&F!



CLm)L
Cl
90aR=H, n=2
90bR=H, n=4
n=2
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012*3*+,7 . Conversion of dehydroabietic acid (98) to acrylates and meth(acrylates)"®

|

#6/5! 6/,1 8- BD-1J%1&! $60%! ,%088:6! &%1"%&! -3! BYB"/%,! 188B-/+6"/"/5!
C*%+$E6812:"8] ;-:2%0618&1 )21 8-/+1-::9%,! ;-:2*061"&E+$Fo! 8-/0%1&"-/! -3! +$%!
861)-12:"8168",151-(;!-3PNI+-16812:6+%616/, "%+ $6812:6+%6!51-(;&11%&; %68+"0%: 2! 1 %& (:+%,
"[14+$%1& 2/+$%6&" &1-31%-/-*0h 1 &I8-/HBIBI0"/2:151-(; D$"8$I DO &IS "5 $:218(&8%; +"): %! +-!
16,"86:1;-:2*061"&6+"WHBI6/,! WFIA#RD6&!(8&%, 1+-1;-:2*%1"8&%!+$%! C*%+$E6812:6+%!
%[+ 1&F! 1

!

AB12:-2:-12:1,%$2,1-6)"%+"8861)-12:6+%! CATBIEIDS"8$!+$%!,%6$2, 1-6)"%6+"8!51-(;!
"&18-1/%8+%,!,"1%8+: B%18"/2:1%8+%1151-(;G!D6&!;1%:61%,!31-*16812:-2:18%:-1",%!6/,!
%$2,1-6)"%+"8! 6:8-$-:G! -)+6"1%,! )2! 1%, (8+"-/! -3! ,%$2,1-6)"%+"8IFBE!, DC+$!

&,"(*1 )-1-$2,1".%! C-/,%L%! JSEF! V-1l *-/-*061&! B%+$6812:-2:-12%+$2:!
%$2,1-6)"%+"8861)-12:6+%! CLAT7AE! WLEG! B8122:-12%+$2:!
9$2,1-6)"%+"8861)-12:6+%! ~ CAT7AEWEEG 6/,  B812:-2:-12)(+2:!
%$2,1-6)"%+"8861)-12:6+%! CAWIREG%$2, 1-6)"%+"8!6BEID 6&!3"1&+18-/0%1+%, !



"/+-1 6/1 682:1 8%:-1" %! (&"/5! -16:2: 8$:-1",%! 3-::-D%,! )2! +$HAOJU%&+%1"3"86+"-/!
19668+"-/&HEBI$2,1-12:151-(;&1-318-11%&;-/,"/5!C*%+$SE6812:6+%&F!

!

P-1:%1!86+6:280A#-*1+16/&3%1116,"86:!;-:2*%61" & 6BHRE-3WID6&! 86 11"%, | -(+!
+-15"006!;-:2*061&! D"+$161)1-6,!,"&:%1&"+2!"/,"86+"/5! +$%! 1%668+"-/| D6&! /-+! 8-/+1-::%, F!
#$"81 DB&! *-&+!:"J%:21 (%! +-| +$YE+"/5! &+%1"81$"/,16/8%! -3! +$%! ,%$2,1-6)"%+"8!
%1004 2F1 V-11 -+$%1! 6812:6+%&G! A#RO! G5! DP%!6H6+"-/! -3! DBB63"/%,! 1848
%1"0%,!;-:2*%61&!D"+$!:-DI[16/,18-/+1-::%, *-:%8(:6 1! D%"5$+FI1#$%!*-:%8(:6 1! D%"5$+!
-31;-12%051&116/5%, 131-*1>=1J761+-1>==1J 76 EI[5!>FMF #$%!$"5$%11*-:%68(:6 11D %" 5+
D6&!8-/&"&+%/+1D"+$1+$%!:-/5%11&;68%1&!)%+D %%/ +$%! 1-&"/1*-"0%+216/,1+$%610"/2:151-
3(1+$%1! "/,"86+"/5! +$%! 68+"-/! -31 6! &+%1"8! %633%8+F! #$%68%! :-:2*%1&! %I$")"+06,! +
+$961%6:1;1-:%1+"06&1)21 &":: 96! *6/";(:6+"-/1 -31*-/20611 &+1(8+(1%&! 6/,!8-(:,! &$-D!
-+06/+"6:16;;:"86+"-/&13-11+$%1*-;:68+"81%:6&+*061&!-118-* 1+ &"+0b&F

!

Q+! "&! 8:9%61! +$6+! +$%! 3(/8+"-/6:"&6+"-/! -3] 1%/%D6):%! 3%%,&+-8J&! (&"/5! 51%%!!
&(8+6"16):%! *o+$-,&! "&! )-+$! 6/1"/+%1%&+"/5! 6/, 6! 8-**0618"6::21 %l::-"+6):B4! 3'%:,
1%8&%618$F! Q/1 :61+"8(:61! +$%! +16/&3-1*6+"-/1 -3! 1%6/9%D6):%! 3%9%,8+-8J&! +-1 2"%:,1
*:068(:%8&! 8-/+6"/"/51 3(/8+"-16:151-(;&! D$"8%$! 86/1)%! 1%6,":2! ;-:2%%1"&%,! "&! 6! 0%12!
11-+"&"[51 61%6! -3! 1%8&%618$! 6/, ,%0%:-;BohF! +%1;%/%&! 61%! ;61+"8(:61:2!
"+%%1%8&+"/51)%86/(&%!-31+$%"11D", %! 16/5%!-313(/8+"-/6:151-(;&!6/,18$"16:18%/+ 1% &FI#S
1%&%6/+161&"5/"3"86/+1-;;- 1+(/"+21"1+$%! &%6 18$!3-11v51%9%/!;-: 206 1&d!6/,1(;1(/+"::1/-D!
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&'()"*+,4 : Graph displaying the relationship of conversion to the average molecular weight for step-
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012*3*+,6 . Synthesis of monomers from limonene (6) through thiol-ene click chemistry and the
subsequent polyesters ;- and :/

|

HS%0!,"&()&+"+(+%, 1 *-/-*061&! D%1%! (&%, | 3-118-/,%/&6+"-11;-:2*%1"&6+"-/16/ B>GCGb
+1B5X6)"828:-kOFOF&;B8%! CHWTE! D6&! 8$-&%/! 6&! 6! 86+6:28+! (%! +-1 "+&! $"5$!
+16/8%8+%61"3"86+"-/168+"0"+2F H#$%18+061"81%33%8+!-31+$%!)(:J2!828:"818+1(8+(1%-3
*621 $60YEB"/, % W6, 1+$%!86+6'@8BYZBI1%668+"/518%/+1%8 G 1%&(+"/5!"/1+$%! 3-1*6+"-/!
-31%6"/:21-1"5-*0H1 &1 D"+$! +$%! "% &+IBTIB/%&:;"+06! +$%! 368+ HWFISBBS+"0"H2F
9-:2%051"&6+"-/1 )%+D%%/! +D-1 $%+%1- "3(/8+"-/6:1 *-/-*0%61&! ;1-,(8%,! ;-:2*VAIII!

6/, WED"+$!*-:%8(:61! D%"5+&p! 21 J766/,!>=1J7616/,16![ &-3!>FN6/,! >F?j!
19%&;%8+"6%0:2



Q+!D6&!,"&8-0%1%,! +$6+! $"5$! *-:968(:61! D%"5$+!;-:2*%1&! 8-(:,!)%!-)+6"/%,! 31-*! +$%!
S=1-11"%&+%11*-/-*%1&!D"+$!6!&;68%1!)%+D %%/ :"*-/%/%! (/"+&! +-11%,(8%! +$%! &+% 1"
$"/,16/8%F! #H! 8B-/-*%1&! D%1%)! :-/FB$6"/! 36++2! 6BG&%,! ,"%&+%1&! 6/,! ,"-:&!
,%1"0%,! 31-*! 86&+-1! -":! D$"8$! 86/! 6:&-! )%! 8:6&&%,! 6&! 6! 1%/%D6):%! *-/-*%1F!
P-/,%/&6+"-/!;-:2*%1"&6+"-/'D6&!8611"%,!-(+!6+!><=ImP!(/,%1!068((*!(&"/5!+$%!&6*%!
HW7!86+6:2R1P&+6::"/%2*%18D"+$!6!$"5$%1!*-:%8(:6 1!DYoi6Sp076!BclI 76 E
D%1%!-)+6"/%,G!;1-)6):2!,(%!+-1+$%!1%,(8+"-/!I-3!&+%1"8!$"/,16/8%!31-*!+$%!:-/5!8%6"/!
&;68%1&F! #886!31 6::!;-:2*%1&! D%1%!{! rOc! mP! 6/!*48%'/5! ;-"/+&! 061"%,! 31-*!
r>c!mP!+-lc=ImMPF!

!
L-1%!1%8%/+:2H$8061!51-(;!(+":"&%, 1+ $%BB%!8:"8J!18$%*"&+12!+-1&2/+$%& " &%!/% D!
1%/%D6):%! ,"6*" /%! *-/-*%1&! 31-*| THRC|B6/,! C@ECrB"*-/%/%! TERYQ/!-1,%1! +-!
-)+6"/11%/%D6):%)!;-:26*",%& G+ HBe!1Br%1"&6+"-/1-31+$%!&2/+$%&"&%,!,"6*"%&!D"+3$!
,"33%1%/+! 1%/%D6):%! ,"%&¥BH28Y,%/&6+"-/" ;-:2*%1"&6+"-/! D6&! 6++%*;+%,!
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&'()"*+,- . Polyamide (-5 ) synthesised from limonene (6)>>°

I

#$%!&2/+$%&"&!-311%/%D6):%!;-: 2V [Po&S$! *-:%8(:6 1! B0"5$+&!(;! 4 lep!><!J 76!
D%189+6"/%,! +0%$%! &%:%8+"0%! 8-*)"/6+"-/! -3! +$"-:1*- "3"%,1 :"*-/%/%F! "-1J!)2!

L%"%1! 6/,! 8ED-1J%1&! 6:&-! ,%*-/&+16+%&! +$%! ;-+%/+"6:! 3-1! %:%56/+! 6/,! %33"8"%/+
8%$%*"86:!3(/8+"-/6:"&6+"-/!-3!1%/%D6): %! *-/-*VFP&P#$%!3(/8+"-16:"&6+"-/&! D% 1%)!
8611"%,!-(+!6+!1--*14%*,%16+(1%!D"+$-(+!+$%!;1%&%/8%!-3!&-:0%/+&FISIY60%1G!+$9
-31+$"-1&1;-:2%%1&186/1) %! &%%/16&! (/,%&"16):%!)%86(&%! -3!;-+%/+"6:1,"&8-:-(16+"-/!
6/,1)6,!-,-(1&t!)-+$! 61%! "*;-1+6/+! 8-/&",%16+"-/&! D$%/! ,%0%:-;"/5! ;-:2*%1&! 3-1!
8-**0018"6:16;;:"86+"-/&[F!



1. Sn(OAG), 2 h, 190 °C

Whole-Cell 0 0
i LOH Catalyst i \OH 97 %}A\OM
HO 2.4 h, 250 °C, 90 mbar \60 ©

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

|

Al-+$%119616%;:961-31+%%1:9%6/%!, Y& D 1-D+$!:-: 24061 "&6+"-/18-*% &I LRI+ $I)#
%HD$- | (&I )"-+%8$/-:-521 +-! &2/+$%&" &I BYo-: |, %1"0%,! ,"LWT&("+6):%! 3-1!
&+YB1-D+$! ;-:2*061"&6+"HE/, %L %! INEP4 .&"/5! 6] 82+-8$1-%00CcED$"8$! $6,!
)%0%6/1%/5"1%%1%, | +-1:9%13-1* 6! D$-:%! 8%::186+6:2+"8! +16/&3-1*6+"-IG16($2,1-12
D6&Y&Y1+04#: WS1-,(8"/5 1cB2,1-12)-1/%-: |GVEPWR()&Y%H (%/+(EBY%1D%/+16!
-:28-/,%/&6+"- 11%68+"-/ID"+$!,"*Vo+$2:18,(88 (BH-1;1-,(8%!;-: 2% &+IHDAD"+$!
+$961)"828:"818+1(8+(1%!"/8-1;-16+%,!"/+-1"+&!) FEFIBIR(: +"/5!:-: 2* 06 11961$")'+%6,
61$"5$5:688&! +16/&"+"-/1 +%*:%16+(1%! -3!61-(/, b=!mP! 6/,! 6] BRHBYL"5$+! /! +$%!
16/5%! -31B0! J76! #$"&! D-1J! ,%*-/&+164$6R! 8$%*"86:! )"-:-521 86/1 )%! (&%,! "/!
8-::6)-16+"-/1 D"+$! ;-:2+% 1 8$%*'&+12! +-16::-D! 688%&&! +-! "[+%1%&+BBEI6D! )'-
*-|*0p1&F! 1

O._OH
(CHoNHy),, FeCI3,Na° 1. HNOg, Water . .
— > Poly(terephthalic acid)
2. KMnO,4, NaOH, Water
O~ OH
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012*3*+,9 : Synthesis of PTA (,4, ) from limonene (6)°>¢

!

P-**- " +21 *-[-*0p1] +961%;$+$6:"8! 68",! QUWE! D6&! &2/+$%&"&%,! 31-*! :"*-/%d0! C

G/, %L%!IPE'/I-1,%1!1+-13-1*1;-:2C+%1%;$+$6:"8!68", BEUIIBRE H$"& " &!6/1%16*;: %!

-316!)"-)6&%,!0%1&"-/!-3!6!;:6&+"8!D$"8%!"&!6:1%6,2!"/1(&%!6/,!+$%1%3-1%!$6&!;1-;%1+"C



D$"8%! 61%! ,%&"16):%F! S-D%0%1G! +$"&! "&! 6! 0%12! %I;%/&"0%! &2/+$%&"&! -3! 9#A!
*0+$-,! (&%,! 86//-+! )%! ,%&81")%,! 6&! 51%%/F! #$(&G! *%1%:2! (&"/5! 6! 1%/%D6):%!
6:+%1/6+"0%! 6&! 6! &+61+"/5! *6+%1"6:! 3-1! 6! ;-:2*%1! ,-%&! /-+! /%8%&&61":2! 1%&(:+!
&(&+6"/6):%!-1!8-**%18"6::2!0"6):%! 1-(+%! +-16!; 1 E*%#$%1%! *(&+!)%! 6! &2/9d15"&+"8
1%:6+"-/&3$";! )%+D%%/! +$%: ;98 -3! &(&+6"/6):%! &2/+$%+"8! *%+$-,&! 6/,! +$%!
6,06/8%&!-3!/-0%:!6/,!"*65"/6+"0%!")"-*6+%1"6:&F!

M1 :(L&*#11 @8V%/ ($%6&!
|

#$%!-0%16::!6"*!—3!+$"&!1%&%618$!;1-516**%!"&!+-!&2/+$%&"&%!/-0%:!6/,!(&%3(:!;-:2*%1'
,%1"0%,!;61+"6::2! -1! %/+"1%:2! 31-*! 1%/%D6 198 Y8 R01;%/%6&)B6! +$%! B-
3%%,&+-8J!-3! 8$1480h-(5%-(+! +$"&!; 1-e%BK1%8"3"86::2! :"*-/%/FEEG/,! hB"/%/%!
QIE!ID"+$1+$"&!18$6;+%1!3-8(&"/5!-/!:"*-/ FBHE ' &11%0& %06 18$!6"* & +-1&2/+$% & " &% !&*6 !
*-:%08(:%&G!,%1"0%18%1;%/%&G! 8-/+6"/"/5! $6/R%A-1! ;-:2*%1"&6+"-/! 1%68+"-/&F!
Q,%6:: 2886 %! & 2/+$% &% & &$-(:,1)%!;%13-1*%,!"/16!&(&+6"/6):%!*6//%1G!6/,!D"::16"*I+-!
*["*"&%016,0%18&%!%33%8+&!-/1+$%!%/0"1-/*%/+F

!

#$"&!;1-e%8+!D"::1)(":,36/,!,16D!"/&;"16+"-/'31-*G+1J!;1%0"-(&:2!8611"%,!-(+!)2!
S-D,:%!6/,'+-83*6/16/,18- HD-1J%1&HIB60%6A"B"::1*-0%!6D62!31-*18$6"/!51-D+$!

;-1 2*901&! D"+$! GB61)-/! )68J)-/%&FPFH$Y0! 671 "&! +-! &2/+$% & BHA! ;-:2%&+ID1&
"/8-1;-16+"/5! +$%! 3(/8+"-/6:"&%,! +%1;%/%! "/+-1 +$%!)68J)-/%! -3! +$%! ;-:2*%1G! D$"8%!
,"33%1%/+"6+%&! +$"&! D-1J! 31-*! ;1%0"-(&! 6;;1E8888&H$%! ./'0%1&"+2! -3!
4-++"/5$6*F!
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: R' = COOH, COOR or OH
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012*3*+, : Proposed structures of limonene (6) derived monomers - and ,4/
!
#$%! +9%1;%/%&! D"::! )%! 8-/0%1+%,! "/+-! *-[-*%1&! 8-/+6"/"/5! %"+3$%1! +D-! -1! +$1%%!
3(/8+"-16:151-(;&G!"/8:('/5t!1861)-12:"8!68",&&B-$-:&!6/,!%&+% ULHL %! IVEE$%0& %!
;1%8(1&-1&!D"::1 +$%/! $60%! +$%! ;-+%/+"6:! +-1%"+$%1! $-*-;-: 2* V@R " R 1 1884
D"+$t+$%1! )"3(/8+"-/6:! *-:%8(: %3 1! +$%! &2/+$%&"&! -3! ;- 2H&BYL & D! 8-&+G!
&2/+$%&"&!%33"8682G!%68&%!-3!"&-:6+"-/16/,!1%,(8+"-/!-3!D6&+%!*6+%1"6:&! "/ +$%! +%
-1 2*%01!;1-,(8+"-/'D"::1)%!+$%!*6e-1!3-8"!-31+$"&!1%&%6183F
!
#$%!;1-e%8+!D"::1)%!&;:"+!" 6151 %6 &u
!
>F #3%! &(&+6"/6):%! &2/+$%&"&! -3! *-/-*%1&G! 31-*! /6+(16::2! -88(11"/5! +%1;%/%&G!
D$"83!61%!&("+6):%!3-1!;-:2*0%1"&6+"-/F
<F Q/0%&+"56+"-/&! "[+-1 +$%! ;-:2*%1"&6+"-/! -3! +$%! 3(/8+"-/6:"&%,! +%1;%/%&! (/,%1!
061"-(&!8-/,"+"-1&G!"18:(,"/5"*%+63/,!-156/"8 186+6:2&+&F

A&!+$"&!;1-e%8+!"&! 8%/+1%, -6RYl &2/+ 3% & &HB/+"6::2! ,%516,6) %42%&+%1&!
+$%!%/,!-3!:"18%%616+%52!3-11+$BRRA&!D"::16:&-1)%!"/0%&+"56+%, F!

!

#$%!;-:2%8&+%1&!&2/+$%&"&%,!"/1+$"&!;1-e%8+1B/ 1YYkl 09801 %3-1%!,%&"16):%! +-!
6"*13-1t-:2*%1&!D$"8$!IHK")"+16116/5%!-3!;1-;%1+"%&! CY FSF !B 1E B EF 1#$"&!
D"::16::-D!61615%! &;6B94)%! +615%+%,! D"+$! 1%&;%8+! +-16;;:"86+"-/&F!#$%! ;1-e%8+!D"::
6:&-1%l;:-1%%%!6;;:"86+"-/!48!06 1"@H3!;-:2*%1"&6+"-/1+%8%/"H (% &F
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012*3*+4 . Proposed synthesis and polymerisation of hydroxy-acid (,47)

!
Q+1D6&!,%&"16)!HD%&+"56+963+ $%H+"-/1-3161:"*-/%/%!TE!, %1"0%, *-/*06 1 1+$6+!
8-(1$-*  B-2*061"8&%G!6/,IDB&!;1-;-8%, 1 +$8+$U52,1-12 B8, 1IUSS-(;,! &%10%!
B6&!6!1%-/-*06113-11+$96L: 2506 1"&6+"-/1+-1;-:2* 06 LIUTFH==K!-31+$%!861)-/1 6-+-*&!"/!
+$9%1)68J)-/1%!-3UTD-(;,-1"5"/6+%!31-*16+984/%!6/, +-H+$%!)%&+1-31-(113/-D:%, 5%!
B1*6+961"6:1-31+$"&1/6+(1%61"&120%+1+-1) %13 V6HE+ G5 1-D+$!:-: 2+ %6 1" &6+ FI'+ VB
51-D+$! ;-:28-/,%/8&6+"-/! -31 $2,1-12868" &! "&! D%::! J/-D/G! $-D%0%1! +$%1%! 61%! 3%D!
9%16*;:%&!D$%1%!6!C861)-828:"8E1"/5!"&!"/8-1;- 184U NBBJ)-/%!-31+$%!;-: 2+ 1 F!
Q+DB&!;1-;-8%, 1+$6+1+$"&13%6+(1%!D-(:,I"*;61+&+1(8+(16:11"5" "+216/,1:%1$6;&!:%6 1+~
9%6&"16):%!:1-:%1+"%&1& (85! 68! GH"5$!#



CX59*#*' (+#1+21?7KL8%A4(#)!-.& YL

OH WOH “~__OH WOH
OH OH OH OH
104 104a 104b 104a0 104a00 |

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

#$1-(5%-(+1+$"&!11%;-1+18-*;-(/,&!161%!&2/+$%&" &%, 16 &!*"[+(1%&!-3!,"6 &+%1%-*% 1 &G !+$°
3-::-D"/51(*)%1"/5! &2&+%*! $6 &! +$%1%3-1%!)%%/! ,%0"&%,! +-16",! +$%! 1%6,%1F! "$%/! €

8-*:-(/,1"&11%3%11%, 1+-1)21/(*)%114: 21 QUE!"+1"&11%3%11"/5!+-1+$%!5%/%16:18-*:~(/,!
B&I6I*"|+(1%!-3!,"6&+%1%-* %6 1&F! $%/1+$%!/(*)%11"&!13-::-D%, ) 2 \BUGEHIEWCE!
19%3%11"/51<0811)/%'9% %:6+"-/&$";))%+D%%/!;-&"+"-/&! P>16/,1PcID"+$!6!*"|+(1%!-3!
%;"*0b1&16+!+$%!P?L;-&"+"-/F1 GHH) %11 3-::-D%, ) 2161:%++%1!D$"8$! &() &Y6H (%6/+:2!
$6&IVI-11vd!6++68PUME'+!"8!11%63%11"/5!+-161&"/5:%1%; "*% 116-+1+$%! FIPjic&Ys"-/I C
JCEF!

O1JIJN - # %&(&!+219(L+#9%6#9%! 1 (+9! (# % AL %BUE %!
|

Q+!D6&!;1-;-&%,! +$BF88-(:,!)%! 688%&8&%0%! ,"-:!"/[+%1*%,"6+IEF!. &"/5!+$%!
W1-D/1$2,1-)-16+"-/If1-",6+"-/ 18-/,"+"-/& GIUMD6&!&2/+$%&"&%,!31-*1:"*-/%I%!C

G*899NCH#'4. | EP'IA/6:2&"&!(&" /518 && & ;%8+1-*%+12!8-/3"1*%, !+$%!; 1%&%/8%!-3!+$%!

,%0&"1%,!;1-,(8+!$-D%0%1G!"+!D6&! &$-D/! +-1)%!"*; FBYA)R 16/6:2&"&UQ*6/, !
JUQBD%1Y8:-:6+%,!63+%1!;(6+3-8)2!8-:(*/!18$1-*6+-516;$2 !"/16!b<K!2"%E!

!

!



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

1. BHg THF (X eq.)

2. NaOH, (3 eq.), H,O5 (3 eq.) OH
1
- THF, th,0°C - r.t. ¥ 5
A *_OH
Limonene
6 104a 104b |
!
!
<+4*#%Yp=c=
"4 %41+21:11(' N[ ! 591!
C#'4. \di%el] @41%41+21;11('(+ N[ ! f(%91\g[ JUQBIUQS
"*-1%/%!+-!
I I — |
J! <u>!COE W-16/% a b< bMF<b
"*-/%/%!+-!
' J—
M >U<IChE W-16/% a cM bNu<iO
W-16/%!+-! .
a >u<I!ChE e 0/%) a bN NjFMB
W-16/%!+-! :
I |
Q >u<IChE e [9/%! >N jb! b>u<j
W-16/%!+-!
2l | | | ==yk
S >u<!ChE e [9/%! c! <b! >==u}

)HMOBIS*:%68&#13%, 1Q #H1%, 1 J#1S*:%6&H#), *QIBENEIMIR
|

91-+-/&!"/' 61'6:16/,! %H(6+-1"6:! ;-&"+"-/&! -/ 6! 828:-$%16/%! 1"/5! 61%! J/-D/! +-15"0%
1%8&-/6/8%8&!3128!14L R!&;%8+1-&8-;"8!6/6:2&"&! D$"8$t$610"33%1%/8%!-3!(;!+-!=Fc!
¥1,(%! +-! 6/"&-+1-;"8! %33%6858FS%+%1-/(8:%61! L(:+'B®&+(*! P-11%:6+"-/!
CSL]PE!4LR!6/6:2&"R6&!(&%,!+-!;1-)%!+$%!&+%1%-8$%*" 8EHI(BB+$%!1%68+"-/!
6/, 1"/,"86+%,!+$%!;1%&%/8%!' -30)HH6/,! JUQ&&! +$HBB0B/,!>GCdB/%'d,"-:!
,%1"06+"QY3 () KAWTEF!#$"&!86/!)%!,%,(8%,!31-*1+$%!; 1%& BB/ 8RH6+ MF>=!

1 ¥16/,IMFN<!;;*ID$"88! 8-11%&;-/,!+-1+$%!;1-+-8%;6*%-!+$%!&%8-/,612!6:8-$-:!
"/1+$961"6:16/,1%H (6+-1"6:8"+"-/8&!1%&; % 8+2H) KABSE #$96P14LR!6/6:28."&16:&-!
8-/3"1*&1+3$6+!+$% 1 9B "6 &+%1%-"&-*% 1&! ;1 Ya&Y4Rd! *"|+(1%%6H+3$IUQ6/,!
JUQ®%I"&+!6&!M02*0%1&!"1+$%!P?!;-&"H'-/F!



8 _OH

104a 104b |
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&'()"*+,5. 3D representation of the products synthesised from the Brown hydroboration / oxidation of
limonene (6)

r60
rél
r62
r63

—

6 %I.H r69

r70

r71

— r72
» <:> el i

74

1 r75
] S
r77

r78

r79
r80
r81
r82

f1 (ppm)

T T T T T T T T T T T T T
3.70 3.65 3.60 3.55 3.50 3.45 335 3.30 325 320 3.15 3.10 3.05

3.40
2 (ppm)
|
! &'()"*+,7 : HMQC spectrum of ,45# and+45<
|
|
!

Q/!6/! 6++%*; - "/32(%/80/6-$%! &+%1%-&%:%8+"0"+2! -3! +$%%%63{-"@B:%/+&! -3!
)-16/%!6/,!-1,%1!-3!6,,"+"-/! D%1%'!061"%8C%IERY+!"&! :1-:-&%,1+$6+!+$%! 1%68+"-/!
5-%&!+$1-(5$$%282"8!"/+%1*%,"G}t%1!'/!-1,%1!+!-360-(]!;1-,(8+! JUQG!$-D%O%1!

! Oj



,9%;%/,"/5!-/1+$%!%H("06:%/+&!-3!)-16/%!(&%,'+$%1%!"&!6: &-1+$%!;-+%/+"6:1+-15-1+$1- (53!
"[+%1*%,"6+%&N- 11 JUPC/,%L%!'MEF! Q3! +$%1%! "&!*-1%! +$bU0%B:Po/+! -31\W'S
+$%1%!"&16!$'15$%1+"6:13-JUP16/,! JUP&+-13-1*FIR%68+"-/18-/,"+"-/R%1%!061"%,!
"/1-1,%1! +-! %/8-(169%%$%! 3-1*6+"-/! 418B28:"8! "/[+%1*%,"BHIN+-! -;+"*"&%! +$%!
3-1*6+"-/1-31IJUQF

I

\OH
1 eq. BH; NaOH / H,0,
BH
OH
107 104a
\BH __BH OH __OH
6 >1 eq. BHs T2 2 INaOH / H,0, ‘
-— + +

BH, BH, OH OH

108a 108b 104a 104b |

012*3*+, : Proposed intermediates for the synthesis of ,45# and ,45< from limonene (6).
!
#$%!%H("06:%/+&!-3!)-16/%!D%1%!'1%,(8%,!31-*1O! +-1>G!"/16/!%33-1+! +-1%/8-(165%! +
3-1*6+"-/! -31 828:"8! "[+%1*%,"6HINB*89%IGCH'4.! NEF$"&1%&(:+%,! "/! 6! &*6::!
"181%6&%+$%!2"%:,IBIQIS-D%0%1!+$%!-0%16::!12"%:,!D6&!&"5/"3"86/+: 21Wh,(8%,!C
+9b<KH-1#$%!-1,%316,,"+"-/ ID6&! 6:&-! 8F5%,!6/,! +$%!)-16/%!D6&!6,,%,! +-! +$%!
:"*-1%/%G!656"/1+-1%/8-(165%!+3$%!3-1*6+" IMHIB*89% BT#'4. |@F(1;1"&"/5:2!+$"&!
&:"5$+:211%,(8%,!+3$%!163U0QB-JUQENjuM>E!$-D%0%1!+$%!2"%:,!D6&!"/81%6&%,! +-!
bNKF! A&! +$%! 16+"-&!,"33%1%,! -/:2! &:"5$+:2!)%+D%%/! +$%! 1%68+%/&+! D6&! ,%8",
6++%*;+!+-1"/81%68&%! +$%!2"%:,! D$":%! &+"::11%%;"/5! +$%! %H("06:%/+&!-3!)-16/%! :-DF
1%8+"-/ID6&!6++%*;+%,!6!3"/6:!1+"*%!3-116!:-/5%1!;%1"-,!-3!+"*%!C>N!SE!6/,!;:%6 &"/5:2!
+$%! 2"%:,! <-BUQD6&! "/81%6&%,! +-! jpR¥*&D%IN C#'4.! QRES"&! 1%;1%&%/+&! 6/!
6;;1-1"*6+%!<cK!"/81%6&%!"/!+$%!2"%:,!31-*1+$%!:"+%16+(1%!&2/+$%&"&G!6/,!6:&-!+$%!
+"*00PSI4LR!6/6:2&"&! $6&!)%%/! (&%,! +-!;1-)%! +$%! &+%1%-8$H8*86! L3 +$%0!
1%68+"-IF!



Q6! 3(1+$%UM33-1+! +-1 &2/+$%&"&%6! Y| HEIO%LDIE&! ; 1-;-8%, ! +-1 (&%! 8-/,"+"-/&!
9%0%:-:%,1)21W1-D/}#%;Gf, %L %!MNB*8908KBCH 4. | (+":"&"/51+$%12:!)- 1 6IAVE!

3-11 +$%! $2,1-)-16+"-/1 -31 :"*-/%/%TER 1 #$"&! "&! 61 )(:J2! 1%65%/+! 6/,! %/8-(165%&!
"[+16*-:%8(:61! 828:"&6+"-/1)21 $"/,%1"/5! +$%! 6++68J! -3! 6! &Y%8-/,! *-:UGRES/I -3!
"|8&+%6,11%68¥/+16*-:%8(:6 1:D"+$1+$%!8%8-/,1,-():%!)-/, 1-31:"*-/%/ %! TE 13" 1 &+!+-!
&2/+$%8&"EIGFIIUSE/1+$%/!)%!"&-:6+%,16/,1-I" "8&%, 1 +-13-1+10518: (&"OUZ 0% 1!
JuQg

HB>_< (1eq) :

NaOH (3 eq.) ~OH
H202 (3 eq)
B
THF, 0°C, 2 h m THF, 0°C, 3 h OH
6 110 1042 |

012*3*+- : Synthesis of ,A5#+as a single 1,5, ‘cis' diastereomer

Q/'-1,%1! +-1"&-:6+%! +$%! 828:"8!)-1-/! &FHIBHHA! 81(,%! 1%68+"-/H(1%! D6&!
'&+"1:%,! (/,%1! 068((*F!$00! "&+"::6+%! D6&! +$%/! &()*"++%,! +-! &+6/,61,! -I",6+"-/!
8-1,"+"-1& IC46Y STQY4E!+-12"%IUQ6&!6!8-:-(1:%&&!-":1"/16!<bK!2"0%:,F!

5S1 4LR! 6/6:28"&! D6&! (8%,! +-1 "10%&+"56+%! D$%<HWEBLBUQL$E, ! )%%/!
"&-:6+%, F11919%0"-(&!1%68+"-/&! (& TZWNSs,16!*"|+(1%!BIQ6/,! JUQSS*B9%EF
S%+%1-/(8:%6/BRBIH(6/+(*18-11%:6+"-/ICS'|P1&;%8+1-&8-;21D6&!(&%, 1+-1;1-)%!+$%!
196&%6/8%!-3+$%619%6H (6+-1"6: 946 % -1+ $UB68-/,61216:8-$- M JUQEH$%!: 1-,(8+!
"&-:6+06,1 31-*1+$%616+"-/1-31 +$%! 828:"81)-1-/! &;%BIURIS6&! 6/! 6)8%6/8%! -3! +$%!
&"5/6:16WMFENC!;*ID$"8$!"&!"/,"86+"0%!-3) B BA&-*% 1IUQE-+1)%"/51; 1% &YH+

!

i-[1&+-165%!-30UQI6+B=I P13-11>N!$!61DS$"+%61&-:",1: 1%68";"+ GHUDE&L6/6:28%,!
(&"/51°S!16/,! SPIALR! &;%8+1-&8-;2! D$"8$! "/,"86+%,! +$6+&+SHB-/&+"+(+%E/!
%/1"8$%, |&6*;:%!-319%"-RIGH- 11JUGall



#$%!%/6/+"-*%1&BBIGA6/,! JUQad®e#3UQd6/,! %#3UQak!$60%!)%%/!;1%0"-(&:2!
&2/+$%&"&%,!6/,!18$6168+%1"&%,!)2! S6 TS %! 6&& "59b/+&! 31 Qab/,!
JUQadd%1%!8-*;61%,!+-1+$%!:"+%16+(1%!06:(%&!3-11+$%!%/6/+"-*%1&!6/,'D%1%!3-(/,!+-
8-11%&;-/,! :%6,"/3 +- +$¥6&&"5/*%/+3! +$%! *6e-116&+%1%-*P1+3$%! %/1"8%%,!
&6*;:%!6&JUQaH!

!

-1'1%812&+6::"&6+"-/16! &"/5:%! 812&+9+0B%!! 31-*! +$%! %/1"8%%,! &6*;:%! 6/,
63+%0/6:2&"&! (&"/5! &"15:%! 812&46213'33168+"-/! &;%8+1-&8-;2! +$%! &+1(8+(1%! D6&!
%:(8",6+%,! 6RIQalCH () KABTHE#$"&!8-/3"1*%,! +$¢L. %6 +"-/&$";!) % +D%%/! +$%! P>!

6/, P? 1&()&+"+(%MB%! 1%812&+6::"8&%,! &6*;:%! D6&! 6/6:2&¥R\(B/;!5S! 4ALR!
&;%8+1-&8-;216/,!"/,"86+%,!+$6+!"+!D6&!6!3(1+$%1!%/1"8$%, IREIaBE!;:2!'/5!
+$6+1+$%!&"/5:%!812&+6:!D6 & 166:; 10%RBI+$%!) (1 J!-3!1+$%!1%812&+6::" &%, &6*;:%F!

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



|

Ac+$-(5$! $%682/+$%&"&MIQD6&! &(88%&&3 (! +$%! 2"%:,| D6&!&"5/"3"86/+:2!:-DY% 1! +$6/!
+$6+1-31+$%! &2/+$%EUBIEE! 61*1+(1%!-3!,"68+%1%-*% 1 & HCIHKE!6/,13-11+$"&!
1%6&-/1"+1D6&!,%8" %, ! +-! (&%! +$IITBA! 6! *"[+(1%! 3-1! &()&%6H (Y6/+! %I; %1 "%/ +&F!
HSY!-;+""& %6, 182/+$ &IBIT 680613106 {;1+-161>==1"*_:1886:%6G!+-12"%:, I>NFb!5!

-31,"-:1 JUGB!6/, ID"+$1+$"&119%621"/+ %1%, "6+ %! "1 $BAHSIG8. & -31$2, FE", UUS
8-(:,1)%!"/0%&+"56+%6, F!

OLIIMI"#$%E (¥ (+H&I(#+!' %! @5'(L*9!- # %&(&!+21]. 148X(11IUS
|

#$1%%! &F006+"8! 1-(+%&! 3-1! +$%! &2/+$IBF&1-3! JUDD%1%! ;1-;-&%, FPA4

- +"*"&%,! +D-B+%;! 1-(+%&! D%1%! 8-*;61%,!"/! +%1*&!-312"%:,G! -;%16+"-/6:! &"*;:"8"+2!
6/,1&(&+6"/6)":"+HE/,%L%!MEF

!

!

Oxidative

Lactonisation O_o Hydrolysis
grmmmmmemmenn }
111
0 OH
OH :J O Oxidati :
yvonesL Oxiaaton Reduction :
........ 1..............> -----.............:....>
: OH : OH
OH :
0] : o
104 :
0 112 . 105
EChemoselective OH . .
Oxidation Pinnick Oxidation -
losssssnsnscccgllg. | | sessssssssssssssss a
_0O
113 I
+

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



H$Y%!3"1&+! 1-(+%6! 8€I&! 6/1-1",6+"0%! :68+-/"&63":/D%,1)2!$2,1-:2&'®; %/"/5!
168+-/%0JJ1+-1 2"%: 1 $2, 1-1758" | JUF1&"/5! 8-/,"+"-/&! 1%;-1+%,1)21 V-1&2H$1%: #
68+-/%! JJJ! DB&! &2/+$%&"&%,! D"+$l<EGtGRGN 16*%HSB%1" "/2:-12!
CHTLOYEW'B8%+-12"-,-)%/X%/%! CWAQWE! &R&FLEY D6&! 8$-&%/! 6&! +$%1%!"&!
:1968%,%/+! 3-11 +$%! 8EHE068+"0%! -1",6+"-/1-31;1"6121 6:8-$-:&! "/ +$%! ; 1%&%/8%! -3!
8%8-1,61216:8-$-:&1#$%! 82/+$%8&."GIBDOES; +"*" &%, H+-1"*;1-0%! +$%! 2"%:, 1 6/,!
1%, (8%!+$%!/(*)%11-31&" %!;1-, (8+&!3-1*363EY6 B

+

JH<=*+_. Optimisation of the synthesis of lactone ,,, +

OH Catalyst (X mol%)
OX|dant (Yeq.)
Solvent, r.t.,

104a 104b 111 113b 14
!
C#al = 9gh@X(L#  d fl 3(L% -+t :4;(10 /gl!\!'f‘zﬁ;j/"”
atl (XRLYZNJZ 45 Q45 OA" ! 333113308
M (X'RLYZNJZ 45 @ = OA" ! 333113308
Q (X'RLYZNJZ 45 Q4!  "#A\Y6 LI5S 33313308
Q (RNRY\'L ! 55 Q = OA" ! 3Q
s (XRLYZNJZ 15! A 1@ OA" ! J3)1=4@7
T (XRLYZNJZ ~ I>! B 4! OA" ! 333113308
N! (XRLYZNJZ 15! a 1@ OA" ! J3J1=CC?
P (XRLYZNJZ ~ I>! a  UEY OA" ! J3J1AG?!

"RQ:1;10%-1*&!13%, 1%--#+7-#H!)*BIIUBY, 1&*-! #7%:%-#H!;:13IO8BIUABY, 1&*-17Q: 1; 1#H!7:1*:1- 0G5!
++*81,0068k

I

#$%!&2/+$%&"&IBD6&! 6++%*;+%,! (&"/5!8+"-/&! 1%;-1+IK3*89% BT#'4.! JEP

SSI4LR!6/6:2&"&!&$-D%,!3-1%6+"-/1-3!:68+-/BIN$-D %0%1!3-::-D"/5!;(1"3"866*/!
*'1+(1%!-303J!6/,! JJO8D6&!-)+6"/%FIIOBD6&!",%/+"3"%,! 6 & W' &-*%1&! -3!
+$%!6:,%%$2,%8&!3-1*%,!31-*1+$%! -I",6+"-IJBD$"8$! 8- (:,!/-+1828:"&%0! , (%! +$%!
1%:6+"0%! ;-&"+"-/! -3! +$YRG&E"+(%/+&! -/' +$%! 1/(6F"+6+"0%S!4LR! 6/6:2&"&!



"/,"86+%,!+$%!2"%:,&!-31+$%!"*;(1%!*6+%1"6:!D%1%!;--1!-3+%/!s!<=KF!Q/!;61+! +$"&! D¢
,(%0!+-H$9%!; 1%&%/8%!-3!+$%! (/D 6/ [8+&!6:,%$2,%8I08G*89% BL#'4 (% &E

MER$%! &-:0%/+! &2&+%* E¥IH%,! +-! D6+%1f68%+-/"+B*BBVIGCH'4.! &E! +$"&!
&-:0%/+!&28&8+%*1"&! 8-**-/1 +$1-(53-(+! +$%! :"+%16+(1%! 3- 1! #T LA BVALRKP
S-D%0%1!6!;(1%!;1-,(8+!D6&!/-+!-)+6"/%,!6Q14LR!6/6:2&"&!"/,"86+%$%!6*-(/+!
-303J!"1+$%!81(,6+%1"@6&!:-DF

#IASFALY! &2&+%*&! $60%! )%%/! &$-D/! +-! -I","&%! >Gc! ,"-:&! +-1 :68+-/%&G! 6/,! "+! D6&!
+$%1%3-1%!6++%*;8B0/H6Y!+$%!-I",6+"-/1&2&+%*131-*I#TLOYTWAQW +4HIAOf
G*89%BTH#'4.| EPU#$%! 1%68+"-/!D6&! 6++%*;+%,! (&"/5!8-/,"+"-1&! 31-*I Y- Bbi#

# P!16/6:2&"&!&$-D%,! +$6+! +$%! &+61+"/5!*6+%1"6:! D6&! 8-/&(*%,! 8-*;:%+%:2!63+%1!C!:
SPI4LR!6/6:2&"&!-3!+$%!81(,%6H'6:!"/,"86+%,! +38H$6,!/-+1)%%/! 3-1*%,!6/,!
"/1368+!+$%!&%8-/,612!6:88%; 16:&4)%%/!-1"," &%, #3-1* 1+$%! I % +- B!

!

S"5%$%1! %H("06:%/+&!-3! +$%! BB# BLBY6/,! +%1*"/6:! -1",6/+ | CWAYELY& %, !
G*89%!®CH#'4.! EM-::-D"/5!8-:(*/ 18%1-*6+-516;$2G! +$%! 3168+"-/&! BE 2B H0,!
(&"/5PS!I4LR!&;%8+1-&8-;2!6&!# P!6/,!*6&&!&;%8+1-*%+12!6/6:2&"&!D6&!3-(/,!+-1)%!
(/&("+6): % F#3$"&11%&(:+%,"/'+$%!3"1&+!"&-:6+"-/IJJVEAG AR "%, 16 &6 "' |+(1%!
-31%;"*%1&!6+!+$%!P?!;-&"H"-/F!

!

#$%!;--11%33"8"%/82+$%!;(1"3"86+"-/!D6&! 1%&{(+6!/8D!"&-:6+%,!2"%:,G!$-D%0%1
:68+-/98.0JJ'6/,'6:,%%$2,%80JA$60%!6:*-&+!",%/+"8G0R: (Yol $"8%!;1-0%,!+-1)%6!
,"33"8(:+!&%;616F!1Q/1-1,%1!+-11%,(8%! +$%! 6*-(/+!-B,@6+"-/! &+%;&! 6! +%:%&8-; %!
1%68+"-/! D6&! 6++%*;+%,! (&"/5! 8TIB+-! &2/+$%& "8I8! B*89% ! BLC#'4.! TEF!
S-D%0%1$%!&%;616+"-/!;1-0%,!+--1,"33"8(: +!+-!"&-$65$626%: 31 I I I F

!

Q+!D6&!$2;-+$%&" &%, +$6+! +$%! 2"%:,!6/,! +$%! ;(1"3"86+"-/! 8-(:,!) %! "*;1-0%,!)2! (&"/5!
JUQIC+$UOHEE*%1-31+3%! ,"EI6&!+$5%! &+61+"/5!*GH0411, %6 1! +-1"/81%6%$80! 2" %:,!
-31JJJ@D$"8%!86/!-/:21)%!3-1*% +0%%8%! 1"/5!8:-&(1%! -3 <@t JUQF "+$! JUQ*

"/1$6/,! C31-*! +$%! &2/+$%&"@URN&"/5! +$%I12:!)-16/%! C&%%! GHO%B®H! -I",6+"0%)!
:68+-/"&6+"-/ID6&!6++%*; 105! 4L R!6/6:2&"&!$-D%0Y%,186+%, ! +$6+#$%! 2" VD& !
&+":::-BLg<=K&,!/-+!D-1+$!+$%!%I+16!&+%;&! 1%H("1%,!+-! & IS PRRILHH$%!



<09'-:16&!+$%!&+61+"/5!*6+%1"6:!9&,16/3"86/+#:2,1-0%,!+$%!2"%:,!6/,!+$%1%3-1%!
,%8&;"+%!+$%!:-D!12"%:,G,9486%,! +-1&86:%! (;! #866-6:2+"8!:68+-/%! &2/+ PEHEL K F!
&2/+$%&RIIIID6&!&B6:%,!(;!+-1<=13¥89%MNC#'4.|N!+-15"03480!"/'6!MMK!2"%: ,F

\OH
O_ o O__o0  NaOH (5eq)
+ +
o, THF, reflux, 18 h OH

1M1a’ 111a” 105a’ 105a” |

+
012*3*+5: Synthesis of A7 #>and AT #>>

!

Q+!D6&!%/0"&65% JtI8a6/,! JUSaiB-(;,!)%!688%&&%*)¥!$2,1-:28&"&!+-1-:%/1+$%!

1"/5!-30JI* FI#$"&!&+16+%52!D-(:,!12"%:,!+D-!,"6 &+% 1M STI&EHT"/5!+$%!6/6:2&"&!

-3D)-+$!1+3$%!*-/-*%116/,!;-:2*%11%6 & "% 1 F!1#$%!1%68+"-/D6 &!6++%0 B g K-

&86:%! +-1 2"P@LJS ! /! 6! j?K! 2"%: F! '()&%H(%/+! 1%812&+6/1'&B-+1-$-+! T+YAS8!

633-1,%,! 6! &"/5:%! ,"6&+%1%PBdH!-1! JUSadD$"8$! D6&! "&-:6+%,! 3-1! 6/6:2+"86:!

(1;-&Y6&F!

!

#$%!&%8-/,!;1-;-&%,!1-(+W1YdE, %L % M B &% &!U-/%&d&!1%65%/+!+-!;%13-1*16!5:-)6:!

-1",6+"-/1-3! JU@B!3-::-D%,!)2! 6%8:%8+"0%! 1%, (8+"-/!-3! +$%! 828:-$%16/-/%01+-1%0+2

2"%:,1+$%!$2,1-12!16U3C/,% L% ' MEF!

0] OH
H
CrO3/H,S0, (3 eq.) NaBH, (4 eq.)
Acstone, 0 °C, OoH MeOH,0°C, 1.5h OH
0 mins
OH
0] (0]
104 112 105
Quantatative 38% !

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



!
#$%!-1",6+"-/L3UUADY%/+!&*--+$:216/,!D6&!3"/"&$%0,!"/\<=11T"/,"86+%,!)2!6!8-:-(1!

8$6/5%!31-*11%, 1+-151%9%/E+-12$%:,)9@8", DIM'/I6!H(6/+"+6+"0%! 2Wiss,'8$!D6&!

(&%, ID"+$-(+13(1+$%11;(1"3"86+"-/FI'- "(*1)-1-$2,1", %! D6 & (&%, I+-4&O8B/B1 %, (8%!

+$96! J%-+-1%! *-"04o#-25"0%! +$%! ,%&" 1%, ; 1-J(BF #$%! -I'6+"-/1-31JUAB1%6+%, ! 6!

J%-4%! 1%*-0"/5! +$%! &+%1%-8%/+1%! 6+! +$%! P>! ;-&"+"-/! -31 +Foko!: 1+ K6V

I+l BB+%1%-&%:%8+"0%!1%, (8+"-/GIP>1656"/!)%86*%6!6!8+%1%-8YBH-HEIBYo&(:+"/5!"/!
21,"33%1%/+!,"68+% 1 ISR BC () K4V

OH “__.OH OH

OH OH OH
0] (0] (0]
105a 105b 105¢c 105d
&'()"*+,8 : Eight diastereomers arising from the reduction of ,,- . Each one is an epimer at the C8
position.

I
#$%!+$"1,11-(+%!"/0%&+"56+%), | Gt8$EH6 & %84 0%!-1",6+"-/1-31+$%!;1"+612!6:8-$-:!
-3UUG0%1!1+$%!&%8-/,612!6:8-$-:1+-1-)+6"/1+$%! $ Bt 9252, Yo RINF 1#$%!6:,%$2,%& !
NM8-(:,! )%! &%H(%/+"6::2! -1","&%,! +-! +$%! ,%&"1%,! #8182 W+0%6# &%8-/,!
8%$%*-&%:%8+"0%!-I",6+"-/1-31+$%!6:,%%$2,%!-0%1!+$S6 B BIGN T1!

I



\OH - OH Chemoselective WOH - OH
Oxidation

OH OH -0 -0

104a 104b 113a 113b

Chemoselective

Oxidation
¥
WOH : OH
OH OH
0] )
105a 105b |

N
012*3*+6 : Proposed synthesis of ,A7 via #_Q#&-1%81*M1H%-1*&,

I

H#TLIY!"&!6):%!+-1&%:%8+"0%:2!-I","&%!;1"*612!-0%1!&%8-/,611(2A5+8-$$%0! &+%1"8!

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

JUQ+-13JA G/, %L %! MBI P-/,"+"-/&! ,%0%:-;%,!)2IT"/$-1/ ! )#%tD%1%! %*;:-2%,!

6/,! +$%8&%! (&%,! 86+6:2+"8! 6*-(/+&! -3! #TLOY! C>=!*-:KEB B'H:-1-&(88"/6*",%!

C4P'E!6&!+$%!&+-"8%$"-*%+1"8!-1°B/+F

I
: TEMPO (10 mol%)
OH OH NCS (1 5eq.)
N TBACI (10 mol%)
CH2C|2 r.t.
NaHCO;, K,COj3 (pH 8.6)
OH OH s

104a 104b 113a 113b

+

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



#$%!1%68+"-/!D6&!8611"%,!-(+!-/!6!&*6::1&86:%! C>FbO!**-:E!6+!1--*1+%*;%16+(1%!6/,!
D6&!13%;+16+16:]1*6+%:2!;SI?FN!(&"/5)683%&-: (+"-/ F1$%!1%68+"-/'D6&!*-/"+-1%,!

)2!# P16/6:2&"&! 6/, D6&-&H +-1)%! 8-*;:%+%! 63+%1! >Fell®R"%:,! +$%! 1%H("1%,!
$2,1-12 B5:,%%$2,981J0*6/, 1JJO8B/!16!0=K!12"%B&!6!*"+(1%!-3!3-(1!,"6&+%1%-*%1&!
JJCah*dé/,! JJBah84a, HFMu¥E

#$%!1%68+"-/'D6&!&86:%,!(;!"/!-1,%1!+-168H (" 1%PHH5HI0%E& +"56+%!+$%!-1",6+"-/!
-316:,%%2,%8ICF!#$%! 1%68+"-/! D6&! 1%;%6+%,!-/16! MO!**-:1&86:%! +-1633-1,! >FN!5!-3!
6:,%%$2,%81063+%1!;(1"3"86+"-/"/I6!M<K!2"%:,F!

!

Q/1-1,%1!+-1"/0%&+"56+%! +$%!%&%3!6! *-/-*%1G! 6! :615%! 6*-(/+! -3 *6+%1"6:!"&!
1%%,%,F! AIM<K!2"%:,!-31+$%! 6:, YaliZ)B&H# % 1! &86:%! (;!"&!:-D!6/,! D-(:,' 1%H("1%! 6!
:615%! 6*-(/+!-3! &+61+"/5!*6+%1"6:! +-! &2/+$%&"&%! %/- (5! *-/-*%1F! Q+!D-(;,! 6:&-!)%!
,%8&"16):%! +-1 1%;:68%! 4P'! D"+$! -125%/! 6&-+3B06180+1"8! -1",6/+G! 1%,(8"/5! +$%!
6*-(/+!1-3!D6&+%!5%/%16+%,!"/'+$%!&2/+$%&"&!-3! G )@H2,%&!

|
: [Cu(MeCN)4]OTf (5 mol%)
WOH OH bpy / TEMPO (5 mol%)
NMI (10 mol%)
MeCN, 24 h, air, r.t.
OH OH

104a 104b 113a 113b I

+

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

!
&"[518-1,"+"-1&!,%0%:-;%,!)2! S--0%1)# %6:,%%$2,%80QAD%1%! &2/+$%&" &% (&"/5

-125%/!131-*1+$96" 116 & +$%!+%1*"/6:!-1"16/;76L %M IR SOR#$" & 16,;;1-68$!11%H (" 1%&!
+$94@,,"+"-/1-31/-1&+-"8%"-*%+1"8! 1%65%/+&! 6/,! +$%1%3-1%! 5%/%16+%&! :%&&! D6&+%!
+$%!;1%0"-(&! &2/+$%+"8!*%+$-,F! #$%! &2/ ARG 3"'+"6::2! +1"6::%,!-/! 6! &*6::!

&86:%! C<Fjl**-:EG!+-12"%:,!6:,% @ &6! O<K!2"%:,! GAMuU>EF! #$%! 1%68+"-/!D6&!
&86:%;!C<jF>**-El6/, 1JJAD6&!"&-:6+%4!6!bbK!2"%C, F1FINRI>E



#$%! +D-!*%+$-,&! $"5$:"5$+%,! 6)-0%! D%1%! 8-*;61%,!"/! -1,%1! +-!,%8",%! +$%! *-&+!
6;;1-;1"6+%!3-1!:6 1BL86:%!&2/+$%&ISME*89% K

+
H<=*+AH#B%3; #C(I#)* #<($6%/09('#(CH)* #).(#S,)*(L9#C(/1#)*, #9&")*,D09#(C#
!

, ver or 0+9g!+2!  3%AL#*9!  -/*9% o
C#4l =0 &'8l porg 28] OX(LHH \LL+9[ ! f(0910\gl  CBI*/'+4
J! (X"RLIY!(ZNA8 45! \A/ | cl! c4 u2G

(X"RLY! L =Pl
M CAQ="#A\7aL(;Y! 4> 4';11_'0' 4u GG >2F
S79Y\"J!

!

TEB68+-1!"&!6!*%6&(1%!-3!$-D!%33"8"%/+!6! 1%68+"-/!"&!6/,!"&!-3+%/! (&%,! 6&! 6! *%+1"¢
51%%/!8%%*" &EIAK* (+#IEF!

!

Total waste (g)

E — Factor = (Equation 1)!

" Total product (g)
!
!
#$%!:-D611+$%!06:(%!- 3 BHSGBH- 1K$P0!: % & &!D6&+%!+$%!1%68+"-/15%/%16+%&F!P-*;6 1" &-/

-31+$6!B/68+-113-11+$9%!+D-1 &2/ 48#$8 &! 3-11+$%6! & 2/+$96 &I B B!'86+Yol+$6 +!
+$9%6!8YB%+$-,15%/%16+%&!: %&&! DORUDURIF61": 21, (%6l +-1+$%! (&UFB!6&!+$%!
+OBY6:1-1",6/+ G*8I%IBTH'A. INEFSY: -/! | JHYoi&+64966+!3-11+$%! &2/+$%6&"&!1-3!)(
8$%6*"86:&! +$TREB+-1! &$-(:,1)%! )%+D%RNE!, ! +$%1%3-1%! +$%! 8-;:%1! 86+6:28%!
1" 6+"-/1$6&16/1%I1+1%*%: 2!:- BB S +- 11 C=EIRES6! 2"%:, &!-31+$%! SBE1Y668+"-/&!
D%1%!6:&-18-*;61%,16/,1+88868-/,1*06+$-, ID6&3-(/, 1 +-1$60%! 61*(8$! $"5$%42"%:
ChbK+OMIK E B899 EF 1#6.J"¥E$Y6& 6! 196& (:+&!"/+-18-1&" % 16+"-/1"+IDB&IS-/8:(,%, | +$6+!
3(+(19%!&2/+$%&" &!-31+$%!6 1 PHIRBA(:, 1) %186 11"%, - (+1(&"/51+$%!8-/,"+"-/&IDS"8S!
560%!+$%!$"5$%&+12"%: 16/, TBA6 &+ 13EB9HNBCH 4. INEF!



+$16:,%%$2,%&00"/1$6/,'+$%2!8-(:,!/-D1)%!-1","&%, ! +-1+$%!$2,1- B8", &IUF- Al
9"/"8J!-1",6+"-/'D6&!8%-&%/!3-1!+$"&!+16/&3-1*6+"-/16&!"+!(&%0&!*":,!18-/,"+"-/&!D$"8$!
&S-(:,/-+1-1","&%!+$%!8&%8-/,612!6:8-$-£ 1%L %! MEFR @-5H

!

: NaClO; (6 eq.) “OH ~__,OH

WOH ~__,OH H202 (5 eq.) '
NaH,PO, 2H,0 (3 eq.) +
+
BUOH : H,0 (2:1)
o o o i OH OH
o) o)
113a 113b 105a 105b |

012*3*+: . Pinnick oxidation of ,,/ to A7+
!
Al8-**-[l  &860%/5%1! (&%,! "/! +$%! 9"//"8J! -1",6+"-/'"&! $2,1-5%/! ;%1-I",%G! "+! D6&!
$2;-+3%&" &%, +$6+! + 8! (B+&!-3! +$%! 1%68+"-/! (&"/5!+$"&! &860%/5%1! D-(:,!6::!)%!
D6+%1!&-:():%!6/,'+$%1%3-1%!D-(:,!/-+1)%!"&-:6+%,F!#3$%!1%68+"-/!D6&!1%;%6+%,! (&"
$2,1-5%/";%1-1",%!6&$%! &860%/5%1!+-\ 2PB! 6/,! JUS8!/'6!N=K2"%IC,AFMu>EF!
#$%!1%68+"-/'D6&!&{B@ebFc!**- El+-12"%:,!+382,1-12 B58",&IJUS'/I6IN?K!2"%(H
D"+$-(+!+3$%!/%%,!3-113(1+$%1!;(1"3!'86+"-/F
|



O
CrO3/H,S0O,4 (3 eq.) NaBH, (5 eq.)
Acetone, 0-25°C, 20 min OH MeOH, 0-25 °C, 3 h
Quantitative 38%
@]
112

OH
OH TEMPO (40 mol%)
BAIB (3 eq.) NaOH (5 eq.)
CH,Cl,, r.t,, 16 h THF, reflux, 18 h
OH 33% 98% OH
O
104 105

Route A = 38%

Route B = 32%
Route C = 52%
[Cu(MeCN),4]OTf (5 mol%) NacClO, (6 eq.)
bpy / TEMPO (5 mol%) NaH,P0,2H,0 (3 eq.)
NMI (10 mol%) H,0, (5 eq.)
MeCN, r.t. 24 h, air BUOH : H,0 (2:1),
o )
77% 0°C, 45 min

68%

012*3*+4 : Comparison of three routes for the synthesis of ,47
|
R-(+96! /8-*;1"8&%&B:-)6:1-I",6+"-/13-::-D%,1) 2! I%-+-1%! 1%, (8+"@R-(+%! WD-:0%&!
1",6+"0%! :68+-/"&6+"-/! 6/, &()&IH(%/+! $2,1-:2+"8! 1"/5! - %BIAGR-(+%! P
8-+:1"896&! 6! +EB+%;! 85%6*-&%:%68+"0%! ;16*BR ! +-1 861)-12:"81 68" ! -I",6+"-/
G/, %L%! OWF! #$%! -:+"+"8%,! +B+%;! 1-(+%&! D%1%! 8-*;61%,! "/l +061*&! -3! 2"%:,G!
-%16+"-/6:1 &"*;:"8"+21 6/, &(&+6"/6)":"+2! CB&! €(,5%,! (&"/5! +$%! *%+1"8! +--:1 \1%%/!
L-+"-/ $ ENG()KAMPER
!
Y1%!)%/%3"+1-31R-(+%6! Al"&1"+&! ;% 16+"-/6:1&"*::"8"+ 211 +$%! &2/+$%+"8! &% H (%/8%!8-(:,
8611"%,!-(+1"/161&"/5:%!D-1J"/5!,62G ! D"+$-(++$%!/%9%, 13- (10! 1-, (8+&
(&"/5! 8-:(*/1 831-*6+-516;$2 FI#$"&! 1-(+%! " ! $-D%0%1! 1%H("1%! +$%! (&B! -3! &(;%1
&+-"8%"-*0%+1"81 U-/%&d! 1%65%/+G! D$"8$! 6;61+! 31-*1)%"/5! +-I"8G! ;1-,(8%, ! 6! *"I+(1%! -3!
%"5$+! ,"6&+%1%-*%1&G! 8-*;:"86+"/5! 6/6:28"&! -3! +$%! 19668+"-/ *"|+{BYEFB-/&", %
R-(+06!WI$6,16!&"*":611-0%16::12"%:,1+-IR-(+%6! AICM?K!0& M<KEG!$-D%0%1!;(1"3"86+"-
+$9%!:68+-/30!+098%1-*6+-516;$2! D6&! 1%H("1%,16/,1%68%$! &+%;!+--J!:-/5%11+$6/! 6!



,62!13-118-*;:%+"-/FIR-(+%!P!D6&!+$%!$"5$%&+!12"%:,"/5G!633-1,"/5! Hi8A 3L - 12
"/lc<K!-0%1!+D-!&+%;&!C6&!-;;-&%,!+-IM<K!6/,IM?K!3-1IR-(+%&!Al6/,/W!1%&;%8+"0%: 2E
Y+$%1!)%/%3"+&!+-IR-(+%!P!161%! +$%!"/8-1;-16+"-/1-3!6!86+6:2+"8!;1-+-8-:13-1!6:,%%$2,9
3-1*6+"-/! +$6+! (+":"&%&! *-:%8(:61! -125%/! 6&! +$%! +%1*"/6:! -I",6/+! 6/,! +$%! *":,!
8-/1,"+"- 1&1%0*;:-2%,13-11+$%!9"//"8J!-1",6+"-/F!Y/%!,16D)68J!-3!+$"&!1-(+%!D6&!+$6 +!"+!
1%H("1%,!;(1"3"86+"-0J8¥(&"/5!&":"86!5%:!8$1-*6+-516;H2F!

!

#$%! +--:1\1%%/! L-+"-$ | D6&! (&%,! +-! %06:(6+%! %68%! 1-(+%! D"+3$! 1%&;%8+! +-1-0%16::
&(&+6"/6)":"+2G1+$%!:-D%1!+$9#$%8%0/0" 1-/*%/+!1+$%!$"5$%1!+$%!16+"/5!C>==1)%"/5!
", %6:EF!#$%!*%+1"8!8-*)"/%&! +$%! +D%:0%!;1"/8";:%&!-3!51%%/!8$%*"&+12! D"+$!6!;%:
"1 +1&2&+%0*F1#$%!(&%0!-31+$%!+-1"81U-/%&d!1%65%/+!"/11-(+%!Al1%&(: +%,!"/16!&8-1%!-3
D"+$!1%&;%8+!+-1$6X61,!6/,"+218/,! &()&%H(%/+:2!+$%!:-D%&+!-0%16::!&8-1%!-3!M?F!
R-(+%!W!&8-1%&!6!&:"5$+:21$"5$%1!0>1$-D%0%1!36::&!,-D/!, (%! +-1+$%! (&%!-3!$6:-5%/6
&-:0%/+&! 3-1! +$%! -1",6+"0%)! :68+-/"&6+"-/F!! MMVYDGEE5$% & +! &8-1%! 8-*"/5! 31-*|
R-(+%PG!D$"8%$!&8-1%,!$"5%!,(%!+-1&$6%6R!6!86+6:2+"8!;1-+-8-:16/,1)%/"5/!1%69%/+&F!

I

0 Waste 0 Waste 0 Waste

0 Hazard & Toxicity

R-(+%6!A R-(+%6!W\, R-(+%!P

HO)KAGPEIN& Y89, 1,1%; 1-)#1-) ##1:*Q-#,1Q,1&$!- J#!+#-: 101-**8Ib: ##&!"*1 1*&
|

Y0%16::G! "+! D6&! 8-/8:(,%,! +$6+! R-(+%6! P! 8-/&+"+(+%&! 6! 1-)(&+! 6/,! %/0"1-/*%/+6::2]
)%1/"5/1&2/+$%&."8IBES!;1-8%9%, "/5!" 11 %6&-/6):%12"%: ,1-0%1 1+ D& &F%!$6,
)%96/18:86:%, (13- 11+$9%!&2/+$%&"&!-31<F<!I5!-31 3 MBR18$ DE&IVo/- (55! +-1&+61+!

+$9%! 0%&+"56+"-/1-31+$%! :-: 25061 "& G+INSBI+$1 6:: 1-1"*6+%%: 21 MI 51-31%-/-*01 |



JUS B1-*! +$%! 061"-(&! &2/+$%&%BIFB!/! $6/,! &-*%! "/"+"6:! &+(,"%&! -3! +$%!
;-1 2%%01"&6+"-/18-(:,1)%!8611"%,!-(+F!

OIMI :+9.L9%4(&* (+#K1(%&1+21].14+1& /(11JUS
|

H#<=*b: Polymerisation studies of hydroxy-acid ,47 +

- 1. Sn(oct), (1 mol%),
: Temp (T), time (1),

OH . OH neat, atm pressure 09\ o)
2.180°C, 5 mbar, 24 h \ij)
+ +
OH OH
n
0] (@) O
105a 105b 106 111 !
!

c#'4) 3! ' 0 ¢\RDT! il 3%
J! >?- <0!$ <FN >FO oo
M >?4 <0!$ =FM >Fd 4fAl
a ><d <0'$ >F& MPFc B
Q ><d >1*-/+$ | <F& <FO 00

H%0-1*&!7#:*:+#H!Q, 18IS *&89!
|

HSY0!;-12%061"&6+"-/IDB&I6++%6*; +96, BYD-18+65% 06+ DS BFI&IB-**-/:21(8%,!
"1+$961:"+9616-B 1% BY6!, " 1%68+18-/,%/86+"61838-:&ID"+$!861)-12:"8!6 8 WE-8+
D6&!(&%,!6&!6!86+66283P=PY(/,%1!16/!"/%1+!6+*-&;$%1%!6/,! D6&!+$%!!;(+1(/,%1!
068((*13-11+$%!8&%8-/,1&+65%!-31+$%!;-: 206 1" SGBBIIREISI AL R16/6:2&"&!-31+$%!
19668+"-/1%"1+(1%!"/,"86+%, 1+$6+!"/" JUEBRI*%, 1:1"*61":21:68-+-/%EIIIC<=1*"/16/ |

MISE () KABNEA3+% 118G 1+$%!8-/8%/+16+"-JBES6,! &+61+%, 1+-1,%81%68%!6/,16!
-12%0611:%66J16+16;;1-1"*6+%: 2I0Fbl;;*I$6,16;;%66 1%, F A6 ((*ID6&!6;;:"%., !
6/,1+$%ISI4LR16/6:28."&1&(55%&+%, 1686+/2680J1$6,)%%/1*-&+:211%*-0%, (/,%1!

1%,(8%,! ;1%&&(1%F! #$"&! %3+ IDWBIL"/,"86+%,! )2! +$%4L9,! :%6J&! 6+!
6;;1-1"*6+9%6:2! OFc! 6/,! OEBF! Q+! D6&! $2;-+$%&"&%, ! +$6+! +$%8%6! +D-1,"&+"/8+1;%6]&!
8-(:,1)%!, (%6!+-1+$%!61" @, 196H (6+-1"6:1; 1-+-/&o;6*%-1-$%6!-1 25%6/!"/1+$%196&+%11)-/,
C1%:;1%&%/+%,1)21+$%!;"/J! SIBARBEEF#$%! ;-1 2*% 11 D6&! 6/6:28%, ! (&"/51\OP! +-!
11-)%!+$%!%-:%8(:6 11D%"5$+F1#$%!6/6:2&."&18&$-D%, 161)1-6,1:%66J1+2;"86:1-31&+%;!51-D+$!



-12*%1"&6+"-/G! D"+$! *-:%8(:61! D%"5$+&! (;! +-! <FN! IJ76F! #$%!)1-6,! ;%6J! 6/,! +$%!
1%:6+"0%:2! :-D! *-:%8(:61! D%"5$+&! 86/! )%! 6++1")(+%&H1'866:2! $'/,%1%),!
1(8:%-;$":"818%8-/,612!6:8-$-:! D$"868+&! +-!;1-;656+%! +$%! 1 %68 EH! +$%1*6:!
11-,%1"+%&!-31+$%1%1!D%1%!6:&-!"/0%&+" 5B 85190 8$6/86:16/6:2&"&!C7LAE!
D6&!(&%,!+-1;1-)%!+$91H$%!6/6:2&"&! &$-D%, ! +$%!;-:2*% 1 & HEUBHP G ! +$" & | #
"&!1%:6+"0%:2!$"5$!,%8&;"|+28%8%!) %0"/5!-3!:-DI*-:%8(:61!D%"5$+F!Q+!D6 &!+$%-1"&%,!
+$6+! +$"&! $"556#-&%! 31-*! +$6R%/+$6/%! ,%1"09)68J)-/%G! D$"8%! ;:%6&"/5:2!
6:"5/%,!D"+3$!+$%!-1"5"/6:1$2;-+$%&" &F!

® 09\
OH
. \Goﬁc)
OH n
(0}
(0]
105a 105b 111 106
|
|
20 min ° 0“ o‘ °
|
3h
19 h

19 h + vacuum 1.5 h

19 h + vacuum 24 h

T r T T T T T T T r T T T T T r T T
51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 28 I
11 (ppm)

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



Al "B(/8+"-/6:! $2,1-12B8",! "&! /-+! &(33"8"%/+! +-! 6&&(1%! 3-1*6+"-/! -3! ;-:2*%1G! +$%!
1%68+"-/! *62! ;1-8%%,! "/+16*-:%8(:61:2! D"+3$! +$%! 3-1*6+"-/! -3! 828:"8! ;1-,(8+&F! V-1!
%I16*;:%G!$2,1-1868",&!3-1*1%"+$%1!C-1!)-+$E!:68+-/%!-1!:"/%6 1 EQUeAFY0! 1"/5!
&"X%!"&!:%&&! +$6/!3"0%! 6+-*&G!-11*-1%! +$6/! BRI GI2P0 1 D"::1)%! 6:*-&+!
%18:(&"0%:2!3-1*%,!(/,%1!-1,"/612!8-/,"+"-/&F1Q3!6!3"0%'*%*)%1%,!1"/5!86/")%!3-1*%,G!
+$"&!D"::N%!+3$%!&"/5:%!;1-,(8+F!Q3!&"I!-1!&%0%/'*%*)%1%,! 1" /5% GB8A) % IR G!
-1N)-+$G!1"/5'6/,'8%6"/!;-:2*%61161%!:"J%:2!+-1)%!3-1*%,F!Q+!'D6&!$2;-+$%&" &%, +$6+! +3¢
:68+-/"&6+"-/I-3UID6&!-/:2!;-&&"):%!3-1+S08-*% LU S M- $1-(5$!1+$5%!,"&360-(1%,!
>GB'61"6:! 8-/3-1*%1 -3! JUSF! " $%1%)2! +8%6&%! ;1-1"*"+2-3! +$%1 ( B:8-3$-:!
3(/8+"-16:"+2! D"+$! +$%!861)-12:"8! 68",! RB&L@+! +-16::-D! :68+-/"&6+"-/! §};+! DE&!
&;%8(:6+%,! +$6+! +$%! &6*%! "&! /-+! +1(PE:BH! +%&+! +$"&! $2;-+ 85242 B8",!
JUS!C688%&&%,!+$1-(5%!+$%!$2,1-:28IBDBI1%()e%8+%,! +-1+$%! ;-: 2*&@hH"-/!
8-1,"+"-1&!C"/1+$%!6)&%/8%0\JBEB*89%IT#'4. INEF (6/+"+6+"0%!8-/0%1&"-/1+-1+$%!
:68+-/%1JJ'D6&-)&%10%UCS!4LR!6/6:2&"8HD"+$!1&"5/!-3!;-:2*%1"8! &; % 8" Ha’A5!
,%+%8+%,! &-*%D$6+! &(;;-1+"/5! +$%! +$%- IRISPGRH3-1*"/5!:684%! JJI!"/! +$%!

-1 2%%1"&6+"-/1*" |+ (198!

0y
n
OH 1. Sn(oct), (1 mol%), o)
180 °C, 24 h, neat,
atm pressure 106
OH 2.180°C, 24 h, 5 mbar
@)
O _o
111 |

+

012*3*4/, . Attempted polymerisation of ,47#



QI16/1%33-1+!+-1%"/"*"&0%1 +$%! 828 "&EIIFEIS%0! ;-1 206 1"&6+"-/! D6&! 1%;%6+%, ! 6+!

><= PI3*800QETH 4. IEBE!"+ID6&IS2;-+$%& &Y%, +$6+161:-D%1H%*;%16+(1%!D-(;,1360-(1!
+$%! 3-1%6+"-/1 -3 "/%61! ;-:2%%18&! -0%1! +$%! "/+16*-:%8(:61! 828:"&6+"-/F! S-D%0%1C
6/6:28."&(&"/51\OP1&$-D%, | +$6+1+$%!*6+%61"6:|DB6&!*6"/:218-*;-&%, I-31:-DI*-:%8(:61!
D%"5$+!-1"5-*061&F!"/8%!+$%!:-D%1!+%*:%16+(1%!*621)%! 8-/+1")(+"/51+-16!&:-D%11 16+
-31 1%68+"-/G! +$%! 1%68+"-/! D6&! &()&Y6H (%6/+: 2B U 61! :%1"-,! -31 +"*0p]
C¥-/+$EIC3*89%ICH 4. |FFISIALR16/6:28&" &18&(55%&+%, 1+ $6+!+$%6!1%668+"-/1$6,15-/%!+-!
3(::! 8-/0%1&"-/G! 6/,! +$%! 6)&%/8%! -3 +$%! *-/-*0611 DB&! 8-13"1*%,! (&"/5! *6&&!
&;%8+1-*%+1216/6:2&"&F

!

\OP16/6:28."&!D6&!(8%, B 61%!+$%!*-:%8(:611D%"5$+&!-31+$%!+$1%%6!;-:2%%6 1" &6 +"-/!
6+90*:+&CH () KAMINEFAE! :19%60"-(&:2! %%/ +"-/%, | +$%! +168%8&! &$-D!)1-6,! ,"&+1")(+"-/&!
D"+$!,"&/8%!:%66I&! 61"&"/5! 31-*1 +$% BRITD+$! /6+(1%! -31 +$%! ;- 2* 4Bt/ RS Yo!

+168%8&! &$-D! 6!$"5$!*-:%68(:61! D%"5$+! 1%65"-/1 6+16;; 1-I"*6+06: 2! >=1*"/(+%6&! 1%+%6/+"-/!
+OF] #$%! 1%,! +168%! $6&! 6! ,"&+"/8+! :%66J! 6+! >=! */(+9%&! 8-1196&L L 4I5! +-
-3}<FNI76!6+16!:-D%11+06*:%16+(1%!-3P<£18! 8:%@D61%6!"&!6!:-D%1!;1-;-1+"-/1-3]
$"5$1%-:968(:611D%"5$+18;%68"%&!; 1%&%/+!63+%11<O1$!C51%%/1+168%EFIQ+!"&!$-D%0Y
(-11:%60"/5! +$%! 1%668+"-/1 3-11 6! :-/5%1! ;%1"- 1 -3! +"*0] C>1*-[+$E! +$%! *"|+(1%! 656"/!
8-/+6"181$"5$%11*-:%8(:6 11D %" 5$+1&;%8"%&!-316:: Ll & FOUITBH(%!+ 1 6 BIFEA!

D6&! (&%,! +-1 "/0%&+"56+%6! +$%! +$%1*6:! ;1-:%1+"%&! -3! +$%! ;-:2%%61! 1%&(:+"/5! 31-*1
19668+"-/1 6+1 21 6/,1 >1 *-/+$1 6/,1 "+ D6&! -)&%10%,! +- $60%! 6! &"*": @ BgH +$%!
11%0"-(&:216/6:28%,1;-:2*% 1 ICDEFR66&."/5:21)-+$!;-: 2+ % 1 &1 &, 1$ "5 $1*-:%8(:61!
D%"5$+&!-3IBFRNI76G!6:)%"+ D" +$I$"5$!,"&+1") (+"-/& RBBIDTF I #$" &8I $"5$!
3-116/16:";$6+"81;-:206&+%1!-)+6"/%,!31-*11%/%D6):%! 1%&-(18%&G!6/,1"+!"&I$2;-+$%6&."&
+$"&1"&1, (Y6l +-1+$%!828:-$%16/%! 1"/5!: 1%8%/+!"/1+$%! ) BEIpI %626 1IF !



— 180°C 24 h
— 120 °C 1 month
1.0 —120°C 24 h
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&'()"*+-4 : GPC analysis of the polymerisations of ,47

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

$2,1-12 B8",&IUS!6/, JUBA&!+$%!&-*%D$6+!&+%1"86::2!$"/,%1%,!%/0"1-/*%/+!-3!+$%!
&%8-/,612!6:8-$-:&R!'/5! 7V#!6/6:2&"&!"+!8-(:,1)%!"/3%11%,! +$6+! +$%! 3-1*6+"-/!-31+$%!
:68+-/9%-0%US!D6&!360-(1%%p! B?FMIJB6:f*- E!-0%1!$-*-;-:2*% 1"&6+"INCB-Fj!

J86:f*-:E! -1! 8-;-12*%1"&6+"-/! D"+RIUSB! CA! p! 6&! :-D! 6&BIFP86:*-EF! #$%!
;-12%%1"&6+"-/1-3IUB!"&1*615"/6::21360-(1%, +$%1*-,2/6*"86: QP! %+ D% VB F?!

6/,! B-F1J86:f*-:1, %;%/,"/5!-/! +$%! 8-/3-1*6+"-/C&E! BUSB! (/"+&! "/ +$%! ;-:2*%1!
"1J65%@%F5F!61"6:f61"6:G! %H(6+-1"6:f%H(6+-1"6:G!61"6:f%H(6+-1"6:!-1!%H(6+-1"6:61"6
#$"&!&-*%D$6+!1%l;:6"/&!+$%!:-/5!1%68+"-/1+"*%&!6/,!:-D!*-:%8(:61!D%"5$+&!-)+6"/%,!
31-*14+$%!;-:2*%1"&6+1-BLIUS 16/,! JUBF!Y/%!;-+%/+"6:1&-:(+"-/1+-1+$"&!" & +-1(+":"&%!
JUS!6/,! JUSB6&!8-*-/-*901&!"/1+$%!&2/+$%&"&!-318-;-:2%&H% 1 &F!!



#$%1%/%D6)1%:2*%1! JUTD6&! &2/+$%&"&%,! 31-*$2B%el2 B58",1JUS+-12"%:,! 6!
i-:12%8&+%1!D$"8%$!8-/+6"/&!>==K |- BB HL&!31-*:"*-/%/%F#$"&!"&!+$%!3"1&+!%I6*;:%!
-3161+%1,;%@#%1"0%,!;-: 2% & BB+ $%& " &%, +$1-(5$! &+%;!51-D+$!;-:2*% 1686 +"-/
8-/+6"/"1516/1%18:(&"0%:2!+%1;%/%!,%1"0%,!)68J)-/%F!#$%!*-:%8(:61!D%"5$+&!D%1%!:-C
C<FN!J76E! $-D%0%1! +$%! ;-:2%&+%1'$"8$ 680 6J"/5! "+! 6/! "/+%1%&+"/5! :-D!
*-:%08(:61! D%"5%+! ;-:2*%1! 3-1! 6;;:"86+"-/&! 1%H("1"/5! 6! $"'5$! 5:6&&! +16/&"+"-/!
+%*;%16+(1%F!

OIQl :+9.L%4&* (+#+206!B(L+#%#%! DY%4($6#861J!
|

"%!D%1%!6:&-!"/+1"3(P4,'/0%&+"56+%! D$%+$%aH+HHIIG! D$"8$!$6,!&%10%,!6&!
6/!"+%1*%,"6+%!"/' +$%! &2/+$%RI&N8!(:,! "+&%:3!)%! (+":"&%,! 6&! 6! *-/-*061! 3-1!
&2/+$%&"&!-3!;-: 2% 8WF %" /5! -;%/"/5!;-:2*% 1" &6+"-/\ CR\EF

|
1. BHy THF (1 eq.) :
2. NaOH, (3 eq.), H,O, (3 eq.) OH OH
+
THF, 16 h, 0 °C - r.t.
OH OH

6 104a 104a

TEMPO (40 mol%)
BAIB (3 eq.)
CHQC|2, rt. 16 h

33%
O
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106 11 !
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012*3*4/- : Proposed synthesis and polymerisation of lactone ,,,

! Nj



“$%/! "/0%&+"56+"/5! RYQ! "+!"&! "*;-1+6/+! +-1+61%! "/+-1 688-(/+! +&%U1&"/BY! +$%!
*-[-*951186/,",6+%F!Q!"&!D%::!J/-D/'+$6+! &"1'*%*)%1%,!1"/5&!61%!+2;"86::2! &+6):%! +-!
1"/5!-;%/"/5!,(%!"/!;61+!+-1:-D!/5!&+16"HIQ+!"&!16:&-168J/-D:%,5%, 1+ $6+!1& () &+"+(%/+&!
-[1+$%!1"/5!,%81%6 & Yd84H$Y6) 1" (*1*-/-*%1! 8-/0%1&"-/FBF&!"&!%&;%8"6::2!+1(%!3-1!
:68+-/%8&! &()&+"+(+%,! "/ YRBEWH/,! 1,)98 :-&"+"-I&EC SN 1#$%! +961:%/%! ,%1"0%,!
168+-/%0J!"&! 61 &"11*%6*)%1%, ! 1"/5! 6/,1"&! &()&+"+(+%,!"/1)-+SV&:6%6/,! 1,;)%4
-&"+"-1&1*%6/"/51+$6+18-(:,1) %! +$%1*-,2/6*"86::2!(/360-(16):%!3-1!1"/5!-;%/"/5!

;-1 2*9%1"&6+"-/B-D%0%AJJ!"&!6:&-16!)1",5%,!)"828:"8! &2&+%*!6/,!"+! D6 &! +$%-1"&%,!
+$6+!+$"&!D-(:,!;1-0",%!+$%!6,,%,!1"/5!&+16"/1/%%,%,!+-1368":"+6+%!-;%/"/5131+$%!1"/5F

OIOIJIDH3!-'K1(%&!+2!',%6HB89%11JJ!
I

V1 86:8(:6+"-/81 DYL%! 8-/, (8+6,1)2! Al+-"/061 W(BSE1,! 6+ #$3%6! /"0061&"+21 -31 WE-+! +-!
1-)%!+$%!:-+96/+"6:330!3-1IRY OF !

!

7%/8&"+21 3(/8+"-16:1 +$%-12! CBGHE:6+"-/&-/' 1IJ! DY%1%! (&%:-! :1-)%! +$%!
+$9%1*-,2/6*"8&! -3 +$%! 1"/5! -;%/"/5! -30JJ C;1-+-8-:! 1L=N<EMfNB
M>>||5C<,G;Ef8:8*p%-+$2:%+$6/-BIME! 6/6:28"&! "/,"86+%,! +$6+! +$%! *-&+! &+6):0!
8-/3-1*6+"-/1-3! JJJ*a 6/, 1J1J*ah-88(1&DS$%/! +$%! 828:-$%16/%! 1"/5! "&! "/ 6! 8$6" 1!
8-/3-1*6+"-/\ICH()KAP4EF

!

#$%! ,1"0"/5! 3-18%! 3-1! *-&+! RY9! "B1%$%68%! -3! 1"/5! &+ BOFYak+$6:;2! -3!
-12%061"&6+"-/| C~SE! 86/! )%! (&%,! 6&! 6! *%6&(1%! -3! +$%! 1"/5! &+16"/G! 6/,! 3-1!
-:2%01"&6+"-/1+-1)%! 360-(16):%! ~S! 8RS %! 1"/51&+16"/13-11+$%! 1%, "8+%, | &+1(8+(1%!
D6&!186:8(:6+%,!+-| P66 8RNI J86: -1 DS"8S!*;:"%, | +$6-+1 ;12406 1" &6+"-/1*621) %!
%/+$6:;"86::2! 360-(16):%FD B0IUEL-$%! -0%16::1 ~\I -31 +$%P*0%1"&6+"-/! D6&!
86:8(:6+%,16&16+!)%&+!|=FNIJFBHS'&!8-(:,1"/,"86+%! +$6-+1+ $L6i%BIZ68-+-11-31+$%!
RYOI*6218-(/+%168+!+$%!1"/51-:%/"/5G!6: +$-§8%!86:8(:6+%,106: (%!-31~\IDE&!"/1+$%!
*615"13-11%11-113- 11 BV#



&)+~ D%:<4:%), 1H#CY%+(4%3;,#<('C(I$Y%)ER(CH

|

#-168$"%60$655! 8-/0%18&"-/1-316!828:"819%68+0611+-161:-: 250611 "+1"&I 81 (8"6:1+-1*"/"*"& %! +$%6!
%KT:")1"(*! *-/-*01] 8-/8%/+16+"-/ E\L1l +$"&! 1%6@&-£D! 8-/8%/+16+"-/&! 6/,!
+0b*:%+(1%&! D% 1%!6++%6*; BB I+$%!106H(":") 1" (*1+-D6 1, &1+$%!-:%6/%, B3 *F
A3+%1I7VHIEH(,"%&!"],"86+%, 1+$6++$IAIBYQI IV4360-(16): % GIN6&!, %8" %, 1+-!

B+H+00% ! &-400! ;-:2%061"&6+"-/1 &+(,"%&! (&"/5! 8-/,"+"-1&! J/-D/! +-1 B! 1 3-1!
:2%0/01"&B+"-/1-31& () &+"+(+%0, 1&"11*96*)%1%, 1:684-/%&F

OIOIMI#$%E ()* (+#&! (#+!', %16 @:132)!
|

Al16/5%!-3!86+6: 2B+8p!:"+%16+(1%!;1%8%),%/+!3-1-BBEHR*PV01%,!1"/3R %1 %!
"/0%&+"56+%;+$%! &2/+$%&1&!23%1! JUTG! "/8:(,%,! W1e/&+%,!68",&G! _%D"&!68",&G!
_%D"&!)6&%&!6/,*%+6:16:J-1'3B39R6/, 13*89%FEF

!



H<=* P '+ 9)0-%)0('9#0') (#)* #6(;&$,/09%)0(#(CH:; YK (', #190'-#10CC, /,)#<%)%4&9)9

0
o *
0] Catalyst
BnOH
n
O
11 106 !
!
' . ' . <#@]! e 3%L5!
| =xx | =x 1 —+#/0 * 0 . o
C#4l 9.&'! NL+9g[ ! \L+9g][! +H%H' A% (+# 3(L9%8 \i=[! +9.L%4
Jl SP:FT¥! >F?& =FN =FO!L 0!,62& <c! 4-1
M  SP:FEY! >F?t =FN =FO!L b!,62& >=d 4-1
a '/C-8+E! =F<kE <l 4%6% b!,62& >=d 4-1
1 >!
Q /C-8+E! b < 4%64% /4 | ><d 4-1
S '/CY#3E =F=D >Fk 4%64% N!,62& <c! 4-1
T '‘B8CY#3E =F=D >F& 4%64% N!,62& <c! 4-1

|

!

QI"+"6:4:2*061"&6+"-8 D%1%! 8-/,(8+%(&"/5! 6! W1&+%%,! 68", 86+6:283+BEY
SECHA(%RE/, IVE!(&"/518-1,"+"-18&+6I%/131-*1_-(JH%4E#$% %68+"-/1D6&!8611"%,!
S(+16+!11--*14+06%,%16+(1%!3-1!3-(1!, BB %0YESIALR16/6:2&"&!"/,"86+%, | +$6-+1+$%!
*[*0%1  119%%6"/%,! "/+68+F! #3%68+"-/! D6&! 6:&-! 1% Yb#%==1P! 3-1! b! ,6 28!
S-D%0%11+$"&16:&-1,"l/-+1:%66,14+-161;-:2*%6 1 F!

!

'C-8+E"8B-*-1:21(&%, 1+-1 ; %13-1K"/5B;%/"/5!;-:2*%1"&6+"-/1-31:68+-1%&HBI%
SECH#'A.IEF$96!8-/,"+"-/&ID%1%!+6J%/!31-*161:6,%11)21P-;) 84 HD$ "8 $!6/%6;6 %6
&()&+"+(+9%,! &"11*%*)%1%6846%! D68, %/%,! +-13-1*1 61;-:2*06 1A A3+%1! b! ,GR&
5SIALRI6/6:2&"&!8&$-D%, 1 +$6+!+$%!*-/-*011$6,1/-+1-:%6/%, 1 +-13-1*161:-: 2+ %o!
19%668+"-/1D6&!1%;%6+%, 16+161$"5$%11+%6*%16+(1%G!$-D%0%1!+$%! 1"/5!D6&I&+"::1:%
%0%/163+%1!>!*-/-858D9GRT# 4. |EF



#16/&"+"-/1"%o+B:1"3:6+9%8186/1)%6!(8.96, +-1-:%6/18&,() &+ BE+YBA8I6/, 13-141:: 25041 &G
CY#3E6/,I'8 CY#3D%1%! (&9BHEIIVB @'4(%&! 61, | TERA#$%E&%! 86+6:28+&!6:8-]
:1-0%,! (/&(88%&&3(:! D"+$! +$%6! *-/-+0611 206+ 656"/1 1%6+6""/51"/+68+FI #$%8&%! 10668+"-/&!
D%1%! 6:&-!:1-)%,! (&"/5!5%:!:%1*%6+"-/1 831-*6+-51BHBI6:&- 8-/3"1*%, | +$6-+!

+$9%1%! D%1%! /-1 &; %8 WEHI#31068(:6 1! D%"5$+!"/1+$%! 1%668-+"-/1*" LA(BIBBI'E! - 3!
+$9%6110668+"-/1*"1+(1%!31-*16::1-31+$%& Y018/, "+"-/&!"],"86-+%, 1+ $6+1/-+1-/: 21DB&IB!: -: 2401
[-+1)%"/513-1%%, 1) (+16:&-1)%/X2:16:8-$-: I DB&!/-+1"["+"6+"/51+$%! 1986 8+"-/F

OIJIIN "#(' (¥ (+HH#11:4+5%)% (+#1&'K 1 (961+20J!

9-:2*%%1"&6+"1&+(,"Y@B*899E3H' 4 (% &BBED%1%!6/6: 2&8%,I5PS4LR!6/6:2& " &/, !
"+ID6&!8:%61! +$6+!"/"+"6+"-/! (&"/5!)%/X2:16:8-$-:! D6&! /-+! +6 ' OGR! 7V#!
&(55%&+%,! +$6+! +$%1%! "&! %/-(5%! 1"/5! &FVS/LIA$%! 1"/5! +-! -;%(F+! D6&!
$2;-+3%&"&%,! HBGHH0! %:%8+1-;$":"8!8%/+1%! -3 +$%!828:"8! %&+%1!D6&! &+%1"86::2! 81
D$"8$D-(:,! *6J%!"+!,"33"8(:+!3-1!/(8:%-;$":%&! +-16++68J! 6/,! -;%/! +$YR-1+/BH!
1%68+"8!D%1%6&"5/%,!+-1"/0%&+"56+%!+$%! 1"/5!-;%/"/5!-3!+$%! :68+-/%!(&"/5!061"-(&!
1(8:%-;%":%&/,%L%! OB F!

NaOMe (10 eq.) OH
O_0 MeOH, 75°C, 15h
Or, BnOH, (1 eq.) o
TBD (10 mol%), 17 h "R
o)
111 R = Me
R=Bn
+

012*3*4/ : The opening of%,, using NaOMe or BnOH

!
_68+-/%13J! D6&! -;%/%,! (&"/5! &-,"(*! *%+$-1",%! "/,"86+"/5! +$6+! +$%1%! "&! %/-(5$!

&;68%!3-1!6!&*6::1/(8:%-;$":%! +-16++6831861)-/2:!-30J! C/,%L %! OGR3+%1! +$%!
&(88%&&3(:! &2/+3Y3& RO IS "+! D6&! ,%8",%,! +-! *- %:! +$%! "/"+"6+"-/! -3! +$%!
;-12%001"&6+"-/1(&"/5!)%/X2:16:8-$€El,%L %! OBR3+%1!>b!$!+$%!1%68+"-/!D6&!D-1J%,!
(;'6/,16/6:2&%,!(&"/5!°S!4ALR 1&;%8+1-&8-1R$"8$! &%, ! +$8)¥%6/X2:1%&+PHIH6, !



)%0%/'&2/+$% & @R %0%1!1+$%1%!D6&!6:&-16!&*6::16%-(/+!-31&+61+"/5 363846 !
;1%8&%/+F!#$"&! &(55%&+%,!+$6+!)%/X2:16:8-$-:!D6&!6!5--,1%/-(5%!/(8:%-;$":%! +-!-;%/!
JJJ!$-D%0%1!"+!"&!&:-DF!
!
#$%!&2/+$%&"&!-31 %A SHLIIT!"/,"86+%,!1+$6+!"+!D6&!;-&&"): %! +-! -, YIB!
JJI'D"+$!/(8:%-;$":%RB+%1!+$%! &(88%&&!-3!(&"/51#WT7!6/,!'W/Y SI8I3¢aA$%01!
RY9!&+(,"%&!D%1%!8-/,(8+%,!(&"/5!+$%&%!8-I6 & #\&/(@.'6!86+6:2&+!J/-D/!3-11"+&!
$"5$!68+"0"+2!D"+$!1%&;%8+!+-11"/5!-:%/"/5!;-: 2*% 1 5&BH'- /& F
!

;#<=*#. Investigations into the polymerisation of lactone ,,,

‘sing a catalyst that induced initiation

o)
O_o Catalyst OH Catalyst
BnOH
0._Ph I
o)
111 B 116 106 |
!
6%&K9’
=] | %L5!
Cral =9.81 \ Lo \Ef%][', =+ 47 (+ 3\1/2IE'S L N TI
' ' ' T L+#,& !
Q/ll+||6+'|_ Q/ll+||6+'|_ Q/ll+||6+'|_
| = | | 0 |
a0 #wr >d >) 4%6H < T Y
M #WT > >) 4%6H o QB QIMHEH-
20 2
a  #wr >3 > A%BE  ><a QFEFRQIMEYS 0
21 2
, _ i Q/||+||6+||- Q/||+||6+||- Q/||+||6+||-
| | =Fil] | |

Q@ BCYRE = A FIL! ¢ g2 g2 21
_ Q/ll+||6+'|_ Q/ll+||6+'|_ Q/ll+||6+'|_

S AW = M Y YR Y

6 T7AWPY >3 4fAl 4%6H < B B B
7 7AWPY >2  4fAl 4%6H >=o B B B

bC



>=1%:K16/,1>==1*-:KI-31#W7! DB&! (8%, ! +-186+6:28%! +$%! RY9! -3!:G333689%

TACH A(WEBI1*#11 FBSIALR!6/6:28" B 3+%611>21$1 19%60%6:96/T+36H"-/1 (&"1§%/X2:!
6:8-3-:1$6,1+6J%/!;:68% B! 1%668+"-/! D6&!6:8&-1 1% %6+ IR # =t =" PIG*8994N

CH# 49411 CEG!656°8! 4LR!6/6:2&"&!,%+%8IIBN/ "86-+"/3"/"+"6+"-/1$6,1+6J%/!
:68YHBCY#ID6&! (&%, 1656"/168!6!86+6 PRIUEECH 4 JE!68161&-: (+"-/1"/1+-:(%/%G!
+$"&I1%68+"-/1"/"+"6+9%6,163+% 1 SSHIRIBB: 2&."&!1%60%6:"/51+$6+1+$%!) %/ X 2:16:8-$-:!
$6,1)%%/18-*::%+%:218-/&(*%, F!

!

#$96! 19668+ 2RDS"8$! +$%6! :-:2%061"8&6+"-/1 $6,1"/"+"6DY1%! 6/6:28%, ! 656"/! (&"/5!
5SI4LR! 63+9%1! 6/! %I1+%/,%,! ,(16+"-/! Cb! ,6S8BER! 6/6:2&"&! 1%0%6:%,! +$6+! +$%!
1%68+"-/1$6,18:06,163+% 11" /"+"6+"-/16/,+$%1%!D6&!/-1&"5/1-31;-:2%&+%1&!) %" /5!3-1*%, F!
!

9-:2%091"8&6+"-/&! -3! &()&+"+(+%,! :68+-/%&! 86/1-3+%/!)%! &:-D! 6/, +$%1%3-1%! +$%! +$10
1%68+"-/&! D$%1%! +$%! ;-:2*061"&6+"-/! D6&! "/'+"6+94Y%P861%)!B*E9%
TECH'4(%BBI6/, |SEI6/,1:%3+!3-116!:-/5!;:%1"-,1-31+"*0] CN!*-FEEREL R! 6/6:28."&/!

&$-D%,! +$6+! %0%/! 634%I+PE! +$%1%! D6&! /-1 &"5/1 :B-;656+"-/! -31 +$%!

12405 1"&6+"-/G 16/, 1/-1$"5$1*-:%8(:6 11D%"5$+!;-: 2*% 1 BA&IV6/+ F1#$%!18-*;:%+%1:68J1-3

-D! *-:968(:61! D%"5$+! %&+%1&! &2/+$%&"8%,! +9U4B" POBGH+! +$%! &%8-/,612!
6:8-$-:186//-+1:1-:656+06!+$%!:-: 2% 1"&6+"-/16/,1+$6+1960%/16 3+ 06 11:; &L 306!
+$9%!&+%1"8!3EBLIAIESY0! - *"/6+"/51368+1U0%/+"/512*061"&6+"-/F!

!

7"6X6)"828:-k<F<F<I-8+6/%! CTAWPYE! "&! 6! /(8:%-;$":"8! -156/-86+6:28&+! 6/,! Q+! D6&
$2;-+$%&" &%, 1 +$6+! +$"&! 8-(:,! 86+6:2&%! +$SHIFEYFABIPY ! "&! 61)(:J2!)(+! $"5$:2!
/(8:%-;$":"816*"/%!6/,168+&! +-168+"06+%! +$%!%&+%1!+-D61,&!/(8:%-;$":"816++68IF! Q+!I
$2;-+$%8&"8%, 1+$6+!+$%! &+061"86:: THEB U] $5:"81&%68-/,61218:$-:18-(;,11%668+!
D"+$1+$%!682:16%*-/"(*1 &;%8" W@ +-I"+&I1$"5$:2168+"06+%,1/6+(1%F 1#$%! 1%68+"-/1D6&!
6++06%:+96(R"/5! >=1 *-:K!1 -3 TAWPY! 6+! <c! 6/,! >FPIG*899AIGCH 4(%&IF,! NEG!
$-D%O0YBIALR 16/6: 28 8], "86+%ol+$6+1+$%!*-/-*0% 111%*6"/%, 1"/ +68+F!

!

H$%! &2/+$%&." SAFBI&(55%E&+HA$6+1IJ! "&! 6)%6! +-1)%! -;%/%,! )2! -125%)6&%!
/(8:%-$":%&! SDY%OYE+H6! &+6::"/5! -3! +$%! RY9! 63+%1! "L GEHM8&E$6+!
11-:656+"-/1)2 1+$YA%&(:+"/5!6:8-$IITI"&! (/360-(16):%6F! Y/%! $2;-+$%&"&!"&! +$6+1+$%!

I bc



&%8-/,6186:8-$-:!1-31JITID6&! +--1 &+%1"86::2!$"/,%1%,!3-1!+$%! & (88%&&3(16;;1-68$!
+$%!6:1%6,2!$"/,%1%,!861)-/210.BF

OIMI =+#/OK&(+HBA+LY' %!- # Y6&(&I*#11+9. L %64(&* (+#14RMJ!

Al :"*-[%/%B%1"0%,! :68+-/%! *-/-*%10JJ! D6&! &2/+$%&"&%,! 6/,! RY9! +-! 3-1*! 6!
+9%1;%P%1"0%,! $-*-;-:2*%1! JUT D6&! "/0%&+"56+%,F! #$%! *-/-*330! D6&!
&2/+$%&"&%,'3HA "/ +D-1 &+%;&! 31-*1:"*-/%/ Y& Y%08-/,! &+%;! D6&! -;+"*"&%0,! +-!
5"0%! 6! *-,%16+%! 298! N&!-0%1! +D-! &+%;&F12%1! JJJ!'D6&! 3(1+$%&%,! 3-1!

-1 201" &6+"-/\&+(," Yo BOPKZ+"56+"-/I"[+-1+3$%!RY HBA0,!+$6+!"+D6&!(/6): %! +-13-1*!
6!$-*-;-:12*%11-3! JJJ!,(%!+-1"&&(%&!"/1+$%!;1-;656+"-/1&+%:;!-3!1+$%!;-:2*%11&6+"-/F!
I

I

OIAl 3+7*41&!" %!-#' Y& (& +BIB(L+#%#%! D% A (S} X -, Y4
|

Q+D6&L1-;-8&%, 1+$6+16!$2, BAR+TBIVS-(:,1)%!688%8&8&%, (&"/5!;6::6,"(*I86: 2&"&!

3-:-D%,! )2! 6! W1-D/! $2,1-)-16+"-/! -I",6+"-/F! #$"&! D-(:,] 5"0%! 6!EB{/8+"-/6:]

*:068(:%! &("+6):%! 3-1! GBWD+$! :-:2*%1"&6+"-/G! 6/,1 "/1 +$"&! 86&%! +$%! *-/-*%1!

D-(;,! ;-&8%&E! ;1"612! 6:8-$-:1 51-(;G! *%66/"/5! +$6+! "+ D-(:,1 )%! :%&&! &+%1"86::2!
$"/,%1%,! 3-1! +$%! 6++68J! -/! +$%! %&+%1F! #$%! *-/-*061! D-(:,! 6:&-1)%! :%6&&! "I%:2! +
(1, %15-16/1"/+%1*-:%8(:6 11828:"&6+"-11,(%o!+-1+$%! 1%6&(:+"/51"/5! & EBEO1SH,
C/I"1%1*%*)%1%, |1"/3EF

Ho/ﬁ]/OMe
o 0 1.9-BBN 0
(5 7 é}OQkOMe 2.NaOH/H,0, é’OQI\OMe
< eaorg, Y THE TN
AL BQPTSAO, A oM
6 118 119 !
+

012*3*+4/5 . Proposed synthesis of hydroxy-ester ,,.



R%8%/+!:"+%16+(1%!;():"&$%,!)2\-/€EG#P&0;-1+%,!+$%!6:J-12:6+"-/!-3!:"*-/%/%!
(&"/5!061"-(&!6:8-$~&G/,%L%!OEIFC’!
!
!
Pd(OAc), (5 mol%)

p-TSA (20 mol%) OR
Benzoquinone (2 eq.)

LA ROH, 25 °C AL
120 R = CHj
6 121 R = C,H;
122 R = i'C3H7 1
+

012*3*+7 .The alkoxylation of limonene (6) using a Pd(OAc); catalyst>©>

I

#$"&! 1%68+"-/! 8-(:,! "/+1-,(8%! 6! $6/,:%! 3-1! ;-:2*%1"&6+"-/!| HBHO/! Y%&+%1! -1!
861)-12:"8!68'FQ+! D6&A8",%,! +-16,6;+! +$%! 8-/,"+"-/&! +-1 &2/+$%&"&%%! +$%! *-/-*% 1!
;1%8(1&-DUPFR/!-1,%1! +-1 &2/+$%&"&%! 6! &*6::! *-:%8(:%! 86;6):%! -3!;61+"8";6+"/5! /!
;-1 2%%01"&6+"-/11%68+"-/&!6/1%&+%1!-11861)-12:"8!68",!151-(;!/%%,%,! +-1)%!"/+1-,(8%,!
"[+-1:"*-/%/%G! 6/,! "+ D6&! ;1-;-&b,! +-1)%! ,-/%! (&"/5! +$%! 8-/,"+"-/&! 1%:;-1+%,!)2!
\-/€6:0%&!)#%;B*89DEF!

I

I



#<=*8. Solvent screen for the synthesis of ,,9

Pd(OAc), (4 mol%) @] 0
BQ (X eq.)
OMe p-TSA (8 mol%) o\)kOMe 4\\0\)J\OMe
+ HOTY .
: o 5 .
PR

: O,, Solvent, r.t.
P

6 117 118 123 !
!
CH#4l  -+9$%#  3(L%N\[! <kN%dl  JIN\%e]! f(%911IMG !
J! #SV N >| <l =
M T+3$2:1A8%+t N > <l =%
Q #-2(%/% <= >FN >| >
Q #-:(%/% N >l <l >ch
S #SV <d >FN >l =l
T T+$2:1A8%+¢ <d >FN > =

“c1#8H,!3#:#10%80Q8%-#H!Q,1&$!_ Q¥R 1L#0)RK#D#,!%&H!79:%d1&#1%,!%&! 1 &-#:&%8!-%&HY6:H2

#-1"10%&+"56+%!+$%! & 21-BRIBRIEL*6::1"/"+"6:1&-:0%/+!&81%%/!'D6&!8611"%,!- (+G!(&"/5!
&-:0%/+&!D"+$!6!16/5%!-3!;-:61"+"%&!6/,!;1-; BISIDEF!

#SV!6/,! T+YA8! D%1%! "/0%&+"56+%,! 6&! &38%HEA! §-(1&! +$%! 81(,%! 1%68+"-/!
*+(1%&! D%1%! 6/6:2&%,! (&(6/+"+6+"0%! 4LR! D"+$t216X"/%! 6&! 6/! "/H%:!
&+6/,61,!G*89NCH'4(%BEFS!4LR!6/6:2&"&!&$-DIWF61+"/5!*6+%1"6:11%*6F"/5

#3$%! 1%68+"-/! D6&! "/0%&+"56+%,! "/! +-:(%/%! 3B18994B! C#'4.! @' 6/,!°S! 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%M0/!16!>>K!2"%: JF!

#$%! 1%68+"-/1+"*%! D6&!,%81%6 & Yo(B+3DURY C#'4.(FE?S! 4LR!6/6:2&"&! -3! +$%!
81(,%!*"1+(1%!31-*1+$%!1%68+"-/"/1+-:(%/%!&$-D%, ! &-*%!&+61+"/5!*6+%1"6:!1%*6"/%,C!
$-D%0%1!6:&-!1+$%!6;;%616/8%!-3@*"6:!;1-,(8+!D"+$!68!4LR!2"%:,!-3!>CKF

#$%!1%68+"-/D6&!1%;%6+%;/39%186*-(/+!-3!+"*% G| C<HEE/0%&+"56+%!D$%+$%1!
6!:-/5%1!1%68+"-/1+"*%!D-(:,1 1%&(:+!"/13(::!18-/&(*;+"-/1-316! &+61+"/5! * 6 E/AIB6

b?



NICH 4(%& BB I TEEI#$%! 1%&(: +&! DYAIETO%1! 3-11+$%! 1%668+"-/16+! <=1$-(1&!6/,!N!
$-(1&G!1%+$2:168%+6+%!6/,1+%+16$2, 1-3(16/!)-+$12"%:,%, |-/:21&+61H'/5!*6+%61"6:F!

!

5SIALRI6/6:2&"&!-3H+$%L: (1%, 1-,(8+11%0%6:%, +$6+1*06-+$2: 15 INE!$6-961C-681%
+$90!:"%-/%/%TE!"/16!,"33%1%/+ D6 2! +$6 BDGEY; 6+ %, F1#$%! 1%, "8+%, :%66J13-11+$%!
+D-10"/2:"81;1-+-1&1 -1 +$%! %1-828:"81 ,-():%! )-/,! 6:++68$%, | +- +$%! 828:-$%16/%! 1"/5!
D%1%!/-+1;1%8%/+G!6/,!"I&+%6,1+$%1%! D6&!6!:%66J! 6+ CFNC!;;*F! " $%/!"/+%516+0%6, 1+
8-119%8&;-/,%,1+-1-/%!; 1-+-/16/,1+$%! &+1(8+(AMAB*BIDE! D6&!; 1-;-& UG

!

Q+!D68&!;1-;-8%, 1+SEMS-(:,1)%!3(1+$%113(/8+"-/6:"&%, " /161&%:%8+"0%!$2,1-)-16+"-/!

1", 6+"-/1&Y6H (%6/8%!+-182/+$%&" &Y% 61*-/-*0% 11D "+$1+$%!;-+96/+"6:1+-1(/, %15-18&+%; D"&%!
-12%061"&6+"-[FI "+ SIS &I/ 1+$%11%668+"-/13-11+$%!& 2/ + DA BRI+ 8%, F!
Al*-19%18-*;1%$%/&"0%! 840 &81%%/! D6&!861 1" TBH8O% IEF

|

#<=*9: Optimisation of the synthesis of ,-/

Pd(OAc), (4 mol%) 0
BQ (1 eq.)
° .0
. HO/\H/OMe p-TSA (8 mol%) : \)kOMe
: o Oy, Solvent, 6 h, rt. ™
N 2 eq. /\
6 117 123 I
!

C#'4. -+9%%#' f(%91Ng[!
J! A8%+-/"+1!"% #168%
M 7LY ! #168%
a 7LV #168%
@) S%I16/% >
S (*8Q#&H 5R

7"%:,&! D%1%! 86:8(:6+%,! (&"/5! H(6/+"B-410Rb*%8%/"H(%&! 6/,! ;216X"/%! 6&! 6/!
"[+%1/6:!&+6/,61!F!
!

#$%! -/:21 1%68+&#-!;1-,(8%! 6! 8:%61! 6*-(/+! -3IMTD%1%! +$-&%! (&"/5! $%16/%! -1!
+-1(%/M3B*89% BT #'4(%&BD! ISEF-15"0MO/! >>KI6/,!>cK 12"%&1%&;%8+" 633!
+$%! &"1! &-:0%/+&! &81%%/%,!-/:2!+-:(%/%! 6/,!$%16/%! 2"%:,%,! +$%! , % &IMAE!; 1-,(8+!

! bj



"/,"86+"/5!+$6+!/-B-:61! &-:0%/+&!61%! +$%! *-&+1%33%8+"0%F! V(1+$%1!-;+"*"&6+"-/1 (&%
+-:(%/%!6&!+3$%!&-:0%/+!6&!+F"Q%B0 1+ $%!) % &+ ZZFBINEF
!

#<=*+. Further optimisation of the synthesis of ,-/ using toluene as the solvent

Pd(OAc), (4 mol%) ')
BQ (X eq.)
OMe -TSA (8 mol% »‘O\)k
+ HOY p-TSA( ) OMe
: O Toluene, r.t.
/\ /\
6 117 123 I

C#4) 3(L% 3%L5%4*KA% <kN\%el ;'L+&5,%4% JIN\%ell f(%9hg !

JI - >?FE <c! >FN Y4 >l >p
M >?FE! <c! >FN Y4l >FE >j!
Q >?F$ <c! >l Ya! <l >>1
Q >?F$ <c! >l Ya! >l >
S  >D%% <c! >FN Y4 >l =l
T c>4 <c! >FN Y4l a <N
N N'$ c=! >FN Y4l >l =l
P N!$ <c! >FN A"l >l =l
w <!$ <c! >l Ya! <! >
JU >NFcl¢ <c! >FN Y4l >l <2

Q&-:6+%,!12'%0:,

!

#$%! "/"+"6:! ;616*%+%1! 8%6/5%,! D6&POHRIO6:%/+&! -3! +$%! 1%6E/E98d

WICH 4 (NBEEF!#$%!%H ("06: %00MEBY1%!"/81%6 &%, !6/,!+$%!%H("06:%/+&!-3'W]!D%1%!
,%81%&%,! 6&&HE! 0%12! +-1"8! 1%65%/+! 6/,! %"+$%1! $6&! +-!)%! 1%*-0%,!)2! 8-:(*/!
8$1-*6+-516;$2! -1! D6&$%,! D'H&;"-(&! 6*-(/+&! -3! &-,"(*! ,"+$"-/"+%F ! #$%&%!
8%$6/5%&1/d+!&%%*!1+-1"/3:(%/8%!+$%!2"%:,1&"5/"3"86/+ INBIH!'D Y51, & - 31:B> K F !

!

#$%!1%68+"-/1+"*%!D6&!"/81%6&%,!+-!-/Y3BFMNTH 4.1 8BA3+%1!-/%! D% %I +$%1%!
D6&!/-1;1-,(8+!-)&%10%,! /! +$98! 4LR! &;%8+1(*!"/,"86+"/5! +$6+! :-/5%1! 1%68+"-/!
+"*%6&!,-%&!/-+!:%6,!+-13(::18-/&(*;+"-/'6/,!;-+%/+"6::2!:%6,&!+-1,%516,6+"-/F!



|

H$Y%0! 8-/,"+"-1&) (8%,1 ) AL/E6:0%&L)# %; #5%! 6:8-$-11 6&! )-+$! +$%! 1%68+6/+! 6/,1 +$%!
&-:0%/+!D$"8$1%6/8(1%, 1 +$%1%! DB&I*(:+";: YB/HE( B+ $%6! 19665%/+!"/1+$%! 1%68+"-/G!
+$9%1%3-1%! +$%! %H("06PAHBEI63Y0! "/81%BEIDS+*8IUM CH#'4. T[HS"&B60%4!
1%68-/6):%!12"%:,1-31 <BHODOIHES &1 1%668+"-/1 858 6!:-/5%111%668+"-/1+"* %G Cc>I$E
6/,1+$%!$"5$12"%:,1-)8%10%, 18-(:,))%!, (Yol +- 14+ $"&F!

!

Q+D6&IS2;-+$%6&" 8%, 1 +$6-+1$%66+"/5!+$%! 1%668+"-/18-(:,1; 1-*-+0o! 3(::18-/&(*;+"-/1-31+$%!
&+61+"/51"6+%61"6:GI+$%!1%68+"-/ID6&ISVBKIAIMMHTH 4 NEFS 1AL R16/6:2&"&!

"/ "86+90,! /-1 3-1*6+"-/1-3! +$%! ,%&"1%,! ;1-,(SM@B/,! 3(1+$%1*-1%! /-1 1%*6"/"/5!
&+61+"/51*6+% TBIR"5/"32" /5!, %8-*:-&"+"-/!,(1"/5!$"5$!+%6*:%16+(1%&F1#$%! 1%668+"-/!
D6&! 8611"%,! -(+1"/1 6"11 "/&+%6,! -3! 6/! 6+*-&:$%1%! -3! -125%/G! $-D%0%1! &$-D%.,! /-!
3-1%6+"-/1-31+$%!,%&"1%,!;1-,(8MG!6/,1-/:2! %516,6+"-ID6&!-)&%10%, | (&+5%!
5S14LR!6/6:28."€3E89%W CH#'4 PEF!

!

#$%! $"5$%&+12"%:,! 68$"%0%, 1 3-1! +$"&! 1%68+" FDBRMIBHE.! JUP! (&"/5! +$%!
8-1,"+"-1811%:-1+%,1) AL/€6:0%8&. j#%; B +$! 61 1%668+"-/1+"*6INFEC! $-(1&F! S-D%0%1.

+$"&1 2"%:,1 DB&! /-+! ,%%*%,! +-1)%! $"5$! %/-(5! 3-1! 6! &2/+$%+"8! &+%;! /! *-/-*0p1 ]
821 $%&"&16/,13-11+$"&1%6&-/1/-13(1+$%1!"/0%&+"56+"-/&!"/+-1+$"&I3(/8+"-16:"&6+"-/1D%]
8611"%,!-(4F!

OIQI -# %&(&!+2+9.L%4&!24+LIB(L+#%#%!D(+J\JUQ
!
|
" [90/%) -1 JUQDB&&2/+$%68"8%, ! 1%0"-(&:2! 6/,! (&%, 6&! 6/1"/+%1*%,"6+%6! "/ +$%!
&21+$%&"&!1-31$2, FBR", JUSS!$-D%0%11"+IDB&IS2; +$%6& &Y%, 1+$6+!"+18-(;,1)%!(&%,16&!6!
8-*-/-+0 11" /1+$96182/+$%&"&)-31;-: 2% AEYFHRY6I O EEY



O O

o

124 m=2
125 m=4

WOH _~_OH | | O At
1 1 m

R oo T °© ©
i OH ! o)
: o :
: 126 : 127 m=2
104a 104b R CE T T TR - 128 m=4
Catalyst !
+

012*3*+4/6 . Proposed synthesis of polyesters ,-8 and ,-9 +

OIQIII"#3$%&'()*' (+#& ", %! & #',%&(&!+2!5+9.L %4 & IMN K KA
&+IK'(+#!5+9./+#1%H&* (H#!
!
!
Q+'D6&!;1-;-&%,+$6+1+$%!&2/+$%&"&!- 3V &M PB-(:,!) %!688%& &%, +$1-(5$!

&-:(+"-118-1,%/&6+"-/1&!D"+$!6!,"688%:-1",%!1!"/I+$%!*%:+!(&"/5!6!,"861)-12:"8!68",
A -2:18%:-1" %IMEG6/,! &(88"/2:1 8%:-1", dIM@! D% I¥%&+"56+%,! +-!;1-)%! +$%!
%33%8+!-3!:"/J%1!8%$6"/1:%/5+$!-/'+$%!;1-;%1+"%&!-3!+5%!;-: 2*% 1 F!

!

!



H#<=*#4 . Investigations into the solution polycondensation of ,A5# and ,45<+

: Cl n CI
~OH ~__,OH 124 m=2 W
’ 125 m=4
+
Pyridine, DCM, r.t.
OH OH

127 m=2
104a 104b 128 m=4 !
!
(VA | .
CH#H4! 0+#t+L%4 3\(L[|/‘" nbIUQ =+#%#'4* (+# KAQ(/*'(+# \SS‘*[ il Sf[,
L:$%&10!
| | 1"l
J! 0cQ! 5E2F 5G]% >24ClI' 3%eQ7! 52@ 42E 4C2C
L:$%&10!
| I"
M 0cQ! G4 5G]% >24CI' 3%eQ7! F2@ C2E 562'F
R:#0171-%-1
| 1"l
a OcM! @) F]3 >2G! 1&I"HL6] G244 424 5524
R:#0171-%-1
| 1"l
Q 0cQ! @ F|= >2G! lgrulgl | 572C C2b 562#

'(88"/2:18%:-1", %IM@®/,16,";-2:18%:-1", %! IMID%1%!8$-8%/I6BIB+0618&!) %86(8&%!
-31+$%"111%:6+"0%:2!8&$-1+18$6"/1:%/5+$&! CPO!6/,|PN! 1%&;%8+"0%: 2E!"/16/16-++%6*:+1+-
6136"1:211"5" 1:-: 2*061F1921" "% DB&! &%:%8+%, | 6&1+$%6!; 1-+-/1+16;!, (%! +-1"+&!; 1%606:%/
"1 "+9%16+(1%! 3-11)%"/5! 6! 5--,1 6*"/%! 3-1! 2HBYER"&! -3! $"53! *-:%8(:61! D%"5$+!

206 1&FCI\G/,"/"16/,18-  ED-1J%1&! 1%:;-1+%, | +$6+! +96*:%16+(1%! $6,! :"++:%! %33%8+! -
+$9%6!:1-;%1+"%&!-31+$%! 1%&(:+"/51;-:2*06 116/,1+$%1%3-1%!+$%! 1%68+"-/1D6&!8611"%, |-
1--*1496*:9%16+(1%! C}<PEEI>F>1%H("06:%/+&M8B/,! IMSD%1%! (8%,!+-1688-(/+!
3-116/21$2,1-:28"&!-31+$%!68" 18$:-1",%&!+-1861)-12:"8168", & D$"8$!61%!(/1%68+"0%!(/,%1
+$90!8-/,"+"-/&1-31+$%6! ;-1 206 1" &6HHFY! - 250 1"&6+"-1& DY%1%! "/"+"6:: 21 6:++%*;+%
(&"/5!61:-D!8-/8%/+16+"-/1-31,"-:1C=F<MILE!6/,!6!$"5$! %I SRR /%! C>bu>! DF LF+F!
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&'()"*+-- : From top to bottom, H 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.
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&'()"*+-/ : GPC traces for the solution polycondensation of ,45 ‘with adipoyl chloride (,-7 )
I and succinyl chloride (,-5 )



7'PI D6&! %*;:-2%,! +-1 8-/,(8+! +$%1*6:! 6/6:2&"&! -3! +$%! ;-:2*%1&! :1-,(8%,! (&"/5!
&-(+"-11 ;-128-1,%/&6+"-/! 1%68+"-1&G! 6/,! +$"&! 6::-D%,! +$%! S6/MBEBH# o&! 3-1!
-:2%061&ID"+$16/!ler 31-15)-0%!>1 T 6G*8I%BLEF H$%!$"5 SUBOHM FRIED %1 %!+ $-& %!
D"+$1+$%!$"5$%8+1*-1%68(:6 11DB4, BEHORIES-1+06&+1: "TIAS!"& (& (6 :25%!5%/%16:!

+19%/,1 3-11 ;-:2*% A #$%! ;-:2*%1&! (&"/FMOB6,! 6! $"5$% 14 $6/! +$-&%! D$"8$!
8-1+6"1%, | IMIB&I+$%" 1B/ %6 1 F1#$"&1"&!1)%: "% 0% Yo, (%! +-1+$%! :-/5%1! 86 1)-/!
8$6"/!:%/5+$G! D$"8$!5"0%&! +$%! -:2*%116!$"5$%1!,%51%%! -313:%I")":"+216/,1 +$%1%3
-DY%LIEFI#$%! -1 206181 &2/+$%&" 8%, 16::1$6,1 36" LRATIMID! 1--*1+06%;%16+(1D6E

6/,1 +$"&1"/,"86+%,! +$%! ;-+06/+"6:! 3-11 (&Y%&! "/! 8-6+"/5! 6;;:"86+"-/&! (%! +-1 +$%"1! $"5$!
3:%I1")":"42F

!

#$9%!;-:2*061&1D%1%!16/6:28%, (G HENI68&" &+%, 1:6&%1!, %&LH&E+"-/\ICLA_7QE!
8&;%8+1-*%%+ HAPBILA 7Q1&;%8+16!-31;-: 2*0BIEE/,| IMRGB*89%!JBEH4(%&M) CE
&$-D!I6!;6++061/18-**-/I D"+$!:-: 2% 1&1-31618%1+6"/1 1%; %6+" IBH{)KAMTEEHS 0!
LA_7Q1&;%8+1(*-3!;-:2*0aIVIEB6.&16!1%:%6+"/51(/"+1-31<cCOMB&&!(/"+&ID$"8$!" &% H (6!
+-1-1%1%-:%8(:%!-31UTB-(;:%, D" +$!-/%!*-:%8(:%! - IIM @ HI) K 4% D

|

(@) (@)
O OM
I X
% %
127 128 #
+

&'()"*+-5: From left to right repeating units of ,-8 and ,-9 confirmed by MALDI spectrometry.
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“#<=*$, : Investigations into the melt condensation of diol ,45 with succinic acid
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&'()"*+-8: GPC traces of the polymerisation of ,45 and ,-6 using different catalytic systems:
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8-/,"+"-1&!(&"/5""/C-8+k-11#"CYW(S,!$"5$!L s&!-3!)%+D %% B2 I 76 F!1#$%&%!D%1%!
+$%!$"5$%&+!68%"%0%,!3-1!+$%!;-:2*%1"&6 IO, '&1(88"/"8!68" | AME>!656"/!

+3%! &2&+%*! /-+! (&"/5! 6! 86+62B¥0%,! *-:%8(:61! D%"5$+8BFA!I76F #$%&%0!
*-:068(:61! D%"5$+&!61%! +$%! $"53%&+! 683$"%0%,! 3-1! +$%! ;-: 23U @EL6-IMTF 3!

"/,"86+"/5! +$6+! +$Yt"*"&%,! 8-/,"+"-/&! 3-1! +$"&! &2&+%*! "&! +-! ;%13-1*! +$%!
-:2%061"&6+16+!<M=P!3-11+$%!&$-1+%1!;%1"-,!+"*% -3IM!$F!

!

#$%! ;-:2*%1"&6+"-/1 -3 +$%! :"*-/%/%! ,%1"0%4 JUDD"+$! &(88"/"8! 68" INCE! D%1%!
&(88%&&3(:! 6/,! 2"%:,%,! /-0%:! 6:";$6+"8! ;-:2%&+%1&! D"+$! 1%6&-/6):2! $"53$! *-:%8(:61!
D%"5$+&!C(;!+-IM=1J76EF!'(88"/"8I6BESG/!)%!,%1"0%,!31-*!1%/%D6):%!1%&-(18%&!

6/,! +$%1%3-1%! +3$%! ;-:2%&+%1! &2/+$%&"&%,! 86/! )%! 8:6&8&%,! 6&! 8-*"/5! 31-*| >==
1%/%D6):%!)"-*6&&G!D"+$!6!:615%!;%18%/+65%!-3!+$%!;-:2*%1161"&"/5!31-*1+%1;%/%&

OISl "H$%&' (¥ (+H&!(#+,%DY6)4* 1 (+#1+2!:+9. LI
|

;I'/,!- 31:"3%!&-:(+"16&%!6/!"*;-1+6/+16/,!-3+%/!-0%1:--J%]1%6!-3!;-:2*%1!11%&%6 1 8$F!
A&!+$%!;1%06:%/8%!-3!;:6&+"8&!"/1-(1!%/0"1-/*%/+!"/81%6&%&! "+!"&!)%8-*"/5!*-1%! 6/,
*-1%! 81"+"86:! 3-1! 83%*"&+12! +-1 ,%& " "S5BI%BY%! &-:(+"-/&! "/+-1;-:2*VFAEQ+! D6&!
+$%1%3-1%!,%8", %) %o&+"56+%!+$%!;-+%/+"6:!13-1!; IMN061,96516, %P +"6:: 21+ $%!

;-1 2*% 11 IMND6&!"/0%&+"56+%,!3-1!$2,1-:2+"8!,%516,6+"-/F!



Q  Buffer Solutions :
OM pH’'s 3, 7 and 10 \OH OH 0
HO
O + + WJ\OH

50 °C, 2 weeks o)
OJP OH OH
n

127 104a 104b 126 I

.
012*3*48 : Attempted degradation of polymer -8 +inder hydrolytic conditions.

!

9-:2068+%1&!$60%!%&+%11:"/I65%&!6:-/5!+$%!)68J)-/%G!6/,1+$%8&%!)-/,&!6 1% J/-D/1+-1)

&(88%;+"):%6! +-1$22K." & F1#$" &1 *006/&1 +$6+1"/1 +$%-121 +$%!)-/,&! 8-( I BL, !

+$90! *-/-*051&1 1%68:6"+%, FI #$%! $2,1-:2&"&! D6&! 6++%*:+%,! (/,%1! 68", "8G! /%(+16:! 6/,!

)6&"818-/,"+"-/&(&"/5!)(33%11&-: (+"-IBEDVINEF!

#<=*+ : Hydrolytic degradation studies of ,-8

CH#'4) <K22%4 5] 1 DY) 4* 1% (+#
J! P"+1"8!68", <Ft 4- 1
M 9%$-&;$6+% b! 4- 1
a ' "(*1861)-16+% | >=Fb 4- 1

!
!
#$%!;-:2*%1!D6&!D%"5$%4:116!0"6:16/,! &-:()":"&%,!"/' P8 1G! +$%! &-:0%/+! D6 &! +$%/!

6::-D%, ! +-1%06;-16+%! :%660"/5! 6! ,"&8! "/1 +$%! 0"6:G! D$"8$! D6&! +$%/! ,1"%, ! +-! 8-/&+6/+
D%"5$¢,%11068((* FH#$%!)(33%11&-:(+"-/&ID%1% 1+ $VMB6 PBY08-:(+"-/&I$%66+%,
+-1c=I'P13-11 <1 D%%J&F!#$%! ;-:2%%1&! D%1%! 6/6:28SbA(RYE!%8+1-&8-;2!16/,!
\OPG+-1;1-)%!3-11+$%!%61"&+%6/8%!-31$"5$1*-:%68(:6 1ID%"5$+18;%8"%&FA3+% 11+ D-1D%
6H(%-(&!&-:(+"-ID6&!,%86/+%,1-3316/,1+$%! 1%*6"/"/51&-:" 1, 1"%, |(/,%11068((*1+-16!
8-/8&+6/+1D%"5$+FIH#$Y6!&-:", IDB&!I3-(/, 1+-1)%!+$%! &6+ DYDBSH BEE"1%6!) %6!'/5!

&()*"++%, +-1+$%1,%516,6-+"-/18+(, "% & F1#$%!&-:" |D6&!6/6: 2 BYMIREB $%!; %6 I&!
)%+D%%/!OF?16/,IMFj!;:*1C1%; 1%&Y%/+"/51+$0Rb; B4t 1+ $%61%8+%11)-/,E!"/,"86+%!
+$6++$%1%6&+%11)-/, &"/1+$%!;-: 206 11 19%6*6" /% H S



9-:2*%1"05:

SIKFcGlcRG!I<I"%%J&!

Y N NSV

! &'()"*+-9. 'H NMR analysis of -8 before and after degradation experiments.
!
#$%!1%*6"/"/5!&-:",'D6&!6:&-16/6:28&%,!(&"/5N\IPG!6&!"+!D6&!$2;-+$%&"&%,!+$6+!6!&*6::!
6*-(/+1-31$2,1-:12&"&!8-(;,1$60%! +6J%/!;:68%G! D$"8$! D-(:,) %! (/, %+%8+6): AH&"/5!
4LR!&;%8+1-&8-;2!$-D%0%1!+$%1%!8-(:,!)%!6!,%81%6&%!"/! +$%!*-:%8(:61! D%"5$+F!#
+$1%%! &6*;:%&! D%1%! 6/@REY&H! +$%! -1"5"/6:! ;-: 24%/]! +$%H168%&!"/,"86+%,!
+$6+1+3%!;-:2*%1&!$6,!1%*6"/%,!"/[+68+F!1#$%!-1"5"/6:!; -: 2% |88 %6+ %/ +"-/1+"* %!
-311>NI*"/16/,1+$"&!D6&!6:&-1+$%!86&%! 3-1!+$%! ;-:2*061&!63+%1!$2,1-:2+"8!,%516,6+"-/

&+(,"%SAQ KA AN



1.0+
— Polymer

—pH25
—pH7
— pH 10.5

Intensity (Normalised)
o
g

T
14 16 18
Retention Time (min)

!
H()K494MbRA!%8& %88, LIMNS#;*:#1%0&8i8;-#:1)9H:*89- 10! H#$:%HYo- 1 *&IHM 7#: L +#8&-,

!

Q+!D6&8%-1"&P$6+! +$H2*%1&! D%1%!/-+!,%516,"/5!,(%! +-1;--11 &-:()":"+2!"/1 +$%!
6H(%-(&! *%,"6F! Q+! D6&! +$%1%3-1%! ,%8",%,! +-! 6++%*;+! +$%! ,%516,6+"-/! &+(,2! 656'
(&"1516!*"1+(1%!-3!16H(%-(&!6/5156/"8!&-:0%&EC/, %L %! O FPF!

0 .
OM NaOH (3M) : THF OH " _OH
(50:50) '
o +
95 °C, 10 days

0 H H

%1 o) o)
127 104a 104b 1l

012*3*+/9 : Degradation studies of ,-8



#$9%!,96516,6+"-/1D6&I6++%*+06,1656"/1(/,%11)6&"818-/,"+"-1&)(&"/5&-,"(1$2, 1-1", %!
CMILE!"/I#SVIC>HS$BEFI68+"-/1D6&I$%6+% IPFel 1>=1,62&G+$%1#SVID6&!1%*-0%,
(/%11 1%, (8%,!;1%&8&(1%! 6/,1 +$%! *"|+(1%! &()e%8+%,! +-16/!68",| D6&$! 3-::-D%,!)2! 6/!
%l+1684F!

|

6E

a A,
o A,

. . . . .
5.1 50 49 48 47 46 45 44 43 42 41 40 39 38 3.7 3.6 35 34 33 32 31 3.0 29 28
1 (ppm)

& ()"*+/4 . H 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. |

#$%! 81(,%! 1%&",(%! D6&! 6/6:2&%,! B"AIR! &;%8+1-&8-P#$%! ;-:2*%1! $6&!
1%&-/6/8%&!)%+D%%/!OF?!6/,!MF?!;;*18-11%&;-/,"/5!+-1+$%0Yd 6¥ 9+ + $Wb & +%01 !
)-1,'C HO)KAWIGE!";%8+1(* 8K 63+%1!+$%!,%516,6+"-/! %I;%1"*9B44 LRI&IS-D&.!
/-1 1%&-/6/8%&! "/! +$%! 1%5"-/! -3! OF?! 6/,! MF?! ;;*G!"/,"86+"/5! +$%! %&+%1!)-/,&! $60%!
)1-J%/F#$%!6/6:2&"&! -3! +$%! 81(,%! 1%&", 4%, "856+! /-+! -/:21$6,! +$%! ;-:2*%1 !
,%0516,%,!)(+!"/! 368+! +$%! *-/-*%1! $6,! )%%/! 1%8:6"*%,! +-! +$%! &6*%! ;(1"+2! 6&! +$%!
*-[-*9611D$%/!"+!D6&! (&%,!3-1!+$%!;-:2*% 1" &6 HJHCIOWE!';%8+16!)! 6/, BEE %!
*-[-*061! JUMD6&!1%8-0%1%,!"/1%I18%::%/+!;(1"+2!)2!&"*;:%!%|+168-HPUAH I &
-;9%/&\(;1+3$%!;-+%/+"6:1+-11%828:%!+$%!; I RIBB/ 181 %6+%!6!8:-&%,G!8"18(:6 1!1&2&+%*F
\9P!6/6:2&"&!6:&-!"/,"86+%,!+$6+!+FH11$6,!1%516,%,G!+$%!,"&6;;%616/8%!-3!+3$%!
;%0616+!6!1%+%/+"-/1+"*%!-31}ME"B6+%&! +$%1%!"&!6!:-&&!-3!$"5$5!*-:968(:6 1! D%"5$+!
&:%8" V&K ADIEF!



1.0
— Polymer 10
— 95 °C, NaOH, 10 days
]
s
£
3
2 0.54
3
0.0

Rentention Time (min)

&'()"™*+/, . GPC analysis of the degradation of ,-8 +

!
!
#$%!:"*-/%/%!,"-:0U@B6/!)%!688%&&%,G!"/!-/%! &+%;!31-*!:"*- VRGO 6/!6:*-&+!

H(6/+"+6+"0%!2"%:,!-3!jbKF! #$"&! $6&!)%%/! &$-D/! +-168+!6&! 6! 8- *-/-*0%1! D"+$! 6!)"-!
)6&%,!,'68",G!&(88"/"8!68IME!+-!;1-,(8%!;-:2%&+%1&!D"+$! K&K ! +-IM=!J76EF!
V(1+$%1*-1%! (;-/!%l;-&(1%! +-1)6&"8! 8-/,"+"-/&! +$%! ;-:2%&+%1!86/! ,%516,%! 6/,! +$%!
S x-[-*¥0611 JUQB6/! )%! 1%8:6"%%,! D"+$! %18%::%/+! ;(1"+2F! #$"&! "/,"86+%&! +$6+! +$Y¥
+%1;%B%1"0%,};2*%1UMNMN6&!+$%!;-+%/+"6:1+-1)%!8"1B(:6 1F!

! ib



O

OH

- HOM( O

WOH : OH O OM
126

+ 0]
1.190°C, 6 h, N,

OH OH 2. Catalyst (1 mol%), 09\
T/°C,t/h, n
vacuum

104a 104b 127

NaOH (3M) : THF
(50:50)

95 °C, 10 days I

012*3*4/. . Synthesis and subsequent degradation of polymer ,-8

Ql =+#/9K&(+#&1HK'K4%!A+4R
|

HD-1+961:06/%!,%1"0%, 1*-/-*06 LAUSE/,| JUGEIS60%6!)%%6/182/+8%68" 8%, 131-*1:"%-10%/%!
QEB/,! +$%"1! ;-:2%061"&6+"-/1 ;-+%/+"6:&! "10%&+H"EEIBY6! QEIC@HSY%! (/(&(6:!

)1",5%,! )"828:"8! :68+-/91J! D6&! 6:&1 &+(,"%,! )-+$! %I;%1"%/+6:2! 6/,
8-%;(+6+"-/6::2! )(+ ! DB&! -)&%10%,! [-+! +-1 (/,%15-1 1"/5! -:%/"/5L:2%%1"&6+"-/F!
9-:2%051"&6+"-/1-31+$%!$2, 1BB" |JUS(&"/5!6! ;-:28-/,%/&6+"-/1 +%68%$/"H(%! 2"%:, %,
-DI*-:%8(:61!D%"5$+!;-:2*06 1 & BI%! <FN!J 76 E! D"s88L8£ % @O PF! S-D%0% 16! 8-
-12%061"&6+"-/1-31+$%!, "I B/, 1&(88"/"8168" 1 1-, (8%, +$%!/-0%:1:-: 2% LMD"+ $!
8-1&"%16):2! $"5$%1d&! -3! (; +-| M=! J7T6F! #$"&! *6+061"6:1 "&! ,%1"0%, ! 8-*;:%+%:2! 31-*!
19%/%D6):%!1%&-(18%&16/,161$"5$!:%18%/+65%!-3!"+&!861)-/18-/+%/+186/!)%!&-(18%, 131-*
+961:%/%! DB&+%6! &+1%6*&F1V"/6::2G 1 +SMMDAEYELS-D/! +-1,%516,%! (/,%1!) BL"

8-/, "+ &" [+-1"+&I& () 8"+ (Yol +1*-[-* % DU -;%/"/51(; 16185/ 3"86/+1-;;-1+(/"+213-1!
19%828:"18F

|



1. [Cu(MeCN),]JOTf (5 mol%)

1. BH3;THF (1 eq.) bpy / TEMPO (5 mol%)
2. NaOH/H,0, NMI (10 mol%) OH
THF, MeCN, rt, 24 h, air Sn(oct), (1 mol%)
0°C-rt.,5h - @@
2.NaClO, (1 eq.)
H
H0, (5 €q.) ° .
OH NaHPO,H,0 1.5 (eq.) o *
'BUOH : H,0 (2:1)
| 0°C1lh 105 .
OH 52% g
0]
TEMPO (40 mol% Ring Opening
104 BAIB((S eq.) ) O_o Polymerisation 127
97% —
CH,Cl,, r,t, 16 h
111
33% |

012*3*+54. Synthesis and polymerisation attempts of ,47 and ,,,

!
!
!
V(+(1%!D-1J!"/0-:0"/5! +$%& %! +VBUH1080,! *-1-*%1&! 8-(:,!"/8:(,%! &-*%! 3(1+$%1!

0ol;:-16+"-/1"/+-1+$%! 196828:6)":"+2! -3 +$%! & 2&+%*F1 #$%! 8(11%/+! ,%516,6+"-/!;1-8%, (1¢
(8%&! $618S$! 8-/,"+"-1&) 6],1 :-/5! +"*%! &86:%&F! Q+! D-(;,!)%! ,%&"16):%! +-! &$-1+%/! +$%
96516,6+"-1 +"*06&! 6/, +-1 :-DY%1! +$%! 8-/8%/+16+"-/! -31)6&%! (&%,F! Q+! D6&! 6:&-! )%!
"+961%68+"/51+-1%61%! +$%! &28+%*1 3(::21 1%828:6):%! + Ft: P51 FEHI Y - 31+ $%!
+961;%/%! ,%1"0%, 1 *-/-*0GII@3-1! +$%! &2/+$%&"&! -3! +$%! : IR 5" &! 8-(:,1)%!

&+(,"%, )21 1H()*"++"/51+$%! 1%68:6"*F0) D -1+ $96L: - 2406 1" &6+"-/18-/,"+"-/&1+-1:1-) %!
+$9%6!196828:6)":"+21-31+$% -/ JUCR/, 1" [0%&+"56+"/51+$%6!: 1-:%6 1 +"%&!-31+$%!:-: 2+061 !
&2/+$%8&"&%,!(&"/5!+$%!1%828:%, I*-I-*% 1 F!

|



SI CX5%4(L%#™*9

Sl E%#%4*9!CX5%4(L%#*9!
!
!

W/YSID6&!,"&+"::%,131-"56/,! <GBI*%+$2BB(+%6/ADBE!,"&+"::%%, I-/+-1*-:%8(:61!
&"%0%&);1"-11+-| EIDG&! 31%6&$:2! ,"&+"::%, 1 31-*| &YBEG6/,1) %6/ X-;$%/-/% t!
D6+%1!D6&!,%"-/"8&%,!)%3-1 YBI(&HFVo BIIB5%/+&! DY%1%!; (18$68%, ! 31-*16!8$%*"86:!
&(;;:"%116/,1(8%,!D"+$-(A(1+$%1!;(1"3"864#/P&ID%1%! :%13-1*%, |-/18":"86!5%:!-/!
6:(*"/"(*16/,1D%1%10"&(6:"&%, |(&"/5 16+ 6&&" (*1;%1*6/56/6+%!-1$-&;$-*-:2),"8!

68" 1-1106/":"1,";FI T1;%1"*%/+&! 8611"%,!-(+! (/%11 "/%1+! 6+*-&$&%6,! 615-/!-1!
["+1-5%/G6/,15:68&D61%!DE&IZLBIYAL"-11+-1(&Y6FIA: 18- (+"-/&161%186+(16+%6,1(/: %&&!
&+6+9%,-+$%1DI'&Y%6F!

!

5516/, SP14ALR! &;%8+16! D%1%! 1%8-1,%,! "dCPTRFY! -1! P7cY7! 6+ 6%)"%/+!
+06*:%16+(1%! (&"/5! W1(J%D78! CO==! LSXEG! AgO==! CO==! LSXEG! AgMO==S7! CO=
LSXE@HMO==ICO==!LISKBgMc==!Ce=!L SXE!&;%8+1-*06+%1&F!76+6161%!%I;1%&&%,!
6&!8$%6*"86:18$"3+&!"/1;61+&!;%11*"::"-/IC; *EXI9H:6$YAVHE."  (6:1 &-:0%/+! &"BBB:

PSPd Ge pr bF<bE! FP7PY Gaip! bbF£6&! $%! "/+%1/6:! &+6/,8145%! 3-::-D"/5!
6))1%0"6+"-/&! 61%! (&%,! +-! ,%&"5/6+%! +$%! *(:+";:"8"+2! -3! %68$! &"5/6:t! &G! &"/5:%+
-0:%+t!,,G1,-():%+1-31,-():%+&t!,,,,G,-():%+!-31,-():%+1-31,-():%+1-31 -(): %+ &t1+G!

+1":9%+! +G! -():%+! -3! +1";:%+&t , +G! ,-():04) %31 -3 +1";:984 HG! H(61+%+t! *G!
*(:4":%+16;; G16;:61%/+11) 1G!)1-6,F!IP-(;:"/518-/&+6HERY6!5"0%/!"1$% 1+ XICSXEF

!

"X 05! %618:(&"-/! 8$1-*6+-516;$ANCE! D6&! :%13-1*0&"/5! 6/! A5":%/+! ><N=! Q/3"/"+2!
'%1"%&IS9_PICA5":%/+H%8$/- -5 " YSIVAES9_PI516,%G V" &$%1!'8"%/+"3"8EI6&1%: (%/+
6+11--*1496*%%16+(10&L" /5! +D-1 A5":%/+1B%: *" % BN8-: (*/&1"/1 &%1"%&! D"+$!6!3:-D!
16+%!-31>1% I*PFIAI "33%1%/+"6:11%3168+ *GEVRBEPR ! 3-1186*;:9%6! %-+%68+"-/F!

Y1! (&"/516/! A5":%/+! ><N=! Q/3"/"+2! '%1"%&! S9_P! CA5":%/+! #%8%$/-:-5"%&G! 'AE! ",
P$:-1-3-1*1CS9_P!516,%G!V"&$%1!'8"%/+"3"8E!6+11--*1+%6* % 16+(1%!(&"/5IBD-1A5":%/+10
59%:1C!,*1*"|%, BP18-:(*/&ICM==IDFCI**E!"/1&%1"%& D" E5HI>=! *I\(61,IP-:(*/!
Cc=!bFCI**EFIAI3:-DI16+%!-3t=Ft"/ $D6&!(&%,FIAIOLLAI8-:(*/186:")16+"-/ID6&!



(8%, 6:-/5&" %! 6! ,"33%19%/+"6:! 19%3168+*%+%1! CTRQG! "26++E! 3-11 &6*::%! ,%+968+"-
6/6:28" &

!

Q/3 %, ! &;%8+16! D%1%! 1%8-1,%,! (&"/5! 61W1(I%1 NFEEIRIE 908+ 1-;$-+-*06+9%1!
(&"/519%" +$%116/| A#RI6++68$+06/+1-1161&-: (+"-/18%: | (SIFPEIE>:0%/16/,1+$%6" 1!
066I&IBLY0IH(-+% B&LH18* SHS "SI Y68&-:(+"-/*688&I&:%S8+161D%1%!-)+6"/%,(&"/5!6!
W1(J%1IL"81-#YVI*68&1&;%8+1-*%+%11-;% Bo4BH1-&:; 162!"-/"&6+"-\CT'QEI*- 9%6F
LA_7Q@BYV16/6:28%&! D%1%!:%13-1*%,1(&"/5IW1(I%L!.:+16V:%I QQQFI#$%!*6+1"1! (&%,
+16/&KNCO,/) B(+2:;$%/2: BBY+$2BBL-;%/2:" %/%I*6:-/-/"+1":%! CTPH#WE! D"+$!

&-,"(*1 C46|E! 6/,! :-+68&"(*] CPE! 6&! 86+"-/&F! Q/+- +E/RABIR! D%1%! 6:::"%,! +$%!
1963:968+"-/1%-, %616/, 1 >CK1-31:689611"/+96/&"+ 2 F 14 S BN YKIG8D; :9618-/&"&+&1"/1>=1 ;!
-31:-:2%00 11 &6*;:06! "1 ¥00+$6/-:1 C>=I*BI*SEI ¥4, 1 D"+$! <=1 11 -31 TPHW! &-1(+"-/1"/!
68%-+-/"+1":%! C>=I*SBEI A3+%1D61,8G! >! :1-31 +$"&! *|+(1HHE AR $%6! +615%+!
:6+0616/,1:063+1+-1, 1216+11--*1+06* 06164 (1%F

!

72/6%"81%%68$6/"86:16/6:2&"&! CTLAE! D6&! (&%, 1+-1,%+%6 1*" /46! SBHE ;- 2*% 1&F!
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012*3*+5, . Epoxidation of a-pinene (,, ), to form a-pinene oxide (,-: )
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012*3%45- . Products of the ring opening of ! -pinene oxide (,-: )&+
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+$%!1%68+"-/11%&(:+&!"/'+$%!3-1*6+"-/1-3106&+!H(6/+"+"%&!-3!$%602!*%+6:!8-/+6*"/6+9
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"&-*%1"&6+"-/! -3MB! "/8:(,"/5! X%-:"+%&G! $%+%1-;-:2! 68",&G! *%&-;-1-(&! &":"86! 6/,!

-1 2%0%011&(;;-1+%,!86+6: 28 H&HASFA
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L-+$%1D%::)# %;:#&2/+$%&" &%, %8(:61:2! "*;1"/+%,! ;-:2*%1&! CLQ9&E! (&"/5!
)/%'9BB6102:! 6*"/%! 6&! 6/! "*;1"[+! *-:%8(:%! +-! 3-1*! +$%! +%*;:6+%! 3-1! +$%! &%:%8+"0%
"&-*%1"&6+"-/1-BVI\N-1)/%' 9B 610%-JONEF W $%!6*"/%! 3(/8+"-/6:"+2!-31+$%! "*A"/

*-:068(:%! D6&! (&%, +-! &%:%8+"0%:2! ;-&"+"-/1 6! &(:3-/"8!68",! 51-(;! "/' +$%! LQ9!)"/,"/5!
-8J%+!(+":"&"/TE>21%/%! & (:3-/"8!68",16&!+3$%!3(/8+"-/6:1*-/-*% 1 F!

Al16/5%!-3ILQ9&!D%1%!&2/+$%&"&%,!6/,'+%&+%,!3- 1!+ S YUY IBELOS & OB F!

#$%! &+(,2! 3-(N +$6+! +$%! ,-*"/6+"/5! 368+-1!"/1 ,%+%1*"/"/5! +$%! ,"&+1")(+"-/! -3! +$%!
*6e-1!1;1-,(8+&!D6&!"/1368+!+$%!&-:0%/+!8$-"8%F!.&"/5!7LV!6&!&-:0%/+G!(;!+-Ib=K!-3!+$%!
;1-,(8+&! 31-*1 68",! 86+6:2&%,! "&-*%1"&6+"-/! BBI%/%! -1",%! CM\E! D"+$! +$%!
;-:2&+21%/%! LQ9&! D%1%/%#6+0%+$%! /%8%&&6%2MB%/ +$%/%! +%1+"612!
861)-86+"-/1QMEG!6/,!"/,(&+1"6::2!"*;-1+6/1%'9B610%-JONE! D6&! -)+6"/%,! B!

OcK! 2"%:,F! "$%/! *%+$6/-:! D6&! (&%,! 6&! 6! &-:0%/+! +$%! ;1-,(8+! ,"&+1")(+"-/! D6&!
,"33%1%H(EKA4DMF'#$%!-)&%10%,!;1-,(8+&!"/,"866%&-:0%/+&!D"+$!6!/(8:%-;$":"8!
8-(/+%1!"-/'86/1+16;%$%!861)%/"(*!"-/""[+%1*%,"6+%&F!
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&'()"*+/- : Major products synthesised using methanol as a solvent5 ¢
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761™:061)#%:#0%&+"56+%, |+$%6!6)":"+21-316!+(/5&+%/1)68%, 1$%+%6 19 2488!, IS
3-11 +$%! "&-*0%1"&6+"-INBIV/! 6! 061"%+2! -3! &-:0%/+&F! #$%! &-:0%/+! 8$-"8%! $%60":2!
"/3:(%/8%#$%!16+"-&1-31-)&%10%, : 1-, BEES: %6/"816:,%$2, % ID @ G +1 E&10%-:!
QONEBY'OR-)1%1- IO EG!-1!;"/-: IOEFI T68%$!-31+$%&%! (&%3(:1316516/8%!8-*:-(/,&!
D%19%!8&2/+$%&" &%, !"'5-Y5B%b::%/+12"%: &G!(;!+- [ MEKD®B/, I (;1+-1b=K!-3! JOG
)21(&"/5!6/16;;1-;1"6+%!&-:0%/+F1Q+D6&I3-(/,1+$6+18&-:0%/+1;-:61"+216/ 1)BLESH2
+$9%! 19%668+"-/1;6+$D62BAE1G! /-)6&"8! &-:0%/+8&! 360-(1%,! +$%! 3-1*6+"-JCRY

61 §6&"81&-:0%/+&!; 1-*-+04$%! 3-1*6+"-/1-3D N1 AD%6J:2!) 68861 1&-:0%/+&G!
+$%!*6e-11:1-,(8+&!D%1%!8-*:-(/,8I0T6/,! JONFHS%!$%+%1-;-:2168", ID6&!6):%!+-1)%!
1%8-0%1%,! 6/,! D6&! (&%,! "/l 0%12! :-D! H(6/"+"%& C=RE®R! &"5/"3"86/+:2! *-1%!
0%/0"1-/*%/+6::2! 31"%/,:2! +$6/! ;1%0"§&5%/%-(&! 86+6:2+"8! *%+$-,&! 3-1! +$%!
8%:9%8+"0%!&2/+$%&"&!-31316516/8%!8-*:-(/,&!"1$"5$12"%:, &F

!

QN <=>Mla(!6/,1](! 1%;-1+%,! +$6-B106/%! -I",%! GM\E! 86/! 1%68+! D"+$! D6+%1!"/! 6!
&-:0:2&"B2;%! 1%68+"-/! +-! 5WWDE-) 1%1- @O EC/,%L%! Q@'C! "$%/! +$%!
19%68+"-/1D6&!;%13-1*06,! 6£RG1%/6+"-+061"86::2! ; (IVAD6&! -)+6"/%, G! $-DI60%1!
D$Y%/1+$%! 1%68+"-/1DB&!;:%13-1*%,16+119%63:(1G!61*"|+(1L0E!)- Hob' I &-) V1!
D6&!;1-(8%,!"/16116+"-1-310UNF

|
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H,O
+ + + )
. | d

25°C,6h : :
~T oH X
129 136 137 146 134
69% 3% 7% 8% I
+

012*3*455; The synthesis of trans-sobrerol (,16 )| by Xu et al.5>'®

Q+!"&!;1-;-&%,! +$6+! D6+%1! "&! 6):%! +-! 68+"06+%! GBS ;" I5V6+&! -;%/"/B

+$1-(5%! $2,1-5%/! )-/,"/5! +-! 5"0%! +$%! 861)%/"(*! "-AQNB! 3-::-D%,! )2! 6!
19%6116/5%*%/+!+-11%:"%0%!+$%!&+8BB/LBHE%! 1"/5F 6+%1!+$%/!6++63Q&)

+-15"0%!;1-,(8"OTC/,%L %! Q@F
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hED"/%/%! -I",%! DV\E! "&! 1%6,":2! ;1-,(8%,! 31-*BH%/%! CIEG! -/%! -3! +$%! *-&+!

6)(/,6/+! +%1;%/%&G! 6/,! 86/! 1%6,":2! "&*%1"&%! "/+-! 61 16/5%! -3! ;1-,(8+&F! #$%!
"&-*0h1"&B+"-/186/1)%18-/+1-1:96,1)21/6+(1%!-31+$%!68", |86+6:2&+16/,1+$%!&-:0%/+18$-"8%F
#$9%!1966116/5%*%/IMVL-, (8%&!; 1-,(8+&! D$"8$!$60%!+$%!:+06/+"6: 1 +SBAGE.!

%[ +061&G! 6/,1 +$%! ,%0%:-*06/+! -3! &(&+6"/6):%! &2/+$%+"8! *6/";(:6+"-/&! -3! +$"&!
19%/%D6):%!*-:%8(:%!"&16/161%6!-3!51%6+11/+%1%&+F!

M1 (L&I*#1 @8V %/ ($%&

I

#$%!6"*!1-31 +$"&! 1%& %61 8HD6&'&%! +$%! *-&+! 6)(/,6/+! +%1 ;% B4PG/%! TIEE!
D$"83!$6&!6!:"*" #%-3":%!"/1+$%!61%6!-3!1%/%D6):%!;-:2*%1&F!A&!;1%0"-(&:2!,"&8(&&%,!
hB"/%/%QJE86/!)%!%33"8"%/+:2!+16/&3-1*% B1R4AR6!-1",%!CM\&!-/16/!"/,(&+1"6:!
&86:%RB"/%/%! -1",% \IM\E! "&! *-1%! 1%68+"0%! BHBMMA6! TIE!6/,! +$%1%3-1%!"&! 6!
5--,1,1%8(1&-1B-11*-/-*0611 &2/+$%&" &% 6"*1-31 +$"&! 1%& %6 1 3$HDBE6 & +"56+%!

+$%! &-:0-:2&"&!-B%/%! -I",%! AM&! (&"/5! /(8:%-;$":%&G! 5%/%16+"/5! 6! *-:%8(:%!
8-/+6"/"/51+$%!6;;1-;1"6+%!3(/8+"-/6:"+2!+-1)%!(&%,!6&!6!*-/-F%1

!

#3%! &-:0-:2&"&!-B'1%/%! -1",%! CMK! 5-%&! +$1-(5%! 6! &%1"%&! -3! 861)%/"(*! "-/&!
CG/,%L%! QEF#$"&! D-1J! 'D6& 6++%*;+%,! +-! +16;! 861)%/"(*! -0QNMD"+$! 6/!
6&&-1+*%/+!-3!-125%/1)6&%,!/(8:%-;$":%&!3-11+$%! &2/+$%&"&!-3! &*6::1*-:%8(:%&! D$"8$!
8-(:,1)%!(&%,!6&!*-/-*%1&! IQNGC/, %L %! QEF

129 140 142 147

012*3*+57: Proposed synthesis of monomers via the addition of oxygen based nucleophiles into
carbenium ion ,5-



H$%! "+ 1 G H(1IB6+O8 +$%! &-:(R&"&! 1%668+"-/! ;1-8%%, &MD*5:$6! -125%/1)6&%,!
/(8:%-;$":%&GER) 68! *0o+$6/-3E5 +$%! 1%668+"-/! D6&! &()&Y6H(B449B*; +%,! D"+$!
*-10618$6::96/5"/51&()&+16-H%&F!

!
0 OH OH A OH
4_\ XR 4\ XR

129 142 148 149

Polymers Polymers |

012*3*+56. Proposed synthesis of monomers from a-pinene oxide (,-: )

!
!
A3+%11+16;;"/5!-31+$%!861)%/" (IQOM+!D6&!;1-;-&%,!1+$6+!+$%!6:J%/%!*- "GR! /!

8-(:,1 )%! 3(1+$%1! 3(/8+"-/6:"&%,! +-1 ;1-,(8%! *-/-*%1&QWC/,%L%! QEF! Q+! D6&!
$2;-+$9%8"8%,! +$6+! +$%&%! D-(;,! 2'%:,! 6! ;-:2*%1! D"+$! 6! ,"33%1%/+! )68J)-/%! 6/,
+$%1%3-1%!;-+%/+"6::2!:-&&%6&&),"33%1%/4H1: 1% 1+"%6&F!

Ol16%&K9'&*#1!D(&/K&&(+#
!
|

OIJI3+T+41&) YoHK#/' (+#+9(&* (+#1+R GHY6H#Y6 I 1 FIM\VY

OIJIJN 3+7*41&Y %%!- # %68&(&I+210+#+L 648! 2+4!+L+5+9. L Yol (8 (+#
|

Q/"+"6: 1&+(,"%&!(/,%1+6J%/!"/'+$%!'+-8J*6/!51-(;1%l;:-1%,!+$%!&-:0-:2&"&!1%68+"-/1(&"/5!
,"33%1%/+!-125%/1)6&%,!/(8:%-;$*HAFL6/5%!-3!6:8-$-:&! D% 10%E+"56+%,!6/,!"+!
D6&!3-(/, G!6/168",! 86+6:2&+! D6&! 1%H("1%,! +-1368":"+6+%! -;%/"/5! -3! G$MV%0;-1",%!
G*89%ABC#'4.1 JEF!191%0"-(&!&+(,"%&!)2!"+%)34860%!"/,"86+%,!+$6+! %D"&!68",&!



(&(6::2!,"&;:62!$"5$! &%:%8+"0"+2!"/1360-(1!-3!86*;$-:%/"8!6:,HBESIMH": %! "/ +$%!
;1%&%/8%! -3! W1e/&+%,! 68",&G! 061"-(&! 6*-(H%!HEBE10%-:UONE! 6/,! -+$%1!
6%/B%/+$%/"8! 8-*;-(/,&! 61%! 6:&-!;1-,(8%,FP™1A! 16/5%! -3! 68",&! D%1%! &81%%/%,G!
D"+$!+$%!3-8(&!-/'W1+/&+%,!68",&!"/!-1,%1!+-160-",!+$%!3- 1 * 6D W B9 CEF!IA::!
1%68+"-/&!M%'*-/"+-1%,!)2¥SI4LR!6/6:2&"&!6/,'D%1%!D-1J%,!(;'D$%/!+$%!&+61+"/5!
*6+%1"6:!1$6,!)%%/!3(::2!8-/&(*%,!-11+$%1%! D6&! /-1 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

!

H#<=*4/ . Acid screen for the synthesis of , 74 and ,57
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Q/'+"6::2G! +$%! 1%68+BI1981%! -I",%! IM\K! 6/,! %+$6/-:! (&"/5! &(:3@""68",! 6&! 6!
86+6:2&+!D6&!"/(B6&X,BE89%9\0BCH#'4. INEF!"(:3(1"8!68",!D6&!8%-&%/!)%86(&%!"+!"&! 6!
&+1-/5'\W1e/&+%,!68",| CEVMBET=E#R$%&86/,"+"-1&!2"%:,%,!6!$"5$!;%18%/+65%!-3!&",%)!
;1-,(8+&G!;1%,-*"/6/+:200@/,! JONB!6/,16!:-D12"%:,|COKE!-3!+$%!,%&"1%, ) SLBH !
#%+16826/-%+$2:%/%!C#PATE!"&#8*,136+6:2&+!6/,!D6&!&+(,"%,!6&!"+!$6&!;1-0%, !
+-1)%! &(88%&&3(:!"/1 +$%! 1"/5! -;%BY% - 1",%&G! "/8:(,"/BMB! /! +$%! :"+%1 651 %o F
#PAT!560%!6!& () &+&42!"*;1-0%,!2"%:,!-3!<=IBB9%!MMNCH# EFIQ3!+$"&!1%68+"-/'D6&!
+-1%I6;;:"%,!3-11+$%!&2/+$%&"&!-3!6!&(&+6"/6):%!*-/-*%116!$"5$%112"%:,'D6&!,%&"16):%
31-*1+$%!;%1&;%8+"0%!-3!51%%/!8$%*"&+121*%%+1"8&!6/,!13-1!:615%!&86:%!;-:2*% 1"&6+'
#
6%0/B¢-:(%/%&(:3-/"8!68" 6B AEID6&!8$-&%0/16&!"+!"&!61W1+/&+%,!68",!D"+$!6!$"5$%1!;"6!
+$6/1&(:3(1"8!68",F!.&"/5!+$%!D%6J%1!68",1560%!6!8-/&",%16):2! $*S6AGI 22-3b:
+$%!-+$%1!6++ABHBOUINCH'4. | @Q/"+"6:1&+(,"%&!(&%,!%+$6/-:16 &!+$%!/(8:%-;$": % G!
+$%!1%68+"-/1-B"/%/%! -1",%! GM\&! 6/,! *%+$6/-:! D%1%! &()&%H(%/+:2!%I;:-1%,! +-!
8-/3"1*1+$%!1%&(: +&!D%1%!1%:;1-,(8"):%!(&"/5!6!,"33% 1 %8 8B HEA (Yo SIEF!
#$%!8&6*%!68",&!D%1%!(&%,!+-1"/0%EHVBBAH BV & RIQH &"/5!*%+$6/- F!"*":61!
+1%/,&!D%1%!-)&%10%,!3-11+$%!1%68+"-/!D"+$!)-+$!%+$6/-:16/,!*%+$6/-:G! &(:3(1"8!68",
;1-,(8"/51+$%!:-D%&+12"%:,1Q3%/,! 6BFAIS"0"/51+$%!$"5$%&+F!!P6*;$-1!&(:3-/"B!68",
CP'ABP6&!6:&-1"/0%&+"56+%,!3-1!8-*;61"86BAA! (3*89%3OBC#'4.\K!16/,!+$"&!560%!
8-*;616):%!2"%:,&46BF AF'#$%!1%& (: +&!&$-D'!+$6+!1%6 &-/6): YorZ/REcKIEB/) %!
68%"%0%,!(&"/5!)-+$!*%+$6/-:16/,!%+$6/!:F!

!

#3%! $"'59%&+P02&! D%1%! -)+6"/%,! (&"/5! %"+EBHA! -1! P'Al G*89%
JOBCH'4(NAEP6/, VEG! 6/,! +$%1%3-1%! &()&%H(%/+! 1%68+"-/&! D%1%! +$%/! 8611"%,! -
(&"/5!P'Al-116BF'Al6&!6!86+6:2&+F! #$%! $"5$%&+!2"%:,"/5!8-/,"+"-/&! D%1%! +$%/! (&%, ! +-
&2/+$%E&"&%! *-:%8(:%&! D$"8%$! 61%! 1%:%06/+! +-!;-:2*061" &6 +3BA M PORHC

%I16*;:%! D6&! ;1-;-&%,! +-1 ) %5:28-:"8! 68", IS JEL! +$%! ;1-,(8+! D-(:,!)%! 6! +%1;%/%!
,%1"0%,!*-/-*%1GISNG!D$"8$!86/!(/,%15-!;-:2*%1"&6+"-/1+-13-19QC/, %L %! QER!!

I

! ><(



(@)
HO R
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!
V-::-D"/51+$%!; 106 (&!-;+"*"&6+"-/!-314+$%! &2/+$%&IQI3L,! ISU'+!D6&!,%8",%, !+-!

B++00%+1+-1+16;1+$%! 86 1) %/ (*LIQGND"+$!-125%/1)68%, 1/(8:%-:$":%&! D$"8$!18
1, (8%1*-/-*061&1&("+6):%613-11:-: 24061 "&6+"-HV6L %! QNEF!

!

!

mCPBA (1.02 eq.)
NaHCO3; (1.3 eq.) o

CH2C|2, 0°C-rt.15h
Quantitative

1 129
"
012*3*+59: Synthesis of a-pinene oxide (,-: ) from a-pinene (,, )
!
hED"/%/%-1",%! OM\B! D6&! 688%88&%,! +$1-(5$! 6/! %:-I",6+"HBBY/%d QIE(&"/5!
$,)%B3$:-1-;%1-12)%/X-"8168" FPIWAEGID$"8%!; 1-8%%6,%, I&*--+$: 2!"/1l6IH(6/+"+6+"0%!
2"%:,F!
!
T+$2:96/%! 5:28-:1 D6&! 8$-89%6/1 6&! 6! &()&+16+%6! +-1"/0%&+"56+%! 6&! "+ D-(:,1;1-,(8%! 6! ,"-
D"+$!6!;1"%612! 6/,! 68.968-/,612! 6:8-$-JURED$S"8$! D-(:,!)%! 6):%6! +-1 8-;-:2*061"&%!
D"+$! 6/-+$%1! )"3(/8+"-/6:1 *-:%H6F! A++68$*%/+! -31 61861)-12:"8!GT",6/! %&+%1!
*10/0+21 DB&! 6:&-1 6++9%6* @H! +$"&! D-(;,! ;1-,(8%! 6! *-:%8(:9D$"8$! "&! 6):%! +-!
1124061 " &YF A& 5:28-:"8! 68"RTE&! 6! &-1",! 6/, *%+$2:! 5:28-:6+DMET"&! *-1%!
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%I;%/&"0%!+$6/!%+$2:%/%!5:28:9h68%-/&!D%1%!861 1194 6! @-:0%/+H) (+6/-:!
D6&!8%-&%/!16&!"+!"&!6!;-:6 1B B:$6-;$":"8!&-:0%/#F
!

#<=*15. Reactions of alcohols with a-pinene oxide (,-: ) using previously optimised conditions

155 \{\/OH
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' 152 Y
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“T~o 153
o
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T \'28-64% O#'Al F>N >N N JSO
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N one | PA! F<N 07 bl IS0
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'Al = | =l
P \'28-64% P'Al F<N cl,62&8 | JSO

619%68+"-/18611"%,!-(+!)2!L&! T**6!'+-2R%68+"-/!D6&!8611"%,!-(+1/%6+G!"/16/!%18%&&! +3! 1%65%/+
Pl(6/+"+6+"0%!2"96S!4LR!&;%8+1-&8-;2E

|

T+$2:%/%!5:28-:1 D6&! (&%, | &(88%&&3(::2! 68! 6!/(8:%-;$":%6! (/,%1!8-/,"+"-1&1%&+6):"&$%,
11%0"-(&: 28*899BIQBCH 4(%&E]! IME!+-15"096S"/16!M?K!2"%:GBF Al6/,!P'Al560%!

+$9%6!) %8+ ZBAY60"-(&:216/,1+$%&%! D%1%! EH-BIHY%! &2/+$%EI&RBI+$%! 2"%: &
)+6"1%,1619%6!/-+1&"5/"3"86/+:2!,"33%1%/+! &"5/"32"/51%"+$%1186/1)%! (8%, ! +-186+6:2&%!
19%668+"-/1&(88%&&3(:: 2F!
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H<=*¥7 . Investigation of the effect of solvent on the isomerisation of a-pinene oxide (,-: ) under
acidic conditions.
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&'()"*+l// . An example 'H NMR spectra showing the peaks used to determine the yields of I8 , ,/5
and /I
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;#<=*46 : Investigation into acid concentration and solvent effects on the formation of ,7/
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#<=*48 . Investigations into the synthesis of trans-sobrerol (,/6 )
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(16+"-/1-31+$% %68+"-/1DB&I+$IOP6&+"56+06, FI#S%6!+"+06! DB &I /BABHORI6Yo*; +!

! >MI



+-1"/81%68%! +$%! 239BIDAINCTH 4(%&BBF 962" %, &! &+%6,":21"181%68%,! D"+$! +$%!
06/5+$1-31+$%! 1%668+"-/| BOKEE SDY%0%A!:-/5!1%668+"-/1+"HBCISED6&! 1% H("1%,
+-168$"%60%!+$%!$"5$% S BIANGT# 4. TERBY6! 1%668+DA&!+$%/!;%13-1%%, 16+16!
$"5$%118-/8%/+16+"-/1"/1-1,%11+-11%, (8%!+$%!6*-(/+1-3!D6-+EBIAERINCH#' 4. | KG!
+$%!1%68+"-/1D6&!D-1J%, !(;163+%1!>IQEDB&!"&-:6+%,!"/161c>K!2"%:, F!

!

A:+$-(5$! "+ DB&!,%8&"16):%! +-1 &2/+ SDILERY- (++$%! /%%, | +-16,,16!86+6:2&+G! +$%!
2"%:,&168%$"%0%, ID%1%!/-+16&I$ " 5HI6&!+$-&%6!"/1+$%!:"+%16+(1%FIQ+ID6&!+$%1%3-1%
(&YB-1,"+"-1&),%+6":%,1"/161;6+%/+G1D$"83!, % B $YRHER2/+ $% & FIRE."/5!P Y216 &!
6/168",186+6: 285 $%IPYD6&!)()):%, +$1-(5$+$%ID6+%116/, 1+$%!; SID6&#-1% !
(+":1"+11%68$%, IMEUER-: (+"'-/IDE+SYHEY66+%6, 1+-INRIFIAI+S" &1;-"/+ B'/%/%!-1" %!
QMEIDBR!6,,%,16/,1+$%!1%68+"-/1$%6+%, | HPHS*809APGTH# 4. | EH %' 9B -) 1%1-:!
QOEBL6&$%,!-(+1-31+$%!&-: (+"-/16&161D$"+%61&-:", ID$"8$!8-(:,1+$%/1)%6!"&-:6+96,1&"*;:2!
+$1-(5$!6!3"+16+")9E3-1%! ;(1"3"86+)2ND6&S"/5! D"+$!8-:,!,"8%:- 1-*%+$6/%F1 #$%!
2"%:,13-11+$"&!1%68+"-/ID6&!:-DIC<PK B $686H%0/+ IH(-+"/51612"%:,1-31g§cKD 6 &!
$91%3-1%!,%8" %, 1+-1"/0%&+"56+%!+$%!1%668+"-/13(1+$% L 1+-16++06*; +1+-11/81%6 8% !+
!

Q+! DB&! $2;-+$%&."& Y6l BridBH"/5! +$%! 1%68+"641 >==1P1 8-(:,1)%! 86(&"/5! +$%!
1-,(8+1+-1,%8-*;-&9616/, 1+$%1%3-1%!+$%!+"* %! D6&! 1%, (BUT4BOUIPN I CH'4. | FF
AB56"[ED$"+%! &-:",! 8168$%,! -(+! -3! +$%! 1%68+"-/1 6/,! +$"&! D6&! "&-:6+%,! 6/,! D6&$%,G!
2"%: "[SI0T/161c<K12"%:,G!61&"5/"3"86/+!"/81%68%!-/1+$%!; 1 Yo N BHPK Y,
11%0"-(&:®+$%! 1%68+"-/! -BI¥6/%! -1",%! M\ ;1-,(8%&! )B1-,(8+&G! "/8:(,"/5!
86*:$-:96/"816:,%$2, % UD @B/, 1"+ DB&!&(55%&+%, I"/1+$%!:"+%16-+(1%!+$6+1+%6*; % 16+(1%.
6)-0%! MCIP! %6/8-(165%&! +$%! 3-1*6+"-/1 -3! +$B&+ YB+FF4 #$%! "+%16+(1%! 6:&-!

"/ "86+%, 1+$6+1+$918,%!6,,%, I6&I61&-:" 1+-1:-D%11+$%!; SGI6/, 1+ $ & UDEE!
(8%,13-116::18&() &YoH (%/+11%68+"-/&F1#$%! 1%68+"-/ D6 &!+$%1%3-1YaP1Y3E/A6+%, |6+ Mc!
B++06%;+1+-18(; 1% & &I+ $%!3- 1*6-+] DB *8998PGT#'4. (G F S /%/%!-1", Y| MR
D6&!6,,%,!6+! 1--*1+%*;%16+(1%! CRE!6/,1+$%! +%*;%16+(1%! D6&! +$%/!"/81%6 &%, 1 +-!
MCIPFI#$%!:1-,(8+!D6&!"&-:6+%,1"/161:-DYHBBI1%60"- (&! 1%68+"-/& C<NKE!6/,1"+!
D6&I$2;-+$%&"8%, 1 +$6+1+$"&IDB&! (%! +-1+$%16, "+ B BHIIN6 1" %! M\EE+! 6!

-D%1! +9%*:%16+(1%F! #$%! 1%68+"-/&! D%1%! 1%;%863%! (BHIML! >N! BBI%
IPECHA(%UED,! SE!+-15"0%! 2"%:,&! -31 OOK! 3-11)-+$! +"*04! :%61"- &F! #$B1ALH68+"-/!

! >M1



1%;%6+%,'6/,!+$%*;%16+(1%!D6&!"/81%6 &%, PH3etH$%!,(16+"-/!-31+$%!1%68+"-/!
D$"8%!560%!6!&:"5$+:21!P%:,!-3|0=R*89%P I C#'4./EF!

!
!
H#<=*49 . Synthesis of trans-sobrerol (,/6 ) using CO; as a catalyst

o OH
H,0, CO,
~T oH

129 136 |

_ . _ f(%91N\gl
=+ H#/VHAR (4] -1%Q0sp| 0 05.51:119 \
cway \/g#ﬁ (+# \L’Lfg/‘["' 3\('[‘? “’L\‘f};ﬁ“’l 306LEV%]  \']1206!
. - y . -1 f(%g]-l[
J! C2@F GG a CF 5> 4@
M! C2@F GG 5! CF 5> F4
a 52C GG 44 44 CH 4B
o >2F E2E I CF CF Il !
S >OF E2E  5EH CF CF Il !
T >2F E2E 5! CF = I> |
N C2@F GG ! o 5> Il I=F5?
P C2@F GG 411 CF CH IUI=FF?
\*¥I *81H!
W C2@F GG 4l CF 5> 0:%,)#H!
*Q_!
Ju C2@F GG 411 :2-p :2.p FSI=FB?
JJ! C2@F GG 4l S| :2.p c@!'=Ic?
IM C2@F GG 411 =] F AE1=CK?
JON C2@F GG 4l 2.p :2.p E@

ML413%,!SQSS8H#H!-):*QS)!:#%0-1*&!17:1*:1-*106HM1-138R/1 0*&-1&Q*Q,89!SQSS8#H!-):*Q$)!-)#!
#960-1+82
|

HSYOI1%668+"-/186//-+) V61" +-1%, (8" /518+6/,61, + 9683/ H(%&IC68818,%68+1-*06+12G P
-15SI4L RI&;%8+1-&8-2EFI#$"&!"&!,(%!+-1+$%!"/6)":"+213-11*6 8 &1&;%68+1-*%+121+-! %+%
IM\B! 1%668+"0"-SRINID"+$! &" "B/, | +$%!/-/ BB-*-5%/%"+2!-31+$%! 1%668+"-/1*"|+(1%F!

'( )&YH(%/+:21"+1 DB&! ,%8" %o, +-1%-/"+-11+$%! 1 %GIFIOH90)a-(1"%1! +16/&3-1*!

"131619%,! CVH#QRE! &;%8+1/8B9R1+-1"/0%&+"56+%! +$%! 8-/&(*;+"INVBB/,| +$%!

3-1%6+"-/1- 31+$%!,%8&"1%,!;1-, @T6/,1+$%!) B1-,(8+! JOF

! >Mi
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&'()"*+/5 : Reaction profile of the synthesis of /6 at 100 °C (;#<=*19, A$!"B+BThe red, green and
blue lines represent the concentrations of a-pinene oxide (,-: ), campholenic aldehyde (,/5 ), and
trans-sobrerol (,/6 ) respectively.

!

#$%!1%68+"-/&!8611"% H#I6*;,%16+(1%&!-3IP+61,!Mc! P! D%1%!1%;%6+%,! (&"/5!
+"*0611%&-:0%, '8yB92 ATH#'4(%&6N! PEF!9%6J&!61"&"/5\BINIIOT6/,! JOM%1%!
+168J%,1(&"/5+$%!&-3+D61%!+-1&$-DI+$%!8-/&(*;+"-/1-3+$%!&+61+"/5*6+%1"6:16:-/5&", %
+$%! 3-1%6+"-/!-3! +$%! ,%&"1%,! ;1-JBFB/,! +$%! )B1-,(8+! JOG! A+! >==! +3$%!
1%68+"-/16;;%61%,!+-1)%&5%%0,!163+%1!6;;1-1"*6+%: 2! M46¥,¥63+% 1! +$6+!;-"/+!+$%!
H(6/+"+"%&!-3!1%65%/+&!,",/d+!10612! &"5/ B BAWRRE ! #$%1%! D6&! &-*%! 8-/8%1/!
+$6+1+$%!;(1"3"86+"-/*%+$-,!-3ID6&S"/5!+$%!181(,%!*6+%1 "G BS: H8Vo+$6/%!
D6&!1%&(:+"/5!"/":-&&!-3!&-*%!-31+$%!; 1-,(8+!"/1+$%!D6&S"/5&F!Q+!D6&!+$%1%3-1%!,%8
+-1"/8:(,%!6/!"/+%1/6:!1&+6/,61,!"/! +BBULR!6/6:2&"&! -3 +$%! ; 1-,(8+F! #SWLR!
6/6:2&"&!"/,"86+%,!+$6+!+3%!;1-,(8+'D6&!&2/+$%&"&%,!"/'6 16K+ %1 (EI6&$"/5!
+$%!;1-,(8+!D6&!"&-:6+%,!"/!16!|OOK!R"%:,F
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&'()"*+/7 : reaction profile of the reaction at 35 °C. (;#<=*19, A$!"B+Q The yellow, blue and
brown lines represent the concentrations of a-pinene oxide (,-: ), campholenic aldehyde
(,/5 ), and trans-sobrerol (,/6 ) respectively.
|

#$%!1%68+"-/!D6&! 1%;%6+%, A 2! 6/,1"/$")"+1+$%! 3-1*6+"-/!-31 +$%! 6:,%%$2, %!

JO®@! #$%! 1%68+"-/! ;1-3":%! "/,"86+%,! +$6+! +$%! &+61+"/5! *6+%1"6:! D6&! 8-*;:%+%
8-1&(*%,!63+%1!6;;1-1"*6+%: 2! 1@ &G!6!&"5/"3"86/+:2!:-/5%1!;%1"-,!-31+"*%! +$6/! +$%0!
1%68+"-#$6+! D6&! ;%13-1*%,! 6+! SBE! #3%! 1%68+"-/&! 8611"%,! -(+! 6+! +$%! :-D%1!
+9%*;,9%16+(1%&!560%! $"5$%1! 2"%:,& GH(G/$!'+BIWTB4LR 16/,! "&-:6+%,! 2"%:,&!
D%1%!$"5%$%1! Ccc! 6K! O}0&;%8+"0%: 2EF! V1:9HER! 6/6:2&"&! "+! D6 &! &(55%&+%,!
+$6+!+$%! D6&$! D" +$!BH!-1-*%+$6/%! 1%&(:+&TBB1L-1"*6+%! cK!:-&&!-3!12"%:,t!
+$"&1"&!&+":1;1%3%16):%!-0%1!6!:6)-(1!6/,'1%&-(18%!"/+%/&"0%!8-:(*/FIQ+!D6&!$2;-+$%&
+$6+!6+!:-D%1!1+%*;%16+(1%&!+$%!3- 13EXP6&! & (;1%0&&%,:%6,"/5!+-1+$%!$"5$% 1!
2"%:,!-I0OF! #$%1988! 1 $%! +%*;%16+(1%! D6&!:-D%1%,!3(1+$%1!6/,! +{P6&P668+"-/
1%;%6+%,!6+!11--*1+%*;%16+3180W@PAT#'4. | JUEF #$"&!11%68+"-/!;1-,(8T'/'+$%!
$"5%$%&+!2"%:,!-3IcNK!Cc=K!"&-:6+%,EF!#$%!1%68+"-/1+%*;%16+(1%!D6 & #$%/!,%81%6
c"'PG!$-D%0%1!+$%!"&-:6+%,!2"%:,!,1-;;%,!&"5/"3"86/+H2!+-I<NK
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IQ+! D6&! 8-/8:(,%,! +$6+! +$%! +96*:9616+(1%! /%%, %,! +-1)%! $"5$! %/-(5$! +-! 68$"%0%! €
1%6&-/6):%!2"%:,G!$-DY%0%11+$%1%!"&16!;-"/+ D$%1%1+$%!+%6*:%16+(1%615%6+& ! +--1$"
+$96!3-1*6+"-/1-3)B1-, (8+&!:-D%1&!+$%!2"%6: F!

!

#$%!1%68+"-/1+$6+1560%!+$%!$"5$% & IBGIWUIE&! 6+ 1--*1+06%,%16+(1%G!"+ D6&!
+$9%1%3-1%!,%8" %, 1+-11%:%6+!+$"&! 1966 8+"-/ ) SELRVEIY+$1- (5$!3-11+$%!
(16+"-/1-31+$%! 1%68+HBABIVAPN C#'4.1 JBF! | Q+! D6&! $2;-+$%&"&%, | +$6+! +$"&! D-(:,!
00/&(1%! +$6+! +$%! 1%668+"-/1 DB&! 6+! +$%6! - +"*(*1:S1 +$1-(5$-(+! +$%! 1%668+"-/1 3-1! +$%
82/+$%8&"&IBFIOTD6&! "&-:6+%,!"/1 6IN?K! 2"%:,16/,16/6:2&."&! (&"/5! H(6/+" % +"0%!
ALR1&;%8+1-88-;2!"/,"86+%, | +$E8b!: 1- (8+!D6&!;(1%F!#$"&11%; 1%8%/+&161&"5/"3"86/+!
"181%68%!"1+$%12"%:,16/,1$6&!1+$%!)%/%3"+1-31/-+1/%%, "/51;(1"3"86+"-/1&+%; &F!

!

#$9%!82/+$% & RUBIE.) 1%1-: IO E! D6&!"/0%&+"56+%, 16/,1+$%! ; 1-8%, (1%!-:+"*"&%, F!
JOTD6&I&2/+$%& &%, " N6IN?KI2"%%6: BI&"F50616/,1%66&.":21886:6):%!;1-8%, (1%!D"+$!
10111 (173" 86+"-11/%%, %, FIAL: 6 15%!&86:%! & HOFTHBLBASY/186 11"%6, |- (+1"/!
-1,%114-14+6J%!3-1D61,!6!:6 15%!6*-(/+1-31%6+961"6:13-11;-:2%% 1" &6 +"-/1&+(, "% &F!

OlJIOI;"%L5'%1!+9 L %4 (&*' (+#!+BF#&G+84%A4+ININ(', 1* 1= +L+#+L%4

!

!

#3%!;-:2*%1"&6+"-/'<-BDTD"+$!&(88"/"8!6 BIMBD6&!/%I|+!"/0%&+"56+%, F 1#$%!86+6:2&+!

8%-&%/'D6&!'/CB+EB&!"+!"&!J/-D/!+-1)%!6/1%33%8+"0%!86+6:2&+!3-11+$%!;-:28-/,%/&6+"-/!
1%68+"-/1)%+D%%/! 861)-12:"8! 68",&! 6/F-688° 1 #$%)! ;-:28-/,%/&6+"-/! )%+D%%!/!

JMT6/,! JOTD6&!;%13-1*%,!6+! <=R216/,! D6&! *-/"+-1%,!%0%12! >c!*"/(+%&G! (&"/5!
SSI4LR!&;%8+1-&8-;261!0!$- (1%

I
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HO)W
on M

H Sn(oct), 200 °C, 4 h
~T™oH
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012*3*45: : Attempted polymerisation of ,/6 and ,-6

#$%! ;-:2*%1"&6+"-/' 1%68+"-/' D6&! (/&(88%&&3{SGIIR! 6/6:2&"&! &$-D%,! +$6+!
6EB2*%/YVBD6&!)%"/5!3-1*%AD"+$!/-!,%+%8+"-/1-3!;-:2* VIS WH () KABTEB %6 I & !
6+!bF=?16/,!<F?0!;;*I"/1+$981 4L R 1&;%8+1(*8-/3"1*&! +$%! ;1%&%/8 BB 3*%/%G!
6/,!+$%&%!"/181%6&%!"/!"/+%/&"+216&! +$%! 1%68+"-/!;1-51%&&%&! 6/, :$%!;%6 ]! 6+! OF=
8-11%&;-/,"/5! +-1 +$94"-:! ,%81%6&%&F! #$"&! "&! ;1-;-&%,! +-! $6;;%/! ,(%! +-! +$%!
,%$2,16+"-/1-3/%'P&-1)% 1O E/1+$%!;1%&%/8%!-3&(88"/''QIFBE>16/,!"&!,1"0%/!
)2!1+$98+6)" 6% "-/19%033%8+!-31+$%!3-1*6+"-/1-31+$%!6 1-*6+' 8L VoI SUFTEH

136
+

012*3*+74: Acid catalysed dehydration of ,/6 to form -



o OH JUIL(#

I N1 T

?. JPUIL(#
.

S

T T T T T T T T
3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.t

T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

&'()"*+/6 . 'H 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 (:: )

#-1-0%18-*%!+$%!&%/&"+"03€PH+3168","8!8-/,"+"-/&B+ID6&!,%8",%, ! +-1(& %! &(88"/2:!
8%:-1", %M @!6&! +$YBE-*%1F!IA82:!18%:-1",%&!61%! 8-**-/18-*-/-*%1&! 3-1!46%!
&2/+$%&"&! -3! ;-:2%&+%183::60%,! +$%! (&%! !&-:(+"-/' ;-:28-/,%/&6+"-/!
+068%/"H (%% $%"%+$-,"/0-:0%& +$%!(&%!-318 8% "-*%+1"8!16+"-1-3!,"-:1+-1,"68",!
8%-1",%! "/! 6! &("+6):%! &-:000''+H3P! 6/! %I8%&&! -3! ;21","/%! +-! /%(+16:"&%! +$%! SP:!
8-/,%/&6+9®/0/&(1"/RIOT'&/d+!1%I;-&%,!+-168","8!8-/,"+" 1%, %L %6!S JHE"SCT!

@)

Cl

CIM o)

OH o) o N
124 Q

O
: Pyridine (5 eq.) :
~T~0H CH,Cl,, 48 h, r.t. ~T oH -, ~OH

136 160 |

+

012*3*+7, . Synthesis of tertiary alcohol capped diester ,64



#$%! 1%68+"-/' D6&!6/6:2&%,! (BYBLR! &;%8+1-&8-;2! D$"8$!"/,"86+%, ! FIB
&-)1%1-\JOE! $6,! )%%/! 8-/&(*%,F$"3+&! "/! +$96! 4LR! D%1%! -)&%10%,G! +$%!
1%&-/6/8%! 6+! OF=0! ;;*I D6&! &$"3+&bkjt:;*! "/,"86+"/5! +$%! %&+%6+3"B D6&!
&(88%&&3(:F!Q/+%516+"-/1&!"/,"86+%,! +SIBLID6EA &I+ $%0&"&%,G!6/,!+$"&!D6&!6:&-!
-)&%10%,!(&"/5*6&&!&;%8+1-*%+12!6/6:2&"&!C*fX!p! OONF<CjNEF!

Q+!D6&!$2;-+$%&" &% JFHIO&! &2/+$%&"&%,!, (%! +-1+$%! &+$01988%, ! +%01+"612!
6:8-$-:1/-+11%68+"/5!D"+3$!+$%!682: | 8SHUTRE. ! +$%!-+$%1!&"+%!3-11%&+%1"3"86+"-/1"&!6
H(6+%1/612!861J5+$%HP14LR!&;%8+1(*'D6&!6/6:28&%,!:--J"H1!6!8$%*"86:!&$"3+!

6+! b<Fc!;;*F! #$%%P! 4LR! &$-D%,! /-! &()&+6/+"6:! &$"3+! 3-1! +FB}I@! 6/,! +$"&!
6)&%/8%!-3!&"5/"3"86/+!&$"3+!"*;:"%, ! +$6+!+$%! +%1+"612!6:8-3-:!51-(;!,", W$t! 1%68+!D"
+$%!682:18%:-1'JM@!

\OP 16/6:2&." & &(55%8+$6H1+$%6!:-: 2406 1"&6+"-/1 1%68A-#H 3-1¥1$"5$1*-:%8(:61!
D%"5$:+12*%1&!Cq>1J76EK! 7Y VID6&!6:188%, 1+-16/6:28%!+$%!;-: 2061 &13-1%%,!
6/,1+$"&1651%%, |D"+$!+$%!$ "5 BUBL- 6111 DY%"5$+18:%8"%&1)%"/5!9>1 I 76 F
!
)% '9B-)1%1-: | O BDB&I&Y6%6*"/5:21/-+(&Y%3(: "1+ $%182/+$% &2 &b BRG6&!"+!," [+
-8 8% 8&&!+D-11%68+"0%! 8%/+1%&!/%%, %, !3- 1! &+ UG TBHEHEDT Y08+ 06! +$"&t1"+!
DB&! $2:-+$%8"&%,! +$6+! +$%! 6:39%/%! 3(/8+"-/6:"+21 8-(:,1 1%! 3(1+$%1! 3(/8+"-/6:"&%,! +-
82/+$%8&"8&%!6!%-:%8(:%!D$"8$!8-(:,)%!(&%,!3-11&+%;:151-D+$:-: 2*%61"&6+"-/F
!

OIME#' %&(&!+21H$US+84%A4+911%4($% 111 (+9&!2+41/+5+9. L Y4 (&' (+#

OIMIJI-.#,%& (& +210+#+L%4&
I

A&! ;1%0"-(&! "10%&+"56+"-/1& 8/860B-) 1%1-:1\JOT[-/:2! ;-&&%&&%&! -/%! 1%68+"0%!
8%/+1%!+-D61,&!&PD+$!;-:2*%1"&6+"-/'C&%8-/,612!$2,1-12:151-(;EG!8-/&%H(%/+:2!

"+ 8-(:,H/-+1)%! (&%, "N +3%! &2/+$%&"&! -3! ;-:12*%1&F! | Q+! D6&! $2;-+$%&"&%,! +$6+!
8-/0%15%/+! &+16+%52! 8-(:,! )%! %*;:-2%,G! 1%&(:+"/5! "/! +$%!-&PHBPIIELR!
hB"/%/%dQJE!,%1"0%,!*-/-*%61&0TJ6/,! ITNEF!.+":"&"/5!+$%!6:I%/%!3(/8+"-/6:"+2!-3!
)/%'9R-)1%1-\JOEG! "+! D6&! $2;-+$%&"&%,! +$6+! W1-D/! $2,1-)-16+"-/! 6/,! .;e-$/!



,'$2,1-12:6+"-/! 8-(:,! )%! (&%,! +-! 688%&&! +$%! vITI:6Y,! +$%! v+%+163TNI

1%&;84"0%:2!% | %! SNF"
!
Brown Hydroboration HO, OH
Oxidation

~T™oH

fo oH
(O] H,O B 161
T oH : HO,
| HO,. -~ OH
11 129 136 :

| -Pinene | -Pinene Oxide trans-Sobrerol v
Dihydroxylation 4\OH

012*3*+7-. Proposed synthesis of triol ,6, and tetraol ,6-
!
#$%! +1"3T I 6/,1 +%6+16-ITM)-+$! 8-/+6"/1 +$%! &6*%%! 8-1%! &+1(8+(1%G! ;-&&%&&" /5! 6!
6206/+$6/%48-1%!D"+$!61+%61+"61216:8-$-:| 5ARPE16/,1+D-1$2,1-12:151-(;&!-IP<!
6/, PN! GI()KABNEF! V-ITNIP>!"&! 3(/8+"-/6:"8%, | D"+$!6!3-(1+$!$2,1-12:151-(;16/,1"/!
+$96!868IATIIP>1"&1)-/,%,1+-161$2, 1-5%/FIQ+DB&I+$%-1"8%, | +$6-++$%6!;-:2*061"&6+"-/!
D-(:,!;1-8%0%,!+$1-(5$! +$%! +D-1$2, 1-| Z1-(;&!"/1 +$%! P<! 6/, PN!;-&"+"-/&! 6/,1+$%!
+061+"612! 6:8-$-:1 51-(;&! "/1 +$%! P>! 6/, P?1 :-&"+"-/&! D-(;,! [-+! +6J%! ;61+! "/l +$%!
-12%061"&6+"-/1B() KADNEF HERAO& (-+"/51;-: 206 11D-(;, 18-/+6"/131%%!$2, 1-12:151-(;&!
6/,1"+ DB&I+$%-1"8%, | +$6+1+$"&! D-(:,1"/81%6 8% +$%!$2, 1-;$":"8"+216,,"/5! +$%! :-+%/+"6
3-11D6+%611&-:()":"+21-31+$%!:-: 2041 F!
|



A 1%68+"09\
X

0-:2*041"&6+" /«——— HO, OH —— 9-:12*%1"&6+"Y
6 2
:8
~T~oH
™~ 11%68+"09
161 X H
162 X = OH

&'()"*+/8 . Predicted polymerisation of ,6, and ,6- through their two secondary alcohols
!
Q+! DB&! ,%8",%,! +-! 3"1&+! "[0%&+"56+%! +$%! &2/+$IGE! &L /B! 61"W1-D/!
$2,1-)-16+"-/1f1-1" 6+"-/1&%H (%/8%!%*;:-2%, 1;:1%0"- (&:2!" N+ $988%6 18 F
!
Q+IDB&IS2;-+$%&" &%, H+$6-+-/FBAD-(:, U-+1) %18 Y%/&"+"0%+-168" "818-/,"+"-1&, (%!
+-14$%! 6)8%6/8%! -316! ,-():%!)-/,G!*%6/"/5! +$%! ,1"0"/5! 3-18%! -3! +$%! 3-1+6+"-/1-3! 6/!
61-*6+"818-*:-(/,IC  6EB2*Vo/ANVEEID"::1/-1:-/5%11)%!: 1-):%*6+"BFI8-(:,1)%! (&%,
1% 16/, 18- (+"-/1;-: 281, Yo/ &B+"-1&1+-13-1*161;-:2+06 1 1D"+$1631 %9861 +"6. 1215:!
3(/8+"-/6:"86+"-/F1S2,1-1B(/8+"-/6:"8%,!;-:2*%1&1$60%!5%/%16+%, 16!:-+1-31"/+0 1 %&+!"/!
- 2%06118$%6%"&+121, (Yol +- 1+ KUY +"6:13-11*6/216;;:"86+"-/&! &(8$!6&!,1(5!,%:"0%12!
828+ R
|

OH 1.BH3THF (1.5eq.) HO,, OH
2. NaOH (3 eq.), H,O5 (3 eq.) '

: THF, 3h, 0°C - rt. :

~T™OH ~T™0H

136 161 |

012*3*+7/ . Synthesis of triol ,6, using a Brown hydroboration oxidation

! >0l



#3%! *-[-*%1! JTJ D6&! &2/+$%&"&%,! (&"/3'\W$IB/! $2,1-)-16+"-/! fl -I",6+"-/ !
8-/,"+"-1&!;1%0"-(&:2! %&+6):"&$%,! 3-1! +$%! &2/+$%&"&! -3\ ISB@B Dol %! SEF
P-*-(/,!  JTJD6&! &(88%&&BE&2/+$Y8%0,!6/,!;(1"3"%#0%! 1%812&+6::"&6+"-/1"/!
68%-+-/"+1FP%

!
#$%!$2,1-)-16+"-/1f-1",6+"-/11%68+"-/1;1-8%%,%, & +%1%-&%:%8+"0%:2!+-1"/8-1;-16+%!6/!

6:8-$-:151-(;! 5%/%1653"'JTJ6/,! JTI4AD"+$!6!,F1F'CAiu-cEE ()K4%! @S0! *6e-1!
,"6&+%1%-*%1!)%IBIED$%1%! +$%!/%D:2!6,,%,!$2,1-12:13(/8+"-/6:"+2! "BYY/ 56!
8-/3"5(16+"-/! +-! +$%! -1"5"/6:! YS! 51-(;G! &()&%H(%/+! 1%812&+6::"&6+"-/! 31-*! $-+!
68%+-/"+1":%! 2"%:,%,! +$%! *6e-1! ,"6&+%IPA-*I1B! ccK! 2"%:,F! #$%! *"/-1!
,"6&+%1%-19D6&!"&-:6+H)R":"86!5%:!8-:(*/18$1-*6+-516;$2!6/,!",%/+"3"%,! (&"/5!
SSI4LR!&;%8+1-&8-;"8!6/6:2&8"&F!

!
HO,, ('j,OH HO\©,OH
4_\0H 4_\OH

161 161 I

+

&'()"* 48 . The two diastereomers resulting from the Brown hydroboration / oxidation of ,/6
(d.r.85:15)

!
"/5:%!812&+B6H+$%!*6e-1!,"6&+%1%&Y616):%! 3- BH2! ,"33168+"-/! &+(,"%&! D%1%!

51-D/1)2! &:-D! %06;-B+"-/! "' [%(+%16+%,! 8%:-1-3-1*G! D$"8%! 6::-D%,! 3-1! +$%!
6&&"5/*%/+!-316)&-:(+%!&+%1%-8$ %" #E&HERXCEF!

! pe]



&'()"*+/9 : Molecular structure of .6, tetermined by X-ray crystallography.
!
#$%!8&%8-/,'/-0%:!*-/-*%1!D6&!688%&&%, ! J1H4"19R-)1%1-: JOE!(&"/5!6/!.;e-$/!
\"$2,1-12:6+"-/'G/,%L%!SEF'#$%!1%68+"-/!;1-8%%,%,&*--+$: 2| FTHES4 0 11> ?!$!
"/16IH(6/+"+6+"0%!2"%:,!163+%1!;(1"3 @B+ (MN8$1-*6+-516;$2F! !

HO,
0Os0O, (0.2 mol%) HO, ~ OH
Me3zNO.H,0 (3 eq.)
/T\ Acetone : H,0O (1:1) :
OH Quantitative /éh
136
162 ]

012*3*+75. Synthesis of tetraol ,6- from trans-sobrerol (,/6 ). (Performed by Dr Jonathan Moore)

I >0«



#$9%!.:0-$/1,"$2,1-12:6+"-/1; 1-8%%, 8I& BY6:968+"0%: 2!$-D%0%1!"/1+$"&I86&%!+$%! 19668+
6:&-! ;1-8%9%,%,! ,"6&+%1%-8&%6:%8+"0%: ATMIGEDSH!&"/5:%! ,"6&+%1%-*%1F! Q+! "&!
$2;-+$9%68&" 8%, +$6+14+$%61-&*" (*1+06+1-1", %16, &+ 1+$%61)-++-*136 HU FB-Lb1 -
(Y6l+1+$%18+061"818-/1&+16"/+&I1-31+$%!6::2:"816:8-$-: FI#$%!&+%1%-8$%*"&+12!D6&!8-/3'
(&"/51&"/5:%!812& 66!, "33168+"-/1&;%8+1-&8-;2F!!

!

#D-1/%D!*-:%8(:%&! D$"8$! 61%! $2;-+$%&"&%, | +-1 -&8&I6&E&! +$%! 8-11%8+! 3(/8+"-/6:"+2! -
-12%061"8&%ID%1%182/+$%&." WD ER) 1%-: 1T, %L YIS EFHS" &11%; 1 %6& Y6/ +&+$%!3" 1 &+!
&21+$%&"&! -3 *-*0p1&! 3-1! EBWD+$! ;-:2*061"&6+"-/! 31-41 B'/%/%! CIEF! #$%!
W1-D/1$2,1-)-16+"-/111$2,1-)-16+"-/16/,1+$%! ;e-$/1,"$2,1-12:6+"-/1:1-8%%, "/ 6!
&+%1%-8%:%8+"0%! *6//%1! +-! 5"0%! +$%! ITHBIVLITM1%&.%8+"086:28"/5:%!
"68+961%-*IBUEF $1%696! &+6: &I ZIPHSY6!+1"ITI&2/+$%6&" &%, 1"/16/1-0%16::12"%: ,1-3!
MbKI-0%11+$1%%6!&+%;&16/, 1+ SUGTFRBAGE"; 1%6&&. " 0%IN?K!2"%: 1-0%11+$1%6%6!&+%; &F!
W-+$! 1%668+"-/&! D%1%! :%13-1%%,! -/l +$%! *(:+"516*! &86:%! 6/,! +$%! *B4H61"6:! +6J
3-1D61,13-11;-:2*061"&6+"-/1&+(, "Vo&F!

! >0l



11

mCPBA (1.02 eq.)
NaHCO;5; (1.3 eq.)

CH,Cl,, 0°C - 1.t. 1.5 h

Quantitative
0]
129 1. BH; . THF (1.5 eq.)
2. NaOH (3 eq.), H,O5 (3 eq.)
CO,, H,0O
THF, 2h,0°C - r.t.
rt. 24 h »2h, 0°C -t
68% 55%
OH
T~
OH
136
0s0, (0.2 mol%)
Me3zNO.H,0 (3 eq.)
Acetone : H,O (1:1)
rt., 18 h
Quantitative
+

HO, . OH

OH
161

HO,
HO, ~ OH

OH

162

012*3*+77: Synthesis of triol ,6, and tetraol ,6- from ,,

I >0l



OIMIMI+9.L%4(&*' (+#&!+2!'4(+913F "% 4*+ATM
I

#$%!&2/+$%&"&!-3!)-+$!+$%T-816¥;!!+%+16-J!T|\!ID%1%!&86:%,!(;!+-!+$%!*(:+"516*!

&86:9%! "/ -1,%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!
$2,1-12:&!D-(:,'1%*6"/1(/1%68+%,!6&!&%%/!;1%0"-(&: 20R TG, Y% L%!STEF!

X
HO, . OH X
, (0]
Melt Polymerisation ,(O : W
[ e bbb > (@) (@)
4\OH Diester H
~T~0H
161 X=H 163 X =H
162 X = OH 164 X = OH |

012*3*+76. Proposed polymerisation of ,6, and ,6- with a diester

H#H<=*% . Attempted polymerisation of ,6, and ,6- using dimethyl succinate (.8 )

HO, OH T X o)
40, OM
97 n
o)
T oH

~T™oH N,, 125 °C. 24 h, Catalyst
161 X =H 163X =H

162 X = OH 164 X = OH

!

C#4l  O+#+L%4 =*'*0.&'! =**9.&N\L+9g][ ! +9.L%4(& ' (+#
J! (:1*8 (zo! F \* |
M (:1*8 (zo! 5>l \* |
a (:1*8 (1=LZQp 5! \* |
Q (#-:%*8 (zo! F \* |
S (#-:%*8 (zo! 551 \* |
T (#-:%*8 (1=LZQp 5! \* |




!
9-:2*%1"&6+"-/&! D%1%! 6++%*;+%,! (&"/5!,"*%+$2:! & (BB/EB-6%! -€5%0! 8-*-/-*%1!

(/%1 1%0%:+18-/,"+"-|&F W7 16/, 1" CY WEEOY%!)-+$1)96%/1&$-D/1+-1)%!68+"0%!86+6:28+&!

N1 +$%1:-: 24061 &6+ -1-3161,"-:16/,! "% & FEABG +$%1%3-1%! +$%& %! D%1%! &%6:%8+%, ! +-!

86+6:289%6!+$%! 19668+"-/FI#$%!*-/-*061&! D% 1%! $%66 PYBI H-LSIBI 6+ DS 8S!;-"/+!

5S14LR!6/6:2&"&! DB&! (8%,! +-1;1-)%! +$%! 1%668+"-/&F! V-1! %68$! 1%68-2&/GI+$%! 6/6:

1%0%6:%, 1+$6+1+$%61%-/-*06 1 & 1%6*6" /%, I"/+68+16/,1/-1+16/8&%E&+%1"3"86+"-/1$6,1-88(11%, !

G*89%AVEF!

!

#$9%!(8961-3161,"%8+%6116&16!8-*-/-*% 11D & (/& BEBHBRI60% 11" +1"&18-**-/13-11)-+$!

"%&+%1&16/,1,"861)-12:"8168",&!+-1)%! (8&%,!3-11+$%! &2/+$%&"&!-3! -:2%68&+%1&! (&"/51%Y

-:2%061"&6+"-/1+%8$/"H(F58FBY61%3-1%!"+D6&!; 1-;-&%, 1 +-1(&%616!,"68", 1 +-168+16&!+$%!
|40 L FI#$%! ;-12%%1"&6+"-/&! D%1%! ;%13-1*%,! (&"/5! &+6/,61,! *%o:+! 8-/,"+"-/&!

96881")%,1:19%60"-(&:2!"1+$"&!: 1-e%8+FIW-+$1+"/16/,1+"+ B EHRDB 1%!"/0%&+"56+%,

6+ >j="'P! G*89UMEF! #$%! "68",! (&%,! 6&! +$%! 8-*-/-*061! D6&! 656" /! 85-&%6/! +-1)%

&(88"/"8168",16&1"+186/1)%!-)+6"/%, 131-*11%/ADBYH&- (1 SHRIF ID 6 &I&()*"++%b, 1+-!

+$96!:-: 2406 1" &6+"-/18-/,"+"-/ GBI GTH 4. INEF

! >Qj



#H<=*+4 . Polymerisation studies of ,6, and ,6- with succinic acid (,-6 )

0

X X (0] X O
HO, OH O , 0
O et h el
o) + (@]
A 4_\OH

; 1. N, 190 °C, t
4—\0"' 8 \zlzch%u&t;ggtoc’
161 X = H 165 X = H 163X =H
162 X = OH 166 X = OH 164 X = OH !
!
CHAl  0+#+L%4  =**9.&'1  3\%[l  :4+1K/! 0 \D¥!  3n\%[
J! JTJ '/C-8+E&! M JT3 ?>== NN
M JTJ '/C-8+H&! <0 JT3 ?b=4 N2
a JTJ #'CYW(E <0 JT3 ?=== Nd
a JTM '/C-8+H&! M JTT c?=4 ?=
S JTM '/C-8+E&! <0 JTT Nj==! bb!
T JTM #'CYW(E <0 JTT cb=4 b?!

!
!
#390'SI14LR!6/6:2&"&!-31+$%! %9B1!"/,"86+%,!+$6+!+$%! %&+%1"3"86+"-/!D6&! &(88%&&3(:!

'(55%&+%,1)2!+$%!&$"3+!-31+$%!1%&-/6/8%& !- 3!1576Y I ++/8%6!-125%/!31-*I}MFC!
6/,'MFjl;;*1+-1}c!; *FI#-13(1+$%1!"/0%&+"56+%! +$%! ;-:2*% 1" &84l R! 6/6:2&"&.!
D6&!;%13-1*%,F!#$%!6/6:2&" & &B-$861+$%!;%06I&!6+!1}<b!;;*18-11%&;-/,"/5!+-1+$%)!
+D-1*06+$2:151-(;&!"/1+$%!P?!;-&"+"-/1$6,! &$"3+%,! &"5/"3" 8B4 G!"/,"86+"/5!+$%!
+%1+"612!6:8-$-:1*62!/-+1$60%!1%*6"/%,!"/+68+!,(1"/5!+$%!;-:2*% 1"&6+"-/F #$%1%! D6 &!
6:&-16!861)-/1&$"3+!6+!6!;;*16+!>=HDS"8$!D6&!/-+!;1%&%/+!"/!+$%!*-/-*%1G!6/,!

(&"/5' 7T9#H>Mc! 6/6:2&"&!6:-/5&",%! S'|P!4LR!6/6:2&"&! +$"&! D6&! 3-(/,! +-1)%! 6! PS

861)-/' (HO)K4%!' QF) #$%! &3$"3+! 6/,! *(:+";:"8"+2!1 "&!"/,"86+"0%! -3! 6:J%/"8! ;1-+-/&F! #3$"&!
6/6:2&"&!&(55%&+&! +$6+!(/,%1! +$%! 68", B&B-BI'+$%! ;-: 2*%1"&6+"-/1 +$%! +%1+"612!
6:8-$-:1*62!$60%!%:"*"/6+%,!+-12"%:,!16!+%1*"/6:16:J%/%!;1-,(8"/5!+$%!;dTFo1!

! >c=



o &J\f\j\,x, . Jt . \Wh/\,//\/ \J\A,\f \JU\,,/\«

10

;@ﬁﬁ@ 0, 20

~
O

a O D

{0 Q) 40

Y

Al

50

60

f1 (ppm)

o 70

T&+%1IPSE! o

90
100
L ) A:J%/%!BS (10

120

5.‘5 5:0 415 410 3j5 .0 215 2:0 1:5 110 015 OjO

&'()"™*+/: . Multiplicity edited HSQC NMR spectra of the polymer ,67
!
!
#$%! ;-:2*%1"&6+"-/' D6&! 1%;%6+%,! D"+3$! +$%) FRAEI'GB!H$%! &6*%! 8-/,"+"-/&!
G*89MNBTHA.! FE!6/,!+$988!4LR!6/6:2&"&!"/,"86+%,! +$6+! +$%! $2,1-12:! 51-(;!'$6,!
656"/1)%%/1%:"*"/6+%,!(/,%1!+$%!68","8!8-/,"+"-/&!+-15"0%!+$% ! FTAREH%! S']P!
4LR!6/6:2&"&!"/,"86+%,!+3$%!;1%& BB 6:]%/"8'P%®/,!31-*1+$"&!"&!D6&!6&&(*%,!
+$6+!+$%!6:8-$-:16+!+$%!PN!;-&"+"-/1$6,!/-+!(/,%15-/%!%:"*"/6+"-/F!

!
#$%! ;-:2*91"&6+"-/&! D%1%! 6++%*;+%,! D"+$! &+6//-(&! 6/,! +"+6/6+%! 86+6:2&+&! 3-1

,"33%1%/+!:%/5+$&!-3! B*SHN B FH%! 1%&(:+"/5!;-:2*%1&!D%1%!6/6:2&%, ! (&"/5\9P!
6/,! TLA!+-1;1-)%! +$%"11*-:%8(:61! D%"5$+&! G&IF #$%! + TTFID6&!6):%! +-11%68$!
*-:%8(:61!D%"5$+&!-3!(;!+-1?Fb| IFBEMBCH ' 4 (Y &BE!6/,!+$%! +%+DGE:  "5$+:2!
:-D%1!Le&!-3INFj1 I 763 BIWNG! T/+1"VBIEF! Q/!5%/%16:G! +$956864,16:2*%1&!
$6,!6!:-D%1!*-:9%8(:61! D%"5$+&! +$6/! +$%"1! 8-*;6 16+'BO&%] - 2*% 1&F! Q+! D6&!
$2;-+3%&"&%,!+$6+!+$"&!*62!)%! , (%! +-1+$%!"/81%66 293 1$596! +%01+"612!6:8-$-:!6+!



+$9%!PNI;-&"+"-/1-/1+$%! + Y TOL Yo & (:+"/5!"/16!$"5$%116*-(/+1-31&+%1"8!$"/,16/8%!"/!
+$9%1;-:2*0/1" &6+"-/1-31+$%!+ HGT MY

!

I9612" /51 +$%! 1%668+"-/1 +"*01 6/,1 +$%! 86+6:2&+! " /d+! 1%&(:+!"/16!:615%! ,"33%1%/8%!"/!
250611 1-:961+"%&MRL6/, | H&EFI AL5(6):2!+$%!-;+"*(*18-/,"+"-/&161%! +$-8%! (&"/5!
+$%!+"+6/"(*186+6:2&+! (%! +-1"+&! 51%%/! 8$%*"&+12!81%, %/+"6:&! &(8%$! 6&! :-D! +-1"8"+2!
$"5$1/6+(16:16)(/,6/82FE9

!

A/6:28"&1-31+$%! :-:2*%61&! (&"/5! 7TLA! &$-DE&IHB! )%+D%%/! Nc! 6/, I RFI #$%! +1"-:]
20618186, 1#5&1"/1+$%! 16/5%! - B PG!6/,1+$%! +06+16-:1)68%, ;-1 206 1&1%1$")"+%6,!

#s&! "1 +$%! 16/5%! - Bty P! G*890MEF! #$%! 86&%, ! ;-:2*%18&! $60%! :-D%1!5:6&&!
+16/&"+"-11+%*;%16+(1%&! +$6/! +$YBEEHL B 2+%1&! ,%&; " +%6! +$%! 368+! +$6+! +$%62!
$6006!$"5$%11*-:%8(:61!D%"5$+&FI#S$"&1%621)%!)%!, (%! +-16-$B6$36 810 1% ! %6&&! 15"
+$6/1+$%!+%0+16-:1;-:25%1&! , (%! +-1+$%!6)&%6/8%! -3! +$%!6:8--:1"/1+$%! PN!;-&"+"-/FIW-+
-:2%051 81 $60%! 1%:6+"0%:2! §EE$IH 6:":$6+"8! ;- 296&+%61&! ,%1"0%,! 31-*! 1%/%D6): %!
1%8&-(18%&F!Q/!1368+G!+-1+$%!)%&+!-31-(111/-D:%, 5% G+ 306! $95$T480619/61"0%,
-:2%68&+%1!"§IBE49-:2%&+%IIR36/,! JTTI6:&-1$60%!+$%!)%/%3"+!-31)%"/5!,%1"0%,!
311+$%!1*-&+16)(/,6/+1+%1;%/%G1&$-D"/516/1%16*;:%!-36¥!/%/%!)6 &%, ;-1 2% 1!
D$"8$!,"&;:62&!16! (/"H(%!)68J)-/%! 6/,! $"SHEF! Q+!"&! $2;-+$%&" 8%, 1 +$6+1)%86/(&%6! +$%!
)68J)-/%!"/8-1:-16+%&+$%!828:-$%16/%!1"/5G +$"&!"*:6 1 +&+$%!&+1(8+(16:11"5" "+21+-15"
+$9%!;-2*0611+$%!$" 5884 )&% 10%, G!, %6&;"+%6!+$%!:-DI*-:%8(:6 1! D%"5$+&FES! >=1J76EF
SEY #$06! :-:2*%1&! $60%! 6! +%1*"/6:1 -():%! )-/ N "+$%! ;%/,6/+! 8$6"/! 6/,! "+! "&!
$2;-+$%8&" &%, H$6+1+$"&18-(:,1)%1)%/%3"8"6:13-11;-&+1:-: 2% 1" &6+"-/13(/8+"-16:"&6+"-/1-1!
81-&R"/J"/5!"/1+$%!3(+(1%F!

|

OIQI#$%E ()* (+H&I (#+!' %% A4%+/+L59%X* (+#1+21:+9. L %A TS

#$%!*-/-*%1! JTI"&!6!&"/5:%!%/6/+"-4Be1+6"/"/5!3-(1!,%3"/%,! &+%1%-8%/+1%&! 6/,
+$%1%3-1%!$60%!+$%!;-+%/+"6:1+-13-1*1&+%1%-1%5(:61);-:2*%1&F!Q+!D6 &!$2;-+$%&"&
6&!+$%!+D-16:8-$-:13(/8+"-/6:"+"%&!-/1+$%!1"/5!61%!61"6:!6/,!%H(6+-1"6:!+$%1%!D-(:,!)%!
6!;1%3%1%/8%! "/! +$%! 1%68+"0"+2I-Bs+-$$oH1 D68", F! #$%! $2,-12:151-(;! D$"8%! "&!
%H(6+-1"6:!-/! +$%! 1"/5! 8-(:,! )%! *-1%! 1%68+"0%! +-D61,&! /(8:%-;$":"8! 6++68J! -/! +$%!

! >c<



"68",16/,1+$%1%3-1%! 1%668+!;1%3%1%/+"6:: 2F 1 #$" &I D-(;,!;-+%/+"6::21"/,(8%! 1%5(:61"+2
+$9%6! - 240610+ DB&! $2;-+$%&"&%,! +$6-+! 1EH6AD6! BY6-+$-,&! -31)-/,"/5! -3! +D-!
*-:058(:%&!-31+$%!+UTIE!6/,168" | AME!:6)%::% 16/, <IG()K4%! OEBYFSIALR!

6/6:28"&) - "/,"86+%&! +$6+! +$%! ;-:2*%1! 8-(:,! $60%! 6! &+%61%-1%5(:6!L! &+1(8+(1%
GH()KABD\EG 1+ $%!1968-/6/8%&!" 1+ 59618 %68 +1 (18- 1 106&LHYE! 1-+-/&b; 6*F-1+$%!
%&+%1181(8,%3"/%, ;%6 I&!"/,"86+"0%!-31 1%5(:6 1"+21"/1+$%!:-: 2% 1| YGBIND BT
119%,"8+96, 1+$6+1"31+$%!;-:2*061"&6+"-/1;1-8%%, %, 1+$1-(5$!+$%1)-/,"/5!,"&;: 626, 1"/!
D-(;,,"&;:6214+D-11,"&+"/8+1:%6 J&PHIAL RI$-DY%0% L I+$ BRI +D-(:, |1 1%6&(:+1"/13-(1!

"&+"[8+] :%6I&) 6/3I+$%! ;-:2%061] DB&! 8-*;:%+06:2! 16/,-* +$%! 1%&-/6/8%&! /! +$%!
5SIALRI&;%8+1(* D-(:,1)%!)1-6, F18%1%3-1%! "+ D6&! +%/+6+"0%:2!8-/8:(,%,! +$6+1 +$%!
120611 D6&I &2/, "-+6848,!"&;:62%, ! &*06 1%5(:61"+B9p/,"/5!"  1&+1(8+(1%8.!

6/, |<F1Q+D6&!,%8",%,! +-1 6++%%*+! +-1 +6I%] 6,06/+65%! -3! +$%! &+%61%-1%5(;61"+2! -3
-:2%061G1)213-1*"/51&+%1%-8-*;:91%&ID"+$!"+&1%/6/+"-*% 1 F!

!
40® 5.0 0.R) @o%
2 n
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:\
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X !

+

&'()"*+54. The proposed bonding between the triol ,6, and the succinic acid (,-6 )

Y/%!8$6168+%1"&+"8!-31&+%1%-1%5(:61!;-:2*%1&!"&! +$%! 3-1*6+"-/1-3!6! &+%1%-8-*;:%
-1 2%%1! &+%1%-8-*;:%I! "&! ,%3"/%,! 6&! 6/! "[+%168+"-/! )%+D%%/! +D-! 8-*;:%*%/+"/5!
&+%1%-1%5(:61!;-: 2P61&5%! 3" 1%t6*;:%0! -3! &+%1%-8-*;:801"-/! C&+%1%-&%:%8+"0%!
6&&-8"6"-/E!13-11%/6/+"-*%1"8!;-:2*%1&G!"FY% F!) BHBYA%dB-/3"5(1%,!C- 186/,
7B-/3"5(1%,E!;-:2*%118$6"/&G!D6&!1%;-1+%,1) 2196 (:"/5!6/,'P-1%2!3-116!;-:2;%;+",%!"/!
>jCMPCH#$%!*6"/1"/+%168+"-/&G!196&(H$%!8-*;:%16+"-/G!61%!&(55%&+%, !+-11%:2!-/!

! >ch



&+%1%-&%:%8+"0%! 06/! ,%1! "66:R! BPUBWE2*%1&! 86/! (/,%15-! /-1B-06:%/+!
"[+%168+"-/&!3-1*"/516!/%D!8-*;-&"+%G!D$"8%$!86/!%I$")"+!6:+%1%,!;$2&"86:!;1-;%1+"%&
D$%/!8-*,61%,!+-1+$%!;61%/+!;-:2*% 1 &F!#$%!86* %/ +"/5!;-:2*% 11*-:%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"+$!", %/ #8H806*"86:18-*;-&"+"-/&A!+$"1,151-(;!8-/&"&+&!-3!
$%+YdRA+%1%-8-*;:%1%&! 3-1*%,1)2! ;-:2*%1&! 31-*! ,"38%12+%1! 36*":"%&! C:"JI%!

-1 2%&+%1&! 6/,! ;-:26*", %&E! $60"/5! -;;-&"+%! &+%1%-1%5(:61! 8-/3"5(16+"-/F! Q&-+68+"¢
;-:2*%1! 8%6"/&! -3! -;;-&"+%! 8%"16:"+2! 61%! 6:&-! 3-(/,! +-! "/+%168+! 6/,! 3-1B $-*-
&+%1%-8-*;:%I%&G! 6! 8-**-/! %I6*;:%! "&! ;-:2C7! 6/B68+"8! 68 SEFS-*- B
&+%1%-8-*;:%I1%&!61%!3-(/,!6*-/5!+$-&%!;-:2%&+%1&G!D$"8$!8-/&"&+!-31*-/-*%1&!D"+$!
6+!:9%6&+! -/%! 8%"16:! 8%/+1%! "/l +$%! ;-:2*%1!)68J)-/%F! #3$%! -)+6"/%,! "&-668+"8"+2!
3(/8+"-/'-3!1+$%!%/6/+"-*%19A@B%&&! -3!+$%! (&%, I *-/-* Pl 861 %-8-*;:%I%&! -3! +$"&!
51-(;!-3%;-:2*%1&!61%!-)+6"/%,)%+D% B! B&-+68+"8!;-:2*%I&F!

Q/1-1,%1!1+YD0%&+"56+%!+$%!;-+%/+"6:!-31+$%IT-3%94341*!16! & +%1%-8-*;:%I!"+!
D6&!/%8%&&612!+-13"1&+!1&2/+$%&" &% +$%!%/6/+"-*% 1! - IFIMEBIBY80/%!
CERJE!D6&!(&%,!6&!+$%!&+61+"/5*6+%1"6:16/,!",%/+"86:11%68+"-/18-/,"+"-/&!D%1%!
(&%,1+-1&2/+$%&"&%!+$%!-;;-&"+%!%/6/+"ITUGE!;Q) %, | TR T JIC/, %L % | SNEF

1. BH; . THF (1.5 eq.) :
~OH 2. NaOH (3 eq.), H,0, (3 eq.) HO ~OH
o THF, 2 h, 0 °C- rit.
OH

OH

(+)-11 (+)-136 ()-161

+
012*3*+78. Synthesis of (-)-,6, ¥rom (+)-a-pinene (,, )

!
ERTJID6&! &2/+$%& " 0%0;-1",6+"-/!-3! C|BB"/%/%! CEJIE! +-!3-1*| CHRB"/%/%!

1", %! CEIME D$"8$G! (;-/11%68+"-/1D"+$!D6+%116/51851),%!D6&!+16/&3-1*%,
+-1CB/%'9B-) 1%1-: GRIOEF! AIW1-D/1$2,1-)-16+"-/1fl-I'6+"-/1 D6&! +$%/! (8%, 1 +-!
688%&EHRTIG! 6/,! 6! 1%812&8&6:+"-/! "/l $-+! 68%-+-/"+1":%! BHWHI6EE! 6! &"/5:%!
"68+%1%-*GEIT JI"/16!8-*;616):%612"%: , 1+-1+$%6!& 2/+$% LRI TI

! >cC



Q/1-1,%1!48-/3"1*1 +$%! &2/+$%& " &! -3HESBHICE! %/6/+"-*% 1 &! AIG+$%! &;%8"3"8!
1-+6+"-/&!-31+$%!1%:%06/+!*-:%8(:%&! D% 1%, FHB&D6&! 3-(/,! +$6+!+$%!*-: %8 (:%&!
6::1,"&;:62%,!6!8%6/5%!"/' &"5/! (;-I' *%6&(1%*%/+! -3! +$%! 1%3168+"0%!"/,%I!"/,"86+"/5!
+$6+!1+$%2!61%!%/6/+"-*%1&!-3!+$%!-1"5"/6:18-*;-(/,! &2/+$ BB XA KT 1#$" & D6 &!
6:&-119%;%6+%,!3-11+$%!;-:2*%1!6/,1656"/!6!8$6/5%!-3!&"5/!D6&!-)&%10%,!D$"8$!"&!5--,!
"/,"86+"-/1+$6+1+$%!;-:2*%1&!&2/+$%&"&%,!61%!%/6/+"-*%1"86::2!%/1"8SVEEL6*;:%&!-3!C
6/,!C|E!1%&;%8+"0%:2F!

#<=*+, | Refractive index measurements of the +/- compounds used in the synthesis of ,67

C#4l

WO Q<

_ 1! ren L
S\ 4N B(#9et \HA+LIGS Go6H
JJ! >FON BFM<
IMW M?F<b B=FO?
JOT >>?Fch BM<FNM
JT! BAMFE? c?FMO
JT9 BNMF£M N>FjM

Q/1-1,%1!+481%6&%! +$%!;1-)6)":"+2! -HRZR/&"/5! 6! &+%1%-8-*;:%IG! +$%! GE!6/,!C
-12*%1&! &$-(;,! )%! -3! 6! &"™":61! *-:%8(:61! D%"5$+F! #$%1%3-1%G! +D-! ",%/+"86:!
;-12%%1"&6+"-/1&!ID%1%!&%+!(;G!(&"/5!8-/,"+"-/&!;1%0"-(&: 2! % &E6YHLBIBFE !

HO.. OH

AT
OH

(+)-161

HO .OH

OH

(-)-161
+

0]

HOJ\/\[(OH 0
126O J(O"(B’OM

1.N,,190°C, 24 h
2. Vacuum, 190 °C, 24 h, Catalyst

(+)-165
O

OH
HOJ\/\g/ : o
O - \\OM
126 4 ' .

1.N,,190°C, 24 h
2. Vacuum, 190 °C, 24 h, Catalyst

(-)-165 !

012*3*+79. Polymerisation of (-)-,6, and (+)-,6, to yield the polymers (-)-,67 and (+)-,67+respectively

>CC



#3%0!;-:2*%1&!EPTS6/,ICEHBI TID%1%!&2/+$%E& " &%, 16/,1+$%!&+1 (8+(1%&!8-/3"1*%, (&"/5!
SSI4LR!&;%8+1-&8-;"8!6/6:2&"&F!#$%!;-:2*%1&!D%1%!6:&-16/6:28&%,!(&"/5\9P!+-19%/&(1%!
+$6+! +$%2! $6,! 8-*;616):%! *-:9%8(:61! D%"5$+&F! #$%! \9P! 6/6:2&"&!"/,"86+%,! +$6+! +$%
i-:2*%&!ID%1%!&2/+$%&" &%, !+-16:*-&86,3%/:068(:61!D%"5$+&!CNFclI76 EF!Q/!-1,%1 !+-!
"/,(8%! &+%1%-8-*;:%I6+"-/! +$%! ;-:2*%1&! D%1%! ):%/,%,F! #$"&! D6&! 8611"%,! -(+!)2!
V&&= (+"-11"11,"8%:-1-*%+$6/%!+-15"0%!6!$-*-5%/-(&!&-: (+"-/!-31%H(6:!8-/8%/+16+"-/F!
#$%8&%! &-:(+"-/&! D%1%! +$%/! 8-*)"/%,! 6/,! +$%!1"8%i+$6/%! 1%*-0%,! (/,%1!
1%,(8%,!;1%&&(1%!+-15"0%!+$%! &+% 191G KA WQLEF !

I

(0]

%Olé/oﬁi*n o o
o +

(+)-165 (-)-165 !

>Su>*"1+(1%!"/'PB 4!

__ R X2
S

I &'()"*+5, . Stereocomplexation of (+)-,67 and (-)-,67

'+9%01%-8-*;:%I%&! 61%! J/-D/! +-! "&;:62! "*;1-0%,! +$%1*6:! ;1-;%1+"%&! +-! +$%"1!
8-1&+"+(%l/+! ;-:12*%1&! 6/,! "+! D6&! +$%1%3-1%! ,%8",%,! +-! ;1-)%! +$%! 3-1*6+"-/! -3! 6!
&+%1%-8-*;:%I!(&"/5!7LA!6/6:2&F'Y /%! -31+$%!*- &+ BAD!;-: 2%&+%1&! +-13-1*16!
&+%1%-8-*;:%I! "&! ;-:2C:68+"8! 68",E! C9_AEF! #$%1%! $6&! )%%/! 6! &"5/"3"86/+! 6*-(/+!"
1%&%618%$!"/+-1+$%! &+%1%8-*;:%I6+"-/!-319_Al6&!+$%!+D-1%/6/+"-*%1&!86/!)%!688%&:
+$1-(58!1+$%!RY9!-BI1!_B68+",%F #$594b&%8-*;:%I!-3B6/,!_ B_Al&$-D&!"*;1-0%),!
11-,%1+"%&! 31-*1+$%!"/,"0",(6:!;-:2*%1&G! 3-1! %16*;: %6 +H%SH'B6/,! _ B_Al"&!

! >ch



c=BNc! PHINdD<I'P!3-1!+$%! &+%1%-8-5UthH%0! $&! -3! GRITECEHB TI6/,! +$%!
):%/,1-31+$%!+D-!;-:2*% IR %1%!"/0%&+"56+%, ! (&"/5SHOKUSRME FF!
!

1.04 — (+)-165
— (-)-165
Blend of (+)-165 and (-)-165

Tan ! (Normalised)

OO ] | 1
50 100 150

Temperature ( °C)
!
!
| &'()"™*+5-. DMA analysis of polymers
|

#$%!I7LAIB/6:2&"&!"],"86+%H3!cCIPI3-11+$%0!"/,"0",(6:);-:2*% 1&G!+$%&%!61%!&:"5$+:2!
-D%1!+$6/!+$-&94%6"/%,!)%3-1%G! $-D%0%1! +$"&! "&! +-1)%!%I;%8+%,! (%! +-1 +$%! :-D%
L &&!"/1 8-*,61"&-/! +-1;1%0"-(&:2! &2/+$%&" &V Q/! 8-/+16&+! +$%! &+%1%-8-*;:%|!
,"&;:62%,16'#-3INjI PG!1%;1%&%/+"/5!6/!"/81%6 & Y- B-RIRE #$"&!1"&%!"/\+$%!5:6&&!
+16/&"+"-/'+%*;% (6%!"/,"86+%& !+ $6+!+$%!&+%1%-8-*;:%I'D6&!&(88%&&3(:: 2!&2/+$%&" &
&$-D"/5! ;-+%/+"6:! 3-1! 3(1+$%1! "/0%&+"56+"-/! -3! +$%! ;1-;%1+"%&! 6/,! 6;;:"86+"-/&! -3! 6!
[-0%:1&+%1%-8-*;:%I1%,!;-:2*%1!&2/+$%&" &%, !31-*11%/%D6):%! 1%&-(18%&F!

I

I >ch



Ql=+#/9K & (+#&1'HK'K4%!A+4R

!
Q18/8:(&"-IG!" B"/%/%d QIBES$6&!)%%/! &(88%&&3(::2!+16/&3-1*%,!"[+-1*-/-*%1&! 3-1!

&+%;! 51-D+$! ;-1 2*01"&6+"-IF! #$%! *-/-*%1! &2/+$%&"&! D6&! 8%/+16:"&%,! 61-(/,! +$%!
$2,1-:2&"&! -31B"/%/%! -1",%! GMAE! +-1 3-1*1 +16[8.-)1%1-: IO EF! #$%! &-:0-:2&"&! -3

| B'/%/%! -1", %! GM\B! 3-11 +$%! "/8-1;-16+"-/1 -3 -125%/!)6&%, ! /(8:%-;$":%&! D6&! 6:&-!
"10%&+"56+%,G!$-DY0%LI+$"&!," |/-+1:966,1+-1+$%! &2/+$%&."&!-31*-:%8(:%&!D$"8$!8-(:,!)
(8%, B&! *-/-*061&! /1 ;-:2%%1"&6+"-/) &+(,"%&! (%! +-1 &" %! 1%68+"-/&! :%6,"/5! +-1 :-D!
2"%:,&8IF!

!

H%! *-&+1 1 1-+"&" /5t -:2%061&1 DY 1%! &2/+$%8&"&Y%,! 31-*! +SPBIMELL#%+16-ITM
D$"8$161%!6):9%6!+B82*%1&."&%!D"+$!&(88" /"8 G8NET+-15"0%!61:-:2*%118-/+6"/"/5!
61828:-$%16/%! 1"/5!"/1 +$%! )68J)-/%F! #$%! ;-:2*%B&KY6,! *-:%68(:61! DY%"5$+&! -3 }!
21J7616/,1$"5$!5:6&&1+16/8/1+%*: % 16+(1%&ICHBE!"18-*:61"&-/1+-1-+$%116:";$6+"8!
-12%051&!1-)+6"1%,131-*119%/%D6):%! 1%&-(18%&F!Q+ D6&!$2;-+$%& &%, |+ $6+! +$%!:-: 250
JTID6&I&+%1%-1%5(:6116/,1+$%1%3-1%!$6, 1+$%6!;-+%6/+"6:1+-13-1*18&+%61%-8-*;%:1%&F
-:-& 90! %/6/+"-*%61! -30TS D6&! &2$%&"%,! 31-* B|B"/%/% CHRJIEG! +$%!
0%/6/+"-*% 18! D%1%!):%/,%, 16/,1+$%! 1%&(:+6/+!;-:2*% 11 DB&I3-(/,1+-1;-&&%&&61$"5$%1!
Hsl+$6/1+$9018-/&+"+(Yo/+!;-: 2*% 1 &FI#$"&!;1-0" %&! 6! &+1-/5!"/,"86+"-/1-313-1%6+"-/1-316!
&+%1%-8-*;: %4l F!

!

#$9%! ;- 2* % 1&ITS6/,! JTTIV%E8S!8-/+6"/! 61 +%1%"/6:16:%/%! *-"%+21 "1 +$%" 1! :%/,6/+!
8$6"/&G!3(+(1%!D-1J18-(:,I"/0-:0%!(+":"&"/51+$%&%!1 %6 8+"0%!3 (/& H-IAFBYs!
+061;%B%1"0%, ;- 2*%1&! D"+$!"/+061%6&+"/5!; 1-:% 1 +"%&FIV-119%16*;:%61 +$%! - ():%6!)-/,!
8-(:,1)%!(&Y%, 1+-1"/,(8%!81-&&1:"/J"/5!)%+ D %%/ 1+ $%!8$6 /&G -;%/"51(;1+$%!-;;- 1+(/"+2!
3-11+$%! ;-:2*0611 +-1)%! (896,1"/1 8-6+"/5&F! Al-+$%1! &+16+%65218-(:,1)%! k-8HH13-1*
-12%051"&6+"-/1%- "3"86+"-/&I+$1-(5SI+$YI3(/B+"-/6:" &6 +"-/1-31+$%!,-():%!)-/, FH$Y6& %!
&+16+965"%& ! 1%68%/+1;1-*"&"[513(+(1%!"/0%&+"56+"-/&!+-D6 1,&1+(/"/5!+$%E&%!;-:2*% 1&!
-+96/+"6:16;;:"86+"-/&F!!

!

H$6182/+$%&"&!-31618+%61%-1%5(:61!;-: 2% &+ UABHAAGEH:-/1D"+$-(+1+$%! (&%
-31618$"16:186+6:28+I$6&Y/-+1)%3-1%1)%%/11%;-1+%, G16/,"&I$2;-+$%&" &%, +-1-1"5"/6+%6!3

! >c?



+$%!"/$%1%/+18$"16:"+2!-31+$%!*-/-*%11"+&%: 3F#$"&!8-(:,1)%!%l;:-1%, !3(1+$%1!"/1-1,%1!
6&8%1+6"/1%I68+:21+$%!*%8%$6/"&*!-3!+$% K62, +$%1%3-1%!16+"-/6:"&%!$-D!
+$%!;-:2*%1!"&!)-/,%, F1#$"&!&+(,2!8-(:,1)%!68%$"%0%), !+$1-(5$!+$%!8-/+1-::%,!&2/+$%&"&!
-3!,"*%1&G! +1"*%1&! 6/, +%+16*%1&! ! 6/,! & ()& BHIEARHE/6:2&"&! +-1,%,(8%! +$%!
&+%1%-8%%*"86:! -(+8-*%&! -3! +$%&%! 1%68+"-/&F! #SMHBE:2! :%6,! +-! +$%!

- +"*&6+"-/1 -3l +$%! ;-:12*061"&6+"-/! +-D61,&! &+%1%-1%5(:61"+2! 6/, 3(1+$%1!
"/0%&+"56+"-/&!"/+-1+$%! &+1(8+(1%!-3!+$%! &+%1%-8-*;:%I!3-1*%,!31-*1+$%!): %/,!-3! +$C
;-1 2*%1&!C|BTS6/,!/CERITH

I

I

! >Cj



—@7?=BZ-"@7?-

#$%! &()&+"+(+"-/1-3! ;%+1-8%%*"86:! ,%1"0%,! 3%%,&+-8J&! 3-1!;:6&+"8! ;1-,(8+"-/! "&! 6/!
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