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1$785%/ 352'8&76

6XEPLWWHG E\
I1DWKDQ $OH[DQGHU %DLU

'"HSDUWPHQW RI &KHPLVWU\

,Q SDUWLDO IXOILOOPHQW RI WKH UHTXLUHPF
JRU WKH '"HJUHH RI 'RFWRU RI 3KLORVRSK\
&RORUDGR 6WDWH 8QLYHUVLW\
JRUW &ROOLQV &RORUDGR

6SULQJ

'RFWRUDO &RPPLWWHH
$GYLVRU 5REHUW 0 :LOOLDPV
%ULDQ OF1IDXJKWRQ

'RXJ 7TKDPP
-XVWLQ 6DPEXU



&RS\ULJKW E\ 1DWKDQ $OH[DQGHU %DLU

$O00 5LIKWV 5HVHUYHG
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6<17+(7,& $1' %,26<17+(7,& 678',(6 2) 2.$5%$0,1( $12/€$3$/,

1$785%/ 352'8&76

7KLV GLVVHUWDWLRQ LV D UHSRUWOR Q GRIOHH VL & VDD GV R WQ
SURGXFWV RI D IHZ F\DQREDFWHULD $ G G HWLLQRYG-DVONOL\J YW L R I
WKH ELRV\QWKHVLV RI WKH KDSDOLQGRRUH HDIFRWN\R WRZW X G D
VIQWKHVLVY RI RNDUDPLQHV 5 DQG 9% PYHEO DMV RPRW VYHW RGV X

HQFORVHG



$&.12:/('*(0(176

, WKDQN P\ IDPLO\ IRU WKH XQZDYHULQJ NX SRR W 0OQ & I
OLIH ZDV DQ H[DPSOH RI XQZDYHULQJ GH G 1 RDIWILHRIQV B Q G& R &1
H[DPSOH KDV HYHU EHHQ SUHVHQWHG W® SPH D © O HIDMIGH UQ \E K
ERWK IUXVWUDWLQJ DQG LQVSLULQJ +H UHPDRRPLWRHQW HWD
IDPLO\ 0\ VLEOLQJV ZKR ZHUH LQVWUXPH)WRODIOD VKREZL\@ U
DQG DUH DOVR HWHUQDOO\ P\ EHVW |ULH@GY YBQGDER H V X B/S
GLIILFXOW WLPHV

7KDQN \RX WR P\ FRZRUNHUV ZKR ZHUH JRR® FRPRISHNYRD

5SREHUW :LOOLDPV ZKR JDYH PH URRP DQG WLPHFWR HFHFLGH .

11]



(1, &$7,21

,Q PHPRU\ RI P\ PRWKHU O0DU\



7$%/( 2) &217(176

$%675%$&7
$&.12:/('*(0(176
(',&%$7,21
3DUW BWXGLHV 7RZDUG WKH 6\QWKHVLY DQG %LRV\QWKHYV
&KDSWHU ,QWURGXFWLRQ
,VRODWLRQ DQG $FWLYLW\
%LRV\QWKHVLV
&KDSWHU 3UHYLRXV 6\QWKHWLF :RUN
6\QWKHVHV E\ %DUDQ 5RH +HZLWW DQG ,L]XND
6\QWKHVLV RI 2NDUDPLQH 1
6\QWKHVLV RI 2NDUDPLQH -
6\QWKHVLV RI 2NDUDPLQH &
6\QWKHVLV RI 2NDUDPLQH 0
3UHYLRXV 6\QWKHVLV LQ WKH :LOOLDPV /DERUDWRU\
&KDSWHU 6\QWKHWLF (IIRUWV 7RZDUG 2NDUDPLQHV % DQG
SHFHQW 6\QWKHWLF (IIRUWV 7RZDUG 2NDUDPLQH %
SHFHQW 6\QWKHWLF (IIRUWV 7RZDUG 2NDUDPLQH 5
&KDSWHU &RQFOXVLRQV
&KDSWHU ([SHULPHQWDO
SHIHUHQFHYV
3DUW 6WXGLHV 7RZDUG WKH 6\QWKHVLY DQG %LRV\QWKHYV
&KDSWHU ,QWURGXFWLRQ
. VRODWLRQ DQG $FWLYLW\
%LRV\QWKHVLV
&KDSWHU 3UHYLRXV 6\QWKHWLF :RUN
6\QWKHVHV RI +DSDOLQGROH *“ - “ 0 “ + *“ 8 DQG .
6\QWKHVLV Rl +DSDOLQGROH 4
6\QWKHVLV Rl +DSDOLQGROH *
6\QWKHVLV Rl +DSDOLQGROH 4
6\QWKHVLV Rl +DSDOLQGROHV “ - “8 DQG *“ 4
6\QWKHVLV Rl +DSDOLQGROHV . $ DQG *
6\QWKHVLV Rl +DSDOLQGROH 4 8 DQG $PELJXLQH +
6\QWKHVLV Rl +DSDOLQGROHV 4 + DQG HSL +DSDOLQ
&KDSWHU 5HVXOWYV DQG 'LVFXVVLRQ
6\QWKHWLF (IIRUWV WRZDUG 'HVFKORURKDSDOLQGROH
6\QWKHVHV RI +DSDOLQGROH ' DQG &
&KDSWHU &RQFOXVLRQV
&KDSWHU ([SHULPHQWDO
SHIHUHQFHYV



3DUW 6WXGLHYVY 7TRZDUG WKH 6\QWKHVLYV |

2NDUDPLQH )DPLO\

&KDSWHU L, QWURGXFWLRQ

,VRODWLRQ DQG $FWLYLW\

:KLOH LQYHVWLJIJDWLQJ LQVHFWLFLGHV \8URGEG X FRDGQ G\ WK
SHQLFLOOLXP VEPSOLFQWXURIGPRQ RNDUD WKH LQVROXEOH U
WR[LF WR VLONZRUPV ,VRODWLRQ RW WKIHDWURQXR! BQVUQG?
ZLWK SRWHQW LQVHFWLG LFIDIX WDH WLLYLKV\ 2NDRIDPQRBORLG S|
GLHW DSSUR[LPDWHO\ RI WKH VLONZR U PXSRSKKHOD IMQ RIDV M IS
RI WKH H[WUIHQLFRQ OURP VLPSOGRGVYNBXYPPLQH % ZKLEFK ZD!
WLPHV DV SRWHQW RQO\ —J J GLHW NLOGO® KRXRK \ERMW K L
FRPSOH[ QDWXUDO SURGXFWV RNDUDPLQHN% RYWIDLWWLBXO
DJHWLGLQH ULQJ 2NDUDPLQH % BWVRUPKRRUIEG OFWLYHW\$DJI
VL[WHHQ PHPEHUV RI WKH IDPLO\ ZHUH L\RPGBW HEL EGIVKPH
VLPSOLFLBMEFEPXORQG -5V SHIRUGLOOXV+ DFFO HDWXTWKRXJK QRW
HIITHFWLYH LQVHFAWWL BHFHMWOWO\ D WKLUG VWUDLQ \&BD GIMG RN
DO I$RPHUILOOXV W DLRRODXIDPIH@HW 6+8 ZHUH QRW LVRODWHG
DIJDLQVW VLONZRUPV UDWKHU IRU WKH LZU \WKWIREN R§ L F—BOF W L Y L

$ LQYHVWLIJDWLRQ LQWR WKH WDUGHRWHRDRNDOBRP GQWM

WKH / JOXWDPDWH JDWHG FKORHWMVEIHQ J* RR&IOX FFIKQ FRBAULGH |



OLWWOH WR QR DFWLYLW\ PDNLQRR{WUIDP WVOKIH % DDAV HR W
LQVHFWLFLGHV $ LOQYHVWLIDWLRQQOXEZWRY KR Z HRON WMKDPAL @
PXWDWLRQ UHGXFHV WKH HQJ\PHTV VHQVLWLYLW\ WR RNDUDF

+D\DVKL UHDVRQHG LQ DQ HDUO\ RN D WBFIHYH 5 XSEAHLGRDWIL
RI RNDUDPLQH $ DQG WKH DJHWLGLQH URLRW LRILHRIND @ D Y LQIHWk
VXEVWDQWLDWHG ZKHQ WKH UHPDLQYQGU\RRD®PDDPEQGON WHDM
LQFRUSRUDWH D UHYHUVH SUHQ\O JURXS RQ WKH HYGROLQH
GHFUHDVHG DFWLYLW\ DJDLQVW VDORNEBRRQRVODUXYDBQG, @WHI
ZHDNHU DFWLYLW\ $ SRVVLEOH UHWYRQDEBEVH Q/KH FRSILP LEQR X KCE
WKH PHPEHU QLWURJHQ KHWHURF\FOQH RJILWHKHRRWBEKUBDWEZRR

FRQWDLQ DQ DJHWLGLQH ULQJ

%LRV\QWKHVLV

$ ELRJHQHVLV RI WKH RNDUDPLQHKID PIMDAKAPH SURSRVH
WKHLU SURSRVDO WU\SWRSKDQ XQGHUJRHS LGIHRHUIWD WH RIL
SUHQ\O JURXSYV 2[LGDWLYH FORVXUH RI WKEB S\UKHRORLC
GLK\GURLQGRORD]RFLQH ULQJ FDQ EH FQRY¥ HIR OWRR DE® B \7\K |F
DJHWLGLQH ULQJ FORVXUH WDNHV SODEFDO 7XURJSHRSRR® G
VIQWKHVLV RI PDQ\ Rl WKH RNDUDPLQH IDPLO\

,Q FRQWUDVW WR WKH ELRJHQHVLV SURSRV & EN 4D\DNK
PD\ FRPH E\ ZD\ RI D SKRWRLQGXFHG > @ \PP\ PCRIMDAIGLWDLRIOR F

WKH R[LQGROH FDUERQ\O RI ROPBWHHDPH QH KKHWRFR[HYWQRQ ZR



IROORZHG E\ LPLQLXPNIRRBBBY IWVMRKHWRHWDQH ULQJ DQG DWWD

QLWURJHQ WR IRUP WKH S\UURORLQGROLQH PRLHW\ RI RNDU

OMe
IIIOH
O
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okaramme A okaramlne B okaramine C okaramine D okaramine E okaramine F
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DS @f%% @faﬁ
EMe Me EMe Me Me M¢
okaramine G okaramine H okaramine | okaramine J okaramme K okaramlne L

MeMe
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Nme Me Nme Me
okaramine M okaramine Q okaramme R

Me

okaramine S okaramine T okaramine U
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JLIXUH 7KH RNDUDPLQH IDPLO\



okaramine J

~ N,

N A \
e EMC Me EMe Me gMe Me
okaramine M okaramine L okaramine T okaramine R

Me

okaramine C okaramine N okaramine O okaramine P

EMC Me E,Me Me EMQ Me HMe Me EMe Me EM,e Me
okaramine G okaramine K okaramine A okaramine Q okaramine B okaramine D

z N
N J
EMQ Me HMe H,Me Me
okaramine H okaramine E okaramine F

6FKHPH3URSRVHG ELRVI\QWKHVLVY RI RNDUDPLQHYV



N Me
pMe
okaramine E

okaramine R

6FKHPH 3URSRVHG SKRWRFKHPLFDO PHFKDQLVP IRU DJHWLGL

SHFHQWO\ KRZHYHU DQ DOPRVW FRWIGH®HR PGS LIRU
VIQWKHVLV RI WKH Q NPUDDPPUXPHVEHPEQLFLVVW.PXBY@BEUJILOOXYV
DFXOHIDOW&XY 6FKHPH ZDV SXEOBVKG FOXVWHUHG UHJXODUO\
SDOLQGURPLF UHSHDWV &5,635 DVVRFLDWB® 5WMRIXQORAWL'Y
VSHFLILF JHQHV WR LQYHVWLJDWH WAKHD WHKMHH HF G XOVBMREXKW WHKYH
6FKHPH %\ FRPSDULQJ WKH JHQH FOXVWHUYV RIWLIKBW\VLRR \D\
FOXVWHU ZDV LGHQWLILHG WKDW KDG HYSHBESH D QR (O U DDR/\
GHSHQGHQW PRQRR[VIJHQDVH )02 IRU WKH LQISWHDOO PRGN

GLSHSWLGH FRUH

&EXWWLQJ RXW HQJ\PH 2ND$ OHDG WR IDLOXUHRKMR HDM G
FXWWLQJ RXW 2ND& OHDG WR DQ DFFXPXOD®@W1RQ IR MDKWDXOQR
IRUPDWLRQ RI WKH GLNHWRSLSHUD]LQH DQG 2ND&HDKH FRQ\
LQWR \HDVW LW ZDV FRQILUPHG 2NDSWNKHRGRKXHY HVKHY G IUS/HHS 8
GLSHSWLGH $V IXUWKHU HYLGHQFH [XIENDWB GJHIGNVIKN W& H B\L
DQG GLPHWK\ODOO\O S\URSKRVSKDWH ZKLFK BBWRG X3AHEG R R

2ND% LV VLPLODU WR RXU RZD® S XEWKHADWORY LRQGIHRSM®D G HQ W



VXJIJHVWLQJ LW ZRXOG EH UHVSRQVLEOH |RWUXK W RY HGHWALRC
HSR[LGDWLRQ D QG RK+DPUHID HIGIIPWORQ RI WKH JHQH HQFRGLQ

DFFXPXODWLRQ RI WKH GRXEOH UHYHUVH SUHQ\ODWHG SURG

q NMe Me_ Me
N N JN
\ \ Ho,
o H o H (0]
N N N OH
N OkaC N OkaB N OkaD
N H \_H O \ H_© -
X X
E INIMe Me INIMe M
13 1.4 okaramine C

OkaE
.

N N Me
HMe Me HMe

okaramine N okaramine A deshydroxy okaramine E desmethyl okaramine B okaramine B

l OkaE

N Me N Me
HMe HMe

okaramine E desmethyl okaramine D okaramine D

6FKHPH %LRV\QWKHVLY RI RNDUDPLQH IDPLO\

7KH UHPDLQLQJ HQ]J\PHV LQ ERWK EDFW HWLH V2 DK B QRESUP!
D3 PRQRR[\JHQDVH WKH ODWWHU DQ . NHW®B®X\R B URDIV\2H\ [

OHDG WR D EXLOGXS RI RNDUDPLQH & WKH VXVSHRPWBG SURC



LQ \HDVW LQ WKH SUHVHQFH RI RND UDWPK\GH B[\ RKXH RINMLUDP

SDUW VROYLQJ WKH TXHVWLRQ RI KRZ WKH DIJHWLGLQH ULQJ

notoamide D

6FKHPH 1RW% PHFKDQLVP WR IRUP QRWRDPLGH '

IDVWO\ &RHOPWGQWR D EXLOGXS RI RNDUDPLQH ( DQG
VXJIJHVWLQJ WKH UROH RI 2ND* LV D RIRRDYDGEHK DG B R [\@D®X\EL
GHVPHWK\O RNDUDPLQH % ZKLFK VXJJHVWYV 2ND) LV D PHWK\

$OWKRXIK WKH LPPHGLDWH SUHFXUVRU WRHWHKAHD]HWL
UHVSRQVLEOH IRU WKH UHGR[ QHXWUDO WUDQYVDFWPOM\WKLRA) L
WKH R[\JHQDVH LV FDWDO\]LQJ D QRQ R[LWGIDWRYIHH UMHWGD @V I/

LQYROYHYV D UDGLFDO LQWHUPHGILDQWMNH ZK[|R KV ELBOW PHEM. ADKOH
6FKHPH



~ N

gMe Me ﬁMe Me EMG Me
okaramine A 1.6 deshydroxy
okaramine E

6FKHPH 3URSRVHG PHFKDQLVP RI F\FOL]DWLRQ

(@}



&KDSWHU SUHYLRXV 6\QWKHWLF :RUN

6\QWKHVHV E\ %DUDQ 5RH +HZLWW DQG ,L]XND

7R GDWH RQO\ IRXU RI WKH WZHQW\ RQH RND WBIRAHLQH V
+HZLWW DQG ,L]XND UHSRUWHG WRWDO V\QRWKHYWHIW\QROMN D U
IRXU FDVHV WKH WDUJHW PROHFXOH ZDWK I6 LO/IFANRHVQRIFIMBHHE D]\

SUHQ\O JURXSH/

Nmé N Me

okaramine N okaramine J okaramine C okaramine M

JLIXUH 'LVFRQQHFWLRQV LQ WKH VIQWKHVHY RI RNDUDPLQH 1

6\QWKHVLV Rl 2NDUDPLQH 1
7KH VIQWKHVLV Rl RNDUDPLQH 1 ZDV FDUULHEFRXRHLQ Ql
6LPLODU WR WKH ELRJHQHVLYV WZRVSAHUHGT DXQSOWGER W
IURP WKH 8 WRWSIWRSIBD@XFWLRQ XVLQJ VRGLXP F\ADQRERURK\
&RXSOLQJ PHWK\OEXW \QZDW IRPIOWRRZWGE ZLWKR[LGDWLRQ \
SDUWLDO UHGXFWLRQ RI6WIKWFBRO®IQRLWBRIHM SURWHFWLQJ
RI WKH PHWK\O HVWHU SURG X FAHG! W H FRIQRSS & D B QG & WIUYRDVS L & B!

UHGXFWLYH DPLOQDWLR@RRQY WEW PPLDG RHWNINQIMRW B O L Q J



RI' WU\SWRSKDQDX@LWMYH GLSHSWLGHTXHQWLDO FORVXUFEL
GLK\GURLQGRORDGRNH@HRSLSHWWIGQHAUUROH ULQJYV JDYH RND

URXWH JDYH RNDUDPLQHWRIFQWU\SEWRGKDRPPHWK\O HVWHU

CO,Me CO,H
COMe COzMe OAC : :
NaBH CN e NHBoc 1. SOCly, MeOH NHFmoc
NHBoc NHBoc 4> N
N\ ACOH 60% 1. CuCl, DIPEA 2. LiOH, Fmoc-Cl
N THF, reflux, 95% N 81% (2 steps)
H 2. DDQ then H, Meﬁ\/
2.1 quinoline Pd/C, 87% Me
2.3 2 4
Me
ﬁMe
N
CO,Me M° o CO,Me \
1. Me HDCM 6 BOPCI, 70%
NH, MeO,C NHFmoc
A\ 2. NaBH,, MeOH
N quantitative N 0
H A\
2.5 Ny
Hye M.
e
2.7
Me  Me
7§
\ MTAD, DCM, -5 °C;
then -DCM; then O,,
leq Pd(OAc), NHFmoc EtNH sunlamp
. M
AcOH:dioxane:H ,0 0§ THF, 95% O MeOH, methylene blue,
1 atm Oy, 1t, 16 h, 44% N O 28 °C, 7.5 h; then Me,S
\ | 110 °C 30 min, 70%
Nmd Me
N Me H™
aMe okaramine N
2.10

6FKHPH 6\QWKHVLV RI RNDUDPLQH 1

7KLY VXFFHVVIXO URXWH SUHVHQWMXH WX WKE VAER/DRD |
RNDUDPLQH IDPLO\ PHPEHUV 6SHFWIKIROF@®&R\V X WHZDIVWKLH GR X I
ULQJ KDG FHUWDLQ OLPLWDWLRQV QDLPHW®DKHWEDW RIOR LADOR
GLK\GURLQGRORD]RFLQH UGRKNPAHHUH DWHB B G WIKMHWDFRW X U H

ULQJ KDG WR EH FDUULHG RXW DIWHU IR BPIRW QEQWVRKIDWKW K3 A



SUHQ\O JURXS ZDV SURQH WR &ODLVHQ UMMPUUDQ@JIH PIHRUWVLNVQ
FLUFXPYHQW WKLV FKDOOHQJH ZHUBUWHIQAD WWR & S KRHAHWHUH ®
ODWH LQ WKH VIQWKHVLV 'XH WR KWK R NMNWIDFAMDXWD @ XA RO DV

Rl RNDUDPLQH 1 LV IRXQGDWLRQDO ZRUN IRU WKH RNDUDPLQ

okaramine N

6FKHPH )DLOHG DWWHPSWV DW GLNHWRSLSHUD]LQH ULQJ FOI

6\QWKHVLV RI 2NDUDPLQH -

S5RH DQG FRZRUNHUV RULJLQDOO\ DWW HIPRRVWOIBDE WKBOW )
ZHUH IDFHG ZLWK UHJDUG WR GLNHWR SLSHUD WL KMHU WRDJPIHR HF
VHHQ GXULQJ DFLGLF WUHDWPHQW $FFHWGL QUK R NOQIDIPM
UHDUUDQJHPHQW ZKLFK OHG WKH DXWKRUYHWSR WR LWKHK VURKF
RI RNDUDPHKHPH $V ZLWK RNDUDPLQH 1 WZR GLIIHUHQWLDO
ZHUH FRXSOHG WRJHWKHU WR IRUP RNNDEWRISEDB Q P ROH F XIOWHW
FRXSOHG ZLWK D SUHQ\O JURXS DW & 7RHVSKN KRQGRRH H LS
JURXS ZDV WKHQ UHPRYHG KHRRM K H UD WIURMWWHRESWKK®GHUZHQW
LQWUDPROHFXODU F\FOL]DWLR@ KXWLIRGUB B MR JY.IYI R[LGDW I

IROORZHG E\ UHGXRWHEBQRHAA VR FAIRKKMRSURSDUJ\O SUHGHFHVVR



SUHQ\O JURXS ZDV WKHQ LQVWDOOHG XQGHDO/ UMK IFWERQ R
DON\QH RDYH DONHZMXLFK XQGHUZHQW DFLG FDWDO\]HG &OD
GHSURWHFWLRQ WRRNYGILOFQG [IXUQLVKHG GLBKISAHKLG H

GHSURWHFWHG EXW UHVLVWHG ULQJ FORVXURMQWR WYWH3ILNH)
DQG DSSOLFDWLRQ RI VWDQGDUG SHSW LIGHO HRW 8 OH ) )/ WRIGH

7KH VXFFHVVIXO WHQ VWHS VIQWKHVLY JDYH RNDUDPLQH - L(

CO,Me CO,Me CO,Me
+-BuOCI, TEA N,H,, EtOH
NPhth ~————— > NPhth — — 7 o NH,
A\ THF, -78 °C, 30 m A\ BN t, 3 d, 65% AN N
then 3 eq prenyl-9-BBN Me Me
N -78 °C, 6h, 95% H Me i Me
2.14 215 216
CO,Bu COLB CO,B Me CO,B
e U DMDO DCM HO, 2tbu HO, 2tBu
NBS TEA 7 ", 1.2eq Mej\ 3
NHSO,anth \ NSO,anth _—~NSO,anth _— _-NSOjanth
N\ DCM 80% 2 NaBH,;, MeOH N H 20 mol% CuCl N H
N 75% (2 steps) H 1.2 eq DIPEA Me —
H 219 THF. 3 d, 55% N
217 2.20
CO,tBu
1 atm H2 20 wt% Pd/Al,0O4 NSOZamh 5 eq TFA 20 eq TMSOTf
—_—
EtOAc, 1.5 h 99% N DCM 16 h, 84% 50 eq 2,6-lutidine
Me DCM, 3h, 75%
Me
2.21 Me
Me Me Me
Me Me Me
wOH
S 1. 10% KOH/MeOH
2 eq PyBop, 3 eq TEA anthO,SN Al/Hg 1,4-dioxane, 16 h
_— _— —_—
1.1 eq 16, THF, 5h, 82% ] THF/H,0, 16h, 73% 2.1.1eq HBTU, 3 eq DIPEA
HN HN DCM, 7 d, 49%
"'CO,Me "'CO,Me
N = N\ =S
EMe Me EMe Me okaramine J
2.24 2.25

6FKHPH6\QWKHVLV RI RNDUDPLQH -



6\QWKHVLV Rl 2NDUDPLQH &

+HZLWW DQG FRZRUNHUV UHSRUWHG WKHDYNWKMHMQYJ |
UHVHPEODQFH WR WKH V\GWKHNHV RIKRNODRDPUL@DO| ZDV P
LQVWDOODWLRQ RI D UHYHUVH SUHQWYL QU RXE DWUSBWHR FWIUQS
JURXS PDQLSXODWLRQ JDYH FBXSWROKIMPD/IBHRWHFWHG DQG
XVLRJISKHQ\OVHOHQR S&W KD ILRUGEKK SURWHFWLQZHWHRXSV
FDUHIXOO\ FKRVHQ EDVHG RQ HDUOLHU ZRQNJRRGWWHK H OWD Mt
GLDVWHUHRPHULF UDWLR (SLPHUL]DWLRGDRVLWK HGH V WOIK QM
%RF GHSURWHFW LZKQ PK HVGIHGEH QWRL¥FB ORWRWKH LGHQWLW\ RI
JURXSV &%] GHSURDWHF WKRIQURITXLVLWH FRRBORRQB®® W QH L

ZHUH FRXSOHG XQGHU VWDQGDUG SHSWLGH FRWI®QQJ FI
7KLV XQGHUZHQW GLNHWRSLSHUD]LQH IRUPQWH 8 Q RIUNSHIRRR
FRXSOLQJ UHDJHQWY XQOLNH WKH VI\QWKHMIQHR| BIONRDPLQ
XQOLNH WKH VIQWKHVLV Rl RND UR FLQQHVD O+H MKMW HWHDY HZS$
LQ WKH VIQWKHVLV RI DQ RNDUDPLQKWXVEQLRVRWKODUVFRW &I
ODWH VWDJH SUHQ\ODWLRQ DO GREZKIGV+NZRWRWN B WDPQQ W R IZIC
Rl DQ XQZDQWHG &ODLVHQ UHDUUDQJHPNQW RI7HKQVRMRX\WPIL

KRZHYHU LW \LHOGHG RNDUDPLQH & LQ VWHPSUHVVLYH \L

6\QWKHVLV RI 2NDUDPLQH O
7KH WRWDO VI\QWKHVLY RI RNDUDPLQH O E\ ,LIXND HW DO
SDWKZD\ XWLOL]JLQJ D UHGXFWLYH F\FOLDQWLRQVRUIBH F RGALS/F

8JL UHDEFERMKIHRRH %URPLQDWLRQ RQ & FROORZHRGOEQRREVWLW



CO,Me CO,Me CO,H

NPHth  -BuOCI, prenyl-9-BBN NPhth !+ HoNNH, MeOH. tt, 51% NHTeoc
N THF, TEA. 51% 2 Ba(OH)Z MeOH, rt, 100%
N NMe Me 3. TeocOSu, H,O, TEA NMe Me

H2.26 2 27 dioxane, 95% 2.28

COH COMe

]ZCSB;gII T\raogﬁ ‘933/ _ NpsP phse, OO LiHMDS [hse. coe
2 ©f i .
N NH, NHCBz ~NCB: — _NCBz
BocZO NaOH, DCM, DC‘M PPTS THF, -10 °C, 10 min N H
N Buy,NHSO,, 90% Na,SOy, 89% Boc then MeOH -78 °C, 100% Boc
H Boc 2.31 2.32
2.29 2.30 . .
0 CO,Me CO,Me
5 eq wet m-CPBA H3POy (44 15PO4 (agy DEV DCM e Hy, Pd/C
~NCBz ~NCBz  ————
K,CO3, DCM, 0 °C, 85% MeOH, 93%
Boc
2.33
OH OH
Br \
1. HATU, DMF, 26 Me j\ -
TEA, 1t, 16 h, 95% L MeT Y cuct W H Lindlar's cat., H,
—_— —_— —_—

O THF, DIPEA, 1t
4 days, 70%

2. TAS-F, DMF, t, 8 h, 97% O 99:1 MeOH:pyr, 95%

okaramine C

6FKHPH 6\QWKHVLVY RI RNDUDPLQH &

XVLQJ SUHQ\O DOFRKRO +RIDYHIU :DGVZRUWK (PPRQV UHD
F\ADQRPHWK\OSKRVSKRQDWH ZDV IROOR ZHGPE\GLDRVZHIDAKH R X V
XQGHUZHQW D IXUWKHU VSRQWDQHRXV5EOREWHAQUNBUQD QI
DOORZHGIRU FORVXUH RI WKH S\UURORLQGBRQQW LR JF RPISV

ZDV DFFHVVHG YLD R[LGDWLRQ VB8RP MWK K RL PIKQHHQ \ @ VUMRIFLP Q
1 %RF WU\SWRSKDQ LQ DQ 8JH SWHRMAHWFMRLR QDRIHWKH DPLQH DQ
JDYH GLNHWRSLSHIPHQHDWLRQ RI WKH LQFRUUHMWHGLNHW
RNDUDPLQH 0 LQ \LHOG ZLWK RQO\ RI ERHLK & HIS$HWHRSLL]S
2YHUDOO RNDUDPLQH 0 ZDV VI\QWKHVLIHGE L QQ WZKIHD YAHR XAt

VIQWKHVL]LQJ RNDUDPLQH 0 ,L]XNBH WWHU HRAKH BEXOWHUW R W



RI LQGROLQH ZHUH ZURQJ LQ WKH RULJL®QDVWOK HKDQOFRMDUT

NQRZQ WR GDWH WR KDYH LQYHUWHG VWHUHRFKHPLVWU\ DW

1. Br, /_)’Me CIj_)*Me
2. MS 4A @E‘g’ (EtO)zP(O)CHZCN
0
\ Wo MeCN,rt e -BuOK, DMF

-78 °C to rt, 90% c
2.38 ’

HO
89% (2 Steps)

Me Me
1. LiATH,4 Me NCS Me N-Boc-Trp
2. Boczo DMAP then DBU CN PMP
3. AcCl, NaOH, loluene 1t, 78%
2. 42 2. 43

toluene, rt 98%
cat. BuyNHSO,
4. TFA
58% (4 steps)

Ac—N =
H - 1. TFA, CH,Cly, rt
0 N N 2. toluene, 100 °C NaOH, MeOH
N e 10C, NeOR, MeOH |
O 72% (2 steps) 44%
¥\1H
N\ Boc A N\
N
i b 0
2.44 2.45 okaramine M

6FKHPH 6\QWKHVLVY RI RNDUDPLQH O

BUHYLRXV 6\QWKHVLV LQ WKH :LOOLDPV /DERUDWRU\

$OWKRXJK RNDUDPLQH % VKDUHV VWUXEW XUDWK MV P LG
PHPEHUV RI WKH IDPLO\ WKH D]JHWLGLQHWL.R® BQ KR A EDMIGRR
ILYH FRQWLJXRXV VWHUHRFHQWHUV SURY LGH VWO FDW DAHHPG \
VIQWKHVL]LQJ RNDUDPLQH % ZHUH SHSIRLE@ H®D ER 'G L \$ORD@Q H
PROHFXOH DW WKH GLNHWRSLSHUD]LWRHOBHQ & RQL QBPHMEDG PE E
GLK\GURLQGRORD]RFLMQW LODUPWRWNVKH V\QWIEAKHPHRI RNDU|
&RPSRXQ®@RXOG EH PDGH E\ LQWUDPROHFXODU ODFWRQL]DV

ZKLFK LV WKH SURGXFW RI| R[LERPBRKHAERKOIG] W LRQURI EH FRC

in



I[URP ZKLFK LV LWVHOI FRIQW WODXORNIDGRKFIR®RZHU KDOI ZRX
FRQVWUXFWHG E\ SDOODGLXP PZKKGERWN G D G® JER OURMOUFHWR Y H

WU\SWRSKDQ PHWK\O HVWHU RQWR PHWK\O EXWHQDO

\ / MeO,C MeO,C

Nud Me NH H
H
. | — —
okaramine B \ g N\ M\ Me L-Trp HN Me
N e N ¢
pMe H
2

2.50
2.51 2.5

6FKHPH5HWURV\QWKHWLF DQDO\VLV RI RNDUDPLQH %

7KH SODQ zZDV FDUULHG RXW UDFHPLFDOOALWR WHRYL:
DSSURSULDWH ROHILQ LQVWDOGHKHPW WKHP & R URM LSVUARW HRE N\
DQLOLQHROORZHG E\ FRQGHQVDWLRQ ZLWK HWK\O GLPHWI
SHDFWLRQ XARMK YHG (VFKHQPRGHIG] VY QDWW HQVDWLRQ ZLWK
GLSKHQ\OPHWK\OHQH DPLQR DFHWDWHH IRDYOHR FRR® SR XKQG UR
$IWHU VFUHHQLQJ SURWHFWLQJ JURXSOVORWHGDMNR URWEE WEBU
VWHUHRFKHPLFDO FRQWURO XSRQ POWMXNUAK RFKWWK I YXUGR A H
IXQFWLRQDOLWLHY ZHUH S $RMWHPEMWY DWR CFODRRVRIQWKH D]JHWL
IRUPLQJ FRPSRXEGGH ; 20URU ZHLFK ZRXOG XQGHUJR UHDUUDC

B8QIRUWXQDWHO\ QR FRQGLWLRQV FRXOG EH IRXQG WR HIIHF
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@[ HN(SiMes)s
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NH, TMSCI, 97%

Ph
Ei0,C._N=(
Ph

1. PBu;, MeCN
2. IN HCI, DCM, 78%

E n-BuLi, 27%
2.54
CO,Et
HoN
{ Me Et;N/THF
\ Ph;CCl
N Me
" Me
=) 2.57
0]
JZ

0% 0=
DBU, DMF - N. Noern
_— %, CPhy -------e- - N 5

25°C, 24 hr, 95%

(£) 2.60

EIMe
Me

() 2.61

Me 2N Me,NH NMe,
% 37% H,CO Me
B
N M
N e AcOH, 85% N

A\
N
M
¥ H Me
2.56
HO, ~CO,Et
N\
DMDO %, CPhy
et VA
acetone/THF //
M Me
Me
=) 2.59
Wi Vi
0% 0%
N;\/ICPh3 N CPh
7, Me  ---------- - Y\ Me
e X
X
Me" Me Me” Me
#) 2.62 %) 2.63

6FKHPH 6\QWKHWLF ZRUN WRZDUG RNDUDPLQH %

‘U 7LPRWK\ OF$IRRV WRRN RYHU DWWHPSWKN[DMR WVNGW K

PXOWLSOH URXWHYV

HQRODWHY RU HQDPLQHYV

Cl
ST
I, TEA
CuCl, NH (6]

" Ve
ME N

0DQ\ RI WKH URX@QVHVDWD® EVUHGLQRDOBR

20H WBWRFKKRHRXWH IHDWXUHG LVDW

o] [0)

C[/g:o H,, Lindlar's C[%: 0
N MeOH N

Me% Meﬁ

Me Me
2.64
6 2.65 2.66
CO,Me
HO 2 | NHBoc
OH NHBoc ©
DEAD, PPhy 61, CsCO;, DCM 0
BocHN™  "CO,Me _— N + 0
BocHN CO,Me PhMe h N
M
2.67 2.68 M\ Meh
Me \
2.69
2.70

6FKHPH 3URJUHVV WRZDUG RNDUDPLQH %



7KLV LVDWLQ IUDJPHQW ZDV PDGH EK\OLEXW RK@NSOQQBU MH
FRQGLWLRQV WR WKRVH DERYH GLAKIO D BH G LI IFK QR WIURH HQ A
DQG WKHQ XQGHUZHQW LQWUDPROHFXWIDVWL U Z K8 H00 8 UDHWAD \
WKHQ UHGXFHG WR WKH D DRI BDM YWIQHIQL VB WEW BIGL E KWK HQ
GHULYHG IURP GHK\GUDW L RQQBSIHSURMH/FAVORE X/ IFBQGH W LR QV
FRPELQDWLRQ®IJLYHV RQO\ D SUHIHUHQFH IRU RRYBGROH
ZKLFK XQGHUZHQW VSRQWDQHRXV ODFWRQL]DWLRQ ZLW]
+RSLQJ WR WHVW RXU ELRJHQHWLF K\SRWIQHBMX)RH 'U
SKRWRF\FOL]DWLRQ RO @WEHDRLIWROHDRIRWKHU R[LQGROH IUIL

IRUD FRPSOHWHFRHNPDHUDPRQGDWH QR HQFRXUDJLQJ UHVXOWYV

&20H &20H 2 2/ \2
+2
1+&E] &X271 KY 1+&E] QP 2
—_— —_— ¢
2 2 2 2
Hﬁl/\ OH&1 { ! %HQIHQH L
0
D 0H oH OH%(;\ 0H “oH
z 2
1+&E] 1+&E] +2 ~
7
KY 2 QP
— —
) 2 %HQ]HOH ) 2 1 %HQIHQH
orﬁ/\ ° OH\
OH\ OH OH

6FKHPH )DLOHG DWWHPSWV DW SKRWRF\FOL]DWLRQ



&KDSWHU 6\QWKHWLF (IIRUWV 7RZDUG 2NDUDPLQF

5HFHQW 6\QWKHWLF (IIRUWV 7RZDUG 2NDUDPLQH %

2XU UHFHQW HIIRUWY DW V\QWKHVLQHY RNIBERPBGIH % K

2NDUDPLQH % ZRXOG EH VIQWKHVL]H® LR QVRH SKAIS RYWKHR
IROORZHG E\ UHGXFWLRQ RI WKH UHVXOXRDQIGSEHPWKHN B0 RRS
FRXSOL@DRG )UDIJPHQW WKH UHVXOW RI R[LGDWLRQ RI WKH
SHUKDSV E\ HSR[LGDWLRQ IROORZHG EW U DQWHRUSHRFLKHP L QWAL
WKH WZR R[\JHQ VXEVWLWXHGWMULYBBPERBOAIG\GURIJHQDWLR
IROORZHG E\ DWWDFN RQ 'DYLV{V R[D]HL QL DO GRDAK BHFR U L
REWDLQHG IROORZLQJ D VLPLODU URXW H RVRR WEBORE Gl H W \Z LW |
DGGLWLRQDO R[LGDWLRQ RQZRXBGC.QGRBEAHLVHARASRRQEKHVL]H

VIQWKHVLV RI RNDUDPLQH 1

3.2 3.3 3.4
MeO,C CO,Me
Nmed Me 7N
H N
okaramine B \ J — N OBy — L-Trp
N Me
E Me Me H Me

3.5 3.6

6FKHPH 6\QWKHWLF SODQ WRZDUG RNDUDPLQH %



'RUN RQ WKLV URXWH EHJDQ ILWXEWRSH BIE VKA U QKL MDKW RR)C
PHWKDQRO ®FKHRAHOXKLFK \LHOGHG RI WU\SWRSKDQ PHW
SURWHFWLRIDYRIWKH H[SHFWHG SURWHFW HGIO\J\S HRSKG! V
DWWHPSWV WKHWR GQFRRIOLOIR IL9Q+7+) 7)$ IDLOHG WR JLYH K

\LHOG 7KLV SURGXFW ZDV FDUULHG RWQLBVL PKORURL QB HW

EXW\QH WULHWK\ODPLQH DQG FDWDO\WHG EREN WRKW KH X (
XVLQJ OQRGHDWPRVSKHUH LQ MXVW \LHOG RYHUIR®BREZZR
D SXEOLVKHG SURFHGXUH WW RJMGXF B OMNKIH) B OB YQHDRPL[W X Uk
DONDQH 5RH HW DO UHSRUWHG VLRHUDU GUREOHPY LLGH WK
WKDQ UHVRUW WR FDUHIXO WLPLQJ WR DYRGG RYQH 5 OWDHG XK
/LQGODU V FDWDO\WW ,Q KRXUV WKH.DWK\QR H D NGUHEXFE X
WKH DONDQH 8QGHU WKHVH QHZ FRQGLWLEQRV REMYHILUQYHG
TXDQWLWDWLYHO\ 8QIRUWXQDW HRO B O/R DR WQERE-VHD LDOM ® [
&RQGLWLRQV HPSOR\HGrAQIPOX WH% RB2 +@KDUSOHVV GLK\GUR]
R[DJLULGLQH DQG 6KL HSR[LGDWLRQ +R R@® R WR KIHD WWHJ ESHMR/
GHULYDWLYH ZH DWWHPSWHG WR HPSORFRERYNUBALRQ UDIQS H R/
WU\SWRSK\DR) ZDV SODJXHG E\ SHUVLVWHQWO\ OWEKDIWH OB XWH
DOWRJHWKHU

7KH ILUVW DWWHPSW WR FLUFXPYHQW WKRH IDQORGYBG
VIQWKHVLV RI WKH DONHQH E\ IRUPDWQRRL @BBORRID]LULGLQ
7R WKLV HQG SURWHFWHZTDYOVYKFQ /K FHOVHUHGDIWRPHIO\FLQH PHW
RI HYWHWUWK &%] SURWHFWHG LQGRQB QRMUERRYAGHKWIKHH Gt

'HVSLWH H[DFW SUHFHGHQW WKH UHDFWLRQ IDLOHG PXC



COZMe COzMe COzMe
SOCl, NH, CbzCl, NaOH NHCbz  BH;Me,S NHCbz
L-Trp —— A\ —_— N\ .
MeOH, 92% N THF, 95% N TFA, THF, 40% N
H H H
3.7 3.8 3.9
o CO,Me CO,Me CO,Me
Me 7‘\
L Mé s CuCl NHCbz NHCbz NHCbz

TEA, THF N H, Pd/C N oxidation 0

2. MnO,, PhMe N Quinoline, MeOH N N

o Me %\i quantitative Me%\/ Me%\/

30% (2 steps) Me Me Me
3.10 3.11 3.12
CO,Me CO,Me
§ NPhth  phNO, TsOH NPhth
_—
MeOH D
N N
H H
3.13 3.14

6FKHPH 3URJUHVYVY WRZDUG WKH VIQWKHVLYVY RI RNDUDPLQH %

‘H QH[W HQYLVLRQHG XVLQJ D YDULDWGRB\ R WKH RRAD P
6FKHPH ‘H K\SRWKHVL]HG WKDW LI WKH HQDPIWRSRDQHU

GHULYDWHYPILIKW EH DEOH WR ELDV WKH\ FHRWKMW BGIUR G REBWHE

VWURQJO\ WKDQ SUGHFKHRXW O\ REVHUYHG

0 (0]
PhOCOCI Ph. Boc,0 Phy ~~
HN" COMe —————— OJ\N/\COZMe _— 07 "N “COMe
TEA, THF H DMAP, MeCN Boc
3.15 3.16
0
O NBoc
o) H )&N,Boc
" 78, LDA ©_: : ~ N-OMe
CBzCl, TEA N\ ; 7 OMe 3 eq LiIHMDS N
N\ _— —— | T e > 0
THF N THF -78 °C \, O N
N CBz N H
H 3.19

3.17
3.18

6FKHPH 2[D]JROLGLQRQH URXWH WR DQ R[LGL]J]HG WU\SWRSKDC



CO,Me
OH 1. HATU, DCM
N 2. Pd(OAc)
\ H) + L ---------- o
Me BocHN CO,H

N 3. DEAD, PPh,
N Me 3.20 oM

6FKHPH (QDPLQH URXWH WR SKRWRFKHPLVWU\ SUHFXUVRU

'RUN RQ WKLV URXWH EHJDQ ZLWK UWIBX¥MW ISYUHH Q FO. Q D R/X
WKH DPLQH RI WU\SWR SKK® iPHH W& RX HYWHURI PRGLIMARG WU\S
1 %9RF VHULQH SURYHG SUREOHPDWLF DQGOBHABHAXLIAHGSP FRXS

PHGLDWHG ULQJ FORVXUH RI WKH GLSHSWIDGEPHR XIQW VR |

GLK\GURLQGRORD]RFLQH

0
Me0,C O, NHR,

|
CO,Me i COMe MeO,C H
NH, 1.Me~ "Me3A DCM H RlHN -Ser-OR, NHR, w» N OR,
N 2. NaBH,, MeOH b (‘ondmons dioxane \ )
N N
HMe
3.6 3.24

N AcOH, H,0 Me

N
3.7 Me

3.25

6FKHPH 6\QWKHWLF SURJUHVYV WRZDUG RNDUDPLQH %

'"HVLURXV WR WHVW WKH SURSRVHG SKRWRYW\KKL]DW
GLK\GURLQGRORD]RFLQH ULQJ WRVEH®URWWERMHRERWVRQ WKH )F
FRQFRPLWDQW ULQJ FORVXUH WHRKHPWHP GHEHRWBESHRIQ RH W

SURWHFWLQJ JURXS XVLQ@XKIZFPK )QBIHBURBHG EH VXEMHFWHG WH

D VXEVWLWXWH IRU

el
-



TDEOH 6FUHHQLQJ RI FRXSOLQJ FRQGLWLRQV

&RQGI 5 5 <L}
("&, PR+
+$7 JPR +
%R ¢ PR+
+3$7. % | +
+$7. % | 7%
%R % | 7 %
%R ¢ YPR 7%
CO,Me 0 © E R E
@ECN /S/NHFmOC Morpholine N”FOTBS TBAF N/F o
N j OTBS THF, 40 C THF, rt
Hyfe 12 hr, 60% N / 10 min, 76% N /
Me Me Me Me .
3.26 3.27 3.28

6FKHPH 6\QWKHVLVY WRZDUG DQ DQDORJ RI

'HK\GUDWLRQRYHG SUREIOHPD WERQGLWLRQV WKDW IDLOF
LQFOXGH WKH XVH RI OLWVXQREX FRQGLWLEQR[IKGRQWWRRQSKK
LRGLQDWLRQ RU WRV\ODWLRQ IROORZHG [EW H® LSFULR®XFMR QV [
XQGHUJR WKH HOLSHQRWER EWRQGHUJRLQJ HQROL]DWLRQ IR
GHSURWRQDWLRQ 7KLV ZRXOG EH XQLTXH GQXPORHRIS/K/ ® OFEDB
DW WKH K\GUR[\ODWHG FDUERQ QRU GHSURMHROQD WIRROWDW W

&RXSOLQJ EHWIDHH®HDGY WR D FRPSOH[ PL[WXUH RI GL
6FKHPH $OWKRXJK WKH 105 ZDV QRW VROYHGLW KH FROIRW\H 7

DQDORJIJXHDRIG ZH EHIJDQ DWWHPSWV DW SKRWRF\FOL]DWLRQ



KOtBu

‘ THF i

o H

N SN 0NN
N ,F OH ’FX Elimination f
A\ (0] Conditions N Conditions N
— \ 0 N ©
N / X=I, OTs
Hye N / E /
Me Hpe Me
e
3.28 X=I, OTs, OAc 3.29
| 1. Ac,0, DMAP T

2. KOtBu, THF

6FKHPH 6\QWKHVLV RI

$O00 DWWHPSWV DWR FWDMHLEBW ZLWK IDLOXUH ,Q DQ
XQGHUVWDQG WKH FRQGLWLRQV DQG YDULDEOHVKRIGSKRWI
SUHYLRXVO\ E\ ODUX\DPQ MW DW ZRUN VZBVLIQIWPDGHDWHG XVL
ORZ SUHVVXUH +J ODPS IRU G DT DILW L (8 B KR FMM/M\Q H
8QIRUWXQDWHO\ ZH ZHUH XQDEOH WR UHSKDMQWIGHVIHUHQ
ZDYHOHQJWK VHWYV RI : ORZ SUHVVXUWHHHY DRWYONKERHMWRHASL R D

WASLFDOO\ LQ PXFK VKRUWHU WLPHV WKDQ GD\WPRU QR UHI

(0] Me / Me Me
=0
(@) g N ? 0 /%\ Me
Me
! f M‘?\\\ O] HO_ /NN NH
e 502 mereurylamp N ’
R CsCO5, DCM HO NN, /
N / o N Me ©
Me Me N H Me OH
329 n
Me
3.31
Me 3.30

6FKHPH &RXSOLQJ DQG SKRWRF\FOL]DWLRQ



6FKHPH )DLOHG F\FOL]DWLRQ RI NQRZQ UHDFWLRQ

+DYLQJ WHVWHG D YDULHW\ RI YD ULDE@HYQMQ FIOR@GAHQ W
YHVVHO PDWHULDO UHDFWLRQ WLPH QXPEMOEM ZDVEXORW
DEDQGRQHG IRFXV RO YBFFHWXRIQ3HS WR D FORVH:WH ERIGEQ RI
DWWHPSWYV WR SKRWRFE\WRH] R RWWDHWLSR QRAHY R[HWHRG LU UD
QR UHDFWLRQ PKHREVHUYHHD® DWWHPSW WR DOWHU WKH HOH
SURWHFWHG RQH WRUERIQNORRLQ GROWMRO\VWWR RDOVR PHW ZLW
IDLOXUH DQG JDYH RQO\ VPDOO DPRXQWY RHWKW BWSBRWH A

WR R[LQGRORFHHGHG VPRRWKO\ KRZHYHSRDLOWGD®RDM

7(6 SURWHFWHG RDVQSWRHOSDUHEXWRPOVR UHVLVWHG F\FOL]DW

-

=1}



O MeQ OMe MeQO OMe

O
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0O —X—> 0O —X—>
N N N N
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3.22 3.34 3.35 3.36
HO Me HO M(e)H TESO Me TESO M(e)H
@fko e o s
N N N N
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3.37 3.38 3.39 3.40

6FKHPH )DLOHG SKRWRF\OL]DWLRQV

5HFHQW 6\QWKHWLF (IIRUWV 7RZDUG 2NDUDPLQH 5

$IWHU LQYHVWLIJDWLQJ FRQGLWLRQV D\QG HPLEBVHGUD R/ AWH |
K\SRWKHVLV GLUHFWO\ E\ VIQWKHYVL$KRW RN DRDLFA DYH. BQDW & [
( 6FKHPH :H UHDVRQHG WKDW 2NDUDPLQH 5 FRXQJ EGGS UH
GLNHWRSLSHUL]LQHDIBGPDWRRRRIF®Q EH PDGH E\ WKH R[LG
SUHYLRXVO\ VIQWKHVL]K®PBRXIRKRYGOG EH PDGH XVLQJ ULC
PHWDWKHVLY RQ WKH UHYHUVH SUHQ\O D WKIGF KV @ ROVORSS KW & FH
FRQGHQVDWLRQ RI WKH DSSURSBEDRDNWG®RIQ\RLWH GHH ISXUDVDL @
DOGHK\GH

8QIRUWXQDWHO\ WKH VIQWKHVLV RIDD GH® W B\W K GD DYDOL
FRQGLOAKHPH ,Q DGGLWLRQ DWWHPSWV WR PDNH VEPLODU

FKDLQV ZKLFK ZRXOG EH LUUHOHYDQW WR WKH SURGXFW RI



COzMe

NH,
A\
N
H
/\ITI/\COQMe
PG
3.44
H
(@)
N M =
HMe © \ / N\
okaramine R Me
N M N
HMe € N Me
3.42 3.45

6FKHPH ,QLWLDO VI QWKHWLF SODQ WRZDUG RNDUDPLQH 5
7DNLQJ D VOLJKWO\ GLITHUHQW GLUGFBRHRNP HWWHKHI REDb

6FKHPH ,Q SODFH RI D ULQJ FORVLQJ PHGWWDWMXHY HVRWWHRU

DQ R[LGDWLYH DPLQDWLRQ WR JHW WR

HITI/\COQMe acetaldehyde /\T\Il/\COZMe

PG s 46 PG s 14
B
HITI/\COQMe RS R \/\TTI/\COQMe
PG s 46 PG 47

6FKHPH )DLOHG DWWHPSWYV DW D *UXEEV UHDFWLRQ SUHFXL

,QLWLDO SURJUSVRFWMRBBPIGEFRRRW KBWUHFHGHQWHG V\QW
ZDV IROORZHG E\ 020 SURWHFWLRQ RIRRIGH QQGRBDORIQEHR W U F
ZDV VXFFHVVIXO KRZHYHU QR DWWHPSMRQ WR UHINKWF B X

3DOODGLXP FDWDO\]HG F\FOL]DWLRQ G LD Jb WH QWIKOHH SRJHRFEXH

10



CO,Me

NH,
A\
N
H
H,N” >CO,Et
3.50
CO,Et H
=\E O
Ny M o¢ =
) HMe e \ / N\ ~ N\
okaramine R M
gMe Me EMe Me g Me ©
3.42 3.48 3.49

6FKHPH &XUUHQW VI\QWKHWLF SODQ WRZDUG RNDUDPLQH 5

~ Boc,O, NaHCO;,
H,N" "CO,Et ————— > BocHN COzEt

MeCN, 0 °C
3.50 € 3.51
o
Cl
\ NCS,DMF N NBB9 _POCl;, DMF__ N
—_— >
N tt2hr TEA, THE. 1t S hrs NMe Me 0°Clom25h N me Me
H 3.52 i 3.54
O_op MeO,C
t
H o H o _~"NBoc
— — NHBoc . /
@EQ/ NaH, MOMCI @C\;(/ BocHN™ >CO,Et = Oxidative )
_— > _ > —X >
N md Me DMF, 1t 24h N md Me LDA, THF,-78 °C NM{ Me ~ Amination Nme Me
354" 3.55 MOM 3.56 1 3.57

6FKHPH :RUN WRZDUG FRXSOLQJ SDUWQHU

2XU HIIRUWYV WRYBURKGDGH JRRG SURJUHVV LQLWLDOO\ EI
LWNRBKHPH SURWHFWDR@ RANFOL]DWLRQ JD2[H GDWLR QOAHL W\
'‘DYLVY R[LJLULGLQH IDLOHG WR JR¥3H% XVHI X8 DYURGXE®JOKF
GLDVWHURPHU +RSLQJ WR JDLQ DFFHVV WRRZAHXRBS UWHODH O /R
ZLWK DTXHRXV DFLBVIWKH RHH\ SURGXFW

T

0



CO,Me CO,Me

CO,Me CO,Me
NH, A, TEA NHAe  -BuOCI S Ne _mCPBA
TEA DCM N
g H

358H

6FKHPH :RUN WRZDUG FRXSOLQJ SDUWQHU
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&KDSWHU &RQFOXVLRQV

7KH RNDUDPLQH IDPLO\ RI QDWXUDO SURGWEW W BURNWGE
$OWKRXJK IRXU PHPEHUV Rl WKH IDPLO\ KDYV EGIHDH VRR QW B
RNDUDPLQHY KDYH EHHQ V\QWKHVL]HG UBDIPWEHVI LK N DL B VLGS
WKH PRVW DFWLYH LQVHFWLFLGH DWQIGHLELRN \VQ@/\K KMUM K DD \@
ZRUNHG RXW WKH PHFKDQLVP RI WKH IRUPBWDRQ \RX QMNKHR DX
'"HVSLWH QXPHURXV URXWHYV EHLQJ L QHYGIXVG\H. JD/WHHGG W KIRW W\

WKH VIQWKHVLYVY RI WKH UHTXLVLWH R[LQGROH DUH RQJRLQJ



&KDSWHU ([SHULPHQWDO

+ DQ®& VSHFWUD ZHUH REWDLQHG XVLQJ DQG
FKHPLFDO VKLIWV DUH JLYHQ LQ RDUMVBVDSHU PLGCSPRRU D3P U
&' &ODW / SSP IRU SURWRQ VSHMWWD DQG SPHRIWREYHEWR 3
,5$ VSHFWUD ZHUH UHFRUGHG RQ DRYV )7 05 WSMBEWE\WRB B VWHW H
XVLQJ D KLJK ORZ UHVROXWLRQ PDJQHWQFPMBRWRU SRVYW
XQFRUUHFWHG )ODVK FROXPQ FKURPDLWBRJUHDGKWURBWY SHUIR
PHVK 8QOHVV RWKHUZLVH QRWHG P DWM@\LD DN LOHDED R BARKX
XVHG ZLWKRXW IXUWKHU SXULIL&EDWWR® UDKEG O R IXRIDHW KB Q|
3KOH 1 1 GLPHWK\OIRUPDPLGH '®) WAHWRE@ELOMAIOQE &W
PHWKDQRO OH2+ ZHUH DOO GHJDVVHG ZLVBKWLULIRDWLR® SOV

FRQWDLQLQJ DOXPLQD RU PROHFXODU VLHYHV



0 0
OH OMe
SOCl, ® O
NH, NH; Cl
A MeOH N\
N N
H H

$ VOXUU\ RI O WU\SWRSKDQ J PPRO LQ@YHWKDC
FRROHG LQ DQ LFH EDW/K D Q GPFPRID HT ZDV DGGHG GURSZI
ZDV DWWDFKHG WR D ZDWHU FRQGHQVIHQUOHWRLSIS BHEW DWK F &
7KH VROXWLRQ ZDV FRQGHQVHG WR D SLQARWRONDG FRIFKHDOD
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+D\DVKL + 7DNLXFKL . OXUDR 6 S$UDRWDY BWWURF WHEKZ
,QGROH $ONDORLGYV 2N D3HDPLLELHO\ $ XORQ GH® S GRURUR.\F\XIOPXRPU D O D
%LRORJLFDO &KHPLVWU\

+D\DVKL + )XMLZDUD 7 OXUDR 6 $SQ\DHFVOL RINDDJD RQ (
$ONDORBEQURIPOOLXP VHEBRBDEXOWXUPX® DQG %LRORJLFDO &KH

+D\DVKL + $VDEX < OXUDR 6 $QIHQ MU\ HZNINDIFOLRYLH
( DQG ) 3IHRPFLOOLXP VISHKRLFLV¥LRXPLHQFH %LRWHFKQF
%LRFKHPLVWU\

+D\DVKL + B6DNDJXFKL $ 2NDUDPLQH * URHIQHZF 2O O UDP
VLPSOLFLY/NIEP XP%LRVFLHQFH %LRWHFKQRORJ\ DQG %LRFKH

+D\DVKL + )XUXWVXND . 6KLRQR < 2NRRDFIHDHHWY D
IURFVSHUJILOOXVRXEXQMDRIXMDWXUDO 3URGXFWV

6KLRQR < $NL\DPD . +D\DVKL + 1HUDPADQUDPLQH &RQ
DQG 5HODWHG &RPSRRQBMOLXRP VLBBOLFLVWLARVFLHQFH
%LRWHFKQRORJ\ DQG %LRFKHPLVWU\

6KLRQR < $NL\DPD . +D\DVKL + 2NOHIDPNQHDPLQH :
&RQIJHQHUYHQURIPOOLXP VL¥FRALFLWYLRXPLHQFH %LRWHFKQF
%LRFKHPLVWU\

%DUDQ 3 6 *XHUUHUR & $ &RUH\7RW D 06K RUK H\DLD
2NDUDPL@NUIQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

5RH - 0 :HEVWHU 5 $ % *DQHVDIN DU IRMDMHO- 6)\HYDWNKE
DQG ([FHSWLRQDOO\ )DFLOH 1 5HYHUNB SHB Q UD Z\IRHIEHE™H Q \
IHWWHUV

+HZLWW 3 5 &OHDWRU ( /H\ KHMWLV$RIRQF2NBUDPWQ
2UJDQLF %LRPROHFXODU &KHPLVWU\

,LIXND 7 7DNLJXFKL 6 .XPDNXUD < .¥ZDWDXMWLRND)LU\
7RWDO 6\QWKHVLY DQG 6WHUHRFKHRPHRMIUD 5KGLYR R Q HRV V2 N D

ODUX\DPD . .XER < )RUPDWLRQ RI H @KW RO WRXOPIU
$ONHQ\O $OLF\RXWFQIPQGRHWVUIDQLF &KHPLVWU\

ORRUH 5 ( &KHXN & 3DWWHUVRQ * 0lUR P IMSKH W@ RIC
*UHHQ $DIDORVLSKRQRKRIDWIOQRIOWKH $PHULFDQ &KHPLFDO 6R



ORRUH 5 ( &KHXN & <DQJ : 4 * 3DWVSIQUAMED FW HU L
DQG $QWLP\FRWLF $ONDOR+BSDORYL\S K R &R QRISIKIME0EL R | 2 U J T
&KHPLVWU\

&KDQGUD $ -RKQVWRQ - 1 7RWDO 6\Q®K®INQE8 R HWVK.H
$ DQBQOJHZDQGWH &KHPLH ,QWHUQDWLRQDO (GLWLRQ
)XNX\DPD 7 &KHQ :; 6WHUHRFRQWUR O ORIGU @\IAV RH WLK/I

$PHULFDQ &KHPLFDO 6RFLHW\
OXUDWDNH + .XPDJDPL + IDWVXPH L®QH6YDWNDDWLE
+DSDOLQGROHV 3DUW 7TRWDO 6\QWHKHWWIDKRGUR®DSDOLQG

OXUDWDNH + 1DWVXPH 0 7RWDO 6\QWHKEVQG RO H\D U LI
0 THWUDKHGURQ /HWWHUYV

5DIIHUW\ 5 - :LOOLDPV 5 0 7RWDIQGVEWKRXIULQ RO +D
2UJDQLF &KHPLVWU\

6DNDJDPL 0 OXUDWDNH + 1DWVXPH 0,GORSHBVDLWLRERR
%HQ]HQH 3RUWLRQ 3DUW (QDQWLRVSERHIREF B WKV
3KDUPDFHXWLFDO %XOOHWLQ

.LQVPDQ $ & .HUU 0 $ 7RWDO 6\QWEBQLF RIWW HDBD

.LQVPDQ $ & .HUU 0 $ 7KH 7RWDO 6\GWKBIQLV R
2UJDQRPHGLDWHG 'LHORX$MBDHOU RIHDRWLIRRHULFDQ &KHPLFDO

5LFKWHU - 0 ,VKLKDUD < ODVXGD 7 3RKMBDINBOGLR
%DUDQ 3 6 (QDQWLRVSHFLILF 7RWDO )&\NPKIKMY D\G RROH W K
‘HOZLWLQGRM.ORGRV (FRQRPLR$EODRDRKWKH $PHULFDQ &KF

(@}
=2}



3DUW 6WXGLHYVY 7TRZDUG WKH 6\QWKHVLYV |
+DSDOLQGROH )DPLO\

&KDSWHU L QWURGXFWLRQ

,VRODWLRQ DQG $FWLYLW\

8SRQ GLVFRDBD\ORKDBK RSU RRBXFHYDIDQ WM[WUDFHOOXODU L
ORR WKWV DORODWHG WKH ILUVW WZR PHPEHUMBR W H -DB)8D @l
6LQFH WKH SXEOLFDWLRQ RQ WKH HOXFRG B WALLRXD B | QD K\HX
FRPSRXQGV KDV HYISIXQUGHG&WRVHO\ UHODWHG IDPLOLHV KDYFH
LQFOXGLQJ WKH ILVFKHULQGROHV DPEIRIRRYHVWKDR KD &L Y E
PROHEXOHYV

7KH KDSDOLQGROH DQG UHODWHG IDPLRLURYXVLYY R Q MF
DFWLYLW\ ELRV\QWKHVLV DQG V\QWRRE G R RHW B EHR[GVLHADHAL
KDSDOLQGROHY ZHUH LVRODWHG EDV G VRIQY DY@ WR D @/XHO KD\
LQFOXGHV LQVIHFWILFEFRMWOIFQG D QWL E DFMHY LB 7KH UH
ZHOZLWLQGROLQRQHY KDYH DOVR VKRZQ DQWLFDQFHU DFWL

+DSDOLQGROHV - 0 8 T *

2 4 $ DQG .
KDYH VXFFXPE WR WRWDO VIQWKHVHVUBOR®H G LYWKUX R

5HSRUWV RQ WKH VIQWKHVHV RI WKH PDLQ JURXS RI WKH KD¢
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JLIXUH 7KH KDSDOLQGROH IDPLO\ RI QDWXUDO SURGXFWYV

00



%LRV\QWKHVLYV

ORRUH HW DO ZHQW RQ WR SXUSRVH D EIDFOVWQ®/KGINV IER U
6FKHPH 7TU\SWRSKDQ DQG JHUDQ\O GHULYDWLYHMWM DUH S
HOHFWURSKLOLF FKIRHUDISDH WRCRORYEKDHBRCLQGROH ( WKH Wt
FRUH FDQ EH FUHDWHG E\ DURPDWLMHG& XEYNHMHX WARRL.@ DANLHW K

+DSDOLQGROH *

6FKHPH 2ULJLQDO ELRJHQHVLY SURSRVDO E\ ORRUH HW DO

7KH ELRV\QWKHVLVY SURSRVHG DERYH DSG6PHKHBHWR KDS
UHTXLUHV D GHKDORJHQDVH WR DFFHVV WKH @G\HWHHORURRRO
EH D VHFRQG SDWKZD\ LQYROYLQJ K\GURQDLXP KDRRWHQD VHR
% :H SURSRVHG WKDW WKH FKORUDQI& IL\D WOI'\D\E BlG OMS ZH Wt
RI WKH ELRV\QWKHVLV E\ WHVWLQJ WKIRM IGHRIKIORRVULR/K IVEKD®
8SRQ VIQWKHVLV RI WKH WDUJHW LW ZRXWE8 EH VKEERBWHEC

KDORJHQDWLRQ

(e}
[@))



6FKHPH ([ WHQVLRQ RI WKH RULJLQDO ELRJHQHVLV SURSRVDC

(@}
(@}



&KDSWHU SUHYLRXV 6\QWKHWLF :RUN

6\QWKHVHV RI +DSDOLQGROHV “ - *“ 0 “ + *“ 8 DQG :
OXUDWDNH ZDV WKH ILUVW WR SXEOLVK RQGWRIOH VMDPWRMN V
,Q WKH ILUVW RI D WKUHH SDUW SXEP IKICB/DIOR @ GVRKGHH W R WD
VKRBFKHPH 7KH VIQWKHVLV EHJLQV ZLWK & IXQERXR@QWMOL]
*ULJQDUG DGGLWLRQ DIIRUGHG WKH QUHWRVFDNAN DVKAHR KR O&W F
RI WKH KDSDOLQGROHV 7KH FRXSDQGJUDRRHP\L FE N WAWR B QIRIF
PDNH WULFVFH@ZHY DFLG FDWDO\]HG FRQGH QWD VREYRRW W W IFD
E\ IRUPLQJ WKH & +& ERQG 7R HVWDEOLWIOWKH ERBBHG /W
ZDV XVHG IROORZHG E\ VRGLXP D]LGH ¥XENS\LPHDXDAGL RSQ WR \L
VPDOO DPRXQW RI UHF\FOLQUQ WV I\RNDDROHIRODRZHBG &ED W UL
'LWK LQ KDQG /$+ UHGXFWLRQ Rl WKH DJLGH W®VDW %XURW HR
IROORZHG E\ DPLGDWLKR Y XOX@XDMR/$+ ROHILQ UHGXFWLRQ :
LQ SDUW RI WKH VHULHV VKRZLQJRUR WK I D QVRWD/ODWM B UK B W
DQG & 'HK\GUDWLRQ XWD®B WR&ODFHPLF KDSDOLQGROH - 8
IURP WKH & R[LGDWLRQ LQ WKH /$+ UHGXFWLRQ IROORZHG
OHDG WR UDFHPLF KDSDOLQGROH 0
,Q SDUW RI WKH VHULHY OXUDWDNH UHY HD8H& HPKH V\Q
DQG )ROORZLQJ WKH EDRBLWDWDW® HRQM QQRXHEI E2 DT XH
DFLG LVRPHUL]DWYRQDRFRK/M® UHGXFWLRQ RI WKLV DOFRKR

VDWXUDWHG WHWG®DIRQFOHMQG \LHOG UHVSHFWLYHO\ FRP:



6FKHPH OXUDWDNHYV ZRUN WRZDUG WKH ILUVW VIQWKHVLV R



SURWHFWLRQ RI MRKHORDIBKR EN 6ZHUQ R[LGDWLRQ DQG &
WUBHFDOLQ FDUBR@GYFWLYH DPLQDWLRQ IROORZHG E\ WKH

JDYH DPLGHHSURWHFWLRQ DQG GHK\GUDWLRQ OHG WR UDFHF

6FKHPH OXUDWDNHYfV ILUVW VIQWKHVLY RI UDFHPLF KDSDOLQ

+DSDOLQGROH + ZDV V\QWKHVL]HGDWOIFRKRIURP DERWYIHQ J
6FKHPH 3URWHFWLRQ R[LGDW L RQ DX@N HSLLEHSWIR VW ERVQ RIQ X
GHK\GUDWLRQ DIIRUGHG UDFHPLF KDSDOLQGROH +

6DNDJDPL FRQWLQXHG WKHLU HIIRUWV G&EKMAHH VIQWKH
5HGXFWLRQ DQG 3LY SURWHFWLRQ Rl HQDQW LR[S EBIHD @O FDLF
R[LGDWLRQ JDYHQHQRQHOG ,VRPHUL]DWLRQ XVLQJ VRGLXP F
HQRQH LQ \LHOG ZKLFK XQGHUZHQW FRQMXJ1DB\WIEB DGG&HWL
XQQHFHVVDU\ UHPDLQLQJ ROHILQ ZDV FOHDRMBG RAKLAK. @D\

HQROL]JHG LQ SUHSDUDWLRQ IRU FRXSOLQJ ZLWKRXW SXULILF



6FKHPH OXUDWDNHYfV ILUVW VIQWKHVLYVY RI UDFHPLF KDSDOLQ
a
& Iu./ 111,/ Il/,/
= =

6FKHPH 6\QWKHVLV RI FRXSOLQJ SDUWQHU

&RXSOLQJ RI WKH VLO\O XMQRDUHWKH V WRQLGDAROWLQ PHG
& R[LGL]HG WULG\FOHLBPKHPH )JULHGHO &UDIWV W\SH F\F
HQDQWLRSXUH WO WUDENPO®BH :LWK WKH WHWUDF\FOLF VWUXF

VXFFHVVIXO DOO\OLF EURPLQDWLRQ DQG VXOEMGNIDWXBVLRQ JD



PLIWXUH LQ \LHOG '"HSURWHFWLRQ XWL QUHQ & $I/R D@ RZHRC
UHSURWHFWLRQ ZLWK 6(0&0 DJDLQ L@R&KLRROHIHQGD]EBEXPWL
SURWHFWLQJ JURXS IROORZHG E\ WKLRDF\OLYXEVWLHOGNVLR
'"HSURWHFWLRQ JDYH DQRWKHU HQDQWLRSXUGR O HQ WEKRH\OL\V

KDSDOLQGROH 2

'III/

i

6FKHPH 6DNDJDPLYfV FRPSOHWHG VI\QWKHVLVY RI HQDQWLRSXL

i1d



6\QWKHVLV Rl +DSDOLQGROH 4
7KH ILUVW SXEOLFDWLRQ RI DQ HQD QWHIREH OBIE/VQA N & AR X
WKHLU XQLTXH DSSURDFK WR WKH KD S D CSLOQ0A_ R)GERFMMPRID \ L Q
8VLQJ EURPLQDWHG FDPSKRU D OO R ZKlGJ DROUS\RWR B UD\R VR Q
EURPRFDPSKRU ZDV DF\ODWHG XVLQJH/WKMHQBDNNHHVE LA IR
BLPXOWDQHRXVO\ LQGROH ZDV SURW HF\WNG QJV & QUL 5,130 &)
WULEURPLGH WRHIDFHO HQRODWH EHFDPH WXGHW Z & QM) K@ & B/6i
XVLQJ SDOODGLXP FDWDO\VLVY WR PDNH HQGR KDHPGE RDLMXG R
Rl WKH XQGHVLUHG H[R SURGXFW )UDJPHQWRWSR®Y K OMIQH. C
IROORZHG E\ DFHWDOGHKWGEH WRLHO/G WOHMAFIDWLRQ IROORZH
HOLPLQDWLR®LWR XQGHUZHQW IDPLOLDU UHGXFWLMWHPLQD
KDSDOLQGROH 4 LQ DQ RYHUDOO \LHOG DRIORIZAMA R

DVVLIQPHQWYV



6FKHPH 9DLOODQFRXUWYV VIQWKHVLYVY RI KDSDOLQGROH 4

6\QWKHVLV RI +DSDOLQGROH *

6KRUWO\ DIWHU WKLV YLFWRU\ )XNX\DPD BREQUGWRIOHG *R
6FKHPHDQG WUDFQWYHRZDYV VIQWKHVL]HG IURP FDUYRQH
VXEVWLWXWLRQ RQ PHWK\O FKORURIRUP\O DF&WDWBHVIQ GWH
F\IFORSURSDQDWLRQ RQKUKK XQBDHUZBIQNW D .UDSFKR OLNH GH
WR JLYH WKH & FKORULQDWLRERGXFRVRIODQ R| DMKWDE DN FW/AR @ 1o |
WKH UHVXOWLQJ KDORK\GULQ JDYH DRERWEKEBD HWH® G-\Q G R OH
SWWDFRLRGWRREHQ]DOGHK\GH DQG GHK\GUDWLRQ JDYH DU\O L

$U\O LRGDBEHGHUZHQW 3G FDWDO\]HG FRXSOLQJ WR FDUEF
DFLG LQ 6FKPLGW OLNH UHDUUDQJHPHQWLEKWKQ ®GBOXB JQ

FRQMXJDWH DGGLWLRQ DQG R[I[LGDWLRRQY WR F RFSOHFWH RAQK |



PHVI\ODWLRQ GHSURWHFWLRQ DQG VXELNMNIOWMXIWWRQVW R XWWE
SUHYLRXVO\ S5HGXFWLRQ RI WKH D]JLGH LQLDUWRCLGD WPRQ

GHK\GUDWLRQ JDYH HQDQWLRSXUH KDSDOLQGROH *

B P — - —
(i L
— M

6FKHPH )XNX\DPDfV ZRUN WRZDUG WKH VIQWKHVLV RI KDSDO




6FKHPH )XNX\DPDYV VIQWKHVLY RI KDSDOLQGROH *

6\QWKHVLVY RI +DSDOLQGROH 4

Q .LQVPDQ SXEOLVKHG RQ D QHZ DSSURD$RGWR W
F\FOL]DWLRQ WR BEWP MHKH WRN.FOFOUHRWHFWHG QLWURHWK
ZLWK GLH®Q®R JLYH UDFHPLEQVULRLAHDG DQG GLDVWHUHRF

6KDUSOHVV GLK\GUR[\ODXWUIR FIOHDYSHEROA Q EHWWHU WKDQ
LQWHUPHGLDIWA QHDUO\ FRPSOHWH WKH FDUEKRH\IOQYGRBUH
GHSURWHFWHG SFRGIXEYW L RQ RI WKH QLWIDRGWWKWRB FD® L\VQHE X

JDYH UDFHPLF KDSDOLQGROH 4 LQ DQRWKHWUHMWRLOI XH DSSURD



%\ PRGLI\LQJ WKH 'LHOV $OGHU WRKEHYHGDW MWH. R/ Q@ &/ KHW

KDSDOLQGEREBRH 8VLQUIDPWGHK\GKH) DQ RUIJIDQRFDWDO\VW PH

$OGHU EULGIH@ZELRPBPGH HQDQWLRVHOHFWLYHOR[LGIDKWGERRI\

JDYH GLFDUERKQUBK ZDV PHWK\OH@LWBAO QFRXUWTV PHWKRG V

LVRWKLRF\DQDWH JDYH KDSDOLQGROH 4 LQ RYHUDOO

OH
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KDSDOLQGROH 4

\

6FKHPH .LQVPDQYV VIQWKHVLV RI UDFHPLF KDSDOLQGROH 4



6FKHPH .LQVPDQYVY HQDQWLRVHOHFWLYH VIQWKHVLV RI KDSI

6\QWKHVHVY RI +DSDOLQGROHYV “ - *“ 8 DQG * 2
, Q 5DITHUW\ SXEOLVKHG RQ WKH WRWDQ@ RAQRWKH YV H\
ODERUDBRPKRHRAH \A 7KH FDUERQ GLVFRQQHFWLRQV ZHUH |

KRZHYHU WKH DSSURDFK WR & R[LGDWLRIQQIM G 6&V x&W LIQR G
FRQMXJDWH DGGLWLRQ RI YLQ\O PDIJQHVLXPH EURCPQOR AHW RE
HQRODWH WUDSSLQJ ZLWK WULP HWKWW 53 ER WKCRPU R GLHG D DVYLHE
DOSKD K\GUR[\ NGWRQHHOG RYHU WZR VWHSV TUHDWPHQW
WKH HQRODWH JDYH IMQ O\O\ IHHORG®D HVWRKIOWZ DRV 8 DQWIKHML]IHG VW
IURP EURPRLQGROH 7%6 SORWHEMQARQ JRYW ZDV IROORZH
KDORJHQ H[FKDQJH DQG WUHDWPHQW ZL WK BW HRRDAL | WR LI

8VLQJ VLPLODU WLQ PHGLDWHG FRXBQGQIHRRHQBRX\I MR \



IRUP DQ XQVHSDUDWHG PL[WXUH RI LUUHOHYIDVWRH QWD X MWAHKU H
PHWKDQRO JDYH FRQGHQVDWLRQ RI WKH UFDRAERQL\® PLRWRQ

WHWUDF\FOLF LOUUFRKRPREBQWLQJ WKH DOO\OLF EURPLQDWLRQ C

oo — o

6FKHPH 5DIIHUW\TV ZRUN WRZDUG KDSDOLQGROHV - DQG 8

'HVV ODUWLQ SHULRGLQDQH R[LGDWLRQ RI WIQH RILHDVW
SURWHFWLRQ JIQ¥H WRWOG RBAKHPHNHSY UHGXFWLRQ RI WKH
FRPSDUH WR UHGXFWLWQWBERYHQ ARG MKMLRQ ZLWKRXW
HSLPHUL]DWLRQ 6ZHUQ R[LGDWLRQ RPN M BIBHFDLY WX UH. @RI WV

\LHOG RYHU WZR VWHSV 5HGXFWLYH DPLGDWLR® DQG

GHK\GUDWLRQ XVLQJ %XUJHVV UHDJHQW DDYH\UBBBPLF KDSD



6FKHPH 5DIIHUW\TV VIQWKHVLV RI UDFHPLF KDSDOLQGROH 8

8VLQJ WKH GLDVWHUHRPHULF PL[WXUH FRI[WKWH BF\FPH B
PDGH E\ 'HVV ODUWLQ SHULRGLQDQH R[LGDWHRG R®BUUH 8B WHF
6FKHPH 7KH GHVLUHGODWMQMHDWHG ZLWK /$+ UHGXFLQJ Wi
OXUDWDNH LQ PRGHUDWH \LHOG $PLGDKIRIODQ G R®HK G
RYHUDOO \LHOG RI

5DITHUW\ DOVR SXUVXHG WKH V\QWKHR\GR]HER&ERPVF W H

+ JROORZLQJ FKHPLVWU\ E\ 5XERWWRP GRHAWKRQDDQ G I
WKHQ R[LGDWLRQ WRLR[LGLLH® 68 RRGIKW WKUHH VWHSV 7%6 S
DGGLWLRQLU@®YH \LHOG RYHU PRUH VWHSV 6KIB\PRNSRDQHW

SDUWQHU IRU D & R[LGLTHDQWDISWDWQEROWH



6FKHPH 5DIIHUW\YV VIQWKHVLY RI UDFHPLF KDSDOLQGROH -
- Q/ - "/,/ "/:/

6FKHPH 5DIIHUW\YV VIQWKHVLYVY RI UDFHPLF FRXSOLQJ SDUW(

&RXSOLQILWK XVLQJ WKSUBQY/&KERO JDY HZ WUFKFVAIOWMH F\FOL]F

DV SUHYLRXVO\ GRQHLWR WHWHOG\ROHU WZR VWHSV 'RXE



LQWHUPHGEBRWAK LQWHUFHSWYV WKH WRWDO V\QWKHEKLVKRI

FRPSOHWHG WKH IRUPDO VI\QWKHVLV

6FKHPH 5DIIHUW\YV VIQWKHVLY RI UDFHPLF KDSDOLQGROH 2

6\QWKHVLV Rl +DSDOLQGROHV . $ DQG *
&KDQGUD SXUVXHG WKH VIQWKHVLV Rl WKW & $ IKDRULQTL

6FKHPHYV t6WDUWLQJ QXFOHRSKLOLF DF\O VXEVWLIMWXWLRQ

W\SH F\FOL]DWLRADW RIEFAPQRHG LQ \LHOG $V D E\SURGX
UHDFWLRQ ZDV WKH )LVFKHKNLRXGEDOW REWOHQYR® LQ \LHOG

FRXSOLQJ RI QLWULOH WR D WULIODWHG K® WG WDRH3G KDGAHR OD]Y
XQVDWXUDWHG DOUIDSEKSIGH) WKH GLHQH VLO\@ FHWHRSD B WK HRIQJ

‘'LHOV $OGHU F\FOL]DWLRQ

iid



6FKHPH &KDQGUDSYV ZRUN WRZDUG D VIQWKHVLV RI KDSDOLQ

XQGHUZHQW 'LHOV $OGHU F\FOL]DWLRYQHZWW K WHIGWRUDL
FRBHFKHPH B5HGXFWLRQ RI WKH NHWRQH IROORZHG H\ GHK\G
R[LGDWLYH HTXLYDOHQW RI WKH KDSDOLQGRIOH DDFERBR O 3W R
DPLQH ZHUH XQVXFFHVVIXO DQG OHD® FRMLRQW R RZHHNMHIG DI IY
VHOHFWLYLW\ DW & HSWRWHAWLRQ DQG GHK\GUDWLRQ JDYH

SHGXFWLRQ RI WKH & +&VLROHAKEPLYWU\ VLPLODU WR 0}
E\ GHK\GUDWLRQ JDYH KDSDOLQGROH $ 6FKHPH

5SHGXFWLRQ Rl WKH RORO.ORIZ® ® BF RKIROEDWLRQ RI WKH DO

6FKHPH $OORF SURWHFWLRQ DQG HSLPHUULUPRPLRQ R

JXNX\DPERPSOHWLQJ D IRUPDO VIQWKHVLV RI KDSDOLQGROH *



6FKHPH &KDQGUDSYV VIQWKHVLV RI KDSDOLQGROH

6FKHPH &KDQGUDYV VIQWKHVLY RI KDSDOLQGROH $



6FKHPH &KDQGUDTV VIQWKHVLV RI KDSDOLQGROH *
6\QWKHVLV RI +DSDOLQGROHV 4 8 DQG $PELJXLQH +

S5LFKWHU EHJDQ KLV ZRUN LQ WKH V\QWX ®WRIMNMH B | FRXSDQ |

EHWZHHQ LQGROH DQG FDUYRRKHWIR PDNH WULF\FOH

e
AN S
@ ﬁ| T O \

6FKHPH 1RYHO FRSSHU PHGLDWHG FRXSOLQJ RI FDUYRQH DC

8VLQJ WKLV QHZ FRXSOLQJ WKH\ SXUVXHG RMEKH WRW /& H

KDSDOLQGROH ZHOZLWLQGROLQRQH DPELJXLH®D WS RVH OMHFEL



VIQWKHVLV RI KBKEBPHQGRIOMHHY FRXSOLQJ LQGROH DQG FD
XQGHUZHQW UHGXFWLRQ DQG WUHDWRHQW ZODMKWD HWXBOO & Bl
GHK\GUDWLRZDWBFFRPSOLVKHG LQ \LHOG RYHBQVERR VWH
VKRZQ SUHYLRXVO\ 1lYBl DPGQH 'RXEOH WKLRDF\O VXEVWLW X

4 LQ \LHOG RYHU WZR VWHSV RYHUDOO

6FKHPH S5LFKWHUfV VIOQOWKHVLY RI HQDQWLRSXUH KDSDOLQG

8VLQJ D PRGLILFDWLRQ RQ WKH ZRBNFRWHW HU\RNHW LE
HQDQWLRSXUH FRXSOLQJ SDUWQHU IRUGEGBERBH DESLRE UQ D
IURP DOFRKRRPPHUFLDOO\ DYDLODEOH DW WKW WOQMKHF¥LFO®
\LHOG E\ FDUHIXO PDQXDO FRQW UR OVWRIRWQKRIl W FHP S\HRU IV\K I U/t
EDWK 7UHDWPHQW RI WKH F\FOREXWD QR QMY AL MK OFRRSILRSD |
LQ \LHOG ',%$/ UHGXFWLRQ Rl WXH HVWEG JINHRK G

PHV\ODWHG OHDGLQJ WR HOLPLQDWLRQLQLQJ\RBBGLQIHWRX FL



VRGLXP LRGLGH LQ DFHWRQH ZKYHYX ZDW\WUHMDBWBE ZLWK

SXULILFDWLRQ WR JLYHLIKRXS RYHU SDIURVYWH SV
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6FKHPH S5LFKWHUYTYV PRGLILFDWLRQ RI ZRUN E\ OHKWUD WRZC

&RXSOLQJ WKH I[UHWRO\ EDREBARLQGROH XQGHU VLPLODU
\LHOGHG & EURPR VXEVWL® XRIGE WVDWH\FFIOHNRHO G $IWHU
VFUHHQLQJ VHYHUDO FDWDO\VWV S5VMKWRUFVHON\MD WER RWXK H H-
WHWUDF\FOH LQ \LHOG SHGXFWLYWDRQYDWOR® 2HXEE BU HF
WR IRUPDPLGH JDYBVDPLWGIHQJOH GLDVWHUHRPHU '"HK\GUDW

HQDQWLRSXUH KDSDOLQGROH 8 LQ \LHOG RYHU WKUHH



\

6FKHPH S5LFKWHUfV VIOWKHVLY RI HQDQWLRSXUH KDSDOLQG

&GRQWLQXLQJ WKHLU ZRUN KD S®AEPR &G RAHs 8STHWY WU HBD W H
DQ XQXVXDO FKORU L QHRWFREOLWLEH OHDYDJH JDYH DPELJXL

RQ UHFRYHUHG VWDUWLQJ PDWHULDO

6FKHPH S5LFKWHUTV VIQWKHVLV RI UDFHPLF DPELJXLQH +

,Q /ILX HW DO SXEOLVKHG RQ WKH V\QWXHYALEFTLRIJIRXL
KDSDOLQGROH 4 DQG WKH XQQDWXUBBOKHRD QWERPM WD RI KLC

VRPHZKDW OHQJWK\ OLQHDU VHTXHQBI® ON KR @ VROWRKFHJ\HDG U E



6X]XNL FRXSOLQJ DQG FRPSOHWHG WR D SURPIHFPWKB[VERY

LOWHUPHGLDWH

6FKHPH /LXYV ZRUN WRZDUG D VIQWKHVLVY RI HQDQWLRSXUH

. $SONDODWLR@VDYBLDVWHUHRPHULF PL[WX DK GIRIO\GRIZ H (
JLYLQJ 6FKHPH '"HK\GUDWLRQRI®WORIZHG E\ UHGXFWLYH DPLQ!
GHVLUHG GLDVWHUHRPHU LQ D PV PXVEXWH W XV IURQV HFYW. R Q K
4 LQ VWHSV

,QVWDOOLQJ WKH PHWK\O DQG YLQ\OOHURXZBK/LEQ XQBHUYV
UHGXFWLYH DPLQDWLRQ FRQGLWLRQWIDMEB BURGCLEFWXUHR GQ

VDPH VHTXHQFH DV EHIRUH JDYH WKH XQ® DWWHDSVHQDQWLRI
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6FKHPH /LXYTV VIQWKHVLYVY RI HQDQWLRSXUH KDSDOLQGROH 4
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6FKHPH /LXYV VIQWKHVLYV RI XQQDWXUDO KDSDOLQGROH "' DV



6\QWKHVLV Rl +DSDOLQGROHYV 4 + DQG HSL KDSDOLQG
,Q DQ LQWULJXLQJ QRYHO DSSURDFK SWRJ WHKHG KID SIIRXIMNHG
PXFK PRUH FORVHO\ UHVHPEOHYV WKH GE&RKH O W K HVMRVEW@ DY Z |
D JHUDQ\O ERURQLF DFLGLWR DPBRGLOHXQGHU D PDQQLFFk
'HSURWHFWLRQ DQG LVRWKLR F\D2QDGVCHWILRUHP B VFIOR QD WWLLYRHY J D\

4 LQ D VKRUW QRYHO LQWULJXLQJ DSSURDFK WR WKH KDSD(

6FKHPH /XTV VIQWKHVLYV RI UDFHPLF KDSDOLQGROH 4

&ERQWLQXLQJ DORQJWUNI@EV DQ WO YHERWR QLKHD FL G@KIOFKH D P L
XQGHUZHQW DPLGDWLRQ DQG GHSURWHFWIRRY LTQUBDWPMH QI

"4 DQG SKRVIHMHEKDSBOLQGROH 4 LVRQLWULOH

6FKHPH /XYV VIQWKHVLWBKDNDFGIIPQEROH 4 LVRQLWULOH



BUHSDULQJ WKH & EURPLQDWHG JHUDWLE Q Q\GR WK LDFQ BRE
8VLQJ FKHPLVWU\ HVYWDEOLVKHG E\GGHWKRWEQ WRDOYKR2AHQWKHVFLE

KDSDOLQGROH +

6FKHPH /XTV VIQWKHVLY RI UDFHPLF KDSDOLQGROH +

'LWK WKH VWDWH RI WKH ILHO G HUWW @HERPUN BAHKCH VEK. IR V HQ Z\H
IDPLO\ RI SURGXFWYV 6LIJQLILFDQW SURYURNW KH\GH ERHRHI@H P K
KRZHYHU VRPH VWHUHRFKHPLFDO FRPEXQ DWD®RQYVL KRDER CHW. Q.
ILHOG DW WKLV SRLQW ZHUH WR H[SORWDHY WKB CEIDR/JAR g WL I

VIQWKHWLF DFFHVV WR WKHVH FRPSOH[ PROHFXOHYV



&KDSWHU SHVXOWY DQG 'LVFXVVLRQ

6\QWKHWLF HITRUWY WRZDUG GHVFKORURKDSDOLQGROH
2XU ILUvw VIQWKHWLF WDUJHW WR LQYBDWLQDWAHNVNKH7K
VIQWKHVLYVY RI GHVFKORURKDSDOLQGROHE. ZDW SH\DQL BRBXME U I/
7KLV ZDV GRQH VLPLODU FKHPLVWU\KMR W KLD¥ FBR IRF) WHRWWDGD BA
Rl +DSDOLQGROHY WBQG S XEOLFDWLRQ GHVFKORURKDSDOLQ
DQ XQZDQWHG E\SURGXFW LQ W&HRKMPMW KEHRVXLS/OR Q B IDSD30 E QFCOR
RI WKH DSSURSULDWH F\FORKH[D Q@R QK GHHWLW HESU V IDO\ORK Q R CL
SURYLGHG WKH FRUH RI KDSDOLQGROH . QI3o6H DR3QO ¥O L FWR
LQVWDOO DQ DJLGH /I$+ UHGXFWLRQRX® GUWN B XGMSLRROVRIIF W K
DPLQH DQG D PL[WXUH RI SURGXFWV UHYVXOWLIHWUIDNRPE NV WGE X

DONHQH $PLGDWLRQ JDYH WKH SUHFXUVRU WR KDSDOLQGRC

T

6FKHPH OXUDWDNH VIQWKHVLY RI GHVFKORURKDSDOLQGROH

d

=1}



7KH FKHPLVWU\ WKDW 'U 5\DQ 5DITHUWQXSWVUDRIWDMN & R QN
WKH HQG WR SURYLGH D EHWWHU \LHO G RAIHPKIH GHW D B G DOML
RI D K\GUR[\O JURXS RQ & DOORZHG IRU R[Y6 DWLROQ VDICRI \
HVWDEOLVK WKH GHVLUHG VWHUHKRFEXB WY LD/ADOUH W & \DX\RLEGI IR E
WKH WHWUDVXEVWLWXWHG DONHQH & R Q¥ HOUQVG. RGH KM B UV K\WH.
VXFFHVVIXOO\ \LHOGHG WKH GHVLUH G/ FERURRGXRRAD S DX MRKEHRON

VXEPLWWHG IRU WHVWLQJ EXW DSSHDU WRPIKDYH EH H® ALY IX

RQ WKLV VIQWKHVLV

6FKHPH 8QSXEOLVKHG HIIRUWYV E\ 'U 5DIITHUW\ RQ WKH V\QWtk

S5HFHQWO\ LQ RXU KDQGVY KRZHYHU VRPH X@FHBRHAWHG
$PRQJ WKHP WKH FRXEPBOQY XVPQPWKQUEORI WKH SURWHF
WHWUDF\FOR® UHVSHFWLYHO\ 1R WULF\FOH ZDV UHFRYH!
5DITHUW\TV FRQGLWLRQV IDLOHG WR SURWX@G®W WKH ILEQBEWR OW

WUDQVIRUPDWXRORWRQ LQWHUHVW LQ WKH VXEVWUDWH VFRS



RI WKH KDSDOLQGROHYV ZH DWWHPSWHGFIWGR® RX W WH FADKUHE R
WHWUDVXEVWLWXWHG DONHQH VKRXOGQRVR XQ@D\IMB \WE HY IV
FRQGLWLRQV XVLQJ /$+ DOO IDLOHG WERIHGXFHUD BWKKO® I GRC

K\GULGH DQG GLVVROYLQJ PHWDO UHGXFWLRQ FRQGLWLRQV

6FKHPH 5HFHQW HIIRUWY RQ WKH VIQWKHVLV RI GHYGERORUR

VWUXFWXUH

$IWHU VLIQLILFDQW DWWHPSWV WR UBDGRKXH MWEKH & X &Q HFE
DWWHQWLRQ WR WKH GHSURWHFWLRWWRIPWWHN LOQICROH WR QUF
WKLV WLPH OHDGLQJ WR GHFRPSRWIWLERLRWWKH RAWD K WR QN
DQUHYHDOHG WKHLU ILUVWoHRMHPHN LQWRH \WXWHGXEMPHFERMH PLQL
JLVFKHUHOO®7QOPELJXRB LGHQWLI\ JHQHV RI LQW HRIHIVA\G R ©HHQ

LVRQLWULOH ZHUH LGHQWLILHG DORMHYLWK 5 SHG\® OV WO\,



ZHUH RYHUH[SUHVIV® G LDRUGRDF MALW H\G \ $PE3 ZDV DFWLYH |

KDSDOLQGROH PROHFXOHV WR WKH DPRURSKRNVSKDWRO G &3/

6FKHPH,Q YDWWRYLW\ RI RYHUH[SUHVVHG JHQH $PE3 RQ KDS

$QRWKHU DWWHPSW PDGH E\ WKH VDPHFDRRMD WRHOW Y
ZHOZLWLQGRODLRARMLSKRQ8ZHOZLWYV FKLCHG WR JLYH PRUH
LQVLIKW LQWR WKH VRXUFH RI WKH P\DHQ DW DRIQR GIG HRQ WWK L\

WUDQVIHUDVH WKDW DFWV RQ WKH L@GERBPHQLWURJIHQ ZDV L

6FKHPH ,GHQWLILHG 6 DGHQRV\OPHWKLRQLQH 6%$0 PHWK\O V

6KRUWO\ WKHUHDIW H D S/ IKOHR \RL SIKRXIB Y (A LQN VAHKUH WHV W I
IRUQ YIDWWRYLWSIRQFKHULQGERKOHSBOLQGROH & DEFRXKHKBPISDOLC

7KH ILUVW WZR ZHUH QDWXUDO V XEMWWEU /\W H VF RRJW MAKIR |



DONDORLGYV +DSDOLQGROH - +PEBDHOYRIL S KR I8H HAER GXVAKG LE
DQG IDLOHG WR JLYH DQ\ KDSDOLQGRIHD$H HQKPW KWHK G LW E Rt

KDSDOLQGROH PROHFXOH ZH DEDQGRQHG RXU HIIRUWYV LQ Wl

Co oo

6FKHPH (Q]\PDWLF KDORJHQDVH DFWLYLW\ RQ KDSDOLQGROH

$W WKLV VDPH WLPH RXU FROODERUDWRUWHW IR K HW&KKHH
VIQWKHVLYVY RI WKH FRUH RI WKH KDSDOLKGRIDMY RI$SWHKHSE R VH
UHDFWLRQV ZH KDYH XQGHUWRRN WKH V\EMKHWLIH/ WK HK\DEWDK
WKURXJK QDWXUDO H[SUHVVLRQ 7KH DERYHVFKIHRDW®WWOLQ®S
KRZHYHU XQOLNH SXEOLVKHG H[DPSOHV LQ IPX0HK® ARV UPHGN
WKH WRV\ODWH RBRKHRH R®IMWHQ VHYHUDO WULDOV RI IUHYV
VRXUFHVY DQG FDUHIXO SXULILFDWLHR® WRR MKH WWB PAKHP@L \P\U U

E\ 5LFKWHU WR JHW HEAXHWHRSXUH PDWHULDO



6FKHPH $WWHPSWV WRZDUG KDSDOLQGROH 8

$OFRKR@DV QR ORQJHU FRPPHUFLDOO\ DYDLODEOH VR Z
R[LGDWLRQ RI 5 OLPRQGFXHI PR 6H WKRHRDPBQBHOLHG WKH FKHP

PRGLILHG WR PDNH HQDQWLBYXGHVFREFORKGE [PUHRYQHR XV O\
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6FKHPH 6\QWKHVLV RI HQDQWLRSIXRHP BUEFB®RKW B Q RZGRH NV
8VLQJ WKH FRSSHU FDWDO\]HG FRXSOLQJ RI WWHH\FOR

HISHFWHG WUAKMNFRH DYV F\FOL]JHG UHGXFHG DQG MODPEWR®MDWH

SXEOLVKHG



6FKHPH 6\QWKHVLVY RI KDSDOLQGROH 86BNHPUHHY HR X WO WSDGE K

FRQYHQLHQFH

6\QWKHVHV Rl +DSDOLQGROH ' DQG &

$V SDUW RI RXU LQYHVWLIJDWLRQV LQ WKH HEIRVZEWKHV
ZDQWHG WR WHVW VRPH SRWHQWWDOHW G L\W FE OVHWUOEPX R/QJIDRVH
WKLV HQG ZH SXUVXHG WKH VIQWKHVE® HR 5 KB BROVRGR OHRY KD
DQG KDSDOLQGROH 8 LVRWKLRF\DQDWHF WAD S HHFW/Y. Y\M ©D WD K |
VIQWKHVLY &RXSOLQJ RN FE \FDRKGIHDARRAHHGHG LQ \LHOG
5HGXFWLYH DPLQDWLRQ JDYH WKH DPLHREZHWK BBIOGDRVLR @
GHK\GUDWLRQ XQIRHWYKOGDWHQERDHHE 6LPLODUO\ HBKLRDF\C
KDSDOLQGROH

7KRXJK QRW D QDWXUDO VXEVWUDW H )IIRWF KHKWHBIDAW B RJE. X
87(; ZH VXEPLWWHG WKH VWUXFW X:UKHHWV KRHW WWHAHWH. Q P\ FERK
VHOHFWLYH EDVHG RQ WKH VWHWHWEKFPLOMM DBEH WKR SO\ GF
WKH ELRVI\QWKHVLV RI WHWUDF\FOR® K{D/G DMKIQGRQAM BH PWD

FROODERUDWLRQ ZLWK WKH 6KHUPDQ OD¥LR @R UWKHQKD SDWE



FRUH$ JHQRPH PLQLQJ)ERFE&BUHWOREY IPELIDXMWR WKH SUHYLR?
SXEOLVKHG JH®D SDOORMLISK RRB ZHOZ LW\DFFKEHEUHYHDOHG D QHLEL
LGHQWLFDO DUWUBRVURI TIHEHMSHFWHG JHQHYV LQYROYHG LQ WK
LOQGROH LVR@WNMGULORSUHQRLGY '0$33 *33 ZHUH SUHWHWW DC

DQG R[\JHQDVHV IRU HODERUDWLRQ DQG D VHODP&V&RI JHQHYV

\
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6FKHPH 6\QWKHWVLSKRSDOLQGROHV & DQG
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JLIXUH &RPSDULVRQ RI W KH \UFHKQHU AOXSIMHREBL IKPWRS DQG
KDSDORVLSKR®7ZH®ZLWIYFERERWWRP

,VRODWLRQ DQG RYHUH[SUHVVLRQ RI DUBRPPWLADBUHQ\(
VXFFHVVIXO DQORIAGHHEMVMRUIDWLRQV 0GR D FFE\SRGH.GV D VO V.
E\ )DP' ZLWK *33 WR PDNH & DQG & DIQWGD GQWHSHQHE Gl R Q XF
S+ OHDG WR & SUHQ\ODWLRQ S6FKHRBYH'&$33HWDVQ\OD

in



DOVR DFFHSWHG E\ WKH HQ]\PH QGK3V GOIBSHEG 8 W\ 3 QR\GXE WYX

WR WKH ILQGLQIKRIDORVOZEKRZATH K@ ZLWVFKLL

@C—

6FKHPH *HUDQ\ODWLRQ XVLQJ )DP’

)DP'" VKRZHG VLPLODU DFWLYLW\ QLODKWHBG LQGHOH QY RQ
KRZHYHU OHV$YAKIHPAH HQWOWKHUPRUH LQ D PLIWXUH RI L

'0$33 DQEG *33 WKH SUHIHUUHG VXEVWUDWH ZDV '0$33

6FKHPH 3UHQ\ODWLRQ XVLQJ )DP'



2QO0\ )bP' zZzDV DEOH WR FDWDO\]H WKH SUMHO DD WLR @ PR

SUHYLRXVO\6FXH®PIHY KHG

6FKHPH 3UHQ\ODWISKQFIOLQGROH 8

7TKHVH GLVFRYHULHY OHDYH WKH TXHVWLRQW WI KIRW KWHK H
JHQH FOXVWHU LGHQWLILHG LW ZDV HM\WWHWO\ A OFROD VEH VF RIGQWIT
KDSDOLQGROH VFDIIROG IURP JHU D Q\ONDWHG DIMWME IR BFHWIW R/@RL &
IDLOHG OHDGLQJ WR D FHOO IUHHQXNWDWIH DW LWKRH SQ HI HRHWO
JHUDQ\ODWHG LQGROHOLYR\YMRIFIMBHLQGROH 8 SXULILFDWLF

F\FODVH DQG DQDO\VLVY OHDG WoRERMHPHH LGHQWLILFDWLRQ R1 )]

6FKHPH %LRIJHQHMBKDREIDOLQGROH 8

iio



7KLY XQGHUVWDQGLQJ OHDYHV YWHXKHBBO TRHVWDR@V XC
FDWDO\]HG D &RSH UHDUUDQJHPHQWJRWORQHGIEVU P TWON> W
WKH WHWUDF\FOLF VFDIIROG" 2U $#IW WWK KV K H F&RRSEH VUWHIDY) VB R .
DQ HQH UHDFWLRQ UHDURPDWL]DWLRRO®RENMG W\R V\§RB WDWQL
FDWDO\]|JHG HOHFWURSKLOLF DURPINMWDFI & &V W2LUNDXWH RVK W RV &

PHWDEROLWHY LQVWHDG RI SUHFXUVRUV WR WKH WHWUDF\FC(

6FKHPH OSHPDLQLQJ TXHVWLRQV RQ WKH ELRJHQHVLV RI WKH

/TR DQVZHU WKHVH TXHVWLRQV ZH IRFXVHG RXUHWIIRUWYV
& DQG ' ‘H WKXV VHW RXW WR RKHDEXIHWWYXH N PIOGFWILR QWA R
WULF\FOLF KDSDOLQGROHV $Q DQDOW MWVRRU H/GKKHF F5 WHYH. R B

WULF\FOH DQG WHWUDF\FOH KDSDYXRU@GBROH SUHFXUVRUV DUF
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JLIXUH B3UHYLRXV DWWHPSWV WR UHG)XCAHH @WRIQHRA\VG6DFI ®PQGVWZ
FDUERQ\O

$ VWUXFWXUDO DQDO\WLV RI WKHVHLHFDE RXMM-RRR RN KRIZ
D & FDUERQ\O FDQ EH XQGHUVWRRG UHGXHYWHURQM DR B O LI
UHODWLRQVKLS WR WWH§BEHMQOIEARIAH WHWIUDF\@EOLF VWUXFWXUH\
DSSURDFKHV IURP WKH RSSRVLWH IXKHHQZEWKKI/KHD IFKKWRUH
UHGXFWLRQ UHVXOWYV ILW WKH DERYH GDWD UHTXLULQJ D Q

,QVSLUHG E\ HI[DPSOHV RI HQDQWLRVMHDWRW L+YCHQ W U\DRXKV HH/
RU EHQ]RWKLDARODWWWPSWHG ILUVW GAMR HWFW/NOH WR LIRBEPEPL
6FKHPH 7KH SURGXFW zZDV GHK\GUDWHG WRLYLQYH D G

KDSDOLQGROH &
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6FKHPH 6\QWKHVLV RI KDSDOLQGROH & WKURXJK D /HXFNDU

7R LPSURYH WKH VHOHFWLYLW\ ZH E KJIDRU RMRIKIQS QRRUH
GLVFRYHU WKDW WKH VHOHFW L FDWDDDVYWV KDHD @ DV KIHZ U W & XREWV I
DQG ZLWKRXW WKH +DQW]VFK HVWHU DWW EXMVOHGL G RO\S OV
/HXFNDUW 6RKMHPMLR®IWHU VFUHHQLQJ VROYHQWY WHPSHUDV
DJHQWVY QLWURJHQ VRXUFH DQG WRUWP@IWWRQV R T XRIWR\HFUD W KQ
QRW ILQG DQ\ ZD\ WR IRUFH WKH YHRP FKLHY PWO R F X\KHHV UGBV X

‘H WXUQHG QH[W WR WNRLYXDQRPUWPDOFRKRO SUHFXUVRU WR W

o | &&@)L CIOV- CD

6FKHPH /HXFNDUW PHFKDQLVP IRU WKH IRUPDWLRQ RI IRUPL
SHGXFWLRQ RI ZDWERQRZ FRPSDUHG WRIWKMH JXHXXEFRADLRQ
ZRUN VR ZH WXUQHG WR /$6FBRWMPH UHGXHDYP BQMWQ W f& .

FRQYHUVLRQ WRQ@ORRRRQ@WDWLYH \LHOG LQ XQGHU PLQXW



PLWVXQREX UHDFWLRQ FRQGLWLRQV LQYROYL®BUH¢t&'" ',$' 9
‘338 DQG '%8 ZLWK D IHZ UHVXOWYV KLJKROJKWHWKKHUH
'($' 33K'33% JDYH WKH VDPH SURGXFW DV WIGKBPWER QWR IZ MXKI
SURGXFW XVLQJ 1D +J DPDOJDP IDLOMWGE MR UH WE WXKLH G MKLHU
DYRLG WKLV SURGXFW ZH HPSOR\H{J WU HPHWK M RSOOKRWILR @ " RI |

VROXWLRQ ZDV WLWUDWHG DW D VDIH U KRQMNXHAHGNKH VW

o
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6FKHPH )DLOHG DWWHPSWV WR LQYHUW WKH & VWHUHRFHC

)LRQDOO\ ZH UHVROYHG WR WDNH DHYIRQWIBGHE R 1) XANKXH DRPK
WKHLU VIQWKHVLV RIVWVKWHEPOWY TR KR QY HUR LFRHY WOPMGHR KR O
DQ XQFKDUDFWHUL]DEOH SURGXFW SRVKLEKO\D YR DVKOHDR) 1
DIWHU WUHDWPHTXH SWRIG XIEW ZKLFK KDG DQ DSSURSULDWEF

WRZDUG WKH VIQWKHVLV RI KDSDOLQ®RPBRUUHB®W WKXJ K URIG

LVRPHU RI KDSDOLQGROH '
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6FKHPH $SSOLFDWLRQ RI )XNX\DPD FKHPLVWU\ WKDW UHVXO



&KDSWHU &RQFOXVLRQV

'H KDYH VXFFHVVIXOO\ VIQWKHVL]HG KD§SWwlQ\GEWrQ B0 U
SUHYLRXV VIQWKHVHY 7KH FXUUHQW WH FE&IQIRVORHE U HER/ZHHO/HHR
$IWHU VHYHUDO IDLOHG URXWHYV WRKR B SWHOQYHHG WKKHH VUHFROXAV MV I
WKH VHOHFWLYLW\ XVLQJ D /HXFNDUW VKEBWER® LDKRWRHW

RI LVRQLWULOH KDSDOLQGROH SURGXPBPWVVHDUHSHFLDIOW\ 2K T

IDYRUHG

ioi



&KDSWHU ([SHULPHQWDO

+ DQ®& VSHFWUD ZHUH REWDLQHG XVLQJ DQG
FKHPLFDO VKLIWV DUH JLYHQ LQ RDUMVBVDSHU PLGCSPRRU D3P U
&' &ODW / SSP IRU SURWRQ VSHMWWD DQG SPHRIWREYHEWR 3
,5$ VSHFWUD ZHUH UHFRUGHG RQ DRY )7 05 WSMBEWE\WRB B VWHW H
XVLQJ D KLJK ORZ UHVROXWLRQ PDJQHWQFPMBRWRU SRVYW
XQFRUUHFWHG )ODVK FROXPQ FKURPLWBJUHDGBKWURBWY SHUIR
PHVK 8QOHVV RWKHUZLVH QRWHG P DWM@\LD DN LOHDED R BARKXI
XVHG ZLWKRXW IXUWKHU SXULIL&EDWWR® UDKEG O R IXRIDHW KB Q|
3KOH 1 1 GLPHWK\OIRUPDPLGH '®) WAHWRE@LOMAIOQHE &W
PHWKDQRO OH2+ ZHUH DOO GHJDVVHG ZLVBKWLULIRDWLR® SOV

FRQWDLQLQJ DOXPLQD RU PROHFXODU VLHYHV

ioi
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J 1D+ LQ PLQHUDO RLO PPRO ZDWGQURROIY H(

P/ PPRO ZDV DGGHG DQG JDV HYROYHG @R ZDPLQX

DGGHG 7KH VROXWLRQ ZDV OHIW WR VWIDFWHG ZKRKUNKH[D &

WLPHV ZDVKHG2R©®RH HWK H &ROXPQ FKURPDWRJUDSK\ JD
J + 105 0+] &'&0O -G +] o+ - GG +] o+

W +] + - GG +] + \Y + \Y +
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JLIXUH + 105 RI WKH SURGXFW

ol
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7R 0J J VXVSHQGHG LQ GU\ 7+) ZDV DGGHGPD RIUDF
YLQ\OEURPLGH LQ 7+) 0 +HDWHG X QGGG VW KW DILIQWE R
YLQ\OEURPLGH GURSZLVH WRWDO P/ WHRROH | 05X WIHRW U HKIFD
&RRO WR URRP WHPSHUDWXUH DQG DGG WR D VRP&W&RDHRI &

PLQ DGG D VROXWLRQ Rl WKH KH[DQRQH YH PKRXPPR® PRQY |
IURP WKH EDWK DQG OHDYH DQ KRXU 3RXU LQWR AMDWKXDMW/H

DQG EULQH GU\ RYHU VRGLXP VXOIDWH K8XUWKFD\WWR®F B\QF

KH[DQHYV Y H@EG 0+] &'&0 -GG +] +
P + - G +] + P + P + P
\% + & 105 0+] FGFO /

iod



JLIXUH + 105 RI WKH SURGXFW
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JLIXUH & 105 RI WKH SURGXFW

ido
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7KH SURWHFWHG LQGROH J PPRO ZDV GLWVROYHC
%X/L ZDV DGGHG GURSZLVH DQG OHIW WR UBUFMFW GHG DR GQX
PLOQXWHV WR UHDFW SHDFWLRQ ZDXPTKKOQFKEHGHZ ID/QKG HI W
WZLFH ZLWK KH[DQHYV &RPELQHG RUJDDLPY X BUH H/MD RKHHE X

VXOIDWH SXULILFDWLRQ E\ FROXPQ FKDRRDWRQWDLSKD WLY KF

DV D ZKLWH NMOBOLG 0+] &'&0 -G +] + - G +]
+ GW +] + - G +] + V + \Y +
+ vV o+ & 105 0+] FGFO /

ioo



JLIXUH + 105 RI WKH SURGXFW



JLIXUH & 105 RI WKH SURGXFW
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7KH NHWRQH PJ PPRO ZDV GLVVROYHG LRY GU\ 7+
0O LQ 7+) PPRO ZDV DGGHG GURSZXVH DRUG OMILW®YXDWH W K [
P/ PPRO ZDV DGGHG DQG OHIW DQRWKH U([WRIDFXWHMWV

KHIDQHVY FRPELQH RUJDQLFV GU\ RYHU VROGIGXPQRXDNDWKH

SXULILFDWLRQ OL[WXUH RI LVRPHUV QRW FKDUDFWHUL]HG
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FRQGHQVHG 7KH GDUN UHG RLO ZDV SXULQUH \EH\OPRAEXR X

FRQWDLQLQJ D PLIWXUH RI GLDVWHURPHUYV
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7R D VROXWLRQ RI WKH HVWHU LQ '&®RQDR/I D.GHHG MT O
GURSZLVH DW f& 7KH UHDFWLRQ ZDV VWLWHKH ARRBSZIPLH
DGGLWLRQ RI OH2+ 7KH VROXWLRQ ZDVXQWHGEGP HGWWMR(\X B
SRFKHOOHTV VDOW VROXWLRQ DQF NWI\DLWIWIBCR Y € G CH{VKWD F WK

WLPHV DQG GEBRPLHGKAH WHKVIDEXH ZDV SXULILHG E\ FROXPQ F

PL[ R GLDVWHUHRPHUYV
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7KH GLRO J ZDV GLVVROYHG LQ DQK\GURXN BDWIGLQH
OV&O ZDV DGGHG GURSZLVH DQG W KHWHRRCSYW DR\QX Z B VRO HUW W
7KH UHDFWLRQ ZDV WKHQ DOORZHG WRIHEBUR W R QURRPHWHP &
WKHQ SRXUHG LQWR HOWHADFVRG BEWKV(WQG ZDVKHG ZLWK
EULQH 7KH VROXWLRQ ZDV FRQGHQWHDBQ G/ KMQ WBUNFRRYHG |
URRP WHPSHUDWXUH 7KH UHDFW2 PQ ® LW % UHH[ \Z D B ALK \X H G
WLPHV 7KH RUJDQLF OD\HUV ZHUH ZWVRHG ZEUNIKQ Y DWZXBB)
GULHG RYHU VRGLXP VXOIDWH 7KH UHVLGXMW R DV YSHK DLPILHE X

RI GLDVWHUHRPHUYV
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7KH DOGHK\GH J ZDV GLVVROYHG LO® ®GHWIRRQ WU LWH
J DQG ERF DQK\GULGH J $ VPDOO DPRXQW.RQJDV H
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WKH VROLG ZDV GLVVROYHG LQ HWKP2OWYRHWDWK OREKHG ED \E L
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7KH FDUERQ\O ZDV GLVVROYHG LQ PLIWXUBQ3 7+) OH:
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SHIHUHQFHYV

OXUDR 6 +D\DVKL + 7TDNLXFKL . $UDL $OONRRRUBPL
ZLWK ,QVHFWLFLGDHOQEFWQILWR VMIBRFPOLIFUNMAMNPWRUDO DQG %L
&KHPLVWU\

+D\DVKL + 7TDNLXFKL . OXUDR 6Q $OVHFWLF2KDWOD P
$ONDORLG 3IHRGLAHD®D EXP VBP S GURILFXICPXKRUDO DQG %LRORJI

+D\DVKL + 7DNLXFKL . OXUDR 6 $GDIO $FWLWUWRKVRX L
,QGROH $ONDORLGV 2N D3HDPLLELHO\ $ XORQ GH® S GRURUR.\F\XIOPXRPU D O D
%LRORJLFDO &KHPLVWU\

+D\DVKL + )XMLZDUD 7 OXUDR 6 $QDUHFWLFPANIDUD PQ
$ONDORBGEQURIPOOLXP VISBBOEROWAXNWPX® DQG %YLRORJLFDO &Kl

+D\DVKL + $VDEX < OXUDR 6 $UDL 0 1H@HINDUDPL
( DQG ) 3IHREBFLOOLXP VISHFE&ARLFLV¥LRXPLHQFH %LRWHFKQF
%LRFKHPLVWU\

+D\DVKL + 6DNDJXFKL $ 2NDUDPLQH tURHPQH E L2XNDUXPP
VLPSOLFLY/N&ELP XP %LRVFLHQFH %LRWHFKQRORJ\ DQG %LRFKI

+D\DVKL + )XUXWVXND . 6KLRQR < 2NDUDPLQHV + D
I[URPVSHUJLOOXVREEXQMHDRIXMDWXUDO 3URGXFWYV
6KLRQR < $NL\DPD . +D\DVKL + 1HZ 2NDUDPLRH &RC

DQG 5HODWHG &RPSRRQBMOOLXRP VLBBOLFLVWLARVFLHQFH
%LRWHFKQRORJ\ DQG %LRFKHPLVWU\

6KLRQR < $NL\DPD . +D\DVKL + 2NDARRDQBYLQH
&RQJHQHUYHQURIPOOLXP VLFIRALFLWYLRXPLHQFH %LRWHFKQF
%LRFKHPLVWU\

&DL 6 6XQ 6 3HQJ - .RQJ ; =KRXNDUBRXQHV 6X8 .
7KUHH 1HZ ,QGROH 'LNHWRSLS$WIHUQHO §GN DDERHLEXKK Q URGV L
7HWUDKHGURQ +

)XUXWDQL 6 1DNDWDQL < OLXUD < ODMDAXESEDO . .DO X.&
D 7DUJHW Rl ,QGROH $ONDORLG 2NDUBFLE@RWLDLF SHHDRIU PO\

+

)XUXWDQL 6 ,KDUD 0 .DL . 7DYEKND+. O®DWWWBOO
2NDUDPLQH ,QVHFWLFLGDO $ONDORLGR/Q6 KRR GG PLRQ UES BIVU Y
RI *OXWDPDWH *DWHG &KORULGH & KORFREN D VIRRXWARCHR [/IDFURYCDR] \

+

)XUXWDQL 6 2NXKDUD ' +DVKLPRIWRKLS +,KBDWWMHO OI
ODWVXGD . $Q / ) OXWDWLRQ LQ 7UDQVPH PIHE UTHEHK BHHV L |
(QVLWLYLW\ WR 2 NPRQP\ QHROX RIDWEWH *DWHG &KBRBLB @ F&KL
%LRWHFKQRORJ\ DQG %LRFKHRLVWU\



/DL & \ /R , : +HZDJH 5 7 &KHQ&<)& /ILKHKQ 78D qJ
0 & /LQ + & %LRV\QWKHVLV RI &RPSOH[ ,QRB@®OLMY B GBNDIMKRZLD
RI 2NDUDPQIHADQGWH &KHPLH ,QWHUQDW+RQDO (GLWLRQ

/L 6 )LQHILHOG - 0 B6XQGHUKDXV 5 '0 06KHRFPDQ7 '-
+ %LRFKHPLFDO &KDUDFWHUL]DWLRQ RH 1RWAK B VD Q V)R WHKS
1IRWRDPLGH ,QGRRXURMDNDRRWEW $PHULFDQ &KHPLFDO 6RFLH)

%DUDQ 3 6 *XHUUHUR & $ &RUH\7RW-DO6KRWWKH QR
2NDUDPL@NUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

5RH - 0 :HEVWHU 5 $ % *DQHVDQ $ 7RVWIXBLOWKI
DQG ([FHSWLRQDOO\ )DFLOH 1 5HYHUNB SHB Q UD Z\IRHIEHE™H Q \
IHWWHUV

+HZLWW 3 5 &OHDWRU ( /H\ IHWLV$R&R Q RINCHU DR WD
2UJDQLF %LRPROHFXODU &KHPLVWU\

,LIXND 7 7DNLJXFKL 6 .XPDNXUD < V 7VXNLRNDN 1
7RWDO 6\QWKHVLY DQG 6WHUHRFKH P MADIX 5@ WR QR/® \RWHNVU D

ODUX\DPD . .XER < )RUPDWLRQ RI QWUDPROHFXODU
$ONHQ\O $OLFVRXULFQPPQ RHVUJIJDQLF &KHPLVWU\

&DUGRVR $ 6 3 ODUTXHV 0O 0 % 6IRIERLYDVDQ $1
6\QWKHWLF 6WUDWHJ\ 8VLQJ :LWNRS V 3\UURDRPLAQGWOH )R
GHEURPRIXOVWU BIROBH YIRPRIXOVWWDBKGEIKB URQ =+

ORRUH 5 ( &KHXN & 3DWWHUVRQ * @V /IURP MNKH @OK
*UHHQ $@SDORVLSKRERXKRIWIOQROWKH $PHULFDQ &KHPLFDO 6R

ORRUH 5 ( &KHXN & <DQJ : 4 * 3DWWGOWVRDQFW HW L/
DQG $QWLP\FRWLF $ONDOR+BSDORYL\S K R 7&HR QRISIKUME0EL R | 2 U J T
&KHPLVWU\

ODLPRQH 7 - ,VKLKDUD < %DUDQ 3 6 SBPRDQBRDBGHS?7
DQG DPELINWQWKHGURQ =

%HFKHU 3 * _HOOHU 6 -XQJ * B6FWMLEXWROS5$FW LYW W)
HSKDSDOLQG R OHK YW R RIQH RLW/LYOW +

3DUN $ ORRUH 5 ( 3DWWHUVRQ * WRQ@LWUYBKHUWRFG
7THUUHVWULDO %@ XHKHUHHRO SOMNUALKR®WDRQ /HWWHU V:

.OHLQ ' 'DOR]H %YUDHNPDQ - & BH B QREBKXDWHQ G
+DSDORVLSKRRXIDQMALRI 1IDWXUDO 3URGXFWYV
$VWKDQD 5 . 6ULYDVWDYD $ 6LQJIJKDWK3 * 'HHBD/MDLV V

5 6ULYDVWDYD % 6 ,GHQWLILFDWLRQ R&\DQR &QRW PURX
JLVFKHWBOODRODWHG 3JRELSDIKWRHHIGLFBXHMW QDO RI $SSOL
3K\FRORJ\ +

'RDQ 1 7 G5LFNDUGV 5 : B5RWKVFKLOG - 0 G6PLWK *
$ONDORISKDSDOLQGROH ( ,VRQLWULOH DQG &DRRWKOQH[UD $
JLVFKHD BRODRWRYURDO RI $SSOLHG 3K\ERORJ\

BWUDWPDQQ . ORRUH 5 ( %RQMRXNOLDQ 6KDIHHWHU
6 6PLWK & ' 6PLWND 7 $ :HOZLWLQGRP LVQKRH HAO X8Q XWH
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$OJDH +DSDORVLSKRQ :HOZLWVFKLLRDY &L SHWWRL HIOWFIX H Q MQIG
+DSDOLQRBRROPNVO RI WKH $PHULFDQ &KHPLFD® 6RFLHW\

OXUDWDNH + IDWVXPH 0 7RWDO 6\@BROYOQWGROKBW®ULEK
0 7THWUDKHGURQ /HWWHUV

5DITHUW\ 5 - :LOOLDPV 5 0 GRYWBO 6ARMCKBIXWUYIRO RD
2UJDQLF &KHPLVWU\

OXUDWDNH + .XPDJDPL + IDWVXPH LOQHG6$QWEHRE R/ILE
+DSDOLQGROHYV 3DUW 7TRWDO 6\QWKMMLIVKRIGUR®DSDOLQC

/X = <DQJ 0 &KHQ 3 ;LRQJ ; /mSBO LAQRGARIOH 67 BW KIHD\
3URG¥$PWNZDQGWH &KHPLH ,QWHUQDWIERQDO (GLWLRQ

)XNX\DPD 7 &KHQ : B6WHUHRFRQW URO-MRXE @D@DWKIHW K\
$PHULFDQ &KHPLFDO 6RFLHW\

&KDQGUD $ -RKQVWRQ - 1 7RWDO 6%+DWRBY DG RO MK k
$ DQBQOJHZDQGWH &KHPLH ,QWHUQDWLRQDO (GLWLRQ

6DNDJDPL 0 OXUDWDNH + I1DWVXPH 0, Q3R{SHDW D MRK

%HQ]HQH 3RUWLRQ 3DUW (QDQWLRVSKBRHREFB M \BRIEV
3KDUPDFHXWLFDO %XOOHWLQ
5DIIHUW\ 5 - :LOOLDPV 5 0 )RUPDO 6\QWKHVRVVWY +L

7RZDUGYV +DSDOLQGROH+HIVHI BPEAGONVQH %
.LQVPDQ $ & .HUU 0 $ 7RWDO 6\QWXHMLF/ /RW W H#D/S D

.LQVPDQ $ & .HUU 0 $ 7KH 7RWDO 6\GWKHNLV R
2UJDQRPHGLDWHG 'LHORXYM®HOU RIHW RWLRPHULFDQ &KHPLFDO

SLFKWHU - 0 ,VKLKDUD < ODVXGD 7 3BRIKWHINBOGLR
%DUDQ 3 6 (QDQWLRVSHFLILF 7RWDO )6MFWKHY QG RROIH W |
"HOZLWLQGRIDL QR@R)V (FRQRPLR38QUDRDRKWKH $PHULFDQ &KF

IlLX < &KHQJ [ - <XH + 7 &KH ;LH QW+ =K
(QDQWLRVHOHFWLYH 6\QWKHVLV Rl +DSD@O\MWJLGR GM\WRSINY UL
+\GURJHQDWLRQ RI D . HWRQ WR &R@YXWRIENMD O 6 L&HKQRHD O &R U |

OXUDWDNH + IDWVXPH 0 6\QWKHWDLEDONXQGIROMHRI 030
ILWKLXP $OXPLQXP +\GULGH 5HGXFWLRQ RI WKH %RBWURC
&ROQMXIDWHG :LWK WKHW, QHBKRHOGU RXQF O H X ¥

9DLOODQFRXUW 9 $OELIDWL . ) 6\QWKHKD% DM GEF
4 - $P &KHP 6RF
.LQVPDQ $ & .HUU 0 $ 7RWDO 6\DWIKHNWWRI “ +DSD

.LQVPDQ $ & .HUU 0 $ 7KH 7RWDO 6\@GWKHNLV R
2UJDQRPHGLDWHG 'LHOV$BOGKHP5 HBIRFFW LR Q

&KDQGUD $ -RKQVWRQ - 1 7RWDO 6\QWHHVR/ORIVWKFH
$ DQGBQIHZ &KHP ,QW (GLW
SLFKWHU - 0 :KLWHILHOG % : OWWPR@HHMR- 0 /13Q 9%/

3 6 6FRSH DQG OHFKDQLVP RI 'LUHFW ,QGERWHWRQGDUBRR
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&RPSRXQGY 7RWDO B6\QWKHVLV Rl $FRXRRDJLRI $VR B G RHI
&KHPLFDO 6RFLHW\ %

%DUDQ 3 6 B5LFKWHU - 0 'LUHFRQ&BXRPLSRIXRIG\Q G RIO
(QDQWLRVHOHFWLYH *UDP 6FDOH 6\@WKHW LEVFXWUL Q G RVGRHW
)DPLOIRKW QDO Rl WKH $PHULFDQ &KHPEFDO 6RFLHW\

OHKWD * $FKDU\XOX 3 9 5 7HUSGI® HQD/QRV 7R WHHOHHF
6\QWKHVLV RI . (OHPHQH DQG D 6K®@D@H 5&ERKHR QRO DR B FUK
&KHPLFDO 6RFLHW\ &KHPLFDO &RPPXQLFDWLRQV

%DUDQ 3 6 ODLPRQH 7 - S5LFRWEDULQH 1DRADDCs\3L
'LWKRXW 8VLQJ 3URWWKWHQJ *URXSYV

+LO0OZLI 0 [/ =KX 4 J/LX ; %LRV\QKWHDORL®RY $POE
&\DQREDFWWHKNBHOODESPEHLHRDFDO %LRORJ\

+LO0OZLJ 0 / )XKUPDQ + $ ,WWLDPRUQNXOLX. ;6HYF
,GHQWLILFDWLRQ DQG &KDUDFWHUL]DWRR®WKBEWH P ZH\Q HQ&G®R
WKH 6WLJRQHPDWD O H D S D&\ R Q REFQBHUDZEFPWR/EKH P +

+LOOZLJ 0 / /LX ; $ 1HZ )DPLO\ RODVWHRQ $HFSHQ R
YUHHVWD QG L QLD 8W0EVHV & IOMAH\FDO %LRORJ\

&UDYHUR 5 0 *RQ]JDOH] 6LHUUD 0O /DED®IRFF 6DXBL@&R!
,QWHUPHGIODWMALFD &KHPLFD $£WD

/L 6 /RZHOO $ 1 <X ) G5DYHK LU 1HZFPENDWE -6 09
'LOOLDPV 5 0 B6KHUPDQ ' + +DSDOVQGRGIE I$SFPEHILXIEQ HD %
SHDUUDQJHPHQW &+& %RQRX)RUPQQRI &DKHF BEHULFDQ &KHPLF

+

5XHSLQJ 0 6XJLRQR ( $]DS & 7KHLNORPWOYH %%WRQ\

$FLG &DWDO\]HG 7UDQVIHU +\GURJH Q DIW, PR QHZWDIDLGR/ADNWDHU
+
6DLWR . $NL\DPD 7 (QDQWLRVHOWHPWML SH L DDMDIORF |

$OLSKDWLF .HWRQHV E\ %HQ]RW KLKH RIOAIG! HR/P PVGULREIHOL R\
+

+HQVHOHU $ .DWR 0 ORUR . $NL\DM®DVDO\]&KL @D D @B\KI
+\GURJHQDWLRQ )DFLOH 6\QWKHWLF $BEHYXYRW R PH+H.\WKOQ 2\§ W
$QJHZDQGWH &KHPLH ,QWHUQDW+RQDO (GLWLRQ



