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7KHVH� DUH� WKH�ZRUGV� DWWULEXWHG� WR� WKH� JUHDWHVW� RI� WKH
/DWLQ�QDWXUDOLVWV��*DLXV�3OLQLXV�6HFXQGXV��NQRZQ�DV�3OLQ\
WKH�(OGHU�$�'����������RQ�GHVFULELQJ�WKH�WR[LFLW\�RI�WKH�VHD
KDUH�$SO\VLD� LQ�KLV� HQF\FORSHGLF�ZRUN� ¦1DWXUDOLV�+LVWR�
ULD§��� /DWHU�� LW� ZDV� UHSRUWHG� WKDW� MXVW� WRXFKLQJ� $SO\VLD
GHSLODQV�ZRXOG�UHVXOW�LQ�VZHOOLQJ�RI�WKH�ERG\�DQG�GHSLODWLRQ
RI�KDLU���'DUZLQ�DOVR�UHSRUWHG�RQ�DQ�$SO\VLD�ZKLFK�¦H[XGHV
DQ�DFLG�VHFUHWLRQ�WKDW�FDXVHV�D�VKDUS�VWLQJLQJ�VHQVDWLRQ§��
7KHUH�DUH�QXPHURXV�UHIHUHQFHV�WR�WKH�WR[LFLW\�RI�PROOXVNV�
VHYHUDO� GDWH� EDFN� WR� DQWLTXLW\��� %XW� WKHUH� DUH� QRW� RQO\
XQIDYRUDEOH� VWDWHPHQWV� RQ� PROOXVNV�� 7\ULDQ� SXUSOH� LV� D
JRRG� H[DPSOH�� 3KRHQLFLDQV� SURGXFHG� WKLV� G\H� IURP� WKH
VQDLO�0XUH[�EUDQGDULV��,W�ZDV�SUL]HG�VR�KLJKO\�LQ�DQFLHQW
WLPHV� WKDW� LW� ZDV� XVHG� DV� DQ� HPEOHP� RI� UR\DOW\� DQG� LQ
UHOLJLRXV�FHUHPRQLHV��,W�KDG�D�KLJK�FRVW�VLQFH��������DQL�
PDOV�ZHUH�QHFHVVDU\�WR�SURGXFH�RQO\���J�RI�G\H��7KH�G\H
SURGXFWLRQ�IURP�PROOXVNV�LV�EHOLHYHG�WR�JR�EDFN�DW�OHDVW�WR
�����%�&���ZKHQ�WKH�SURFHVV�ZDV�GLVFRYHUHG�E\�WKH�&UH�
WDQV���:LWK�WKH�DGYHQW�RI�WKH�'DUN�$JHV��G\HLQJ�ZLWK�7\ULDQ
SXUSOH�EHFDPH�D�ORVW�DUW�WKDW�ZDV�WR�EH�UHGLVFRYHUHG�RQO\�LQ
,UHODQG� LQ� ������� 7\ULDQ� SXUSOH� LV� QR� GRXEW� WKH� ROGHVW
FRPPHUFLDO�PDULQH�QDWXUDO�SURGXFW�NQRZQ�DQG�LWV�SURGXF�
WLRQ� SHUKDSV� WKH� ROGHVW� UHFRUG� RI� WKH� LQGXVWULDO� XVH� RI� D
SKRWRFKHPLFDO�UHDFWLRQ��VLQFH�LW�LV�REWDLQHG�E\�OLJKW�H[SR�

VXUH�RI�WKH�FRORUOHVV�VHFUHWLRQ�RI�0XUH[�JODQG��,W�ZDV�DOVR
WKH�ILUVW�PDULQH�PHWDEROLWH�ZKRVH�VWUXFWXUH�����ZDV�FRUUHFWO\
GHGXFHG��DQG�SURYHQ�E\�V\QWKHVLV�RI�VHYHUDO�GLEURPRLQGLJR
KRPRORJXHV��

+HQFH��V\QWKHVLV�DFFRPSDQLHG�WKH�HDUO\�VWHSV�RI�PDULQH
QDWXUDO�SURGXFWV�FKHPLVWU\��+RZHYHU��WKH�DGYDQFHPHQW�RI
VSHFWURVFRSLF�DQDO\VLV��DQG�SULQFLSDOO\�RI�WKH�105�WHFK�
QLTXHV��PDGH�SRVVLEOH�WKH�VWUXFWXUDO�LQYHVWLJDWLRQ�DQG�FRP�
SOHWH�GHWHUPLQDWLRQ�RI�FRPSOH[�PROHFXOHV�ZLWKRXW�WKH�QHHG
RI� FKHPLFDO� PHWKRGV�� 7KLV� KDV� GUDVWLFDOO\� OLPLWHG� RXU
NQRZOHGJH�WR�DOPRVW�QRWKLQJ�RI�WKH�FKHPLVWU\�RI�PDULQH
QDWXUDO�SURGXFWV��7KH�H[WUHPH�RULJLQDOLW\�RI�PDULQH�PHWD�
EROLWHV� WKDW�RIWHQ�SRVVHVV�QHZ�VNHOHWRQV��RULJLQDWHG�IURP
FRPSOHWHO\� QHZ�ELRV\QWKHWLF� SDWKZD\V�� UHSUHVHQWHG�QHZ
FKDOOHQJHV�WKDW�WULJJHUHG�RUJDQLF�FKHPLVWV��7KXV��V\QWKHVLV�
WKDW�SUDFWLFDOO\�GLG�QRW�H[LVW�LQ�WKH�HDUO\�HLJKWLHV��LV�QRZ
JLYLQJ�¦D�SRZHUIXO�FRQWULEXWLRQ�WR�WKH�XQGHUVWDQGLQJ�DQG
GHYHORSPHQW�RI�PDULQH�RUJDQLF�FKHPLVWU\§��
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In Bra zil, the re has been a slow but con ti nu ous in cre a se
in the in te rest for ma ri ne na tu ral pro ducts re se arch along
the past 20 ye ars. In the first part of this re vi ew, stu di es re la -
ted to iso la ti on and struc tu re de ter mi na ti on were des cri -
bed9. The se cond part of this re vi ew is de di ca ted to synthe -
sis. The ma jor pu blis hed re sults of works done in Bra zil
will now be dis cus sed in the fol lo wing sec ti ons. The con -
tent of me e ting abs tracts, usu ally inac ces si ble to most fo re -
ign sci en tists, is in clu ded.

Synthe sis of Ma ri ne Na tu ral Pro ducts

The first Bra zi li an con tri bu ti ons in the fi eld of or ga nic
synthe sis were made by Rú ve da and co-workers who
synthe si zed some di ter pe nes from spon ges and sea ha res
di ter pe nes, or the ir enan ti o mers, from the re a dily ava i la ble
co pa lic acid (2). Se ve ral ses qui ter pe nes were also the ob -
ject of to tal synthe ses. More re cently, pre li mi nary stu di es

have ap pe a red on the synthe ses of one ses ter ter pe ne, one
ma cro li de and ni tro gen-containing me ta bo li tes.

Di ter pe nes

The first tar get was the tricy clic di ter pe ne iso apl ysin-20
(3), that had been iso la ted from the sea hare Aplysia ku ro dai,
col lec ted in Ja pan, and for which the ste re o che mistry at
C-13 had re ma i ned un cle ar10. The de bro mo ho mo lo gue 4
was synthe si zed from co pa lic acid (2), fol lo wing Sche me 1,
in an eight-step se quen ce with an ex cel lent ove rall yi eld
(49%)11. Thus, methyl iso co pa la te 6 was pre pa red by es te ri -
fi ca ti on of 2 into 5 and acid-catalyzed for ma ti on of the
C-ring. Oxi da ti on of the tri subs ti tu ted dou ble bond with
OsO4 fur nis hed the ex pec ted β-ori en ted α-glycol. The oxy -
gen func ti on at C-12 was then eli mi na ted in the usu al way,
by oxi da ti on to ke to ne 8, thi o ke tal for ma ti on and hydro ge -
noly sis on Ra ney-Ni into 10, which was fi nally re du ced to
de bro mo-isoaplysin-20 (4)11. This work fi xed the re la -

102 Ke le com J. Braz. Chem. Soc.

Sche me 1. Synthe sis of the sup po sed struc tu re of de bro mo i so apl ysin-20.
a. CH2N2, Et2O;  b. HCOOH  98% aq;  c. OsO4, dry Py , r.t., 65 h;  d. Na2S2O5 , Py/H2O, 2,5 h ; e. DMSO / Ac2O, r.t., 27h ; f. HSCH2CH2SH /
BF3.Et2O, AcOH, 1h ; g. Ni/Ra ney, EtOH re flux 8 h;  h. LAH/THF, re flux 15 h  - ove rall yi eld 49%.



WLYH� VWHUHRFKHPLVWU\� DW� &���� &���� DQG� &���� DV� VKRZQ�
+RZHYHU��VRPH�\HDUV�ODWHU��WKH�VWUXFWXUH�RI�LVRDSO\VLQ���
ZDV�FRUUHFWHG�IURP���WR������

7KH� VHFRQG� WDUJHW�ZDV� ����LVRDJDWKRODFWRQH� ������ WKH
ILUVW�VSRQJLDQH�GLWHUSHQH�WKDW�KDG�EHHQ�LVRODWHG�IURP�VRPH
VDPSOHV�RI�WKH�0HGLWHUUDQHDQ�VSRQJH�6SRQJLD�RIILFLQDOLV���
5HPDUNDEO\��RWKHU�VDPSOHV�RI�DSSDUHQWO\�WKH�VDPH�VSRQJH
IXUQLVKHG�&����DQG�&����IXUDQRWHUSHQHV�DQG�QR�LVRDJDWKR�
ODFWRQH�DW�DOO����7KLV�PHWDEROLWH�ZDV�VXFFHVVIXOO\�V\QWKH�
VL]HG� IURP� ����PDQRRO� ����� LQ� DQ� HLJKW�VWHS� SURFHGXUH
ZKRVH� NH\�VWHS� ZDV� WKH� IXQFWLRQDOL]DWLRQ� RI� WKH� DOO\OLF
PHWK\O�JURXS�RI���� WKURXJK�D�VHQVLWL]HG�SKRWR�R[LGDWLRQ
�6FKHPH�������7KH�GHVLUHG�DOO\OLF�DOFRKRO������ZDV�REWDLQHG
LQ�����\LHOG��7KH�RYHUDOO�\LHOG�RI�WKH�V\QWKHVLV�FDQQRW�EH
FDOFXODWHG�IURP�SXEOLVKHG�GDWD��EXW�LV�H[SHFWHG�WR�EH�YHU\
ORZ�DV�WKH�\LHOG�DORQJ�WKH�ILYH�ILQDO�VWHSV����o����ZDV�RQO\
������1RWHZRUWK\�DUH�WKH�WKUHH�VWHS�WUDQVIRUPDWLRQ�RI�����
PDQRRO������LQWR�HQW�PHWK\O�LVRFRSDODWH������VKRUWHU�WKDQ
WKH� ZHOO�NQRZQ� VHTXHQFH� SURSRVHG� E\� )HWL]RQ� DQG� FR�
ZRUNHUV����WKH�DFLG�FDWDO\]HG�DOO\OLF�UHDUUDQJHPHQW�RI���
SULRU� WR� ODFWRQL]DWLRQ� DQG� ILQDOO\� WKH� WZR�VWHS� J�ODFWRQH

LQYHUVLRQ����o�����6LPLODUO\��PHWK\O�LVRFRSDODWH� ���� L�H�
HQW�����ZDV�WUDQVIRUPHG�LQWR�HQW�LVRDJDWKRODFWRQH��HQW����
WKURXJK�WKH�VHTXHQFH�RI�UHDFWLRQV�G�K�GHSLFWHG�LQ�6FKHPH
���LQ�DQ�RYHUDOO�\LHOG�RI�����G��H�������I������J������DQG
K����������$Q�HVVHQWLDOO\�LGHQWLFDO�WRWDO�V\QWKHVLV�RI��r��
LVRDJDWKRODFWRQH�ZDV�VXEVHTXHQWO\�SXEOLVKHG����,W�VWDUWHG
IURP�HQW�FRSDOLF�DFLG��WKH�FRUUHVSRQGLQJ�DFLG�RI�����DQG
GLIIHUHG�RQO\�E\�WKH�XVH�RI�KHPDWRSRUSK\ULQ�DV�SKRWRVHQ�
WL]LVHU��LQVWHDG�RI�PHWK\OHQH�EOXH�

7KUHH�IXUWKHU�GLWHUSHQHV��HQW�LVRFRSDO����HQ�������GLDO
������ ���LVR�HQW�LVRFRSDO����HQ�������GLDO� ����� DQG� ���
DFHWR[\�HQW�LVRFRSDO����HQ����DO� ����� DOVR� LVRODWHG� IURP
6SRQJLD� RIILFLQDOLV���� ZHUH� V\QWKHVL]HG� IURP� UDFHPLF
PHWK\O� LVRFRSDODWH� �r���� DFFRUGLQJ� WR� 6FKHPH� ����� ,W
VKRXOG�EH�QRWHG�WKDW�WKH�ORZ�\LHOG�SKRWR�R[LGDWLRQ�UHDFWLRQ
�6FKHPH���� VWHS�G�� \LHOG�|�����KDV� EHHQ� UHSODFHG�E\� D
WZR�VWHS�VHTXHQFH�RI�HSR[LGDWLRQ�DQG�DOXPLQLXP�LVRSUR�
SR[LGH�UHDUUDQJHPHQW�WR�\LHOG�WKH�GHVLUHG�DOO\OLF�DOFRKRO�LQ
����RYHUDOO�\LHOG��6FKHPH����VWHSV�D�DQG�E���,QWHUHVWLQJO\�
&����DQG�&����WHUSHQRLGV�KDYLQJ�WZR�DOGHK\GH�JURXSV�LQ
WKH�VDPH�DUUDQJHPHQW�DV�H[KLELWHG�LQ����XVXDOO\�WDVWH�YHU\
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KRW�WR�KXPDQV�DQG�DUH�HQGRZHG�RI�SRWHQW�SKDJRUHSHOOHQW
DFWLYLWLHV����'LWHUSHQH�����KRZHYHU��LV�GHYRLG�RI�VXFK�ELR�
ORJLFDO�SURSHUWLHV���

$PEHUJULV�LV�D�FRQFUHWLRQ�IRXQG�LQ�WKH�JXW�RI�WKH�VSHUP

ZKDOHV�3K\VHWHU�VSS��,W�KDV�EHHQ�XVHG�IRU�FHQWXULHV�EHFDXVH

RI� LWV�XQLTXH�IUDJUDQFH�DQG�IL[DWLYH�SURSHUWLHV�������EXW�LV

QRZ�FRPPHUFLDOO\�DEROLVKHG�WKDQNV�WR�WKH�0DULQH�0DP�

PDOLDQV�3URWHFWLRQ�$FW��&RSDOLF�DFLG�����KDV�EHHQ�XVHG�DV

D�FKLUDO� V\QWKRQ� IRU� WKH�REWHQWLRQ�RI�VHYHUDO�FRPSRXQGV

UHODWHG� WR� WKH� FRQVWLWXHQWV� RI� DPEHUJULV������� 6FKHPH� �
GHSLFWV�WKH�V\QWKHVHV�RI�HQW���HSL�DPEUDNHWDO�������HQW�DP�
EUR[������DQG�UHODWHG�R[LGHV����DQG����������7KH�NH\�VWHS
LQ�WKH�V\QWKHVLV�RI�HQW�DPEUR[������LV�D�VPRRWK�%DH\HU�9LO�

OLJHU�R[LGDWLRQ�RI�WKH�XQVWDEOH�HSR[\�NHWRQH����LQWR������

6SRQWDQHRXV� UHDUUDQJHPHQW� RI� ��� LQWR����KDV� DOVR� EHHQ

REVHUYHG���� WKLV� UHDFWLRQ� LV� DVVXPHG� WR� EH� FDWDO\VHG� E\
WUDFHV�RI�DFLG�SUHVHQW�LQ�WKH�UHDFWLRQ�PHGLXP���

)LQDOO\�� SUHOLPLQDU\� VWXGLHV� WRZDUG� WKH� V\QWKHVLV� RI
DPEOLRO�%�������IURP�WKH�&DOLIRUQLDQ�VSRQJH�'\VLGHD�DP�
EOLD������ KDYH� UHVXOWHG� LQ� WKH� LQWHU�FRQYHUVLRQ� RI� KDUG�
ZLFNLLF�DFLG������LQWR�GHK\GURDPEOLRO�%�������6FKHPH������
7KH�NH\�LQWHUPHGLDWH����ZDV�SUHSDUHG�IURP�DOFRKRO����RU
LWV�DFHWDWH�����WKURXJK�D�UHDFWLRQ�ZLWK�QLFNHO�ERULGH�JHQHU�
DWHG� LQ�VLWX��,W�VKRXOG�EH�HPSKDVL]HG�WKDW�GHK\GUDWLRQ�RI
DPEOLRO�%������ZLWK�SKRVSKRURXV�R[\FKORULGH�LQ�S\ULGLQH
JDYH�WULVXEVWLWXWHG�ROHILQ����ZKLOH�DFLG�FDWDO\]HG�GHK\GUD�
WLRQ�SURGXFHG�WHWUDVXEVWLWXWHG�ROHILQ����������7KH�\LHOGV�RI
WKH� UHDFWLRQV� KDYH� QRW� EHHQ� UHSRUWHG����)XUWKHU� �ZRUN� LV
XQGHUZD\�WR�DFKLHYH�WKH�V\QWKHVLV�RI�DPEOLRO�%��5HFHQWO\�
D� WRWDO�V\QWKHVLV�RI�UDFHPLF�DPEOLRO�%�KDV�EHHQ�SXEOLVK�
HG����$V�UHSRUWHG�DERYH�IRU�6SRQJLD�RIILFLQDOLV��FKHPLFDO
DQDO\VHV�RI�LQGLYLGXDO�DQLPDOV�KDYH�UHYHDOHG��KHUH�DJDLQ�
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WKDW�WKHUH�DUH�WZR�FKHPLFDO�YDULHWLHV�RI�'\VLGHD�DPEOLD��RQH
FRQWDLQLQJ�DPEOLRO�$� ����� WKH�RWKHU�DPEOLRO�%� ������ WKDW
FDQQRW�EH�GLVWLQJXLVKHG�E\�FODVVLFDO�WD[RQRPLF�PHWKRGV���

6HVTXLWHUSHQHV

%UDVLOHQRO������LV�D�VHVTXLWHUSHQH�WKDW�KDG�EHHQ�LVRODWHG
IURP�WKH�VHD�KDUH�$SO\VLD�EUDVLOLDQD��FROOHFWHG�LQ�WKH�*XOI
RI� 0H[LFR�� DQG� DOVR� IURP� WKH� 0HGLWHUUDQHDQ� UHG� DOJD
/DXUHQFLD� REWXVD���� :KLOH� QRW� WRWDOO\� FRQFOXVLYH�� WKLV
VWURQJO\�VXJJHVWHG�WKDW�EUDVLOHQRO�PD\�EH�SURGXFHG�E\�WKH
DOJDH�RQ�ZKLFK�WKH�PROOXVN�JUD]HV����%HFDXVH�RI�LWV�QRQ�
LVRSUHQRLG� QHZ� VNHOHWRQ�� WKLV� FRPSRXQG�ZDV� FKRVHQ� DV
WDUJHW�IRU�D�WRWDO�V\QWKHVLV�WKDW�VKRXOG�FRQILUP�WKH�VWUXFWXUH
�GHULYHG� IURP� VSHFWUDO� GDWD� RQO\�� DQG� HVWDEOLVK� WKH� XQ�
NQRZQ�DEVROXWH�FRQILJXUDWLRQ��5DFHPLF�EUDVLOHQRO�ZDV�RE�
WDLQHG� WKURXJK� D� VHOHFWLYH� V\QWKHVLV�� ZKLFK� UHTXLUHG� ��
VWHSV�IURP���LVRSURS\OSKHQRO������DQG�SURFHHGHG�LQ�DERXW
���RYHUDOO�\LHOG��6FKHPH�������3KHQRO�����LWVHOI��KDG�EHHQ
SUHSDUHG�LQ�����IURP�FXPHQH������E\�FODVVLFDO�QLWUDWLRQ�
UHGXFWLRQ� DQG� GLD]RWL]DWLRQ���� $QLVROH� ���ZDV� WKHQ� RE�
WDLQHG� IURP����E\�&ODLVHQ� UHDUUDQJHPHQW�RI� WKH�GHULYHG
FURW\O�HWKHU�IROORZHG�E\�PHWK\ODWLRQ��6WDQGDUG�K\GURERUD�
WLRQ�RI�WKH�WHUPLQDO�ROHILQ�DQG�-RQHV�R[LGDWLRQ�IXUQLVKHG�D
FDUER[\OLF�DFLG��ZKLFK�VPRRWKO\�F\FOL]HG�WR�JLYH�WKH�LQ�
GRQH����� E\� WUHDWPHQW�ZLWK� SRO\SKRVSKRULF� DFLG�� 3DUWLDO
UHGXFWLRQ�RI� WKH� DURPDWLF� ULQJ�RI� ���RU����� IROORZHG�E\
GLPHWK\ODWLRQ� �DQG� HYHQWXDO� GRXEOH� ERQG� LVRPHUL]DWLRQ�
DQG�ILQDOO\�VWHUHRVHOHFWLYH�UHGXFWLRQ�RI�WKH�FDUERQ\O�JURXS
IXUQLVKHG�UDFHPLF�EUDVLOHQRO������

6WDUWLQJ� IURP� E�SLQHQH� ������ WKH� VDPH� JURXS� DJDLQ
V\QWKHVL]HG�UDFHPLF�EUDVLOHQRO� ������DV�VKRZQ�LQ�6FKHPH
���WKURXJK�D����VWHS�VHTXHQFH�LQ�DQ�DSSUR[LPDWH�\LHOG�RI

��������7KH�WZR�PDMRU�SUREOHPV�RI�WKLV�V\QWKHVLV�ZHUH�ILUVW
WKH�0LFKDHO�DGGLWLRQ� �VWHS� L�� WKDW�SURGXFHG�D�PL[WXUH�RI
LVRPHUV��DQG�VHFRQG�WKH�LVRPHUL]DWLRQ�RI����LQWR����LQ�D
��VWHS� VHTXHQFH� RI� RQO\� ��� RYHUDOO� \LHOG�� 7KXV�� LW� ZDV
DVVXPHG��IURP�WKHVH�UHVXOWV��WKDW�WKH�JHP�GLPHWK\O�JURXS
FRXOG�EH�UHVSRQVLEOH�IRU�WKH�REVHUYHG�ODFN�RI�VWHUHRVHOHF�
WLYLW\�RI�WKH�0LFKDHO�SURFHVV��EHLQJ�KRZHYHU�LQGLVSHQVDEOH
WR�LQVXUH�WKH�VWHUHRVHOHFWLYH�UHGXFWLRQ�RI�EUDVLOHQRQH� ����
WR�EUDVLOHQRO��������

)LQDOO\�� VWHUHRFRQWUROHG� V\QWKHVLV� IURP� �5������FU\S�
WRQH� ����� UHDGLO\� SURGXFHG� RSWLFDOO\� SXUH� ����EUDVLOHQRO
�>D@'� ������� �� OLW�� ��������ZKRVH� DEVROXWH� FRQILJXUDWLRQ
FRXOG�WKXV�EH�HVWDEOLVKHG�DV��5��6��5��6FKHPH�������7KH
SODQQHG� VWUDWHJ\� XVHG� SUDFWLFDOO\� WKH� VDPH� UHDFWLRQV� DV
DERYH��OHDYLQJ�WKH�GLPHWK\ODWLRQ�IRU�WKH�SHQXOWLPDWH�VWHS
RI�WKH�V\QWKHVLV��7KH�NH\�VWHS�UHDFWLRQ�UHVROYHG�WKH�XSSHU�
PHQWLRQHG�SUREOHP�RI�GRXEOH�ERQG�LVRPHUL]DWLRQ�XVLQJ�D
SDOODGLXP�K\GURJHQ�LQGXFHG�PLJUDWLRQ�RI�WKH�GRXEOH�ERQG
RI����WR����WKDW�QRW�RQO\�GHOLYHUHG�WKH�UHTXLUHG�GRXEOH�ERQG
LVRPHU��EXW�DOVR�WKH�QHFHVVDU\�WUDQV�UHODWLRQVKLS�DW�&���DQG
&���

$IULFDQRO������KDV�EHHQ�LVRODWHG�IURP�WKH�,QGRQHVLDQ
VRIW�FRUDO�/HPQDOLD�DIULFDQD� DQG�ZDV� WKH� ILUVW� WHUSHQRLG
UHSRUWHG�IURP�DOF\RQDULDQV����,WV�LQWULJXLQJ�QHZ�VNHOHWRQ�
GHWHUPLQHG�E\�;�UD\�GLIIUDFWLRQ�DQDO\VLV����DQG�WKH�UHDU�
UDQJHPHQWV�REVHUYHG�RQ�DFLG�WUHDWPHQW������KDYH�WULJJHUHG
RUJDQLF�FKHPLVWV��$V�D�UHVXOW��IRXU�V\QWKHVHV�KDYH�DOUHDG\
EHHQ� UHSRUWHG� IRU� WKDW� FRPSRXQG������� 7ZR� DOWHUQDWLYH
PHWKRGV�KDYH�QRZ�EHHQ�SURSRVHG��%RWK�SODQQHG�WKH�FRQ�
VWUXFWLRQ�RI�WKH�ILYH�PHPEHUHG�ULQJ�LQ�WKH�ILQDO�VWHSV��WKH
ILUVW�PHWKRGV�IROORZHG�D���VWHS�SURFHGXUH����DQG�WKH�VHFRQG
D����VWHS�RQH����6FKHPH���GHSLFWV� WKHVH�V\QWKHVHV��+LJK
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VWHUHRVHOHFWLYLW\� ZDV� REVHUYHG� RQ� DON\ODWLRQ� RI� WKH� GL�
PHWK\OK\GUD]RQH�GHULYHG� IURP� ��� �PHWKRG�$�����2Q� WKH

RWKHU� KDQG�� F\FOL]DWLRQ� RI� ��� ODFNHG� VWHUHRVHOHFWLYLW\� DQG
\LHOGHG�LVRPHUV��������DQG����LQ�D���������UDWLR��PHWKRG�%����
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'DFW\ORO������LV�DQ�LUUHJXODU�LVRSUHQRLG�DOFRKRO�LVRODWHG
IURP�WKH�GLJHVWLYH�JODQGV�RI�WKH�&DULEEHDQ�VHD�KDUH�$SO\VLD
GDFW\ORPHOD�DQG�IURP�LWV�SXWDWLYH�GLHWDU\�VRXUFH��WKH�UHG
DOJD�/DXUHQFLD�SRLWHL�FROOHFWHG�LQ�WKH�)ORULGD�.H\V����$V
ZLWK�DIULFDQRO�������GDFW\ORO�LV�DVVXPHG�WR�EH�ELRV\QWKHWL�
FDOO\�GHULYHG�IURP�KXPXOHQH������DV�LOOXVWUDWHG�LQ�6FKHPH
���������$OWKRXJK�KLJKO\�XQFRPPRQ�DQG�D�SULRUL�TXHVWLRQ�

DEOH��WKH�����PLJUDWLRQ�RI�WKH�F\FORSURSDQH�ULQJ�RI����LQWR
���KDV�EHHQ�VXFFHVVIXOO\��DFKLHYHG�XVLQJ�%)��2(W��LQ�(W�2
DW������&���

'DFW\ORO�LV�RQH�RI�WKH�VLPSOHVW�PHPEHUV�RI�WKH�LQWHUHVW�
LQJ�IDPLO\�RI�QDWXUDO�SURGXFWV�SRVVHVVLQJ�D�F\FORRFWDQRLG
VWUXFWXUH��6XFK�VXEVWDQFHV�DUH�WKH�REMHFW�RI�JUHDW�LQWHUHVW���
7ZR�V\QWKHVHV�RI�UDFHPLF�GDFW\ORO������KDYH�DOUHDG\�EHHQ
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UHSRUWHG�������%RWK�XVHG�ULQJ�H[SDQVLRQ�PHWKRGRORJ\��7RWDO
V\QWKHVLV�RI�����GDFW\ORO�KDV�QRZ�EHHQ�UHSRUWHG�DQG�SUR�
FHHGV�YLD�D�QRYHO�>���@�DQQXODWLRQ����$Q�DOWHUQDWLYH�PHWKR�
GRORJ\�SODQQHG�WKH�SUHSDUDWLRQ�RI�WKH�VNHOHWRQ�����WKURXJK
DQ� LQWUDPROHFXODU� UHGXFWLYH� FRXSOLQJ� RI� NHWR�DOGHK\GH
������DV�VKRZQ�LQ�6FKHPH����������$OWKRXJK�WKH�FDUERQ\O

FRXSOLQJ�DSSHDUV�GLUHFW��WKH�SRWHQWLDO�ODELOLW\�RI�WKH�E�K\�
GUR[\�NHWRQH�PRLHW\�LQ�����FRXOG�SURYH�WURXEOHVRPH��7KH
PRGHO�VXEVWUDWH�����ZDV�WKXV�SUHSDUHG�WR�ILUVW�LQYHVWLJDWH
WKH� 0F0XUU\� ORZ�YDOHQW� WLWDQLXP� SURPRWHG� FRXSOLQJ
�6FKHPH�����VWHS�Q�����7KLV�FRXSOLQJ�LQGHHG�SURFHHGHG��EXW

LQ�UDWKHU� ORZ�\LHOGV��a�����XQGHU�D�QXPEHU�RI�GLIIHUHQW
H[SHULPHQWDO�FRQGLWLRQV���

7KH�VHVTXLWHUSHQH�K\GURFDUERQ�FDULGLHQH� �������D�PD�
MRU� FRQVWLWXHQW� RI� WKH� YRODWLOH� IUDFWLRQ� IURP� WKH� &XEDQ
JRUJRQLDQ�3VHXGRSWHURJRUJLD�DPHULFDQD����ZDV�WKH�WDUJHW
RI�D�WRWDO�V\QWKHVLV�VWDUWLQJ�IURP�D�F\FORDGGLWLRQ�EHWZHHQ
P\UFHQH�������DQG�PHWK\O�YLQ\O�NHWRQH��������,VRFDULGLHQH
������ZDV�REWDLQHG�E\�DFLG�FDWDO\]HG�F\FOL]DWLRQ��*ULJQDUG
UHDFWLRQ� DQG� GHK\GUDWLRQ� �6FKHPH� ������� $WWHPSWV� WR
LVRPHULVH�����WR�����ZHUH�XQVXFFHVVIXO�

7KH�GRULG�QXGLEUDQFK�$FDQWKRGRULV�QDQDLPRHQVLV��FRO�
OHFWHG�LQ�%ULWLVK�&ROXPELD��SURGXFHV�WKUHH�DOGHK\GLF�VHV�
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TXLWHUSHQHV���� 1DQDLPRDO� ������� WKH� PDMRU� FRPSRQHQW�
SUREDEO\�DFWV�WR�FRQWURO�SUHGDWLRQ��,WV�VWUXFWXUH�ZDV�HVWDE�
OLVKHG� IURP� VSHFWUDO� GDWD� DQG� V\QWKHVLV�� IURP� P\UFHQH
�������RI�LWV�S�EURPR�SKHQ\O�XUHWKDQH�GHULYDWLYH����$�VKRUW
FRPPXQLFDWLRQ� UHSRUWV� D� VLPLODU� WRWDO� V\QWKHVLV� RI� ����
IROORZLQJ� 6FKHPH� ������ 7KXV�� 'LHOV�$OGHU� UHDFWLRQ� EH�
WZHHQ�P\UFHQH�������DQG�PHWK\O�PHWKDFU\ODWH�������JDYH
D�PL[WXUH�RI� UHJLRLVRPHULF� HVWHUV� ����DQG� ����� WKDW�ZDV
VXEVHTXHQWO\�UHGXFHG�ZLWK�OLWKLXP�DOXPLQLXP�K\GULGH�WR�D
����PL[WXUH�RI�SULPDU\�DOFRKROV�����DQG������$FLG�FDWD�
O\]HG� F\FOL]DWLRQ�RI� WKH� OHVV� DEXQGDQW� ���� LQWR����� IRO�
ORZHG�E\�WRV\ODWLRQ��F\DQDWLRQ�DQG�UHGXFWLRQ�ZLWK�',%$/
IXUQLVKHG� UDFHPLF�QDQDLPRDO� �������7KH�NH\�VWHS� LQ� WKLV
V\QWKHVLV�ZDV�FODLPHG�WR�EH�WKH�VHSDUDWLRQ�RI�WKH�UHJLRL�
VRPHUV�����DQG������5DFHPLF�QDQDLPRDO�KDV�EHHQ�REWDLQHG
UHFHQWO\�YLD�'LHOV�$OGHU�UHDFWLRQ�RI�PHWKDFU\ODWH�ZLWK�����
GLPHWK\O�����GLPHWK\OHQHF\FORKH[DQH�� D� QRYHO� EXLOGLQJ
EORFN�IRU�F\FOLF�WHUSHQRLGV����

7KH�HXGHVPDQH�VHVTXLWHUSHQH�����FRUDOORLGLQ�$� �����
ZDV�LVRODWHG�IURP�WKH�0HGLWHUUDQHDQ�VRIW�FRUDO�$OF\RQLXP
FRUDOORLGHV�OLYLQJ�RQ�D�JRUJRQLDQ�RI�WKH�JHQXV�(XQLFHOOD���
,W�ZDV�WKH�ILUVW�QDWXUDOO\�RFFXUULQJ�����GHK\GUR�HXGHVPDQH
WR�EH�GHVFULEHG��5DFHPLF�FRUDOORLGLQ�$�KDV�QRZ�EHHQ�V\Q�
WKHVL]HG�LQ�D�VHYHQ�VWHS�VHTXHQFH�IURP�WKH�NQRZQ�HQRQH
����� DV� GHSLFWHG� LQ�6FKHPH�������7KH� ILUVW� VWHS�ZDV� WKH
DFHWR[\ODWLRQ�RI�HQRQH�����LQWR�WKH�NH\�LQWHUPHGLDWH�����
7KH�DFHWDWH�RI�����ZDV�WKHQ�K\GURO\VHG�DQG�R[LGL]HG�WR�WKH
XQVDWXUDWHG�D�GLNHWRQH������DQG�WKH�HQRO�IRUP�PHWK\ODWHG�
LQ�ORZ�\LHOG��������WR�WKH�PHWKR[\�GHULYDWLYH������:LWWLJ
DGGLWLRQ�RI�D�&��XQLW�FRPSOHWHG�WKH�VHVTXLWHUSHQH�VNHOHWRQ
DQG�SURFHHGHG�VDWLVIDFWRULO\������DIWHU�FKURPDWRJUDSKLF
SXULILFDWLRQ���5HGXFWLRQ�RI�WKH�NHWR�JURXS�IXUQLVKHG�DOFR�
KRO�����LQ�WKH�GHVLUHG�E�RULHQWDWLRQ��7KH�VWHUHRVHOHFWLYLW\
RI� WKLV� UHGXFWLRQ� LV� SUREDEO\� FRQWUROOHG� E\� WKH� DQJXODU
PHWK\O� JURXS�� )LQDOO\�� DFHW\ODWLRQ� RI� ���� JDYH� UDFHPLF
FRUDOORLGLQ�$�LQ�DQ�RYHUDOO�\LHOG��FDOFXODWHG�IURP������RI
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����0HWDFKURPLQ�$�������LV�RQH�RI�WKH�VHVTXLWHUSHQRLG
TXLQRQHV�ZLWK�DQ�XQSUHFHGHQW�VNHOHWRQ�WKDW�KDV�EHHQ�LVR�
ODWHG� IURP� WKH� 2NLQDZDQ� VSRQJH� +LSSRVSRQJLD� FI�
PHWDFKURPLD���� ,W� H[KLELWV� D� SRWHQW� DQWLWXPRU� DFWLYLW\
DJDLQVW�/������OHXNHPLD�FHOOV� LQ�YLWUR� �,&��������PJ�PO�

DQG�SRWHQW�FRURQDU\�YDVRGLODWLQJ�DFWLYLW\�LQ�UDEELW�LVRODWHG
DUWHU\� �,&��� �� [� ����� 0����� &RQYHUJHQW� V\QWKHVLV� RI
PHWDFKURPLQ�$� IURP� ����GLPHWK\OF\FORKH[DQRQH� �����
DQG� WKH� EHQ]\O� FKORULGH� ����ZDV� DFKLHYHG� WKURXJK� WKH
���VWHS�SURFHVV�VKRZQ�LQ�6FKHPH����������7KXV��0LFKDHO
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DGGLWLRQ�RI�PHWK\OYLQ\ONHWRQH�RQ�����IXUQLVKHG�����DV�D
���� PL[WXUH� RI� GLDVWHUHRLVRPHUV�� 3URWHFWLRQ� RI� WKH� OHVV
KLQGHUHG�NHWR�JURXS��ROHILQDWLRQ�DQG�UHPRYDO�RI�WKH�SUR�
WHFWLQJ�JURXS�\LHOGHG�NHWRQH������WZR�GLDVWHUHRLVRPHUV��LQ
����RYHUDOO� \LHOG��2Q� WKH�RWKHU�KDQG�� TXLQRQH� ����ZDV
SUHSDUHG�IURP�WKH�FRPPHUFLDOO\�DYDLODEOH�EHQ]\O�FKORULGH
���� E\� F\DQDWLRQ�� EDVLF� K\GURO\VLV� WR� WKH� FRUUHVSRQGLQJ
DFLG��/$+�UHGXFWLRQ��SURWHFWLRQ�RI�WKH�SULPDU\�DOFRKRO�DQG
FKURPLF�DFLG�R[LGDWLRQ�RI�WKH�DURPDWLF�ULQJ��7KHQ��7KLHOH
DFHWR[\ODWLRQ� IROORZHG� E\� K\GURJHQRO\VLV� RI� WKH� EHQ]\O
JURXS��VXEVWLWXWLRQ�E\�D�EURPLQH�DQG�SKRVSKRQDWLRQ�YLD�D
0LFKDHOLV�$UEX]RY� UHDFWLRQ� GHOLYHUHG�� LQ� a��� RYHUDOO
\LHOG��WKH�GHVLUHG�LQWHUPHGLDWH�����WKDW�ZDV�VXEVHTXHQWO\
FRXSOHG� �+:(� UHDFWLRQ�� WR� NHWRQH� ���� DIIRUGLQJ� D� ���

PL[WXUH�RI� WKH�(�=� LVRPHUV��0HWDFKURPLQH�$� ������ZDV
ILQDOO\� REWDLQHG� E\� UHGXFWLRQ� RI� WKH� DFHWDWH� JURXSV� DQG
VPRRWK� IHUULF� FKORULGH� R[LGDWLRQ� LQ� ���� \LHOG� IURP� WKH
FRXSOLQJ�RI�����DQG�������

$� QXPEHU� RI� LVRWKLRF\DQRVHVTXLWHUSHQHV� KDYH� EHHQ
LVRODWHG�IURP�VSRQJHV�RU�IURP�PROOXVNV�WKDW�IHHG�RQ�WKHP���
5HFHQWO\��DQ�HIILFLHQW�PHWKRGRORJ\�WR�LQWURGXFH�D�WHUWLDU\
1&6� JURXS� KDV� EHHQ� GHVFULEHG� XVLQJ� LQ� VLWX� JHQHUDWHG
+6&1�DQG�PLOG�RSHUDWLQJ�FRQGLWLRQV����7KLV�HYHQWXDOO\�OHG
WR�WKH�V\QWKHVLV�RI���6��5��DQG���6��6����LVRWKLRF\DQR�����
GLK\GUR�D�ELVDEROHQH�����DQG������ WKH�IRUPHU�EHLQJ� WKH
HQDQWLRPHU� RI� D� PDULQH� PHWDEROLWH� IURP� DQ� XQVSHFLILHG
+DOLFKRQGULD�VSRQJH���DQG�QRW�IURP�D�&LRFDO\SWD�VSRQJH��

DV�UHSRUWHG����VHH�6FKHPH�����
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0LVFHOODQHRXV

+\UWLRVDO� ������ LV� D� VHVWHUWHUSHQH� LVRODWHG� IURP� WKH
PDULQH�VSRQJH�+\UWLRV�HUHFWXV�� �HUHFWD"��DQG�EHORQJV�WR
D�QHZ�FODVV�RI�WHUSHQRLG�QDPHG�K\UWLRVDQH����,W�H[KLELWV��LQ
YLWUR��DQWLSUROLIHUDWLYH�DFWLYLW\�DJDLQVW�.%�FHOOV��$Q�HOHJDQW
V\QWKHVLV�RI�LWV�HQDQWLRPHU�KDV�EHHQ�SODQQHG��VWDUWLQJ�IURP
FRSDOLF�DFLG������7KHVH�HIIRUWV�KDYH�OHG�WR�WKH�V\QWKHVLV�RI
WKH�HQW�K\UWLRVDQH�GHULYDWLYH������DFFRUGLQJ�WR�6FKHPH����
LQ� �� VWHSV��ZLWK� D� UDWKHU� JRRG� RYHUDOO� \LHOG� RI� ���������
+HQFH��PHWK\O�LVRFRSDODWH������REWDLQHG�IURP�FRSDOLF�DFLG

����LQ�WKH�XVXDO�ZD\��VHH�6FKHPH�����ZDV�WUDQVIRUPHG�LQWR
WKH�FRUUHVSRQGLQJ�DOGHK\GH�������ZKLFK�ZDV�VXEPLWWHG�WR
D�*ULJQDUG�UHDFWLRQ�JLYLQJ�D�����PL[WXUH�RI�WZR�VHVWHUWHU�
SHQH�DOFRKROV�������HSLPHUV�DW�WKH�FDUELQRO�FDUERQ��3&&
R[LGDWLRQ�RI�WKLV�PL[WXUH�DQG�VXEVHTXHQW�HSR[LGDWLRQ�RI�WKH
WULVXEVWLWXWHG�GRXEOH�ERQG�IXUQLVKHG�LQWHUPHGLDWH�����WKDW
FRXOG�UHDGLO\�EH�UHDUUDQJHG�LQWR�K\UWLRVDQH�����RQ�WUHDW�
PHQW�ZLWK�ERURQ�WULIOXRULGH�HWKHUDWH��7KH�RYHUDOO�\LHOG�RI
WKLV� V\QWKHVLV� LV� QRW� DYDLODEOH�� 6XEVHTXHQWO\�� WKH� HQDQ�
WLRPHU� RI� D� SRVVLEOH� ELRV\QWKHWLF� SUHFXUVRU� RI� K\UWLRVDO�

��� .HOHFRP -��%UD]��&KHP��6RF�

1

&%]

�
&

2

&O &O

��� ���

1

&%]

2

&O

&O

+
+

���

1

&%]
&O

&O

+
2

+

���

D E

1

&%]

+

&O

25

+

���

1
&22+

&22+

+
+

+

���

1
&22+

+

+
+

&22+

���

�����D�NDLQLF�DFLG

&22+

1 &22+

+

6FKHPH�����7RZDUGV�WKH�V\QWKHVLV�RI�NDLQLF�DFLG�DQDORJXHV�

D��KH[DQH��U�W����������E��&+�1���0H2+��(W�2��a�����

2*O\FRV\O

2 2

+2

+2

�����PDFURODFWLQ�$

27+3

6

2

2

2
�

S7RO

�

���

3K�3
+

2 ���

�

3K�3

27%6

���

2+

2 2

+2

+2

�

��

��

��

�����PDFURODFWLQ�$

7H%X

27+3

�

���

6

2
�

S7RO

2+
2

���

6FKHPH�����7RZDUGV�WKH�WRWDO�V\QWKHVLV�RI�PDFURODFWLQ�$�



IXUDQH������KDV�EHHQ�REWDLQHG�IURP�FRSDOLF�DFLG�����LQ�VHYHQ
VWHSV��6FKHPH�����E\�H[WHQWLRQ�RI�WKH�VLGH�FKDLQ�RI�DOFRKRO
����DQG�DGGLWLRQ�RI�D�IXUDQH�PRLHW\�WKDW�SURFHHGV�LQ�JRRG
\LHOG��������+RZHYHU��WKLV�ODWWHU�VWHS�ODFNV�VWHUHRVHOHFWLY�
LW\�JLYLQJ�ULVH�WR�D�PL[WXUH�RI�����DQG������HSLPHUV�DW�WKH
FDUELQRO� FDUERQ�� $� VHTXHQFH� RI� R[LGDWLRQ�UHGXFWLRQ� KDV
EHHQ�XVHG�WR�LQFUHDVH�WKH�\LHOG�RI�WKH�GHVLUHG�LQWHUPHGLDWH
����������,W�PD\�EH�DQWLFLSDWHG�WKDW�HQW�K\UWLRVDO�������ZLOO
QRZ�EH�SUHSDUHG�IURP������LQ�WZR�VWHSV��WKURXJK�LQWHUPH�
GLDWH�����

����3XOR©XSRQH�������LV�D�PLQRU�PHWDEROLWH�LVRODWHG�LQ
������� \LHOG� IURP� WKH� +DZDLLDQ� RSLVWREUDQFK� PROOXVN
3KLOLQRSVLV�VSHFLRVD��RUGHU�&HSKDODVSLGHD���,W�LV�D�KLJKO\
XQFRPPRQ� S\ULGLQH� GHULYDWLYH� VXEVWLWXWHG� DW� &��� E\� D
ELF\FOLF� SRO\NHWLGH� GHULYHG� &���DONDGLHQRQH� DQG� KDV� QR
FORVH�DQDORJXH�DPRQJ�QDWXUDO�RU�V\QWKHWLF�SURGXFWV����7KLV
KDV�PDGH�����DQ�LQWHUHVWLQJ�WDUJHW�IRU�RUJDQLF�V\QWKHVLV�DQG
UDFHPLF� SXOR©XSRQH� KDV� DOUHDG\� EHHQ� REWDLQHG���� 6XE�
VHTXHQWO\��WKH�DEVROXWH�FRQILJXUDWLRQ�RI�����SXOR©XSRQH�ZDV
GHWHUPLQHG� E\� DV\PPHWULF� WRWDO� V\QWKHVLV� RI� ERWK� HQDQ�
WLRPHUV����$�QHZ�DSSURDFK�WR�DVVHPEOH�WKH�VLGH�FKDLQ�RI
SXOR©XSRQH�KDV�QRZ�EHHQ�GHVFULEHG��6FKHPH�������©��©�EL�
VHSL�SXOR©XSRQH��������D�GLDVWHUHRLVRPHU�RI�����ZDV�SUH�
SDUHG�VWDUWLQJ�IURP�SURSDUJ\O�DOFRKRO����������SLFROLQH�DQG
WKH�K\GULQGHQH�PRLHW\�������������7KXV��WKH��(����EURPR�
��SURSHQ�WULEXW\OVWDQQDQH� ������ZDV�SUHSDUHG�XVLQJ�D���
VWHS�SURWRFRO� IURP�SURSDUJ\O�DOFRKRO� �������DQG�FRXSOHG
ZLWK�WKH�DQLRQ�RI�WKH�VXOIRQH�����WR�JLYH�WKH��(��YLQ\OVWDQ�
Q\O�VXOIRQH������DORQJ�ZLWK�����UHFRYHUHG�VWDUWLQJ�VXEV�
WUDWH������'HVXOIRQ\ODWLRQ�WR������IROORZHG�E\�GHSURWHFWLRQ
RI�WKH�K\GUR[\O�JURXS�DQG�WUHDWPHQW�ZLWK�LRGLQH�IXUQLVKHG
LQWHUPHGLDWH�����WKDW�ZDV�VXEVHTXHQWO\�KRPRORJDWHG�LQ�D
RQH�SRW�6ZHUQ�*ULJQDUG�SURFHGXUH� WR�D�PL[WXUH�RI�GLDV�
WHUHRLVRPHULF�FDUELQROV������7UHDWPHQW�RI�WKH�ODWWHU�PL[�
WXUH�ZLWK�WKH�FXSUDWH�GHULYHG�IURP���SLFROLQH�SURYLGHG����

DV� D� PL[WXUH� RI� �� HSLPHUV�� WKDW� ZDV� ILQDOO\� R[LGL]HG� WR
ELVHSL�SXOR©XSRQH�����LQ�����RYHUDOO�\LHOG�IURP�K\GULQ�
GHQH����������

D�.DLQLF�DFLG�������LV�D�S\UUROLGLQH�DPLQR�DFLG�NQRZQ
IRU�D�YHU\�ORQJ�WLPH��,W�ZDV�ILUVW�LVRODWHG�IURP�WKH�UHG�DOJD
'LJHQHD�VLPSOH[�DQG�LV�HQGRZHG�RI�DQWKHOPLQWLF�SURSHUWLHV
MXVWLI\LQJ�LWV�XVH�LQ�SRSXODU�PHGLFLQH�IRU�FHQWXULHV���.DLQLF
DFLG�KDV�PRUH�UHFHQWO\�EHHQ�LPSOLFDWHG�LQ�WKH�SURFHVVHV�RI
OHDUQLQJ�DQG�PHPRU\�DQG�KDV�FRQVHTXHQWO\�UHFHLYHG�FRQ�
VLGHUDEOH� DWWHQWLRQ� LQ� WKH� DUHD� RI� QHXURVFLHQFHV������� $
QXPEHU�RI�V\QWKHVHV�RI�����KDYH�DOUHDG\�EHHQ�SXEOLVKHG
DQG�QHZ�DSSURDFKHV�DUH�EHLQJ� LQYHVWLJDWHG�������3UHOLPL�
QDU\�UHVXOWV�WRZDUGV�WKH�V\QWKHVLV�RI�NDLQLF�DFLG�DQDORJXHV
KDYH�DSSHDUHG�DQG�DUH�GHVFULEHG�LQ�6FKHPH�������>���@&\�
FORDGGLWLRQ�RI�F\FOLF�HQHFDUEDPDWH�����DQG�GLFKORURNHWHQH
����IXUQLVKHG�WKH�GLFKORUR�D]D�F\FOREXWDQRQH�����WKDW�ZDV
WUDQVIRUPHG� LQWR� WKH� D�D�GLFKORUR�F\FORSHQWDQRQH� ���
WKURXJK�D� UHJLRVHOHFWLYH� ULQJ� H[SDQVLRQ� FDUULHG�RXW�ZLWK
GLD]RPHWKDQH�LQ�UDWKHU�ORZ�\LHOGV��a�������

7KH�PDFURODFWLQV�DUH�WKH�ILUVW�PHPEHUV�RI�D�QRYHO�FODVV
RI�DQWLYLUDO�DQG�F\WRWR[LF�PDFUROLGHV��7KH\�ZHUH�LVRODWHG
IURP�DQ�XQNQRZQ�*UDP�SRVLWLYH�EDFWHULXP��LVRODWH�&�����
IURP� D� GHHS�VHD� VHGLPHQW� FRUH���� 0DFURODFWLQ�$� �����
VKRZHG�VHOHFWLYH�DQWLEDFWHULDO�DFWLYLW\�DQG�LQKLELWHG�%���
)���PXULQH�PHODQRPD�FDQFHU�FHOOV�LQ�YLWUR��,W�DOVR�VKRZHG
VLJQLILFDQW� LQKLELWLRQ� RI� PDPPDOLDQ�+HUSHV� VLPSOH[� YL�
UXVHV� �W\SHV� ,� DQG� ,,�� DQG�SURWHFWHG�7�O\PSKREODVW� FHOOV
DJDLQVW�KXPDQ�+,9�YLUDO�UHSOLFDWLRQ����7KH�DEVROXWH���6�
��6����5����5��VWHUHRFKHPLVWU\�RI�PDFURODFWLQ�$�KDV�EHHQ
SURSRVHG� UHFHQWO\� IURP� D� ��&�105� DQDO\VLV� RI� PDFUR�
ODFWLQ�%�������������6WXGLHV�WRZDUG�WKH�V\QWKHVLV�RI�PDFUR�
ODFWLQ� $� KDYH� DOUHDG\� JHQHUDWHG� WKH� VHJPHQWV� &��&���
&���&��� DQG� &���&��

������� %RWK� ZRUNV� XVHG� RUJDQRLURQ
PHWKRGRORJLHV��$�FRQYHUJHQW� V\QWKHVLV� FRPELQLQJ� WHOOX�
ULXP�DQG�VXOIR[LGH�FKHPLVWU\�KDV�EHHQ�SODQQHG�LQ�RUGHU�WR
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SURYLGH�JUDP�TXDQWLWLHV�RI�����IRU�IXUWKHU�ELRORJLFDO�HYDOX�
DWLRQ��7KH�ILUVW�VWHS�RI�WKH�UHWURV\QWKHWLF�DQDO\VLV�VKRZQ�LQ
6FKHPH� ���� WKH� FRXSOLQJ� RI� WHOOXURGLHQH� ���� ZLWK� WKH
K\GUR[\�HSR[LGH������KDV�EHHQ�DFKLHYHG�LQ�����\LHOG���
7KH�ILQDO�VWHSV�RI�WKH�V\QWKHVLV�DUH�XQGHU�LQYHVWLJDWLRQ�

&RQYROXWDP\GLQH�$�������LV�WKH�ILUVW�GLEURPRK\GUR[\�
R[LQGROH� DONDORLG� LVRODWHG�� IURP� WKH� EU\R]RDQ� $PDWKLD
FRQYROXWD���� WRJHWKHU�ZLWK� D� VHULHV� RI� EURPRSKHQ\OHWK\�
ODPLQHV�DQG�EURPRSKHQ\OHWK\ODPLGHV�������7KLV�PHWDEROLWH
H[KLELWV�D�SRWHQW�DFWLYLW\� LQ� WKH�GLIIHUHQWLDWLRQ�RI�+/���
KXPDQ� SURP\HORF\WLF� OHXNHPLD� FHOOV� DW� ����a��
PJ�P/�������$�VL[�VWHS�V\QWKHVLV�RI�UDFHPLF�����KDV�YHU\
UHFHQWO\�EHHQ�UHSRUWHG����7KXV��EURPLQDWLRQ�RI�S�QLWURDQLO�
LQH� ������� IROORZHG� E\� UHGXFWLYH� GHDPLQDWLRQ� IXUQLVKHG
����GLEURPRQLWUREHQ]HQH�������WKDW�ZDV�VXEVHTXHQWO\�K\�
GURJHQDWHG� WR� ����GLEURPRDQLOLQH� ������ XVLQJ� D� IUHVKO\
SUHSDUHG�5DQH\�QLFNHO�FDWDO\VW��7KH�NH\�VWHS�RI�WKH�V\QWKH�
VLV� ZDV� WKH� PRGLILHG� 6DQGPH\HU� UHDFWLRQ� �VWHS� G�� WKDW
GHOLYHUHG� WKH� H[SHFWHG� LVRQLWURVRDFHWDQLOLGH� ���� LQ� ���
�����DQ�H[FHOOHQW�\LHOG�ZKHQ�FRPSDUHG�WR�OLWHUDWXUH�GDWD ���
$FLG�FDWDO\VHG�F\FOL]DWLRQ�RI�����LQWR�����DQG�DOGRO�W\SH
DGGLWLRQ�RI�DFHWRQH�UHVXOWHG�LQ�WKH�REWHQWLRQ�RI��r��FRQYR�
OXWDP\GLQH�$�LQ�����RYHUDOO�\LHOG�>6FKHPH���@�

&RQFOXVLRQV

6\QWKHWLF� VWXGLHV� KDYH� IRFXVHG� PDLQO\� RQ� WHUSHQHV�
$PRQJ� WKHP�� �� VHVTXLWHUSHQHV�� ��� GLWHUSHQHV� DQG� RQH
VHVWHUWHUSHQH�KDYH�EHHQ�WKH�REMHFW�RI�WRWDO�V\QWKHVLV�RU�RI
WKH�SUHSDUDWLRQ�E\�WUDQVIRUPDWLRQ�RI�DQ�DEXQGDQW�QDWXUDO
SUHFXUVRU��,Q�DGGLWLRQ��WKH�V\QWKHVLV�RI�RQH�GLEURPRLQGROH
PHWDEROLWH�KDV�EHHQ�DFKLHYHG��7KH�V\QWKHVHV�RI�WZR�QLWUR�
JHQ�FRQWDLQLQJ�PHWDEROLWHV� DQG� RQH� ORQJ�FKDLQ� OLSLG� DUH
VWLOO�XQGHU�LQYHVWLJDWLRQ�

7DUJHW�PHWDEROLWHV�KDG�EHHQ�LVRODWHG�IURP�VSRQJHV���
FRPSRXQGV���PROOXVNV������RFWRFRUDOV������EU\R]RDQ������UHG
DOJD� �����EDFWHULD� ����DQG�PDPPDOLDQV� ����� DQG�ZHUH� VH�
OHFWHG� HLWKHU� EHFDXVH� RI� WKHLU� SKDUPDFRORJLFDO� DFWLYLWLHV
�K\UWLRVDO�� D�NDLQLF� DFLG�� PHWDFKURPLQH�$�� DQG� PDFUR�
ODFWLQ�$�� FRQYROXWDP\GLQH�$��� LQGXVWULDO� XVH� �DPEHUJULV
GHULYDWLYHV�� RU� VWUXFWXUH� RULJLQDOLW\� �LVRDJDWKRODFWRQH�
EUDVLOHQRO��DIULFDQRO��GDFW\ORO��SXOR©XSRQH��

,Q�PRVW�FDVHV��UDFHPLF�PL[WXUHV�RU�WKH�HQDQWLRPHU�RI
WDUJHW� FRPSRXQGV�KDYH�EHHQ�SUHSDUHG��7KH� V\QWKHVHV�RI
VHYHUDO�RI�WKHVH�PHWDEROLWHV�KDG�DOUHDG\�EHHQ�SXEOLVKHG�E\
RWKHU�JURXSV��ZLWK�WKH�H[FHSWLRQ�RI�WKH�IRXU�GLWHUSHQHV�IURP
6SRQJLD�RIILFLQDOLV��EUDVLOHQRO��FRQYROXWDP\GLQH�$��FRUDO�
ORLGLQ�$�DQG�PHWDFKURPLQH�$��7KH�V\QWKHVLV�RI�����EUDVL�
OHQRO� LV� WKH� RQO\� RQH� WKDW� QRW� RQO\� FRQILUPHG� VWUXFWXUDO
GHWHUPLQDWLRQ�EXW�� LQ� DGGLWLRQ�� DOORZHG�GHWHUPLQDWLRQ�RI
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PDULQH�QDWXUDO�SURGXFWV�

,Q� WKH� WKLUG�SDUW�RI� WKLV� UHYLHZ��ZH�ZLOO� IRFXV�RQ� WKH
ELRORJLFDO�SHUVSHFWLYHV�RI�PDULQH�QDWXUDO�SURGXFW�UHVHDUFK
LQ�%UD]LO��:H�ZLOO�GHVFULEH�ZRUNV�RQ�FKHPRV\VWHPDWLFV�
FKHPLFDO�HFRORJ\�DQG�PDULQH�SKDUPDFRORJ\�
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����>&KHP��$EVWU��������������@�

�� )ULHGOlQGHU��3���6FKXORII��5��0RQDWVK��&KHP�������
���� ���� DQG� SUHYLRXV� SDSHUV� LQ� WKLV� VHULHV� >&KHP�
$EVWU����������������@�
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