
HAL Id: hal-02067797
https://hal.science/hal-02067797

Submitted on 6 Nov 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Integrated Strategy for Lead Optimization Based on
Fragment Growing: The

Diversity-Oriented-Target-Focused-Synthesis Approach
Laurent Hoffer, Yuliia Voitovich, Brigitt Raux, Kendall Carrasco, Christophe
Muller, Aleksey Fedorov, Carine Derviaux, Agnès Amouric, Stéphane Betzi,

Dragos Horvath, et al.

To cite this version:
Laurent Hoffer, Yuliia Voitovich, Brigitt Raux, Kendall Carrasco, Christophe Muller, et al.. In-
tegrated Strategy for Lead Optimization Based on Fragment Growing: The Diversity-Oriented-
Target-Focused-Synthesis Approach. Journal of Medicinal Chemistry, 2018, 61 (13), pp.5719-5732.
�10.1021/acs.jmedchem.8b00653�. �hal-02067797�

https://hal.science/hal-02067797
https://hal.archives-ouvertes.fr


!!

An Integrated Strategy for Lead Optimization 

based on Fragment Growing: The DOTS 

(Diversity-Oriented Target-focused Synthesis) 

Approach 
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N!

Abstract 

A:58& -C5& ?!,-& @5X& H5<!H5,%& C.-& .H5+-.@.<!-.1+& C!,& =55+& B85!-2D& @!<.2.-!-5H& =D& !H:!+<5,& .+& C.BC3

-C81/BC?/-&!+H&@8!B45+-3=!,5H&,<855+.+B,[&A+5&4!^18&C/8H25&854!.+.+B&.+&H8/B&H.,<1:58D&.,&?81<5,,&

!/-14!-.1+& 1@& C.-3-1325!H& _UIE`& 1?-.4.G!-.1+[& U585%&X5& 85?18-& !& -.45& !+H& <1,-35@@.<.5+-& .+-5B8!-5H&

,-8!-5BD&@18&UIE&1?-.4.G!-.1+&!+H&?!8-.!22D&!/-14!-5H&H5,.B+&1@&?1-5+-&<C54.<!2&?81=5,&<1+,.,-.+B&1@&

@1</,5H&<C54.<!2&2.=8!8D&H5,.B+&!+H&:.8-/!2&,<855+.+B&<1/?25H&X.-C&81=1-.<&H.:58,.-D318.5+-5H&<&)'+3+&

,D+-C5,.,& !+H& !/-14!-5H& 0') 30(%+& 5:!2/!-.1+[& ZC5& :.8-/!2& 2.=8!8D& .,& B5+58!-5H& =D& <14=.+.+B& !+&

!<-.:!-5H& @8!B45+-& <1885,?1+H.+B& -1& -C5& ,/=,-8/<-/85& =.+H.+B& -1& -C5& -!8B5-& X.-C& !& <1225<-.1+& 1@&

@/+<-.1+!2.G5H&=/.2H.+B&=21<F,&/,.+B& 0')>0/04+35+<1H5H&<C54.<!2&85!<-.1+,&<!85@/22D&<C1,5+&@814&!&2.,-&

1@&1+53,-5?&18B!+.<&-8!+,@184!-.1+,&-C!-&!85&8525:!+-& .+&45H.<.+!2&<C54.,-8D[&ZC5&?811@&1@&<1+<5?-&

X!,&H541+,-8!-5H&/,.+B& -C5&1?-.4.G!-.1+&1@&=8141H14!.+& .+C.=.-18,&!,&!& -5,-&<!,5%& 25!H.+B& -1& -C5&

:!2.H!-.1+&1@&,5:58!2&<14?1/+H,&X.-C&!@@.+.-D&.4?81:5H&=D&,5:58!2&18H58,&1@&4!B+.-/H5[&

Keywords: 

U.-3-1325!H%& @8!B45+-%& 1?-.4.G!-.1+%& B81X.+B%& @1</,5H& 2.=8!8D%& H.:58,.-D318.5+-5H& 2.=8!8D%& :.8-/!2&

,<855+.+B%&<&)'+3+&,D+-C5,.,%&H8/B&H.,<1:58D%&.+-5B8!-5H&?.?52.+5%&!/-14!-.1+[&
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O!

Introduction 

ZC5&.+.-.!2&,-!B5&1@&-C5&H8/B&H.,<1:58D&?81<5,,%&85@5885H&-1&!,&aC.-&.H5+-.@.<!-.1+b%&.+:12:5,&.H5+-.@D.+B&

@8!B45+-_,`& 18& 4125</25_,`& !=25& -1& =.+H& -1& !& =.121B.<!2& -!8B5-& .+& -C5& 4.<813& -1& 4.22.412!8& !@@.+.-D&

8!+B5[R%& I&ZC5&H5:521?45+-&1@&C.BC3-C81/BC?/-&,<855+.+B&_UZ(`&!??81!<C5,%&?!8-.</2!82D&!/-14!-.1+&

!+H& 4.+.!-/8.G!-.1+& ?81<5,,5,%& !+H& ?81B85,,& .+& <C54.<!2& 2.=8!8D& H5,.B+& C!:5& B85!-2D& .4?81:5H& C.-&

.H5+-.@.<!-.1+&=D&!221X.+B&-C5&,<855+.+B&1@&2!8B5&C.BC3P/!2.-D&<1225<-.1+,&1@&<14?1/+H,[J& )+&!HH.-.1+%&

@8!B45+-3=!,5H&!??81!<C5,&C!:5&5458B5H&.+&-C5&85<5+-&D5!8,&!,&!+&!2-58+!-.:5&,-8!-5BD&-1& .H5+-.@D&

X5!F2D&.+-58!<-.+B&@8!B45+-,&@814&,4!22&H.:58,5&2.=8!8.5,&1@&<14?1/+H,[S%&O&

U.-,& @1/+H& =D& UZ(& 18& @8!B45+-3=!,5H& !??81!<C5,& !85& /,/!22D& 5:!2/!-5H& !+H& :!2.H!-5H& -C81/BC& !&

,58.5,&1@& 0')30(%+&!+Hc18& 0')4&//$/+&!,,!D,[&ZC5,5& 21X&!@@.+.-D&<14?1/+H,&-C5+&+55H&-1&=5&1?-.4.G5H&

.+-1&?81=5,&!+Hc18&H8/B,&/,.+B&C.-3&-1325!H&_UIE`&!??81!<C5,&-1&H5:521?&4185&?1-5+-&!+H&,525<-.:5&

25!H& <14?1/+H,& -C!-& <!+& 5+-58& ?85<2.+.<!2& 5:!2/!-.1+[& (5:58!2& C.-,& !85& /,/!22D& .H5+-.@.5H& @18& 5!<C&

-!8B5-%&4!F.+B&.-&<8/<.!2&-1&H5:521?&<1,-35@@5<-.:5&,-8!-5B.5,&-1&8!?.H2D&?81?1,5&1?-.4.G5H&<14?1/+H,&

@814&!& B.:5+& C.-[& U1X5:58%& .4?81:.+B& C.-& <14?1/+H,& -1& ?1-5+-& !+H& ,525<-.:5&4125</2!8& ?81=5,& 18&

H8/B& <!+H.H!-5,& <!+& =5& C!G!8H1/,%& -.45& <1+,/4.+B& !+H& 57?5+,.:5[& ZC/,%& 1:58<14.+B& -C5,5&

=1--25+5<F,& .+&C.-&1?-.4.G!-.1+&!+H&H5:521?.+B&,-8!-5B.5,& -1&!<<5258!-5%& .4?81:5&!+H&!/-14!-5& -C5&

?81<5,,&@814&C.-&.H5+-.@.<!-.1+&-1&25!H&18&?81=5&1?-.4.G!-.1+&!85&1@&?8.4!8D&.4?18-!+<5[L%&Q&

ZC.,& 1?-.4.G!-.1+& ?C!,5& -1& .4?81:5& -C5& !@@.+.-D%& ,525<-.:.-D& !+H& ?CD,.<1<C54.<!2& ?81?58-.5,& 1@& -C5&

<14?1/+H,& .+:12:5,& !& <14=.+!-.1+& 1@& 57?58.45+-!2& !+H& 0') >0/04+& !??81!<C5,[d%& N& (-8/<-/853!<-.:.-D&

852!-.1+,C.?& _(6#`&=D& <!-!21B& .,& -C5& @.8,-& ,-8!.BC-@18X!8H& ,-5?& -C!-& <!+&=5&54?21D5H& -1&57?2185& -C5&

<C54.<!2& ,?!<5& !81/+H& -C5& C.-& /,.+B& ,.4.2!8& <14458<.!22D& !:!.2!=25& <14?1/+H,[& ZC.,& !??81!<C& .,&

2.4.-5H& =D& -C5& !:!.2!=.2.-D& 1@& -C5& <14?1/+H,& !+H& =D& -C5.8& H.:58,.-D[& ZC5& +57-& ,-5?& .,& <C54.<!2& (6#&

,-/H.5,%& .+& XC.<C& <C54.,-,& ,D,-54!-.<!22D& 57?2185& !22& ?1,.-.1+,& 1@& -C5& <14?1/+H,& ,/.-!=25& @18&

41H.@.<!-.1+,[& (D+-C5,.G5H& <14?1/+H,& !85& 57?58.45+-!22D& 5:!2/!-5H& -1& H8.:5& -C5& ,5P/5+-.!2&

,D+-C5-.<&,-5?,[&(5:58!2&<D<25,&!85&/,/!22D&+55H5H&-1&85!<C&-C5&!@@.+.-D&:!2/5,&85P/.85H&@18&?81=5,&18&

H8/B32.F5& <!+H.H!-5,[& E.B!+H3=!,5H& 0') >0/04+& !??81!<C5,& C!:5&=55+&H5:521?5H& -1& !,,.,-& -C.,& ?81<5,,&
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P!

!+H& .4?81:5& C.-& <14?1/+H,%& .+<2/H.+B& I>& 18& J>& P/!+-.-!-.:5& ,-8/<-/853!<-.:.-D& 852!-.1+,C.?,&

_e(6#`[RM%&RR&;.+!22D%&,-8/<-/853=!,5H&!??81!<C5,&,/<C&!,&4125</2!8&H1<F.+B&!+H&:.8-/!2&,<855+.+B&_W(`&

<!+&,.B+.@.<!+-2D&!<<5258!-5&<14?1/+H&H5:521?45+-&=D&<1+,.H58.+B&,-8/<-/8!2&.+@184!-.1+&!=1/-&-C5&

-!8B5-[RI&ZC.,&,-8/<-/8!2&.+@184!-.1+&B85!-2D&@!<.2.-!-5,&-C5&UIE&1?-.4.G!-.1+&=D&!+!2DG.+B&-C5&=.+H.+B&

41H5& 1@& -C5& C.-& !+H& .H5+-.@D.+B& +5!8=D& ?81-5.+& ,/=?1<F5-,& -C!-& <1/2H& =5& @.225H[& ;18& .+,-!+<5%& -C5&

,-8!-5BD& B5+58!22D& .4?2545+-5H& .,& F+1X+& !,& -C5& aB81X.+B& ?C!,5b%& XC.<C& .+:12:5,& -C5& H5,.B+& 1@&

?/-!-.:5&1?-.4.G5H&<14?1/+H,&-C!-&<1/2H&@.-&-C5&,/=?1<F5-&XC.25&<1+,58:.+B&-C5&18.B.+!2&.+-58!<-.1+,&

1@&-C5&@8!B45+-&X.-C.+&-C5&=.+H.+B&,.-5[RJ%&RS&

6,&45+-.1+5H& ?85:.1/,2D%& (6#& =D& <!-!21B& .,& 2.4.-5H& -1& <14458<.!22D& !:!.2!=25& <14?1/+H,[& ;18& -C5&

@8!B45+-& B81X.+B& ,-8!-5BD%& .-& .,& B5+58!22D& +5<5,,!8D& -1& =5& !=25& -1& ,D+-C5,.G5& ,4!223,.G5& <C54.<!2&

2.=8!8.5,& @1</,5H& !81/+H& -C5& .+.-.!2& @8!B45+-[& (5:58!2& !??81!<C5,%& .+:12:.+B& <1/?2.+B& !+& !<-.:!-5H&

@184& 1@& -C5& @8!B45+-& X.-C& !& ,58.5,& 1@& <14?!-.=25& =/.2H.+B& =21<F,& _TT,`%& C!:5& =55+& H5:521?5H& -1&

H5,.B+& ,/<C& :.8-/!2& 2.=8!8.5,[RO%& RL& U1X5:58%& .-& .,& <8/<.!2& -1& .4?81:5& -C5& P/!2.-D& 1@& -C5,5& <C54.<!2&

2.=8!8.5,&=D&-!F.+B&.+-1&!<<1/+-&-C5&?CD,.<1<C54.<!2&?81?58-.5,&1@&-C5&<14?1/+H,&!+H&-C5&,.4?2.<.-D&

!+H& 5@@.<.5+<D& 1@& -C5.8& ,D+-C5,.,[& ZC5& <14?1/+H,& 4/,-& ?1,,5,,& 45H.<.+!2& <C54.,-8D& !+H& 6>$*&

?81?58-.5,&-C!-&!85&<14?!-.=25&X.-C&-C5.8&H5:521?45+-&!,&?81=5,&18&H8/B,[&

(D+-C5-.<&!??81!<C5,%&,/<C&!,&H.:58,.-D318.5+-5H&,D+-C5,.,&_>A(`%&C!:5&=55+&H5:521?5H&-1&B5+58!-5&

,-8/<-/8!2&H.:58,.-D&.+&!&8!-.1+!2&!+H&5@@.<.5+-&4!++58[&ZC5&B1!2&1@&,/<C&,-8!-5B.5,&.,&-1&4!7.4.G5&-C5&

<C54.<!2&,?!<5&57?2185H&XC.25& 2.4.-.+B&-C5&+/4=58&1@&<14?1/+H,&-1&!&4.+.4/4[RQ%& Rd&>A(&<1+<5?-&

C!,&=55+&!??2.5H&X.-C&,/<<5,,&@18&-C5&H.,<1:58D&1@&=.121B.<!22D&!<-.:5&<14?1/+H,&!+H&-C5.8&5:12/-.1+&

!,&?81=5,[RN3IO&

)+& -C.,& ,-/HD%& X5& 85?18-& !& UIE& 1?-.4.G!-.1+& ,-8!-5BD& .+-5B8!-.+B& <14?/-!-.1+!2& !+H& !/-14!-5H&

57?58.45+-!2&45-C1H,\&>AZ(& _>.:58,.-D3A8.5+-5H& Z!8B5-3@1</,5H& (D+-C5,.,`[& 6& B5+58!2& ?.?52.+5& C!,&

=55+& .4?2545+-5H& -1&H5,.B+&4185&?1-5+-& <C54.<!2& ?81=5,& ,-!8-.+B& @814&!+& .+.-.!2& @8!B45+-[& ;.8,-%&

-C5& =.+H.+B& 41H5& 1@& -C5& .+.-.!2& C.-& .,& .H5+-.@.5H& /,.+B& f38!D& <8D,-!221B8!?CD[& ZC5+%& -C5& 0') >0/04+&
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Q!

1?-.4.G!-.1+& ,-8!-5BD& 852.5,& 1+& I&4!.+& ,-5?,\& .c& -C5& H5,.B+& 1@& !& H.:58,.-D318.5+-5H& <C54.<!2& 2.=8!8D&

!81/+H&-C5& .+.-.!2&C.-&/,.+B&45H.<.+!2&<C54.,-8D38525:!+-& 85!<-.1+,&!+H&!&<1225<-.1+&1@&<14458<.!22D&

!:!.2!=25&TT,&!+H&..c&-C5&W(&1@&-C.,&<C54.<!2&2.=8!8D&/,.+B&-C5&<1+@184!-.1+!2&,!4?2.+B&-112&(S$0E*&-1&

,525<-& -C5&=5,-& .+-58!<-.+B&<14?1/+H,[IL& ZC5,5&<14?1/+H,&!85&?8.18.-.G5H&/,.+B& .+-58!<-.1+&5+58BD&

8!+F.+B%& @1221X5H& =D& ,D+-C5,.,& !+H& 5:!2/!-.1+& /,.+B& 81=1-.<& ?2!-@184,[& ZC5& 57?58.45+-!2& ?81<5,,&

_,D+-C5,.,& !+H& 5:!2/!-.1+`& <!+& =5& ,5-& /?& !+H& :!2.H!-5H& /,.+B& -C5& ,!45& ?2!-5,& X.-C1/-& !+D&

.+-5845H.!8D&?/8.@.<!-.1+&?81<5,,5,[&ZC5&5+-.85& <D<25&1@&1?-.4.G!-.1+&<!+&=5& 85?5!-5H& .-58!-.:52D& -1&

H5,.B+&4185&?1-5+-&!+H&,525<-.:5&<14?1/+H,&_;.B[&R`[&

>AZ(&X!,&,/<<5,,@/22D&!??2.5H&-1&1?-.4.G5&!&85<5+-2D&<C!8!<-58.G5H&.+C.=.-18&1@&=8141H14!.+&_T#>`%&

!& ?81-5.+& @814& -C5& =8141H14!.+& !+H& 57-8!3-584.+!2& _T*Z`& @!4.2D[IQ& (5:58!2& +5X& <14?1/+H,&

57C.=.-.+B& .4?81:5H& !@@.+.-.5,& _)"OM& !+Hc18& g>& :!2/5,`& C!:5& =55+& ,D+-C5,.G5H& !+H& :!2.H!-5H& ,-!8-.+B&

@814&-C5&<185&@8!B45+-[&ZC5&f38!D&,-8/<-/85&1@&-C5&41,-&?1-5+-&<14?1/+H&X!,&,12:5H&!+H&/,5H&-1&

H5<.?C58&-C5&4125</2!8&=!,.,&1@&-C5&.4?81:5H&!@@.+.-D[&

Results and Discussion 

ZC5& >AZ(& ,-8!-5BD& .+:12:5,& ,5:58!2& .+-5B8!-5H& ,-5?,& ,/44!8.G5H& .+& ;.B[& R[& )-& <14=.+5,& C.BC2D&

!/-14!-5H&<14?/-!-.1+!2&!+H&57?58.45+-!2&!??81!<C5,&@18&8!?.H&!+H&<1,-35@@5<-.:5&1?-.4.G!-.1+&1@&

C.-&<14?1/+H,[&ZC5&0')>0/04+&,-5?&.+<2/H5,&:.8-/!2&<C54.<!2&2.=8!8D&H5,.B+&!+H&,-8/<-/853=!,5H&W(&_;.B[&

I`[& ZC5& 57?58.45+-!2&45-C1H,& .+:12:5& H.:58,.-D318.5+-5H&<&) '+3+& ,D+-C5,.,& !+H& 0') 30(%+)5:!2/!-.1+&

X.-C&81=1-.<&?2!-@184,[&

ZC5&4.+.4/4&<1441+&,/=,-8/<-/85&+5<5,,!8D&-1&=.+H&-C5&-!8B5-&.,&.H5+-.@.5H&/,.+B&5.-C58&@8!B45+-3

=!,5H& !??81!<C5,& 18& H5<1+,-8/<-.1+& 1@& !+& .H5+-.@.5H& C.-& <14?1/+H[O%& Id& ZC5& =.+H.+B& 41H5& .,&

<C!8!<-58.G5H&=D&,-8/<-/8!2&41H52,&1@&-C5&@8!B45+-&<14?2575H&X.-C&-C5&=.121B.<!2&-!8B5-&/,.+B&f38!D&

<8D,-!221B8!?CD&_;.B[&R[!`[&A-C58&=.1?CD,.<!2&45-C1H,&<1/2H&!2,1&=5&/,5H&!-&-C.,&,-!B5%&,/<C&!,&'$#&18&

<8D13*$[IN%& JM& ZC5& <1441+& <185& .,& /,5H& -1& =/.2H& !& :.8-/!2& <C54.<!2& 2.=8!8D& @1</,5H& 1+& -C5& C.-&

<14?1/+H& _;.B,[& R[N& !+H& R[O`[& ZC5& H5,.B+& 1@& -C.,& H.:58,.-D318.5+-5H& <C54.<!2& 2.=8!8D& .,& !<C.5:5H& =D&
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R!

<1/?2.+B&!+&!<-.:!-5H&@184&1@&-C5&<185&@8!B45+-&X.-C&!&H.:58,5&<1225<-.1+&1@&<14458<.!22D&!:!.2!=25&

@/+<-.1+!2.G5H& TT,[& 08.18.-.G5H& <14?1/+H,& !85& ,525<-5H& -C81/BC& W(& _;.B,[& R[P& !+H& R[Q`[& ZC5&

<1885,?1+H.+B&TT,&!85&-C5+&?/8<C!,5H&_;.B[&R[R`%&@1221X5H&=D&?!8!2252&,D+-C5,.,&_;.B[&R[S`&!+H&0')30(%+&

5:!2/!-.1+&1@&-C5&<14?1/+H,&_;.B[&R[T`[&

Building virtual focused libraries 

081B85,,5,&.+&<14?/-!-.1+!2&45-C1H,&C!:5&4!H5&.-&?1,,.=25&-1&,<855+&4.22.1+,&1@&:.8-/!2&<14?1/+H,&

0')>0/04+& .+&!&85!,1+!=25&!41/+-&1@&-.45[&U1X5:58%&<14?/-583B5+58!-5H&<14?1/+H,&!85&+1-&!2X!D,&

<14458<.!22D&!:!.2!=25&18&5!,.2D&!<<5,,.=25&-1&18B!+.<&,D+-C5,.,[&)-&.,&-C585@185&<8/<.!2&-1&.+<18?18!-5&

X522385<1B+.G5H&45H.<.+!2&<C54.,-8D&8/25,&.+&-C5&H5,.B+&1@&:.8-/!2&2.=8!8.5,[JR%&JI&

>AZ(&/,5,&!&8525:!+-&,5-&1@&81=/,-&18B!+.<&,D+-C5,.,&85!<-.1+,&H5@.+5H&=D&U!8-5+@52258&!+H&<1X18F58,&

18& .4?2545+-5H& .+& C1/,5[RL& ZC5,5& 8/25,%& H5,.B+5H& =D& =1-C& 45H.<.+!2& <C54.,-,& !+H& 4125</2!8&

41H5258,%&.+<2/H5&-C5&41,-&<1441+&!+H&X5223!<<5?-5H&85!<-.1+,&5+<1/+-585H&H/8.+B&-C5&UIE&,-!B5,&

.+& -C5& ?C!84!& .+H/,-8D[& $1,-& 1@& -C5,5& 8/25,& .+:12:5& 1+2D& !& 1+53,-5?& 85!<-.1+%& !+H& C!2@& 1@& -C54&

<1+<58+&<D<25&@184!-.1+[&ZC5&@.8,-&,-5?&1@&:.8-/!2& 2.=8!8D&H5,.B+&.,&-C5&<!85@/2&<C1.<5&1@&1+5&18&!&@5X&

<C54.<!2&85!<-.1+,&<14?!-.=25&X.-C&-C5&,-!8-.+B&4!-58.!2&@814&-C5&2.,-&1@&!:!.2!=25&<C54.<!2&85!<-.1+,&

_;.B,[&R[N)!+H&I[A`[&"1+,5P/5+-2D%&-C5&.+.-.!2&C.-&4/,-&=5&!<-.:!-5H&-1&.+<2/H5&!&85!<-.:5&@/+<-.1+!2.-D&

-C!-&4!-<C5,&!-&25!,-&1+5&85!<-.1+&.+&-C5&,5-&1@&45H.<.+!2&<C54.,-8D38525:!+-&85!<-.1+,[&6&<1225<-.1+&

1@& @/+<-.1+!2.G5H& TT,& <14?!-.=25& X.-C& -C5& ,525<-5H& 85!<-.1+_,`& .,& !,,54=25H& @814& <14458<.!22D&

!:!.2!=25&H!-!=!,5,[&ZC5&!<-.:!-5H&C.-&.,&<1/?25H&0')>0/04+&-1&-C5&H.@@585+-&TT,&-1&B5+58!-5&-C5&@1</,5H&

<C54.<!2&2.=8!8D&_;.B,[&R[O)!+H&I[A`[&ZC.,&,-8!-5BD&!241,-&B/!8!+-55,&-C!-&<14?1/+H,&B5+58!-5H&.+&-C5&

:.8-/!2&2.=8!8D&!85&5!,.2D&!45+!=25&-1&18B!+.<&,D+-C5,.,&.+&1+5&18&-X1&,-5?,&X.-C&C.BC&57?5<-5H&D.52H,&

!+H&+1&=D?81H/<-,[&)+&!HH.-.1+%&!22&<14?1/+H,&.+&-C5&:.8-/!2&2.=8!8D&<1+-!.+&-C5&18.B.+!2&C.-&,<!@@12H&!,&

!&,/=41.5-D%&4!F.+B&.-&!&@1</,5H&2.=8!8D[&(5:58!2&@/22D&!/-14!-5H&?1,-3?81<5,,.+B&,-!B5,&!85&!??2.5H&

-1&-C5&:.8-/!2& 2.=8!8D&-1&57-8!<-&!&H.:58,5&,/=,5-&1@&H/?2.<!-53@855&85?85,5+-!-.:5&<14?1/+H,&X.-C&!&

@1</,& 1+& 45H.<.+!2& <C54.,-8D38525:!+-& ,-8/<-/85,& X.-C& 85!,1+!=25& ?CD,.1<C54.<!2& ?81?58-.5,& _;.B[&

I[7-),55&,/??18-.+B&.+@184!-.1+`[&
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S!

Conformational sampling with S4MPLE 

ZC5&,/=,5P/5+-&W(&,-5?&.+:12:5,&<1+,-8!.+5H&,!4?2.+B&X.-C&(S$0E*&_;.B[&I[=`%&!&4125</2!8&41H52.+B&

-112& -C!-& 852.5,& 1+& !& E!4!8<F.!+& B5+5-.<& !2B18.-C4& @18& <1+@184!-.1+!2& ,!4?2.+B& !+H& @18<53@.52H&

@184!2.,4& @18& 5+58BD& !,,5,,45+-[JJ& (S$0E*& /,5,& -C5& 6$T*#& 5+58BD& @18<5& @.52HJS& !+H& K6;;JO& -1&

,.4/2!-5&?81-5.+,&!+H&,4!22&18B!+.<&4125</25,%&85,?5<-.:52D[&

ZC5&W(&,-!B5&.,&?58@1845H&/+H58&85,-8!.+-,&-1&4!.+-!.+&-C5&=.+H.+B&41H5&1@&-C5&18.B.+!2&C.-&!<<18H.+B&

-1& -C5& B5+58.<& C.-& B81X.+B& ?!8!H.B4[RJ& ZC5& 85,-& 1@& -C5& 4125</25& <!+& 41:5& @8552D& -1& 57?2185& -C5&

,/881/+H.+B& ?1<F5-,[& ;1221X.+B& -C5& ,!4?2.+B& ?81<5,,%& -C5& 5+58BD& 1@& !22& +1+85H/+H!+-& ?1,5,& .,&

4.+.4.G5H&X.-C1/-&!??2D.+B&!+D&85,-8!.+-,[&"14?1/+H,&H.,?2!D.+B&!&,C.@-& 2!8B58&-C!+&!&/,583H5@.+5H&

811-345!+3,P/!85&H5:.!-.1+&_#$(>`&-C85,C12H&!@-58&5+58BD&4.+.4.G!-.1+&!85&H.,<!8H5H[&ZC5&852!-.:5&

=.+H.+B&5+58BD&1@&5!<C& 2.B!+H& .,&5,-.4!-5H&=D&<14?/-.+B& -C5&5+58BD&H.@@585+<5&1@& -C5&=5,-&?1,5& .+&

-C5& =1/+H& !+H& @855& ,-!-5,[& "14?1/+H,& !85& -C5+& 8!+F5H& !<<18H.+B& -1& -C.,& <14?/-5H& 5+58BD[& ZC5&

,-5?,& 25!H.+B& -1& -C5& 8!+F.+B& 1@& -C5& <14?1/+H,& !85& <14?25-52D& !/-14!-5H[& ZC5& @.+!2& ,525<-.1+& 1@&

<14?1/+H,&.,&!<C.5:5H&!@-58&:.,/!2&.+,?5<-.1+&1@&-C5&=5,-&?1,5,h&C1X5:58%&-C.,&2!,-&,-5?&.,&2.4.-5H&-1&!&

,4!22&+/4=58&1@&?1,5,%&25!H.+B&-1&!&,.B+.@.<!+-&85H/<-.1+&.+&-.45[&

Automated synthesis platform 

Z1& 5+!=25& @!,-58& !+H&4185& 5@@.<.5+-& ?85?!8!-.1+& 1@& !+& 57-5+,.:5& ,58.5,& 1@& <C54.<!2& H58.:!-.:5,%& !+&

!/-14!-5H&C.BC3-C81/BC?/-&81=1-.<&?2!-@184&<!+&=5&/,5H[JL%&JQ&ZC5,5&?2!-@184,&!85&?1X58@/2&,D,-54,&

-C!-&!221X&-C5&8!-.1+!2&H5,.B+&1@&!&H.:58,5&2.=8!8D&1@&,4!22&4125</25,&=D&?58@184.+B&/?&-1&NL&85!<-.1+,&

.+&?!8!2252[&)-&H8!4!-.<!22D&!<<5258!-5,&-C5&,D+-C5,.,&1@&!&=81!H&,?5<-8/4&1@&+1:52&H58.:!-.:5,&!+H&-C5&

1?-.4.G!-.1+&1@&-C5&?CD,.<!2&!+H&=.121B.<!2&?81?58-.5,&1@&4125</25,&@18&8!?.H&B5+58!-.1+&1@&(6#[&ZC.,&

!/-14!-5H&,-8!-5BD&H15,&+1-&85P/.85&,.B+.@.<!+-&<C!+B5,& .+&-C5&,D+-C5-.<&?81-1<12,&!:!.2!=25%&XC.<C&

!221X,& @!,-& !H!?-!-.1+& 1@& aC!+H,31+b& ,D+-C5-.<& ?81<5H/85,& -1& !/-14!-5H& ?81B8!4,[& $/2-.X522&

,D+-C5,.G58& 81=1-,& !85& /,5@/2& @18& ,D+-C5,.G.+B& !& 8!+B5& 1@& <14?1/+H,& :.!& !& ,.+B25& -D?5& 1@& 1+53,-5?&

85!<-.1+[& ZC.,& ,-8!-5BD& .,& ?58@5<-2D& ,/.-5H& -1& ?85?!85& -C5& <14?1/+H,& 18.B.+!-.+B& @814& -C5& :.8-/!2&

2.=8!8D&!+H&,525<-5H&=D& -C5& 0') >0/04+&W(&!??81!<C[&'1-!=2D%& .+& -C.,&!??81!<C%&1+2D& -C1,5&<14?1/+H,&
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T!

-C!-& !85& ?85H.<-5H& -1& =.+H& -1& -C5& =.121B.<!2& -!8B5-& !85& ,D+-C5,.G5H& !,& 1??1,5H& -1& ,-!+H!8H&

<14=.+!-18.!2&<C54.,-8D&!??81!<C5,[&

Optimization of BRD inhibitors with DOTS: proof of concept 

T#>,&!85&?81-5.+&H14!.+,&-C!-&,?5<.@.<!22D&85<1B+.G5&!<5-D2!-5H& 2D,.+5&_g!<`&85,.H/5,%&,/<C&!,&-C1,5&

?85,5+-& 1+& -C5& C.,-1+5& -!.2,[& ZC5& T#>S& ?81-5.+& <1+-!.+,& -X1& T#>& .+& -!+H54& !+H& =521+B,& -1& -C5&

=8141H14!.+& !+H& 57-8!3-584.+!2& _T*Z`& @!4.2D[Jd& ZC5,5& 5?.B5+5-.<& 85!H58,& 1@& 2D,.+5& !<5-D2!-.1+&

5458B5H& !,& H8/BB!=25& -!8B5-,& H/5& -1& -C5.8& 8125& .+& .+@2!44!-18D& !+H& <!8H.1:!,</2!8& H.,5!,5,& !+H&

<!+<58[JN&ZC/,%&H5:521?.+B&4125</25,&-C!-&<1/2H&5@@.<.5+-2D&H.,8/?-&-C.,&?81-5.+3?81-5.+&.+-58!<-.1+&.,&

C.BC2D&H5,.8!=25[&

i5& C!:5& 85<5+-2D& 85?18-5H& 7!+-C.+53<1+-!.+.+B& H58.:!-.:5,& .H5+-.@.5H& -C81/BC&45H./43-C81/BC?/-&

,<855+.+B&!,&,525<-.:5& .+C.=.-18,&1@& -C5&@.8,-&T#>&1@& -C5&C/4!+&T#>S&?81-5.+%&+!452D%&T#>S_T>R`[IQ&

ZC5&=.+H.+B&41H5&X!,&,12:5H&/,.+B&f38!D&<8D,-!221B8!?CD[&(6#&,-/H.5,&85:5!25H&-C5&4.+.4/4&,<!@@12H&

+5<5,,!8D& @18& -C.,& =.+H.+B%& !+H& !+!2D,.,& 1@& J>& ,-8/<-/85,& 1=-!.+5H& .+& <14?257& X.-C& H.@@585+-&

H58.:!-.:5,&85:5!25H&,/881/+H.+B&?1<F5-,&-C!-&<1/2H&=5&57?2185H&=D&W([&

"#$%&'!$(!&#')%&*+!,'*&-%$./&T!,5H&1+&!285!HD&,D+-C5,.G5H&.+-5845H.!-5,%&!&,/2@1+!4.H!-.1+&85!<-.1+&

X!,&,525<-5H&@18&-C5&H5,.B+&1@&-C5&:.8-/!2&<C54.<!2&2.=8!8D&_;.B[&(R`[&;18&-C.,&<1+H5+,!-.1+%&=1-C&!4.+1&

!+H& <C2181,/2@1+D2& 85!<-.:5& B81/?,& H.:.H5H& =5-X55+& -C5& ,/=,-8!-5& !+H& 85!B5+-& !85& 85P/.85H[& i5&

,12:5H&-C5&f38!D&,-8/<-/85&1@&-C5&a<1441+3<185b&@8!B45+-&01&.+&<14?257&X.-C&-C5&-!8B5-&_0>T&<1H5\&

L;'f`%& XC.<C& 85:5!25H& !& +5!8=D& ,/=?1<F5-& H52.4.-5H& =D& O& 85,.H/5,& _;QN%& >RSO%& ERSd%& $RSN& !+H&

6ROI`%&41,-&1@&XC.<C&C!:5&!&CDH81?C1=.<&,.H5&<C!.+&_,55&;.B[&(I&@18&-C5&I>&,-8/<-/85&1@&01`[&$1H52.+B&

,-/H.5,& 85:5!25H& -C!-& ,/=,-.-/-.1+,& .+& -C5& ?!8!& ?1,.-.1+& 1@& -C5& =5+GD2& B81/?& ,C1/2H& ?81:.H5& =5--58&

!<<5,,&-1&-C5&,/=?1<F5-[&

2'3%4.!$(!&#')%&*+!+%5,*,6/&6&?8.4!8D&45-CD25+5!4.+5&X!,&.+-81H/<5H&-1&-C5&.+.-.!2&@8!B45+-&01&!,&!&

+/<251?C.2.<&@/+<-.1+!2.-D[&ZC5&45-CD25+5&B81/?&X!,&.+-81H/<5H&!,&!&,?!<58&-1&.+-5B8!-5&!&=5+H&.+-1&

-C5& ,-8/<-/85,& -1& ,!-.,@D& -C5& ,-58.<& <1+,-8!.+-,& 1@& -C5& =.+H.+B& ,.-5[& ZC.,& =5+GD2!4.+53<1+-!.+.+B&
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U!

<14?1/+H&07&,58:5H&!,&!+&!<-.:!-5H&,-!8-.+B&4!-58.!2&@18&-C5&<&)'+3+&H5,.B+&_;.B,[&(R&!+H&(I`[&07&X!,&

:.8-/!22D&<14=.+5H&X.-C&,/2@1+D2&<C218.H53<1+-!.+.+B&TT,&-1&B5+58!-5&-C5&:.8-/!2& 2.=8!8D&=/.2-&!81/+H&

@8!B45+-& 01[& ZC.,& 2.=8!8D& X!,& ?1,-3?81<5,,5H& !+H& /2-.4!-52D& <1+-!.+5H& OQL& <14?1/+H,& _,55&

,/??18-.+B&.+@184!-.1+&@18&4185&H5-!.2,`[&

89! :%-#! 9;<=>?/& ZC5& @.+!2& ,/=,5-& 1@& OQL& <14?1/+H,& X!,& :.8-/!22D& ,<855+5H& /,.+B& (S$0E*& X.-C&

<1+,-8!.+-,&1+&-C5&,125&7!+-C.+5&41.5-D[&ZC.,&,/=,-8/<-/85& .+-58!<-,&X.-C&<1+,58:5H&'RSM%&!&F+1X+&

C1-& ,?1-& 1@& T#>S_T>R`h& -C.,& @/+H!45+-!2& .+-58!<-.1+& X!,& ?85,58:5H& H/8.+B& -C5& UIE& ?81<5,,[& ZC5&

854!.+.+B&?!8-,&1@&-C5&4125</25,%&+!452D&@814&-C5&18.B.+!2&?C5+D2&B81/?&-1&-C5&+5X2D&!HH5H&!-14,%&

X585&!221X5H&-1&57?2185&!H^!<5+-&,/=?1<F5-,&1+&-C5&?81-5.+&,/8@!<5[&6-&-C5&5+H&1@&-C5&?81<5,,%&-C5&

5+58BD& 1@& -C5& <14?1/+H,& X!,& 4.+.4.G5H& X.-C1/-& !+D& 85,-8!.+-,[& )4?18-!+-2D%& -C5& W(& 81/-.+5& .,&

54=5HH5H&X.-C&-C5&<C54.<!2&2.=8!8D&H5,.B+%&!+H&-C5&5+-.85&?81<5,,&.,&@/22D&!/-14!-5H[&

9'+'&-%$.!$(!&$)@$A.B3!-$!5'!36.-#'3%C'B/&ZC5&?8.18.-.G!-.1+&1@&-C5&?/-!-.:5&1?-.4.G5H&<14?1/+H,&

X!,& =!,5H& 1+& ,5:58!2& <8.-58.!%& -C5&41,-& .4?18-!+-& 1@& XC.<C&X!,& -C5& @18<53@.52H& 5+58BD& H.@@585+<5&

=5-X55+&-C5&=1/+H&!+H&@855&,-!-5,&1@&-C5&<14?1/+H[&A+2D&-C5&-1?&RMM&<14?1/+H,&X585&<1+,.H585H&

@18& @/8-C58& !+!2D,.,[& 641+B& -C1,5%& <14?1/+H,& -C!-& H.H& +1-& <1+:58B5& -1X!8H,& -C5& -!8B5-5H&?1<F5-&

!85!& _;QN%&>RSO%& ERSd%&$RSN& !+H&6ROI`& !+H& <14?1/+H,& 57C.=.-.+B& !& ,C.@-& @814& -C5& .+.-.!2& =.+H.+B&

41H5&X585&+1-&<1+,.H585H[&i5&?58@1845H&!&<2/,-58.+B&1@&<14?1/+H,&=!,5H&1+&,-8/<-/8!2&,.4.2!8.-.5,&

!+H&,525<-5H&1+2D&1+5& 85?85,5+-!-.:5&<14?1/+H& @18&5!<C&<2/,-58& _,55&,/??2545+-!8D& .+@184!-.1+`[&

#54!.+.+B& ?1,5,& X585& ,/=^5<-5H& -1& :.,/!2& .+,?5<-.1+[&iC5+& +1& !HH.-.1+!2& ,-81+B& .+-58!<-.1+& X!,&

H5-5<-5H%& -C5& 25,,& ,/=,-.-/-5H& <14?1/+H&X!,& ,525<-5H& @18& -C5& ,D+-C5,.,& ,-!B5[& 6-& -C5& 5+H& 1@& -C.,&

?81<5,,%&RQ&85?85,5+-!-.:5&4125</25,&X585&,525<-5H&@18&-C5&,/=,5P/5+-&,D+-C5,.,&,-!B5&_;.B[&(I&!+H&

Z!=25&R`[&*!<C&1@&-C5,5&<14?1/+H,&H.H&+1-&+5<5,,!8.2D&<1885,?1+H&-1&-C5&=5,-38!+F5H&1+5&X.-C.+&!&

B.:5+&<2/,-58&=/-&X!,&?85H.<-5H&-1&C!:5&-C5&C.BC5,-&2.B!+H&5@@.<.5+<D&:!2/5[SM&

D$5$-%&!36.-#'3%3/&ZC5&RQ&<14?1/+H,&X585&B5+58!-5H&/,.+B&!&,/2@1+D2!-.1+&85!<-.1+&1@&=5+GD2!4.+13

<1+-!.+.+B& 7!+-C.+5& H58.:!-.:5& 07& X.-C& !??81?8.!-5& ,/2@1+D2& <C218.H5& TT,& _;.B[& (R`[& 622& <14?1/+H,&
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!V!

C!:5&=55+&5@@.<.5+-2D&?85?!85H&.+&C.BC&D.52H,&_dQ&j&RRk`&/,.+B&1/8&!/-14!-5H&81=1-.<&?2!-@184&@814&

"C54,?55H[&

In vitro evaluation of the compounds 

ZC5& <8/H5& ,D+-C5-.<& ?81H/<-,& X585& H.85<-2D& -8!+,@5885H& -1& !& E!=<D-5& 6<<5,,c*<C1l& E!=18!-18D&

i18F,-!-.1+& -1& !,,5,,& -C5& <14?1/+H,& @18& -C5.8& !=.2.-D& -1& H.,8/?-& T#>cC.,-1+5& <14?2575,& /,.+B& !&

C141B5+51/,& -.45385,12:5H& @2/185,<5+<5& _UZ#;`3=!,5H& !,,!D[SR& ZC5& ?8.4!8D& ,<855+.+B& 85,/2-,&

85:5!25H&-C!-%&<14?!85H&X.-C&-C5&18.B.+!2&C.-%&!22&RQ&<&)'+3+3H5,.B+5H&4125</25,&H.,?2!D5H&.4?81:5H&

?)"OM& _Z!=25& R`[& ZC5& .+.-.!2& C.-& _01`& 57C.=.-5H& !& ?)"OM& :!2/5& 1@& S[N%& XC585!,& -C5& !4.+1& !<-.:!-5H&

@8!B45+-& _07`& H541+,-8!-5H& !& ?)"OM& :!2/5& 1@& S[L[& ;1/8-55+& <14?1/+H,& _dIk`& 57C.=.-5H& !+& !@@.+.-D&

.4?81:545+-&B85!-58&-C!+&R&21B%&XC.<C&.,&-C5&57?5<-5H&8!+B5&1@&.4?81:545+-&.+&!&<2!,,.<!2&81/+H&1@&

C.-&1?-.4.G!-.1+[&ZC5D&!22&<1+-!.+5H&!+&!814!-.<&8.+B&H.85<-2D&!--!<C5H&-1&-C5&,/2@1+D2&B81/?[&641+B&

-C5& 41,-& .4?81:5H& <14?1/+H,& .+& -584,& 1@& !@@.+.-D& X585& =.?C5+D2& H58.:!-.:5& _1`& !+H& S3

=5+GD217D?C5+D23,/2@1+!4.H5& H58.:!-.:5& _E`& X.-C& ?)"OM& :!2/5,& L[S& !+H& L[O%& 85,?5<-.:52D[&

Z5-8!CDH81P/.+12.+1+5& H58.:!-.:5& F& 57C.=.-5H& C.BC& .+C.=.-18D& !<-.:.-D& _?)"OM& m& L[S`& XC585!,& .-,&

=5+G!G5?.+3I31+5& !+!21B& _1E`& 57C.=.-5H& -C5& =5,-& -!8B5-& !@@.+.-D& X.-C& !& ?)"OM& :!2/5& 1@& L[L%& !+&

!??817.4!-52D&I321B&.4?81:545+-&1:58&-C5&.+.-.!2&C.-&01[&

)+&,/44!8D%&,5:58!2&C.BC&!@@.+.-D& .+C.=.-18,&X585&<C!8!<-58.G5H&,-!8-.+B&@814&!&41H58!-5&!@@.+.-D&C.-&

/,.+B& !& @/22D& .+-5B8!-5H& ?.?52.+5& <14=.+.+B&4125</2!8&41H52.+B%& <C54.,-8D& !+H& =.1<C54.,-8D&XC.25&

852D.+B&1+&!&81=1-3=!,5H&-5<C+121BD[&622&,525<-5H&<14?1/+H,&,C1X5H&=5--58&!@@.+.-D&:!2/5,&-C!+&-C5&

.+.-.!2&@8!B45+-&X.-C&!+&!:58!B5&.4?81:545+-&1@&R[I&21B,[&&

Orthogonal validation of the compounds 

Z1& @/8-C58& :!2.H!-5& -C5& !??81!<C%& !22& <14?1/+H,& 57C.=.-.+B& ,/=4.<81412!8& !@@.+.-.5,& .+& UZ#;&X585&

85,D+-C5,.G5H&/,.+B&!&,-!-531@3-C53!8-&!??81!<C%&.+<2/H.+B&!&?/8.@.<!-.1+&,-5?%&!+H&!+!2DG5H&/,.+B&)Z"&

!+H&Z(6&!,&18-C1B1+!2&:!2.H!-.1+&45-C1H,&_Z!=25&I`[&622&-C.8-55+&?/8.@.5H&<14?1/+H,&X585&<1+@.845H&

!,&C.BC&!@@.+.-D&=.+H58,&=D&=1-C&45-C1H,&_;.B[&(J`[&(/=4.<81412!8&g>&:!2/5,&<1+,.,-5+-&X.-C&-C5&UZ#;&

H!-!&X585&45!,/85H&@18&!22&=/-&1+5&<14?1/+H%&!+H&-C5&=5,-&<14?1/+H&_1E`&,C1X5H&!+&!@@.+.-D&1@&
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!!!

RNM&+$&@18&.-,&-!8B5-%&<1885,?1+H.+B&-1&!+&!@@.+.-D&.4?81:545+-&-C!-&X!,&LM3@12H&B85!-58&-C!+&-C!-&1@&

-C5&.+.-.!2&@8!B45+-&01!_;.B[&J`[&

T5,.H5&1?-.4.G!-.1+&1@& -C5& 2.B!+H&!@@.+.-D& @18& -C5& -!8B5-%& .-& .,& .4?18-!+-& -1& -!F5& .+-1&!<<1/+-&6>$*&

?!8!45-58,&H/8.+B&-C5&UIE&?81<5,,[&>/8.+B&-C5&?85?!8!-.1+&1@&-C5&:.8-/!2&2.=8!8D&,5:58!2&@.2-58,&X585&

!??2.5H&/,.+B&4125</2!8&H5,<8.?-18,& -C!-&!85& .4?18-!+-& -1&?85H.<-& -C5&H8/B32.F5+5,,&1@& <14?1/+H,[&

ZC.,&.+<85!,5,&-C5&?81=!=.2.-D&-C!-&-C5&H5,.B+5H&<14?1/+H,&?1,,5,,&?CD,.<1<C54.<!2&?81?58-.5,&-C!-&

!85&<14?!-.=25&X.-C&@/8-C58&H5:521?45+-,[&T5,.H5,%&H.@@585+-&5@@.<.5+<D&45-8.<,&C!:5&=55+&?81?1,5H&

-1&5,-.4!-5&-C5&?1-5+<D&1@&<14?1/+H,&H/8.+B&-C5&UIE&?81<5,,[SI&641+B&-C54%&-C5&2.B!+H&5@@.<.5+<D&

_E*`%& H5@.+5H& !,& -C5& =.+H.+B& @855& 5+58BD& ?58& C5!:D& !-14& <1/+-& _E*& m& nKcU6"`[& 622& RJ& :!2.H!-5H&

<14?1/+H,& ,C1X& H5<85!,5H& E*& :!2/5,& <14?!85H& -1& -C5& .+.-.!2& @8!B45+-& _Z!=25& (R`[& )-& .,& +1-&

/+<1441+& .+& @8!B45+-&-1& 25!H&1?-.4.G!-.1+&?81B8!4,&-1&1=,58:5&,/<C&H81?,& .+&E*&:!2/5,[SJ%& SS&ZC5&

=5,-&E*&_M[IQ&F<!2c4125cC5!:D&!-14`&<1885,?1+H,&-1&S345-CD23=5+G5+5&,/2@1+!4.H5&H58.:!-.:5&_RJ`%&

-C5& 25,,& ,/=,-.-/-5H& <14?1/+H[& U1X5:58%& !22& <14?1/+H,& 57C.=.-& ,.4.2!8& E*& :!2/5,& _M[IS& j& M[MR&

F<!2c4125cC5!:D& !-14`& !+H& -C585@185& -C.,& 45-8.<,& <!++1-& =5& /,5H& -1& ?8.18.-.G5& <14?1/+H,[& ZC5&

2.?1?C.2.<& 2.B!+H&5@@.<.5+<D& _EE*`& .,& !+&5,-.4!-5&1@& -C5& <1+-8.=/-.1+&1@& 2.?1?C.2.<.-D& -1&?1-5+<D& _EE*&m&

?)"OM& 3& <E1B0`[&EE*&C!,&=55+&,C1X+&-1& .4?81:5&H/8.+B& @8!B45+-& -1& 25!H&1?-.4.G!-.1+&?81B8!4,&!+H&

,/BB5,-5H&!,&!&:!2.H&45-8.<,&-1&?8.18.-.G5&<14?1/+H,[SI3SQ[&$185&-C!+&C!2@&1@&-C5&:!2.H!-5H&<14?1/+H,&

H541+,-8!-5&=5--58&EE*&<14?!85H&-1&-C5&.+.-.!2&C.-&01!_Z!=25&(R`&X.-C&<14?1/+H,&G%&F&!+H&1E&=5.+B&

-C5&41,-& .4?81:5H[&;.+!22D%& -C5&!P/51/,&,12/=.2.-D&1@&-C5&:!2.H!-5H&<14?1/+H,&C!,&=55+&45!,/85H&

_Z!=25&(R`[&ZC5&41,-&,12/=25&<14?1/+H,&!85&1E%&G%&F%&1H&!+H&H[&Z!F.+B& .+-1&!<<1/+-&-C5,5&H.@@585+-&

85,/2-,%&1E&!??5!8,&-C5&41,-&!??5!2.+B&<14?1/+H&@18&@/8-C58&H5:521?45+-,&!2-C1/BC&,5:58!2&1-C58&

<14?1/+H,&,C1X&.+-585,-.+B&?1-5+-.!2[&

ZC5&f38!D&,-8/<-/85&1@&-C5&41,-&.4?81:5H&<14?1/+H&.+&-584,&1@&=.+H.+B&!@@.+.-D&_1E`&<14?2575H&X.-C&

-C5&T#>S_T>R`&?81-5.+&-!8B5-&X!,&,12:5H&_0>T&<1H5\&L;AO`&-1&<1+@.84&-C5&=.+H.+B&41H5&?85H.<-5H&=D&

-C5&41H52.+B&57?58.45+-,&!+H&-1& .H5+-.@D&-C5&+5X&.+-58!<-.1+,&85,?1+,.=25&@18&-C5& .4?81:545+-& .+&

!@@.+.-D[&ZC5&@.+!2&I;1&o&;<&14.-&4!?&,C1X5H&<25!8&!+H&/+!4=.B/1/,&H5+,.-D&-C81/BC1/-&-C5& 2.B!+H&
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!N!

_;.B[& (S`[& 6,& 57?5<-5H%& !+!2D,.,& 1@& -C5& f38!D& ,-8/<-/85& 85:5!25H& -C!-& -C5& =.+H.+B& 41H5& 1@& -C5& WX

5-CD27!+-C.+5&41.5-D&X!,&<1+,58:5H&_;.B[&(O`[&"14?!8.,1+&1@&-C5&f38!D&,-8/<-/85,&1@&01!!+H&-C5&41,-&

.4?81:5H&<14?1/+H&_1E`&!221X5H&/,&-1&H5<.?C58&-C5&4125</2!8&=!,.,&1@&-C5&.4?81:5H&!@@.+.-D&_;.B[&S`[&

>.85<-& !+H& X!-58345H.!-5H& CDH81B5+& =1+H& .+-58!<-.1+,& !85& 1=,58:5H& X.-C& 'RSM& !+H& VNQ%&

85,?5<-.:52D[& ZC5&+5-X18F&1@& O& ,-8/<-/8!2&X!-58&4125</25,& ,-!=.2.G.+B& -C5&?81-5.+32.B!+H& .+-58!<-.1+&

!+H&21<!-5H&H55?&.+&-C5&g!<&=.+H.+B&?1<F5-&.,&!2,1&?85,58:5H[&6&,2.BC-&-8!+,2!-.1+&1@&-C5&7!+-C.+5&<185&

X!,&:.,.=25&=5-X55+&@8!B45+-&01&!+H&<14?1/+H&1E&=5<!/,5&-C5&2!--58&4125</25&<!++1-&?5+5-8!-5&!,&

H55?2D&.+-1&-C5&g!<&<!:.-D[&6,&!&<1+,5P/5+<5%&,-8/<-/8!2&X!-58&4125</25,&!85&!2,1&,2.BC-2D&H.,?2!<5H[&

ZC5& @257.=25& p6& 211?%& XC.<C& ?2!D,& !& F5D& 8125& .+& -!8B5-& !@@.+.-D& !+H& ,?5<.@.<.-D%& .,& H.,?2!<5H& .+& -C5&

,-8/<-/85&1@&T#>S_T>R`&.+&-C5&?85,5+<5&1@&<14?1/+H&1E%!85,/2-.+B&.+&-C5&,C.@-&1@&0NO&!+H&>NL&=D&J[N&

q& !+H& S[N& q%& 85,?5<-.:52D& _;.B[& (L`[& (5:58!2& +5X& .+-58!<-.1+,& !85& H5-5<-5H&X.-C& <14?1/+H& 1E& -C!-&

<1/2H& !<<1/+-& @18& -C5& !@@.+.-D& -C!-& X!,& =5--58& -C!+& -C!-& 1@& 01[& i!-58345H.!-5H& CDH81B5+& =1+H&

.+-58!<-.1+,& .+:12:.+B& idR& !+H& >RSO& !85& H5-5<-5H& =5-X55+& T#>S_T>R`& !+H& <14?1/+H& 1E[& ZC.,&

<14?1/+H&!2,1&57C.=.-,&!HH.-.1+!2&W!+&H58&i!!2,&<1+-!<-,&X.-C&;QN%&>RSO&!+H&$RSN&-C!-&!85&!=,5+-&

.+&-C5&.+.-.!2&@8!B45+-[&

Conclusion 

i5& 85?18-& !+&18.B.+!2& .+-5B8!-5H& ,-8!-5BD& -C!-& .,& /,5@/2& @18& 57?218.+B& -C5& <C54.<!2& ,?!<5& !81/+H& !&

,-!8-.+B&C.-&-1&1?-.4.G5& .-,&!@@.+.-D& .+&!&-.4535@@.<.5+-&!+H&<1,-35@@5<-.:5&4!++58[&ZC.,&!??81!<C&/,5,&

@1</,5H&<C54.<!2& 2.=8!8D&H5,.B+&!+H&W(&45-C1H121B.5,& .+&<14=.+!-.1+&X.-C&57?58.45+-!2&45-C1H,%&

.+<2/H.+B&<14?1/+H&,D+-C5,.,%&0')30(%+&5:!2/!-.1+&!+H&:!2.H!-.1+[&

ZC5& B5+58!2& >AZ(& ,-8!-5BD& <!+& =5& ,/44!8.G5H& !,& @1221X,& _;.B[& R`\& .`& C.-& .H5+-.@.<!-.1+& !+H&

<C!8!<-58.G!-.1+& 1@& =.+H.+B&41H5%& ..`& H5,.B+& 1@& !& :.8-/!2& 2.=8!8D& /,.+B&45H.<.+!2& <C54.,-8D& 8/25,%& ...`&

,525<-.1+& 1@& -C5& =5,-& <14?1/+H,& /,.+B& ,-8/<-/853=!,5H& W(%& .:`& ?/8<C!,5& 1@& TT,%& :`& 81=1-.<& ?!8!2252&

,D+-C5,.,&1@&,525<-5H&<14?1/+H,%&!+H&:.`&0')30(%+&5:!2/!-.1+[&$1,-&,-5?,&!85&+1X&@/22D&!/-14!-5H[&
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!O!

ZC5&0')>0/04+&,-!B5&852.5,&1+&<C54.<!2&F+1X25HB5&!+H&!221X,&-C5&?81H/<-.1+&1@&!<<5,,.=25&!+H&H.:58,5&

<14?1/+H,& XC.25& 57?218.+B& -C5& <C54.<!2& ,?!<5& !81/+H& -C5& 85@585+<5& C.-& !+H& 4!-<C.+B& 85B/2!8&

?CD,.<1<C54.<!2&!+H&45H.<.+!2&<C54.,-8D32.F5&@5!-/85,[&ZC5&?81?58-.5,&1@&-C5&<C54.<!2&2.=8!8D&<!+&=5&

-/+5H&/,.+B&H.@@585+-&</-31@@&:!2/5,&@18&,-!+H!8H&4125</2!8&H5,<8.?-18,[&ZC5&+57-&W(&?C!,5&.H5+-.@.5,&

?/-!-.:5& <14?1/+H,& -C!-& @.-& +5X& ?1<F5-,& .+& -C5& =.+H.+B& ,.-5& XC.25& 4!.+-!.+.+B& -C5& 18.B.+!2&

.+-58!<-.1+,[&

;1221X.+B&-C5,5& 0')>0/04+&?C!,5,%&X5-32!=&,-!B5,& 852D&1+&!& 81=1-.<&?2!-@184&-1&,D+-C5-.G5&!+H&,<855+&

-C5&<14?1/+H,&?85H.<-5H&-1&=.+H&-1&-C5&?81-5.+&-!8B5-[&ZC5&@/22&?81<5,,&<!+&=5&,5-&/?&X.-C1/-&!+D&

.+-5845H.!8D&?/8.@.<!-.1+&?81<5,,5,%&!221X.+B&-C5&,!45&NL3X522&?2!-5,&-1&=5&/,5H& .+&=1-C&,-!B5,& @18&

4!7.4!2& 5@@.<.5+<D[& )+& ?8!<-.<5%& .+& !& 81/+H& 1@& 1?-.4.G!-.1+%& <14?1/+H,& X1/2H& =5& @.8,-& 5:!2/!-5H&

X.-C1/-& /+H58B1.+B& !+D& ?/8.@.<!-.1+& ?81<5,,%& !+H& 1+2D& -C5&41,-& !<-.:5& <14?1/+H,&X1/2H& -C5+& =5&

?/8.@.5H&@18&:!2.H!-.1+&!+H&<C!8!<-58.G!-.1+[&

6,&!&?811@&1@&<1+<5?-%&>AZ(&C!,&=55+&:!2.H!-5H&/,.+B&-C5&1?-.4.G!-.1+&1@&!&T#>& .+C.=.-18&!,&!& -5,-&

<!,5%& 25!H.+B& -1& -C5& H5:521?45+-& 1@& ,5:58!2& 1?-.4.G5H& <14?1/+H,& ,-!8-.+B& @814& !& /+.P/5& C.-&

@8!B45+-[&622&,525<-5H&<14?1/+H,&57C.=.-5H&=5--58&!@@.+.-D&-C!+&-C5&18.B.+!2&C.-&!+H&,5:58!2&H.,?2!D5H&

?81?58-.5,& <14?!-.=25& X.-C& @/8-C58& H5:521?45+-[& ZC5& =5,-& 1?-.4.G5H& <14?1/+H& H541+,-8!-5H& !&

B85!-58&-C!+&LM3@12H&.4?81:545+-&.+&.-,&!@@.+.-D&@18&-C5&T#>S_T>R`&-!8B5-[&

ZC5&>AZ(&,-8!-5BD&1@@58,&,5:58!2&!H:!+-!B5,%&.+<2/H.+B&,?55H%&5@@5<-.:5+5,,&!+H&+1:52-D[&6/-14!-.1+&

!+H&,-!+H!8H.G!-.1+&1@&-C5&H.@@585+-&,-5?,&!85&.+-5+H5H&-1&.4?81:5&!+H&!<<5258!-5&-C5&?81<5,,&8!-C58&

-C!+& -1& .+<85!,5& -C5& +/4=58& 1@& <14?1/+H,& ,<855+5H%& ,D+-C5,.G5H& !+H& 5:!2/!-5H[& ZC5& ,C18-58&

85!<-.1+&!+H&?/8.@.<!-.1+& -.45,&4.+.4.G5& -8!+,@58& 21,,&=D&/,.+B& -C5& ,!45&?2!-5,[& (-!+H!8H.G!-.1+&1@&

?81-1<12,&.,&!2,1&.4?18-!+-&.+&4!F.+B&-C5&?81<5,,&4185&852.!=25&!+H&-C5&85,/2-,&4185&85?81H/<.=25[&

ZC5& ,D+58B.,-.<& !??81!<C& 1@& >AZ(& 85P/.85,& !+& 1?-.4!2& <14=.+!-.1+& 1@& 57?58-.,5& @814& 41H5258,%&

<C54.,-,&!+H&=.121B.,-,&-1&=5--58&57?2185&-C5&<C54.<!2&,?!<5&!81/+H&B.:5+&C.-,[&U/4!+&45H.<.+!2&!+H&

18B!+.<&<C54.,-8D&57?58-.,5&.,&+55H5H&-1&,525<-&8525:!+-&<C54.<!2&85!<-.1+,%&XC585!,&<14?/-!-.1+!2&
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!P!

45-C1H,&4!F5&.-&?1,,.=25&-1&2.4.-&-C5&+/4=58&1@&<14?1/+H,&-1&=5&,D+-C5,.G5H&!+H&5:!2/!-5H&1+2D&-1&

-C1,5&-C!-&!85&?85H.<-5H&-1&=.+H&-1&-C5&-!8B5-&5@@.<.5+-2D[&

ZC5&>AZ(& ,-8!-5BD& .,&?58@5<-2D& ,/.-5H& @18& -C5&5@@.<.5+-&H5,.B+&1@&?81=5,&X.-C&?81?58-.5,& <14?!-.=25&

X.-C&45H.<.+!2& <C54.,-8D& H5:521?45+-,[& ZC.,& !??81!<C& .,& !??2.<!=25& -1& -!8B5-,& <14?!-.=25&X.-C& 0')

30(%+& !/-14!-5H&!,,!D,&!+H& .-& .,& </885+-2D&!??2.5H& -1&!& :!8.5-D&1@& -!8B5-,&XC.<C&X.22& !221X& -1&=5--58&

H5@.+5& .-,& !??2.<!=.2.-D& H14!.+[& A-C58& .4?81:545+-,& .+<2/H.+B& -C5& H5,.B+& 1@& <1:!25+-& 18& 4185&

<14?2.<!-5H&<14?1/+H,&!85&/+H58&H5:521?45+-[&

Experimental Section. 

Preparation of building blocks 

085?!8!-.1+&1@&-C5&TT&H!-!=!,5&852.5,&1+&!+&!/-14!-5H&?.?52.+5&.22/,-8!-5H&=D&;.B[&(Q[&;.8,-%&TT,&X585&

85-8.5:5H&@814&-C5&$12018-&H!-!=!,5&_C--?\ccXXX[412?18-[<14`[&ZC.,&H!-!=!,5&.,&/?H!-5H&41+-C2D&

!+H&<!+&=5&5!,.2D&.+-5881B!-5H&/,.+B&P/58.5,&852!-5H&-1&?81?58-.5,&,/<C&!,&,-8/<-/85%&?8.<5%&,/??2.58&18&

!:!.2!=.2.-D& /,.+B& !& r!:!3=!,5H& 60)[& ZC5& 85-8.5:5H& TT,& X585& ?85?!85H& /,.+B& !& ,5-& 1@& -112,& @814&

"C54671+& _C--?\ccXXX[<C54!71+[<14`[&TT,&X585&,/=^5<-5H& -1&<1441+&,-!+H!8H.G!-.1+& .+<2/H.+B&

,!2-,& 8541:!2%& +5/-8!2.G!-.1+& !+H& g5F/25& 85?85,5+-!-.1+& @18& !814!-.<& ,D,-54,& /,.+B& (-!+H!8H.G58&

_3&%>0+')!Q2Q2P2V`[&6&<C5<F&1@&-C5&,-8/<-/85,&X!,&-C5+&?58@1845H&X.-C&(-8/<-/85"C5<F58&-1&52.4.+!-5&

<14?1/+H,&X.-C&X!8+.+B,[&TT,&-C!-&<1+-!.+&/+H5,.85H&52545+-,&_1-C58&-C!+&"%&U%&'%&A%&0%&(%&;%&"2%&T8%&

)%& T& 18& (+`& 18& 4185& -C!+& 1+5& /+H5@.+5H& ,-5851<5+-58& X585& 85^5<-5H& !-& -C.,& ,-!B5[& TT,& -C!-& X585&

<1+,.H585H& -11& 57?5+,.:5& _5[B[%&4185& -C!+& sRMM& @18& OM&4B`&X585& !2,1& H.,<!8H5H[& 6HH.-.1+!2& @.2-58,&

X585&!??2.5H&/,.+B& <1441+&?CD,.<13<C54.<!2&?81?58-.5,& _C5!:D&!-14&<1/+-&tIS%& 81-!-.1+!2&=1+H,&

tRL%&8.+B&,.G5&tQ%&8.+B&<1/+-&tJ%&8.+B&,D,-54&,.G5&uJ`[&ZC5,5&:!2/5,&X585&,525<-5H&-1&H.,<!8H&H8/B32.F5&

<14?1/+H,& @814& ?/-!-.:5& TT,& XC.25& F55?.+B& ,-!++!+5& !+H& =181+.<& !<.H3<1+-!.+.+B& TT,& -C!-& 4!D&

.+<2/H5& @257.=25& CDH81?C1=.<& -!.2,[& TT,& <1+-!.+.+B& /+<1441+& 18& 571-.<& ,/=,-8/<-/85,& -C!-& !85& +1-&

57?5<-5H& .+& !& C.-3I325!H& <1+-57-& _5[B[%& !H!4!+-!+5%& ,?.8138.+B%& 5-<[`& X585& 8541:5H& /,.+B& ^<,5!8<C&

@814&r<C54&T!,5&!+H&!&,5-&1@&($6#Z(&?!--58+,[&#525:!+-&-!/-1458,&1@&-C5&TT,&X585&-C5+&<14?/-5H&
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!Q!

/,.+B&<7<!2<&<!2</2!-18%&!&?2/B.+&@814&"C54671+[&Z!/-1458,&X585&<14?/-5H&!-&-C.,&,-!B5&!+H&+1-&1+&

-C5&@.+!2&@1</,5H&2.=8!8D&-1&?85,58:5&-C5&?85H5@.+5H&-!/-1458&1@&-C5&C.-&<14?1/+H&.+&-C5&=.+H.+B&,.-5[&

;.+!22D%&H/?2.<!-5,&X585&8541:5H&H/8.+B&-C5&2!,-&,-!B5&-1&B5+58!-5&!&<1225<-.1+&1@&NJF&?85?81<5,,5H&

TT,[&

Chemical reactions encoding 

ZC5& Od& <C54.<!2& 85!<-.1+,& H5,<8.=5H& =D&U!8-5+@52258& 5+<1H5H& .+& ($6#Z(& @184!-&X585& 85-8.5:5H[RL&

$1,-&1@&-C5,5&8/25,&!85&H5,.B+5H&!,&a#5!<-!+-R&v&#5!<-!+-I&w&081H/<-b&!+H&C!2@&1@&-C54&<1885,?1+H&

-1& <D<25& @184!-.1+[& ;18& -C5& =8141H14!.+& -5,-& <!,5%& 85!<-.1+& <1885,?1+H.+B& -1& -C5& <1/?2.+B& 1@& !&

,/2@1+D2<C218.H5& !+H& @855& !4.+1& B81/?,& -1& @184& !& ,/2@1+!4.H5& X!,& ,525<-5H& _;.B[& (R[A`[& )+& C1/,5&

85!<-.1+,& C!:5& !2,1& =55+& .4?2545+-5H& -1& C!+H25& !2-58+!-.:5& ,D+-C5,.,& ,<C545,& .+& 18H58& -1& H5,.B+&

?/-!-.:5&,/.<.H5&.+C.=.-18,&.+:12:.+B&!&<D,-5.+5&85,.H/5[&

Focused chemical library design 

6+&.+&C1/,5&?D-C1+&,<8.?-%&=!,5H&1+&-C5&#>g.-&-112F.-&_C--?\ccXXX[8HF.-[18B`&X!,&/,5H&-1&<85!-5&-C5&

8!X& @1</,5H& 2.=8!8D& .+& ($)E*(& @184!-[& TT,& <1+-!.+.+B& !& ,/2@1+D23<C218.H5& B81/?&X585& !/-14!-.<!22D&

85-8.5:5H& @814& -C5& ?853?81<5,,5H&$12018-& H!-!=!,5[& "14?1/+H& 07& <1+-!.+.+B& -C5& ?8.4!8D& !4.+5&

85!<-.:5&B81/?%&X!,&<1/?25H&-1&-C5&5+,54=25&1@&RIMM&,/2@1+D2<C218.H53<1+-!.+.+B&TT,&-1&B5+58!-5&-C5&

:.8-/!2&2.=8!8D&_;.B[&(R[7`[&ZC5&?1,-3?81<5,,.+B&1@&-C.,&8!X&@1</,5H&2.=8!8D&.,&H5,<8.=5H&.+&-C5&;.B[&I[7[&6&

,-8/<-/8!2& <C5<F& 1@& B5+58!-5H& <14?1/+H,& X!,& ?58@1845H& X.-C& (-8/<-/85"C5<F58& -1& 52.4.+!-5&

<14?1/+H,&X.-C&X!8+.+B,[&0/-!-.:5&H/?2.<!-5,&!+H&<14?1/+H,&-C!-&<1+-!.+&!-& 25!,-&1+5&/+H5,.85H&

52545+-&_1-C58&-C!+&"%&U%&'%&A%&0%&(%&;%&"2%&T8&18&)`&X585&!2,1&85^5<-5H[&ZC5&+57-&@.2-58.+B&,-5?&.,&=!,5H&

1+& ?CD,.<13<C54.<!2& ?81?58-.5,& .+& 18H58& -1& H.,<!8H& ,-8/<-/85,& X.-C& 1=:.1/,& X!8+.+B,[& "1441+&

-C85,C12H&:!2/5,&X585&/,5H&_<E1B0&tO%&-0(6&tROM&qx%&81-!-.1+!2&=1+H,&tRM&!+H&8.+B&,D,-54&,.G5&tI`[&

>/5&-1&=1-C&-C5&,.G5&1@&18.B.+!2&07& @8!B45+-&!+H&-C5& 2.4.-5H&+/4=58&1@&,/2@1+D2<C218.H53<1+-!.+.+B&

TT,%& !& B85!-58& :!2/5& @18& -C5&4!7.4!2&4125</2!8&X5.BC-&X!,& 54?21D5H& _OQO& >!& =D& <1+-8!,-& -1& -C5&

H5@!/2-&OMM&>!&:!2/5`[&9+H5,.85H&<14?1/+H,&X585&57<2/H5H&=!,5H&1+&D/<F&@.2-58,&/,5H&-1&B5+58!-5&
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!R!

-C5&<25!+&,/=,5-&1@&-C5&p)'"&H!-!=!,5&_C--?\ccG.+<[H1<F.+B[18B`[&0/-!-.:5&06)'(&X585& .H5+-.@.5H&!+H&

8541:5H&@814&-C5&2.=8!8D&/,.+B&8/25,&57-8!<-5H&@814&;!@>8/B,[Sd&>/5&-1&-C5&2.4.-5H&,.G5&1@&-C5&</885+-&

<C54.<!2& 2.=8!8D%& -C5&,5!8<C& @18&?8.:.25B5H&,<!@@12H,&X!,&+1-&!??2.5H&!+H&!& ,1@-& <2/,-58.+B&!??81!<C&

X!,&?58@1845H&-1&B5+58!-5&-C5&@.+!2&@1</,5H&2.=8!8D[&)+&?8!<-.<5%&1+2D&=814.+5&!+H&.1H.+5&<1+-!.+.+B&

!+!21B,&1@& <C218.H5& <1+-!.+.+B& <14?1/+H,&X585&H.,<!8H5H[&ZC5& @.+!2& @1</,5H& 2.=8!8D& <1+-!.+5H&OQL&

<14?1/+H,[&

08.18& -1& -C5& W(& ,-!B5%&4!^18&4.<81,?5<.5,%& !-14.<& -D?5,%& ?!8-.!2& <C!8B5,& !+H& 1+5& J>3<1+@18458& 1@&

5!<C&<14?1/+H&.+&-C5&:.8-/!2&2.=8!8D&X585&?85<14?/-5H[&6-14,&@814&-C5&85@585+<5&,-8/<-/85&'35-CD2&

7!+-C.+5&41.5-D%&<1+,-8!.+5H&H/8.+B&,/=,5P/5+-&W(%&X585&@2!BB5H&/,.+B&!&$"(&!2B18.-C4[&;.+!22D%&-C5&

B5+58!-5H& <1+@18458,&X585&!/-14!-.<!22D& ,/?58.4?1,5H& -1& -C5& 85@585+<5& ,/=,-8/<-/85%&XC.<C&X!,&

?85?1,.-.1+5H& .+& -C5&=.+H.+B& ,.-5[& ZC5,5& ,-5?,&X585&?58@1845H&/,.+B& .+& C1/,5& -112,& 852D.+B&1+& -C5&

"C54671+&r!:!&60)&_C--?\ccXXX[<C54!71+[<14`[&K6;;&@18<53@.52H&!-14.<&-D?5,&X585&4!??5H&/,.+B&

?81B8!4,&@814&64=58Z112,&_C--?\cc!4=584H[18B`[&

Conformational sampling 

"1+@184!-.1+!2& ,5!8<C& X.-C& (S$0E*& X!,& ?58@1845H& !,& ?85:.1/,2D& H5,<8.=5H[IL%& JJ%& SN& )+.-.!2& f38!D&

,-8/<-/85& 1@& -C5& =8141H14!.+& -!8B5-& _0>T& <1H5& O*K9`& X!,& ?85?!85H& /,.+B& $A*& :58,.1+& IMRL&

_"C54.<!2& "14?/-.+B& K81/?& )+<[%& $1+-85!2%& e"%& "!+!H!`[& 081-1+!-5J>& -112& X!,& /,5H& -1& !HH&

CDH81B5+[&6&?81=5& !-14&X!,&?1,.-.1+5H& .+& -C5& -!8B5-& =.+H.+B&?1<F5-& _;QN%&>RSO%& ERSd%&$RSN&!+H&

6ROI`[&622& 85,.H/5,%&X.-C&!-& 25!,-&1+5&!-14&X.-C.+&RM&q&8!H./,& @814&5.-C58&'35-CD2&7!+-C.+5&<185&18&

?81=5& !-14%& X585& ,525<-5H& -1& H5@.+5& -C5& =.+H.+B& ,.-5[& 6& 2!8B5& =.+H.+B& ,.-5& X!,& H5@.+5H& =5<!/,5&

(S$0E*&852.5,&1+&!&;;3=!,5H&5+58BD&@/+<-.1+[&ZC5&,!4?2.+B&,-!B5&4!.+2D&<1+,.,-5H&.+&J&.+H5?5+H5+-&

,.4/2!-.1+,&1@&SMM&B5+58!-.1+,&X.-C&!&?1?/2!-.1+&1@&JM&.+H.:.H/!2,[&6-14,&@814&-C5&'35-CD237!+-C.+5&

<185&X585&<1+,-8!.+5H&H/8.+B&-C.,&,-!B5%&XC.25&!22&1-C58&2.B!+H&!-14,&X585&!221X5H&-1&41:5&@8552D[&622&

,!:5H&?1,5,&X585&458B5H&.+-1&1+5&@.25&=5@185&,X.-<C.+B&-1&-C5&?1,-3?81<5,,.+B&,-!B5&-C!-&.+:12:5H&!&

4.+.4.G!-.1+& 1@& !22& +1+385H/+H!+-& ?1,5,& XC.25& /+21<F.+B& !22& 2.B!+H& !-14,& _=D& 8541:.+B& !22&
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!S!

<1+,-8!.+-,`[& ZC.,&4.+.4.G!-.1+& ,-5?& !2,1& .+<2/H5H& ,D,-54!-.<& 1?-.4.G!-.1+& 1@& ?12!8& CDH81B5+& @814&

CDH817D2& B81/?,& 1@& =1-C& 2.B!+H& !+H& =.+H.+B& ,.-5[& ZC5& 5+58BD& /,5H& @18& 8!+F.+B& X!,& H5@.+5H& !,& -C5&

21X5,-& ?1-5+-.!2& 5+58BD& 1@& -C5& <14?257&4.+/,& -C5& 21X5,-& ?1-5+-.!2& 5+58BD& 1@& -C5& @855& 2.B!+H[& ZC5&

2!--58&X!,&1=-!.+5H&=D&?58@184.+B&!&P/.<F&,.4/2!-.1+%& .+:12:.+B&=1-C&,!4?2.+B&!+H&?1,-3?81<5,,.+B&

,-!B5,%&1+&-C5&,125& 2.B!+H&_!=,5+<5&1@&-C5&?81-5.+&=.+H.+B&,.-5`[&ZC5&W(&?81-1<12& .,&H5,<8.=5H& .+&;.B[&

I[=[&

Compound selection 

ZC5& =5,-& ?1,5,& X.-C.+& !+& 5+58BD& X.+H1X& 1@& R& F<!2c412& @814& -C5& -1?& RMM& <14?1/+H,& X585&

<1+,.H585H&@18&@/8-C58&!+!2D,.,&_-C.,&-C85,C12H&.,&!&H5@!/2-&:!2/5&=/-&<!+&=5&/,583H5@.+5H`[&)+&!HH.-.1+%&

<14?1/+H,&-C!-&H.H&+1-&<1+:58B5&-1X!8H,&-C5&-!8B5-5H&?1<F5-&!85!&18&<14?1/+H,&57C.=.-.+B&!&,C.@-&

2!8B58&-C!+&R[M&q&1+&-C5&,125&7!+-C.+5&41.5-D&X585&+1-&<1+,.H585H[&ZC5&,C.@-&X!,&45!,/85H&/,.+B&-C5&

#$(>&45-8.<&1+&-C5&7!+-C.+5&41.5-D&=5-X55+& .-,&85@585+<5&<1+,-8!.+5H&?1,.-.1+&!+H& .-,& @.+!2&?1,-3

4.+.4.G!-.1+&?1,.-.1+&_!@-58&!22&<1+,-8!.+-,&X585&8541:5H`[&#54!.+.+B&<14?1/+H,&X585&,/=^5<-5H&-1&

!& <2/,-58.+B& ,-8!-5BD& =!,5H& 1+& <C54.<!2& ,-8/<-/85,[& )+& ?8!<-.<5%& <14?1/+H,& X585& ,.4?2.@.5H& =D&

!/-14!-.<!22D&8541:.+B&+1+3<D<2.<&CDH81?C1=.<&-!.2,&_<!8=1+&!+H&C!21B5+&!-14,`%&!+H&<2/,-58,&X585&

B5+58!-5H& =D& .H5+-.@D.+B& .H5+-.<!2& <14?1/+H,[& ;18& 57!4?25%& ,5:58!2& <14?1/+H,& X585& H.?C5+D23

!+!21B,&1@&<14?1/+H&1&XC.<C&X!,&8!+F5H&.+&,.7-C&?1,.-.1+&.+&-C5&:.8-/!2&,<855+.+B%&XC.25&.-,&21X5,-3

5+58BD& !+!21B& X!,& 8!+F5H& .+& @.8,-& ?1,.-.1+[& (.4.2!82D%& J& <14?1/+H,& X585& :58D& <21,5& !+!21B,& 1@&

4125</25& H& _-C5& 21X5,-35+58BD& =5.+B& 8!+F5H& .+& ?1,.-.1+& O`[& W.,/!2& .+,?5<-.1+& 1@& !22& ?1,5,& X!,&

?58@1845H&X.-C&0D412&_C--?\cc?D412[18Bc`[!

Chemical synthesis 

"14458<.!22D& !:!.2!=25& 85!B5+-,& X585& /,5H& X.-C1/-& !HH.-.1+!2& ?/8.@.<!-.1+[& 6/-14!-5H& ,D+-C5,5,&

X585& ?58@1845H& =D& /,.+B& !& #1=1-.<& ?2!-@184& 6<<5258!-18& (D+-C5,.G58& (EZ))& @814& "C54,?55H&

-5<C+121B.5,[& "12/4+& <C814!-1B8!?CD&X!,& ?58@1845H& /,.+B&$!<C585D3'!B52& g.5,52B52& LM& _QM3IJM&

45,C`[& ZC5& ?5-8125/4& ,?.8.-& 85@58,& -1& -C5& @8!<-.1+&X.-C& H.,-.22!-.1+& 8!+B5& SM3QMy"[& RU&!+H& RJ"&'$#&
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!T!

,?5<-8!&X585&85<18H5H&!-&8114&-54?58!-/85&.+&>$(A3<R%&">JA>&18&">"2J&=D&/,.+B&!&T8/F58&6"SMM%&

6"IOM&18&6B.25+-&>>I&SMM&,?5<-8145-58,[&"C54.<!2&,C.@-,&_z`&!85&85?18-5H&.+&?!8-,&?58&4.22.1+&_??4`&

X.-C&.+-58+!2&85@585+<5&Z$(&!+H&<1/?2.+B&:!2/5,&_r`&.+&C58-G[&6==85:.!-.1+,&@18&?5!F,&!85%&=8\&=81!H%&,\&

,.+B25-%& H\& H1/=25-%& -\& -8.?25-%& P\& P/!H8/?25-%& P/.+-\& P/.+-/?25-%& ,57\& ,57-/?25-& !+H&4\&4/2-.?25-[& ZC5&

,?5<-8!& 85<18H5H& !85& <1+,.,-5+-& X.-C& -C5& ?81?1,5H& ,-8/<-/85,[& #5!<-.1+& 41+.-18.+B& !+H& ?/8.-D& 1@&

<14?1/+H,& X585& 85<18H5H& =D& /,.+B& !+!2D-.<!2& 6B.25+-& )+@.+.-D& C.BC& ?58@184!+<5& 2.P/.H&

<C814!-1B8!?CD&_"12/4+&p18=!7&(T3"Rd&R[d&{$&_I[R7OM&44`h&$1=.25&?C!,5&_6\&M[Rk&;6&UIA%&T\&M[Rk&

;6&$5"'%&Z.45ckT&McRM%&ScNM%&QcNM%&NcRM%&RMcRM`h&;21X&8!-5&M[J&4Ec4.+h&>.2/5+-&$5AU`&X.-C&>6>&

!-&IJM&+$[&622&-5,-5H&<14?1/+H,&D.52H5H&H!-!&<1+,.,-5+-&X.-C&!&?/8.-D&1@&|&NOk[&

&  
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NV!

!+H& -C5& ,12.H& 1=-!.+5H& X!,& X!,C5H& X.-C& *-IA& -1& !@@18H& _S3_=814145-CD2`?C5+D2`45-C!+!4.+5&

CDH81=814.<&,!2-!!,&!&B85D&?1XH58&_RB%&dNk`[&RU&'$#&_IOM&$UG%&>$(A3<R`&z&d[IL&_=8,%&IU`%&Q[Sd&_,%&

SU`%&S[QR&_H%&Y&m&J[L&UG%&IU`%&S[MJ&_,%&IU`[&RJ"&'$#&_LJ&$UG%&>$(A3<R`&z&RJd[O%&RJS[R%&RIN[L%&RIN[S%&

SR[N%&JS[M[&

"#$"J5A-6+! ;JK5,$)$)'-#6+L5'.C6+&*,5*)*-'I! Z1& -C5& ,12/-.1+& 1@& _S3

_=814145-CD2`?C5+D2`45-C!+!4.+5&CDH81=814.<&,!2-&_RB%&O4412`& .+&!&4.7-/85&1@&UIA&!+H&H.17!+5&

_SM4E%& R\R`%& H.3(&%(3=/-D2& H.<!8=1+!-5& _J[JB%& RO4412`& X!,& !HH5H& !-& My"[& ZC5+& '!U"AJ& _M[dQB%&

RM4412`&X!,&!HH5H&!-&-C5&,!45&-54?58!-/85%&!+H&-C5&85,/2-.+B&4.7-/85&X!,&,-.885H&@18&J&C1/8,&!-&

8114& -54?58!-/85[& ZC5&4.7-/85&X!,&57-8!<-5H&X.-C&*-IA& _7J`%& <14=.+5H&18B!+.<& 2!D58,&X585&H8.5H&

1:58&'!I(AS&!+H&<1+<5+-8!-5H&/+H58&85H/<5H&?85,,/85[&ZC5&85,/2-.+B&<121825,,&1.2&X!,&X!,C5H&X.-C&

?5-8125/4&5-C58& !+H& -C5& ?85<.?.-!-5& @1845H&X!,& @.2-585H& 1@@& !+H&H8.5H& /+H58& 85H/<5H&?85,,/85& -1&

!@@18H&-58-3=/-D2&S3_=814145-CD2`=5+GD2<!8=!4!-5&_R[RB%&QJk`&!,&!&XC.-5&,12.H[& RU&'$#&_IOM&$UG%&

>$(A3<R`&z&Q[Jd&_H%&Y&m&Q[O&UG%&IU`%&Q[IR&_H%&Y&m&d[M&UG%&IU`%&S[Ld&_,%&IU`%&S[RM&_H%&Y&m&L[R&UG%&IU`%&R[JN&

_,%&NU`[&RJ"&'$#&_LJ&$UG%&>$(A3<R`&z&ROO[d%&RSM[O%&RJL[S%&RIN[J%&RIQ[I%&QQ[N%&SJ[R%&JS[L%&Id[J[&

"#$"J5A-6+! ;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+&*,5*)*-'I!Z1&!& ,/,?5+,.1+&

1@& Q35-CD23RU3?/8.+53I%L_JU%QU`3H.1+5& _RdM4B%& R4412`& ?85?!85H& !<<18H.+B& -1& -C5& ?85:.1/,2D&

H5,<8.=5H& ?81<5H/85,IQ& !+H& gI"AJ& _ROR[d4B%& R[R4412`& .+& H.45-CD2@184!4.H5& _RO4E`& (&%(3=/-D2& S3

_=814145-CD2`=5+GD2<!8=!4!-5&_JMM4B%&R4412`&X!,&!HH5H&?18-.1+X.,5%&!+H&-C5&85,/2-.+B&4.7-/85&

X!,&,-.885H&!-&8114&-54?58!-/85&1:58+.BC-[&ZC5&,12:5+-&X!,&8541:5H&/+H58&85H/<5H&?85,,/85%&!+H&!&

<8/H5&?81H/<-&X!,&?/8.@.5H&=D&<12/4+&<C814!-1B8!?CD&_52/5+-&SM\R\M[R&"UI"2I\$5AU\'UJ`&-1&!@@18H&

S3__Q35-CD23I%L3H.1713RU3?/8.+3J_IU%LU%QU`3D2`45-CD2`=5+GD2<!8=!4!-5& _IMI& 4B%& ORk`& !,& !& XC.-5&

,12.H[&RU&'$#&_IOM&$UG%&>$(A3<R`&z&d[MQ&_,%&RU`%&Q[JM&_H%&Y&m&d[R&UG%&IU`%&Q[Rd&_H%&Y&m&d[R&UG%&IU`%&O[MN&

_,%&IU`%&S[IO&_P%&Y&m&Q[R&UG%&IU`%&S[MN&_H%&Y&m&L[M&UG%&IU`%&R[SQ3R[JR&_4%&RIU`[&RJ"&'$#&_LJ&$UG%&>$(A3

<R`&z&ROO[d%&ROS[Q%&ROM[d%&RSN[Q%&RSI[M%&RJN[S%&RJO[S%&RIQ[L%&RIQ[M%&RML[O%&QQ[d%&SS[O%&SJ[R%&SR[L%&Id[J%&

RL[J[&
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N!!

HJK;JK*)%.$)'-#6+L5'.C6+LJEJ'-#6+J1MJ@A,%.'J7NOKHMNEMLJB%$.'!-,%(+A$,$*&'-%&!3*+-&07I!6&,/,?5+,.1+&

1@& S3__Q35-CD23I%L3H.1713RU3?/8.+3J_IU%LU%QU`3D2`45-CD2`=5+GD2<!8=!4!-5& _IMM4B%& M[OM4412`& .+&

H.<C218145-C!+5&_J4E`&X!,&-85!-5H&X.-C&-8.@2/181!<5-.<&!<.H&_SOM{2`%&!+H&-C5&85,/2-.+B&4.7-/85&X!,&

,-.885H& !-& 8114& -54?58!-/85& @18& R& C1/8[& ZC5& ,12:5+-&X!,& 8541:5H&/+H58& 85H/<5H&?85,,/85%& !+H& !&

<8/H5&?81H/<-&X!,&?/8.@.5H&=D&<12/4+&<C814!-1B8!?CD&_52/5+-&L\R\M[R%&"UI"2I\$5AU\'UJ`&-1&!@@18H&

J3_S3_!4.+145-CD2`=5+GD2`3Q35-CD23RU3?/8.+53I%L_JU%QU`3H.1+5&-8.@2/181!<5-.<&,!2-&07&_IMQ4B%&RMMk`&

!,&!&XC.-5&,12.H[&RU&'$#&_IOM&$UG%&">JA>`&z&Q[NL&_,%&RU`%&Q[OR&_H%&Y&m&d[I&UG%&IU`%&Q[SI&_H%&Y&m&d[I&UG%&

IU`%& O[IL& _,%& IU`%& S[JL& _P%& Y& m& Q[I&UG%& IU`%& S[RM& _,%& IU`%& R[OR& _-%& Y& m& Q[I&UG%& JU`[& RJ"&'$#& _LJ&$UG%&

">JA>`&z&ROL[O%&ROI[N%&ROR[L%&RSJ[I%&RJN[I%&RJS[M%&RJM[I%&RIN[d%&RMd[O%&SL[I%&SS[M%&SJ[S%&RL[d[&

Q'.',*+! @,$&'BA,'! ($,! -#'! 36.-#'3%3! $(! %JK;JKKEJ'-#6+J7NOJB%$P$J1&J@A,%.JHK7&NO&NE&LJ

6+L)'-#6+L5'.C6+L3A+($.*)%B'!B',%R*-%R'3I& ZC5& !/-14!-5H& ,/2@1+D2!-.1+&X585& 8/+& .+& I&4E& E"& B2!,,&

:.!2,[&6&,-1<F&,12/-.1+&1@&J3_S3_!4.+145-CD2`=5+GD2`3Q35-CD27!+-C.+5&-8.@2/181!<5-.<&,!2-&07&_IML[O&4B%&

R5P`& !+H& -8.5-CD2!4.+5& _RJd[Q& {E%& I5P`& .+& !+CDH81/,& -5-8!CDH81@/8!+& _IM& 4E`& X!,& ?85?!85H& !+H&

?2!<5H&1+& -C5& 81=1-.<&H5<F[&ZC5& 81=1-&!/-14!-.<!22D&?85?!85H& -C5& 85!<-.1+&4.7-/85,&=D&H.,?5+H.+B&

-C5& ?85?!85H& ,12/-.1+& _SMM& {E`& -1& -C5& .+H.:.H/!2& :.!2,& <1+-!.+.+B& <C2181,/2@1+D2& H58.:!-.:5,& _M[MR&

4412`&:.!&-C5&2.P/.H&C!+H2.+B&-112[&6@-58&RI&C1/8,&!-&8114&-54?58!-/85%&,!4?25,&X585&-!F5+&1/-&!+H&

!+!2DG5H&=D&E"$(&-1&H5-584.+5&-C5&?58<5+-&1@&<1+:58,.1+[&ZC5&?81H/<-&,12/-.1+,&X585&<1+<5+-8!-5H&

!-& dMy"%& !+H& 85,.H/5,& X585& H.2/-5H& X.-C& H.45-CD2,/2@17.H5& -1& !@@18H& !& ,12/-.1+& O[RM3I& $& 1@& -C5&

57?5<-5H& <14?1/+H,[& ;/8-C58& E"$(& !+!2D,.,& !221X5H& 85<-.@D.+B& -C5& @.+!2& <1+<5+-8!-.1+& 1@& -C5&

?81H/<-,&?85<.,52D&-1&RM3I&$&@18&@/8-C58&=.121B.<!2&5:!2/!-.1+,[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJT1N1UJ5%@#'.6+VJ;J3A+($.*)%B'!K1L!

E"$(&"IQUIO'OAS(&#-&m&L[LNR%&4cG&@1/+H&ORO[O%&<!2<H&ORO[L[&

;JK5'.C6+$P6LJSJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+L5'.C'.'J

3A+($.*)%B'!K7L&E"$(&"IdUIQ'OAO(&#-&m&L[LON%&4cG&@1/+H&OSO[O%&<!2<H&OSO[L[&
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NN!

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ;JK7J)'-#6+$P*C$+J;J6+L5'.C'.'J

3A+($.*)%B'!KHL&E"$(&"IOUIS'LAO(&#-&m&O[NNd%&4cG&@1/+H&OIM[O%&<!2<H&OIM[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+L5'.C$T5V-#%$@#'.'J7J3A+($.*)%B'!

K;L&E"$(&"IJUIR'OAS(I&#-&m&L[SSJ%&4cG&@1/+H&SNO[L%&<!2<H&SNO[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJWJKHJ)'-#6+J1MJ@6,*C$+JWJ

6+L-#%$@#'.'J7J3A+($.*)%B'!KWL&E"$(&"IJUIJ'QAS(I&#-&m&O[NMR%&4cG&@1/+H&OIO[O%&<!2<H&OIO[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ;J)'-#$P65'.C'.'J3A+($.*)%B'!

KOL&E"$(&"IIUIJ'OAO(&#-&m&O[NNd%&4cG&@1/+H&SLN[L%&<!2<H&SLN[O[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ;J@#'.$P65'.C'.'J3A+($.*)%B'!

KEL&E"$(&"IQUIO'OAO(&#-&m&L[LRR%&4cG&@1/+H&OJR[O%&<!2<H&OJR[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ1NHJB%)'-#6+J7J$P$J7NHJB%#6B,$J

1MJ5'.C$TBV%)%B*C$+'JWJ3A+($.*)%B'!KGL&E"$(&"ISUIO'QAO(&#-&m&O[OQN%&4cG&@1/+H&OIJ[O%&<!2<H&OIJ[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ7J$P$J1N7NHN;J

-'-,*#6B,$XA%.$+%.'JOJ3A+($.*)%B'!KFL!E"$(&"ISUIS'LAO(&#-&m&O[JOJ%&4cG&@1/+H&OMd[O%&<!2<H&OMd[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ1J@#'.6+J1MJ@6,*C$+'JHJ

3A+($.*)%B'!K1YL&E"$(&"ISUIJ'QAS(&#-&m&L[IMQ%&4cG&@1/+H&OMO[O%&<!2<H&OMO[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ7J@#'.6+'-#*.'J3A+($.*)%B'! K11L&

E"$(&"IJUIO'OAS(&#-&m&L[RRR%&4cG&@1/+H&SLQ[L%&<!2<H&SLQ[O[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+L5'.C$TBV%3$P*C$+'JWJ3A+($.*)%B'!

K17L!E"$(&"IIUIM'LAO(&#-&m&O[OJM%&4cG&@1/+H&SdM[L%&<!2<H&SdM[O[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ;J)'-#6+5'.C'.'J3A+($.*)%B'!

K1HL&E"$(&"IIUIJ'OAS(&#-&m&L[RSJ%&4cG&@1/+H&SOJ[L%&<!2<H&SOJ[O[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJT1N1UJ5%@#'.6+VJHJ3A+($.*)%B'!

K1;L!E"$(&"IQUIO'OAS(&#-&m&L[LRR%&4cG&@1/+H&ORO[O%&<!2<H&ORO[L[&
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NO!

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ7J)$,@#$+%.$'-#*.'J3A+($.*)%B'!

K1WL&E"$(&"IRUId'LAO(&#-&m&O[LIQ%&4cG&@1/+H&SQL[L%&<!2<H&SQL[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJWJK%3$P*C$+JWJ6+LJ7J

)'-#6+5'.C'.'J3A+($.*)%B'!K1OL&E"$(&"IOUIS'LAO(&#-&m&L[MJM%&4cG&@1/+H&OIM[O%&<!2<H&OIM[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ7J$P$J7NHN;NWJ-'-,*#6B,$J1MJ

5'.C$T5V*C'@%.'JEJ3A+($.*)%B'!K1EL!E"$(&"IOUIL'LAO(%&#-&m&O[JQM%&4cG&@1/+H&OII[O%&<!2<H&OII[L[&

Q'.',*+! @,$&'BA,'! ($,! -#'! @A,%(%&*-%$.! $(! %JK;JKKEJ'-#6+J7NOJB%$P$J1&J@A,%.JHK7&NO&NE&LJ

6+L)'-#6+L5'.C6+L3A+($.*)%B'!B',%R*-%R'3I!6<<18H.+B& -1! -C5&?81<5H/85&H5,<8.=5H&!=1:5&H58.:!-.:5,&

1J1YN!1HN!1;N!1EJ1F&X585&?85?!85H&1+&!&2!8B58&!41/+-&1@&,-!8-.+B&4!-58.!2,[&ZC5&,12:5+-&X!,&8541:5H&

/+H58& 85H/<5H& ?85,,/85%& !+H& <8/H5& ?81H/<-,& X585& ?/8.@.5H& =D& <12/4+& <C814!-1B8!?CD& -1& !@@18H&

H5,.85H&<14?1/+H,&X.-C&?/8.-D&}NOk[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJT1N1UJ5%@#'.6+VJ;J3A+($.*)%B'! K1L&

_52/5+-&"UI"2I\$5AU&RM\M[O%&D.52H&dNk`&!,&2.BC-&D5221X&,12.H[&1M!S<D&_SMM&$UG%&>$(A`&z&RR[IM&_,`%&

d[RS&_-%&Y&m&L[J&UG`%&d[MI&_,`%&Q[dL&_,`%&Q[QL&~&Q[QR&_4`%&Q[OI&_HH%&Y&m&RM[J%&S[Q&UG`%&Q[SQ&~&Q[SR&_4`%&Q[IO&

_H%&Y&m&d[I&UG`%&Q[RN&_H%&Y&m&d[R&UG`%&O[MO&_,`%&S[II&_P%&Y&m&Q[I&UG`%&J[NL&_H%&Y&m&L[I&UG`%&R[JQ&_-%&Y&m&Q[I&UG`[&

1H
"!S<D&_RMR&$UG%&>$(A`&z&ROS[ON%&ROM[QL%&RSN[LL%&RSJ[NM%&RSR[NM%&RJN[JN%&RJd[ON%&RJL[QL%&RJL[MM%&

RIN[RI%& RId[SO%& RIQ[QM%& RIQ[OJ%& RIQ[JN%& RIQ[RQ%& RIQ[MQ%& RML[SS%& SO[dd%& SS[OM%& SR[OI%& RL[Rd[& >"<9&

"IQUIO'OAS(%&#-&m&L[LNR%&4cG&@1/+H&ORO[O%&<!2<H&ORO[L[&

;JK5'.C6+$P6LJSJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+L5'.C'.'J

3A+($.*)%B'&K7L&_52/5+-&"UI"2I\$5AU&RM\M[O%&D.52H&dJk`&!,&XC.-5&,12.H[&1M!S<D&_SMM&$UG%&>$(A`&z&

RR[IR&_,`%&d[MJ&_,`%&Q[NI&_-%&Y&m&L[J&UG`%&Q[QI&_H%&Y&m&d[d&UG`%&Q[SQ&_H%&Y&m&Q[R&UG`%&Q[SR&_-%&Y&m&Q[J&UG`%&Q[JL&

_H%&Y&m&Q[R&UG`%&Q[IS&_H%&Y&m&d[R&UG`%&Q[IM&~&Q[RR&_4`%&O[IM&_,`%&O[MO&_,`%&S[II&_P%&Y&m&Q[R&UG`%&J[dd&_H%&Y&m&L[I&

UG`%&R[JQ&_-%&Y&m&Q[I&UG`[!1H"!S<D&_RMR&$UG%&>$(A`&z&RLR[RQ%&ROS[ON%&ROM[QQ%&RSN[LQ%&RSR[NR%&RJL[dR%&

RJL[JQ%&RJO[NO%&RJI[SL%&RId[LS%&RId[OM%&RId[MO%&RIQ[dI%&RIQ[Ld%&RIQ[OR%&RRO[MN%&RML[SO%&LN[LI%&SO[dS%&

SS[OM%&SR[OI%&RL[Rd[&>"<9&"IdUIQ'OAO(%&#-&m&L[LON%&4cG&@1/+H&OSO[O%&<!2<H&OSO[L[&
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NP!

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ;JK7J)'-#6+$P*C$+J;J6+L5'.C'.'J

3A+($.*)%B'!KHL!_52/5+-&"UI"2I\$5AU&RM\M[O%&D.52H&NMk`&!,&XC.-5&,12.H[!1M!S<D&_IOM&$UG%&>$(A`&z&

RR[IO&_,%&RU`%&d[LO&_,%&RU`%&d[RJ&_-%&Y&m&L[R&UG%&RU`%&d[MO&_,%&RU`%&Q[NS&_H%&Y&m&d[J&UG%&IU`%&Q[dJ&_H%&Y&m&d[J&

UG%&IU`%&Q[II&_P%&Y&m&d[I&UG%&SU`%&O[MO&_,%&IU`%&S[IJ&_P%&Y&m&Q[R&UG%&IU`%&J[NS&_H%&Y&m&L[M&UG%&IU`%&I[OM&_,%&

JU`%& R[Jd& _-%& Y& m& Q[R&UG%& JU`[& 1H"!S<D& _LJ&$UG%&>$(A`&z&RLI[R%& ROS[Q%& ROM[d%& RSN[Q%& RSI[M%& RJN[S%&

RJd[O%&RJL[d%&RJL[L%&RJL[R%&RJS[d%&RIQ[d%&RIQ[L%&RIQ[I%&RIO[L%&RML[O%&SO[N%&SS[L%&SR[L%&RL[I%&RJ[L[&>"<9&

"IOUIS'LAO(%&#-&m&L[MRS%&4cG&@1/+H&OIR[M%&<!2<H&OIM[L[!

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+L5'.C$T5V-#%$@#'.'J7J3A+($.*)%B'!

K;L&_52/5+-&"UI"2I\$5AU&RM\M[O%&D.52H&QLk`&!,&2.BC-&D5221X&?2!-5,[&1M!S<D&_SMM&$UG%&>$(A`&z&RR[IM&

_,%&RU`%&d[OO&_-%&Y&m&L[R&UG%&RU`%&d[MQ&_H%&Y&m&Q[d&UG%&RU`%&d[MJ&_,%&RU`%&d[MR&~&Q[NL&_4%&RU`%&Q[NS&_,%&RU`%&

Q[ON&~&Q[SI&_4%&IU`%&Q[II&_P%&Y&m&d[S&UG%&SU`%&O[MJ&_,%&IU`%&S[II&_P%&Y&m&Q[R&UG%&IU`%&S[Md&_H%&Y&m&O[d&UG%&

IU`%&R[Jd& _-%& Y& m&Q[I&UG%&JU`[& 1H"!S<D& _RMR&$UG%&>$(A`&z&ROS[Od%&ROM[QJ%&RSN[LJ%&RSR[dN%&RSR[Qd%&

RSM[LJ%& RJQ[ON%& RJL[SJ%& RJL[MQ%& RId[OJ%& RIQ[LN%& RIQ[ON%& RIQ[MQ%& RIO[QR%& RIO[SI%& RII[Nd%& RML[SJ%&

SL[MS%&SS[SL%&SR[OR%&RL[RQ[&>"<9&"IJUIR'OAS(I%&#-&m&L[SSJ%&4cG&@1/+H&SNO[L%&<!2<H&SNO[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJWJKHJ)'-#6+J1MJ@6,*C$+JWJ

6+L-#%$@#'.'J7J3A+($.*)%B'& KWL& _52/5+-&"UI"2I\$5AU&RM\R%&D.52H&LLk`&!,&XC.-5&,12.H[& 1M!S<D& _SMM&

$UG%&>$(A`&z&RR[IM&_,`%&d[IN&_-%&Y&m&L[R&UG`%&d[MJ&_,`%&Q[SQ&_H%&Y&m&J[d&UG`%&Q[JR&_H%&Y&m&J[Q&UG`%&Q[IL&_H%&Y&

m&Q[d&UG`%&Q[IR&_H%&Y&m&Q[d&UG`%&L[SL&_,`%&O[MO&_,`%&S[II&_P%&Y&m&Q[R&UG`%&S[MI&_H%&Y&m&O[N&UG`%&I[IL&_,`%&R[JQ&_-%&

Y& m& Q[R&UG`[& 1H"!S<D& _RMR&$UG%&>$(A`& z& ROS[ON%& ROM[QL%& RSN[LL%& RSR[NR%& RJd[SR%& RJL[LM%& RJL[MO%&

RJI[RI%& RIQ[QM%& RIQ[Od%& RIJ[RS%& RML[SO%& RMR[QJ%& SL[MS%& SS[OR%& SR[OI%& RL[Rd%& RM[Sd[& >"<9&

"IJUIJ'QAS(I%&#-&m&O[NMR%&4cG&@1/+H&OIO[O&<!2<H&OIO[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ;J)'-#$P65'.C'.'J3A+($.*)%B'!

KOL!_52/5+-&"UI"2I\$5AU&RM\M[O%&D.52H&QRk`&!,&XC.-5&,12.H[!1M!S<D&_IOM&$UG%&">"2J`&z&Q[LO&~&Q[OL&_4%&

IU`%&Q[OJ&_,%&RU`%&Q[IM&_H%&Y&m&d[R&UG%&IU`%&Q[MM&_H%&Y&m&d[R&UG%&IU`%&L[dL&~&L[QL&_4%&IU`%&O[MI&_,%&IU`%&S[RQ&

_H%&Y&m&Q[I&UG%&IU`%&J[dL&_,%&IU`%&J[QI&_,%&JU`%&R[JL&_-%&Y&m&Q[I&UG%&JU`[&1H"!S<D&_LJ&$UG%&">"2J`&z&RLI[Q%&
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NQ!

ROS[N%& ROR[I%& ROM[R%& RSM[N%& RJL[J%& RJO[S%& RJR[S%& RId[N%& RId[J%& RIQ[N%& RRS[R%& RMQ[S%& OO[S%& SL[S%& SO[J%&

SI[S%&RL[R[&>"<9&"IIUIJ'OAO(%&#-&m&O[dII%&4cG&@1/+H&SLN[N%&<!2<H&SNL[O[!

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ;J@#'.$P65'.C'.'J3A+($.*)%B'&

KEL& _52/5+-&"UI"2I\$5AU&RM\M[O%&D.52H&dLk`&!,&XC.-5&,12.H[&1M!S<D& _IOM&$UG%&">"2Jv">JA>`&z&Q[QR&

_HH%&Y&m&L[L%&I[I&UG%&JU`%&Q[SS&~&Q[IN&_4%&SU`%&Q[RQ&_HH%&Y&m&Rd[N%&Q[L&UG%&JU`%&Q[MQ&~&L[NM&_4%&SU`%&O[RS&

_,%&IU`%&S[IL&_P%&Y&m&Q[R&UG%&IU`%&S[MR&_,%&IU`%&R[SL&_-%&Y&m&Q[I&UG%&JU`[&1H"!S<D&_LJ&$UG%&">"2Jv">JA>`&z&

RLR[dd%& ROO[LL%& ROO[LR%& ROR[NR%& ROM[QM%& RSR[QL%& RJQ[MJ%& RJL[MI%& RJS[JM%& RJM[LM%& RIN[OL%& RId[dM%&

RId[SO%& RIO[JO%& RIM[LO%& RRQ[NJ%& RMQ[NS%& SL[NQ%& SO[dL%& SI[NR%& RL[OQ[& >"<9& "IQUIO'OAO(%& #-& m& L[LRR%&

4cG&@1/+H&OJR[O%&<!2<H&OJR[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ1NHJB%)'-#6+J7J$P$J7NHJB%#6B,$J

1MJ5'.C$TBV%)%B*C$+'JWJ3A+($.*)%B'!KGL!_52/5+-&"UI"2I\$5AU&RM\M[O%&D.52H&RMMk`&!,&XC.-5&,12.H[!1M!

S<D&_IOM&$UG%&>$(A`&z&RR[IJ&_,%&RU`%&d[MJ&_,%&RU`%&Q[NO&_-%&Y&m&L[J&UG%&RU`%&Q[OJ&_H%&Y&m&d[I&UG%&RU`%&

Q[Sd&_,%&RU`%&Q[JM&_H%&Y&m&d[I&UG%&RU`%&Q[RN&_P%&Y&m&d[R&UG%&SU`%&O[MI&_,%&IU`%&S[II&_HH%&Y&m&RS[O%&Q[J&UG%&IU`%&

J[dN&_H%&Y&m&L[I&UG%&IU`%&J[JO&_,%&JU`%&J[RL&_H%&Y&m&O[I&UG%&JU`%&R[JQ&_-%&Y&m&Q[R&UG%&JU`[&1H"!S<D&_LJ&$UG%&

>$(A`& z& ROS[Q%& ROS[I%& ROM[d%& RSN[Q%& RSI[M%& RJL[N%& RJL[M%& RJI[N%& RJI[Q%& RIN[L%& RIQ[d%& RIQ[O%& RIM[I%&

RMQ[L%&RML[O%&RML[R%&OO[M%&Sd[Q%&SR[L%&IQ[J%&IQ[I%&RL[J[&>"<9&"ISUIO'QAO(%&#-&m&O[ORO%&4cG&@1/+H&OIS[M%&

<!2<H&OIJ[L[!

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ7J$P$J1N7NHN;J

-'-,*#6B,$XA%.$+%.'JOJ3A+($.*)%B'&KFL&_52/5+-&"UI"2I\$5AU&RM\R%&D.52H&NJk`&!,&XC.-5&,12.H[&1M!S<D!

_SMM&$UG%&>$(A`&z&RR[IM&_,`%&RM[SR&_,`%&d[MJ&_,`%&Q[NR&_-%&Y&m&L[J&UG`%&Q[LR&~&Q[OS&_4`%&Q[IS&_H%&Y&m&d[I&

UG`%&Q[RQ&_H%&Y&m&d[R&UG`%&L[NL&_H%&Y&m&d[R&UG`%&O[MO&_,`%&S[II&_P%&Y&m&Q[R&UG`%&J[NM&_H%&Y&m&L[I&UG`%&I[NR&_-%&Y&m&

Q[L&UG`%&I[SN&~&I[SO& _4`%&R[Jd& _-%& Y& m&Q[I&UG`[& 1H"!S<D! _RMR&$UG%&>$(A`&z&RQM[JM%&ROS[OQ%&ROM[QO%&

RSN[LO%& RSR[NM%& RSR[QN%& RJL[dL%& RJO[NM%& RJJ[SO%& RIQ[Ld%& RIQ[SL%& RIL[IQ%& RIL[MN%& RIS[MO%& RRS[NQ%&

RML[SJ%& SO[dI%& SS[SN%& SR[OI%& IN[dO%& IS[SL%& RL[RQ[& >"<9& "ISUIS'LAO(%& #-& m& O[JOJ%&4cG& @1/+H& OMd[O%&

<!2<H&OMd[L[&
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NR!

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ1J@#'.6+J1MJ@6,*C$+'JHJ

3A+($.*)%B'! K1YL& _52/5+-&"UI"2I\$5AU&RM\M[Q%& D.52H&LMk`&!,& 2.BC-&18!+B5&,12.H[& 1M!S<D& _SMM&$UG%&

>$(A`&z&RR[IM&_,`%&d[NL&_,`%&d[MI&_H%&Y&m&N[J&UG`%&Q[dd&_H%&Y&m&Q[d&UG`%&Q[OS&_-%&Y&m&Q[N&UG`%&Q[SM&_-%&Y&m&Q[S&

UG`%&Q[IO&_P%&Y&m&d[J&UG`%&O[MI&_,`%&S[II&_P%&Y&m&Q[I&UG`%&S[MO&_H%&Y&m&L[I&UG`%&R[JQ&_-%&Y&m&Q[I&UG`[1H"!S<D&

_RMR&$UG%&>$(A`&z&ROS[Od%&ROM[QO%&RSN[LO%&RSR[NM%&RJN[RJ%&RJd[QO%&RJL[dR%&RJO[NQ%&RIN[LS%&RIN[IN%&

RIQ[QO%&RIQ[Od%&RIQ[OR%&RIS[dL%&RRN[RQ%&RML[SJ%&SO[dd%&SS[SQ%&SR[OR%&RL[RQ[&>"<9&"ISUIJ'QAS(%&#-&m&

L[IMQ%&4cG&@1/+H&OMO[O%&<!2<H&OMO[L[&

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ;J)'-#6+5'.C'.'J3A+($.*)%B'!

K1HL!_52/5+-&"UI"2I\$5AU&RM\M[O%&D.52H&QNk`&!,&XC.-5&,12.H[!1M!S<D&_IOM&$UG%&">JA>v">"2J`&z&Q[dR&

_,%&RU`%&Q[LL&_H%&Y&m&d[J&UG%&IU`%&Q[IN&_HH%&Y&m&d[M%&L[S&UG%&SU`%&Q[RJ&_H%&Y&m&d[J&UG%&IU`%&O[RS&_,%&IU`%&S[JR&

_P%&Y&m&Q[I&UG%&IU`%&J[Nd&_,%&IU`%&I[JN&_,%&JU`%&R[Sd&_-%&Y&m&Q[I&UG%&JU`[1H"!S<D&_LJ&$UG%&">JA>v">"2J`&z&

ROL[M%&ROI[J%&ROR[R%&RSS[R%&RSI[S%&RJd[I%&RJQ[O%&RJL[S%&RJM[J%&RId[N%&RId[Q%&RIQ[L%&RMd[I%&SQ[I%&SL[M%&

SJ[R%&IR[L%&RL[Q[&>"<9&"IIUIJ'OAS(%&#-&m&O[NdJ%&4cG&@1/+H&SOJ[N%&<!2<H&SOJ[O[!

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJT1N1UJ5%@#'.6+VJHJ3A+($.*)%B'!

K1;L&_52/5+-&"UI"2I\$5AU&RM\M[O%&D.52H&NLk`&!,&!&XC.-5&,12.H[&1M!S<D&_SMM&$UG%&>$(A`&z&RR[IM&_,%&

RU`%&d[RQ&_-%&Y&m&L[J&UG%&RU`%&d[MJ&_,%&RU`%&Q[Nd&_-%&Y&m&R[Q&UG%&RU`%&Q[dL&~&Q[dM&_4%&RU`%&Q[QO&~&Q[QM&_4%&

RU`%&Q[LO&_HH%&Y&m&O[I%&J[J&UG%&IU`%&Q[ON&_-%&Y&m&Q[d&UG%&RU`%&Q[OJ&~&Q[SQ&_4%&IU`%&Q[SJ&_H-%&Y&m&N[S%&S[I&UG%&

RU`%&Q[IR&_H%&Y&m&d[J&UG%&IU`%&Q[RO&_H%&Y&m&d[I&UG%&IU`%&O[MR&_,%&IU`%&S[II&_P%&Y&m&Q[R&UG%&IU`%&J[NN&_H%&Y&m&L[I&

UG%&IU`%&R[JQ&_-%&Y&m&Q[I&UG%&JU`[!1H"!S<D&_RMR&$UG%&>$(A`&z&ROS[OQ%&ROM[QI%&RSN[LS%&RSR[dQ%&RSR[SO%&

RSR[MO%& RJd[LQ%& RJL[OL%& RJO[NI%& RJM[SM%& RIN[QL%& RIN[RM%& RId[Rd%& RIQ[LN%& RIQ[Od%& RIQ[OI%& RIL[dI%&

RIO[IN%&RIS[SL%&RML[SR%&SO[NS%&SS[SL%&SR[OI%&RL[Rd[!>"<9&"IQUIO'OAS(%&#-&m&L[LRR%&4cG&@1/+H&ORO[O%&

<!2<H&ORO[L[!

SJK;JKKEJ'-#6+J7NOJB%$P$J1MJ@A,%.JHK7MNOMNEMLJ6+L)'-#6+L5'.C6+LJ7J$P$J7NHN;NWJ-'-,*#6B,$J1MJ

5'.C$T5V*C'@%.'JEJ3A+($.*)%B'&K1EL&_52/5+-&"UI"2I\$5AU&RM\R%&D.52H&LNk`&!,&!&XC.-5&,12.HI!1M!S<D&

_IOM&$UG%&>$(A3<R`&z&N[dJ&_,%&RU`%&d[MJ&_,%&RU`%&Q[LO&~&Q[Od&_4%&r&m&Q[R&UG%&IU`%&Q[II&_H%&r&m&d[R&UG%&

Page 26 of 45

ACS Paragon Plus Environment

Journal of Medicinal Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



NS!

IU`%&Q[RS&_H%&r&m&d[R&UG%&IU`%&Q[MQ&_H%&r&m&N[M&UG%&RU`%&O[MJ&_,%&IU`%&S[II&_P%&r&m&Q[I&UG%&IU`%&J[NO&_,%&IU`%&

I[QM&_-%&r&m&L[L&UG%&IU`%&I[IS&~&I[MR&_4%&SU`%&R[JQ&_-%&r&m&Q[R&UG%&JU`h&1H"!S<D& _LJ&$UG%&>$(A3<R`&z&

RQJ[I%& ROS[L%& ROM[d%& RSN[Q%& RSI[Q%& RSI[M%& RJL[d%& RJL[I%& RJO[N%& RJS[R%& RId[R%& RIQ[Q_7I`%& RIQ[O_7I`%&

RIO[d%&RIR[L%&RML[O%&SO[N%&SS[O%&SR[L%&JJ[M%&JM[M%&IQ[Q%&RL[I[&>"<9&"IOUIL'LAO(%&#-&m&O[JQM%&4cG&@1/+H&

OII[O%&<!2<H&OII[L[&

Robotic platform Labcyte workstation 

ZC5&81=1-.<&X18F,-!-.1+&a6<<5,,&E!=<D-5b&.,&!&,5</85H&5+<21,/85&!8-.</2!-5H&!81/+H&!&81=1-.<&!84%&!&

+!+1:12/45&H.,?5+,58& a*<C1lOOMb& @814&E!=<D-5&!+H&!&4.<81:12/45&H.,?5+,58& a$/2-.H81?&"14=.b&

@814&ZC5841&;.,C58&(<.5+-.@.<[&ZC5&,D,-54&.,&!2,1&<14?1,5H&1@&!&4.<81?2!-5&<5+-8.@/B5&aW521<.-D&RRb%&

!&4.<81?2!-5& -C584!2& ,5!258& /+H58& !8B1+& a02!-5E1<b& @814&6B.25+-& Z5<C+121B.5,& !+H& !+& !=,18=!+<5&

!+H& @2/185,<5+<5& 85!H58& a0U*#6,-!8& ;(b& @814& T$K& E!=-5<C[& ZC5& a*<C1lOOMb& .,& =!,5H& 1+& -C5&

!<1/,-.<& 2.P/.H& C!+H2.+B& -5<C+121BD& -C!-& /,5,& !<1/,-.<&X!:5,& -1& !/-14!-.<!22D& !+H& :58D& !<</8!-52D&

H.,?5+,5& +!+1:12/45,& _I[O& +E& H81?25-,`& X.-C1/-& <1+-!<-%& -C585@185%& 52.4.+!-.+B& 8.,F,& 1@& <81,,3

<1+-!4.+!-.1+&18&,!4?25&!=,18?-.1+&1+&-.?,[&

Protein expression and purification 

;18&U141B5+51/,&Z.45&#5,12:5H&;2/185,<5+<5&_UZ#;`&57?58.45+-,%&!&T#>S_T>R`&,D+-C5-.<&B5+5&-C!-&

.+<2/H5,&!&Z*W&<25!:!B5&,.-5&X!,&?/8<C!,5H&@814&E.@5Z5<C+121BD&.+&!&?>A'#&-8!+,?18-&:5<-18&=5@185&

<21+.+B&.+-1&!&?>*(ZRO&57?85,,.1+&:5<-18&@18&K(Z&!@@.+.-D&?/8.@.<!-.1+[&081-5.+&?81H/<-.1+&X!,&<!88.5H&

1/-& /,.+B& ,.4.2!8& ?81-1<12,& !,& /,5H& @18& -C5&U.,3T#>S_T>R`& ,D,-54[& 0/8.@.<!-.1+&X!,& <!88.5H& 1+&K(Z&

!@@.+.-D& 85,.+& _ZC5841& (<.5+-.@.<`& !+H& 85H/<5H& B2/-!-C.1+5& X!,& /,5H& @18& ?81-5.+& 8525!,5[& K(Z3

T#>S_T>R`& X!,& @/8-C58& ?/8.@.5H& =D& ,.G5& 57<2/,.1+& <C814!-1B8!?CD& 1+& !& (/?58H57& RLcLM& U.21!H&

<12/4+&_K*&U5!2-C<!85`&/,.+B&OM&4$&U*0*(&?UQ[O%&ROM&4$&'!"2&T/@@58[&

;18&),1-C584!2&Z.-8!-.1+&"!218.45-8D&_)Z"`%&ZC584!2&(C.@-&6,,!D&_Z(6`&!+H&<8D,-!221B5+5,.,%&T#>S_T>R`&

X!,& ?81H/<5H& !+H& ?/8.@.5H& /,.+B& !& C.,-.H.+5& -!B& !@@.+.-D& <C814!-1B8!?CD& !,& H5,<8.=5H& =D&

;.2.?!F1?1/21,& &() #/2OM& ;18& -C5,5& 57?58.45+-,%& !& ?')"Id3T(6S& 57?85,,.1+& :5<-18& <1+-!.+.+B&
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NT!

T#>S_T>R`& !+H& !& Z1=!<<1& *-<C& W.8/,& _Z*W`& ?81-5!,5& <25!:!B5& ,.-5& C!:5& F.+H2D& =55+& ?81:.H5H& =D&

(-5@!+& g+!??& 2!=18!-18D& @814& -C5& (K"& !-& -C5& 9+.:58,.-D& 1@& A7@18H[& 6@-58& ,.G5& 57<2/,.1+&

<C814!-1B8!?CD%& -C5& @8!<-.1+,& ?85,5+-.+B& ?/85& T#>S_T>R`& !@-58& Z*W& <25!:!B5& 1@& -C5& C.,-.H.+5& -!B&

X585&?1125H&!+H&<1+<5+-8!-5H&-1&IO&4Bc4E&@18&<8D,-!221B5+5,.,[&;18&)Z"&!+H&Z(6&!,,!D,%&-C5&?81-5.+&

X!,&<1+<5+-8!-5H&/?&-1&!-&L&4Bc4E&!+H&-C5&>ZZ&X!,&8541:5H&/,.+B&!&=/@@58&57<C!+B5&<12/4+&_0>RM&

@814&K*&C5!2-C<!85`&5P/.2.=8!-5H&X.-C&RM&4$&U*0*(&?UQ[O%&ROM&4$&'!"2[&

HTRF assay 

622&UZ#;&85!B5+-,&_H1+18&!+H&!<<5?-18`&X585&?/8<C!,5H&@814&".,=.1&!+H&85<1+,-.-/-5H&!<<18H.+B&-1&

-C5& ,/??2.58& ?81-1<12,[& ZC5& ?81-5.+& T#>S_T>R`& X!,& ?81H/<5H& !+H& ?/8.@.5H& .+& C1/,5[& ZC5& ?5?-.H5&

USg6<OcdcRIcRL& _(K#Kg_6<`"Kg_6<`KEKg_6<`KK6g_6<`#U#gWK`%& X!,& ?/8<C!,5H& @814& K5+.<& T.1&

(D+-C5-.<[& ZC5& )"OM&45!,/8545+-,& _RM& ?1.+-,`&X585& ?58@1845H& .+& -8.?2.<!-5,& !+H& -C5& <1+<5+-8!-.1+&

8!+B5&X!,&<14?8.,5H&=5-X55+&OM&{$&!+H&RJ&+$[&UZ#;&!,,!D,&X585&?58@1845H& .+&XC.-5&JdS&i522&

(4!22&W12/45�&U.T!,5&012D,-D85+5&$.<81?2!-5,&_K85.+58&=.131+5`&X.-C&!&-1-!2&X18F.+B&:12/45&1@&IM&

�E[&"14?1/+H,&!+H&>$(A&X585&,-185H&.+&JdS3E>W&?2!-5,&_E!=<D-5`&!+H&85!B5+-,&_?81-5.+%&H1+18&!+H&

!<<5?-18`& .+& JdS300& ?2!-5,& _E!=<D-5`[& RMM& +E& 1@& <14?1/+H,& 18& >$(A& _@18& ?1,.-.:5& !+H& +5B!-.:5&

<1+-812,&!-&M[Ok&@.+!2&>$(A&<1+<5+-8!-.1+`&X585&H.,?5+,5H&@814&!&<1+<5+-8!-.1+&,-1<F&1@&RM&4$&.+&

RMMk&>$(A&/,.+B&!+&*<C1lOOM&_E!=<D-5`[&;18&5!<C&!,,!D%&IMM&+E&1@&4!,-58&4.7&_?81-5.+&v&H1+18&v&

!<<5?-18`&!+H&IMM&+E&1@&?5?-.H5&X585&!HH5H&.+&-C5&!,,!D&X522,[&ZC5&@.+!2&:12/45&X!,&<14?25-5H&X.-C&

RN[O&{E&1@&=/@@58&_OM&4$&U*0*(&!-&?U&Q[O%&SMM&4$&g;%&M[Rk&T(6`%&/,.+B&!&$/2-.H81?&"14=.&_ZC5841&

;.,C58&(<.5+-.@.<`[&&

UZ#;&,.B+!2,&X585&45!,/85H%&!@-58&!&@.+!2&.+</=!-.1+&_JC&!-&8114&-54?58!-/85`%&/,.+B&!&0U*#6,-!8&;(&

_T$K&E!=-5<C`&X.-C&!+&57<.-!-.1+&@.2-58&!-&JJQ&+4&!+H&@2/185,<5+<5&X!:525+B-C&45!,/8545+-&!-&LIM&

!+H& LLO& +4& _LM& �,& .+-5B8!-.1+& H52!D& !+H& SMM& �,& .+-5B8!-.1+& -.45`[& 058<5+-!B5& 1@& .+C.=.-.1+& X!,&

<!2</2!-5H& /,.+B& -C5& @1221X.+B& 5P/!-.1+\& k& .+C.=.-.1+& m& �_<14?1/+H& ,.B+!2`& 3& _4.+& ,.B+!2`�& c& �_4!7&

,.B+!2`&3&_4.+&,.B+!2`�&Y&RMM%&XC585&a4!7&,.B+!2b&.,&-C5&,.B+!2&8!-.1&_�.+-5+,.-D&_LLO&+4`c.+-5+,.-D&_LIM&
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NU!

+4`�YRMS`& X.-C& -C5& <14?1/+H& :5C.<25& !21+5& _>$(A`& !+H& a4.+& ,.B+!2b& -C5& ,.B+!2& 8!-.1& X.-C1/-&

?5?-.H5[& ;18& )"OM& 45!,/8545+-,%& :!2/5,& X585& +184!2.G5H& !+H& @.--5H& X.-C& 08.,4& O[MJ& _K8!?C0!H&

,1@-X!85`&/,.+B&-C5&@1221X.+B&5P/!-.1+\&V&m&RMM&c&_R&v&__f&c&)"OM`�U.22&,21?5``[&

Isothermal titration calorimetry 

)Z"&X!,&/,5H& -1&5:!2/!-5& -C5& -C5841HD+!4.<,&?!8!45-58,&1@& -C5&=.+H.+B&=5-X55+&T#>S_T>R`&!+H&

-C5& ,525<-5H& <14?1/+H,%& /,.+B& )Z"& <1+H.-.1+,& ?85:.1/,2D& H5,<8.=5H& =D& ;.2.??!F1?1/21,& &() #/2OM&

0/8.@.5H&T#>S_T>R`&X!,&57-5+,.:52D&H.!2DG5H& .+& -C5& )Z"&=/@@58& <1+-!.+.+B&RM&4$&U*0*(&?UQ[O&!+H&

ROM& 4$& '!"2[& "14?1/+H,& X585& H.2/-5H& H.85<-2D& .+& -C5& 2!,-& ?81-5.+& H.!2D,!-5& =/@@58& ?8.18& -1&

57?58.45+-,[& Z.-8!-.1+,& X585& <!88.5H& 1/-& 1+& !& $.<81"!2& )Z"IMM& 4.<81<!218.45-58& _K*& U5!2-C<!85%&

0.,<!-!X!D%& 'r`[& *!<C& 57?58.45+-& X!,& H5,.B+5H& !,& 85:58,5& -.-8!-.1+,& 57?58.45+-,& _?81-5.+& .+& -C5&

,D8.+B5&!+H&2.B!+H&.+&-C5&<522`&/,.+B&RJ&.+^5<-.1+,&!-&RO&18&IOy"[&6&@.8,-&,4!22& .+^5<-.1+&_B5+58!22D&M[S&

{E`&X!,&.+<2/H5H&.+&-C5&-.-8!-.1+&?81-1<12&.+&18H58&-1&8541:5&!.8&=/==25,&-8!??5H&.+&-C5&,D8.+B5&?8.18&

-1&-C5&-.-8!-.1+[&)Z"&57?58.45+-,&X585&?58@1845H&.+&-8.?2.<!-5,[&&

#!X&H!-!&X585&,<!25H&!@-58&,5--.+B&-C5&G581&-1&-C5&-.-8!-.1+&,!-/8!-.1+&C5!-&:!2/5[&)+-5B8!-5H&8!X&)Z"&

H!-!&X585&@.--5H&-1&!&1+5&,.-5&+1+32.+5!8&25!,-&,P/!85,&@.-&41H52&/,.+B&-C5&$.<81"!2&A8.B.+&?2/B.+&!,&

.4?2545+-5H&.+&A8.B.+&Q&_A8.B.+&E!=`[&;.+!22D%&nK&!+H&Zn(&:!2/5,&X585&<!2</2!-5H&@814&-C5&@.--5H&nU&

!+H&g>&:!2/5,&/,.+B&-C5&5P/!-.1+,&nK&m&3#[Z[2+g>&!+H&nK&m&nU&~&Zn([&

Thermal shift assay 

ZC5& Z(6& 57?58.45+-,& X585& ?58@1845H& .+& -8.?2.<!-5,%& .+& JdS3i522& #Z30"#& ?2!-5,& _U!8H3(C552l& 0"#&

?2!-5%& JdS3X522%& -C.+3X!22& @814& T.13#!H`[& ZC5& 85!B5+-,& _<14?1/+H%& ?81-5.+& !+H& @2/181?C185`& X585&

H.,?5+,5H&/,.+B& !+& *<C1lOOM& _E!=<D-5`[& RMM&+E&1@& <14?1/+H&!-& !& @.+!2& <1+<5+-8!-.1+&1@& RM&{$& .+&

RMMk&>$(A&_@.+!2&<1+<5+-8!-.1+&M[Rk&18&M[Ok&>$(A`&X585&H.,?5+,5H&.+&-C5&!,,!D&?2!-5[&IMM&+E&1@&

ZC584!2&(C.@-�&>D5&_ZC5841&;.,C58&(<.5+-.@.<`&H.2/-5H&!-&!&@.+!2&<1+<5+-8!-.1+&1@&R\RMMM&!+H&JMM&+E&1@&

T#>S_T>R`& !-& !& @.+!2& <1+<5+-8!-.1+& 1@& I& {$& X585& !HH5H& .+& -C5& !,,!D& X522,& !+H& -C5& :12/45& X!,&

<14?25-5H&!-&RN[O&{E&X.-C&-C5&!,,!D&=/@@58&_RM&4$&U*0*(&?U&Q[O%&OMM&4$&'!"2`&/,.+B&!&$/2-.H81?&
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OV!

"14=.& _ZC5841&;.,C58&(<.5+-.@.<`[&ZC5&?2!-5,&X585&,5!25H&X.-C&1?-.<!2& @.24& _64?2.,5!2%&K85.+58`&!+H&

<5+-8.@/B5H& !-& RMMM& 8?4& @18& R&4.+& !-& Sy"[& ZC5& -C584!2&452-.+B& 57?58.45+-,&X585& <!88.5H& /,.+B& !&

";fJdS& #Z0"#& _T.13#!H`[& ZC5& ?2!-5,& X585& @.8,-& 5P/.2.=8!-5H& !-& IOy"& @18& R& 4.+%& -C5+& ?2!-5,& X585&

C5!-5H&@814&IO&-1&QMy"&=D&M[Oy"&,-5?,&_IO&,5<1+H&5P/.2.=8!-.1+`[&#!X&@2/185,<5+<5&H!-!&X585&-85!-5H&

!+H&-C5&452-.+B&-54?58!-/85,&_Z4`&X585&<!2</2!-5H&/,.+B&";f&$!+!B58&J[R&_T.13#!H`[&

Structural characterization 

T#>S_T>R`3.+C.=.-18& <13<8D,-!22.G!-.1+&X!,&?58@1845H&!-& RNy"& _INIg`& /,.+B& -C5&C!+B.+B&H81?& :!?18&

H.@@/,.1+& 45-C1H[& ZC5& <8D,-!22.G!-.1+& <1+H.-.1+,& !85& H5,<8.=5H& .+& Z!=25& (I[& ZC5& <14?1/+H,& !+H&

T#>S_T>R`&?85?!8!-.1+&X585&4.75H&!-&!&R\R&8!-.1&X.-C&-C5&?85<.?.-!+-&,12/-.1+&!+H&<8D,-!2,&B85X&-1&

H.@@8!<-.+B&P/!2.-D&X.-C.+&Q3RO&H!D,[&>!-!&X585&<1225<-5H&!-& -C5&*(#;&1+& -C5&=5!42.+5,& )>JM63R& @18&

@8!B45+-& 01& !+H& )>IN& @18& <14?1/+H& 1E[& )+H57.+B%& .+-5B8!-.1+& !+H& ,<!2.+B& X585& ?58@1845H& /,.+B&

f>([OR%& OI& )+.-.!2& ?C!,5,&X585& <!2</2!-5H& =D&4125</2!8& 85?2!<545+-&X.-C& 0C!,58&$#& @814& -C5& ""0S&

,/.-5OJ&/,.+B&!&J>&,-8/<-/85&1@&-C5&@.8,-&H14!.+&1@&T#>S&?81-5.+&57-8!<-5H&@814&-C5&081-5.+&>!-!&T!+F&

_!<<5,,.1+&<1H5\&IA((`[&)+.-.!2&41H52,&@18&-C5&?81-5.+&!+H&2.B!+H,&X585&=/.2-&.+&"AAZ[OS&ZC5&<D<25,&1@&

85@.+545+-&X585&<!88.5H&1/-&X.-C&#5@4!<O[OO&>!-!&<1225<-.1+&!+H&85@.+545+-&,-!-.,-.<,&<!+&=5&@1/+H&

.+&Z!=25&(J[&

Supporting Information 

6HH.-.1+!2& ,/??2545+-!2& -!=25,& !+H& @.B/85,& !85& ?81:.H5H& @855& 1@& <C!8B5& 1+& -C5& 6"(& ?/=2.<!-.1+&

X5=,.-5[&

&

&3&K5+58.<&=/.2H.+B&1@&-C5&@1</,5H&:.8-/!2&2.=8!8Dh&I>&,-8/<-/85&1@&!22&<14?1/+H,h&f38!D&,-8/<-/8!2&H!-!&

@18&;R&!+H&RQ&=1/+H&-1&T#>S_T>R`h&)Z"&H!-!&1@&-C5&?/8.@.5H&<14?1/+H,&_0>;`&

&

&3&$125</2!8&@184/2!&,-8.+B,&!+H&!,,1<.!-5H&!@@.+.-D&H!-!&_"(W`&
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O!!

Accession codes 

6-14.<& <118H.+!-5,& !+H& ,-8/<-/85& @!<-18,& C!:5& =55+& H5?1,.-5H& .+-1& -C5& 081-5.+& >!-!& T!+F& _0>T`&

/+H58& !<<5,,.1+& <1H5,& L;'f& _01`& !+H& L;AO& _1E`[& 6/-C18,& X.22& 8525!,5& -C5& !-14.<& <118H.+!-5,& !+H&

57?58.45+-!2&H!-!&/?1+&!8-.<25&?/=2.<!-.1+[&
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:!8+5F]/+.,-8![@8%&MMMM3MMMJ3RddL3NIOf&
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?C.2.??5[81<C5].+,584[@8%&MMMM3MMMI3OOdM3MOdd&

7!:.58[418522.].+,584[@8%&MMMM3MMMR3dRMR3QNMR&
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ZC5&?81^5<-&25!H.+B&-1&-C.,&?/=2.<!-.1+&85<5.:5H&@/+H.+B&@814&-C5&*7<5225+<5&)+.-.!-.:5&1@&6.73$!8,5.225&

9+.:58,.-D&6Y$)>*f%&!&;85+<C&a)+:5,-.,,545+-,&H�6:5+.8b&?81B8!4[&ZC.,&,-/HD&X!,&?!8-2D&,/??18-5H&

=D&85,5!8<C&@/+H.+B&@814&-C5&"!+<581?�25&06"6%& )+,-.-/-&'!-.1+!2&H/&"!+<58&!+H&#�B.1+&081:5+<53

62?5,3"�-5&H�6G/8&_K8!+-&�IMRd3MJ`%&;1+H!-.1+&6#"&_0r6IMRQRIMLRIO`&!+H&6'#&B8!+-&_6'#3RO3"*Rd3
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ON!

MMIJ`[& EU&X!,& ,/??18-5H& =D& !& @5221X,C.?& @814&6Y$)>*fh& VW&X!,& ,/??18-5H& =D& !& 0C[>[& @5221X,C.?&

a$5-<C+.F1:b& @814& -C5& ;85+<C& B1:58+45+-& !+H& !& @5221X,C.?& @814& -C5& a;1+H!-.1+& 6#"& ?1/8& 2!&

#5<C58<C5&,/8&25&"!+<58bh&T#&X!,&,/??18-5H&=D&!&@5221X,C.?&@814&-C5&a;1+H!-.1+&?1/8&2!&#5<C58<C5&

$�H.<!25b&_;#$`[&i5&X1/2H&2.F5&-1&-C!+F&-C5&;#)(T)&6'#3RM3)'(T3MO3MR&B8!+-&@18&!<<5,,&-.45&1+&-C5&

,-8/<-/8!2& =.121BD& ?2!-@184& 1@& -C5& 6;$T& 2!=18!-18D[& i5& !<F+1X25HB5& -C5& */81?5!+& (D+<C81-81+&

#!H.!-.1+&;!<.2.-D&@18&?81:.,.1+&1@&,D+<C81-81+&8!H.!-.1+&@!<.2.-.5,&_=5!4&-.45&!??2.<!-.1+&$fRLNL&!+H&

$fRQdO`&!+H&-C5&,-!@@&!-&=5!42.+5,& )>IN&!+H& )>JM63R&_'.<12!,&;11,&!+H&'/8.GG1&>.H.58`[&i5&-C!+F&

T58+!8H&"C5-8.-&@814&-C5&>!-!<5+-85&)Z&!+H&(<.5+-.@.<&"14?/-.+B&@!<.2.-D&1@&-C5&"#"$[&

Abbreviations used 

TT%&=/.2H.+B&=21<F,h&T>R%&@.8,-&H14!.+&1@&=8141H14!.+h&T*Z%&=8141H14!.+&!+H&57-8!3-584.+!2h&T#>%&

=8141H14!.+h& >AZ(%& H.:58,.-D318.5+-5H& -!8B5-3@1</,5H& ,D+-C5,.,h& UIE%& C.-3-1325!Hh& UZ#;%&

C141B5+51/,& -.45385,12:5H& @2/185,<5+<5h& )Z"%& .,1-C584!2& -.-8!-.1+& <!218.45-8Dh& g!<%& !<5-D2!-5H&

2D,.+5h&Z(6%&-C584!2&,C.@-&!,,!Dh&W(%&:.8-/!2&,<855+.+B[&

References 

R[&*8!F1:.<&U!=58%&W[h&(?!:5+-.%&#[&>.,<1:58D&!+H&H5:521?45+-&1@&+1:52&H8/B,[&K%+8)@+/)H$64&//)70+/&
7Y1E%&QQ%&NR3RMS[&

I[& U/BC5,%& r[& 0[h& #55,%& ([h& g!2.+H^.!+%& ([& T[h& 0C.2?1--%& g[& E[& 08.+<.?25,& 1@& 5!82D& H8/B& H.,<1:58D[& 7%) Y)
K5#%G#4+/&7Y11%&!RN%&RIJN3RISN[&

J[&i.BB25,X18-C%&$[& r[h&$/88!D%& >[& "[h& T2!<F5--%& "[& r[h& g1,,5+^!+,%&$[h& '.,,.+F%& r[&i[& )+<85!,.+B& -C5&
H52.:58D&1@&+57-& B5+58!-.1+& -C58!?5/-.<,& @814&C.BC& -C81/BC?/-& ,<855+.+B& 2.=8!8.5,[&=$%%)Z?0')=5&G)

70+/&7Y1W%&NR%&RMS3RRM[&

S[& #14!,!+-!%&6[& g[& ([h& :!+&H58& (.^H5%& 0[h&U522,-5+%& )[h&U/==!8H%& #[& *[h& g5,58/%&K[&$[h& :!+&$/.^2X.^F3
g15G5+%& r[h&H5&*,<C%& )[& r[&0[&iC5+& @8!B45+-,& 2.+F\&!&=.=2.145-8.<&?58,?5<-.:5&1+& -C5&H5:521?45+-&1@&
@8!B45+-3=!,5H&H8/B&H.,<1:58D[&E%$8)E0>4+3)[+<#C&7Y1G%&!T%&JMMdS3JMMdN[&

O[&;5885.8!%&E[&K[h&6+H8.<1?/21%&6[&>[&;814&?81-5.+&,-8/<-/85&-1&,4!2234125</25,\&85<5+-&!H:!+<5,&!+H&
!??2.<!-.1+,&-1&@8!B45+-3=!,5H&H8/B&H.,<1:58D[&=$%%)[+?)@&<)=5&G&7Y1E%&!S%&IILM3IIQM[&

L[&0588.18%&Z[&A:58<14.+B&=1--25+5<F,&.+&H8/B&H.,<1:58D[&E%$8)E0>4+3&%C)\+%/<&7Y1Y%&IN3JJ[&

Q[&(<C+5.H58%&K[&6/-14!-.+B&H8/B&H.,<1:58D[&W#()9&3)E%$8)E0>4+3&7Y1G%&!S%&NQ3RRJ[&

d[& T25.<C58%& g[& U[h& T�C4%& U[& r[h& $�2258%& g[h& 62!+.+5%& 6[& )[& U.-& !+H& 25!H& B5+58!-.1+\& =5D1+H& C.BC3
-C81/BC?/-&,<855+.+B[&W#()9&3)E%$8)E0>4+3&7YYH%&N%&JLN3JQd[&

N[& (2.X1,F.%& K[h& g1-C.X!25%& ([h& $5.258%& r[h& E1X5%& *[& i[& "14?/-!-.1+!2& 45-C1H,& .+& H8/B& H.,<1:58D[&
K5#%G#4+/)9&3&7Y1;%&RR%&JJS3JNO[&
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OO!

RM[&i!+B%&Z[h&i/%&$[&T[h&E.+%&r[&0[h&V!+B%&E[&#[&e/!+-.-!-.:5&,-8/<-/853!<-.:.-D&852!-.1+,C.?\&?814.,.+B&
!H:!+<5,&.+&H8/B&H.,<1:58D&?2!-@184,[&]:?&%()Z?0')E%$8)E0>4+3&7Y1W%&!V%&RIdJ3RJMM[&

RR[&K/C!%&#[&A+&57?218.+B&,-8/<-/853!<-.:.-D&852!-.1+,C.?,[&@&(5+<>)@+/)70+/&7Y1H%&UUO%&dR3NS[&

RI[&�25H�%&0[h&"!@2.,<C%&6[&081-5.+&,-8/<-/853=!,5H&H8/B&H5,.B+\&@814&H1<F.+B&-1&4125</2!8&HD+!4.<,[&
=$%%)Z?0')H(%$4()70+/&7Y1G%&PT%&NJ3RMI[&

RJ[&T.5+,-1<F%&#[& r[&"14?/-!-.1+!2&45-C1H,& @18& @8!B45+-3=!,5H& 2.B!+H&H5,.B+\&B81X.+B&!+H& 2.+F.+B[&
@&(5+<>)@+/)70+/&7Y1W%&!NTU%&RRN3RJO[&

RS[& g!2D!!+!4118-CD%& ([h& "C5+%& V[& 0[& (-8/<-/853=!,5H& H8/B& H5,.B+& -1& !/B45+-& C.-& H.,<1:58D[&E%$8)
E0>4+3)[+<#C&7Y11%&!R%&dJR3dJN[&

RO[&U!8-5+@52258%&$[h&(<C+5.H58%&K[&>5&+1:1&H8/B&H5,.B+[&@&(5+<>)@+/)70+/&7Y11%&RSN%&INN3JIJ[&

RL[& U!8-5+@52258%& $[h& *=5825%& $[h& $5.58%& 0[h& '.5-13A=58C/=58%& "[h& 62-4!++%& g[& U[h& (<C+5.H58%& K[h&
r!<1=D%&*[h&#5++58%&([&6&<1225<-.1+&1@&81=/,-&18B!+.<&,D+-C5,.,&85!<-.1+,&@18&0')>0/04+&4125</25&H5,.B+[&Y)
=5&G)^',)@+<&/&7Y11%&Q!%&JMNJ3JMNd[&

RQ[& (?8.+B%&>[&#[&>.:58,.-D318.5+-5H& ,D+-C5,.,h& !& <C!225+B5& @18& ,D+-C5-.<& <C54.,-,[&Z%8)70+G+/)=5&G&
7YYH%&!%&JdLQ3JdQM[&

Rd[&(<C85.=58%&([&E[&Z!8B5-318.5+-5H&!+H&H.:58,.-D318.5+-5H&18B!+.<&,D+-C5,.,&.+&H8/B&H.,<1:58D[&H40&'4&&
7YYY%&NTS%&RNLS3RNLN[&

RN[& Z!+%& >[& ([& >.:58,.-D318.5+-5H& ,D+-C5,.,\& 57?218.+B& -C5& .+-58,5<-.1+,& =5-X55+& <C54.,-8D& !+H&
=.121BD[&W#()=5&G)70+/&7YYW%&!%&QS3dS[&

IM[&A�&"1++18%&"[&r[h&T5<F4!++%&U[&([h&(?8.+B%&>[&#[&>.:58,.-D318.5+-5H&,D+-C5,.,\&?81H/<.+B&<C54.<!2&
-112,&@18&H.,,5<-.+B&=.121BD[&=5&G)H+4)9&3&7Y17%&P!%&SSSS3SSOL[&

IR[&"122.+,%&)[h&r1+5,%&6[&$[&>.:58,.-D318.5+-5H&,D+-C5-.<&,-8!-5B.5,&!??2.5H&-1&<!+<58&<C54.<!2&=.121BD&
!+H&H8/B&H.,<1:58D[&@+/&4$/&>&7Y1;%&!U%&RQIIR3RQIOO[&

II[& E55%& r[& ([h& E55%& r[&i[h&g!+B%&'[h&U!%&U[&U[h&"C!+B%& V[& Z[&>.:58,.-D318.5+-5H&!??81!<C& @18& <C54.<!2&
=.121BD[&=5&G)9&4&7Y1W%&!Q%&SNO3ORM[&

IJ[& g.4%& r[h& r/+B%& r[h& g11%& r[h& "C1%&i[h& E55%&i[& ([h& g.4%& "[h& 0!8F%& i[h& 0!8F%& ([& T[& >.:58,.-D318.5+-5H&
,D+-C5-.<&,-8!-5BD&@18&H5:521?.+B&!&<C54.<!2&41H/2!-18&1@&?81-5.+3?81-5.+&.+-58!<-.1+[&W#()=+GG$'2&
7Y1O%&S%&RJRNL[&

IS[&i!+B%&V[h&i!<C%&r[&V[h&(C55C!+%&0[h&pC1+B%&"[h&pC!+%&"[h&U!88.,%&#[h&6241%&([&"[h&T.,C1?%&r[h&U!BB!8-D%&
([&r[h&#!45F%&6[h&T588D%&g[&'[h&A�U58.+%&"[h&g15C258%&6[&'[h&U/+B%&6[&i[h&V1/+B%&>[&i[&>.:58,.-D318.5+-5H&
,D+-C5,.,&!,&!&,-8!-5BD&@18&@8!B45+-&5:12/-.1+&!B!.+,-&K(gJ�[&A=H)@&<)=5&G)"&((&7Y1O%&S%&dOI3dOL[&

IO[&K588D%&"[&r[h&(<C85.=58%&([&E[&"C54.<!2&?81=5,&!+H&H8/B&25!H,&@814&!H:!+<5,&.+&,D+-C5-.<&?2!++.+B&
!+H&45-C1H121BD[&W#()9&3)E%$8)E0>4+3&7Y1G%&!S%&JJJ3JOI[&

IL[&U1@@58%&E[h&#5+!/H%&r[&0[h&U18:!-C%&>[&)+&,.2.<1&@8!B45+-3=!,5H&H8/B&H.,<1:58D\&,5-/?&!+H&:!2.H!-.1+&
1@&!&@8!B45+-3-1325!H&<14?/-!-.1+!2&?81-1<12&/,.+B&(S$0E*[&Y)=5&G)^',)@+<&/&7Y1H%&QO%&dJL3dOR[&

IQ[&#!/7%&T[h&W1.-1:.<C%&V[h&>58:.!/7%&"[h&E/B!8.%&6[h&#5=/@@5-%&*[h&$.2C!,%&([h&08.5-%&([h&#1/7%&Z[h&Z8.+P/5-%&
*[h&K/.22541-%&r[&"[h&g+!??%&([h&T8/+52%&r[&$[h&;5H181:%&6[&V[h&"1225--5%&V[h&#1<C5%&0[h&T5-G.%&([h&"14=5,%&
([h&$18522.%& f[& *7?218.+B& ,525<-.:5& .+C.=.-.1+& 1@& -C5& @.8,-& =8141H14!.+& 1@& -C5& C/4!+&=8141H14!.+&
!+H&57-8!3-584.+!2&H14!.+&_T*Z`&?81-5.+,[&Y)@&<)=5&G&7Y1O%&QU%&RLJS3RLSR[&

Id[&g1G!F1:%&>[h&U!22%&>[&#[h& r5C25%&([h& E/1%& E[h&A<C.!+!%&([&A[h& r1+5,%&*[&W[h&0122!,-8.%&$[h&6225+%&g[&'[h&
iC.--D%&6[h&W!^H!%&([&E.B!+H&H5<1+,-8/<-.1+\&iCD&,145&@8!B45+-&=.+H.+B&?1,.-.1+,&!85&<1+,58:5H&!+H&
1-C58,&!85&+1-[&K%+4)W#(/)A4#<)H40)_)H)A&7Y1W%&!!N%&*IOdO3IONS[&

IN[&'.-,<C5%&"[h&A--.+B%&K[&'$#&,-/H.5,&1@&2.B!+H&=.+H.+B[&=$%%)Z?0')H(%$4()70+/&7Y1G%&PT%&RL3II[&
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OP!

JM[&$58.+1%&;[h&#!/+,58%&([&*25<-81+&<8D134.<81,<1?D&!,&!&-112&@18&,-8/<-/853=!,5H&H8/B&H5:521?45+-[&
A'8&`)=5&G)^'()]<)]'8/&7Y1E%&QR%&IdSL3IdLM[&

JR[& "C5:.22!8H%& ;[h& g12=%& 0[& ("9T)>AA\& !& 2!8B5& D5-& ,<855+!=25& !+H& 5!,.2D& ,5!8<C!=25& H!-!=!,5& 1@&
<14?/-!-.1+!22D& <85!-5H& <C54.<!2& <14?1/+H,& 1?-.4.G5H& -1X!8H& C.BC& 2.F52.C11H& 1@& ,D+-C5-.<&
-8!<-!=.2.-D[&Y)=5&G)^',)@+<&/&7Y1W%&QQ%&RdIS3RdJO[&

JI[&T!-.,-5%& E[h&9+G/5%&6[h&>12=1.,%&6[h&U!,,258%& ;[h&i!+B%&f[h&>558!.+%&'[h& pC/%& r[h& (?.2.1-1?1/21,%&>[h&
'5:!H1%&"[h&"!@2.,<C%&6[&"C54.<!2&,?!<5&57?!+,.1+&1@&=8141H14!.+&2.B!+H,&B/.H5H&=D&.+&,.2.<1&:.8-/!2&
<1/?2.+B,&_6/-1"1/?25`[&A=H)=&'()H40&7Y1G%&P%&RdM3Rdd[&

JJ[&U1@@58%& E[h& "C.8!%& "[h&$!8<1/%&K[h& W!8+5F%&6[h&U18:!-C%&>[& (S$0E*3,!4?258& @18&4/2-.?25& ?81-5.+3
2.B!+H&5+-.-.5,\&45-C1H121BD&!+H&8.B.H3,.-5&H1<F.+B&=5+<C4!8F.+B[&@+/&4$/&>&7Y1W%&NV%&dNNQ3NMId[&

JS[&V!+B%&E[h&Z!+%&"[&U[h&U,.5C%&$[&r[h&i!+B%&r[h&>/!+%&V[h&".5?2!F%&0[h&"!2HX522%&r[h&g1224!+%&0[&6[h&E/1%&#[&
'5X3B5+58!-.1+&!4=58&/+.-5H3!-14&@18<5&@.52H[&Y)K5C>)=5&G)7&7YYO%&!!V%&RJRLL3RJRQL[&

JO[&$/FC58^55%&K[h&0!-8!%&'[h&T!8/!%&0[h&r!D!8!4%&T[&6&@!,-&54?.8.<!2&K6;;&<14?!-.=25&?!8-.!2&!-14.<&
<C!8B5&!,,.B+45+-&,<C545&@18&41H52.+B&.+-58!<-.1+,&1@&,4!22&4125</25,&X.-C&=.14125</2!8&-!8B5-,[&Y)
=+G?$()=5&G&7Y11%&ON%&dNJ3NMQ[&

JL[& E.%& r[h& T!22458%& ([& K[h& K.22.,%& *[& 0[h& ;/^..%& ([h& (<C4.H-%& $[& r[h& 0!2!GG121%& 6[& $[h& E5C4!++%& r[& i[h&
$185C1/,5%&K[&;[h&T/8F5%&$[&>[&(D+-C5,.,&1@&4!+D&H.@@585+-& -D?5,&1@&18B!+.<& ,4!22&4125</25,&/,.+B&
1+5&!/-14!-5H&?81<5,,[&H40&'4&&7Y1W%&OPS%&RIIR3RIIL[&

JQ[&>.--8.<C%&0[&([h&$!+G%&6[&E!=31+3!3<C.?\&4.<81@2/.H.<,&.+&H8/B&H.,<1:58D[&W#()9&3)E%$8)E0>4+3&7YYO%&
Q%&IRM3IRd[&

Jd[&E./%&p[h&i!+B%&0[h&"C5+%&U[h&i12H%&*[&6[h&Z.!+%&T[h&T8!,.58%&6[&#[h&pC1/%&r[&>8/B&H.,<1:58D&-!8B5-.+B&
=8141H14!.+3<1+-!.+.+B&?81-5.+&S[&Y)@&<)=5&G&7Y1E%&RV%&SOJJ3SOOd[&

JN[&(-!-C.,%&6[h&T58-1+.%&;[&T*Z&?81-5.+,&!,&-!8B5-,&@18&!+-.<!+<58&-85!-45+-[&=#'4&%)E0>4+3&7Y1G%&T%&IS3
JL[&

SM[&6=!H3p!?!-581%&"[h&058.�.�%&A[h&i!,,%&r[h&T5+-1%&6[&0[h&A:58.+B-1+%&r[h&623E!G.F!+.%&T[h&r1C+,1+%&$[&*[&
E.B!+H& 5@@.<.5+<D& .+H.<5,& @18& !+& 5@@5<-.:5& 4!??.+B& 1@& <C54.<13=.121B.<!2& ,?!<5\& -C5& <1+<5?-& 1@& !+&
!-2!,32.F5&85?85,5+-!-.1+[&E%$8)E0>4+3)[+<#C&7Y1Y%&!Q%&dMS3dRR[&

SR[&>5B18<5%&;[h&"!8H%&6[h&(1C%&([h&Z8.+P/5-%&*[h&g+!?.F%&K[&0[h&f.5%&T[&UZ#;\&6&-5<C+121BD&-!.2185H&@18&
H8/B&H.,<1:58D&3&!&85:.5X&1@&-C5185-.<!2&!,?5<-,&!+H&85<5+-&!??2.<!-.1+,[&=$%%)=5&G)a&'+G04>)7YYF%&
O%&II3JI[&

SI[& U1?F.+,%& 6[& E[h& g5,58�%& K[& $[h& E55,1+%& 0[& >[h& #55,%& >[& "[h& #5D+12H,%& "[& U[& ZC5& 8125& 1@& 2.B!+H&
5@@.<.5+<D&45-8.<,&.+&H8/B&H.,<1:58D[&W#()9&3)E%$8)E0>4+3&7Y1;%&!O%&RMO3RIR[&

SJ[& Z!8<,!D%&6[h&'D�8.%& g[h& g5,58/%&K[&$[& )4?!<-&1@& 2.?1?C.2.<& 5@@.<.5+<D&1+& <14?1/+H&P/!2.-D[& Y)@&<)

=5&G&7Y17%&QQ%&RIOI3RILM[&

SS[& (C/2-G%& $[& >[& (5--.+B& 57?5<-!-.1+,& .+& 4125</2!8& 1?-.4.G!-.1+,\& ,-85+B-C,& !+H& 2.4.-!-.1+,& 1@&
<1441+2D&/,5H&<14?1,.-5&?!8!45-58,[&70++%8)@&<)=5&G)"&((&7Y1H%&NO%&ONdM3OdNR[&

SO[& (C/2-G%& $[& >[& ZC5& -C5841HD+!4.<& =!,.,& @18& -C5& /,5& 1@& 2.?1?C.2.<& 5@@.<.5+<D& _E.?*`& .+& 5+-C!2?.<&
1?-.4.G!-.1+,[&70++%8)@&<)=5&G)"&((&7Y1H%&NO%&ONNI3LMMM[&

SL[& (<1--%& r[& ([h&i!8.+B%&$[& r[& 08!<-.<!2& !??2.<!-.1+&1@& 2.B!+H&5@@.<.5+<D&45-8.<,& .+& 25!H&1?-.4.,!-.1+[&
70++%8)@&<)=5&G&7Y1G[&)+&?85,,[&

SQ[& E55,1+%& 0[& >[h& (?8.+B-C18?5%& T[& ZC5& .+@2/5+<5& 1@& H8/B32.F5& <1+<5?-,& 1+& H5<.,.1+34!F.+B& .+&
45H.<.+!2&<C54.,-8D[&W#()9&3)E%$8)E0>4+3&7YYE%&R%&ddR3dNM[&
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OQ!

Sd[&E!B18<5%&>[h&(?58!+H.1%&A[h&T!522%&r[&T[h&$.-5:!%&$[&6[h&W.221/-85.7%&T[&A[&;6;3>8/B,J\&!&X5=&,58:58&
@18& <14?1/+H&?81?58-D& <!2</2!-.1+&!+H&<C54.<!2& 2.=8!8D&H5,.B+[&W$4/&04)A40<>)9&>&7Y1W%&PO%&iIMM3
IMQ[&

SN[&U1@@58%&E[h&U18:!-C%&>[&(S$0E*3,!4?258&@18&4/2-.?25&?81-5.+32.B!+H&5+-.-.5,\&,.4/2-!+51/,&H1<F.+B&
1@&,5:58!2&5+-.-.5,[&Y)=5&G)^',)@+<&/&7Y1H%&QO%&dd3RMI[&

OM[&;.2.??!F1?1/21,%&0[h&g+!??%&([&ZC5&=8141H14!.+&.+-58!<-.1+&41H/25[&D]7H)"&((&7Y17%&QTR%&ILNI3
IQMS[&

OR[&g!=,<C%&i[&)+-5B8!-.1+%&,<!2.+B%&,?!<53B81/?&!,,.B+45+-&!+H&?1,-385@.+545+-[&6<-!&=%C>(#//+8%)E)
70+/)=%C>(#//+8%&7Y1Y%&RR%&RJJ3RSS[&

OI[&g!=,<C%&i[&f>([&6<-!&=%C>(#//+8%)E)70+/)=%C>(#//+8%&7Y1Y%&RR%&RIO3RJI[&

OJ[&"122!=18!-.:5&"14?/-!-.1+!2&081^5<-%&'[&4[&ZC5&""0S&,/.-5\&?81B8!4,&@18&?81-5.+&<8D,-!221B8!?CD[&
A4(#)=%C>(#//+8%)E)70+/)=%C>(#//+8%&1FF;%&QV%&QLM3QLJ[&

OS[& *4,25D%& 0[h& E1CF!4?%& T[h& (<1--%& i[& K[h& "1X-!+%& g[& ;5!-/85,& !+H& H5:521?45+-& 1@& "11-[& 6<-!&
=%C>(#//+8%)E)70+/)=%C>(#//+8%&7Y1Y%&RR%&SdL3OMR[&

OO[&'.<C122,%&#[&6[&E.B!+H&@.--.+B&X.-C&""0S[&A4(#)=%C>(#//+8%)E)H(%$4()70+/&7Y1E%&SO%&ROd3RQM[&

&  
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OR!

Table 1 

"$)@$A.B
*
!

89!D*.Z
5
!

K-$@![L!
@\"WY

B
!

>$4!

%)@,$R')'.-!

;R& 3& S[NjM[MI& M[M&

;I& 3& S[LjM[MO& 3M[J&

R& L&_R[M`& L[SjM[MI& R[O&

I& RM<&_R[Q`& L[IjM[MR& R[J&

J& RM<&_R[Q`& L[IjM[MJ& R[J&

S& JM&_O[I`& L[MjM[MI& R[R&

O& SM<&_L[N`& L[JjM[MI& R[S&

L& SM<&_L[N`& L[RjM[MJ& R[I&

Q& OM&_d[Q`& L[OjM[MQ& R[L&

d& OI&_N[M`& L[RjM[MJ& R[I&

N& ON<&_RM[I`& L[SjM[MI& R[O&

RM& ON<&_RM[I`& L[JjM[MI& R[S&

RR& LO&_RR[J`& O[djM[MQ& M[N&

RI& LN&_RI[M`& O[QjM[MO& M[d&

RJ& QR&_RI[J`& L[IjM[MI& R[J&

RS& QO&_RJ[M`& L[JjM[ML& R[S&

RO& QO&_RJ[M`& O[JjM[MJ& M[S&

RL& dM&_RJ[N`& O[NjM[MO& R[M&

RQ& dN&_RO[O`& L[LjM[MI& R[Q&
#
)=+G?+$'<>)<0>4$>>&<)0')(5&)(&:(-)>&&)'()*!+,),+%)NE)>(%$4($%&>)+,)(5&>&)4+G?+$'<>2)

6
)A6>+/$(&)%#'B0'8)?+>0(0+')#,(&%)30%($#/)>4%&&'0'8)#'<)%&/#(03&)?+>0(0+')0')?#%&'(5&>0>2))

=
)H&3&%#/)4+G?+$'<>)>5+`)(5&)>#G&)0'(&%#4(0+')&'&%8C)3#/$&)#'<)#%&)803&')(5&)>#G&)%#'B2)

<
)?^=QV)3#/$&>)G&#>$%&<)6C)*[9D)0')(%0?/04#(&>2)

&

]*5+'!1I& ^') >0/04+& 8!+F.+B&!+H&UZ#;&5:!2/!-.1+&H!-!& @18& -C5&RQ& <14?1/+H,& ,525<-5H& -C81/BC&:.8-/!2&

,<855+.+B[&01&<1885,?1+H,&-1&-C5&.+.-.!2&C.-&@8!B45+-&!+H&07&-1&-C5&!<-.:!-5H&,-!8-.+B&<185&@18&-C5&C.-3

-1325!H&.4?81:545+-[&

&

&  
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OS!

Table 2  

&

"$)@$A.B! ^])!K_"L
*
! `2!Ka<L

5
!

R& R[OMjM[MM& +!<&

I& J[OMjM[MM& M[ONjM[JM&

J& J[MMjM[MM& M[OLjM[RJ&

S& J[MMjM[MM& M[NSjM[MO&

O& I[ddjM[IO& M[JIjM[MN&

L& I[LJjM[IO& M[OSjM[MN&

Q& J[RJjM[IO& M[JLjM[MN&

d& I[RJjM[IO& M[dLjM[IQ&

N& J[MMjM[MM& M[JRjM[MO&

RM& J[JdjM[IO& M[SRjM[MN&

RJ& J[MMjM[MM& M[QQjM[RI&

RS& J[IOjM[IN& M[dNjM[RL&

RQ& J[ddjM[IO& M[RNjM[MQ&
#
)b[G)3#/$&>)`&%&)G&#>$%&<)$>0'8)#)(5&%G#/)>50,()#>>#C)0')(%0?/04#(&>2)

6
);E)3#/$&>)`&%&)G&#>$%&<)6C)^[=)0')(%0?/04#(&>2)

4
)'+)%&?%+<$406/&);E)3#/$&)4+$/<)6&)G&#>$%&<),+%)(50>)4+G?+$'<2)

&

&
&

]*5+'! 7I&b,-#$4$.*+! R*+%B*-%$.! $(! -#'!)$3-! %)@,$R'B! &$)@$A.B3I& "14?1/+H,& 57C.=.-.+B& !@@.+.-D&

:!2/5,& =521X& R& �$&=D&UZ#;&X585& ?/8.@.5H& !+H& @/8-C58& 5:!2/!-5H& /,.+B& 18-C1B1+!2& :!2.H!-.1+&X.-C&

-C584!2&,C.@-&!,,!D&_Z(6`&!+H&.,1-C584!2&-.-8!-.1+&<!218.45-8D&_)Z"`[&

&  
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OT!

Figure legends 

 

0%4A,'! 1I& 9&#')*-%&! :$,Z(+$:! $(! -#'! 2b]9! @%@'+%.'I! 1I! ZC5& =.+H.+B& 41H5& 1@& !& C.-& 4125</25& .,&

.H5+-.@.5H&=D&f38!D& <8D,-!221B8!?CD[&7I&A+5&18&4185& <C54.<!2& 85!<-.1+,& <14?!-.=25&X.-C& -C5&C.-& !85&

,525<-5H&@814&!&2.,-&1@&45H.<.+!2&<C54.,-8D38525:!+-&85!<-.1+,[&HI&6&:.8-/!2&H.:58,.-D318.5+-5H&<C54.<!2&

2.=8!8D& .,& H5,.B+5H& /,.+B& -C5& ,525<-5H& 85!<-.1+_,`& !+H& !& <1225<-.1+& 1@& <14?!-.=25& <14458<.!22D&

!:!.2!=25&TT,[&;I&ZC5&<C54.<!2&H!-!=!,5&.,&H1<F5H&.+-1&-C5&-!8B5-&,-8/<-/85&/,.+B&<1+,-8!.+5H&H1<F.+B&

X.-C&-C5&(S$0E*&<1+@184!-.1+!2&,!4?2.+B&-112&=!,5H&1+&-C5&J>&,-8/<-/85&1@&-C5&-!8B5-3C.-&<14?257[&

WI&ZC5&?1,5,&!85&8!+F5H&/,.+B&!&@18<53@.52H3=!,5H&5+58BD&@/+<-.1+[&OI&"14?1/+H,&!85&,525<-5H&.+&-C5&

-1?&2.,-%&!+H&<1885,?1+H.+B&TT,&!85&?/8<C!,5H[&EI&ZC5&H5,.85H&<14?1/+H,&!85&,D+-C5,.G5H&.+&?!8!2252&

/,.+B&!+&!/-14!-5H&81=1-.<&?2!-@184[&GI&ZC5&+5X2D&,D+-C5,.G5H&?81H/<-,&!85&-8!+,@5885H&-1&!&E!=<D-5&

6<<5,,c*<C1l& E!=18!-18D& i18F,-!-.1+& -1& =5& 5:!2/!-5H& /,.+B& C141B5+51/,& -.45385,12:5H&

@2/185,<5+<5&_UZ#;l`&-5<C+121BD%&.,1-C584!2&-.-8!-.1+&<!218.45-8D&_)Z"`&18&!&-C584!2&,C.@-&!,,!D&_Z(6`[&

*7?58.45+-!2&!+H&0')>0/04+&,-5?,&!85&H5?.<-5H&.+&2.BC-&18!+B5&!+H&2.BC-&=2/5%&85,?5<-.:52D[&

0%4A,'!7I!-.!/(0(12!:$,Z(+$:!$(!-#'!2b]9!@%@'+%.'I!;1</,5H&<C54.<!2&2.=8!8D&H5,.B+&!+H&W(&?81-1<12!cI!

0$&A3'B! &#')%&*+! +%5,*,6! B'3%4.I& ZC5& 8!X& @1</,5H& 2.=8!8D& .,& !/-14!-.<!22D& <14?/-583B5+58!-5H& =D&

<1/?2.+B&!+&!<-.:!-5H&@184&1@&-C5&.+.-.!2&@8!B45+-&X.-C&!&<1225<-.1+&1@&!??81?8.!-5&TT,&,525<-5H&@814&

!& ?85?81<5,,5H& H!-!=!,5& _;.B[& (Q`[& ZC5& <1/?2.+B& ,<C545& .,& ,525<-5H& @814& !& ,5-& 1@& 81=/,-& ($6#Z(3

5+<1H5H& 18B!+.<& ,D+-C5,.,& 85!<-.1+,& ,525<-5H& =D&45H.<.+!2& <C54.,-,[& ZC.,& <14?/-!-.1+& ,-!B5& /,5,&

81/-.+5,&@814&-C5&#>g.-&?!<F!B5%&!+H&-C5&1/-?/-& .,&!&R>3($)E*(&@.25[&dI!=$3-J@,$&'33%.4!$(!-#'!,*:!

($&A3'B!+%5,*,6I&ZC5&B1!2&1@&-C.,&,-!B5&.,&-1&<1+:58-&R>3($)E*(&<14?1/+H,&.+-1&J>3(>;&<14?1/+H,&

-C!-& <!+& =5& ,<855+5H& X.-C& -C5& (S$0E*& -112[& "14?1/+H,& !85& @.8,-& ,/=4.--5H& -1& <1441+&

,-!+H!8H.G!-.1+&!+H&,-8/<-/8!2&<C5<F,& _?/8?25&=17`%& 85,/2-.+B& .+&!&I>3(>;& @.25[&(5:58!2& @.2-58.+B&,-5?,&

!85& -C5+& !??2.5H& -1& B5+58!-5& !& 2.=8!8D& <14?2.!+-& X.-C& 45H.<.+!2& <C54.,-8D& 8/25,& _85H& =175,`[&

"14?1/+H,& <1+-!.+.+B& ?85H5@.+5H& ?8.:.25B5H& ,<!@@12H,& <!+& =5& ,525<-5H& _B855+& =17`[& ;18& 2!8B5&

<C54.<!2& 2.=8!8.5,%& !& <2/,-58.+B& ,-!B5& <!+& =5& !??2.5H& -1& 85H/<5& -C5& +/4=58& 1@& <14?1/+H,& !+H&
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OU!

B5+58!-5&!&<C54.<!22D&H.:58,5&2.=8!8D&_18!+B5&=17`[&ZC5,5&2!--58&,-!B5,%&85?85,5+-5H&=D&H1--5H&=175,%&

!85&1?-.1+!2[&(5:58!2&<14?/-!-.1+!2&,-!B5,&!85&-C5+&?58@1845H&-1&B5+58!-5&-C5&J>3(>;&2.=8!8D&_=2/5&

=175,`%& X.-C& !22& <14?1/+H,& ,/?58.4?1,5H& 1+-1& -C5& 85@585+<5& @8!B45+-[& ;.+!22D%& !-14,& -C!-& !85&

85,-8!.+5H&H/8.+B&-C5&W(&,-!B5&!85&@2!BB5H%&!+H&K6;;&!-14&-D?5,&!85&!--8.=/-5H&_<D!+&=175,`[&622&1@&

-C5,5&,-5?,&!85&@/22D&!/-14!-5H[&"I!89!$(!-#'!($&A3'B!+%5,*,6I&*!<C&<14?1/+H&.,&?85?1,.-.1+5H&X.-C.+&

-C5& !<-.:5& ,.-5& =D& ,/?58?1,.-.1+&X.-C& -C5& .+.-.!2& @8!B45+-%& !+H& !-14.<& 85,-8!.+-,& !85& !??2.5H&H/8.+B&

,!4?2.+B&X.-C&(S$0E*&-1&?85,58:5&-C5&18.B.+!2&=.+H.+B&41H5[&622&<1+,-8!.+-,&!85&5:5+-/!22D&8541:5H&

=5@185& 5+58BD& 4.+.4.G!-.1+& 1@& !22& +1+85H/+H!+-& ?1,5,& !@-58& -C5& ,!4?2.+B& .,& <14?25-5H[& ZC5&

<1+@184!-.1+!2& ,!4?2.+B& .,& !2,1& ?58@1845H& @18& 5!<C& <14?1/+H&X.-C1/-& -C5& ?81-5.+& -1& .H5+-.@D& .-,&

21X5,-& 5+58BD& <1+@18458& .+& -C5& @855& ,-!-5[& ZC5& 8!+F.+B& @18& 5!<C& <14?1/+H& .,& -C5+& !<C.5:5H& =D&

<14?/-.+B& -C5& H.@@585+<5& =5-X55+& -C5& =5,-& =1/+H& !+H& @855& ?1-5+-.!2& 5+58B.5,[& "14?1/+H,&

H.,?2!D.+B&!&#$(>&,C.@-&!@-58&5+58BD&4.+.4.G!-.1+&2!8B58&-C!+&!&/,583H5@.+5H&-C85,C12H&!85&H.,<!8H5H[&

0%4A,'! HI& ?P@',%)'.-*+! 'R*+A*-%$.! $(! &$)@$A.B! 1EI! cI! I>& ,-8/<-/85& 1@& <14?1/+H& 1E& _S3�_I31713

I%J%S%O3-5-8!CDH813RU3R3=5+G!G5?.+53Q3,/2@1+!4.H1`45-CD2�3J3=5+GD23Q35-CD23RU3?/8.+53I%L_JU%QU`3

H.1+5``[&dI!U141B5+51/,&-.45385,12:5H&@2/185,<5+<5&_UZ#;`&1@&1E&1+&T#>S_T>R`&!@-58&57<.-!-.1+&!-&

JJQ& +4%& 5+58BD& -8!+,@58& !-& LIM& +4%& !+H& @2/185,<5+<5& 54.,,.1+& !-& LLO& +4[& ;2/185,<5+<5& H!-!& !85&

+184!2.G5H& !+H& ?21--5H& !,& !& @/+<-.1+& 1@& -C5& 2.B!+H& <1+<5+-8!-.1+[& ZC5& )"OM& :!2/5& .,& .+H.<!-5H& .+&

+!+1412!8[&"I!),1-C584!2&-.-8!-.1+&<!218.45-8D&_)Z"`&-C5841B8!4&_-1?`&!+H&+1+2.+5!8&25!,-3,P/!85,&@.-&

41H52&1@& -C5& .+-5B8!-5H&H!-!& _=1--14`&!-&ROy"& _RMM&{$&T#>S_T>R`&3>2& SM&{$&<14?1/+H&1E`& !,& !&

@/+<-.1+&1@& -C5&412!8& 8!-.1&1@& -C5& 2.B!+H& _<522`& -1& -C5&?81-5.+& _,D8.+B5`[&ZC5&g>& :!2/5& .,& .+H.<!-5H& .+&

+!+1412!8[&

0%4A,'!;I&"$)@*,%3$.!$(!-#'!5%.B%.4!)$B'!$(!01!*.B!&$)@$A.B!1EI!cI!I>&,-8/<-/85&1@&@8!B45+-&01 

(J3=5+GD23Q35-CD23RU3?/8.+53I%L_JU%QU`3H.1+5`[& dI& I>& ,-8/<-/85& 1@& 1E& _S3�_I31713I%J%S%O3-5-8!CDH813

RU3R3=5+G!G5?.+53Q3,/2@1+!4.H1`45-CD2�3J3=5+GD23Q35-CD23RU3?/8.+53I%L_JU%QU`3H.1+5``[& "I&

(/?58.4?1,.-.1+& 1@& 01& _?/8?25`& !+H& 1E& _18!+B5`& .+& -C5& '3!<5-D2!-5H& 2D,.+5& ?1<F5-[& 2JQI& J>&

<8D,-!221B8!?C.<&,-8/<-/85,&1@!01!_?/8?25`&!+H&1E&_18!+B5`&.+&<14?257&X.-C&T#>S_T>R`&1=-!.+5H&!-&R[I&
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PV!

q& _0>T&<1H5\&L;'f`&!+H&M[NO&q& _0>T&<1H5\&L;AO`& 85,12/-.1+%& 85,?5<-.:52D[& E.B!+H,&!85&H.,?2!D5H& .+&

=!223!+H3,-.<F&85?85,5+-!-.1+[&g5D&85,.H/5,&1@&T#>S_T>R`&!85&85?85,5+-5H&!,&,-.<F,&!+H&<12185H&B855+&

@18&-C5&i0;&,C52@&_85,.H/5,&dR3dJ`%&18!+B5&@18&VNQ%&?.+F&@18&'RSM%&=2/5&@18&-C5&B!-5F55?58&)RSL&!+H&

XC.-5& @18& -C5& 1-C58,[& i!-58& 4125</25,& !85& 85?85,5+-5H& =D& 85H& ,?C585,[& >.85<-& CDH81B5+& =1+H,&

=5-X55+&-C5&2.B!+H&!+H&?81-5.+&!85&85?85,5+-5H&=D&B8!D&H!,C5H&2.+5,[&2J?I&ZC5&+5-X18F&!41+B&X!-58&

4125</25,&21<!-5H&.+&-C5&<!:.-D&.,&85?85,5+-5H&=D&85H&H!,C5H&2.+5,[&ZC5&.+H.85<-&=1+H,&=5-X55+&2.B!+H&

!+H& ?81-5.+& 45H.!-5H& =D& X!-58& 4125</25,& !85& 85?85,5+-5H& =D& 18!+B5& H!,C5H& 2.+5,[& 0JQI& W!+& H58&

i!!2,&<1+-!<-,&=5-X55+&-C5&2.B!+H&!+H&?81-5.+&!85&85?85,5+-5H&=D&2.BC-3=2/5&H!,C5H&2.+5,[&

&
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