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+7.%=%!a0F|B--06=<-&!-/1- %1&, (-.%&"&!/01"(-3)=/4%7 24)368B4*%31 & 28&-3)-% !N FHEZARF
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+7.%=%!aaFB<<%(*)'%!*"#%3&"0"7)-"/(1/0!-.%!=)73/4)7-/(%!NFIF&rFFFFFFFFFFFFRBEFFFFFFFFFF

+7.%=%!a’ F13%-3/&,(-.%-"71)()4,&"&!/010/3) U/4" (Y& FFFFFFFFFFFFFFFFFFFFFFFRIREFFFFFFFFFF

+7.%=%labF!+,(-.%-"7!)<<3/)7.10/3laFPal#")!-. %!3)*" 7RI’ T<%("('13%)7-"/( 'FFFFFFIGEFFFFF
!

V#



+7.%=%!aZFIK/&&"84%!<3/*27-&103/=!-.%!><NR3#/-%*1%</\"*%!/<%("('13%)7-"/( IANO!
+7.%=%lacF!+,(-.%&"&!/01aFN 1#")16272)",)=)1)4%/41)(*1G)%, %3\ | "44"%31/\V"*)-"/( IFFFIEHE
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1. Introduction

1.1 Macrocycles in Drug Discovery and Chemical Biology

R.%1*06#9%4/<=%(-/01&=)441=/4%T 24%&-.)-17)(1<%3-2381#)3"/2&18"/4/"7) 4}
<3/T%E&&Y6&).)&IAI(18%%(1)(1"=</3-)(-I') A" (1*32' " & T [#%3,1)(*I7.%="7)418"/4]'F %4
R.3/21&,(-.%-"T)(*1=%*"7  "()4!7.%="&-3,1%00/3-&D!7/=8"(%*IH").18%--%3!
2(*%38&-)(*"('1/018"/=/4%724%&-327-23%&!) (*102(7-"/(&D!)!1&" ("0"7)(-1(2=8%3!/0!
8"/)7-"#9%!&=)441=/4%T724%8&..) &18% %6 (*Y6H%A/<Yo*1) (F174" ("T) 44, 1H) AFEY"="7 2" ('
-.9%1"(-%3) 7-"/(&!/013%7%<-/3&1/31% (U, =%6&IH"-.1%(*/'%(/2814"™) (*&!/31&28&-3)-%&D!&=)44!
=/4%7 24%8&).)H%!8Y6THE&" (Yo*1/31=/*"0"%*FIR.%13%8&24-"(17/=</2(*&!.}#%!&200"7"%(-!
02(7-"1()4"-"%o&I-/1-" -4,18" (*1-/1. *3/<./8"T1</7?%-&!" (1. %!<3/-%"(1-)3'%-&!d["23%!  PeF!
9/HY6#%3D1&27.1-)3'%-&!3%<3%&%%(-!/(4,1)103) 7-"/(1/01*" STS)EM¥ks) (-18" =/ 4% 7 24%&D") (*!
&=)AAE=A%T24%!*381)3%!(/-1." 4,1%600%7-"#%!-/1"(-%3) 7-IH"-.1-)3'%6-&!<3%&%6(-"('!
06V/-%6(*06*18" (*"(18:230) 7%&!" (742*" ("1<3/-%'\(<3/-%"(1"(-%3) 7-"/(& KK S&eFIR."&!"&1<)3-")44,]
*2001-/1-.%10) 7-1.)-1-.%18%64%7-"/(1/0!-. %! &=)441=/4%T 24%&" &1/0-%(1'2"*%*18, I %! "<" (& 2" W&
3249%!/0%Y4-11"(73%)&%!-.%!<3/8)8"4"401/8-)"( "( 10)#/3)84%!<.,.&"7/7.%="7)4!
<3/<%3-"%&I"(742*"('1/3) 418" )#)"4)8"4"- 1) (*17%A441<%3=%)8"4"- FIS(17/(:2(7-"I(IH"-.1'&
'2"%0/94" (%6D!&, (-.%-"71-3)7-)8"4"-,10/31-.%!'%(%3)-"/(1/01)14)3'%!)=/2(-/01 7/=</2(*!
7144%7-"1(&1"&1)17327")410)7-/31"(1<.)3=) 7% ZY418%--"('&0/3!873%% (" ('1-.%3)<%2-"7!

7)(*"*)-%&F!B&!)!13%8&24-D1&=)441=/4%7 24%!*32'&1-, <"7)44,13%<3%8&%(-1&"=<4%])(*104)-!



&-327-23%&!H"-.1=/4%724)3IH%"".-&!4%&&!-.)(IbOO!H."7.1)3%!(/-!&200"7"%(-!&"U%&!0/3!

)**3%6&8&."('14)3'%3!-)3'%-&F

Targettypes
& Protei.n-
£ Protein .
2| Interactions Adnectins
i) Biological drugs
g Avi + antibodies
vimers
G| Proteases, Macrocycles
5 Phosphatases amers ——
— antibodies

Kinases
2 Small-
§s] lon molecule
{=
o | Channels drugs
e
g— GPCRs/
S [ Aminergic
(¥]

Receptors

Small simple structure Large complexstructure
100-500 MW 10,000-500,000 MW

I"#$968( )'R.%61</-06(-")41/01-.%1=)73/7,74%I</&"-"1(%*18%-H% %6 (1&=F44% 7 24%!
*32'&1)(*18"/4/"7)432'&  '("23%!3MB)H(IH"-.1-. %!<%3="&&"/( 103/=!3%6Be

[
RIH#%37/=%!-."&17.)44%('%D!3%&%)37.%3&!. )% %% 4/<%*18"/4/" 7 &1) &) (YoH!-//4!
0/31+'&32<-"('14)3'%3!8"/=/4%724)3!"(-%3) 7-"/(&IR.%!2-"4"U)-"/(/0!=/(/74/()A!
)(-"8/*"%&D!)3-"0"7")41<3/-%" (&D!) (*I&IBs(-. %-"71<%<-"*% &1 }#%6! 3%#/42-"/("U%H1-." &I OMVo4*
<3 ((%H!-.%3)<%2-"71/<</3-2("-"%&FIB4- /2" |- %, 1.} %! &./H(1." 1</-%(7 !
-IH) 3*&1<3/-%"{ <3/-%"(I"(-%3)7-"/(&1)(*!/-.%314)3'%3!-)3'%-&D!-.%3%§3Y6D" 7)(- !
4"="2)-"/(81&27.1)&IAIHI T%A41<%3=%6)8"4"-, D!." 17/&-D!)(*13%*27%*1<)-"%(-&! 7/=<4")(7%F!

R.%3%0/3%D!-.%!(%%*1%V"&-&!0/3!-.%!*"&7/#%3,!/0!(%H!7.%=/-,<%&!-.)-1.)#%!&200&""%(-1&"U%



)(H02(7-"1()4"-"%&I-/1"(-%3) 7-1H"-.14)3'%31-) 3'%-&I82-1&-"441=)"(-)"(1*32 74" 2%!7.)3) 7-%3&!
)(*10)#/3)84%!<.)3=)7/4/"7)41<3/<%3-"%&F!S(I-."&13%')3*DI=)73/7,74%&1.)#%!)!</-%6(-")4!
-18%!</&"-"1(%*18%-HY% % (1 &=)BAA% 724%!*32'&1) (18"/4/" T)AI*32'&1" (17.%="" 7)41&<)TY8F
6)73/7,74%&)3%) (1" (-%3%&-"("174)&&!/01&=)A41=/4%T 24%&IH."7 'Y%(%3)44., 1 7/(-)" (&
P 1/31=/3%!)-/=&1"(13"("1&,& %= &FIR."&!7,721&7)00/4*<3/#"*%&&-327-23)41E3%
13)("U)-"1(-)1T) (1A% (T "=<3H%HI8 (" (100" ("-, 1) (*1-)3'%-18&%64%T7-"#"-,18,
="("="U"(12((%7%&&)3,17/(0/3=)-"I)AI7.)(%&F  I¥1S-I"&1(]-%H/3-.,I-.)-1=)73/7,74%&!
)3%!(/-13""*1&-327-23%&D!3)-.%3!8)4) (7 %"+ (1&-327-23) 41 TB("U)-"/(!) (*
&200"7"%(-104%V/"8"4 141, 8"(*1-/1-)3'%-18&230)7%&IR."&17/(&-3)"(%*104%V/"8"4"- 1/01)!
=)73/7,74%!=),17/(-3"82-%!-/1%(.) (7%*1 7%441<%3=%)-"/(18,10/3=)-"/(1/0!"(-3)=/4%7 24)3!
*3I%(IBI(*&F  #3! 19/HY6#%3D!*2%!-/1- " @1 7471()-23%/01&7)00/4*R!-.%!3)-"/()4%!*%&" (!
101=)7317,74%8&.).)&18%% (1 7/(&"*%3TBNA4%(" (! 2&"(103)'=%(- T8)&Y%*D!7/=<2-)-"/()4D!
13- %31 71(#%(-"1()A1)<<3/)7.%&I0/31*32'1*" & 7 [#%3,F !
S(1/3*%31-/1'2"*9%1- %1*%&" (/0 (%H!=)73/7,74"717/=</2(*&D!]"44)3! et al.!
)04, U%*! - Y6<. &"7/7.%="7)41<3/<%3-"%&!/01%\/"&-"("18"/) 7-"#%\=) 73/7,74%&d[ " DBFH!
R.%.,1)()4,U%*1-.%!7.%="7)41<3/<%3-"%&H06!=)73/7,74%&03/=12(/H(1=)73/7,74% T
<3/-%"(173,8-)41&-327-23%8&1d6>1-%8&-18&%-e1)4/('1H"- |- [&%!/01=) 73/7,74%!*32'&1) (*1)441/3)4!
*32'&1-.)-1.)H%18%%(1)<<3/#%*18,1-. %! 5+[//*1)(*1$32'1B*="("&-3)-"/(!d[$BeF!R.%!
3%8&24-1&.[HY%*1-.)-1- %1=)73/7,74%!-%&-1& V=186 8 %=84%-.%!&28&%-1/0/3)44,!

)#)"4)84%1*32'&17/(-)"("()!=)73/7,74"71&7)00/4*F11/-)84,D!-.%!%)-)13%<3%&Y(-%*1-.)-!



13)41=)73/7,74%1%32'&1)3%1 (/-1 7/=<)-"84%!IH"- 1- %I 7/(#%(-"/()4);"<"(  &?W&I324%!/010"#%!
&./H"(14)3'%3!=/4%724)3IH%".-&D1%V-%(*%*</B)8:230)7%!)3%)&D!) (*!=/3%!3/-)-)84%!
8/(*&F!IR.%,)4&/1)()4,U%*1- %18" (*"('1'%/=%-3,1/0!-.%!=)73/7, 74%&!) (*IL 2)(-"0"%*!
8"(*"('1)3%)&18%-H%%(1=)73/7, 74%14™) (*&!1)(*1<3/-%"(&D!-. 2&<3/#"" (1) (1"("-") 417 42%!
/31068 ("(18"/)7-"#%!=)73/7, TA%&F
S(-3"296*18,10)#/3)84%!<.)3=)7/4/"7)41<3/<%3-"%&!)(*18"/)#)"4)8"4"-, D!-.%3%!
)HY18%9%6 (1% (*90)#/38&-/1*"& 7 #%31()-23)41/312(()-23)41=)73/7, 74" 71 7/=</2(*&IH"- !
<I-%6(-18" 141" T)A) T-"H"-" Y& [2-&"*%!- %ol T/ (#%(-"1()41=%-3"7 &FIR %61 *%#%4/<=%(-!/0!
=)73/7,74"717/=<] 2(*&!"(1*32'1*" &7 /#%3,1H"4418%!83"%04, I*" & 72&8%*!"(1-.%!0/44/H" ("

7.)<-%3F
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I"H$%6&* YB()4,&"&N0I<. & TIT.%="7)4<3/<%3-"%&!0I=) 737, 7TA%&-)-. }#9%! T/
73,8-)418-327-23%&!IH"-.1<3/-%"(&D!=)73/7,74"71/3)41*32'&D!)(*) 44438 fIR.%!
=)73/7,74%!-%&-18%-17/(-)"(8&14)3'%!=)73/7,74%&H"- 16EIrZOO!$)!) (18=)441=) 73/7, 74%&!
H"-.16EISIZO0!$) fIR.%6!<3/<%63-"%&!"(742*%!=/4%724)3IH%“BN7;/'K! +.- D1</4)31&230)7%!
)3%)4/-D1)(*1-.%!(2=8%31/013/-)-)84%!8/(*&! +0-FIR.%!*"&-3"82-"/(1/0!-. YT/ (H%(-"/()41/3)4!
*32'&D1=)73/7,74%!*32'&D1)(*1-.%16>1-%6&-1&%-1"(17.%="7)41&<) 7%!H%3%! &./HE{!
d["23%!3%<3"(-9%* H"-.1<%3="&&"/(103/=13%DF



I"I"HSY& (V%* -+, (-&(. (J+OH%1#2)3-+  #

1)-23)44,1/77233"('1=)73/7, 74%&. JH#%I<3/#"*%*1'3%)-1/<</3-2("-"%&I-/1%V."8"-1)(!
"=<3068&"#%613%7/3*1/019600"7) 7, " (1=)2'('1*" &%) &IBY%AY6#) (-18"/<)-.H),&FIS(INOP D!
M"/3%)(%--/1) (1" 48%3'13%</3-%*1-.)-1Z_1=)73/7,74%!*32'&1.)#%!8%%(1)<<3/#%*10/3!
2=)(128%!18,1[$B!)(1abl=)73/7,74"717/=</2(*&!)3%!" (174" ("7)4*%#%4/<=%(-F ' |
B=/(1-.%1Z_1=)73/7,74%*32'&1"(174"("7)412&%D""_1=)73/7,74%!*32'&1)3%!()-23)4!
<3/%27-&1)(*IP_1=)73/7,74%&1)3%!*"3%7-4, 1*%3"#9%*103/=1()-23)41<3/*27-&FIR.%!)()4,&"&!
&.IH %1-)-1a’17/=</2(*&).)H918%% (128%1-/1-3%)-1"(0%7-"/2&1*" &%) &Y%6&!H."4%! PO
=)73/7,74%8&1)3%!)<<4"%*"(1/(7/4]" 1d["23%!a)eF!B!4)3'%!</3-"/(1/0!-.%!=)73/7,74%!*32'&!
)3%!=)73/4"0%&1) (17, 74" T1<%<-"*%&DI)(*I"-1"&1(/-%H/3-.,I-.)-1-.%1=):/3"- /0!-.%!/3)4!

=)73/7 ,74%!*32'&!8%4/('I-/'-.%!=)73/4"*%!74)&&%&!d["23%!48eF!



Anesthesiology
Cardiovascular
Dematology
End ocrinology
Gastro-intestinal
Gynecology
Hematology
Immunology
Infection
Oncology
Ophthalmology

"‘|r||'|'||

Pain
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mParenteral mOral

Alkaloid
Ansamycin
Bicyclam
Cyclic peptide
Cyclodextrin

Epothilone

Macrolide
Porphyrin

0 2 4 6 8 10121416 18 20 22 24 26 28 30

mParental mOral

I"#$0681)'$"&-3"82-"/(1/01/3)41d'3%%(18) 3&MPQe!) (*1<)3%(-%3)41d3%*18) B&MD!
"Qel=)73/7,74"71*32'&1)73/8&1*"00%3%(-1-.%3)<%2-"71"(*"7)-"/(&R(*1 7.%="7)4174) &&%&!
d elf"23%!I3)H( H"-.1<%3="&&"/(103/=13%0F>/<,3" -[dNOP e!B=%3"7)(1>.%="7)4!

+/7"%-,Fe



["23%!"18./H&IY6V)=<4%& 0N/ KYo<-"*"71=)73/7,74%!*32'&!"*%(-"0" % (H)
*oH964/<%*103/=1()-23)418/237%&F!16) 73/4"*%&10/3!-.%!-3%)-=%(-1/01"(0%7-"/2&!*" &%) &H&!
"(742%%1)=<./-%3"7"(IG" )(*1%3,-.3/=,7"(  1-)-3%Y3""() 44,1"&/4)-%*103/=18)7-%3")4!
&<WT"%&FII)<)=,79(0)(*[NbOZ *1)3%!"==2(/8&2<<3%&&)(-&!<3%&73"8%*10/3!<)-"%(-&!H./!
39 7% " #9%6*1/3')(1-3)(&<4)(-)-"I(F11/-1(4, - %&%!<)3%(-1=/4%7 24%&D!82-1)1#)3"%-, 1/0!) ) 4/'&!
)H18%9%(1&, (- %&"UY%H!) (1" (H%&-")-%*10/3!- %6 * 0% 4/<=%(-!/01=)73/7,74%!*32'&H"- |

"=<3/#%*1<3/<%3-"%&F+1

\OH

Amphotericin B

O OH OH antifungal
" CO,H
N HO,,
H
" OH
O)L \\ NHZ
N (@] S ) ) 0 o
' o NMe,  HO
o . o}
O ‘0 OMe
Me OMe
. 0 OH )
FK506 Erythromycin Rapamycin

immunosuppressant antibacterial immunosupprasant |

I"#$%682) 1V)=<4%8&1/01=)73/7,74"71()-23)41<3/*27-&1)<<3/#%*8,|[$B !

I"1"445.1)6+)%(#, (-&(.(I+0#7%) 6#86+-'9+3)%(# :99/%(")%&10#

S(7/(:2(7-"I(1H"-.1- %" &7 [#%3, /018" /) 7-"#%!=)73/7,74%&103/=1()-23%D!-.%3%!.)&!
8%9%(!"3/H"("1%00/3-&!"(1-. %! *%#%A4/<=%(-!/01&, (-.%-"71=) 73/7,74%&!0/3!-.%3)<%2-"7128&%&!
d["23%beF!13"824" (1"&/(%!%\V)=<4%!/01&, (-.%-"71=) 73/7,74%&!-.)-1) 3%BRR3B! 2&%6*!" !

74" ("TFIR."&!)(-"-2824" (1) % (-1H)&*%6#%4/<%6*!) (*I/<-"="U%*18,1-32(7)-"('!-.%!&-327-23%!
[



101)1=)3"(%!()-23)41<3/*27-1.)4"7./(*3"(IGF  %®IR0=&"3/4"=2&1"&!)(/-.%31*32'* 0% 4/<%*!
8,1-. %6106V<4/"-)-"1(/0)1=)73/7,74"71()-23)4<3/*27-1)&1)1&-)3-"("1</"(-FIR . %!4)-% T&-)'%!
=*"0"7)-"I(1013)<)=,7"(!,"%4*%H)- "&I=RXII?"()&%&!"("8"-/3IH  ."7.l) &8%%(12&%*10/3!
- 9%!-3%)-=9%(-1/01)*#) (7%*13%()4! 7%4417) 37" (IS (y=*"-"(DL.".  F.3/2'<2- T
&73%%("(1dOR+e!/01=)73/7,74%!7/=</2(*7/44%T7-"/(&).J&L"*%(-"0" %) "-17/=</2(*&F!
RUKTPOP!H)&1*"&7/#%3%*103/=1)|POCEY®B%3%*1=) 73/7,74%!4"83)3/(&-327-%*12&" (!
)I<3/<3"%-)3,18/4"41<.)&%1<)3)44%41&, (- %&"&1<4)-Or3EF3%%("('1/0!-.%!=)73/7,74%!
4"83)3,1)"(&1)&-3/"(  -%&-"()4!-)3'%-&!8,IR3)(U,=%!K.)3=)I<3/*27%*1)174"("7)4!
7)(*"*)-%D!RUKTPOPD!)&!)!8%64%7-"#%!)'/("&-1/01-.%!".3%4" (13% TUR<836" /4" 7)44,
)7-"H#9%1=)73/7, 74%IKKS!"(."8"-/31&./H&!-.%!</-%(-")41/01=)73/7,74%&!)&I</HY%3024!-//4&10/3!
1)3'%-"('14)3'%31<3/-%"(1&230) 79&F

Eribulin
antitubulin

& HN
Temsirolimus 0 TZP101 _
mTOR inhibitor N Ghrelin receptor antagonist

I"#$%683)'1V)=<4%&1/01(/( T)-23)41=)73/7,74%!*32'&1)(*)1 74" ("T)AIT)(*"*)-% !



$%68<"-%!-. B¥6(%0"7")417.)3)7-%3"&-"7&!)(*1-.%3)<%2-"71</-%(-")4&!/01=) 73/7,74"7!
&7)00/4*&1*%&73"8%*!)8/#%D!-."&1 7/=</2(*I74)&&!.)&18%%(12(*% 3%\ <4/3%*!)(*I<//34,!
0oV <4/"-%*10/31-. %% &7 #%3,1/01*32'&1) (17.%="7)41<3/8%&FIR."&!"&!=)"(4,1*2%!-/!-.%!0) 7-!
-)-1-.%!'"%(%3)-"/(1/017/=<4%V/1=)73/7,74%8&D%&<%7") 44 FlYo<-"+"71=)73/7,74%&D! (%%*&!
%V/-%6(&"#%!&., (-.%-"71%00/3-&F!+-327-23)417/=<4%\/"-1)(*1&-%3%/7.%="7)41*0%(&"-,}/0!
=)73/7,74"717/=</2(*&/0-%(17)28% &*"00"724-"%&!"(1)()4/'1&,(-.%&"&DIH."7.1023-.%3!
"=<0*01-. %61%6&™)(* 12&96!/0!-.%8%!&7)00/4*&FIS(13%')3*1-/1-."&1=)--%3D!/231&-3)-%"'%&!0/3!
- 91 7/( &327-"1(1/017/=<4%V/1()-23)4!)(*12(()-23)41=)73/7,74%&H"4418%!" (-3/*27%*D!
2&"('103)'=%(-1)&&%=84!-.)-1)44/H&!-.%!%00"7"%(-1=/*"0"7)-"/(1/(13" (& & %=&F

PC



1.2 Goals of Dissertation
>/(&"%3"('1-.%!-.%3)<%2-"71</-%(-")41/01()-23)41/312(()-23)41=)73/7,74%!
7/=</2(*&!H"-.10)#/3)84%!<3/<%3-"%&D!-.%3%!.)&!8%%(I'3/H" ("1 (%%*&!0/3!-.%!*" &7 /#%3,!
)(*1*%#%A/<=%(-1/0")|(%H!74)&&!/0!=)73/7, 74%&F!S(I-."&!3%")3*D!-."&!*" &&%3-)-"/(1H"4418%!
0/728%6H(1-.%!1&,(-.%&"&!/0)1()-23)41<3/*27-1)(*I()-23)4  K3/*27- B"2%!7/=</2(*&!H"-.!
N=)73/7,74"T1713%FIR.%!")41/017.)<-%3INI"&!-/1"(-3/*27 %) 7/(#%3'%(-!&, (-.%-"71&-3)-%" !
0/31-.%!7/(&-327-"1(1/01)1()-23)4 &3/*27- T"2%!=)73/7,74%!4"83)3,17/(-)"("(")1."" !
*0/' 3%6%!/017.%="7)41*"#%38&"-,FIG,)*/<-"(1()-23%W&!*%&" (D!-%-3).,*3/<,3((-)"("("
=)73/7,74%8&!.)#%!8%%(1'%(%3)-%*1#"))1-) (*%=1)44,4" T\ IN"*)-"I(YIVT71(:2")-"I(!
3%)7-"/(F!>.%="(0/3=)-"71)()4,8%&H%3%!2-"4"U%*!-/1*%=/(&-3)-%!<.,&"7/7.%="T7)4!)(*!
&-327-23)A1H%38&"- 1/01-. %1*%&" (%*1=) 7317, TA%&F!>.)<-%3alH"4410/72&!/(1- %!&, (- %-"7!
&-2*"%&1-IH)3*&!-.%!-/-)41&, (- %&"&!/0N)(1)(-"02(")4!()-23)4!</4,2%-"*%DI0/3)U/4" (%! BF!
R."&!7.)<-%31)"=&!-/1*%&73"8%!-.%!3%-3/&,(-.%-"71)()4,&"&!/0!-.%!()-23)41=)73/7,74%!)(*!
"(HY8-")-%!-.%1) &, ==%-3"71&,(-. %&"&!/096L.3%%!03)'=%(-&! 7/(&"&-"("I-.%!</4,?%-"*%!
8)7728/(%F!54-"=)-%4,D!-.%!')41/0!-.%!*"&&%3-)-"/(1H/24*18%!-/|<3/#"*%#)42)84%!"(&" -&!
0/31%%&™ ("(') (*1&, (-.%&"U"('1=)73/7,74"71&=)441=/4%T 24%&!-.3/2' 1- %! &-2*"%&!/(18/- !
()-23)41)(*12(()-23)41=)73/7, 74%&F |

PF



2. Design and Synthesis of a Natural-Product-Like
Macrocycle Library Containing Tetrahydropyran
Moieties

d<284"&.%*"(Chem. Eur. ].*4(5 DI5DZHOZbOH

2.1 Introduction

A" #9%<%)") % & 10H#&=H>&1*+1)%&ELTY6+) Yo (#:%7?--%+B

+73%0%6("('1-%7. (/41" %&/018=) 4B/ 4%T 24%14"83) 3"% &))" (&-#) 3"/ 2&18"4/" 7) 41
&,&-%=81.)#%!8%3H#Y%*) &I 7327")41<4)-0/3=810/31*" &7 /#%3" (| (%H!7.%="7)4!=/*24)-|3&F!
>/(&%6L2%(-4,D1%63%!.)#%!8%%(1%\V-%6(&"#%61%600/3-&!0/3!'V6(%3)-TEI&%A286!4"83) 3"%&!
1% 0(-"0,1</-(-")AI¥ 321 7) (*"*)-%&F #BHBA- (2" 1827 1%(*%) #/3&).)HY%!)TT/=<4"& %*!

- 9010696 4/<=%(-1/014%)*17/=</2(*&10/3!(%H!-.%3)<%2-"7 &BH=):/3"- 1/017233%(-1&=) 44T
=/4%7 24%1*32'&1)**3%8&)83%4)-"#%4,1()33/H!3)('%!/01<3/-%"(10)="4"%&F!S(INOPCcD!
X#%3"(-/(1)(M17/  THI3?%381%V)="(%*1-.%!*"&-3"82-"/(1/0!-.%!.2=)(I<3/ -%"(10)="4"%&!
1)3'%-%*18,IR.%![//*1) (*1$32'1B*="("&-3)-"/(!d[$Be T<<3/#%*1*32'&F*R.%!)()4,8."&!
396#9%6)4%*1-.)-13./%/<&" (T" 2% M1<3/-0aT2<4%*13%7 %<-/3&!dMK>J&eD!"/(17.)(%4&D!
2"()&Y%&D!)(*1Q74%)3!./3=/(%!3%7%<-/13&!H%3%!*/=" B &!&./H(!"(!["23%! ZF!
[23-.963=/3%D!9/<?"(&!1)(*IM3//=1968-"=)-%*1- )-106\/"&-"(1¥32'  TA"2%!=/4%724%&!7)(1-)3'%-!
/(4,VPO\ P W!/0!-.%!1<3/-%" (&1%(7/*%*!" (I-.%!.2=) (1'% (/=%!) (*!/(4,!)!&28&%-1/0!-.%&%!

<3/-%"(8)3UB%4)-%*1-2=) (1" 8&%6) &Y &FIB&!)13%&24-DI8"/4/"7)41-)3'%-&1-.)-1)3%].) 3*1-/1

PN



)**3%688&12&" ("1 7233%(-1*32T"2%!=/4%T7 24%&MAB% % (1/0-%(13%") 3*%+1) &1"(-3) 7-)8B%

H."7.1"(742%%1<3/-%"(\ <3/-%"(1"(-%3) 7-"1(&!) (*1<3/-%"(\ (274%71)7"*1"(-%3) 7-"/(&F!

Proportion of human protein drug
targets in major families

mGPCRs (7TM1)
lon channels
m Kinases
® Nuclear receptors
u Other

!
I"#$%686)'K3/</3-"/(1/01.2=)(1<3/-%" (1*32'1-)3'%6-&1"(1=):/310)="4"%&!d[ "23%!3%<3/*27%*]
H"-.1- %1<%3="&&"/(D3/=! 3%DE

S-1.)&18%% (1 7/(&"*%3%*1-.)-/(%!/01-.%!=)"(13%) &/(&!/01-) 3'%6dl'="-)-"/(1"&!) | 4/H!
*0/0'3%6961/01&-327-23)4Y <., &"7/7.%="7)41*"#%3&"- I" (1 7/ (H%(-"/() 41 &, (- %-"714"83) 1B &R.!
(-)84%!-)-17/(H%(-"I()41*32'  TA"2%!=/4%724%&1)3%!/0-%(1*%&" (%*18)&%*!/(1;"<"(&?"WE&!
3240 TO"HAH "7 1" &1*%3"#%6*103/=17/==/(10%)-23%&L01%V/"&-"("1*32' &D!-/!" (73%) &%!-.%!
4"29%4" /[*1/01<3%&%(-"("10)#/3)84%!<.,&"7/7.%="7)41<3/<%3-"%&FIB4-./2' .I"-1.)&!8%%(!
2-"4"U%*)&1)I3)<"H1) (M1 7/ (H%("Yo(-1-//410/31%#)42)-"(1*32"  TA"2%(%&&D!-.%!8&=)441=/4%T7 24%&/!

-.)-10)44!H"-."(1-.%!324%0T0"#%!&.)3%!)!.".*%'3%%!/0!&-327-23)41&"="4)3"- 1H"-.1/ (%!

Pe



)( /-.%3F![23-.%3=/3%D!-.%3%!)3%!9%6\/ 7%<-"/(&D!%&<%7")44,1()-23)41<3/*27-&D!-.)-1)3%!/2-&"*%!
- 9%13247D T0"#9%!7.%="7)418<) 7%!82-1&-"441%\."8"-10)#/3)84%!/3)4!) 8 & B (I B63!
0)7-/317/(-3"82-"("1-I)I4"="-%*1772<)(7,1"(17.%="7)41&<) 7%!"&I-.)-1-3)*"-"|()41*32"  TA"?2%)!

=14%7 24%&) }#%!13%A4)-"H%4, 1&"=<A%&7)00/4* &I {HRYPN3)-"/&1*2%I-/I-. %"3]." |
&,(-.%-"71)77%&&"8"4"- 1d["23%F!R.%3%0/3%D!%\V<4/3"('1)183/)*%3!3)('%!/017.%="7)4!

&<)7%!8%7/=%8&1)(1"=</3-)(-1)"=1"(1/3*%3!-/!"(73%) &%!8"/4/" 7)A1-)3'%-1*"#%3&" ,F

; <j\/\/ HoNOS Celebrex s. O
COZMe Antirheumatic \f

NN NH

N CF,

= (@]

— ¢}
)
Abilify Cymbalta Plavix N Actos

Antipsychotics Antidepressant Antiplatelet Antidiabetics |
|

I"#$%&7)'1V)=<4%&!/0!8%388.%44" (' &=)441=/4%T724%'*32'&

4""412"3-'  @-&B3() @OCH#>6+<%('/#;% %0+

1)-23)4 K3/*27- T"29I=)A0=/4%T724%183)3"% & )#%618%%(!'%(%3)-%6*!-/1*"& 7 [#%3!
(%HI4%)*7/=</2(* &)(*I7.%="T7)41<3/8% &"(1-.%!*32'1*"&7/#%3,10"%4*DI&" (7%!-.%!()-23)4!
<3/%27-1<//41/00%3&!)!." .1*06'3%6%6!/01& 2% 4%-) A< #%3&"- ) (*1&-327-23) A1 7/=<4%\/"-1)4/(
H"- 1</-%(-18"4/" ) A1) 7-"#"-" Yo &E =S (1/3*%31-/I<3/H"*0%!()-23) 4T3[+ 27 - T"29%!7/=</2(*&!
0/31&73%%("('D!&%6#%3)41&-3)-%"%&!.)#%!8%%(!" (-SIRIBOTB&-1&-3)-%',I"&!-.%!
7/(&-327-"1(10V7/=</2(*TI44%T-"1(&)8,12-"4"U" (1)#)"4)84%]()-23)41<3/*27-&1)&!&-) 3-"("

</"(-&F1+%7/(*D!)1*"#%3'%(-1&-3)-%",17)(18%1)*)<-%*103/=18"/&, (-.%-"71*%&" (1" (1()-23%!



0/31-.%!'%(%3)-"/(1/017/=<4%\/) (*1*"H#%38%!=/4%T7 249&R! D1 &-327-23)44,1&"=<4"0"%*1/3]
-32(7)-%*1()-23)41<3/*27-1&7)00/4*&17)(18%!"%(%3)-%6*!" (1/3*%31-/1<3/#"*%%!)|&200" 7"%(-!
(2=8%31/017/=</2(*&10/31&73%% (" ('F19%3%D!-.3%%!%6\V)=<4%&!/0!-./&%!&-3B%"%&!
*0/p&73"8Y8*F

9%3'%(3/-.%3!)(*!7/ TH/3?%3&!3%</3-%*")!&,(%-"7'&-3)-%',10/3!-.%!73%)-"/(}/0!

()-23)41<3/*27-&1)&17/==/(1"(-%3=%*")-%&F #1E"-.17/=8"()-"/(&/013"(  TAV<)(&"/(D'3"(T
02&"/(DY(*13"(" B%)33)('%=%(-13Y8-"/(&D!()-23)4!<3/*27-&IH%3%!*"#%3'%(-4,!
-3)(&0/3=%1"(-17/=<4%V/!7/=</2(*\7/44%T7-"/(&F!B&!)(1%V)=<4%D!"'88%3%44" 7 H)] 1H) &!
2-"4"U%) &)1 7/==/(1"(-%3=%*")-%10/3!-.%1&, (- %&"&1/01&-327-23) 44, 1" #%38%!</4,7, T4%E&!
d+7.%=YReFIM"88%3%44"71)7"*1"&1) BXH%!"&/4)-%*103/=! Gibberella fujikuroi?*D!
71(-)"("()1-%-3)7, 74" 71*"-%3<%(%! 7/3%!H"-.1)102&%*14) 7-/(%D!-H/!)44,4"71)47/./4&D)(!
%V/7,74"714%0"(1)(*1)!7)38/V, 4" 71) 7" *FIR.%8%1&, (-.%-"71.) (*4%&1% ()84%! &I64%7-"#%!) (!
"(%<Yo(*%(-102(7-"/()4"U)-"/(1/0196)7.13"(1/O! -.%17/3%!&-327-23%!-.3/2".1)1#)3"%-,!/O!
3%)7-"1(&)-.)-1"&-13-1-.%!3" (18, &-%6=F1;)7-/(%!/<%("("13%)7-"/(1/O! *)(10/44/H%*18,!
*063"#)-"U)-"/(&/(!-. %! 7)38/V, 4" 71 7"*1) (*1)A7/./A&I<3/*27%*1-%-3) 7, 74" 71-3"%(%)* DIH." 7.1
H) 8023-.9%31*"#963&"0"%*!"(-/I-H/I&7)OGAYLY (*! *)212&" (1(%2-3)41/31) 7" " TIN"*)-"#%!
710" /(&F1G) &% T 3/=/-%*14) 7-/(%!3%) 33) ('%=%(-1/0!"'88%3%44" 71 7*}{ 10/44/H%*18)
)="5)-"/(DI%</V"%)-"I(D)(*IE)' (%3 \ 6%%3H%"(IdE6e!3%)33)('%=%%(-1023("&.%*!

7/=</2(*1  *)3FI>4%)#)'%!/01-.%14)7-/(%!3" (") (10/44/H%18,1=%-.,4)-"/(DIN"*)-"#%!

Pk



TA%)#)'%!/01-.%!*"/4D!1)(*18&:288%L 2%(-1"(-3)=/4%724)3!n"xNO! 7, 74/)**"-"/(1)00/3*%*!) Jab-
*)BFIRH/*"00%3%(-18%6-& /01 TRIH46!3%) 7-"/(18&%6L 29%(7%&1%00" 7" %218 248, 7)00/48!
HTH(H *BFIR.%I&, (-.%&" U%H7/=</2(* 7/144%7-"1(&)&.IHY%*13"7 . %31&-%3%/7.%="7)A417/(-%(-!

7/=<)3%*!-/1-.)-1/017/==%37")4!&=)44 TF/4%724%!4"83)3"%&F

O
AcO “OAc
MeOZC MeCOzMe MeOZC Me Cone
|) m-CPBA i) m-CPBA
") PCC iy PCC, H*
NH O 3steps OAc
0 (aromat., 3 steps N
WM rearr., (_gibberellic acid (2.1) ) (Iactone
Me BV oxid.) OH openlng
28  Me . AcO
e’ MeOZC Me COyH 29
.— HO H
O 3 steps COzH 3 steps OH
(decarb., (WM rearr.)
aromatization) 3 steps . o
o _ —
(oxid. \ e
cleavage/ HO > H
[4+2)) /' Me NH

SV H
MeO,C Me COMe

o
2.5
|

9:8&:&" ()'9%3'%(3/-.%3WE&IZT"&-/3-"/(1&-3)-%',1-/182"4*1()-23)41<3/*27-  T%3"#%*!
*'4063&961&7)00/4*&103B8%3%44" 7) 7+

X'23")(M17/  THI32%3&1* 068" (%6*1-. %!+ #963'%(-1&, (-.%6&" &I O!" (*/4%!)A?) AP Y]
TI=</2(*&H")1)!  #)3"%-,1/01"(-3)=/4%724)317,74"U)-"/(&/0N)1</4 2( &)-23)-%*7/==/(!
"(-%3=96*")-98)51d+7.9%=00BFIR."&!"*0%)IH)&!" (&<"3%*18,18"/&, (-.%-"7!) &&YB4, 14" (%&!"(!

()-23%D1%=<4/,"("1*%. *3/8&%7/*"(%!H."7.1.)&!18%%(1<3/</&%*)&!) (1" (-%3=%*")-%!" (I-. %!



8"/&,(-.%6&"&Y0I=)(,1"(*/4%!1)4?) 4/ *&F " IR.%1&, (-.%&"&18%")(IH"-.I-. %!<3%<)3)-"/(1/0!-.%!
7/==/("(-%3=%*")-%! *)5!"(1&"-2103/=1)I<3%723&/31%(, (¥4 !-.3/2".1>2dSe T7)-)4,U%*!

x| %31<, 3" (9610/3=)-"/(FIE"-.1-. %!3%&24-"(1"(-%3=%*")  -941)5D!*"00%3%(-!-,<%&!/0!
"(-3)=/4%724)317,74"U)-"/(IH%3%!%V/<4/3%*|-/|<3/#"*9%10/23!()-23)44, 1/77233"('1&7)00/4*&!
(Ve T)-23)4!-,<%!&-327-23%)(3 I"(1)*"#%3'%(-1=) ((%3F1I%*/V F=%*")-%*!
7,74"U)-"1(&)<3/*27%1%"- %31 ('/2("%(&" (Y, <%!&7)00/4*)(( 1312(()-23)4 T,<%!&?%4%-/(!
*)(3FIS(1)*"-"/(DIn"XNO0!7,74"U)-"/(&023("&.%*1"8/JF <%¥)(* DI)&<"*/&<%3=F,<%¥)(1 D!
JEDEI)(( TF.<%!&7)00/4*)(2 FIR.%!#%3&)-"4"- /08, (. %-"71)<<3/)7.1%()84%&!-. %!
71(7"8%!-1-)41&, (- %&Y6&1/01()-23)41<3/*27-&Y@H" (7)*"00/3="(%! *)(6 ) (*Idye T)(*3)("("(%!

#)(7 1H"-."(IPN!1&-%<&103/=1-3,<-)="(%FF!

COR?
N
\ = CO,Me
N N N
\ y, gt COMe \ %
N CO,Me 2.10 N H

H  Cco,Me
iboga type (2.12) Op
@No
e

,{p éOzMe

cul [Ru(bpy)s]- unnatural type (2.15)
(BF4)2 /

N, COaMe ¢ NN

N L DCE, 120 °C \

N N

H Me COQMG R COZMe

ngouniensine type (2.11) R dehydrosecodine Ko andranginine type (2.14)
Ie) (2.9) N
Q?// & common intermediate qs,@ % o s

% (in situ) s steps

N N
H COgMe H CO2Me
aspidosperma type (2.13) (+)-vincadifformine (2.16) (+)-andranginine (2.17) |
|

01&:&" *)'G"/&, (- %&" & (&<"3%*1)<<3/)7.1-/1023("&.1*"H#%3&%6!)4?)4/"*) &7)00/4*&!
!
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B28g!)(*17/ TH/3?%3&!3%</3-%*!-.%!7/(&-327-"/(1J0()-23)41<3/*27- TA"?%!
7/=</2(*14"83)3,18)&%*1/(10/2310)="4"%&/018"/4/" 7)44, 1) T-"H%1)4?)4/"*&1" (742*" ("
+-%=/()7%)%!)4?)4/"*&DI<,33/4/L2" (/4" (%!=)3"(%!)4?)4/"*&D142<"(1)4?)4/"*&D1)(*!
B=)3,44"%)7 %)%!)42)4/"* &S (1/3*%31-/1"=<3/#%1#%38&)-"4"- 1) (1&,(-.%-"71-3)7-)8"4"-, D!-.%!
13" ()41&-327-23%8&IH%3%!8."=<4"0"%*1-/1<3/*27%!-.%1?%, &7 YO (BA*EA( IH."4%!3%-)"("(!
)--3)7-"#%!7/=</(%(-&!0+7.%=9%!aF +-%=/()7%)%!)(*|B=)3,44"*)79%)%!)4?)4/"*1&7)00/4*&/!
d)(BN(*1 *)(5 e!H%3%!<3%<)3%*12&" (1) $ROBA*%3Y +7.="*-13%)7-"/(FIR.%!&7)00847*4< |
) *)*4= IH %350 (&-327-%*1-.3/2'.18:24023!, 4"9F=%*")-%*1&<"3/)((24 )-"/(10/44/H%18 !
3"(196V<) (&"1(12&" (1) (YU"™/1) A7/ JAFL;)&-4, DU %! *)** IH)&I7/(#%3-%*!" (-/I-.%!-3"7, 74" 7
&<)3-9%" (9 ( H")1-.%!"(-3)=/4%724)31+7.="*-13%) 7-"/(FIBO-%3!-.%! 7/(&-327-"/(1/0'-.%!?%. !
&7)00/4*&)(8\ *)*( DI*%3"#)-"U)-"/(&!/())="(%!/31)471.14! 02(7-"1()4"-"%E&H%3%!<%30/3=%*!
I H%3&"0,1-.%!7/=</2(*14"83)3, 1d)*6\ *)*5 &F1G,18)4)(7"("18%-H%%(!-.%!"%(%3)-"/(1/0!
()-23)41<3/*27- TA"2%!7/=</2(*&1)(*-.%!"=<3/#%=%%(-!/0!-.%!&, (-.%-"7!) 7 7%&&"8"4"- DIZ_Z!

7/=</2(*&!H%3%!<3%<)3%*!-.)-13%8&%=84%!()-23)41) A &I



Natural
Product
Family

Simplified
Scaffold
Synthesis

Examples
of
Library
Compounds

OMe
OMe
Me
N
(0]
(0]
£t 0 N

N
N
H
H e Lepadiformi
Neostenine Mesembrine ® rer%?olt?igg;%% Sparteine
(Stemonaceae alkaloid ) (Amaryllidaceae alkloid ) y q (Lupin alkaloid )

marine alkaloid )

N3 N3 o)
o
o
i@ %\NME o
2
2.23 O 224 R%2.25 2.22
= M

TMSO 1. + 2.
“ DielsbAlder/ \( DielsBAlder/ ths{] Bs Intramolecular
Schmidt Schmidt - . Schimidt
TBSO xn BF, N3WOH
Rl
H R3
(0] O < 3 [e) o
N : R HO 3\
Aon W
N HO ; t 0N N
H
o Th H )Qo R2 o
R Me R2
2.18 2.19 2.20A 2.20B 2.21
H
H H N__O
N, :
N O @ (\/ \[o]/ \/\
F
N N
H
N
H H Me\/Qo
2.26 2.27 2.28

9/:&;&' 1)'B4?)4/"™* T(&<"3%*!7/=</2(*14"83)3,!8,!-.%!B28g !'3/2< ™I
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41" DH (-&(.(I+0H% L#>6+<Y%o(1#:%72--%+ O#

6)73/7,74"71¥32'&1)3%!)(/-.%3!74)&&/018=)441=/4%T724%&!-.)-1)3%!/0-%(1</&"-"/(%*!
12-8&"%%1- Y01 T/(#Y%(-"()A1*32" TA"2%!8<)7%!82-1&-"441%\."8"-1</-%%(-18" /41" T) A1) T-"H#"-"%6 &) (*]
0)#/3)84%!<,&"7/7.%="7)41<3/<%3-"%&FIE"-.I- %!13%7/("-"/(/0'-.%3)<%2-"71</-%@!/O!
=)73/7,74"71&7)00/4*&)"(1-.%!*32'1*" &7 [#%3,10"%4*D!-.%3%!.)&18%%(1'3/H" (1" (-%3%&-1"(!
'06(%3)-"(1=)73/7,74%!4"83)3"%&12&." (1#)3"1281-%7 .(JAI" Yo&F1I% 7Y% (-) ) (7%&!"(!-. %!
&, (- %&"&ION(/( KY%<-"*/="=%-"71=)73/7,74%!4"83)3"%&14B%!83"%04,|3%#"IEHY*7 .
"(742%%1)103)'=%(- 18)&Y%6*1*/=)"(1&.2004" (1&-3)-%',D! )1 3"(* PoV<)(&"/(1)<<3/)7.D 1)
40638 T3"%(-%641&, (- %&"&D!) () 1$1B  FY%=<4)-%*1&,(-.%&"&F!

$01)('1%,#:&>? @A&O'BC;,">'9:$DDE">#0?%, 2&#F

6)37)23%44%!)(*1 7TH/3?%3&!3%</3-%*1)1=/*24) 3k <3/)7.10/3!-.%!&, (-.%&"&!/01)!
=)73/7,74%!4"83)3, 1#")103)'=%(-18)&%*!*/=)"(1&.2004"(F 2IR."&!&-3)-%"IH)&!*Vo#"&Yo*!-/!
3)<"*4,17/(&-327-1&-327-23)4Y & %3%/7.%="7)41)()4/'&!-.)-1) 44/HY%*1-/1/8-)"R&%024!
&-327-23Y7-"#"-,13%4)-"/(&."<103/=1-.%!"("-")414"83)3,|=%=8%3&F! S (&<"3%*!8,!-.%!
(2=%3/28&1<,3)( T7/(-)"("(1=)73/7,74%&"(1()-23%D!-.%, )"'=%*1-/'%(%3)-%!=)73/7, 74%&!
H"-.1)1<,3)(17/3%FIR/N)7."%#%!-."&D!-.3%%!03)'=% (€ Ge! H%3%!<3%<)3%* H."7.1 700!
3%)*"4,1=/*"0"%*D!"(-%37.)('%*D!/3!&.2004%*7.%=%eFIR.%!3)( T7/(-)"("(!
=)73/7,74%!&7)00/4* 812\ *)16/H%3%!<3%<)3%*1-.3/2".1)="*0F /2<4" (‘&!)(*!

=)73/7,74"U)-"1(1#")(274%/<."4"71)3/=)-"71&28&-"-2-"/(12&" ("-.%!-.3%%!03)'=%(-&F'R.%!

N(



<,3)(103)'=%(-1d < e!.)&!-.3%%!&-%3%/'%("7!7%(-%3&!)(*!_1&-%3%/"&/=%3&!7/24*18%!<3%<)3%*F!
S(I)**"-"/(D! 1*")&-%3%/=%3&!/0!-.%!4" (%) 3!03)'=9% (el H%63%!<3%<) 3%*10/3!-.%!*/=)"(!
&.2004"('FIR.%3%0/3%D!aN!7/=8"()-"/(&!/01&-%3%/"&/=%3&10/3!%)7.1=)73/7,74"71&7)00/4*I 7)(!
8%!<3/*27HFI[23-.%3=/3%D!7.)("(")!</&"-"/(1/0!)|&28&-"-2%(-1/(1-.%!)3/=)-"7!
03)'=%(-ld=e!)(*1*/=)"(1&.2004" (17/(-3"82-%*1-/1"(73%)&"('I-. %!&"U%!/0!-.%!4"83)3,FIR."&!
&-3)-9%0',1096)-23%&!-.%6!&, (-.%&" &/01#) 3"/2818-%3%/" &/=%3&!2&" (1)1=/+24)31)<<3/) 7 .1) (*!

)A4/H&!I3)<*)77%&&!-/1*%3"#)-"U)-"/(10/3!0/44/HI2<!=%*"7"()4!7.%="&-3,!1%00/3-&F

A B (¢}
2
R FR CO,H Me
F N
(OGRS + + .Boc
3 4 e Me
MeQO R R
8 stereoisomers 4 stereoisomers
2.30A; R'=0OTBDPS, R2=NHMe 2.31A;R®=H, R*=CN 2.32

2.30B; R' = NHMe, R2 = OTBDPS 2.31B; R®=CN, R*=H

u Domain shuffling

W OMe M
Me
MeO

@

2.33;R®=H,R*=CN 2.35;R%=H, R*=CN
2.34;R% = CN R*=H 2.36; R% = CN R*=H
32 stereoisomers 32 stereoisomers |

[
9/:&;&' 2)'6)37)23%44%W&I03) =WB)&Y6**/=)"(1&.2004" (1) <<3/)7.10/3!-.%!&, (-.%&"&!/0!
<,3)( B)&Y%1=)73/7,74%&!

NF



H)OL)* H'>#@K,>A"C>'97%, 28#F

! S(INOPND!-.%!R)(I'3/2<1<3/</8&%1)1&-3)-%',10/3!-.%!7/(&-327-"1(1/O1*"#%3&%!
=)73/7,74%&12&"(N)(/(  T74)&&"7)A1=)73/7,74"U)-"1(13%)7-"/{AR.%!"*%)!.)3(%&&%6*!-.%!

&, (- %&"&1/01=)73/4) 7-1(%&)(*! =)73/4)7-)=&H#")1-. Y%lIN"*)-"#%!3"(1%V<)(&"/(13%) 7-"/(!
d+7.%=Y0eFIR.%!&, (-.%&"&! 7/==%(7%*IH"- |- %! 7/(#%3&"/(1/0!-.%!7, 74" 7T PT2b6-/(%¥)17!
"(-11-.%17/33%&</(*"(1PDaT"&"4/V "% (%&) 18FI$" %4 B4*%6313%) 7-"/(//G) L8IH"-.1#)3"/2&!
*0/0(/<."A%&1827.1)81)4%. *%6&1/31"="(%&) % (%3)-%6* |- %1</4,7,74"71828&-F)V5FR %!
3%8&24-"('12%-/(%!102(7-"/()4"-,1"(¥)15!7) (18%!023-.%631*063"#)-"U%*!" (1)1 &-%3%/&%A4%7-"#%!H),D!
H."7.17/(-3"82-% &-/!"(73%)&36&-%3%/7.%="7)A1*"#%38&"-, F1;)&-4,D!-.%!/\V/"*)-"#%!3"('
%V<)(&"/(1/01-.%1 %, |8&28&-3)-HRAIH"- 1)183"" ('1*/284%!8/(*IH)&!<%30/3=%*F!B0-%3!
&73%%("('1#)3"12813%) 7-"1(17/(*"-"/(&D!-.%,10/2(*1-.)- 1)132-.%("2=dSSTI&Y*/V/"*)(-!
&,8-%6=1"8&-.%!=/&-1%00"7"%%(-1=Y%-./*|-|<3%<)3%!8/-.1=) 73/4) 7-/(%&!) (*|=)73/4) 7-)=&/
*)2(FI5&"('1-."&18&-3-%' DIP_1=)73/7,74"71&7)00/4*&/0/RAPNEY%=8%3%*!4)7-/(%&!)(*!
4)7-)=&IH%3%! % (%3)-%6*1H"-." (10"#%! &-%<&!)(*1-. %61 &28&Y6L 296 (-)) <<% (*) % !*"#%3&"0"7)-"/(!

H)&!7)33"%*1/2-1-/"""#%!)**"-"[()4IPN!=)73/7,74%&F!

NP



Y

R
0O o Base: TMSO L
~ TMS-X A H™ 'R Y
Ir:' S Ir:' S OTMS AL
v - ¢ - (Y=0,NR?) " % o)
< n ~ n q -

Diels-Alder ~- .- f
2.37 2.38 2.39

o 8 1. Nu™ Ketone
A v 2. R'-X | Functionalization
RS NoR!  Oxidative B
n | . . "
Nu ring expansion :_ ..
2.41

!

9/:&;&"  3)XV™)-"#9%!13"(1%V<)(&"/(1&-3)-%',10/3!-.%!&, (-.%&"&!/0!-.%!=)73/7,74%!4"83)3,
!

*)()1)1'B"L&YA" A% &>?8&0'OF>?:&A"A

$"#%3&"-T3"%(-%*1&,(-.%&"&!d$X+e!.)&!8%%(1%V<4/"-%*10/3!-.%!%00"7"%(-!

7I(7%<-DI+<3"(1)(*17/ THI32%3&*%H%A4/<%*!) (1)) (7%*I182"4*Y 7/2<4%Y <)"31)4'/3"- =I-/!
'06(%3)-%!DQI*"&-"(7-187)00/4*&!d+7. FeBAS (1-.%!82"4*1<.) &% D! &Y6#%(1*"00%3%(-1) U™*/!
82"4*"(184/72&1d)21)(* *)2261H%3%!<3%<)3%*FIR.%&I8BA/72& H%3%!7/2<4%*1-/)!
#)3"%-,1/019%4%7-3/<."4%&1"(742*" (1) 7,417 .4/3"*%&D)4*%. *%&D!)(*"&/7,)()-%&!-/!, "Y28!!
)(*! *)26FIR.3/2".1-.%!1=24-"*"=06(&" /()41 7/2<4"("1<.)&%D!-. %!)U"%102(7-"/()4!'3/2<  &"(!
21N (*1 *)22 H%39B/ (#%3-%*1"(-/1#)3"/2&1=/-"0&.1&27.1)&123%)!) (*I'2) ("*"(%F!;)&-4,D!

- %89%14"(%)318288-3)*9R8N{* *)26e1H%3%!7,74"U%*H#"))U"0%6Y)4?,(%!7,74/)**"-"/(1/3!
%(,(%!=%-)-.%&"&!"(1-.%!<)"31<.)&%D!4%)*" (1-/1-.%10/3=)-"/(1/0}-.%!=)73/7, 7A%&IR T!) (*!
%)28eF1S-1"&1(/-)84%!-.)-1-."&1)<<3/)7.1-//21)*#)(-)'%!/01042/3/2&1&/4™ T<.)&%!%V/-3)7-"/(F!

S(&-)44)-"/(1/01)!</4,042/3/7)38/(!-)'I-/1-.%!82"4*"('184/7?!  *)2*1%()84%*!-.%!%00"7"%(-!



<23"0"7)-"/(1/01<3/*27-&103/=1-.%!3%)'%(-&!1)0-%31%)7.13%) 7-"/(F!B-1-.%!4)&-| 801985
&,(-.%&"&D!-.%!</4,042/3/7)38/(1-) &1HY%3%! 74%)#%*18, I-3) (&%&-%3"0"7)-"/(D!-3)(&)="*)-"/(D!
%&-%3).,*3/4,8"&D!)(*1%&-%3!3%*27-"I(FIB&!)!3%&24-D!-.%!=)73/7,74%!4"83)3,IH"-.1)." |
*0/'3%696!/01&2%4%-) 41 H#9%3&"-, 1H)&1%600" 7"% (-4, 1 7/(&-327-%*12&" (17 H@HH"- " !

0"#%!&-%<&F

~
o
)J\/NH
RO
2.42
\
Synthesis of azido

= = building blocks
O (7 azido buliding blocks)

(o}
N__O N.__O
RFOJK/ RFO)J\/
e
2.43 — 2.44
N3 N3
/1N / I\
Multidimensional
N3 coupling
7 (33 linear precursors)

A\

N_——
~ "0 O HN
— NH O _
N NHPh
2.45 NH 2.46
Macrocyclizations
(59 macrocyclic scaffolds)
N=N
K‘\/N =
R_N_O \ R_N_O
N’——
Z 0 O HN
Y B
2.47 NH 2.48 N NHPh
Cleavage R = COORg R = COORg
of the |: [
fluorous tag R = COOMe, CONHCYy, R = COOMe

COOH, or CH,OH |
|

9/:& ;&' 6)'X2-4"(%!/0!-.%!&,(-.%-"71&-3)-%",12&%*!10/3!-.%!7/(&-327-"/(!/0!+<3"('W&!
*'#%3&"-T3"%(-%*1&,(-.%&"&



%)()1)2BN< @/C0&0'0".%,%"&A

$1B T(7/*%*17.%="7)414"83)3"%&!)3%!)! 7/AHYDE. (-.%-"7'=/4%T7 24%&!-.)-1)3%!
7/(:2)-%*H"- 1&./3-1$1B1&-3)(*&  FR.%-%7.(/4/,\H)&10"3&-4,1"(-3/*27%*"((PQQF !
X#9%631-H/1*067)*%&D!-." &1 =Y%-./*1.) &18%Y6(1%6H] AHYo* |-\ <3/#*%6!) 1#)3"%-,1/01&=) 441 =/4% T 24%&!
/31" (1#"-3/1&%4%7-"1(1" (I-. %1=%*"7" () 417 .%="8-3,10"%4*F1+" (TBAB&102(7-"/())&!
"*0/p(-"0"7)-"/(18)317/*%&D!-."&=%-./*) 44/H&I- %\ 7/(&-327-"1(1)(*1&73%%("(1/0!) =) &&" HOT
&"U%*I7/=</2(*14"83)3,FIS(INOP_D!:"2W&!'3/2<1&,(-.%&"U%*INbZDOOO!=)73/7,74%&!2&" ('
$1B Po(7/%*)(M$1B  TF%=<4)-%*14"83)3,1&, (- %&"&1=%-.//4/" Id[" 23%IeF!+7)00/4*!
82"4*"(184/7?! B DIH."7.1H)&!)--)7.%*1-/1-. %!bW1%(*!/0!-.%!$1B!-%=<4)-%D!H) &2 <4%*!-/!
82" 4" (1841721 < 14" (2%1-/1-.%17/33%&</(*"(12)(-"7/*/(W!SL1BF!5(*%3!-.%!&)=%!
<3/7%*23%D!-.%!82"4*"(184/72&)(*! GIH%3%!"(7/3</3)-%*-/1-.%1&7)00/4*182"4*"(184/77!
B FIB0-%3!-.%!-.3%%!)="%)-"/(17/2<4"(13%)7-"/(&D!-.%!/\/"*)-"#%! 7A%)#)'%!/0!- ‘Y4IH"- |
- %1-3%)-=%(-1/01&/*"2=1<%3"/*)-%1023("&.%*!)!'4,)V/, 4/, 41'3[2<F1+288%L 2% (- E"--"1
7,74"U)-"/(1<3/#"*%*1- %I=)73/7,74"71&7)00/4*FIBA/('1H"-.I- %1 7/=<2-)-"/()41<3%*"7-"/(!
0/31'%(%3)-"("1-.%17/=</2(* 7/ 44%7-"I(&IH"-.1"=<3/#%*I<.,&"7/7.%="T)41<3/<%3-" %&D""(!
#"-3/1&73%%("(1%600/3-&1))"(&-1) (" (&24T%'3)*" (1% (U, =%!.)#%!"*%%(-"0"%*1)1."-!
=)73/7,74%!H"-.1)(1S> +#)42%!/0100! (6F!>/44%7-"#9%4, D!-. %!$2B=<4)-%*1&-3)-%',10/3!
- 018, (-.%&"&1/01=)73/7,74%&).) &1 <3/#%(1-/18%!)I</H%3024!-//410/3!- %! *"&7/#%3, /0

8")7-"#%!&=)44'=/4%T724%&F

Nk



(previously 8 scaffolds)

32 scaffolds
Template 1. EDC, sNHS Template
bases 31-41 o | H C;)H o 2. Ac,0 (capping)  Anneal step 2 bases 20-30 Q H ?H Q
WWWNJ\Q/NNNHB” 3.pH 12 (cleavage)  reagents WWWANquNNNHBn
Q O OH O OH

/.0 o] NH, 20 reagents \—\ 0 HN

&
.S (previously 12 reagents)
A, s
o] O
_<o (previously biotin) Template _/< NH,
20 reagents PEG bases 9-19
(previously 12 reagents) OH
J\q NHBn o

1. EDC, sNHS 1. EDC, sNHS
2. Ac,0 (capping)  Anneal step 3 2 PAGE
3.pH 12 (cleavage)  reagents Pf’:h (previously streptavidin beads)

3. NalOs4, pH 3.5
20 reagents o ——

(previously 12 reagents)
(previously streptavidin beads) ¢ HN\O)k
(biotin) PEG [e] H o [e]
5 ‘n)L
H O
HNJ\Q o o NNH

1.pH 8.5 )
" HN._O 2. PAGE WHNJ\Q/NH DNA-templated library
—_s
0

256,000 members
Ph. . (previously

reviously 13,824 members
Ph- P self-elution)  Scaffold  Building-block o b (Previousy )
E m codon codons )?/
N

H O 1

—_— —— —— HN

!
I"#$%8&8)'$1B T%=<4)-%*1=)73/7,74%!4"83)3,!&,(-.%&"&!&7.%=%!d[""23%!3%<3"(-%*IH"-.!
<%3="&&"/(103/=13%0F

B4-./2'.18&/=9%!<3/'3%&&!.)&!8%%(1=)*%!"(I-.%!&, (-.%&"&/01=)73/7,74"714"83) D,
*23"('1-.%14)&- 1*%7)*%D!)|(%H!&-3)-%', "€ &-"441(%%* % 1-/17/(8&-327-1()-23) 41 < 3TERPY%!
=)73/7, TA%&IH"- 1)1." 1%0%6'3%%61/01&-327-23)41)(*1&-%3%/7.%="7)41*"#%38&"- F1S(I-."&!
39%')3*D!)1&%3"%&!/017.%="7)41<3/<%3-"%&I&./124*18% 7/(&"*%3%*!" (742*"(‘)1\Ep?!
7)38/(13)-"/D 1" .1&-%3%1/7.%="7) 4% (&"-, DI#)3"/2&!3"("1&"U%&D!) (*!*"#%3&%F.3%%

*=0/0(&."/()418.)<%&F!



4"1"E#8+)-'6.B-89.-'1  @&1)'%1%1F#2")3-'1#, (-&(.(/+0#7%)6#
$%&/&FY('1#:()%*%)%+0

12=9%3/2&1()-23)41)(*1()-23% T(&<"3%*1=)73/7,74%&!.)#%!4/('18%%(174"("7)44,!
)(H=%*"7"( )44,128%024FIR.%!7.%="7)41*"#%63&"- 1) (*17/=<4%\V/"- 1/01=)73/7,74"71()-23)4!
<3/*27-&) JHY <3/ 1" (&<"3)-"/(10/31" ((/#)-"H#%!*32'1*%&" (D1%&<%7") 44, 1" (I-. %! 7/(-%6V-!
1018"/4/"7)413%4%#)(7,F1B=/(1-.%=D!-%-3).,*3/023)(!dRI[eY!-%-3).,*3/<,3)({dR9Ke T
7IC)" (Y =)7317,74%&1)3%!)(!"(-%3%&-"('18:28'3/2<!/0}()-23)4!<3/*27-&FR.%&%!
<3"#"4%'%6*18288&-32TYRRIT)(18%!10/2(*1"(1</4,2%-"*%!()-23)41<3/*27-&IH"-.1)H"*%613)('%!
1018" /41" T) AN 7-"#"- 1d[""23%! QBF![/31%V)=<4%D!U)=<)(/4"*%!.)&!8%%(1*%=/(&-3)-%*)&!
7,-1-IV"71-2824"( &&%=84,1)%(-1))"(&-1=24-" T-32'13%&"&-)(-17)(7%3!7%A41 4" [IH&!
(%/<%A-14" %1%V "8"-&I</-Yo(-1)(-"7) (7%3!) 7-H#HS$"=%3"7 1#%3&"/(&!/OIRIR/(-)"("( !
=)73/4"%&).)HY%1) A&/ 8. IH(12("L2%!%00%7-&!/(18%6#%3) 41 %3)<%2-"71-)3'%-&F >/ 7/&/4"%!" &
2IH(-N&-3/(4,1"("8™1S;  MNIK3F27-"/()(MIR  T7%441<3/4"0%3) " ITR&<"3%*18, I-.%!
8"/)7-"#9%!=)73/7,74%&!H"- IRIK!7/3%&103/=!()-23%D!H%!%=8)32%*/(I- %!&, (-. %&"&!/01)!
ROK T7/(-)"("(1=)73/7,74%!4"83)3,IH"-.1)l.  ".106'3%%!/017.%="7)41*"#%38&"-,I-.)-1
I#%34)<&IH"-.1()-23)41=)73/7, 74%&F

Nc



H H
» o "0
MeO
mandelalide zampanolide kendomycin neopeltolide
"10),0 cytotoxic anticancer antitumor, antibacterial anticancer, antifungal
HO H ‘OMe H H MeO,C
OH O
MeO,C” X
()
o§/OM9
o a) NH
/
(¢} —
briostatin 1 leucascandrolide A exiguolide
anticancer . «"SoH anticancer, antifungal anticancer

aspergillide A /\/M
cytotoxic TN O ~CO,Me MeO,C. __~

H
N o}
X MeO ,
Memo .
o A OH

apicularen A _ cocosolide
anticancer immunosuppressive

lasonolide A
anticancer

spirastrellolide sorangicin A OH
antimitotic antibiotic

|
I"#$9685)'IV)=<4%8&1/018"/4/"7)44,) 7-"#%1=)73/7, T4%&I7/(-)"("(1-%-3).,*3/<,3)(!
=/"%-"%&



4""GHH&'[#&=#)6+#]+0+'-(6#

R.%!'/)41/01-.%!3%8%)37.1"&!-/"%63)-%!)!(%H!7/44%7-"/(/0\=)73/7,74"7!
7/=</2(*&1-)-17)(1)**3%8&&! )1 83/)*%3!3)('%!/0!7.%="7)41&<)7%F!M"#%(!-.%!0)#/3)84%!
0%)-23%&1/01()-23F43/*27- T"2%1&7)00/4*&1)(*1=)73/7,74"717/3%&!*"& 728 &%*1)8/#%D!/23!
&, (- %-"71)<<3/)7.1"(#14#%&) | &-% 3%/ &Y 4% 7-"HYHREE! (. %6&" &1 4/ (1H"- I-.3%%!
*4063&"0"7)-"1(1=%- /*&FIEY6I %6 (#"&"/(%*1-.)-1- %! () AIH/24%18%1) 7 ."%6H#%*18, ) 17/(#%3'Y6(-!
&-3)-90',1-/13)<"*4,1"(73%) &%!-.%6!7 .%="7) A" #%3&"-)(*&-327-23)41 7/=<4%\/"- F!
>.06="(0/3=)-"71)()4,8%&"(742*"(IK3"(7"<)A1>/=</(%(-'B)4  ,&"& dK>Be!)(*K3"(7"<)4!
6/=%(-1/0!S(%3-")1dK6Se!H/24*18%! <%30/3=9%*!-/1) &&Y&&I<.,&"7/7.%="T)4Y &-327-23)4!
*40638&"- 1/01-.%!'06(%3)-%*1=)73/7,74%18%-18,17/=<)3"(1H"-.1()-23)41<3/*27-1) (*1*32']
&%-&FI["()44,D18"14/"7)41</-%(-")41/01-.%1=) 73/7,74%!7/=</2(*&IHPA*18%!%#)42)-Y%*F!
R.2&D!-.9%!7/(&-327-"/(1/0!)14"83)3,1/01-%-3).,*3/<,3)({dRIKe T7/(-)"("(1=)73/7,74"7!
7/=</2(*&IH/24%1<3/#" %N (%H!/<</3-2("-,10/31%V<4/3"(1()-23)4  TK3/*27- T"?%!
7.%="7)4&<)T%FIR.%!*%-)"4%*1&, (- %-"71)<<3/)7.%& H"4418%*%& 7 3"8% H4I+-H10/
7.)<-%3F

N(



2.2 Results and Discussion
4"4" #+0%F1##8+)-'6.B-&9.-'1  @&1)'%1%1F#, (-&(.(/[+#:%?--. #
X2318-3)-%',10/3!-.%!&,(-. %&" & /OIRIRT/(-)"("(1=)73/7,74%&H)&!"442&-3)-%*!"(!
+7.%=%tFIR.%!-%-3).,*3/<,3)(17/3%!H/24*18%!7/(&-327-%*I#")!-.%!-) (*%=1)44,4"7!
N")-"IYIVY - TIG2Y)-%l) (™ 9047 (1)1&-%3%/&%64% 7-"#%! =) (%3!-/1<3/#" %) 7/==/(!
"(-%3=%"*")-%FIE"-.I- Y8%&24-"("1"(-%3=%*")9&!)1&-)3-"("1</"(-D!-.3%%!*"#%3&"0"7)-"/(!
&-3)-%"%&!HY% 3% RI%*1-19%00"7"%(-4,17/(&-327-1*"#%38%!=) 73/7,74%! & 7)00/4*&F!["'3&-D!)!
#)3"%-,1/01)="(%!<)3-&!"(742*"("1)="(/!) 7"*&D!/4%0" (&D')7%-,4%(%&D!) (*!)3/=)-"7!13"('&!
H/24*18%!"(7/3</3)-%*1-/13)<"*4 1"(73%) &%! & ?%4%-)41*"#%3&"-,) (*1=/*"0,13" (1&"U%&F!
+9%7/(*D!&Y6#%(00%3%(-1=)73/7,74"U)-"/(1=%- /*&IHI24*18%! %\ <4/"-%*1-/1"(&-)441#) 3"[2&!
02(7-"10)4"-"%&/(1)13"("1&,&-%=FI["()44,D!-.%!)<<%(*)'%!*"#%38&"0"7)-"/(1H/24*1023-.%3!
=/*24)-%!-.%!<.,&"7/7.%="7)41<3/<%3-"%&!/0'=)73/7, 7A%&F
ﬁ o { L S
>1AOH xidationioxar COH e olenne,

OPMB conjugate addition acetylenes, and
reaction aromatic rings

M) &

Appendage S__S o S.__S
Diversification Macrocyclization
0 - reduction o - macrolactonization
- HWE olefination - CUAAC (@)
H H - methylenation H H - ring-closing metathesis H H
- acylation R O NH - enyne metathesis
R o” NH - glycosylation - Sonogashira coupling R O™ "NH
- nucleophilic aromatic substitution X
- pyridone synthesis Y

9/:&;&' 7)'X2-4"(%!/01/231)<<3/)7.10/3!-.%!7/(&-327-"/(1/O)!ROK  T7/(-)"("("()-23)4 T
<3/*27- B"?%!=)73/7,74"714"83)3,

aC



4"4"45.1)6+0%0#&=#8+)-'6.B-&9.-'1 @&1)'%1%1F#,(-&(.(+0 #
**)9)('H'>#@"P&MK?";"P,2"C5>

G%0/3% 068" ("(1"(*"#"*2) 41&-327-23%&1/01/231=) 73/7,74%!4"83)3,DIH%!"("-")44,!
-%&-%1=)73/7,74"U)-"1(13%) 7-"1(&!" (1/3*%31-/10" (*1)<<3/<3")-%!3"(1&"U%&!0/31)|RBK
71()"("(12)73/7,74%!d+7.%=%! _eF!)38/V,4"71)7"* 1¥)251H)&1*%3"#)-"U%H"-.1'4, 7" (%!
=%-.,41%8%3D14)("(%!=%-.,41%8&-%3D!) (*|=%-.,4T="(/82-)(/)-%'#")I9BR5!7/2<4" ('
)(*1&288%L 2% (-IK6G*%<3/-%7-"/(12&" (1$$q!<3/*27%*1-.%1&28&-3)-081*)34<\ GF!
9,*3/4,8"&/01-.%1=%-.,41%&-%3§B4<\ GI2(*%631)18)&"717/(*"-"/('%(%3)-%*!-.%!
7/33%&</(*"(18%7 /) 7"*&IO/M/HYX8,1+. " )1=)73IA) T-I("V)-"1(  ©1-/1"H%I=)73/7,74%&!
%)3(< \ GFIR.%!PI)(*IPb E%=8%3%*13"("1&,&-%=&!H%3%!&=//-.4,7/(&327-%*IH"-.I-. %!
7/=8"()-"/(1/0'6 1GB!)(*I$6BK!"(1=/*%3)-%!,"%4*&IdZNW!)(*1Z_wD!3%&<%7-"#%4,eD!
H."4%!-.%!PB%=8%3%*=)73/7, 749)3(< IH)&!/8-)"(%*"(1)14/H!,"%4*IdNbwe!</&&."84,!
*201-/1-. %" (73%)&%*(3&-3)" (FIG)&%*1/(1-."&3%&24-DIHY6*% 7"+ %*1-/'%(%3)-%6TRIK
71()"("(1=2) 7317, TA%&IH."7.17/(-)"(1=/3%!-.) (1/31%L2)41-/1P"1)-/=&1" (1)1 3" (1 &, &-%=F !

aF



M

A 1. amine S-S 1.1 N LiOH S-S
S__S coupling THF/H,0
2.DDQ o 25iC,1h o
o H H 2. MNBA, DMAP H H
H  H COH HO HN™ ~O CH,Cl, (1 mM) O HN™ ~O
opme C©2 MeOZCvJJn 25iC, 24D36 h o)\/J)”
2.50A,n=0 251A,n=0
2.49 250B,n=1 251B,n=1
2.50C,n=2 251C,n=2
S__S S__S S.__S
H © H H © H H © H
O HN™ ~O O HN™ ~O O HN™ "0
251A,n=0 251B,n=1 251C,n=2
(13-membered ring) (14-membered ring) (15-membered ring)
25% for 2 steps 62% for 2 steps 68% for 2 steps |

!
9/:&:&' 8)J'( W"U%I/<-"="U)-"/(10/3N)IRIKTZ/(-)"("(1=)73/4)7-I(% !

)Y GC>ADS/?"C>' CD @B ®&?%, FO%CKF%,>GC%&
R.%!&-%3%/8&%4%7-"#%!&,(-. % & BHBMEBY *3/<,3)(12&"('1-) (*%=1)44,4"7!
IN™)-"I(YIV)  T71(:2")-%!)**"-"1(1H)&!3%</3-%*18,1-.%!9/("'3/2<!"(INOOQ!  d+7.%=9%kF!
R.%6!&, (-.%&"&!8%")(IH"-.1)44, 4" 71 \"*)-"[(1/O1*"[4] *)3*1"(1- %!<3%&%(7%!/0!6(/1)00/3*!

iDAT2(&)-23)-%*1)4*%.,*06! *)31FIR.%!"(-%3=%*")-9B11H) &!&28&%L 2%(-4,17, 74" U%*!-/!

- 9%1&-%63%/7.%="7)41/2-7/=%!7)(18%!-.%!%(%3",1*"00%3%(7%!8%-H%%(1-H/!</&&"84%!-3)(&"-"/(!
&-)-%&)32<!)(* *)32=FI+"(79%!2(0)#/3)84%! ADR/")4!"(-%3)7-"/(1/0}-. %D T2(&)-23)-%*!
7)38/(,4'3/2<  1)-1> TZ)(H-9%1¥"- ") (%1'3/2<))-1>  TI(17/(0/ 3=)-"/(1 *)32=1"&14)3'%3!-.)(!

=)0 %!> TZ1.,*3/%(1)-/=1)(*I-. %!*"- ") (%!'3/2<1"(! %)32< DI-.%!VY7/(:2")-%!

aN



YR (1 GIOYHIB3Y%H1-1<3*2T%)! cisl<3/*27-1 ¥)33<FI[23-.%3=/3%D!-."&!& (-.%-"71=%- ./
%196 &1 (/-13%L.2"3%!.)3&.13%) 7-"/(17/(*"-"/(&1&27 1) &I&-3/(1) 7" *&!/31-3)(&"-"/( TEY%-)4!
7/=<4%\%&I-/1)7-"#)-%1-.9%17/(:2')-%!) 7 7%<-13FIR.%!"(-3)=/4%7 24) 3T 2")-%6!)**"-"/(!
101-.%!" (-%3=9%*")-08)3LI<3/ 7% V&2 (% 3!-.%1="4*13%) 7-"/(17/(*"-"/(18%7)2&%!-.%!Pa
U (013/2<N(1> T I</&"-"I(10)7"4")-%&I-.%13%) 7-"/(1-.3/2".I- %ol gem T" &28&-"-2%(-!
%00%7-F1G,12-"4"U"(1-."&1&, (-.%-"71=%-./*DI#)3"/2&IRBK-)"("(1()-23)41<3/*27-&!.)&!
8%%(1&., (-.%6&" UYL FS+-#% IE%I*067"*06%1-/1'06(%3)-%IRIR/(-)"("(1=)73/7, 74%&12&" (!
-1 (%=1)44, 4" TIN)-"I(YIV) T7I(2)-%1) %" (1%2%I1-/1-%  1.".19%600"7"%(7,1)(*!
&-%63%/&Y6A%T-"#"-1/0}-.%!3%)7-"/(F

1,3-diaxial

A m interaction CI)
H
S__S MnO, S._S S H &
=| Nz S
N ~——
RToH > Yon  RDOH N SR on SR o "
NS
H H © 0
2.52 2.53 2.54A 2.54B
u |
(\ |
H S
=0
SM (\ i
0 S H
R (0]
R
"cis" "trans"
(major) (minor)
2.55A 2.55B I

!
91:&:& 5)+,(-.%&"&0) INDEisF%-3). ¥3/<,3) (")) (*%=1)44 4" TIN"-"I(YN) T
71(:2)-9%!)*"-"(

R.%61&,(-.%&"&!/0!-. %!RORT/(-)"("(1=)73/7,74%!4"83)3,17/==%(7%*IH"- I-.%!
<3%<)3)-"/(1/01)44,4"71)47/./484)38)(*! *)35!)&!&28&-3)-%&I0/3!-.%!-)(*%=1)44,4"7!

IN")-"I0YIV) - T21(:2)-%0)**"-"/(1d+7.%=%! P@F!>."3)41%</\'"*$B7<!)(*| *)37=( « IH%3%!

aa



T712<4%*1-1?2(IH(1*"-.") (%!

N"™)IOYINY  TTI(:2')-%0) =" (10!

023-.9%317/(#%3-%*1"(-/1=%-.,41%&-YsFRI) (| *)6(!-.3/2".!

d19>e E%*")-%*1%&-%3"0"7)-"/(13%)7-"/(12&" (*"'=%-.,41-3")U/4"2=1"[*"*%1)(*16(X

*)36" I-/1""#%!1)44,4"71)47]./ 4A&)38!)(*! *)35FIX(YK/-1)44,4"7!

*)38N)(*! *)35<3/7%Y0H-/1"%(%3)-%!-.%!*%& " 3%*!

NT%-%3/7,74"7'7)38%(%!

o

9,*¥3/4,&"&!/0!-.%!=%-.,41%&-%3§64!) (*! *)6(!8,!-3%)-=%(-!H"-.14"-."2=1.,*3/V"*%!

<FI#"*%*17/==/(1"(-%3=%*")-%&! *)6*!)(*! *)61F

5 &

S__S S__S ,
t-BuLi
MnO, then 2.57A
b 9g CH,Cl, g @ OH THF/HMPA
«_25iC, 24h W p78iC,1h
o 67%
OPMB , o, OPMB , g
1. MnO,, CH,Cl,
2N 25C, 24 h
PhgP™ "COMe 2. dimethyl triazolium
CH,Cl,, 25 iC, 15 h iodide, DBU,
84% for 2 steps MnO,, MeOH

CH,Cl,, 25 iC, 15 h

2

n
n

o CO,Me
H o H

CO,Me OPMB g9

1 N LiOH, THF/H,0O
25iC,5h
80%

1 N LiOH, THF/H,0
25iC,5h
88% for 3 steps

M

S __S

CO,H
A O H

CO,H OPMB ¢,

M

S__S then 2.57B
H -
>ﬁ\ﬂ THF/HMPA
X-"on P78iC, 1h
2.56 PMBO  TBS ;59
1. MnO,, CH,Cl,
b © 25iC, 24 h
R 2. dimethyl triazolium
| jiodide, DBU,
' PMBO MnO,, MeOH
‘ CH,Cl,, 25iC, 15 h
' 2.57A,R=H

|
PMBO  TBS ;464

1 N LiOH, THF/H,0O
25iC,5h
68% for 3 steps

PMBO

2.63

01:&;&" (4)+,(-.%&"&/01-.%!7/==/(1"(-%3=%*")-% '*)6* D)6 1D!)(*'*)66



! S(1)1&"="4)31=)((%3D)!7/==/(1"(-%3=%*")-%! *)66!7/(-)"("(1)()**"-"/()A!
*[2849%18/(* 1H)&I<3%<)3%*1-.3/2"1- %"~ ") (%17/2<4"(10/44/H%*18,I-H/  T7)38/(!
%4/(')-"/(FIBO-%3!-.9%1-) (*%=1)44,4"7IN"*)-"1(YIV) T71(:2")-"1(13%)7-"/(/017/=</2(*!
%)38D1-.%!3%&24-"("))4*%., *3h621H) &!-3%)-%6*IH"-.1=%-.,4!
d-3"<.%(,&.1&<.I3)(,4"*%(%e) 7%-)-%!-/1023("&.|dEETD N 2(&)-23)-%*1=%-., 41%6&-9636 3" !
O W1,"%4%10/3IN1&-%6<&F1G)&"71.,*3/4,&"&IH"-14"- "2=1. *3/\"*%] "0o4*0o*]- Yol*0p&."3%*!
7)38/V,4"71) 7"*1%)66FIR."&13%)7-"/(18&%L 2% (7%!H)&=/3%!%00%7-"#%!-.)(!-.%!3%#%3&%!
&%L2%(7%DIHI)&!I-.%!-H/ T7)38/(! /=/4)-"I(  10/44/H%*18,}-.%!*"- ") (%! 7/2<4"('D!
)&I&.H(!"(1+7.%=%! PAEIR.%!IPDA.")(%! *)36IH)&!7/(#%3-%6*1"(-/1)4*%. ,*%! *)6 718, !
K)3"?2.\ $/%3"(1/\V"*)-"/(FIE"--"13%)7-"/(1/0}-. %) 4*%. *%!  *)B7I<3/#"*%1-.%!7/(:2")-%*!
%-.,41%&-TB8!"(1QOW!,"%4*1)&!1)(I"&/=%3"7!="V-23%FI$SGB;13%*27-"/(1/0!-.%!%5568b3!
%A% %1 7/33%&</(*"(1)AT1./4! ¥)65IH."7 1H)&1&28:%67-%*I-/1-. %! PIF4-.") (%! 7/2<4" ('
3%)7-"/(F19/HY%#%3D!-.%!3%& 249 (%!<3/*27-¥) T 4H)&!2(&-)84%/(1&"4"7)!'%A4!

<23"0"7)-"/(DIH."7.13%&24-%*!"(1#%3,!4/H!,"%4*

ab



~ &

t3 S _S PhsPs. _CO,Et
S._S DMSO A2 H
H R B — X
CH,Cl, X CH,Cl,
A oH 01025 iC,3h 25iC,20 h X
88% o 90%
2.56 2.67 2.68 CO,Et
(E/Z = 10:1)
t-BuLi
then
M R © ™
S S S S
DIBAL-H H PMBO
_— AN —_——— OH NS
toluene THF/HMPA H
P78 iC, 30 min A b78iC,1h A
quant. .
~N
2.69 OH 2.70 OH
unstable |

[
9/:&;&"  (( )B--%=<-1-/H)3*&!-.%!&, (- %&"&I/0I7/=</2(* '*)74

! 5&"(1-.%!-)(*%=1)44,4"TIN"%)-"I(YIV)  T71(:2")-%!)**"-"/(D!-.%!-.3%%! 7/==/(!
"(-%3=%*")-%&6* DY)6.1D!)(* *)661H"-.1)IND Zcis TROK!7/3%!H%63%! <3%<) 3%*FUB&Ys!
"(-%3=%*")-%&4E* DY)61D!) (*1 *)66eT/(-)"(1)1<3"=)3,1)47/./41)(*)17)38/IV,4"71) 7"1)-1- %!

%(*!/ O1-.9%1&-327-23%&D!)1#)3"%-,1/0182"4*"(184/728&17)(18%!) &8%=84%*1-/13)<"*4 1" (73%) &%!
- 9617 .%="7)41*"#%38&"-,1/0-.%!=)73/7,74%!4"83)3,FIS-1"&1)4&/!(/-)84%!-.)-) () **"-"/()4!

L *3IV,41'3/2<1/31%/284%18/(*1"(17/=</2(*! KL (*! *)66IH/24*17/(-3"82-%!-/1023-.%3!
=/*24)-%4/'l P'#)42%D!</4)318&230)7%!)3%)D!)(*I3"('13""*"- 1/010"()4!=)73/7,74%!&-327-23%&F!

*)%)%)1'=$"EQ">#'=EC/SA'<AA&;.EF
E"-1-.9!17/==/(1"(-%3=%*")-%&! *)6*DY)61D!)(*1*)66" (1.)(*DIH%!7)33"%*1/2-1- %!

&?%4%-)A1*"#%3&"0"7)-"/(1&-%<!8,17/2<4"('1#)3"/2&!82"4*"('184/7?&F!S(!-.%!=%)(-"=%D!-.%!

aZ



3%&24-"(""7/=</2(*&!H/24*18%!4"(%)3!&28&-3)-%&!0/3!=)73/7,74"U)-"/(&D!H."7.1"&!-.%!

&% 7/(*1*"#%3&"0"7)-"/(1&-%<F!R.%!&,(-.%&"&!/014" (%) 3B&IB&N0/3! & %6#%(1*"00%3%(-!

7.)<-%3F

*)¥)%)1)('9F>?:8&A"A'CD'0">&, % T%&/$%ACYHA'DCY%'U,/%CE,/?C>"P,?"C>
B&I)I=)73/4)7-/(%!" &)1 7/==/(1=/-"01"(1</4,2%-"*%()-23)4!<3/*27-&DIH%!& %-1/2-!
1'% (%3)-%!*"#%38%14" (%) 31<3%723&/3&10/31=) 73/4) 7-/("U)-"1(&!) &&./H(!"(1+7 . 9PHEA!
M4, 7"(%!=%-.,41%&- BT ( €)(*1<.%(,4)4)(" (%!=%-.,41%&-%IAd) 7* H%3%! 7/2<4%*5)6*]
#"19BR5!7/2<4"('13%) 7-"/(10/44/H%*18,IK6G*%<3/-%7-"/(12&" (1$$q!-/1023("&.!  -.%!
4"(%)31<3%723&/FBT)(*! *)78FIS(1/3*%31-/1"(7/3</3)-%!)102&%6*1)3/=)-"713"("1&, & %=I-/!
-.%10"()417,74"718-327-23%D!=%TH)E"(/<.%(,4€) 7%-)-%! d)716H)&I7/2<4%*1-/1%)6*1)&!
HY644F1S(1)1&"="4)31=)((%3D!*"<V<- " ¥) 76/H%3%!"(&-)44% ) |-/ 1<3%6<)3%!

7/=</2(*&! *)84\*)8*FI

ac



S S 1. amine linker , HATU
i-Pr,NEt, CH,Cl,
25iC, 18b24 h
CO,H (¢}
2. DDQ, CH,CI,/H,0 H H
25iC,1h O~ "NH

NH, NH, | s_s s__s

! Ph !
1 MeO,C MeO,C !
: 2.71 " 2.72 : ) ¢} ) ) o )
; 2 ; HN™ ~0 HN™ S0
i : HO HO Ph MeO C
: Meozcﬁ 273 Meozc) Meozc)\/ ’ ﬁ
| ' 2.77 2.78
1 H NH, '

MeO,C Ph i

2.80 2.81 2.82

...............................

91&:&  (*)K3%<)3)-"/(1/014"(%)3!<3%723&/3&10/3!=)73/4)7-/("U)-"/(103/)6*

! "(%)31828&-3)-%6881\ *)86'7/(-)"("(")*/284%I8/(*!/3N)!. *3/V,41'3/2<IH%3%!
<39%<)3%*128."('1-.%1&)=%!<3/7%*23%!H"-.I- %! 7/==/("(-%3=%*")-%&B6}) (* *)61!

d+7.%=9RaFIR.%!*06&"3%*17/=</2(*&)81\ *)86IH%3%!/8-)" (%" (1%V 7%44%(-!,"Vo4*&F



1.2.74, HATU
i-ProNEt, CH,Cl,
25 °C, 24 h, 99%

2. DDQ, CH,Cly/H,0
25°C, 1 h, 99%

O o
MeOZC\/Nm)VPh
2.83
0

1.2.71, HATU
i-ProNEt, CH,Cl,
25 °C, 24 h, quant.

2. DDQ, CH,Cly/H,0
25 °C, 1 h, quant.

2.71
HATU, i-ProNEt

H CH20|2
COH  25°C,20h
0 3
PMBO TBS 99% Bs L
PMBO  TBS
2,63 CO,Me 285

2.73
HATU, i-ProNEt

CH,Cl,
25°C, 24 h o 286

82% ]
PMBO TB@ACOﬂ\Ae
|

!
9/:&;&' (1)'K3%<)3)-"/(1/014"(%)3!<3%723&/3&10/3!=)73/4)7-/("U)-"/(103/%)611)(*! *)66

*)*)¥)1)*'9F>?:&A"A'CD'0">&,% ' T%&/$%ACY A EFRBE0'<P"0&V<ESF>&'GF/EC,00"?"C>Q'
I>F>&' U&?,?:&A"AQ",>0'9C>C#,A:"%,' GY@BSKE">#

! 19%V/-DIHPH(%3)-%*1-.%14" (%) 31<3%723&/3&!0/3ME2ASH- %) U"*%Y)4?, (%!
7,74/)"-"(1d>2BB>e  (D1%(,(%!=%-)-. %8 R!)(*+/(/)&."3)!73/&& T7/2<4"('13%)7-"/( ¢+

¢ 1d+7.%=98"eF1>)38/V,4"71) 7"*)6* IH)&!7/2<4%*-/1<3/<)3',4 T7/(-)"("()="(%! *)87!



0/44/HY%*18,IK6GI*%<3/-967-"/(1-"#%17/=</2(*| *)5AFIR!&I7/=</2(* 17)(18%!023-.%3!
7(H%3'%(-4, %" H#%38."0"%*10/31-.%!<3%<)3)-"/(1/01&28&-3)-%&!/0!-.3%%!*"00%3%(-!
=)73/7,74"U)-"/(13%)7-"/(&FIR/&,4)-"/(/0}-.%!<3"=)3,)47/./AI"(!  *)5410/44/H%*18,!
YU™)-"1(1,"%4*%*1) U*961)472, (%)5( ) &)1 &288&-3)-%!0/31>2BB>FIR.3/2".1$>>17/2<4"("1/0!
*)5AIH"-.1a T/*/8%(U/"7!)7"*!/3la T82-%(/"7!)7"*D!-.%!&28&-3)-%)&1)(*! *)51IH%3%!
<39%<)3%*10/3!+/(/)&."3)1 73/&E&T7T12<4" (13%) 7-"I(1)(*]  %(,(%6!=%-)-.%&"&D!3%&<%7-"#%4,F!

X-.%31)U"%61)47, (%&AY58\ *)(44 €I H%3%!)48/!'%6(%3)-%*1"(1)1&"="4)3!=)((%3F



N )
S S
(0]
H H
O5-© HN™ ~O (\/Hfjll-l\)‘\NH
N R e
X
I\\ fe) Ph 7 (0] Ph
3-iodobenzoic acid 2.93 3-butenoic acid

DCC, DMAP
CH,Cly, 25 °C, 16 h

99%

DCC, DMAP

99%

2.92 ’

. 2.87, HATU
i-Pr,NEt, CH,Cl, S8 1. p-TsCl, EtzN S_.S
25°C, 24 h DMAP, CH,Cl,
99% 25°C, 1 h
A O H
.DDQ 2. NaNg, DMF Ns
CH,Cly/H,0 50°C,1h - )
25°C, 1 h m/‘y 77% for 2 steps \\/OTHV Ph
99%
0 O L
. 2.88 or 2.89, HATU s. s S. s
i-Pr,NEt, CH,Cl, 1. p-TsCl, EtgN
25°C, 24 h DMAP, CH,Cl,
88-97% o 25°C, 1 h o
H-H H-H
2 DDQ OH 2. NaNg, DMF Ng
CHCLH0 HN™ "0 “504C, 1h < HN" S0
250, 1h \\/O%R 76-86% for 2 steps \\/OW)\R
cee 90-99% X g
Scheme
10 and 12 294,R=H 2.98,R=H
2.95, R = CH,0Bn 2.99, R = CH,0Bn
S__S S__S S__S
1.1 N LiOH 1. p-TsCl, EtgN
THF/H,0 DMAP, CH,Cl,
25°C, 1 h o 25°C, 1 h Mol
2. propargyl bromide OH 2. NaN3, DMF N3
KoCOs, DMF s HN™ "0 " 59C, 1h AN 70
MeO.C 25°C, 24 h Xx_o 77% for 2 steps SO
2 76% for 2 steps
o) 0
2.100

CH,Cly, 25 °C, 16 h

91:&:&" (2)'K3%<)3)-"/(1/014"(%)3!<3%723&/3&!0/3!>2BB>D!%:(,(%!=%-)-.%&"&D!)(*!

+1()&."3)173/&8& T7/2<4"(13%)7-"/(103/=! *)6*'



*)%)%)1)1'9F>?:&A"A'CD'0">&, % T%E&/$%ACYA IBBEGASH UL?, 2:8A"A
B--%=<-&10/3!-.%!&,(-.%&"&!/014" (¥3%7238&/3&!/013 T 4/&" (1=%-)-.%&" & H%3%!
*0/p& 73" 8UHME'38-4, DIHYL %68 (%6*1) ¥ %(%1 7/=</2(*¥)(4( IH."7.1.)&I-H/1)44,41'3/2<8&!
)--)7.%1-/18/-.1-.%1<3"=)3,1)47/./A1)(*17)38/V,4"71) 7"*102(7-"1() 41'3/2<&1d+7.%=9ReF!
RI17."%#%!-."&D)44,4)-"/(1/0!-.%17)38/V,4"7) 76 12&" ()44, 4183/="*0%!) (*</-) &&"2=!
7)38/()-%!H)&!<%30/3=%*FIB0-%3!K6G*%<3/-%7-"/(D!-.%!&%7/(*1)44,4)-"/(1H)&!)--%b=<-%*1
H"-.1-.9%17/=8"()-"/(//01&/*"2=1. *3"*01) (*1)44,4183/="*0%F!9 IHY%#%3D!-.%!3%)7-"/(1)#%!
)L, *3/4,U%*1<3/*27-1  *)(431dN we!l)(*1)17,74"71*"=%3¥)(42 dcPwe!"(&-%)*1/01-.%!*%6&"3%*!
<3/%27- 1¥)(4( FIEY&<%724)-%3)- !-.9%)44,41%&-%3102(7-"/()4Q1*)(41!"&IL2"-%!3%)7-"#%!
2(*9631-.9617/(*"-"/(D!-.2818%" ("1&28&7%<-"84%-/1%"3196&-%3"0"7)-"/(IH"-.1- %!<3"=)3,!
YAT1141"(1)(/-.%31=/4%T724%Y/3!. *3/4,8"&18,1H)-%312</()L2%/2&!H/3?2<  BG)&%*!/(!-.%!
3%8&24-DIH%*%7"*%6*1-/17.)(%!-.%!-)3'%-18&-327-23%!17.) (" (1) (1)44,41%8&-%31-/1) (1)44,41)="*%!

'3/2<F!



& )
m S.__S

S__S
L . Br/\/
K,COs
AR A O R
DMF OPMB CH20|2/H20
a9 H 25%C, 1h o} 25vC,1h 1 o
OPMB CO,H 86% 97%
2.62 2.102 | 2.103 |
S__S
S__S
o)
co2 j\ oo
x
\ |H
2.104 v 2.105 2.101
(71%) (24%) Desired Product |

!
9/:8;&' (3)B--%=<-1-/1-.%!&,(-.%&"&!/01*"% (V) (4( '

R.%1&%7/(*1)--%=<-10/3!-.9%!"%(%3)-"/(/O1*"% (%! 7/=</2(*&! *)(45\ *)((( "&
"4428-3)-%*"(1+7.%=PaEIK6G*06<3/-%7-"/{01*)6*10/44/H%*18,1)44,4)-"1(1/(I-.%!<3"=)3,]
VATLIA) " %A %M TI=</2(  *)(43FR.3%%!*"00%3%(-!)="(H&6\ *)(481</8&8%&&"()44,4!
'3/2<&IH%3%!7/2<4%*-1-. %1 7)38/V, 4" 71) 7Y (43 1-/1023("&..)-. Yo!*%6&."3%*1*"%(%! & 28&-3)-%&!

)45\ *)((( "(19%6V7%44%(-!,"UDRQ@eR



1. DDQ, CH,CI,/H,0 | 2. allyl bromide, NaH, THF
25iC,1h 0t025iC,24h
60% 85%
/\/NHZ A
2.106 S_S
(0]
\/\O)K/ NH,aTFA o CO,H
! o 2.107 ! H H
N0 NHATFA i 2.105
! 2108 1 TN
| Ph
"""""""""""""""" amine linker

HATU, i-Pr,NEt
CH,Cl,, 25 {C, 24 h

2.109 (95%) 2.110 (99%) 2.111 (97%) |
|

9/:&:;&' (6)K3%<)3)-"/(1/014"(%)3t3%7238&/3&10/313T4/&" (1=%-)-.%&" &103/2*)6*"

*)*)¥)1)2'9F>?:&A"A'CD'0">&, % T%&/$Y%ACYA'DC%'N$/E&CK:"E"/'<%C;,?"/'9$.A?"?$?"C>' >0’
TF%"0C>&'9F>7:&A"A

R.%1<3%<)3)-"/(1/0!&28&-3)-%8)(@6 !)(*! *)(*( e!0/31(274%/<."4"71)3/=)-"7!
&28&-"-2-"1( 1)(*1<,3"/(%10/3=)-"/(  Y4H)&!<%30/3=9%*12&" () 1&"="4)31<3/7%*23%F![/3!
- 9018, (-.%&"&/017/=</2(*| *)((6 D!-.%!7/==/(1"(-%3=%*")-%!%)6* IH)&!7/2<4%*I-/1- %!

)="(%!4"(?%30)((* H."7.1H)&!<3%<)3%*103/=IG/7TTLT.%(,4)4)("(%!)(*I"  T042/3/GT
[



("-3/8%(U,4183/="*0%1d+7.%=9RF!R.%B%&24-"()((1 'H)&!&28:%7-%*1-/IK6G!
*0p<3/-%7-"1(1)(*1023-.%31%4)8/3)-%*IH"- 11T, *3/V,<.%(,4) 7%-"71)7"* 1d)((3 &-/1"#%!

*)((6 N&!)I<3/*27-F!

o}
N NH, TFA
PSRN WS
. by 2112
HATU, i-Pr,NEt 0 DDQ
H H|H
CH,Cl, OPMB o”>n h CH,Cly/H 0

25°C, 20 h : 25°C, 1h
99% F Kfo 99%
2.113 I
O,N
1. B
Y HO,C oTBS &
5.8 2.115 5.8

DCC, DMAP
CH20|2, 25 oC, 20 h O

HOR ] H 0._0 AR

CH oo N 2. TBAF, THF 07N |
o 20 °C, 10 min F o (o)
Fmo 60% for 2 steps m
o}
O.N © 0N
2.114 O 2116 I

[
9/:&;&" (7)K3%<)3)-"/(1/014"(%)3!<3%723&/3&!0/3!(274%/<."4"7)3/=RITB&-"-2-"/(103/="
*)6*'

9BR5!7/2<4"("1/0!-.9%17)38/V,4"71) 7" *)6*IH"-.1<.%(,4)4)("(/4!%-.%3! *)((7 !
0/44/H%*18,IK6G1*%<3/-%7-"/(1<3/#"*%*)AT/./4! *)((8 |d+7.%=9R eF!B0-%3!-.%!)4?,4)-"/(!
101-.%1)471.] 4%)((8 IH"-.INTB3/=/=%-.,4)73,4)-% tF)((5 eD'-.%!%-.,41%8&-%3102(7-"/()4"-I"(!
*)(*4 1H)&I7/(#%3-%41"(-/1<"#)4],4). *3IV)=)-%!-.3/2".1. *3/4,&"&!) (* n( 1$>S!

7/2<4"("13%)7-"/( "-1023("&.!-.%!7/=</2(*]  *)(*( "('Zbw!,"%4*10/3!IN!&-%k&F



1. NH,ATFA
///\OT

Br
pn 2117 @S 2
HATU, i-Pr,NEt 2119
CH,Cly, 25 iC, 20 h COEL 2.
96% NaH
0
H o H
2. DDQ, CH,Cly/H,0 OH 0P NH THF
25iC, 1h 0t025! ,24h
95% 82%
2.118
X_0 Fh
™ 1. 1 N LiOH, THF/H,0 Y
S, S 251 ,18h s s
2. PVOBNH,ATFOH, EDCAHCI
pyridine, CH,ClI,
|
o 251 ,25h o
5 HoH - z H o H
O0” > NH 65% for 2 steps o NH
° N ° N
EtO XX_o0 Ph PiVOHN XX_o0 Fh
2.120 2.121 !

91:&:&" (8)'K39%<)3)-"/(1/014"(%)3!<3%723&/3&10/3!<,3""(%!&, (. %&" & OB

*)%)%)2'U,/%C/F/E"P,?"C>A
*)%)%)2)(U,/%CE,/?C>"P,?"C5

O)#"(1)7."%o#%*1-. %1<3%<)3)-"/(1/01) #)3"%-, /014" (%) 318:28&-3)-%&D!Bi%:-1/2-1-/!
%V <4/3%!1=)73/7,74"U)-"1(13%) 7-"1(&!" (1/3*%3-/1"(7/3</3)-%1*"#%38%6102(7-"1()4"-"%6&!"(-/!
=)73/7,74"71&7)00/4*&F["3&-D1=)73/4)7-/("U)-"/(1H)&!7)33"%*1/2-) &I &.IH(" (1+7.%=IR !
9,%3/4,&"&1/01-.%1=%-.,41%&-%3GT 7\ ¥)8*IH"-.14"- "2=1. *3/\/"*01<3/  #"*0/p*1- U
7/33%&</(*"(18&%7/)7"*&DIH."7.1H%3%!-3%)-%*IH" Bfb-.,4 TZT"-3/8%(U/"71)(.,*3"*% (@
)71 (H%3-%1-1- %1 *06&"3%*1=) 73/4) 7-/(%&) (** \ *)(*7 F9)3&.%37/(*"-"I(  &&./24*18%!
28%6*IH"- 1964%#)-%6*13%) 7-"/(1-%=<%3)-23%!d_O}{>e!0/3!-.%!=)73/7,74"U)-"/(/0'-.%!&28&-3)-%!
#)(*1 DI</&&"84,18%7)28%!-.%!8%(U,41'3/2<13" -1(%6V-1-/1- %1 7)38/V, 4" 71) 7"*1." (3%*1-. %!

7,74"U)-"1(1%#%(-FIR.%!7,74"U%*1<3/*271& \ *)(*7 'H%3%!&28:%7-%*!-TPDy(%!



*0p<3/-%7-"1(1"(1-.%!<3%8&%6(7%/01=0%-., 41" [*"*%!) (1 7)47"2=17)38/()-Y%6!-/!,"%4*!

=)73/4)7-1(%&)*)(*8 \ *)(11F

Y 0

S _S

SucS 1.1 N LiOH
THF/H,0 Mel
25iC, 1h CaCos, o
9] 9] H  H
HoH 2. MNBA, DMAP H MeCN/H,0 07 NH
O™ "NH  CH,CI, (1 mM) O™ "NH 40C, 15922 h
OH
0

H
25iC,19p48h O OW_C]
MeO,C J

2.77E2.82 2.122E2.127 2.12862.133
(0] (e} O
2.128 2.129a 2.130
0
HOH HOH H H
HN™ ~0 HN™ ~0 O™ 'NH
o 0] OWH\/Ph e} ¢} e}
0 lo) 0
0 0 0
H H H H H H
o |, HNTTO o |, HNTTO o , N[O
O)VN\[H\/Ph o}vN OBn O}VNW
O 2131 O 2132 O 2133

a. Modified Shiina condition was used (MNBA, DMAP, 4« MS, toluene/THF, 80 iC, 21 h) |
|

91&:&" (5)'6)73/4)7-("U)-"/(1/0 !*.)77\*)8*!2&"('!-.%!+.'"'()!7/(*"-"/( !

19%V-DI=)73/4)7-1("U)-"/(&!/01-.%12(&)-23)-% 18:28&-3)-%8811)(*! *)821H%3%!
)--%=<-%6*12(*%3!-.%!&)=0%!+."" ()1 7/(*"-"/(1d+7.%=%! N@F!5(0/3-2()-%4,D!-.%!4"(%)3!
<39%723&/9B2IH)&!(/-17,74"U%14"2%4, 1*2%-/1- %!" (73%)&%*13""*"- 17/="("103/=!-.%!
*[2849%18/(*I"(1 *)82FIE.%(!-.%!4"(?%3!<)3-IH)&4/("1%(/2" .1-/10) 7"4"-)-%!-.%!7,74"U)-"/(D!

)&1"(1-.%17)8&%1/01-.%!&28&-3)YRLD!-. %! %8 " 3%*1=)73/4) 7-/(9HL3 IH) &!/8-)"(%*F !



1.1 N LiOH
THF/H,0
25iC,1h
71%

— >

2. MNBA, DMAP
CH,Cl, (1 mM)
25iC,24h

1. 1 N LiOH
THF/H,0 Mel
25iC,1h CaCO,
2. MNBA, DMAP MeCN/H,0
OH CH,Cl, (1 mM 40iC,48h
HN Y0 2Cla (1 MM) o HN S0 o o HN o
H 25iC, 48 h H 72% H
MeOZCvN\H)VPh 50% for 2 steps O)VNWH\/Ph O}\/NWH\/Ph
O 283 O 2135 O 21361

!
O1:&:&' *4)6)73/4)7-/("U)-"[(/O!  F)BLN(*1 *)8A2&"(1+."OITI(*"-"( !

|

)&-4,D1=)73/4)7-/("U)-"1(13%) 7-"/(&!/01-.%!. *3/V,!1&28&-3)-%&! ¥)83!)(* *)86IH%3%!
%V)="(%*1d+7.%=BIR N eFIE.%(+.%!&28&-3)-9)83IH)&!&28:%7-%*1-/IK6 G *%<3/-%67-"/(!
)(*18)&"71.,*3/4,8"&!)&1*%&73"8%*!)8/H%M! "(8%6<)3)84%!="V-23%6¢)018< )(*| *)(18=!
H)&1/8-)"(%* 1d+7.%=%!NPB1GB E%*")-%*17,74"U)-"/(1/0!-.%!="V-23%I<3/*27%*1-. %! PT
=06=8%3%*!<3/*27-%)(15< |dNcwe!)(*!-.%!Pa=%=8%3%*<3127-! *)(15= |dZOwe!H."7.!
H%3%!8%6<)3)-%*!)(*7/(0"3=%*18 9116J) ()4,&"&FIR."&12(%\/<%7-%*!/2-7/=%!7/24*18%!
%\V<4)" (%8, PODNDT&."4,41=""3)-"/(103/=1-.%!8%7/(*)3,)47/./41-1- %!<3"=)3,1)47/./14)

"(1*)(A71%23"(1-.%!.,*3/4,&" & &-%<F!!



1 N LiOH

CH,Cl/H,0 THF/H,0
“, 25iC,1h 0iC, 20 min
O HN 91% '
PMBO  TBS L
CO,Me
2.85
A desired 1,2-0,0-silyl migration product
S__S
MNBA
DMAP
(e}
CH,Cl, H H
25iC,17h  TBSO HN
o
(0]
2.139A (27%) 2.139B (60%) |

[
O1:&;&" *()+"4,41="3)-"/(1%23"(1-.%!&, (-. %&"&1/01-.%!. *3/V,1=)73/4) 7-/(%  '*)(15< "

! R/1023-.9%3!7/(0"3=!-.%!&-327-23%/0!- SGERa=8%3%*1=) 73/4)7-/(%¥)(1 5= D!H%!
&, (- %&"U%*I PE:%=8%3%*!3"(1&2%A4%E)(2 ()(*! *)(2*H")))1*"00%3%(-1&, (-.%-"713/2-%!
)&I&.H(1"(1+7.%=%! NNFI["3&-DIRG+!"3/2<IH)&!3%=/#%*I2&" (1-%TB82-,41)==/("2=!
042/3"0%!-J#/"*1-.%!1&"4,41=""3)-"/(FIR.%!3%&24-"('BY%7/(*)3,)47/./4! *)(24H)&!

. *314,U%1) (*1828896L 2%(-4,17, 74" U%1-/1023("&..- % !*%&" 3% E3/4) 7-/(%!*)(2 (FIS(!
)<*-(DIKEGI*0%<3/-9%7-"/(1/0! *)(2 ( 1,"%A4*%6*1- %1039RRA/A! *)(2* FIQ)#"('1-.%]. *3/V,!
=)73/4)7-/(%&!d¥)(15< DY)(15=DH)(2( D)(*1*)(2* e!"(1.)(*D! '9!116J1&<%7-3)!/0! -.%!
J*3IV,12)73/4)7-1(%8&  IHY%3%!7/=<)3%*1-/1)()4,U%!-.%!&-327-23%&!d[ " ERREFI E%b!

%OV <%7-%*1-.)-1-. %1 =%-."(%!1<3/-/(1(%".8/3" (- %1&%7/(*)3,)47/.141"(  1-.%6PaT
=06=8%3%*!=)73/4) 7-/(%&1(15= D¥)(2( DI)(*1*)(2* 1H/24*18%!=/3%!*/H(0"%4*1&.."0-%*!

S)(-)-1(-%IP E%=8%3%*1=)73/4)7-/(%¥)(15< DI&"(7%!-.%!0/338.4" (?%*!-/1-. %!



7)38/(1*"3%7-4,17/((%7-%*1-/1- %!%&-%3!/V, "% (FIB&IHY!<3%*"7-%*D!- %! =%- " (%!<3/-/(&!
03/=IPaE=%=8%3%*13"('&MJ(15= D¥)(2( D!)(*!*)(2* e!H%3%!&./H(18%-H%% (I FQ!)(*IbFPI<<=!
H."4%!-.%!<3/-/(103/=1P" =%=8%3%*!3"("¥)(15< [)<<%)3%*)-I" FPI<<=FI1G)&%*!/(!-.%&%!
3%8&24-&DIHY%! 7/(742*%*1-.)-1-. %!/8-)"(HL5=1)(*! *)(15< IH%3%!FE6=8%3%*)(*IP"T

=%=8%3%*14)7-/(%!&-327-23%&D!3%&<%7-"#%4,F!

1. 1 N LiOH

THF/H,0
TBAF 25 iC, 30 min
THF
2. MNBA, DMAP
Oto 22555/:, 17h CH,Cl, (1 mM)
i k 0 k 25iC,20h
PMBO  TBS i ve PMBO Co,Me T6%for2steps RO 4
2.85 2.140
DDQ, CH,Cl,/H,0 2.141:R =PMB
25iC,3h 2142:R=H |

O1:&;&" **)+,(-.%&"&/0!-. %I PEY=8%3%"1. *3/V,1=)73/4)7-/(%&! *)2()(* *)(2*'

bC



ey »VJ U]_JU”J ‘\___"ﬁ.r"‘ll\__ \

2.141
S._S
H ‘ﬂ 5.0 ppm
| J ! o
_J| A‘ L H .l | ‘\ H H
v b o py U HNTO Wi
BT o e e~ L e — e o] R OH )—/
3 a A Amm A a S
g o e e -
. . . : -
0 75 7.0 65 6.0 5.5 5.0 45 5 30 25 2.0 15 10 05 0.0 o

4.0 3. K d i 2 h . A -
1 (ppm) ]I

[
I"#$%6&(4)19116J1&<%7-3)1/01. *3/V,1=)73/4) 7-1(%&!  d)(15< DF)(15=DF)(2( D)(* "*)(2* &

! S(1/3*%31-/1&, (- %&"U%!-.%1/3"" ()44, "% &" (%*IPE=%=8%3%*!., *3/V/,!

=)73/4)7-1(%! *)(15< DIH%!*%6#" &96*1P0%3%(-13/2-%!8,17.)("(1-.%!.,*3/4,&"&YKEG!
*0p<3/-%7-"1(1&%L2%(7%!d+7 . INEFTS(I-."&1&7.%=%D!8)&"7!.,*3/4,&"&IH)&!<%30/3=%*10"3&-!
)(*1-.%(IKB6G*%6<3/-%7-"/(1/0!-.%! 7/33%&</(*"('17)38/V,4"71) 7"*IH)&10/44/HY6*1-/!

<3%6H%(-1-. %I&AI=""3)-"/(12(*%3!-.%!8)&" 71 7/(*"-"|(FIR.%!3%&24-"(1&%7/1) 7"*¥)(18< IH)&!

-3%)-%*IH"-.16 1GB!)(*!7,74"U%*!-/'<3/#"*%!-.%!*%&"3%*IH=%=8%3%*!=)73/7,74%!

bF



%)(15< I"(1QOW!,"%4*FIPBa")(%!*%<3/-%67-"/(10/44/H%18, 1*%6&."4,4)-"1("%(%3)-%*!-. %!

=)73/4)7-1(%! *)(221H"- 1)(1)**"-"/()4).,*3/V,41'3/2<F !

1.1 N LiOH S__S
THF/H,O MNBA
25°C,1h DMAP o
2.DDQ CH,Cl H o H
CH,Clo/H,0 25°C,20h TBSO HN" 0
25°C, 1h 90%
Pveo  TBs L _ one  89%for2sieps HO  TBS kcogH 0
2.85 2.138A © 2.130a
o) o)
Mel
CaCO3 TBAF
A OR _ nO R
MeCN/H,0 THF
10C, 18 h TBSO HN"S0 (oosec, 50 MO HN" S0
85% OTH 64% O%
O 2143 O 2144 !

01:&;&" *1)+,(-.%&"&Y/01-.%!. *3/V,1=)73/7,74% '*)(22'

Q)" (18%723%1)18&277%&&024!3/2-%UiN<3%<)3)-"/(1/0!)!. *3IV,1=)73/4) 7-/(%!
H"-./2-1-.%!1&"4,41=""3)-"/(D!H%!%=8)32%/(I-. %!&, (- %&"&!/01)(/-.%3!.,*3/V, ) )4/"
%)(2810+7.%=90"eF!1$%<3/-%67-"/(@!*)86!) (*I+.""()1=) 73/4) 7-/("U)-"I(1<3/7%%*%*!
&=1/-.4,1-11,"%A4%1- %1=)73/7,74"71&7)00/4* *)(26 D)(*!-.%!0/44/H"(1PDa T"-.")(%!
*0/p<3/-%7-"1(1'%(%3)-%*12%-/(W(27 FIE.%(1*)(27 IH)&!-3%)-%*1H"- 1-%-F) 182-,4!
)==/("2=1042/3"*%D!-.%!-3)(&%&-%3"0"7)-"/(1<3/*27#)(25 d Pwe!H)&!/8-)"(%*1)4/('1H"-.!

- 9%1*068."3%*1<3/*275)(28 IdPPWeF!B4-./2".IH%!%V<4/3%*!/- 35%&"4,4)-"("13%) %(-&!
d9[|<,3"*"(%D!G[¢|XI- *D!B7>4Y6%XID!RGB[YB7XID!)(*!R[BeD!)4413%)7-"/(&!<3/*27%*!-.%!

="V-23%1/00)(281)(*1 *)(25!"(IH."7.17/=</2(*  *)(25!H)&!-.%!=):/31<3/*27-FIR)?%(!

bN



-'%-.%3D!H%!"%(%3)-%* POI*"00%3%(-1=) 73/4) 7-/(%!&7)00/4*&IH"- 1#)3"/2&813" ("1&"U%&!)(*!

02(7-"/()41'3/2<&!12-"4"U"("''61GB  T%*")-%*17,74"U)-"/(F!

) &

S S S S

1.1 N LiOH
THF/H,O MNBA
25°C,1h DMAP
2.DDQ ", CH,Cl,
0 CH,Cly/H,0 O HN" 70 25°C, 20 h TBSO

, H O H
S 07 "NH
PMBO  TBS 25°C,1h HO TBS 77% o)
@ACoeMe 88% for 2 steps ©/\002H %
0}

2.86 2.145 2.146

Mel
Caco, HOH TBAF 1ol . )
MeCN/H,0 TBSO O™ "NH THE HO o e HON 07 NH
0t025°C, 16 h

o]
Mo

40°C, 19 h o)
0 o) o)

2.147 2.148 (11%) 2149 (41%) |
|

O1:&;&" *2)+,(-.%&"&Y/O!. *3/V,1=)73/4)7-I(% '¥)(28")(* '*)(25'

*)%)%)2)* G$+W@?, EFP&0'<P"0&V<ESF>&'GF/EC,00"?"C>
X231&,(-.%-"71)<<3/)7.10/3!1>2dSET7)-)4,U%*)U"%Y) 42, (%! 7, 74/)**"-"/( ( }/O!-.%!

U™ %1)47, (%&NI5( DY)58\ *)(44 dH)&!I"4428-3)-%*"(1+7.%=BF!S (I-.%!<3%&%(7%!/0!>2S1) (*!

9}(""W&!8)&I6D!-.%!4" (%) 3!<3%7 23BYBED)58D!) (* *)55¢H%3%!7, 74" U%*-/1<3/*27%!-.%!

*0p&"3%*17, 74" 71=/(/=%3&M34\ ¥)(3* elH"-.17,74"71*"'=063&M(31\ *)(33 e!H."7.IH%3%!

7/(0"3=%*18,1.". T3%&/A2-"/(1=)&&I&<%T-3/=%-3,FIS(-%3%&-"('4,D!)17,74"71*"=%31/0!-.%!

)("4"(96T7/(-)"("(1&28&-3)-%! *)(44' H)&I(/-1/8-)"(%*12(*%3!- 9617, 741)*"-"(17/(*"-"/(F!

E"-.1-.%!-3")U/49%6028%*1=)73/7, 74%8434\ *)(36 I"(1.) (*D!*%<3/-%7-"/(/01)IPDaT"-.") (%!

ba



'3/2<1H)&!7)33"%*1/2-FIR.%!-,<"7)416%SY>)>X7/(*"-"/(1H)&! (/-1%00%7-"#%!"(I-."&17)&%D!
8%7)28&%6!)1-3")U/4%!=/"%-,1H)&!)4&/1&28& T %<-"84% | -MEUC-/1<3/*27%!)1=%-. 4!
-3")U/4"2=18)4-FI[/31-."&13%)&/(D!-.%!-3") UTAe)"("(1=)73/7,74%&!  *)(34\ *)(36' H%3%!

-3%)-%*IH"-NB3/=/&277"("="*%!H."7.1&277%&&0244,!3%&24-%*!"(!-.%!0/3=)-"/(!/0!

=)73/7,74%82)(37\ *)(61F1



o 2.98:R=H
HH 2.91: R = CH,Ph
N“X0o  2.99: R = CH,0Bn

Cul, i-Pr,NEt
THF (1 mM)
reflux, 19924 h

S_S N Nj\ o R
=L AL
(6] + (0] H ©
i H H o H O
N - O N
N JVO HN™ ~O ﬂR/ \n/ \\\ _
N \H)\R O N. .N
o) S S

2.150: R = H (50%) 2.153: R = H (15%)

2.151: R = CH,Ph (61%)
2.152: R = CH,OBn (56%)

NBS, 2,6-lutidine
MeCN/H,O
0iC, 15b20 min

(0]

2.157: R = H (67%)
2.158: R = CH,Ph (61%)
2.159: R = CH,OBN (69%)

0/:&;&'  *3)'+,(-.%&"&!/0!-.%!-3")U/AWH(-)" ("(1=)73/7,74%&
7)-)4,U%17, 74/)*"-"/(F |

‘N

o=

O

2.154: R = CH,Ph (33%)
2.155: R = CH,0Bn (28%)

NBS, 2,6-lutidine
MeCN/H,0
0iC, 15D20 min

o

LA
O

2.160: R = H (46%)
2.161: R = CH,Ph (94%)
2.162: R = CH,OBn (82%)

bb

S S
H O H
N3
HN (e}
\\\/O
2.100
O

THF (1 mM)

Cul, i-Pr,NEt
reflux, 24 h

2.156 (78%)

NBS, 2,6-lutidine
MeCN/H,0
0iC, 15 min

2.163 (68%)

%)(37\*)(61'#")1>2dSE



*)¥)%)2) ' H'>#@ECA">#U&?, 2:8A"A

! J'( T7AI&"(1=%-)-.%&"&1/0!-. %!4" (%) B28E&-3)-%845\ *)((( H)&!"(#%&-")-%*!
d+7.%=9eFR.%!-3%)-=%(-1/0!-. %! *"VH{Yd5 H"- IM3288&IN(* T%(%3)-"/(17)-)4,&-!
2(*9631)13%04207/(*"" /(! ,"%4*%*1)(1"(8%6<)3)84%!="23%!/Qtis!)(*! trans 7,74"U%*!
<3/*27-&FIR.%!="V-23%!/0!-H/1"&/=%3&I&=/I-.4,12(*%3H%(-|PD%&.")(%!*%<3/-%7-"/(!-/!
"H961- Yotrans\=)73/7,74%F¥)(63< ldcOwel)(*I-. %kis =)73/7,74%*)(63= [dPOweF!R. %!
&-%63%1/7.%="8-3,IH)&!*%-%3="(%*18,1)()4,U"(17/2<4"(17/(&-)(-&!/0!-. %" 7" () 4!<3/-/(&!
)73/8&1)1*/284%I18/(*DIH."7.1H%3%!PbFZI9U!"(I- Sins <3/*27-1 *)(63< )(*IPPFbIQU!"(!-.%!
cis <3/*27- 1¥)(63= FIR.%!*/284%!8/(*T7/(-)"("(1=)73/7,74%&! *)(68!)(*! *)(65!H%3%!)4&/!

<3%<)3%*12(*%3!-.%!&)=%!<3/7%*23%F

& i
(@]
S S
Grubbs I Mel, CaCOs3 o
— o o + [HH
CHCLbamM) [ g O R MeCN/H,0 H - H N0
reflux, 17 h 40! ,19h o) NH
(@] NH (@]
O O~ P

2.164 (47%) 2.165A (70%) 2.165B (10%)

Grubbs Il Mel, CaCO,

0 NH  CH,CI, (1 mM)

HH
Oﬁ)\R reflux, 19 h
O\/\ k/o

MeCN/H,0
5 401 ,19h

0O 0t N0

2.110:R=H 2.166: R = H (92%) 2.168: R = H (71%)
2.111: R = CH,Ph 2.167: R = CH,Ph (87%) 2.169: R = CH,Ph (60%) I
!
9/:&;&' *6)'+,(-.%&"&!/0!-.%!=)73/7,74%8&63< [¥)(63=D*)(68 D!)(*! *)(65e!-.3/2".1-.%!
32-.%("2= T7)-)4,U%*13"(' T74/&" ("'=%-)-.%&"&

bz



H*)%)2)2'I>F>&'U&?, 2:&A A, >0' 9C>CH#,A:"%,' GY%CEBCSKE">¥

! J'C T7AI&"(1%(,(%!=%-)-.%&" &) (*1+/(/)&."3)73/&&  T7/2<A"(13%)7-"/( %]
H%3%!%\V/<4/"-%*1-/1'06(%3)-%!-.%!=)73/7, 74868¢* *)511d+7.%=0eF!!["3&-DI3Tr4/&" ('
=06-)-.%&"&!/0!-.9%1%(,(%!8:28&-3) Y ALIH) & &-2*"%*FIS-1H)&!3%</3-%H-.%! endoexo!
&%A%T-"#"-,1/01-. %!3"(174/&23%!3%)7-"/(1"&1&" ("0"7)(-4,1)00%7-%*18,13"(1&" U%!*2%5!-/1- %!
*'00%3%(7%&!" (13" ("1&-3)"(1/0!-.%!" (-%3=9%*")- U5 6 ()13" ("1&, &-%=17/(-)" (&=/3%!-.)(!
PN!)-/=&D!)(lendoT3/*27-1"&1<3%0%3%(-")44, '%(%3)-%*F16/3%/#%3D!9)(&%(!) (*!;%%!0/2(*!
-)-1-.%! EYZI&%4%7-"#"-,1/01-. %IPD&%!7)(18%!"=<3/#%*18,1<%30/3="(-.%!3%)7-"/(!
2(*%31%-,4%(%!)-=/&<.%3%B77/3*"('1-/I-."&1<3/7%*23%D!)!="V-23%!/0!/23!&28&-3)-%!
*)511) (*1-.%!M3288&IN(* T%(%3)-"/(17)-)4,&IH )&13%042V%*12(*%31%-.,4%(%!)-=/&<.%3%!
4%)*"('1-1-.%10/3=)-"/(1/0}-. % *%&"3%*1%(,(%!=)73/7, 74%¥) (T4 FIR. %! 7/2<4"("17/(&)(-!/O!

- 9%1<3/-/(&/(1-.%!"(-%3()4!/4%0"("& PbF_19U!d"(1=%¥$eD!-.2&!7/(0"3="(-.%!<3/*27-1"&]

") trans!7/(0"23)-"/(F11%V-D!"(-3)=/4%724)31+/(/)&."3)!7/2<4" (13%)7-"/(1/0!&28&-3)-%!
*)5*1H)&17)33"%6*1/2-FIS(1-.%!<3%&%(7%!/01-%-3)?"&d-3"<.%(,4<./1&<."(%e<)44)*"2=D!- %!
3%)7-"1(1&=1]-.4,1<3/T%%*%*1-1023("&.1-. %1)3,41)42,(%T7/(-)"("(1=)73/7,74%!  *)(7* FIR.%!
3%8&2"(1=)73/7,74%&F)(T41)(*] *)(7* IH%3%!828:%7-%%61-/1%"- ") (%*%<3/-% THI/{

<3/F27%¥)(7( H(*! *)(TL1F

bc



Grubbs Il
ethylene Mel, CaCO3
) NH  GH,Gl, (1 mM) i OoH MeCN/H,0

o}
NH
o) o o% reflux, 17h g O% 40°C,7h
S 68% M 65%
0 A

/ X (0] Ph (0] Ph
2.93 2.170
) Y o
S S S S
Pd(PPh), Mel. CaCO
ot Et,NH o. 4 o el,CaCO; 0. O ol
HN MeCN (1 mM) HN o MeCN/H,O HN 0
50°C,19h 40°C,7h o)
o%‘)\ 58% o% 72% -
\/O Ph X_ 0 Ph SN0 Ph

2.92 2172 2173 I

91:8&;&" *7)1(,(%!=%-)-.%&"&!)(1+/(/)&."3)173/&&  T7/2<4"(10/3!-.%!<3%<)3)-"/(!/0!-.%!
=)73/7,74%%)(7( )(*! *)(71'

|
*)%)%)2)3'N$/E&CK:"E"/'<%C;, ?"'9$.A?"2$2"C>' >0’ TF%"0C>&'9F>?:8A"A
! 1274%/<."4"71)3/=)-"71828&-"-2-"1(1) (1<, 3"*/(%!&, (-.%&" &IHY3%!<%30/3=%%*1-/!
"(7/3</3)-9%1)18")3,41%-.%31/31)1<,3"*/(%=/"%- I"(-!)1=)73/7,74%!&7)00/4*!d+7.%=%6N eF!
E.%(1&28&-3)-9%1)((6 IH)&!-3%)-%* H"1</-)&&"2=17)38/()-%D!-.%!&28&-"-2-"/(13%)7-"1(!
I77233%*1/(1-.%1) 7-"#)-%*1)3,41042/3"*%1-/'%(%3)-%!-.%!8")3,41=)73/7, 7@2"(_Pw!
"9b4*F16%)(H."4%D!-.%!"(&-)44)-"I(1/0N)1<,3"+/(%!3"(1"(1)1=) 73/7,74%!H)&!7)33"%+1/2-]
Y7713 (1-/1-.%13%</3-%*1<3/7%*2 3%18,1>/8&&,1)(*17/ TH/3?%3&FR.%!4"(%)3!)73,4"7!
L*3IV)=)-%! *)(*( 12(*%3H%(-1)!3./*"2=dSSSa7)-)4,U%*I>\ O
)7-"#)-"1(Y %-%3/7,74"U)-"1(11-11,"%4*1- %17, 74" U%*I<3/*27-[76< )(*| *)(76=1)&!)(!

"(8&9%6<)3)84%!="V-23RH13%" /"&/=%3&K)(76< N)(*! *)(76=H%3%!/8-)"(%*I</&&"84,1*2%!-/!



dPel-.%!28%!/0!-.%!-%3="()41)4?,(%!d(/-!) (*%3()4!)4?,(%e!)(*ldNe!-.%!&200"7"%(-4,14)3'%!
3"('1&"U%!H." 7 1<3/#" %98 1)17.)(7%!-/1.)#%!8/-.17/(0/3=)-"/(&FIE"-.1-.%!7,74"U%*!

<3/%27-&IdF)(72D¥)(76< DI)(*1*)(76=&"(L.)(*DI*"-.")(%!*%<3/-%7-"/(13%)7-"/(& H%3%!

<0630/3=%*1-/1"#%!=)73/7,74%&)(73DY)(77< DIf*! *)(77=€F

S__S
S S
(@]
H H H (0]
(@] (o] I Ph H H
O~ 'N | o)
E N o (@) NH
N ’
(0]
2N PivVOHN \\\/o Ph
oH 2.116 2.121
K,CO3 [Cp*RhCI,], (10 mol%)
DMF (10 mM) CsOAc, MeOH (5 mM)
70°C,2h reflux, 30 min
Q I
O
ol (\/fjj\ K\/fjl
0 Ph NH

2.174 (81%)

=0

2 176A 2.176B
(54%, combined yield)

Mel, CaCO3 Mel, CaCO3
MeCN/H,O MeCN/H,O
40°C, 17 h 40 °C, 17 h
(0]
H H
(0] Ph NH

2.175 (69%)

9/:&;&'

ZL*‘ N
o Ph HN_ ~ O P

2.177A 2.177B
(79%, combined yield)

j

&288&-"-2-"1(1)(*132-.%("2=0S SS)-)4,U%*I<,3"*/(%!&, (- %&"&

*8)'+,(-.%&"&1/01=)73/7, 74%1) (73 DY) (77< DY)(*1*)(77= H")|(274%/<."4"71)3/=)-"7!



*)%)%)2)6'M?:8%'<?28&;K?A'DC%'U,/%C/F/E"P,?"C>
X231)--%=<-&1-/H)3*&1-.%!" (&-)44)-"1(1/0#)3"/2&).%-%3/7, 74%&"(-/")\=)73/7,74%!
&7)00/4%3%+9%&73"8%*1.%3%FIE%!" (#%6861):%61&. (- %&"&1/01)1=)73/7,74%!7/(-)"("()!
028961V)*")U/4%!&.,&-%=F!S(INOPZD!-.%!I2*"(1'3/2<13%</3-%*1)1=) 73/7,74"U)-"I(13%) 7-"/(!
8%-H%9%(1)!4" (%) 3!1<%<-"*%D!)(1)4*%., *%6DINT&/7,)("="(/e-3"<.%(,4<.1&<.I3)(%F 1 IS(!
13%%31-/1)<<4,I-."&1=%%- [*I-/1/231&,&-%=D!-.%!&28&-3)-%!VIH)&!<3%<)3%*IH."7.1.)&1)="(%!
)(*17)38/V,4"71)7"%1.)(*4%&1d+7.%=%IN@F!R.%!&, (-.%&" & 7/==%(7%*IH"-.19BR5!
7/2<4" (1O *)6*IH"-.1 *"<%<-"*08) (78 1-/""#%! *)(75!"(1__W!," %A*FIK6G*%<3/-%7-"/(1)(*!
$>>17/2<4"(IH"-1G/7  K3/-%7-%*1'4, 7"(%!0/44/HY%*18, I-.%!-3%)-=%(-1/01-3"042/3/)7%-"7!
)7"*1'%6(%3)-%*18:28&-3)-F}8* 10/3!-.%!/V)*")U/4%!0/3=)-"/(FI5(0/3-2()-%4, D!-."&!=%- ./*!
H)&!(/-1)<<4"7)84%!-/1/231&,&-%D<3/*27"(1 ) 7/=<A%V!I="V-23%!/012("*%(-"0"%*!

7/=</2(*&F |

ZC



(0]
A t'BUOzC/\ N
H

S S 2.178
HATU
DIPEA DDQ

CO,H
BoTd CH,Cl, CH,Cly/H,0
25°C,22h 25°C,1h
88% OPMB NH Ph  72%  OH NH Ph
OPMB ¢
2.62 2.179 CO,tBu 2.180 CO,tBu

O
Boc-Glycine
DCC W
DMAP TFA CN—-N=PPh,
—
CH,Cl, CH,Cl, DCE/MeCN
25°C,19h 0to25°C,5h 50 °C
94% OTO rNH Ph
BocHN COtBu TFAH,N
2.181

9/:&;8&' *5)'B--%=<-&!-/H)S*&!-.%!‘:(&-)44)-"/(!/0!)(!/V)*")U/4%!:/"%-,
|
1%V-DI-.%1&, (-.%&"&10/3!)18&28&-3)-9%6!/01"(-3)=/4%724) 3\BUABEY6) 7-"/(( 9 1H)&!
)--%=<-%*1d+7.%=0aBFE%!*%6&" (%*B.28&-3)-9(8 8TH."7.1.) &) (1%64%7-3/(1*/()-"("!
'3/2<1/(1-.%!7) 38V, A" 71 7" H1&" *01) (1) <06 (/< " 4% /(- %!1<3"=)3,1)47/./41&" *%F1BO-%3!
. *3/4,8"&1/01-.%!=%-.,41%&-%8Y(82 DI$>>/311$>S!7/2<4"(13%) 7-"/(1/0!-.%!3%&24-"!
7)38/V,4"71)7"41%)(83IH"-.Id EEBT, *3/V,<%(- TR6(INT (%!H)&!1%V<4/3%*FI9/H%#%3D!-.%!
*0p&"3%*1<3/*27#)(8 TIH)&L(/-1/8-)"(%*1)(*1-.%1=):/31<3/*27-1H)&).".4,12(&-)84% (!

&"4"7)I'%41<23"0"7)-F(

ZF



o 2186

)J\/\/OH
DCC or EDCI-HCI
1 N LiOH DMAP
_ —_——
NH  THF/MeOH CHxCl,
25 °C, 30 min 25°C, 24 h
99%
OPMB OMe Ph
2.184 2.185

......

9/:&;8&' 14)'B--%=<-&!-/!-.%!&,(-.%&"&!/0!."(-3):/4%724)3!$"%B&*%3!&28&-3)1%88'

I

E%!)4&/1-3"%*1-.%!"(7/3</3)-"/(1/01)!<, 3)U/A%!=/"%-,\-/1)=)73/7,74%!#")PDaT
*<[4)317, TAI"-"1(HON <) UNA?) (Y%!H"-.1)(1)4?, (%FIS("-")44,D!-.%!&28&-3)-%! *)(52H)&!
*6&™ (Y61 7/(-)" (")) UI'3I2<Y (1-. %1 7)38IV, 4" 71) 71 & %) (*1)(1) 42, (%! (- %!
/- %318 *%!d+7.%=8FI9BR5!7/2<4"(1H"-.1)(1)="(%D!K6G*%<3/-067-"/(D!)(*I$S>!
7/2<4" (IH"- 1<3/<" (")) 7" I H%3%17)33"%*1/2-1-/1023("&..!-. %!*%7/3)-%*) U"*%!)4 2, (%!
%)(5% N&I1)I<3/*27-FI>/(#%3&"/(1/0!-. %! U™ 06F) (5% I'(-/1-. %+ )U/! *)(51IH)&!)--%=<-%*!
Y77/3* (11T ) (YW&I<3/T%*2BHY6#%3D!<3/<"/("71%&-%31H)&!., *3/4,U%*1*23"('1-. %!
3%)7-"I(F

ZN



O 2189 ) m

N Ns\)J\O NHATFA &

S__S
DIC “Ph
DMAP
o CO-H CH,CI v CH,Cl/H,0
2%12 221112
H ™ H 01025C,2h (\ 25iC,1h
84% OPMB 0._0O 92%

OPMB j/
2.62 2190 N

3

10

0]

% OH PPh,
DIC, DMAP NH THF/H,0, 25 iC
—_—x—
CH,Cl, then
0to25iC,2h sat. ag. NaHCO3

Ph

(@) o Oj/(h’h 25 iC (@) (0] Oj/h
\\|h/ Ny~ 2192 Th/ N7 2194 |

9/:8&;&" 1()'B--%=<-&!-/I-. %!&,(-.%&&!/0%)(5210/3!-.%!<,3)U/A%!"(&-)44)-"K

RIN#/™1-.9%). *3/4,8"&1<3/84%=DIH%!2-"4"U%*!-.%!)4?, (%! 7/=</2(*! *)54)&)!
&-)3-"('1=)-%3")41"(1H."7.1-.%!-3"<4%!8/(*IH)&!"(&-)44%*1)&1)1<3/<)3',41'3/2<!d+7.%=%!
aNeFI$>>17/2<4" (10! *)5AH"-.IN TU"*/) 7%-"71) 7"*1d) (53 €!"%4*%*1-. %!) U %) 42, (%(56!
"(1Q W1, "% 4*FIG, */<-"("1J)" (Y%WE!=%-./*DI-. %) U"*%!'3/2<IH)&!&277%&&0244,\ 7/(#%3-%*!
"(-11-. %" U/'3/2<1-/1023("&..18&:28&-3)-%! *)(57 FI9/HY#%3D!-.%!*%&"3%* <3MIBS IH)&!
(-1/8-)"(%*1</&&"8 4,1%2%!-/1- %14) 7210 ()7-"#)-"(I'3/2<)-1-.%li  T/&"-"/(}/0!

*<[4)3]<."A%F

Za



N

3

2.1
o™ e

PPh,

THF/H,0
25°C,35h

then
sat. aq. NaHCO3 o
25°C,17h
62%

Toluene
e
reflux, 17 h (0] (0] Ph
o}\(\g
N-y 2.198
H !

[
9/:8&;&" 1¥)B--%=<-1-/H)3*&!-.%!"(&-)44)-"/(/0))1<,3)U/4%!=/"%-,I-!)1=)73/7,74% °

*)%)%)3'<KK&>0,#&'B"L&Y%A"D"/,?"C>A

)" (1)7."%o#%*1-. %! 7/(&-327-"1(! IOIRIK T7/(-)"("(1=)73/7,74"71&2%4%-/(&D'H%!
0%6=8)32%*!/(1-.%!0"()4!*"#%3&"0"7)-"/(1&-%<!-/1023-.%31=/*24)-%!-.%\<.,&"7/7.%="7)4!
<3/<%3-"%&/01-.%8%!=)73/7,74%& ! d+ TeHeHE " 4%6E) 73/4)7-/(%! *)(1( IH)&!7./8%(!
)&1)(1%V)=<4%10/3!-.%!)<<%(*)'%!*"#%3&" 0" T(}&-%<D!-."&1=%- ./*17)(18%!)<<4"%*1-/I- %!
I-%31=)73/7,74"71&2%A4%-1(&FIR.%!2%-/(%!02(7-"/()4"-, Y (I- %!ROK!7/3961 (L IH)&!
%V <A/"-%*1)&1)1&, (-.%-"71.)(*4%!-/18%! 7/(#%3-%*1"(-/7)38/(,4D!.,*3/V/,DY/31/4%0" ("7!
02(7-"1()4"'3/2<FIR.%!2%-/(%¥)(1( IH)&!&-%3%b4%T7-"#%4,13%*27%*I-/) A T)44 18!
1)G9 - I"(1Qbw!,"%A4*FIS(1)**"-"/(D!-.%!2%-/(%!H)&!&277%&&0244,17/(#%3-%*F/1iDA

2(8)-23)-%1%&-9EB¥( 18,)19/3(%3 \E)*&H/3-. \1==/(&!3%)7-"/(IH"-.1=%-.,4!



*0/- A< 1&<.I(/) 7%-)-%F16%-.,4%()-"/(/0!-.%!?%-/(%! *)(1(!8,1:/=8)3*/  \R)?)"l
14%0"()-"/(* #1<3/*27%1=)73/7,74%) (55 H"-.1)1-%3="()4!/4%0"('3/2<!dN"wD!abw!83&=eF!
RI"=<3/#%!-.%!,"%4*DIE"--"F,<%!/4%0"()-"/(1H)&!)4&/1)--%=<-%*IH"- 1- %!7/=8"()-"/( !
101=%-.,4-3"<.%(,4<.I&<.I("2="*"*%l)(*]  1n-82-,44"- "2=F15(0/3-2()-%4,D!-."&!)--%=<-!

3%8&24-%* ] /H%3!,"%4* dPOwWelH"-.I"(8%<)3)84%!-3"<.%(,4<./&<."(%!/\"*%!)&!)!

8,<3/*27-F!
o)
A O H
o ,, HNTYO
o)\/Nm)VPh 2.131
o)
| MeO,C SF?’(OEt)
e
TMSCI, BrCH,CH,Br NaBH,, MeOH Nabt THE 2
Zn, CH,Bry, TiCl, -40°C,1h O?o 55 °C. 1 h
—4010 25 °C, 4 h ’
CH2 OH COQMe
: \
H O HOH O
0 , HNTO o ,, HNYO o
N Ph
Oéj‘\/ \H/K/ O)‘vN\[(K/Ph O}\/Nj(‘\/
0 o)
2.199 (24%, 35% brsm) 2.200 (95%) 2.201 (77%)
R'-OH R-OAc | _, o~ T T T

EDC-HCI, DMAP
CH,Cl,

‘HCI, BFyOEt, !
CHCl, | 7 AC(\;@V ‘
; 2 2.202 (55%) c !
o™ 0" 3
W 2.205 (29%) !
OAc :

2.203 (41%) AcO

ol
O H H 1
e} HN (6] M/\ - (o
H H 11 \i\ ‘
OZ‘VN\[HVP" o)‘\/Nj(‘V 2.204 (62%) 2206 (13%) |
o) o)

................................................

2.202-2.204 2.205-2.206 |
|

9/:&;&' 11)B<<%(*)'%!*"#%3&"0"7)-"/(1/0}-.%6£)73/4)7-1(% "*)(1( "



! R/1023-.%31%6V<)(*1-.%!*"#%38&"- 1/01-.%!=)73/7,74"714"83)3, DIH%! 7)33"%*!/2-1
)7,4)-"1()(*1'4, 7/8&,4)-"1(1/0!- %! &%7/(*)3,1)47/ /4! “*4AFIR."&1*%3"#)-"U)-"/(IH)&!

*OoH" &U6*1&" (7%!'4,7/&,4)-%*1/31)7,4)-%*1=) 73/4"%&1)3%!)82(*)(-1"(1()-23) 41<3/*27-&1)(*!

- %"31<.,&"7)A1<3/<%3-"%&!) (18" /4" T) A1) T-"#"-"%&1)3%!&" ("0"7)(-4,1*"00%3%(-103/=!-./&%!/O!
- %1<)3%(-17/=</2(*&F *4B7,4)-"/(/0! *)*44IH"- 17"-3/(%44"71)7"*DI&/38"71)7"*DI)(*!

QYA=""TN) T <B4 Yol*007/3)-%6%1=)7 317, TA%EY 4% \ ¥)*42F1[23-.%3=/3%D!

'4,7/&,4)-"I(1H"- ' 42718%61) 7%-)-%!) (1=)((/&%!) 7%-)-%!,"%4*%*1- %10" ()41 7/=</2(*!

K)*431)(H *)*46F

77



4"4"DF6+<%1=8&-<")%(#:1'/.0+0 #

B0-%3!-.%!7/(&-327-"/(1/01/23*%&" (%*1=)73/7,74%!4"83)3,D!H%!<%30/3=%"*!

7.9%="(0/3=)-"71)( )4,&%&!"(742*"(1<3"(7"<)A17/=</(%(-1)()4,&"&!dK>Be!)(*1<3"(7"<)4!

=/=%(-1/0!"(%3-")!dK6Se!-/1%%#)42)-%!-.%!7.%="7)41*"#%3&"-,!/0!-.%!4"83)IRF) 7."%#%!

-."&D1/231a’1=)73/7,74%!'4"83)3,1=%=8%3&!H%3%!7/=<)3%*!-/'b O&p644" (" &=) Z4/4%7 24%)!

*32'&!1d$32'1&%-eD!cb!*"#%3&%!()-23)4!1<3/*27-&!d1)-23)4IK3/*27-1+%-eD!)(*!1az!=)73/7,74"7!

()-23)41<3/*27-&!d6)73/7, 74" 11K +%-¢H."7.1)3%!&./H("" (\R)84%!P FI

R,.E&'()'>/=</2(*&12&%*!" (1<3"(7"<) A1 7/=</(%(-)) )4,&"&

Series Compounds
Abilify Coreg Imitrex Prevacid Toprol
Aciphex Crestor Januvia Protonix Tricor
Actos Cymbalta Lamictal Revlimid Valtrex
Adderall Diovan Levaquin Risperdal Wellbutrin
Drug Set -
Ambien Effexor Lexapro Serevent Xarelto
(50 Avandia Eliquis Lipitor Seroquel Zetia
compounds) Benazepril Flonase Lyrica Singulair Zocor
Celebrex Fosamax Nexium Sovaldi Zoloft
Cialis Gilenya Norvasc Tecfidera Zyprexa
Concerta Gleevec Plavix Topamax Zyrtec
Actinonin Cephamycin C Estrone Muscarine Spongistatin 1
Adrenaline Cerebroside FK228 Mycobactin S SQ26180
Adriamycin Coformycin FK506 Penicillin G Staurosporine
Amphotericin B Colchicine Forskolin Phorbol MA Streptogramin B
Apoptolidin Compactin FTY720 Plaunotol Streptomycin
IL\lraot:l:?:lt Arglabin Cyclosporin A Fumagillin Prostaglandin f2a  Talaromycin B
Set Artemisinin Cytochalasin B Geldanamycin Pseudomonic acid A Taxol
Avermectin Bla Dalfopristin Ginkgolide B Quinine Telomestatin
comg:?mds) Bestatin Daptomycin Lactacystin Radicicol Thienarnycin
Bleomycin Discodermolide Lipstatin Rapamycin Trapoxin B
Brefeldin A Duocarmycin A Longithorone A Reserpine Trichostatin
Brevetoxin B Echinocandin B Midecamycin A1 Rifamycin B Validamycin
Caffeine Epothilone A Mizoribine Salicylihalamide A~ Vancomycin
Calicheamicin G1  Ergotamine Monensin Scopolamine Vincristine

Zc



Calyculin A Erythromycin A Morphine Spergualin Zaragozic acid A
éff{%zﬁige(gl_svzp Cembrene A iaest(r)rl];r::?one Manzamine A Pristinamycin I1B
Macrocyclic Apicularen A Cladospolide D Jatrophane 1 Methymycin Sorangicin A
NP Aspergillide A Curvularin Kendomycin Neomethymycin Xestospongin C
Set Bacitracin A Cyanolide A Largazole Neopeltolide Zampanolide
36 Batatoside L Decarestrictine A1 Lasonolide A Nostopeptolide Al
compounds) Bryostatin 1 Fluvirucin A1 Leucascandrolide A Pinolidoxin
Budmunchiamine A Hypothemycin Lyngbouilloside Pladienolide B
Caspofungin Iriomoteolide 3a Mandelalide A Polymyxin B
2.128 2.144 2.161 2.173 2.202
THP-MC 2.129 2.148 2.162 2.175 2.203
Library 2.130 2.149 2.163 2.177A 2.204
Set 2.131 2.157 2.165A 2.177B 2.205
(@34 2.132 2.158 2.168 2.199 2.206
compounds) 2.133 2.159 2.169 2.200 2.207
2.136 2.160 2171 2.201

K>BI"&!)!-//41-)-128%8&!1)14"(%)3!-3)(&0/3=)-"1(1-'7/(#%3-1)1&%-1/017/33%4)-%*!

#)3")84%&.1d"(1&17)&%D!=/4%724)31H%" .-&D!</4)3!8230)7%!)3%)D!(2=8%3!/0'&-%3%/'%(" 7!

7%(-%3&D!%-7e!"(-/1)18&%-!/01#)42%&1/01<3"(7"<) 4 7 =<HIK>BH A4 H&I2&-/1#'&2) 4" U %!
=24-""=0(&" () A1¥)-)1" (-1 41 HY6 31" =% (&" /() 41&<) T%FIE%!%V)="(%*INO!&-327-23)41) (*!
<., &"TI7.%="7)41<3/<%3-"%&!/01PQb! 7/=</2(*&dR)8A%WIV)="()-"/(/0!-.%! 7/=</(Y%o(-!
A1) (&I (IK>BI"(*'7)-%*1-.)-1-.%1=)"(17/(-3"82-/3&1/0!-. %I K>P)\V"&1)3%!=/4  %724)3!
H%" - I(2=8%3Y/0!/V,'%(&!)(*!.,*3/'%(18/(*" (') 77%<-I3&D!H."4%!-.%!'3%)-%&"!
7/(-3"82-/3&1/01-. %!K>NIV"&1)3%!. *3/<./8"7"-)(*17)4724)-%*1)L2%/2&!1&/428"4"- F1S(!
K>PI#&FIK>N!<4/-DI-.%!=%=8%3&1/01/231=)73/7,74"714"83)3,1&."0-1"(1)|(%")-"#%!*"3%7-"/(
)4I('1-. %IK>PH\V"&17/=<)3%*1-/1- %18=)44 T=/4%T7 24%1*32'&D1 7/#%3" (1) 1*"&-"(7-13%"/(/0!

- 9617 .%="7)41&<) T9%!) (*17/(&"*%3)84, /#%34)<<"(IH"-.1=)73/7,74"71()-23)41<3/*27-!

&<)7%!d["23%NeF!S(I<4/-&IK>P#&FIK>ald["2BME!) (* K>al#&FIK>N!d["239RFeD!-.%
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I"#$%&(( )'K3"(7"<)47/=</(%(-1)()4,&"&dK>Be!)(*1<3"(7"<)4!=/=%(-1/0" (%3-")!
dK6Sel<4/-Bd elK>BI<4/-1/0IK>P#&FIK>NfleK>B!<4/-//0IK>P#&FIK>aflé!K>B!<4/-1/0!
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R,.E&'*)'+-327-23)41)(*I<.,&"7/7.%="7)41<)3)=%-%3&128%*I"(IK>B

Parameters

Description

Mw

Molecular weight

N

Number of nitrogen

(o)

Number of oxygen

XlogP

Calculated n-octanol/water partition coefficient

HBD

Number of hydrogen bond donors

HBA

Number of hydrogen bond acceptors

RotB

Number of rotatable bonds

tPSA

Topological polar surface area

ALOGPs

Calculated n-octanol/water partition coefficient (alt)

ALOGpS

Calculated aqueous solubility

nStereo

Number of stereocenters

R

Number of R stereocenters

S

Number of S stereocenters

RSdelta

R-S

nStMwW

nStereo + MW (stereochemical density)

Rings

Number of rings

RngAr

Number of aromatic rings

RngSys

Number of ring systems

RnglLg

Number of atoms in largest ring outline

RRsys

Rings + RngSys (ring complexity)

19%V-DIH%!7)33"%*1/2-1)IK6S!)()4,&"&!-/1%V)="(%!-H8%724)31&.)<%!*"#%38&"-,!/0!
- %1-%&-1 &IB[823%! PP*EIK3"(7"<)4!=/=%(-&!/01"(%3-")17)4724)-"/(& H%3%!<%30/3=%*!
28" (1-.%!6/4%724)31X<%3)-"(1(#"3/(=%(-!d6XID#NOP_FOPe!&/0-H)3%!<)77?)'%8,!/23!
7/44)8/3)-13D!-.%19)3'3/#%14)81)-1$229%!5("#%3&"- FIK6S!)()4,&"&!/0!-. 3% % (&."/()4!
8.)<%&I017/=</2(*&I<3I# % &) (1" (-2"-"H#%61*%& 7 3"<-"/(1/01=/4%T724)31&.)< Y6l <4/--%*1/(1)!
- 3%%R."*%%*1-3")('24)3'3 )<.IH"-.1-. 3%9%6196V/-3%=0%&!d3/*D!*"&?D!) (*1&<.543He D6(%3',!
7/(0/3=)-"1(&10/31%) 7.1=/4%T724%"(\-.%!7/=</2(*I&%-&IHY3%!7)4724)-%*1)(*1-. % (1<4/--%*!
1(1)1-.3%9% 8. *06*1-3") ('24)31=)<18/2(*%*18,17) (/("7)4!&.) <% &FR.%!*32'13%60%3%(7%!8%-!

4"%&N)4I("13* " ?%!) (1" &7’ ?%)VA%&F!IS(17/(-3)&-D1/231=)73/7,74"7'4"83)3,!&./H%*!
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*0/h73%)&%6* 3B " 2%17 3) 7-%317/=<)3%*-/1-.%!*32'1&%-DIH."4%!1%\V-%(*"(1=/3%!"(-/!
&<.Y%3T" 2%1&<) T%!) (*I/#%634)<<"('1H"-.1()-23)41<3/*27-&FIR.%!=)73/7,74"714"83)3,!

</&&%&&E&Y&!"(73%)&%*1=/4%T724)3!&.)<%!*"#%3&"-,17/=<)3%*| B&49sR 4% *32' &F

4" 4" BBY&I&F Yo IHK'13") %8 %
S(1/3*YBI-/1)&&I6&&!-. Y61 </-%o(-") AHON Yo(%3) YoA=) 73/7,74%14"83)3,10/3!7.%="7)4!
<3/8%1)(*1-.%3)<%2-"71*0#%4/<=%(-D!-.%!4"83)3,1=%=8%3&H%3%!&73%%(%*10/3!"(."8"-"/(}/0!
92.¢17%448&D!).%<)-17,-B963"#%*17)37" (=) 7%A4414" (%!d[ " 2BYFR %! 7%441#")8"4"- 1-% &
H)&!<%30/3=%+18,1/2317/44)8/3)-/3D!-.%!$%38,&.."3%!'3/2<1)-1$22%!5("#%3&"- FI$"=%-. 4!
&240/V"*%1) (*183%0%4*"(1BIH%3%!28%6*)&1)!(%')-"#%! 7/(-3/41) (*1)1</&"-"#%! 7/(-3/4D!
3%&<%7-"HYR%{!-. %!POO!~61/01%)7.1=)73/7, 74%!H)&!-3%)-%*1-/1-. %! 7) (7%31 7%4414" (%D!-.%!
3%6BA-1& [HY6H-)-17/=</2(*]  *)(711%V."8"-I-.%!=/&-1</-%(-!"(."8"-"/(}dQPwe!)=/("l-.%!
ROK T)73/7,74%&D!0/44/H%*18)(73 IdaaweF){28 IdaPweD!)(*)(*8 IdNcweF!R.%&%!0/23!
=)73/7,74%!=%=8%3&H%3%!</"(-%*!/(:-. %!K>B!)(*IK6S!<4/-&!d0" 2B FIS (1) **"-"/(1-/!
- 9017 ,-I-IV"T"-,1-%&-DI8" /41" T) A1%#)42)-"1(1/0!1- %IRIRT7/(-)"("(1=) 73/7,74%!4"83)3,I"(!
-3)(&73"<-"/(10)7-/13&D!<)-"%61:%3"#%*I\V%(/'3)0-1-2=/3&D)(*102() 41" (0%7-"/(&I&(!

<3/'3%&&F
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2.3 Conclusions
S(1&2==)3,DIH%!"(-3/*27%*!)(1)<<3/)7.10/3!-.%!"%(%3)-"/(1/0)!&-327-23) 44!
*'40/3&%!)(*17/=<4%V1=)73/7,74%!4"83B)&Y%6*/(1-.%!-) (*%=1)44,4"T\N"*)-"I(YIV) T
71(:2")-%!)**"-"[(YIV"*)-"1(13%) 7-"/(F[/3!-. %! &?%4%-) 41*"#%3&"- DIH%!2&%*!-. %! 7/2<4"("1/O!
PD&"-.")(%&!-/17."3)41%</V"*%&!0/44/H%*18,1-.%!-) (*%=!/\"*)-"I(YIV) T7/(:2)-%!
) (13%) 7-"1(1-1"(-3/427%1-%-3).,*3/< ,3)(&!-/!-.%!=)73/7,74"71&7)00/4*FIIV<)(&"/(!
101-.9%!8&2%4%-) 41" #%3&"-,1/01=) 73/7, 74%&!H)&!) 7 ."%#%*18,1=/*"0"7)-"/(&!"(13" (1 &"UYeR.!d P"
-a_ T=%=8%3%*13"('&eD!&7)00/4*&D!)(*1*%'3%%!/0&)-23)-"/(F!B!*"#%3&%!&%-!/0!
=)73/17,74"U)-"1(13%)7-"/(&!H)&!&27 7%&&028AY <4/"-%*1-1"(7/3</3)-%!#)3"/2&!
02(7-"1()4"-"%&"(-/'=)73/7,74"71&?%4%-/(&F'R.%!RIK&!"(1=) 73/7,74%&!H%3%!023-.%3!
%4)8/3)-%*IH"-.1)<<%(*)'%&!&27.1)&!)7,41)(*I'4,7/&,41'3/2<&!-/\%V<)(*I-. %!
<., &"TI7.%="7)41<3/<%3-"%&!/0!=)73/7, 7A%&F'>.%="(0/3=)-"7!) ()4, &ABt=/(&-3)-%*I-.)-!
1231=)73/7,74%!4"83)3,17/#%3&!)*"&-"(7-17. %="7)41&<) 7%! 7/=<)3%*!-/I-. %! 7/(#%(-"/()4!
*32" T"2%!8&<)7%DIH."4%!&"("0"7)(-4, /#%34)<<"(H"-.1=)73/7,74"7()-23)41<3/*27-1&<) 7%F!
+"(7%!-.%3%! %9} 82=8%3!/013%)*"4,1)#)"4)84%!7."3)41%</\V/"*Y&RO02(7-"/()4"U%*IPDar
1 ") (%&DIHY%!%V<%7-1-.)-1/231)<<3/) 7.17)(18%!%)&"4,19%V <) (*%*1-1)14)3'%3!1&"U%!/0!
=)73/7,74%!4"83)3,IH"- )" 14%#%41/01&-327-23)41*"#%38&"-F16/3%/#%3D!"-1"&!0)"34,!
&-3)".-0/3H)3*1-/1"(7/3</3)-%!&-327-23)44,1=/3%!7/=<4%V1-%-3).,* 3/<,3)(&!"(-/!

=)73/7,74"718)7?8/(%&F $+-( AR "&!(%H!&%-!/01=)73/7,74"7'7/=</2(*&!H"441<3/#"*%)!



#)42)84%!"(&" .-&I0/31()#™)-"(1)183/)*%318"/4/" 7)A1&<) T%!-.)-1.)&!8%%(!"(-3)7-)84%!
28" ('1-. %7/ (#Y%(-"1()41&=)A41=/4% T24%8&IF

cb



2.4 Experimental Sections
A"E"H+1+-'#,+)6&B0 #

B4413%)7-"/(&!IH%3%! 7/(*27-%*1" (#T68"%6*!'"4) &&H) 3%! 2 (*%3("-3/ % (F!5(4%&&!
- %3H"&9%!&-)-%6*1)4413%) %6 (-&!HY63%!<237.)&%*103/=VBB7 ") 4182 <<4"%3&!) (1 28&%*]
H"-./2-1023-.%31<23"0"7)-"/(FIB441&/A#%(-&!H%3%!B=%3"7)(1>.%="7)4!+/7"%- |dB>+e!'3)*%!
1318%--%31)(*128%*1H"-./2-1023-.%31<23"0"7)-"/(1%V 7%<-1-%-3).,*3/023)(!|dR9[eD!H."7.1H)&!
03%8&..4,1*"&-"44%*103/=1&/*"2=Y 8%(U/<.%(/(%!%)7.!-"=Yi0EI0! 28%F!B()4,-"7)41-." (14),%3!
7.3/=)-'3)<.,1dR;>e!H)&!<%30/3=9%*IH"-.I'4)&&!8) 7?%*1&"4"7)'%41dZOlje!<4)-%&!H"- !
042/3%&7%(-1"(*"7)-"I(\dE.)-=)(eF!]"&2)4"U)-"I(1H)&!) 7 7/=<4"&.%*18, 15]1"33)*")-"/(1)-!
Nb'I(=DV/318,1&-)"("(1H"-.1  pT)("&)4*%. *%!&/42-"/(1/3! </-)&&"2=1<%3=)(")()-%!
&142-"/(10/44/H%*18,1.%)-"('FI[4)&.17/42=(17.3/=)-I'3)<.,1H)&!<%30/3=%*18,12&" '
&"4"7)'%A41d<)3-"74%!&"U%INaO" 00!=%&.D!Z0!jeF!B44! PR BIB)[H.<%7-3) H%3%!
3%7/3*%*IH"-.1)]])3")( 00!d 00!69Ue!) (*1)!1G32?%3!b00!dbO0!69Ue!&314T-%3F!B44!
16JIE1#)42%8&1)3%! " #%(1" (1<) 3-&!<%31="44"/(\d<<=e!)(*)3%!3%0%3%(7%*!-/!- %!3%&"*2)4!
"&J-1<I=%31&IA#Y% (118" () A& d>9> 4@ ICFNZ!<<=D!>$9X$@b!t!aFaP!<<=DI>&+dXe>9%$ «@!
SHINFbO!I<<=DI>®>1@BPFQ 1<<=el0/3D116J!&<%7-3)D!/3!-.%!&/4#%(-1&" () 4&10/3b!
&<%T-3)FI>/2<4"(17/(&-)(-&de!)3%!"#%6 (1" (19%3-Uld9Ue!) (*1=24-"<4"7"-"%&!)3%!" (*"7)-%o*!
28" ('1-. %! 71(#Y%(-"1()41)883%#")-"/(1d&!t!&" (‘4%-D*It1*/284%-D!-It!-3"<4%-DIL!t!L 2)3-%-D!=!t!
=24-"<4%-1/31/#%34)</0! (/6L 2"#)4%(-13%&/()(7%&D!83!1!183/)*eF!14%7-3/&<3),1"/("U)-"/(!

di+Se!=)&&!&<%7-3/=%-3,!d6+e!H)&!3%7/3*%*IH"-.1)(\B"4%(-'PPO0!&%3"%&!d;>Y 6+3$!-3)<e!
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&<%7-3/=%-%3!)(*1<%30/3=%*1-/1/8-)"(1-.%!=/4%724)31=)&&%&!/0!-.%!7/=</2(*&F!S(03)3%*!
dSJe!)8&/3<-"/(1&<%7-3)IH%8%6-%3="(%*IH"-.)|R.%3=T"&.%3!d1"7/4%-1ZcOOe!
&<%7-3/=%-%3FIX<-"7)413/-)-"1(1#)42%&IH%3%!=96)&23%*IH"-.1)|J2*/4< 1 J%&%) 37 !
B()4,-"7)4!dBNPPON!BKSYPEe!</4)3"=%-%3F

A"E"4H+1+-THA-&(+B3-+0 #

GCS$KE">#CD'(@L?:",>&',>0'1KCI"0&'+XT(-

RINI7/14%1d\ c_I{>e1842-"/(1/01)(1)44,4"7))47/./41dPFO%L2"#e!"(\RI[Y 96KB!dPOYPD!OFOD!
BelH)&!)*6*1*3/<H"&%! +1G2;"IdPFC!B!"(1<%(-)(%D!aFbl%L2"#eFIR.%!3%&24-"(1="V-23%!H)&!
&-"33%*10/31b!1="(18%0/3%!%</\/"*%!dNFO!%L 2"#eIH)&!)**%*FIB0-%3!&-"33"(10/3tPD!)-!

- 96139%6) 7-"/(1="V-23%!H)&IL2%(7.%*IH"- .1&)-23)-%*)L2%/2&! 19>41) (*I*"42-06*IH"- |
I-XB7F!R.%!4),%3&!H%3%!&%<)3)-%*D!)(*I-.%!)L2%/2&14),%3!H)&!%V-3) 7-%*H"-.1I-XB7F!R.%!
7/=8"(%*1/3)("714),%3& H%3%!H)&.%*IH"- 183" (%D!*3"%*!/#%631)(.,*3/28&!1) oo+ X' DI)(*!
71(7%(-3)-%*lin vacuoFR.%13%&"*2%IH)&I<23"0"%6*)&!" (*"7)%*F

<EEFE"/'MJ"0,?"C>Q'M@E>Y$#,2&'<00"?"C>Q'MJ"0,?"L&|A?8%"D"/,?"C>', >0'ZFO%CEFA"A’
+XT*!

[<EEFE"/'CJ"0,?"C>VM@C>Y$#,7&',00"?"C>VMI"0,?"L&'&A?&%" D"/, REP&/A2-"/(1/0N)(!
)44,4"7)47/./14dPFO!%L2"#e!" (133kMdOFP!6e!H)&!)**%*16(X 4dbFO!%L2"#eD!)(*!-.%!
3%&24-"("="V-23%!H)&!&-"33%*!0/3!b!.1)-INb!{>F!B(!)**"-"/(1/0!6(XAdbFO!%L2"#e!H)&!

3%<9%)-%*!-.3%%!-"=9%&!%6#%3,1al.FIE.%(I-. %!&-)3-"(1=)-HP)F/=<4%-%4,17/(8&2=%*D!)!
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="\V/-23%1/01*"=0%-.,4-3")U/4"2=1"/*"*%IdOFN!%L2"#eD!$G5!dPFN!%L2"#D!OF RIGE (49

6(X AdbFOI%L2"#e!)(*16%X9!dbFOI6L 2" #el" (=BIH)&!)**%6*1" (1/(%!</3- "/(FIBO-%3!
&-"33%*1)-1-.%1&)=%!-%=<%3)-23%!0/3IN"1.D!-.%!3%) 7-"/(1="V-23%!H)&!0"4-%3%*!-.3/2' .1)1<)*!
101>9%4"-%!) (X1 7/(7%(-3)-%%h vacuoFIZFO%CEFA"R\%!3%&"* 2% H)&1*" &&/4#%6*1" (!
RI[Y6%X9Y9 «X!dNYPYPD!OFP!6e!H)&!)**%*1:"X9!dPFO!64{[DaFO!%L 2" #e!)- NBIB0-%3!
&-"33%*1)-1-.%618)=%!-%=<%3)-23%!0VBIPD!-.%!3%) 7-"/(1="V-23%!H)&! 7//4%*-\O}{>D!
)7""0"%*IH"- IP1119>41dPO1%L 2" #e D) (*1*"42-%*IH"- 1> 4FIR.%!4), %3&!H%3%!&%<)3)-%*D!
)(*1-.%!1)L2%/2&14),%3!H)&1%V-3) 7-06*IH"-.1>3>4FIR. %! 7/=8"(%*!/3)("714),% 3&!H%3%!
*3"06%1/#9%31)(.,*3/2&11) o+ X: )(HTI(T%(-3)-%*! in vacuoFIR.%!3%& " *2%!H)&!<23"0"%*1)&!
"(*'7)-%*F

Z<R]'<;"0& GC$KE">#HE,/[?"C>+XT1- '
RI1)I&/42-"1(1/01)17)38/V,4"71) 7"*IdPFOI%L 2" #e!" (1>8>44dOFP16e!H%3%!)**%6*1)="(%!dPFN!
%L 2"#eDI9BR5!INFO!%L 2" #eOKBLI-IdbFO1%L 2" #e!)-IND{>F!B0-%3!&-"33"('| 0/BIP.)-!
Nb}{>D!-.9!3%) 7-"/(1="V-23%!H)&!7/(7%(-3)-H*bacuoFR.%! 3%8& " *2%!H)&!<23"0"%*1)&!
"(*'7)-%*F

TU='B&K%C?&/?"C>'+XT2-

R/1I&/42-"1(1/0 1)! K6G K3/-%7-%*1)47/./4dPFOI%L2"#e!"(138bY %X!dPOYPD!OFP!6e!H)é&!

)*96*1$$0!dPFbI%6L2" #e!"(1/(%!</3-"/(FIB0-%3!&-"33"('-.%!3%)7-"/(1="V-23%!)-INb!{>10/3!P!



DI-.9613%) 7-"/(1H)&IL2%(7.%*IH"-.18)-23)-%*)L29%/2&!1)9>X &)(*1*"42-%6*IH"- 1%V 7%&&!
9 WXFIR.%!3%8&24-"('1="V-23%!H)&!&-"33%*1#"/3/2&4,10/3!P!. F JRABIIHY63%!8%6<)3)-%*D!
)(*1-.%!)L2%/2&14),%3!H)&!%V-3) 7-06*IH"- I>3>4FIR. %! 7/=8"(%*1/3)("714),%3&!H%3%!
H)&.%*IH"-.183" (%D !*3"%*1/#%31)(.,*3/2&!1) wX: DI)(*17/(7%(-3)-%*!in vacuoF!R.%!

3%&"*2%!H)&!<23"0"%*N)&!"(*"7)-Po*F

ZFO0%CEFA"A'+XT3-

R/NI&/A2-"1(ON) (! %&-%3!dPFOI%L2"#e!"(\RE[NRY PD!IOFP!6e!H)&!)**9%6+1:"X9IdPFO!6!"(!
9 «XDINFO!%L2"#e!)-IND{>FIB0-%3!&-"33"(1)-!-.%!&)=%!-%=<%3) \IBohDI3HR!3%) 7-"/(!
="V/-23%IH)&!7//4%*-|O{>D!)7"*"0"%*IH"- IP1119>41dZ1%L 2" #eD!) (*1*"42-%*IH"- . 1pF!
R.%14),%3&1%43%!&%<)3)-%*D!)(*-.%!)L2%/2&14),%3!H)&!%V-3) 7-%* Hi> 4R %!
7/=8"(%*1/3)("714),%38& H%3%!*3" % /#%3!1)(.,*3/2&11) w+X: 1)(*17/(7%(-3)-%*! in vacuo.!
R.%6!3%6&"+296!H)&!<23"0"%6*1) &!" ("7 )106*F

UN=< @&0",7&0'U,/%CE,/2C>"P,?"C>'+XT6-

R/1)!&/42-"1(//OIN T=%-.,4 TZT"-3/8%(U/"71)(.,*3"*%!d61GBD!PFN!%L2"#e!"(1>95>4dOFOON!
6e!H)&!1)**%*1$6BKIANFDI%L2"#eF!BI&/42-"/(1/0)&% TN 7"*IdPFO!%L2"#649 +»>44dOFO0a!
6e!H)&I&A/HA,1)**0/6*1-/1- %13%) 7-"/(1="V-23%!/#%3IPOLI#"))*3/<<"(102((%4!)-IND{>F!
B0-%31&-"33"(10/31)**"/()41Q\ a_!.D!-.%!3%)7-"/(1="V-23%!H)&! 7/(7%(-3)-%tlvacuoF!R.%!

3%&"*2%!H)&!<23"0"%*N)&!"(*"7)-%o*F!



(QIB"?:",>&'B&KY%C2&/?"C>'$A"># ULWVG GMT7+

R/1)I&/42-"/(1/01)! PDE"-.")(% T&3/-%7-%*12%-/(WPFO!%L2"#e!"(16%>1¥adaYPD!OFOb!6e!
H%3%!)**9%6%)>X ldbFOI%L2"#e!)(*16%S!d O1%L2"#e!"(1)!|8%)4%*!-28%!)-IND{>FIR.%!3%&24-"('
&28<%(&"I(IH)&I&AIHA,1.9%)-%*1-/I" O1>1)(1&-"33%*10/3\¢_!.FIR.%!3%)7-"/(1="V-23%!H)&!
7114%1-/'3//=1-%=<%3)-23%D!) (*-.%(1*"42-%6*IH"-.1>9 +>4FIR.%!3%)7-"/(1="V-23%!H)&!
0"4-963563/2".1)1<)*1/01>%4"-%!)(*17/(7%(-3)-%*  in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*1)&!
"(*'7)-%*F

R=9'B&K%C?&/?"C>'+XT8-
RIN)!7//4%*1dOY>e!&/42-"/(1/01)RGA<3/-%7-%*1)47/./4dPFO%L 2" #e!"(IRO[IdOFOal6e!H)&!
)**%6*IRGB[!dPFO!6!"(IRI[D!PFNI%L2"#e!*3/<H" &% FIBO=%B0.%!3%) 7-"/(1="V-23%!H)&!
)44/HY%*1-/1H)3=1-/INDI{>1) (*1&-"33%*10/3!b\ PZ!.FIR.%!3%)7-"/(IH)&!L2%(7.%6*18,[)**"(
PVN!*3/<&!/019XB7FIR.%!="V-23%!H)&! 7/(7%:(-3)-%tlvacuoD!)(*I-. %!3%&"*2%! H)&!

<23"0"%*N&!"(*"7)-%*F

RCAFE,?"C>"+XT5-

R/IM&/42-"1(1/0N)(1)  47/./141dPFO!%L2"#e!"(1%84«dOFb!6e!H%3%!)**%F/42%(%&240/(,4!
7.4/3"%!dPFN!%L2"#eD!-3"%-.,4)="(%!dNFb!%L2"#eD!)(*!$6BKIdOFP!%L2"#e!)-INb {>F!B0-%3!
&-"33"(")-!-.%!&)=%!-%=<%3)-23%!'0/3!P!.D!-.%!3%)7-"/(!="V-23%!H)&!*"42-%*1H'%*%D

)19 oXFIR.%!4), B8&IH%3%!8%<)3)-%6*D!)(*!-.%!)L2%/2&14),%3!H)&1%V-3) 7-%* HS 450



R.%!17/=8"(%*1/3")("714),%3&!H%3%!*3"%*1/#%631)(.,*3/2&!1) X )(*17/(7%(-3)-%*! in
0acuoFIR.%13%8&"*296!H)&1<23"0"%*1)&!" (*"7)-%*F

[

<P"0,2"C>"+XT(4-'

R/1)!&/42-"1(1/01)!-/&,4)-%*1)47/./AIdPFO%2" #e!"(1>9 54 OFb!6e!H)&!)**06*&/*"2=]
)U"%!daFO!%L2"#e!)-IND{>FIR.%!3%)7-"/(1="V-23%!H)&!&A4/H4,!.%)-%*1-/bOL{>1)(*1&-"33%*!
0/3!PL.FIR.%!3%) 7-"/(1="V-23%!H)&!7//4%*1-/'3//=1-%=<%3)-23%!) (*|*"42-%*IH"- 1| -XB7!
)19 oXFIR.%!4),%3&!H%3%!&%<)3)-%*D!)(31)(95!4),%3!H)&!H)& % H"-.19  oX!
&%6#%3)41-"=%&FIR.%!3%8&24-"('1/3')("714),%3!H)&1*3"%6*1/#%31)(.,*3/ 28K ) (*!
71(7%(-3)-%*lin vacuoFIR.%!3%&"*2%IH)&1<23"0"%*)&!" (*"7)-%*F

G$+V@®?, EFP&O'<P"0&V<ESF>&'GF/EC,00"2"C>'+XT((-

R/I&/42-"1(1ON)! 4"(%)31)U"*Bp4?, (%' dPFOI%L 2" #e!"(1*3,IRI[IdOFOOP!6e!H) &) 196!
K3dI-ldaFO!%L2"#e!)-INb!{>F!B0-%3!828841B/2" |- %!&/42-"/(10/3!Pb!="(D!>2S!dNFO!
0L 2" #elH)&1)**06*1)(*1-.%13%) 7-"/(1="V-23%!H)&!.%)-%*1-/13%042V!0/3IRQF!R. %!
="\/-23%!H)&!7//4%*1-/B//=1-%=<%3)-23%!) (1 7/(7%(-3)-%*! in vacuoF!R.%!3%&"*2%!H)&!

<23"0"%*N&!" (*"7)-%*F



(QIB"?:", >&'B&KYC?8&/?"C>'$SA"M@6C;CAS//">";"08& +XT(*-
RINI7//4%*1dOY>e!&/42-"/(1/01)IPD&E"-.")(% &K3/-%7-%*12%-/(WPFO%L2"#e!"(16%>1%9
d"YPD!OFOa!6e!H%3%!)*RINDT%!dPZ!%L2"#e!)(83/=/&277"("="*%!d_FO!%L2"#eF!
B0-%31&-"33"(10/3!Pb!="(!)-1-.%!&)=%!-%=<9%3)-23%D!-.%!3%) 7-"/(1="V-23%!H)&*"42-%*IH"- !
>9 o> 4D!)(*1-.%13%)7-"/(1H)&IL2%(7.%18,1)**"(1&)-23)-%*1)L2%/2&!1)9>X  &FIR.%!
4),%38&IH%3%!8%<)3)-%*D!)(*I-.%1/3)("7!4), %3!H)&H)&.%*1H"-.1&)-23)-%*!)L2%/28&!

1)9>X  )(*1&)-23)-%*1)L2%/28&11) ssX eFIR.%613%8&24-"('1/3")("714),%31H)&1*3" %1 /#%3!
)(,*312&11) o+ X )(HTI(T%(-3)-%*! in vacuo.|R.%!3%& " *2%!IH)&!<23"0"%*)&!" (*"7 ) 06*F
H'>#@ECA">#&2,2:8A"A+XT(1-

BI*'06(%!dPFO!%L 2" #e!H)&!*" 8 &/4#%*I58A8OFOOP!6e!)-INb{>FIM32888M4(%63)-"/(!
7)-)4,&-1dPO!=/4we!H)&!)**96*D!1)(*1-.%!3%) 7-"/(1="V-23%!H)&!.%)-%*!-/13%6042VFIB0-%3!
3%042V"('10/3!R@Q!.D!-.%!3%)7-"/(1="V-23%!H)&! 7//4%*1-/IND{>1)(*"2%%- ., 41&240/\/"*%!
dvPO*3/<&e!H)&!)**%*1-/1-. %!&/42-"(FIBO-%3!PC!.D!-.%!3%) 7-"/(1="V-23%!H)&! 7/(7%(-3)-%*!
in vacuo.IR.%!3%&"*29%!H)&!<23"0"%6*)&!"(*'7)106*F

BGG'GCSKE">#'+XT(2-

R/1)!&/42-"1(1/01)(1)47/./41dPFOI%L2"#e!"(1>9:> 4dOFOb!6e!H%3%!)**%*1) 7"+ dRER#eD!

NINK*"'7,741.%V,47)38/*"'="*%!dPFN!%L2"#eD!)(*!$6BK!dOFP!%L2"#e!)-INb!{>F!B0-%3!&-"33"('!



0/3!IPXNOL.1)-1-.%18)=%!-%=<%3)-23%D!-.%!3%)7-"/(1="V-23%!H)&! 7/(7%(-B)-Sti0.!R . %!

3%&"*2%!H)&!<23"0"%*N)&!"(*"7)-Po*F !



A'E' DB+, +<?+-0H&=H)6+#8+)-'6.B-&9.-'1 @&1)'%1%1F#, (-&(.(/%(#
067-"- # #

(o]
(o]
(@]

HOH HOH HOH HOH HOH
HN™ S0 07 NH 0 HNSo o, HNTYO o , No
W/& N OBn O)\/NW

0

g

(0] o
2.128 2 129 2.130 2.131 2.132 2.133
(9 steps) (9 steps) (9 steps) (9 steps) (9 steps) (9 steps)

o O o

H O RO Ho_.\ " o o K\/l\)jl

HN" o HO 07 NH TN 07 NH N/N | HN TS0

O\[H % 0 N O Nj\/om/‘\/

0 (o] O
2.144 2.148 2.149 2.157 21 58
(10 steps (10 steps (10 steps (10 steps) (10 steps)

from 2.56 and 2.57B)  from 2.56 and 2.57B)  from 2.56 and 2.57B)

o (0]
NN o Ay < j\ fjj &
N A OH “\< H H /¥0 p
N HN" S0 o HN o N " O
N o%osn g \\\ _
o) 0 ° NN
2.159 2.163 2161 ©
(10 steps) (12 steps) (10 steps)
o)
N\\\ ﬁjj OBn
s H&O H O H

o
0 (0]
040 b o o O(\/iu\)jHl " H o H hOH A OH
0 NHT o O~ "NH (¢}

HN" 0 1 HN"S0 "o | HNTTO
o o)
o LY nh ON N o AN
Xx_ 0 0N 0 o) H HN_\__O Ph o)

2173 2175 2177A 2.177B 2.199
(9 steps) (10 steps) (11 steps) (11 steps) (10 steps) ]

I"#$%&(2)'R.%!=0%=8%3&!/0!-.%!-%-3).,*3/<,3)(T7/(-)"("(1=)73/7,74"714"83)3,!
d7/(-"(2%*1/(1(%V-1<)'%f1-.%! (2=8%31/0 1&,(-.%-"71&-%<&IH)&!7/2(-%*103/2)36!)(*] *)37<!
2(4%8&&/-.%3H"8&%!&-)-Yo*eF



(\/J\/Sze WW J\/\M/\

H
N 71)\/ Ph )\/ N Q ©  n oy
o o N Ph N N
o 02\/ 04]'\/ O)\/
2.200 2.201 2.202 2.203 2.204
(10 steps) (10 steps) (11 steps) (11 steps) (11 steps)

2.205 2.206 2.207
(11 steps) (11 steps) (8 steps) |

I"#$06&(2'+/C>?">$&0-R.%!=%=8%3&!/0!-.%!-%-3).,*3/<,3)(T7/(-)"("('=) 73/7,74"7!
4"83)3,1d-.%!(2=8%31/01&, (-.%-"718&-%<&!H)&!7/2(-%*103536') (*! *)37<' 2(4%&&!/-.%3H"&%!
&-)-%*eF



A"E"B5.1)6+)%(#A-&(+B3-+0#1B#: 11 )%(I#))  #

(\ t-BuLi S S

THF/HMPA (10:1)

o o} S__S
+ b78iC,1h
X 67% H
PMBO OH H
2.56

2.57A OPMB 2.58

+,(-.%8&"U%*103/=1)44,4"YA7/./4! *)36" [dNFaP!'DIPNFP 1==/4e!)(*1%</\"*487<( [dbF O!'D!

N EN_I==/4e!)77/3*"(1-/! XT( FIK23"0"7)-"/(18,1&"4"7)104)&.87=)-/'3)<.,!
d.%V)(%&Y1-XB>D!PYPe!)00/3*%**)BBldaFaz!'D!Zcwe!)&!7/4/34%&&i6" 4@ PPFNI@FOD!

>0>4 f1SJId(%)-e@'%!la’ OOD!NQaND!PbPND!P " OD!PN ZD!P@ NI 6PQ!0O!69UD!

>$>4 b CFNZ!dJm!_FZ!9UD!N9eD!ZF_[id*BF!9UDIN9eD!bF _NIPBFOD!ZFQ!9UD!P9eD!bFcO!
d*-DMt!PPF DIcF 19UD!P9eD! F " 1d&D!N3eBNEReD!P9eD! FER |d=D!P9eD!aFED 1d=D!
P9eD!aF_O!d&D'a!9eD!aFZa!d83!&DHdemiaD e DINFQ |d83!&D! ROUBMREDI 9e INF ZZ!

d**DJ t!PbFND!ZF_!9UD!P9eD!NFNORHFPD!QFP!9UD!PI94INPOQE=D!a9e D! d=D!
N9eD!PRINFZO!d=D!Ngefl16J!dPNb!69UD!>$>4 b!PhQFPD!PaPFQD!PaOFaD!PNQFaD!PNZFPD!
PPaFcD!cNFbD!ZQFQD!Z_FaD!b_FPD!bbFND!bPFQ@BNBADEPEMNBECEDMD R faxse

N6xX1)0 217)47+10/31>%9 wX +i abFPZa fl0/2(*@! abFPZ! PF

+BuLi
o S__S THF/HMPA (10:1)
HT L —78°C, 1 h
“0TBS g
54%
NS

PMBO H

2578 2.56 PMBO TBS 259



+,(-.%8&"U%*103/=1)44,41)47/./4%)36" [dbON!='DINFZa_!==/4e!)(*1%</V"*$)87=C IdPF_Z!'D!
bENCZ!==/4e1)77/3*'(1-/! XT( FIK23"0"7)-"/(18,1&"4"7)104)&.17.3/=)-I'3)<.,!
d.%V)(%&Y1-XB>DINYPe!)00/3*a5!dch 1='D!b we!)&!17/4/34%&&! /1 1\ _FPHPFOD!

>9>4 f1SJ1d(%)-e@%!NQaOD!N_bbD!PbP'D!IPN’_D!PPOOD!POa BHlahiidky !

69UD!>$>4 eBIcFNZ!dM!_FclOUD!N9eD!ZF _gitHBiZ!9UD!N9eD!bF_PIH¥PBFbDIcFO!9UD!
P9eD!bFcP!df4DPPFaD!cFN!9UD!P9eD! F c!d&DINTEIH EEMNIN9eD!AFEPO!d=DIN9eD!aF_P!
d&D!a9eD!aFZP!d&D!P9eD!RIBGFOD! FZ!9UD!P9eD!aF JMGFQD!bFZ!9UD!PISINNEZ
d=D!b9eD!NFcN!gH#BbFND!ZFc!9UD!P9e D!NE&ZENDUD!P9eD!INFPcJPDFOD!_F 19UD!
P9eD!PR NFOb!d=D'a% DN¥eth!d=D!N9eD!OF__!d&D!Q9eD!OFOQ!d&D!a9eD!0FIDZ!d&D!agef!
dPNb!69UD!>$>4b!PbQFND!PaPFQD!PaOFPD!PNQFbD!PNZFbD!PPaF_D!c'FPD!caFPD!cOFaD!ZZ|
bNFPD!'bFPD!'aFND!aZF _D!NZFaD!NZF NP DBED Ri5o06! Rhi/ze @n6x1)67)47*10/3!

> ( X-+s"IbZDFN™_fl0/2(*bZbFN bPF

1. MnO,, CH,Cl,, 25 °C, 18 h
A then, dimethyl triazolium iodide A
S__S DBU, MeOH, MnO,, 25 °C, 24 h S__S
2.1 N LiOH, THF/MeOH/H,0O
25°C,17h
0 N"0H 0 COH
H Il| 87% for 2 steps H H
Opmp 258 OPMB 262

+,(-.%&"U%*103/="*"/4*)38IdNFba!'D!ZFPaN!==/4e!)77/3*"("I-HT* FIK23"0"7)-"/(!8,!1&"4"7)!
04)&.17.3/=)-/'3)<.,!1d>9 >4 6%X9D!a0YPe!)00/3*%*17)38/V,4" 7 Y64 IdNFN_I'D!_cw!
0/3IN!&-%<&e!)&!7/4/34%&E0"4RdFatdPFOD!>92!SJ!d(%)-e@!¥!NQacD!NQacD!NazOD!

PcPND!PbPaD!PN cD!POQOD!POAfD! 18ld7©0!69UD!>$>4 «b!cFNecFNc!d=D!N9eD!



ZF_cld*DIcFQI9WDIN9eD! F N!d&D!N9&DFNFP=D!P9eD!aFae_c!d=D! 9eD!aFaFbO!d=D!
N9eD!NRAIFQ_!d=D!'9eD!NFbZId#®BECcD!cF_I9UD!P9eD!NF ] ttPHBLD! FQ!9UD!P9eDINFa'!
d*Djlt!PaFc!9UD!P9eD!NNIFEIN!d=D!P9e DRFQ"!d=D!N9eD O |d=D!Z96p!16J'd PNb!

69UD!>$>4 eB!PcbF_D!PbQFPD!PaOFZD!PNQF D!PNQF D!PPaFQD!PPaF_D!cNFcD!cNFbD!ZQF D
*cF_D!'aFPD!'NFbD!"OFbD!aNFND!NZFOD!BEED! MitFe @ ! NBELR7)47*10/315%9 sl -4

“QFP a_flo/2(*" QFP aQF

[

1. MnO,, CH.Cl,, 25 °C, 18 h
then, dimethyl triazolium iodide
DBU, MeOH, MnO,, 25 °C, 24 h

2.1 N LiOH, THF/MeOH/H,0
25°C,24h

68% for 2 steps

PMBO TBS 259 PMBO TBS 263 |
+,(-.%&"U%*103/=¥)35!dcOO!="DIPFN_Q!==/4e!)77/3*"("\-/XT* FIK23"0"7)-"/(18,1&"4"7)!
04)&.!7.3/=)-I'3)<.,!d>9 >4 6%X9DINOYPe!)00/3*61d"__ I='D!Z_w!0/3!N!&-%<&e!)&!
714134%&&\ "M@ \ NFb&tPFOD!>92ef!SJ!d(%)-e@!%!'NQaOD!IN_b 'D!NaZOD!PcPND!PbPaD!PN"_D!
POQ_D! azPi9!16J!d O0!69UD!>$>4 «b!cFNb!d*M!_F!9UD!N9eD!ZF ZNi*HZ!9UD!

N9eD!"F 'Id&D!N9eD!" FPZ!dft*FPFZD!cF D!bF DINFc!9UD!RIEONIEON!N9eD!aFcQ!d&D!a9eD!
aFN\ aFbO!d=D!N9eDWN#AZc!d=D! 9eD!NFbajtt*FbF _D!cFc!9UD!P9eD!NF N¢PtsBED!bFa!
9UD!P9eD!NFa’ [#tPaFZ!9UD!POeD!NFP!tidPar 19UD!P9eD!PNBNb!d=D!N9eDI\PFE) !
d=D!"9eD!OF_c!d&D!Q9eD!OFOb!d&D!a%9eD'O#F T IEPNa%RRIUD!>$>4 «b!PcbFcD!PbQFND!

PaOFcD!PNQF D!PPaF_D!c'FPD!caFOD!ZQF_ D) PdRBENBIEF DFQD!"OFZD!NZFOD!NbFQD!



NbF_D!P_FND!e'FaD!s FZfl9d6el@'n6x1)87)47*10/3!>69 - X (+ost"IbcQFNN PfI0/2(*!

bcQFNN&ZF
I
Y 1. MnO,, CH,Cly, 25 °C, 24 h Y
2,
S5 S PhyP? “COEt
CH,Cly, 25 °C, 15 h
0 N"oH
H |l| 84% for 2 steps
OPMB
2.58 '

[<REEFE"/'MJ"0,2"C>VM@C>Y $#,2&'<00"2"C>\R/1)1&/42-"/(1/0*"/4! *)38 dNOO!="DIOF"_b!
==/4e!"(1>9 w>hldb!=;e!H)&!)*%*16(X  ddNPO!='DINF N I==/4eD!)(*!-.%!3%&24-"('!
="\V/-239%!H)&!&-"33%*10/31al.!)-INb{>FIB(1)**"-"/(/0!6(X 4dNPO!='DINF N l==/4e!H)&!
3%<9%)-%*1-.3%%!-"=9%&!%6#%3, 1a).FIE.06{YSBH) &1 7/=<4%-%4, 1 7/(&2=%*D!-.%!3%) 7-"(!
="V/-230%61H)&!-.%(10"4-%39812".1)1<)*1/01>%4"-06IH"-1>9  5>44-/1)00/3*1-.%!732*%!
)4*%.,*%61%)62DIH."7.1H)&!7)33"%*1-/1- %! (%V-1&-%<IH"-./2-1023-.9%3!<23"0"7)-INR"#
ME&D">,?"CIR/)1&/42-"/(1/01-.%! 732*%1)4*%. *%1%)6 21" (1>9 5>4ddPO!I=;e!H)&!)**%6*!
%-.,41d-3"<.%(,4<./&<./3)(,4" *%(%e)7%-)-%!dP_1='DIOFbN_!==/4e!)-IND{>F!R.%!3%&24-"('
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1. 1 N LiOH, THF/H,0, 25 iC, 1 h
2. DDQ, CH,Cl,/H,0, 25 iC, 1 h
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ccFOD!cbFcD!cNF DIZQF_DIZNFbD!bNFcD!bNFcD!' cFZD!'NFQD! NFND!acFcD!aPFcDIN_F DINDFQ
dn/ze @'IN6XFT)4TH10/31>%9 el X ~+1 QNFP_cafl0/2(*I QNFP_IchF

[

DDQ

CH,Cly/H,0
25iC,1h

90%

!
+,(-.%&"U%*103/=F)*(6 |dQ"'='DIOFP Z!==/4e)778*"("-/! XT2F!K23"0"7)-"/(!8,!&"4"7)!
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nio”. IXPNFRIEFPD!>9%4f!SJ!d(%)-e@'%!aN_QD!NQ OD!NQOQD!PcbND!PZbbD!PbNQD!PPQND!POL
c 7= 2f1'9116J!d O0!69UD!>$>4 «b!cFN\ cF P!d=D!a9eD!cFd¥DIc!d=D!N9eD!'F_NNi*-D!
_FZD'aFP!9UD!P9eD!" HeNNEHRDOUD!N9eD!" FoNHFNFP!QUD!P9eD!"F WPNIFP!QUD!P9eD!
"FPb!d***DJ't'PPFbD!ZFQD!"FcDINFP!9UD!P9e PIHBEHNHEFP! OUD! P9ebadtadd=D!P9eD!
aFZ_!d*pt!QFbD!aFN!9UD!P9eD!aR1 ZIEDOUD!IN9eDINFQ IgHtHDF D!QFOD!aFa!9UD!P9eD!
NFCONF_b!d=D!N9eD!NFcP!@#ttPFbD!ZFQD!aFZ!9UD!P9e DIMNNHODD!P9e D!NN&bb!
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PFcP!d**pilPaF_D!PPFal9UD!P9elPPEEI=D!b9é#!16J!dPNb!69UD!>$>4 «b!PcOFZD!
PZQFcD!PacFbD!PN_FbD!PNcFQD!PNcFcD!cbFbD!caFaD!cNFZD!ZQFQD!ZQFQD!ZNFbD!bNFQD!b
"NFOD!aNFOD!N_FcD!NZFOD!NbFQD/Ne@EDIGH Y4 7*10/31>0 &1 X (+AbNNFPQCcQT!

0/2(*IbNNFPQ_PF

S .S 1. 1 N LiOH, THF/H,0 S-S
25! ;1h
2. propargyl bromide
|
) K,COg3, DMF, 25! , 24 h )
HN™ ~O 76% for 2 steps HN™ ~O

[ZFO%CEFA"A-.%&"U%*103/=F)56'd O!='DIOFO__c!==/4e!)77/3*'(1-' XT3 FIR.%!732*%!
3%)7-"/(1="V-23%!H)&!2&%*10/3!-.%! (%V-1&-%<IH"-./2-1023-.%3!<23"0"7)-"/(F

[T%CK, Y%#FE, 2" GN)1&/42-"/(1/01-.%! 732*%!3%&"*2UB6[!dP!=;e!H%3%!)**%*h X &
dac!='DIOFNZZ!==/4e!)(*<3/<)3',4183/="*%!dOFOal=;D!_O!H-w!"(!-/42%(%D!OFNZZ!==/4eF!
R.%!1396)7-"/(1="V-23%!H)&!&-"33%*1)-INDI{>10/3IN"L1) (*1*42-06*1H"- .11 -XB71) (M1%V 7% &&!

9 WXFIR.%!4),%3&!HYE3%5t)3)-%6*D!) (*1-.%!/3")("714),%3H)&IH) &.%*IH"-.19 5X18&%6#%3)4!
"=0b&FIR.%!3%&24-"('1/3")("74),%31H)&1*3" % /#%31) (., *3/2& L)X 1) ( 7/(7%(-3)-%*! in
vacuoFIR.%!3%8&"*2%IH)&1<23"0"%*18,17/42=(17.3/=)-I'3)<.,1d&"4"7)'%4D!.%V)(%&YI-XB7D!
PYPe!-/1)00/3*)47/./4%)57 daN!='D!cZw!0/3IN!&-%<&e!)&!7/4/34%&i&Y" A@ F ZHDF D!

>0>4 f1SJId(%)-e@'%'aNQOD!NQaQD!NaZOD!Pc PD!PZZaD! PBKNLIERHOS!69UD!
>$>4 «b!_FbP!d&D!P9eD!cFAt!Id=BIOUD!P9eD!cFaN]ittBtD! PFc!9UD!P9eD!cFN/HiEBD!

PF19UD!P9eD!cFPZJdBbD!PFN!9UD!P9eD!" FEPNEDOUD!P9eD! FNFaz!d=D!P9eD!aF_Z
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aFQZ!d=D!P9eD"\edtZlY !d=D!N9eD!'aBbEZ 'd=D!N9eD!NFQc!J*#fOFbD! FQD!aFN!9UD!P9eD!

NFc\ NFQO!d=DIN9eDINFc ' |gtPHZD!ZFQD!aFb!9UD!PANFRELD!N9eD!NFbNttND! !
9UD!P9eD!NHIB c!d=D!P9eD!NFP JldRarFcD!NFP!9UD!P9e DNHRQPI=D!N9eD!PFcatdi**D!
PaFcD!PPFa!9UD!P9e»PEbEI=D'b9eH!16J!dPNb!69UD!>$>4 b! PcPFbD!PZQFaD!PaZFND!
PaOFQD!PN_FZD!PNZFQD!PNZFRINPNREQB&IDEZNFZD!baFOD! cF_D!"aFZD!"aFND!"NF D!a_FPD!:
N_FcD!NZFOD!NZFOD!NbFnft&1@Hhbx367)47*10/3!>+9 «11X +d'c_FPcPZfI0/2(*!

‘c_FPcPIF

S S S S
1. p-TsCl, EtzN, DMAP
CH,Cl,, 25°C, 1 h
(o) 2. NaNg, DMF, 50 °C, 1 h (o)

H™H H™H
OH HN" 0 76% for 2 steps N3 HN" 0
\\\/O\[H \\\/O\H)

294 O 298 O

[RCAFE,?"C*\;(-.%&"U%*!103/=F)52'dbc!='"D!OFP N!==/4e!)77/3*"("-/! XT5F!R.%!732*%!
3%)7-"1(1="V-23%!HR!2&%*10/3!-.%!(%V-1 & %<!H"-./2-1023-.%3!<23"0"7)9/(1@1'd OO!
69UD!>$>4 eb!cFc_!d*Pt!_Fal9UDIN9eD!cFahiti*PD!9UD!N9eD!ZF_a!d83!&D!P9ei! Fc'!d*D!
NFb!9UD!P9eDI\FERZ!d=D!b9eD!afdN "'|d=D!P9eD!NFQ df#*P!F D! _FQD!aF 19UD!P9eD!

NEc\ NF_c!d=D!N9eD!NFc Ji*PDIFQD! FND!aFc!9UD!P9eJH\¥BR81JD!P9e DINF b!d&D!a9eD!
NFaNF "!d=D!N9eD!NFa@ttParb!9UD!P9eD!NFORtEPaBED!NFN!9UD!P9e DNFE)a=D!
N9eD!PRdPF_c!d=D!N9eD!PFZbjd¥®BFcD!PPFa!9UD!P9eDPFZEED!a9e<P"0,?"C>\'
+,(-.%&"U%*103/=!-.%!732*%!-/&,4)-%") 77/3*"('!-/"XT (4 FK23"0"7)-"/(18,1&"4"7)!04)&.!

7.3/=)-1'3)<.,'d.%V)(%&Y1-XB7D!NYPe!)00/3*%*)U"*96)58 d"Z!="D!cZw!0/3!N!&-%<&e!)&!
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714/34%&&!\'HA@P! \ bFPHIOFZD!>924f1SJ!d(%)-e@'%!'aNQaD!NQa_D!NOQZD!PcbZD!PZZND!PbabD!
PP_al72f'9116J!d’O0!69UD!>$>4 «b!ZF__!d{DbF 19UD!P9eD! Fc'IgHINF 19UDIN9eD!

"FO\ 'FP_!d=D!N9eD!"FO’!Id%*B! FZD!bFP!9UD!P9ebigrodd=D!P9eD!aFN!t!dfaouD!
N9eD!NFQa!d*J*IP ' F'D!_F_D!8B®!P9eD!NHNF_Z!d=D!N9eD!NFcP!@tPFZD!cFOD!aFc!9UD!
P9eDINFbOMHRFb!9UD!P9eD!NN&Cc!d=D!N9eD!NFaQ!iP4aF_ D!NFP!9UD!P9eD!NFRa!d*-D!
PaF_D!NFO!9UD!P9&DNPBQ®D-D!N9eD\FHZ@!d=D!P9eD\HFcO!d=D!b9&# 16J!dPNb!

69UD!>$ >4eb!PcOFQD!PZQFND!ccFPD!cbFZD!cNFND!cOFPD!bNF_D!bPFaD! cFzZD!"aFPD!'NFaD!
NZFOD!NbFQD!NbFcD!NbF@H#8 I ax3r)47*10/3!>+9 %l - X' +d NCFP Z_fl0/2(*!

"NcFP b IF

S _S S _S
1. p-TsCl, Et3N, DMAP
CH,Cl,, 25! ,1h
o 2.NaN3, DMF, 50! ,1h o
oy HOH N H H
HN™ ~O 77% for 2 steps 3 HN” Y0
\/O\[H\/Ph \/O\[H\/Ph
@) @)
2.90 2.91 I

[RCAFE,?"C*\;(-.%&"U%*!103/=F)54!d"'N!="D!OFO_b !==/4e!)77/3*"(!- /! XTS5 FIR.%!732*%)!
3%)7-"1(1="V-23%!H)&!2&%*10/3!-.%!(%V-1&- %<!H"-./2-1023-.%3!<23"0"7Q'4&!d OO!
69UD!>$>4 eb!cFcc!d*Pt!_Fa!9UDIN9eD!cFa’ Jtt*DFP!9UD!N9eD!dEFNb!d=D!a9eD!¢FOc
cFPN!d=D!N9eD!ZFQIdfIN!9UD!P9eD!"FQcJtt*-BND!bFN!9UD!P9eD!" FcidPBbD!NFb!9UD!
P9eD!I"FZ_!d*fDIPbFbD!NFb!9UD!P9eDIHaII=D!P9eD"e=Q 'd=D!N9eD!aBBKRO!d=D!

P9eD!aFPaFPZ!d=D!N9eD!NFQNJ#*BbD!_FcD!aFa!9UD!P9&NMFaD!a9eD!NFiyN!d-D
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NFb!9UD!P9eD!NF " 1d&D!a9eIFNEAN-D!N9e DINFN ! EB! DINFP!I9UD!P9e INFED &=D!
a9eD!PFbRFZZ!d=D!N9eD!PF"_J#tFRF D!PPFN!9UD!PIRPERIN=D!adefR"0,?"C>\!
+,(-.%8&"U%*103/=1-.%! 732*9%1-/&,4)-%!)77/3*"(1-IXT (4 FIK23"0"7)-"/(181&"4"7)104)&..!
7.3/=)-'3)<.,1d.%V)(%&YI-XB7D!PYPe!)00/3*%*F)5( Ida |="D!ccw!0/3IN!I&-%<&e) &! 7/4/34%&&!
I"A@I0%" IXPQFiDFcD!>924f1SJd(%)-e@'%!aNQaD!NQacD!NOQbD!Pc’_D!PZZZD!PbNbD!PPcc!
7=219116J1d"00!69UD!>$>4 eblcFNReFa_!d=D!a9eD!dRB&R!d=DI!N9eD!cFORU*BP!
9UD!P9eD!" FQQ!Ht-MOD!bFN!9UD!P9eD! F¢tiPBEZDINFb!9UD!P9e D! FGMIBHEBD!NF !
9UD!P9eD!"ROBP 1d=D!P9eD!aFFZQ!d=D!P9e D\dFRQ!d=D!"9eDINFQ | HDFbD!QFOD!
aFN!9UD!P9eD!NFECh!d=D!a9e D!NFHIINF I9UD!P9eD!INF NP F_D!cFQ!9UD!P9eD!NFac!
d**DJIt!PbFQD!aFb!9UD!P9eD!NFNZP@EDD!NFb!9UD!P9e D!NH@QF@D!NFPIOUD!P9eD!
PFQOIFOZ!d=D!N9eD!PFZitiP&FcD!PPFal9UD!P9e DFFZO!d=D!N9e D\PH4®!d=D'agef!
&>116J'dPNb! 69UD!>$>4 5!PcOFZD!PcOFND!PabFcD!PNQFcD!PN_FZD!PNcFND!chFcD!cNFPDIZ(
bNFcD!bPF D! cFZD!'NFQD!'NFaD!'"NFND!acF_D!aNFZD!NZFOD!NhEE@!NbFBBN7EC9I6+!d
0/31>%9 esd - X +ibPcFPQa_fl0/2(*IbPcFPQazF

S__S S__S
1. p-TsCl, EtzN, DMAP
CHxClp, 251 ,1h
2.NaNg, DMF, 50! ,1h
by A o 8 | A OH
HN" 0 86% for 2 steps 3 HN" 0
\\\/O\H)\/OB" \\\/O\H/‘\/OB"
295 O 299 O I
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[RCAFE,?"C!(-.%8&"U%*103/=F)53IdZ_I='"DIOFPa0!==/4e!)77/3*'(1-'XT5 FIR.%!732*%!
3%)7-"/(1="V-23%!H)&!28%*10/3!-.%! (%V-1&-%<IH"-./2-1023-.%31<23"0" 7IK@'d 00!
69UD!>$>4 eb!cFcO!d¥M!_FN!9UeD!ckBEaO!d=D!c9eD!ZF 1d83!&D!P9eD! FtbFPEAFP!
9UD!BeD! FAaFcN!d=D!N9eD! F& !d=D!N9eD!" KOAPO!d=D!P9eD!REFBN!d=DI!N9eD\aFZ’
aFcO!d=D!P9eDINFEQP!d=D!P9e DINIFZ&!d=D!a9e D!NFIttNB&!9UD!P9eD!NFa_!d&D!adeD!
NFaNNFac!d=D!N9eD!NFNItPar 19UeD!PANEO !d=D!a9eD!PPEEZ!d=D!INGeB bPFb_!d=D!
N9eD!PRNAF P!d=DINYP"0,?2"C>\1+ (-.%&"U%*103/=!-.96!732*06!-/&,4)-%!) 7 7/3*"('I-/!

XT(4 FIK23"0"7)-"/(18,1&"4"7)104)&.17.3/=)-/'3)<.,1d.%V) (%&Y1-XB7D!PYPe!)00/3*%)H5!dZN!
='D!_Zw!0/3IN!&-%<&e!)&!7/4/34%&&b"4 @DFRIPFOD!>92af51!d(%)-e @1+t!aN_QD!NQ aD!
N_ZQD!NOQaD!PcbPD!PZZQD!PbREDREDAICO!69UD!>$>4 eblcFNZcFac!d=D!b9eD!
‘F_P!d*-ptl_F D!aFO!9UD!P9e D' FAQd=D!N9eD!\FFbb!d=D!N9eD! FF®_!d=D!P9eD!aFQa!
d**DJIt!QFbD!aFO!9UD!P9eTHEFM!d=D!PS=EY_!d**[it!QFbD!aFP!9UD!P9e D@ d=D!
N9eD!NFQb!d*IP  FbD!QFOD!aFa!9UD! PO&BNEds D!N9e DINFCPI{tHIR DIcFOD!aFZ!9UD!
P9eD!NF c!gHINFb!9UD!P9eD!NRIPZ!d=D!N9eD!NFaPI*?BE _D!NFP!9UD!P9eD!NFPO!d*D!
PaFcD!NFP!9UD!P9INPEON=D!N9eD!PFcq!tiPEFQD!PPF 19UD!P9eTPFER!d=D!P9eD!
PFZO!d*fRIPaFQD!PPF 19UD!P9etPPEAli=D!ag&#!16J!dPNb!69UD!>$>4 sb!PcOFbD!
PZQFZD!PacFZD!PN_FbD!PNcFQD!PNcFcD!ccFaD!chF DlcaF DitHHs D a0 DARCEDINEABD
"PFQD!aNFZD!NZFOD!NbFQD!NbFcDHEQfIEEIHRR)47+10/31>0 &1 X-+db cFNO af!
0/2(*Ib’cFNO™ R
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1. p-TsCl, EtzN, DMAP
o CH,Cl,, 25! ,1h o
H H 2. NaN3, DMF, 50! ,1 h H H

OH N
HN s

o
77% for 2 steps
0 o
297 O 2.1000 I

[RCAFE,?"C*\;(-.%&"U%*!103/=F)57da’|='D!IOFOCcPN!==/4e!)77/3*'('-/I XTS5 FIR.%!732*%)]

3%)7-"/(1="V-23%!H)&!28%*10/3!-.%! (Y&/Y<IH"-./2-1023-.%31<23"0"7)-"{@16J!d"OO!
69UD!>$>4 B! _F Z!d&D!P9eD!cFcatidfBD!9UD!N9eD!cFZ#ili*BO!9UD!P9e D!t MFac!d=D!
a9eD!cFNa!gHiFb!9UD!P9eD!cFP)1dBb!9UD!P9eD! FZ_J#RIF 19UDI!N9eD! FREN_!d=D!
P9eD!aFQ&Oc!d=N9eD!aFcaF_ald=D!P9eD!aFZb!d&D!N9eD!NFOPNFEAD! _FbD!aF 19UD!PYeD!
NFCZNF_cld=D!N9eD!NFcN!@ttPCFcDIcFPD!aF_19UD!P9eNMFIR=-D!N9eD!NFHENFD!
9UD!P9eD!NF ald&D!a9e D! NFHQIE*DIUD!P9eD!NFPMIEFC!9UD! P9e D! RKBa!d=D!N9eD!
PFcePF_ald=D!P9eD!PPEaald=D!N9eD!PPFALO!d=D!ageP!0,?"C>\I+,(-. %&"U%*I03/=!-.%!
732+061-/8,4)-%1)77/3*"(1-/! XT(4 FK23"0"7)-"/(18,1&"4"7)104)&.17.3/=)-/'3)<.,!
d.%V)(%&Y1-XB7D!PYPe!)00/3)%64 dN_!='DIN_w!0/3!N!&-%<&e!)&!7/4/34%@EH"\ NFQId
OFaZD!>92ef!SJ!d(%)-e@!%!aNQPD!NQacD!Pc OD!PZcOD!PbNND!PN Z D¥RFaNENIch 1 7=

d 00!69UD!>$>4eb!_F Q!d&D!P9eD!cF70&i*DOUD!P9eD!cFaP B! D!IPFb!9UD!P9eD!CFN'!
d*DjiticF 19UD!P9eD!cFPjildBal9UD!P9e D! FcPJ#RFb!9UD!N9eD! \FRab!d=D!P9eD!aFcQ
aFQald=D!P9eD!aFZ_!d&D!NG#RibEND!N9eDINFQZIftPNIFZD! FQD!aF 19UD!PI&FNPL
d=D!N9eD!NFcd*f1BP"FZD!cFOD!aFZ!9UD! POMFRE=D!N9EDMJfEINF [9UD!P9eDINF N!
d*Dit!PaFb!9UD!P9e D!INFPEtPEFcIOUD!P9e DIRKBRO!d=D!IN9eDIPFt_!d=D!Z9éf!

16J!dPNb!69UD!>$>4 «b!PcPF D!PZQFaD!PazFaD!PaOFQD!PN_FZD!PNZFZD!PNZFOD!PNbF_D!ct
!
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cOFaD!baFOD!bPF'D!'cF_D!'aF_D! dmMNDa&NFbD!SZFPD!NZFOD!NbF_DiNter@fressexid

7)47*10/3!>:9 el "X - +dbOaFPc_Pfl0/2(*!bOaFPdcaF

) Y N S._S
S.__S S. .S N~ N
Cul, i-Pr,NEt 1
THF (1 mM) C 0 ¥O
H (e} H reflux, 24 h a (6] o + O H
N N o
< &) N, ] aSo O 71/ °
o o]
2.98 2.150 (50%) 2.153 (15%)

!
+,(-.&"U%*103/=1 )58 dNO!="DIOFO"ZQ!==/4e!) 77/3*"(1-IXT(( F!K23"0"7)-"/(18,1&"4"7)!
04)&.17.3/=)-'3)<.,1d&"4"7)'%4AD!>9 5>4Y6%X9ID!PbYPel)00/3*%*7,74"7!=/(/=%§B4"dPO!
='DIbOwe!)(*17,74"71*"=%3¥)(31'da!='D!PbweF

>74"71=/(/=%3! *)(34 @'>/4/34%&& 14T XNPFQI®FNaD!>9ef!SJ!d(%)-e@'%!aaOND!

NQ 'D!Pc PD!PZZND!Pb OD!PNPbD!PC! fEHIFEIM BO!69UD!>$>4 «blcFcN!d&D!P9eD!
ZFab!d&D!P9eD!bF#t!RIKE_19UD!P9eD!bFNQIENF_19UD!P9eD!\FE Q!d=D!N9eD!'Fa’!
d**DIJIttPZFcD!cFND!PFN!OQUD!POYIN RRID!P9eD!aFch!dttBZFQD!aF_19UD!P9eTHREZD
d=D!N9eD!NFQN!dMHMPNFPDICFQD!aF_!19UD!PONB!NEED!a9eD!NFa]!ttPTH_19UD!PYeD!
NFNQ!d*FEIP FQD!QFb!9UD!P9eD!NENPHEDOUD! P9eD!NFPM!IBHFC!IOUD!P9eD!RKED !
d=D!a9eD!PKPEQN!d=D!P9eD\PFAI=D!P9eD!PFBPbQ!d=D!P9eD!PFazJt* 15! D!POFPD!
bFa!9UD!P9eD!PFPOHRIFQD!POFaD!bF 19UBH98MdPNb!69UD!>$>4 «5!PcOFbD!
PZQFbD!P aFaD!PN FND!cPFaD!cOFOD!bQFaD! QF D!'cFcD!'NFZD!'NFbD!"NFaD!"NFOD!aPFOD!N

N Fcfl9J6+!dm/ze@'N6xFV)47*10/3!>+9 %l - X +4' NcFP Z_fl0/2(*'NcFP cZF
!
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> 74"71*"=%3¥)(31 @!>/4/34%&&!416J!d O0!69UD!>$>4 «eblcFQald&D!N9eD!ZFtQFOD!
9UD!IN9eD!bFN’!1d&D!"9eDFBiéd=D!"9eD!"kA-N"1d=D!N9eD!' FOZ!{HP! FZD!bFP!9UD!N9eD!
aFQQ!d*fIIP_FZD!bFO!9UD!N9edBR Md=D!N9eD!NFQaJtif*NIFOD!cFbD!aFZ!9UDINOeDINFZZ
NF_Q!d=D!Z9eD\WNFraZ!d=D!"9eD!NFNZPBFZ!9UD!NINBAQFNP!d=D!"9eD!PRROQ !d=D!

Z9eD!PR QFcO!d=D!Z9ef!9J6+id/ze @!n6xFtV)47*10/3!>59 "%l +X++!_baFN_Z fl0/2(*!

_baFN 2 F
|
) N N, S, S
S_S S__S NN o)
Cul, i-PrNEt %Z 1
THF (1 mM) 0 )L /;o
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R/1)!&/42-"/(1/0! *)6*'dP_Z!='DIOF abl==/4e!"(1>9>4Y %X!dPOYPD!-/-)4! F I=;elH)&!)**0/6*!
$$q!dP°_1='DIOFZbal==/4e!"(1/(%!</3-"/(F!B0-%3!&-"33"('!)-INb!{>10/3!P!.D!-.%!3%)7-"/(!
H)&IL296(7.%*IH"-.1&)-23)-%*1)L29%/2&11)9>X  edvP!=;eF!1)oX: IH)&!)**%6*1-/1- %!
3%)7-"/(1="V-23%F!B0-%3!&-"33"('10/3!a0!="(D!-.%!3%) 7-"/(1="V-23%!H)&!0"4-%3%*D!H)&.%*!
H"-.169%X9DN)(*17/(7%(-3)-%*!  in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,17/42=(!

7.3/7)-1'3)<.,'d&"4"7)!'%4D!>9 >4 6%X9YB7XI9DINOYPYOFNe!-/1)00/3*)47y%(Z"'d_O!

Pb(



='DIZOwe!)&!7/4/34%& &b x_FPHPFaD!>9>4f!1SJ!d(%)-e@!%!a’NcD!NQ 'D!NQO_D!NazOD!
PcPcD!P'NaD!PN_&A7416J!d O0!69UD!>$  «X$e!d!"FPQ!d***it!PNFcD!cFbD!bFc!9UD!P9eD!
aFc_!d*pPPFQD!ZFal9UD!P9eABENDI=D!N9eDWNFO@D! 9eDINRANF Q!d=D!a9eD!NFNN!
d*DMt!PaFQ!9UD!P9eD!PREQ 'd=D!N9eDHca!d=D!Z9é#!16J!dPNb!69UD!>$ «X$e!d!
Pc'F_D!caF_D!cPFPD!ZNF_D!"'F D!"aFcD!"PFZD!aaFOD!NQFZD!NcHPo @ EiectR)ar79J6+!d
0/3!>1e9 %X +4aOcFPOaNf!l0/2(*laOcFHDa

S S S S
allyl bromide, NaH
COLH THF, 0t0 25 {C, 15h COLH
(0] (0]
H H 85% H H
OH 2.217 O 2105 |

RIN!7//4%*1dOY>e!&/42-"/(1/0¥)* (7' d_O!="DIOFNZP!==/4e!"(R9[!db!=;e!H)&!)**%*11)!
daP!='D!ZOw!*"&<%3&"/("(1="(%3)4!/"4DIOFc_al==/4eF!B0-%3!-.%!3%)7-"/(1="V-23%!H)&!
&-"33%%10/3INOI="(1)-1-.%!&)=%!-%=<%3)-23%D!)44, 4183/="+%!H)&!)**% FUYREI(IH)&!
)A4/HY%*1-/1H)3=1-/13//=1-%=<%3)-23%F!B0-%3!&-"33"('10/3!Pb!.!)-INb}{>D!-.%!3%) 7-"/(!
="\V/-23%1H)&I*"42-%6*1H"- 1>005> ) (*IL2%(7.%*18,1&)-23)-%*)L2%/2&119 - >AFIR.%!4),%38&/!
H%3%!8%6<)3)-%*D!)(*I-.%!)L2%/2&14),%3!H)&!%V-3) 7-%* Hin DR . %! 7/=8" (%*!
13)("714),%3&!H%3%!*3"%6*1/#%631)(.,*3/28&11) o+ X: 1) (M1 7/(7%(-3)-%*! in vacuo.'R.%!
39&"*2%61H)&!<23"0"%*!8,17/42=(17.3/=)-/'3)<.,1d&"4"7)'%A4D!>9>4Y 6% XID!NOYPe!-/!
)00/3*1*)(43!dcc!='D!_bwe)&!7/4/34%&&!/M@! IxbFOHPFND!>92f!SJ!d(%)-e @!M!NQOD!

N_ZOD!PcPOD!P'NND!POcZD'QNBJ 0O0!69UD!>$>4 b!POFac!d83!&D!P9eD!bF_{!d**-D!

PbF



t'PcFND!POF DIbFZ!9UD!P9eD!jERafDPFc!9UD!P9eD!bFPHUEAPB! D!PFZ!I9UD!P9eD! FP_!

d***=*D! JItIPPFND!cFbD!bF D!PFQ!9UD!P9¢RIRQAUDINED!|aFc_N!d=D!P9eD'aéia” !
d=D!N9eD!NFQP!dftPIF D! _FOD!aFQ!9UD!P9eD!NH!INPEHDIZFcD!aFQ!9UD!PIeIFNEZ
d=D!N9eD!NFbb!gd®BbFcD!cFc!9UD!P9eD!NF JidPRFcD!bF 19UD!P9eD!NFatdPabtD!NFP!
9UD!P9eDINFPZitHAFQD!NFP!9UD!P9eMNPBRI=D!N9eDIPFZ!d=D!Z9¢¥+116J!dPNb!

69UD!>$>4 «£b'PcZFOD!Pa FQD!PPZFQD!cNFZD!cPFcD!cOFOD!ZQFaD! cFcD!"aFOD!"NF D!"OFbD!

NbF_D!NbFcD!NbFZfl9afze @ !n6x367)47*10/3!>( 9 %X +da cFPa bfl0/2(*la’cFPa’_F

S S allylamine
HATU, i-ProNEt
o CO,H CH,Cl,, 25iC, 24 h
H H
95%
O\/\

2.105 !
+,(-.%&"U%*103/=F)(4 3daO!='DIOFO_ZZ!==/4e!)(*1)44,4)="(%!dPal~;D!OFPcal==/4e!
)77/3*' (-1 XT1FIK23"0"7)-"/(18,1&"4"7)104)&.17.3/=)-I'3)<.,!d.%V)(%&Y|-XB7D!PYPel!
)00/3*%*¥)(45 IdaN!="D!Qbwe!)&! 7/4/34%&&MH@N aF |dIOF D!>9>#f!SJ!d(%)-e @ 4!
aa@D!NQaQD!N_bcD!NabQD!PZ aD!Pb PD!POQABIQNNTEUD!>$>4 «b!ZFb_|d&D!
P9eD!bFcbFQb!d=D!N9eD!bFN Jdf®DFND!PF 19UD!P9e Dliff@!d=D!N9eD!bFPQtHPERaD!
PFN!9UD!P9eDN FERZ!d=D!P9eD!aF QAtthEB! 9UD!N9e D!aREQO!d=D!d¥aFabF c!d=D!
N9eD!NFQald*IPNFaD!_FZD!aFa!9UD!P9eD!NHItfPEPD!cFbD!aFZ!9UD! PAdRbIFZED!

N9eD!NF P!d*fDPbF D!_Fb!9UD!P9eD!NFa/tPtiZD!aFa!9UD!P9eD!NIFNPREEIBUD!P9eD!

NFPZz!dffiPaF_!9UD!P9eD!PRBOZ!d=D!NBED\ PFc’!d=D!Z9¢&f+!116J!dPNb!69UD!>$>4 <e!

Pbr



§IPcOFcD!Pa FQD!Pa F D!PPcFOD!PPZFaD!cNFbD!cPFQD!cOFND!cOFOD! cFeD!"aFaD! NFcD!'PF
NbF_f19J6+!dn/ze @!N6XFV)47*10/31> 9 w11X shla_ZFP_P_fl0/2(*la_ZFP_NaF

N i
s 8 S g NN, TFA
HATU, -Pr,NEt
COH  CHeCl 25°C, 24h
o
HoH 99%
O~ 2105 O~ k/o 2110,

+,(-.%&"U%*103/=¥)(43!dNO!="DIOFObcc!==/4e!)(*!'4,7"(%!)44,41%&:%3b!="DIOFOZQa!
==/4e!)77/3*'(1-!  XT1FIK23"0"7)-"/(18,1&"4"7)104)&.17.3/=)-/'3)<.,!d.%V)(%&Y1-XB7D!
PYPe!)00/3*98)t (4 !dNb!="D!QQwe!)&!7/4/34%& &A@ Fb!dIOF D!>9>#f!1SJ!d(%)-e @'4!
aNNbDINQazD!Pc QD!PZZOD!Pba D!P'NaD!PacQD!PP@PBIPOIQUDIBIIT>$>4 !
SICFO1d/RIbFPI9UD!P9eD!INBA® !d=DI!N9eDNFGZ!d=D!P9eD!bERR_!d=D!N9ePtixF*D!

] tlPOF D!PFN!9UD!P9eDFEBtd=D!N9eD!\FPR_!d=D!P9eD!" FPOIHtD!F D!bFb!9UD!P9eD!
aFQQ!d*JBIP_F D!bFN!9UD!P9e D &RQui=D!N9e D ed FQ!d=D!P9eDaialz0!d=D!N9eD!
NF_\QIFQQ!d=D!P9eDINFZZ!d=D!a9e D!NFEbO!d=D!N9e D!NERPdFb!9UD!P9eD!NFPRIA*D!
tIPaF_19UD!P9eD!RRFD_!d=D!N9eD\FFc_!d=D!Z9é#!16J'dPNb!69UD!>$>4 «e5!PcPFPD!
PZQFZD!PabFOD!PaPFcD!PPQFOD!PPZFQD!cNFbD!cPFQD!COFNDIcOFOD!ZZFOD! cFeD!"aFND! |
NZFOD!NbFQD!NbF_D!NbFReft@I@HBxF7)47+10/31>49 ed X ~+i " FP_cafl0/2(*!

“FP_cPF

Pbe



(o}

~ [~ OJK[ NH,ATFA

S__S Ph S__S
HATU, i-Pr,NEt
5 COH  CHCly 251C, 24h
H H 97%
Oy 2105 NN O 211

+,(-.%8&"U%*103/=¥)(43!dNO!="DIOFObccl==/4e!)(*<.%4)4)("(%!)44,41%&-H3NP!='D!
OFOZQal==/4e!)77/3*"(1-/IXT1 FIK23"0"7)-"/(18,1&"4"7)104)&.B/=)-'3)<.,!
d.%V)(%&Y1-XB7DINYPe!)00/3)¢*!!/dNb!="D!Qcwe!)&!7/4/34%& &MA@XP cFbHOFbD!

>0>4 f1SJld(%)-e@'4!laaNZDINQacD!N_ZOD!NaZOD!Pc PD!PZcPD!PbNbD!PPEMNE!POQPDIQNQ!7
16J!d"00!69UD!>$>4 «eb!cFNZcFaald=DIN9eD!¢EPN Id=D!PEEcFPP!gMIIFb!I9UD!P9eD!
CFO'Id*Pt_FN!9UD!P9eD!hBEQb!d=D!N9eDNiFAB!d=D!a9eD!bFPiiPDIF 19UD!P9eD! ' FQ'!
d*-Dit!_FaD!bFQ!9UD!P9eD! FAMIE*IAUD!N9e D! "FBRN!d=D!P9eD'aF QAitifD!9UD!N9eD!
aFZNaFcald=D!P9eD!aBRIN!d=!N@D!aF@IFP_!d=D!N9eD!NFQalfittPRZD!_FcD!aFO!9UD!
P9eD!NF_P!d*MBP FcD!cFPD!aFb!9UD!POeNAYEEi=D!N9eD!NWEN!d=D!N9e D!NFNHid*D!
PaFcl9UD!P9eD!NFPAI@P4R_19UD!P9eD!RREOC!d=D!N9eD!PFZIjidP4R_D!PPF !19UD!P9eD!

PF QPFZP!d=D!N9eD\FFE!d=D!a9¢fb!16J1dPNb!69UD!>$>4 eb!PcPFPD!PcOF D!PaZFPD!
PabFPD!PaPFZD!PNQFbD!PN_FZD!PNcFPD!PPQFPD!PPZF_D!cNFZD!cPF_D!cOFNDIZQFQDIZZF(
"NFND!a_FPD!aNFaD!NZFOD!NbFQD!NbFnRE®FEHGB@*10/3!>0 «-1X -+iba FNa Nf!
0/2(*Iba’FNa'NF

Pb’



Grubbs Il S S
CH,Cl, (1 mM)
reflux, 17 h
o
47% H H
O~ "NH
O\/\N"J
2.109 2.164 |

+,(-.%&"U%*103/=¥)(45'daz!='D!OFOQa I==/4e!) 77/3*"(1-/IXT(1 FIK23"0"7)-"/(18,1&"4"7)!
04)&.17.3/=)-'3)<.,1d.%V)(%&YI-XB7D!PY ae!)00/3*%*1) (1" (&%<) 3)84%!="V-23%H¥!
"&/=%3&K)I(62 DEYZ!tIPOYPD!PZ!='D! c)&!7/4/34%&4&.!/"8@8J!d" 00!69UD!>$>4 D!6):/3!
"&/=%3el1ZFPQ!d83!&D!PYeDBBFE 2d=D!N9eD! FEAlc!d=D!N9e D! FOQJtFRFaD!bFN!9UD!
P9eD!aFQb!dIPaFPD!ZFPI9UD!P9eTHEE 21xD!P9eD!akaEb !d=D!a9e DINANERZ!d=D!
N9eD!NRAZFcQ!d=D!N9eD!NFadidP BaD!NFQ!9UD!P9e DNFEIRI=D!N9e DINFBb!d=D!
P9eD!PRQNFO Id=D!N9e DMzt |d=D!N9eD!PFZP JdtFRF ZD!PPFa!9UD!P9eD!PFpt!d**D!
PaFcD!PPFN!9UD!P9a BIINi#DeD!PRaPF ald=D!P9efl9J6+!i/ze @!n6XxFHT)47+10/3!

>1) 9wl X etdab_FPbODf!0/2(*lab_FPHOOF
!
Grubbs Il

CH,Cl, (1 mM)
reflux, 19 h

92%

+,(-.%&"U%*103/=¥)((4 'dazZ!='D!IOFO_PN!==/4e!)77/3*"(-/XT(1 FIK23"0"7)-"/(18,1&"4"7)!
04)&.17.3/=)-'3)<.,1d.%V)(%&YI-XB7D!PY ae!)00/3*%*1) (1" (8%6<)3)84%!="V-23%HE!

"&/I=%3&K)(66 D!aP!="DIQNwe!)&!)!H."-%!&/4'3[@6J!d O0!69UD!>$>4 «D!6):/3!"&/=%3&}!

Pbt



ZFQZ!d83!&D!P9ebiibddd=D!N9eDNFZ¢a!d=DI!N9eD! FaP!g**B_FPD!ZF 19UD!P9eD!"FPa
"FNN!d=D!P9eD!aFFDN!d=D!N9eD!aFQRIGBOD! FO!9UD!P9ed&F RI=D!P9eD!&BFDb!
d=D!N9eD!NFPOO!d=D!P9eDINFZQ!d=D!a9eD!NF b!Ht{filF D!QFO!9UD!P9eD!NFAt!!d**D!
PbFaD!NFc!9UD!P9e!NFNtREAZDHO!9UD!POeDINFN&ab! DIPFQ!9UD!P9eINIFEQNI=D!
N9eD!PRPFcN!d=D!N9eDNHP!d=D!a9eD!PFaQ!d=D!P9ef!9J6+id/ze @!N6X GtV )4 7*!
0/3!>+ 9 %l X -+d'PZFPbZOf10/2(*""PZFPbbcF

!

Grubbs II

CH,Cl, (1 mM)
reflux, 19 h

87%

+,(-.%&"U%*103/=F)((( 'da’!='DIOFOZac!==/4e!)77/3*'(1-/' XT(1 FIK3"0"7)-"/(!8,1&"4"7)!
04)&.17.3/=)-'3)<.,1d.%V)(%&YI-XB7D'aYNe!)00/3*%*!)(I" (8%<)3)84%!="\ -2 3%EE!
"&/=%3&K)(67D'=):/3@="(/3!t!b@PD!N_!="D!_cwe!)&!)!H."-%!&/M@1'd"00!69UD!

>$>4 ¢D!6):/3!"&/=%3e3/cFN@Fab!d=D! 9eD!cFFPc!d=D!N9eD!bBES tD!N9eD!bFOC!
d==*DIJit!_FcDIbF_D!"FN!9UD!P9eD!" FJI¢RPFZD! Fal9UD!P9eD! FNJIttPFFbD! F 19UD!P9eD!
"FOb FP'1d=D!P9eD!aFdp®Q!d=D!P9eD!aF_jitlPEFcD! FPI9UD!P9eDaFBR!d=D!P9eD!

aF’ NaFbO!d=D!P9eD'ediZ!d=D!P9eD!aFNalittdF ZD!"Fa!9UD!P9eD!aF PPU@AEZ D!bFc!
9UD!P9eD!NFQZ!dftBIFaD!QF D!aFP!9UD!PYeRINEaR-D!a9e DINFbGIPTEPD!IPOFal9UD!

P9eD!NFaP!dffiRZFPD!PFZ!9UD!P9eD!NFNBaFdD!NFN!9UD!P9etNFPRII=D!a9eD!PFZN!

Pbz



d**DJ!t!PaFcD!PPFa!9UD!P9eD!PFHPREFOD!PPF 19UD!P9eDFRbd=D! 9efl9J6+!d1/ze @!

N6x90 317)47*10/31>0 &1 X +AbOZFNONQf!0/2(*!bOZFNOaOF

M 0 o
S S
Mel, CaCOs
MeCN/H,0, 40! ,19h o + o
(6]
§ " 80% ) CH) NH § ¥
(0] NH HN (@]
o\/\w"J O\/\) U
Y
2.164 2.165A 2.165B |

+,(-.%&"U%*103/=¥)(62' dPb!="DIOFO PQ!==/4e!)77/3*"("-/X T7TFIK23"0"7)-"/(18,1&"4"7)!
04)&.17.3/=)-'3)<.1d>9  >4Y6%XID! OYPe!)00/3*%6*!-3)(&!/4%YE3< !dcF_I='D!cOwe!
H"-.17"&1/4%0"t)(63= |dPFP!="D!POWeF

transTI4?%(%6)(63< @!E."-%!&/4™flo%’ IxPPcFRIDFPaD!>9:ef!SJ!d(%)-e@'%!aNQOD!NQaND!
N_bND!PcRRZIZD!Pb D!POcG!IT9!16J!d"00!69UD!>$>4 eb!ZFOP!d83!&D!P9eD!bF]!t!d*-D!
PbFZD!ZFO!9UD!P9eD!bFtiREID!bF 19UD!P9eD! FaNitPIFQD!_FcD!bFcl9UD!P9eD! FO
*FPb!d=D!N9eD!" FOOJiFRF D!ZFb!9UD!P9eD!aFZQ!d=D!N9eD)afab!d=M9eD!NF b!d**D!
C!t!P"FPDINFZ!9UD!P9aNNEét=D!P9eD!NRFac!d=D!"9e D!RIFEP N!d=D!a9eD!PFHbb!d=D!
P9efle>116JIdPNb!69UD!>$>4 «bINObF_D!PZQF_D!PaPFPD!PN_FcD!c'FaD!cPFZD!ZQFaD!"_F'D!'c
“FPD!"OFaD!aNFPD!NCF fl9J6e@!n6x37)47+10/31> 9 wlX - 1aNZFPbQ_fl0/2(*lab_FPZONF
cisT4?%(9)(63= @3!16J!d 00!69UD!>$>4 «ebIZFQ_d83!1&D!P9e DEEEIRId=D!P9eD!bFc !d*-D!
Jt!PPFbD!ZFPIR9BD! FNId*HlIPaFbD!_FP!9UD!P9eDIFRDN=D!N9eD!aRF®Z!d=D!P9eD!
aFcNaF_N!d=D!P9eD!afBim0!d=D!N9eD-ND!d=D!P9eD!NFbaittFbF ZD!POFal9UD!P9eD!

NFR NF'N!d=D!Z9eD!PREN |d=D!P9eD!PFZc !d=D!N%eF

Pbc



Mel, CaCOg4
MeCN/H,0, 40! ,16h

71%

+,(-.%&"U%*103/=¥)(66 [dNc!=' DIOFOZbO!==/4e!)77/3*"(1-KT7 FIK23"0"7)-"/(18,1&"4"7)!
04)&.17.3/=)-'3)<.1d>9  >4Y6%XID! OYPe!)00/3*%6*!)(I"(&%<)3)84%!="V-230¢0!
"&/=%3&K)(68 D'=):/3@="(/3!t" @PD!Pb!='D!cPV@@!d 00!69UD!>$>4 D!6):/3!
"&/=%3611ZFZQ!d83!&D!P9e DHiFE |d=[D! FBOF cald=D!N9eD! Fab!dtiP! FPD!ZFZ!9UD!
P9eD!aFQ&Oc!d=D!a%eD!aF_QIHRFQD! FO!9UD!P9eDédieZN=D!P9eD!aFeh |d=D!
N9eD!NAREb_!d=D!Z9eD!PFZa_!d=D!N9eD!PF=ZN!d=D!N9efl9J6ze @!N6XHV)47*!
0/31>(9 wd X (laNZFPbQ_flO/2aNZFPZONF

Mel, CaCOs
H MeCN/H,0, 40 °C, 20 h

60%

+,(-.%&"U%*103/=¥)(67 [dNb!="DIOFO" Q" I==/4e!) 77/3*"(1-/ XT7 FIK23"0"7)-"/(18,1&"4"7)!
04)&.17.3/=)-I'3)<.1d>9  w»4Y6%XIDIPOYPel)00/3*%*1)(1"(8%6<)3)84%!="V-2BYAY0!
"&/=%3&K)(65D!=):/3@="(/3!t!b@PD!PN!='D!ZON&6D!d 00!69UD!>$>4 D!6):/3!
"&/=%3elIcFP@Fa0!d=D!a9eD!tEBRa!d=D!N9eD!cFO*B19UD!P9eD!bFcQIHtHPHFQD!

"FQ!9UD!P9eD!bFcaJttFbFZD!bFN!9UD!P9eD!bFOAtU*E*DIbF_D!'F 19UD!P9eD!'F_Jitd**D!

Pb_



PNFND!bF19UD!P9eD!" Fgh!8NBND!bFN!9UD!P9eD!aFQRaFtD! Fa!l9UD!P9eDlaFJ®!
d=D!N9eD!akaFb !d=D!P9eD!aRd:"b!d=D!P9eD!ar¥aN!d=D!N9eD!aFPaltPBFcD!bFQ!9UD!
P9eDINFbQ!dMIbFQD!QF_!9UD!P9eD!NH'PRBFQID!NFP!RHDINFaFaz!d=D!a9eD!NFPQ!
d=*DJ't'P"F D!PPFb!9UD!P9eD!IPFND!d=D!Z9ef!9J6+tl/ze @'N6XFV)47*10/31>%8 %1 X (!

"PZFNOZ_fI0/2(*'POFNOZ'F

U,/%C/F/IE&'D%C;'I>F>&'U&?,?:&A"A’

3-butenoic acid

S__S
o DCC, DMAP
CH,Cly, 25 °C, 16 h
o] NH
()
by HHG ﬁ)\/Ph 99%
A

\Cxo

2.90 2.93 I

+,(-.%&"U%*103/=F)54!daP!="DIOFOZaP!==/4e!)77/3*"("\-/XT(2 FIK23"0"7)-"/(18,1&"4"7)!
04)&.17.3/=)-1'3)<.,!d.%V)(%&Y1-XB7D!PYPe!)00/3*%*)51'dab!='"D!QQwe!)&!7/4/34%&&!/"4A@!
nio”’ IxPaFalDFZD!>924f!SJ!d(%)-e@'%!'aNQPD!NQaPD!PcabD!PZZbD!Pba@M®PPc’ 7=
16J!d’O0!69UD!>$>4 «b!cFNbcFaP!d=D!N9eD!tEPEb!d=D!P9eD!tEERD!d=D!N9eD!cFON!d*D!
J't'_FO!9UD!P9eD!hBFQZ!d=D!P9eDNHNO!d=D!P9eD\ifHHD!d=D!P9eD!"FQ_Jit**-BPD!
bFb!9UD!P9eD! Fcc!ditPbFZDINFZ!9UD!P9eD!" FAtRFD!NFc!9UD!POe DIHRN!d=D!
P9eD!aFQPON!d=D!N9eD'sdZZ1)!d=D!P9eD!aFAttHEA!9UD!N9eD!aFOZitttBOD!PF 19UD!
N9eD!NRQBQ_!d=D!P9eD\NHZQd=D!a9eD!NFHNINEN!OUD!P9eDINR&aZ!d=D!N9eD!NFNZ!
d*Olit!PaFZ!9UD!P9eD!NF@¥aBt!9UD!P9eDIRNFDa!d=DIN9e D\HZD /d=D!a9eD!PFN_

PF O!d=D!a9é#!16J!dPNb!69UD!>$>4 «b!PcPFQD!PcOFQD!PcOFZD!PaZFOD!PaOFcD!PNQFQD!PH

Pb(



PNcFbD!PP_FQD!cbFQD!cNFbD!cOFND!Z'FQD!baFOD!baFCaDEFDR! BFPR NFDRANNHND!NZFND!

NZFOD!NbFaD!N"Fcfl9dfzd @ !n6x367)47*10/3!>:9 &1X (+dbZOFNPabf!0/2(*IbZOFNPabF

R, SR i

o0._0 H ° H OQi/Ph remé)é"’/i?h o H 0 : OgiPh

T s PO

2.93 2.170 |

R.%!4"(%)3!<3%723&31'daN!="D!OFObcN!==/4e!H)&!*"&&/4#%*!"(1*3,!>84idbc!=;eF!
I-.,4%(%!H)&!82884%*!-.3/2".1-.%!&/42-"/(10/3!PO!="(F! M3288&![ T%(%3)-"/(17)-)4,&-!
dQFc!='DIOFOPP I==/4e!H)&!)**%*)(*I-.%!3%)7-"/(1H)&!.%)-%*!-/13%042V!12(*%3!)(!
%-.,4%(%!)-=/&<.%3%F!B0-%3!Pc!.D!-.%!3%)7-"/(\="V-23%!H)&!7//4%*!-/INb{>!) (*!*"=%-.,4!
&240/V"*%\dvPO!*3/<&e!H)&!)**%*!-/!-.%!&/42-"/(F!BO-%E3&('0/3!NL.!)-INb!{>D!-.%!
3%)7-"/(1="V-23%!H)&!7/(7%(-3)-%t#h vacuo.'R.%!3%&"*2%!H)&!<23"0"%*!8,!&"4"7)!04)&.!
7.3/=)-'3)<.,1d.%V)(%&YI-XB7D!PYPe!-/1)00/3*! *)(74'dNN!='D!Z_we!)&!7/4/34%&&!0/)=@!
nio”. IxbbFPHOFaZD!>92ef!SJ!d(%)-e@'%!aac’ DINQPPD!Pca’'D!PZZZD!PbNPD!PNbPD!PPc_D!cbP!
7=21'9116J!d"'00!69UD!>$>4 «eb!cFP\cFNZ!d=D!"9eD!AEQ0Z!d=D!N9eDNH&O!d=D!
N9eD!bFbN!@tPPF 19UD!P9eD!bF O!d&D!P9eD!bFaz!d& D! P P&D IO QD! P9eD! FaP!
d*DNt!PPFb!9UD!P9eDNFEPPt!QF_D!bF_!9UD!P9eD!&EQA=D!P9eD!aFcalit@FQD!bFQ!9UD!
P9eD!aFbhFZ0!d=D!P9eD NN !d=D!P9eD\afFPa!d=D'!a9e D!NNEQ_!d=D!P9eD!NF Q!d**D!
t!PZFOD!QFc!9UD!P9eD!NRENPZEMOUD!P9eD!NFNINRHBE!QUD!P9e DINFOQI ¢P&F_9UD!

P9eD!PRQ¥-0Z!d=D!N9eD\PHZ0!d=D!a9eD!PP&ZZ!d=D!P9eD!RPFNa!d=D!P9eDNFHFON!
!

PZ(



d=D!P9ef>!16J!dPNb!69UD!>$>4 «b!PcOFcD!PcOFZD!PcOFbD!P OFZD!PaZFOD!PaPFZD!PaOFOD
PNcFOD!PN'FQD!PNNFQD!cNFOD!cOFOD!Z FaD!ZaNHZIbNKREZMaRXaDasCBED!aPFaD!NZFOD!

NbF_D!N Fbfl9J6+itke @!n6xTFtV)47*10/3!>49 &1 X (+dbZOFNPabf!0/2(*!bZOFNPaQF

S S
0 Mel, CaCO3
MeCN/H,0, 40 °C, 7 h
ol NH 5%
(e} Ph
j\/\)Jv
o N ©
2.170 2171 |

+,(-.%&"U%*103/=¥)(74'dNP!="DIOFOach!==/4e!)77/3*"("1-/XT7 FIK23"0"7)-"/(18,1&"4"7)!
04)&.17.3/=)-'3)<.,1d>9  >4Y6%XID!POYPe!)00/3*67( 'dPN!="D!Zbwe!)&!)!H."-%!

&4 @io%" 1x"F_1d!OFPQD!6%X9eflSJId(%)se@ade_ DINQNcD!PcNZD!PZZZD!PbNbD!PNbcD!PP_ND
cbN!I7=2f19116J!d 00!69UD!>$ &>1Y$ «X!tIPOYP&CFPecFaP!d=D!a9eD!aEERN!d=D!N9eD!
ZFNN!dMDPZFPI9UD!P9eD!ZFOOPRFOD! _FPD!bFcIOUD!P9eD!bFaald&D!P9eD!bFaN!d&D!P9eD!b
d*Dit!PPFc!9UD!P9eD! FcdIABO!I9UD!P9eD! Fb JHPPFCIOUD!P9eD! FO_IdfttPOFCD!

cF DIbFQ!9UD!P9eDEFQD!d=D!N9eDiaiF!d=D!P9eD!dRFENP!d=D!P9eD!aF P QiiPTH D!
_FPI9UD!RD!NR@EOC!d=D!N9eD!NF cliFIFOD!QF 19UD!P9eD!NFAHRFAID!NF 19UD!
P9eD!NFNNEaN!d=D!a9e DINFN@IttP*D! DIPPFO!9UD!P9etPPELE=D!N9eD!PFEM!d=D!
P9eD!PPAFa0!d=D!PJefl16J!dPNb!69UD!>$ «>1Y$ oX!IPOYPENOCFQD!PCNFND!PCPFCD

PcPF D!P PFcD!PacFND!PaNFZD!PaOFZD!PNQFbD!PNcFQD!PNbFZD!PNNFcD!ccFND!c FNDIZbFa
‘cFaD!'NF_D!aQF D!a_FPD!aNFZD!NiaEN{@IE1er)47+10/31>0 &:1X ) cOFNPcafl0/2(*!

"cOFNPCcPF

PZt



U,/%C/F/IE&'D%C;'9C>C#,A:"%, G @BSKE">H#'HE,/?"C>

3-iodobenzoic acid
DCC, DMAP
CH,Cl,, 25! ,16h
99%
“ YK/

2.90 2.92 !

+,(-.%&"U%*103/=F)54'dNc!='D!IOFOb P!==/4e!)(*1q'/*/8%(U/"7!)7"*IdPb!="DIOFObQb!
==/4e!)77/3*'(1-!  XT(2 FIK23"0"7)-"/(18,1&"4"7)104)&.17.3/=)-/'3)<.,!d.%V)(%&Y1-XB7D!
"Yae!)00/3*%*)5*' daQ!="D!QQwe!)&!7/4/34%& &I @PNFRIOFcD!>924f1SJd(%)-e @!t!
aNQZDINQaaD!Pc’_D!PZZZD!PNBZDOtIBNd O0!69UD!>$>4 eb! Fa'ld&D!P9eD!cFQc!d*D!
JitlcF_D!PFal9UD!P9eD!cF_ft*FDD!PFb!9UD!P9e Dt d=D!a9eD!cFHddAm!9UD!P9eD!
cFO@FP 1d=D!N9eD!cFO#M*BN!I9UD!P9e D! FQQ!*-BOD!bFal9UD!P9eD!  FgM!EHEZD!
NFb!9UD!P9eD! FZb!fitfFbD!NFb!9UD!P9e DIHRRd=D!N9eD!\FER |d=D!P9eD!aFz |
d=D!P9eD!aFP |itbF I9UD!N9eDINFQ !df!B! F' DIQFOD!aFa!9UD!P9eENFcRD!a9eD!
NFbP!JBINF 19UD!P9e D!NRB c!ld=D!N9eD!NFNHIPTFO!9UD!P9e DINFPMIEPARQ!9UD!
P9eD!PRQEHOZ!d=D!N9eDIPFeQ!d=D!P9eD!PFZZ!iPEF_D!PPF 19UD!P9eD!PFijtt!d**D!
PaFcD!PPFN!9UD!P9&PIPEt=D!ag9é#!16J!dPNb!69UD!>$>4 «5!PcOFZD!PcOFaD!PZbFPD!
P'PF_D!Pa_FabeD!PaNFaD!PaOFND!PNQFcD!PN_F_D!PN_FZD!PNcFND!QaFQD!cbFcDIcNFaD!Z(
bNFcD! cFZD!'NFQD!'NFaD!"NFND!acF_D!aNFOD!NZFOD!Nb#/ @ e B 477 {036+!d

> eB &S1X(+ACNNFPPONTfI0/2(*IcNNFPOQbF

PZI



S__S S__S
Pd(PPh),, Et;NH
MeCN (1 mM)
HOoH 50! ,19h Ox© a9 H
0._0O
HN" S0 oy HN" YO

Oﬁ)\/Ph ° Oyk/Ph
X n
X__ 0 X0
I\/ 2.92 2172 |

R/1)!&/42-"/(1/0! *)5* dPQ!="DDFONZa!==/4e!"(16%>1!dNZ!=;e1H%3%!)**%*!
-%-3)?"&d-3"<.%(,4<./&<."(%e<)44)*"2=1dPb!="DIOFOPaN!==/4e!)(*9!db!~;D!IOFOaQb!
==/4e!)-IND{>FIR.%!3%&24-"('1="V-23%!H)&!.%)-%*!-/IbO}{>!)(*1&-"33%*10/3!Pc!.FIR.%!
="\V/-23%IH)&!7//4%*-INDY>1) (*1*"42-9%* H"- 1I-XB  7!)(*19 oXFIR.%!4),%3&H%3%!
8&9%6<)3)-%*D1)(*I-.%1/3)("714),%3!H) & H)&.%6* H"-.1&)-23)-%*1)L296/2&119 - >41)(*183" (%F!
R.%613%8&24-"('1/3")("714),%3!H)&!*3"%*/#%31)(., *3/2&11) ss-X: )(*I7/(7%(-3)-%*! in vacuoF!
R.%!3%&"*2%IH)&!<23"0"%*18,1&"4"7)104)&.17.3/=)-/'3)<.,|d6V)(%&Y|-XB7D!PYPe!-/1)00/3*!
*)(7* 'dQFO!="D!b_we!)&!<)4%! %44/HiibF@xaOFhitDFaND!>9ef!SJ!d(%)-e @!%!aab D!

NQ cD!PcbPD!PcNOD!PZZcD!PNQ_D!PNAPN&HEIBO!I69UD!>$>4 «b!_FOald*/BicF_D!
PFI9UD!P9eD!cF_PttREZ!9UD!P9e biuE*-JiticFcD!PF 19UD!P9e DicF @d=D!N9eD!cFPN
cFPc!d=D!N9eD!YEFRZ!d=D!a9e DMFFRQ!d=D!N9eD!" FZEttPBE 19UD!P9eD! FbZ!¢i!D!
POF D!aF_!9UD!P9eD'HRD!d=D!P9eD!aFENP!d=D!P9eD!a&BKO!d=D!P9eD!aFaN**D!
PaFQD!aFP!9UDHFRIDE* P PaFQD!ZFO!9UD!P9eD!NFQeIEEDD!QF ZD!aFO!9UD!R9eDINFZQ
NF_c!d=D!a9eD!NRFbN!d=D!N9eD!NFNt!REB! 19UD!P9eD!NFPR!IE*BE!9UD!P9eDINFON
NFPN!d=D!P9e DIRFRQP!d=D!P9eD!PFcg!tiPERcD!PPF 19UD!P9e DAFZQd=D! 9e [FRP

PFaN!d=D!P%ef!16J!dPNb!69UD!>$>4 «b!PcOFcD!PcOFaD!PZbFbD!PaZzFaD!PabFcD!PaaFcD!PaOF.

Pz:



PNQF_D!PNQF_D!PN_FcD!PN_FZD!PNZFcD!PNNFbD!_cF'D!_bFND!cNFaD!cOFOD!Z F D!b FaD!bF
*NFOD!acFbD!aNFQD!NZFPD!NZFOD!NbFnRE@EXI0 IFYAT*10/31>e:0 &1X (+4bQ FPQCQH!
0/2(*IbQ FPQ_OF

& i
S._S
Mel, CaCO3
!
o 9 o MeCN/H,0,40! ,7h O (0] H (6] H
H H 2%
0
N HN" 0

Oﬁ)\/ Ph OY& P

S 0 Xx_ o
2.172 21731

+,(-.%&"U%*!103/=F)(7* [dNb!="DIOFO NP!==/4e!)77/3*"("!-/XT7 FIK23"0"7)-"/(!8,!&"4"7)!
04)&.17.3/=)-/'3)<.,!1d>9 >4 6% X9DINOYPe!)00/3*)pr1'dPb!="D!cNwe!)&!)!H."-%!

&/4"*@io”" IxacFOMDFNbD!>92£!SJ!d(%)-e@'%!'aaZ DINQbQD!PcPQD!PZcOD!PbNND!PNNQD!cb’!
7=2f1'9116J!d"00!69UD!>$>4 «b! FO !d*McF_!9UD!P9eD!cF_N!d&D!P9eD!Ef#tietddDD!

P9eD!cF Z!giniFc!9UD!P9eD!cFaQid*BZ!9UD!P9eD!dRF® _!d=D!N9eD!YEFRQc!d=D!a9eD!
bFPMFP_!d=D!N9eD!"Fc@QitPDBFF 19UD!P9eD! F " ld**fIPOFQD!bF_D!aF 19UD!P9eD!"FPP!d***D!
JH!PPFOD!_F_D!aFO!9UD!P9eD!gk!RMEFRD!ZFOD!NFQ!9UD!PAEED!P9eD!aFab!@**D!
t'/P"FOD!aFN!9UD!P9eD!aFptlie*FQID!ZFO!9UD!P9eD!NFAL RBEFQID!NFc!9UD!POeINRB” !
d=D!N9eD!NF bdtB!FP!9UD!P9eD!NFalpidPCEF 19UD!P9eDINFNQDFPD!PPF_!19UD!P9eD!

PFb\ PFc_!d=D!N9eD!PPFBEZ!d=D!N9e#116J!dPNb!69UD!>$>4 «£b!NObFZD!PcOFQD!PZQFND!
PZbFaD!PaZFND!PabFcD!PaaFQD!PACHBEDHNQFOD!PN_FcD!PNZF_D!PNNFbD!_cF'D!_bFOD!caF.
b"F'D!bPF_D!I"ZFQD! ZF'D!"NF D!acF D!aaFcD /e @36Gxet7)47*10/3!>:9 1 X !

bO FNOPCcf!0/2(*'bO"FNOPbF

Pz



U,/%C/F/E&'D%C;'N$/E&CK:"E"/'<%C;,?"/'9$.A?"?$?"C>

1. 4-fluoro-3-nitrobenzyl bromide
o K,COgz, DMF

(o]
HOJKENHBoc 251 ,2h, 92% OZNDAO)K[NH@TFA
2. TFA, CH,Cl, E oh

Ph 0to25! ,1h,97%
Boc-L-Phe-Oh 2.112 |

+,(-.%8&"U%*103/=IG/TT TK.%IX9! dPOZ!='D!OF 00!==/4e!)(*1042/3/TT"-3/8%(U,4!
83/="+9%!dPOal="DIOF Ol==/4e!)77/3*"("l-/!-.%!&)=%!<3/7%*23%!)&!*%&73"8%*)E3F!
>i=</2(*1  *)((* 'dP Q!="D!_Qw!0/3IN!&-%<&e!H)&!/8-)"(%*)&!<)4%! %44 HESGFE,2"C
19116J!d"00!69UD!>$>4 blcFQN!d*MICFOD!NFal9UD!P9eD!cF™_Jit+FZID!I"FND!NFal9UD!
P9eD!cFPcFaN!d=D!"9eD!¢RBP |d=D!N9eD!bFPO!d&D!a9e DIF FRBDD!P9eD! Fifzc!
d=D!P9eD!NF&FPZ!d=DI!N9eD!PF P!d&BIY&R%C?&/2"C:H16J!d 00!69UDI>$ «X$e!
SICFQ_ld**PHicFPDR!9UD!P9eD!cFZ Id#DFZD! FND!NFal9UD!P9eD!cFtFR@ERD! FZI9UD!
P9eD!cNaFab!d=D'a9eD!dFFNa!d=D!N9eD!bFNb!d&D!N9e PIERRAID! P9e D! ARFHNC!

d=DIN9¢F

2.112 0 ‘/\
m OzND/\OJ\[NHzéTFA S.__S
S S F Ph
HATU, i-Pr,NEt i O H
COH  CHyCl,, 25iC, 20 h OPMB Ph

O7HN |

99% F Kﬁo
. I l o 2
OPMB 262 ouN 213

+,(-.%8&"U%*103/=1)6*'d b!="DIOFPOZ!==/4e!)(*1)="(%!<)3-¥)((* !dba!='DIOFPNc!==/4e!
)77/3*'(1-/! XT1FIK23"0"7)-"/(18,1&"4"7)104)&.17.3/=)-I'3)<.,!d.%V)(%&Y|-XB7D!aYNe!

)00/3*%*¥)((1 'dcc!="D!QQwe!)&!,%44/H!/'H@¥! IxaFZIdOF_D!>9=24f!SJ!d(%)-e@!%!'aaZbD!

Pzt



NQa_D!Pc’bD!P®DD!PO__ 7 9116J!d O0!69UD!>$>4 b!cFQO!d*IcFOD!NFa!9uD!

P9eD!cF z!d**pil_FZD!" FND!NFa!9UD!P9aiNBRE-D!Z9eD!cFPIdED!9UD!P9eD!dFOO

cFOZ!d=D!N9eD!ZF Md*Br!9UDIN9eD!bFOc!d&D!N9eD!/[EQPQD!RFa!9UD!P9eRIZDM9eD!

"FOc!d*-*[Pt!PPFaD!bFcD!NFP!9UD!P9eD!aFcc!d& a9 arRPge D!aBéNN!d=D!N9eD!aFOP

aFPN!d=D!N9eD!NFQPJUt#*B!D!_FaD!aFb!9UD!P9aMNFEZQ@=-D!a9eD!NR&RA!d=D!N9eD!

NFNN!d¥!DPaFZD!NFP!9UD!P9eDINFRPaFPD!NFO!PBED! PRQNFO "|d=D!N9eD!HHbcO!

d=DI!N9eD!PHaAELZ!d=D!"9&f!16J!dPNb!69UD!>$>4 «b!PcPFND!PcOFbD!PbQFPD}RbbFN!d*D!

tINZZFc!9UeD!PabFcD!Paljks!t*Br!9UeD!PaNF Jdi! Fb!9UeD!PaOFZD!PNQFND!PN_FZD!PNcFPD!

PNZFOD!PP_He%tDNPFP!®eD!PPaFcD!cNFZD!ZQF_D!ZQFcD!Z'F_D!bbFaD!baFOD! cFZD!'"NF_DI'N

a_FPD!aNFND!NbFQD!NbF_D!Nh#za@166$67)47*10/3!>)9 «[1 %X ++dcNCFNbP_flO/2(*!

cNcFNbPRcF

S__S
DDQ
CH,Cl,/H,0
o 25iC,1h
H
OPMB Ph 99%

+,(-.%8&"U%*103/=F)((1 'dcb!='DIOFPOal==/4e!)77/3*"('1-/1 XT2 FIK23"0"7)-"/(18,1&"4"7)!

04)&.17.3/=)-I'3)<.,1d.%V)(%&Y|-XB7D!PYNe!)00/3*%*)((2 'dZN!="D!QQwe!)&! %44/H!/"4@!

nio”" IXZFZHOFcD!>924f1SJ!d(%)-e@!%'aab_D!NQ OD!NazZOD!Pc 'D!PZbaD!Pb’CHIBAbO!7=

16J!d’O0!69UD I>$>4 «£b!cFQb!d**Pi ZFQD!NFal!9UD!P9eD!cFbIitt*FZD!" FND!NFa!9UD!P9eD!

PZ.



cFNcFaP!d=D!P9eDItEPRZ!d=D!a9eD!cFO!IdFAI!9UD!P9eD!tEB®Cc!d=D!N9eD!bFPald&D!
a9eD!"FQc!d*!D! FPD!ZFN!9UD!P9ebHR2!d=D!P9eD!aRé®_!d=D!P9eD!aFbptiEd!9UD!
N9eD!aFGi-PZ!d=D!N9eD!NFQ’!dt*FDF 'D!_FcD!aF 19UD!P9eDNREZRI=D!a9e D!NFBC !
d=DI!N9eD!NFNZJtttHaFcD!NFN!9UD!P9eDINFR#&dFID!NFP!9UD!P9e DN &=D!N9eD!
PF2ePFcO!d=D!P9e DNHBAD!d=D!N9eD\MFa_!d=D!a9efl¥6+!d m/ze @!n6xF¢7)47*10/3!

>0 &1 uX)+dZOcFPQ afl0/2(*!ZOcFPQ PF

‘/\ 1. OTBS A
HO,C S_S
S S
2.115
DCC, DMAP o
o CH,Cly, 25! ,20h H H
H H 00O Ph
OH Ph O™ "NH|
(@] NH| 2. TBAF, THF F o o
E K«(O Pp20! , 10 min
(o]
fo) 60% for 2 steps OyN
O,N OH
2.114 2.116 |

[BGG/CSKE">#\'"+,(-.%&"U%*103/=F)((2 'd"O!='DIOFOZZ0'==/4e!)(#4T

L *3IV,<.9%(,4)7%-"T) 7" 1dF)((3 & [dPQ!="DIOFOCND!==/4e!)77/3*"('-IXT(2 FIR.%!732*%!
3%)7-"/(1="V-23%!H)&!28%*10/3!-.%! (%V-1&-%<IH"-./2-1023-.%31<23"0" 7IK@'d 00!
69UD!>$>4 «ebIcFQ Id**PtIZFQD!NFa!9UD!P9eD!cFb@itt*=am! FND!NFa!9UD! P9eiBNZPP
d=D!b9eD!ZKGFOc!d=D'a%D!ZF_t*Eh!9UD!P9eD!ZFc¢INFPI9UD!P9eD! ZFcalitt*FOD!
PF_19UD!P9eD!bFPP!d&D'a% DEQR@PRFP!9UD!P9eDFPAU=IP9eD! FOOJ#!DEL!OUD!
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RIN#"/3/284,18/42-"(1/0IN><,J.>4  +0idaFZ!='DIbFP 1~=/4DIPO!=/4lwe!)(*I>&XB7!dNO!
='DIOFPOal==/4e!"(13%042V"(16%X9IdNFO!=;elH)&!)**96*1)1&/42-"/(1/0!., *3/V)=)-%!

#)(*( 'daal='D!OFObPI==/4e!"(16%X9!dOFb!=;e1*3/<H"&%!/#%31a0!="(FIX(7%!-.%!)**"-"/(!
H)&!17/=<4%-%D!-.%!3%)7-"/(1="V-23%!H)&! 3%08Z3Yt*!-"/()4!1aO!="(D'7//4%*-/\Nb!{>D!
)(H1-.9%(17/(7%(-3)-%*FIR.%!3%&"* 2961 H) &!*" & &/ A#%*1" (15844) (*1-.%!3%&24-"("1&/42-"/(!
H)&IH)&. % H"-.1)1&)-23)-%6*1)L29%/2&!1)9>X  &)(*183"(%F!R.%!3%&24-"(1/3')("7!4),%3!
H)&1*3"%6*1/#9%31 1y X ) (M17/(7%(-3)-%*! in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,18"4"7)!
04)&.17.3/=)-'3)<.,1d>9  >4Y6%X9ID!a0YPe!-/1)00/3*)(1"(8%6<)3)84%!="V-23%!/0!
3%"/"&/=%3&RI(76< )(*! *)(76=DCPb!='D!b'W!7/=8"(%*," %d4*e!)&!/3)('%!/"4FIR.%!
&-327-23%8&1/01-.%!"&/=9%3"71<,3"*" (%&!H%3%!*06-0%63="(%*18,116 J1&<%7-3/&7/<"7!)[}4,&"&F
“(@9!16J!d 00!69UD!>$>4 «D!6):/3!"&/=%3adIcFac!d*PHiZFc!9UD!P9eD!dRi¥aald=D!N9eD!
cFPacFNN!d=D!a9eD!ZFQtt!dERI9UD!P9e D! ZFNHFEEIOUD!P9e D! FoNIHENF 19UD!P9eD!
*Fac!d*HPPFclOUD!P9eD! FaNIIFPFQ!9UD!P9e DN ARO!d=D!ND'aR & QO!d=D!P9eD!
aF \ aFZ0!d=D!a9eD!aFafitfD19UeD!NFANFQQ!d=D!Z9e DINFRI!d=D!a9eD!PRFO_!d=D!
*9eD!PFhRFcN!d=D!a% D!PPEWQ!d=D!P9eD!PFRAN!d=D!P9efl9J6+!di/ze @!N6XFHT) 47!
0/31>%9 &1 %X -+IbbQFNNQDbfI0/2(*lbbQFNNQbF

Pcz



) o
S S S s
Mel, CaCO3
0 MeCN/H,0O
H H + H O H 0! l7h H © H
O NH o
O H\ HN 79% HN™ ~O
=
no Bl K\ H\
P
o HN. o HN__~ (0] Ph

2.176A 2.176B 2.177A 2.177B |
+,(-.%8&"U%103/=13%"/"&/=%3"71="V-239T76< ')(*! *)(76='dPb!='DIOFONZ_!==/4e!
)77/3* (11 XT7FIK23"0"7)-"/(18,1&"4"7)104)&.17.3/=)-/'3)<.,!d>9  %>4Y6%XIDINOYPe!
)00/3*9%6+1)(1"(896<)3)84%!="V-23%!/013%" /" &/=%B&Id< ')(*! *)(77=DI!QFc!='D!ccwe!)&!)!
H."-%!&/4"*@116J!d 00!69UD!>$>4 «D!6):/3!"8&/=%3edlcF Qld*P_FQ!9UD!P9eD!¢ERP!
d=D!a9eD!cRRPNb!d=D!a9eD!ZFNMIZFRIOUD!PY9eD! FiizZZc!d=D!N9eD! F¥a_!d=D!P9eD!
“FP_Id*PIPNFc!9UD!P9eD!" FOMIPIIEN!9UD! P9ED MaF Qa!ld=D!P9eDedfizZ!d=D!N9eD!
aFNZF Z!d=D'a9% D!NRFDO!d=D!N9e DINFFhe!d=D!P9e D!NFRza!d=D!P9e D!N¥PN | d=D!
N9eD!PR NFOP!d=D!N9e DI PFZ®!d=D!N9e DNF-Bb!d=D!N9efl9J6+d/ze @ !In6XHV)47*!
0/31>%0 esd #X (" ZQFNaaafl0/2(*"'ZQFNaNcF
I

U,/%C/F/IE&QA'D%C;'<KK&>0,#&'B"L&%A"'D"/,?"C>

TMSCI, BrCH,CH,Br
Zn, CH,Br,, TiCl,
P40to 25iC, 4 h

24% (35% brsm)
2.132 2 199 |
B7-"#)-%*1U"(71*2&-!dN_b!="DI"Fac!==/4e!H)&!*3"%*12(*%3!.".1#)722=!"(1)INO!=;1#")4!

0"--9%6*IH"-.1)1&%<-2=17)<1d"(!)!b@P1&) (*18)-.eFI5</(17//4"('D!-.%#")41H)&1042& . %*IH"-.!
!

Pcc



1 oF1B(.,*3/2&!R9[!dc!=;eD!PDNT"83/=/% -.)(%!dPQ!~;DIOFNNO!==/4eD!)(*|R6+>4!dbFZ!~;D!
OFO ' 1==/4e!H%3%!)**9%6*1-/1-. %#")4FIB0-%3!&-"33"('10/3!PO!="(D!*"83/=/=%-.)(%!dOFPO!=;D!
PF NI==/4elH)&!)*%*FIR.%!="V-23%!H)&! 7//4%* V1 O{>!)(*IR">4 - [dPFOP!=;DIPFO!6!"(!

>9 »>4DIPFOP!==/4e!H)&!)**%*184/H4, BIH"&%!/#%3!PO!="(FIR.%!3%&24-"(T§&2%!
&28<%(&"I(IH)&!H)3=%*1-/101{>!/#%3!"b1="(!-.%(1&-"33%*1)-10{>10/3IN!*) &F!B(!)4"L2/-1/0!
-.%!;/=8)3*/13%)'%(-1-.2&  T8-)"(%*!d bN!~;DIOFOQQN!==/4D!"1%Le!H)&!)**%6*I-/12%-/(%!
*)(1* 'dPO!="DIOFON"_!==/4e!"(!>@44dNFI=;e!)-|0{>F!B0-%3!&-"33"(")-10}{>10/3!a0!="(D!

- 96139%) 7-"/(1="V-23%!H)&1)44/H%*1-/1H) 3=I-/INDI{>1)(*1&-"33%*10/31)**"-"/()4!". FIR %!
="\V/-23%1H)&I*"42-%*IH"- 11-XB71) (*IL2%(7.%* H"- 1&)-23)-%*1)L2%/2&11)9>X  &FIR.%!
4),%38&H%3%!&%<)3)-%*D!) (YL 246/2&14),%31H)&1%V-3) 7-%*1H"-.1I-XB7FIR.%! 7/=8"(%*!
13)("714),%3&!H%3%!H)&.%*IH"-.183" (% D!*3"%*1/#% 34X D (*17/(7%(-3)-%*! in vacuoF!
R.%!3%&"*2%!H)&!<23"0"%*18,1&"4"7)104)&.17.3/=)-/'3)<.,1d>8>4Y 6%X9ID!" OY Pe!-/1)00/3*!

11,' dNF 1='DIN wD!abw!83&=e!)&d)"-%!&/4"*IH"-.I- %!3%7/#%3%*&-)3-"("1=)-%3" W5
daFO!="D!aOwei@! !'xNZF [OFOcD!>9:f!SJ!d(%)-e@!4!aaPNDINQNQD!Pca D!PZ ZD!Pb OD!
PN_Q!72f!9!116J!d 00!69UD!>$>4 «blcFOQ@Faald=D!Z9eD!ZF ZIHBN!9UD!P9eD! FQb!
d=*DIJIttPOFPD!ZFcD!aFcl9UD!P9eD! Fc_!d&D!NOREIP FEODI*Bb!9UD!P9eD! FRHRPHEDD!
"FNI9UD!P9eD!ARFQP!d=D!P9eD\aFY_!d=D!N9eD!aFbPJtFRFZD!aFZ!9UD!P9e D&HRIZ
d=D!P9eD!NFQPitFbD! ZFc!9UD!P9e D!NFRIBZID!QF ZIB9e DINF  IdHIPZFQD!aF a!
9UD!P9eD!NHARBNa!d=D!P9e DAMFIZ !d=D!a9e D\FFAc!d=D!P9eD!PPRZ Id=D!N9eD!PFaN

PF O!d=D!P9&#!116J!dPNb!69UD!)7%-/(%seb!'PcPFQD!PcOF D!PZQFcD!P bFZD!Pa_FQD!PaOFbD!

Pc_



PNQFND!PNcF D!POQF D!ccFbbicEBM@BFBDNF_D!I"OFQD!"OFaD'a_F D!aNFu@Fafl9J6+!d

N6x90 217)47*10/3!>8 % «X-I"OPFNOCPf!0/2(*I" OPFNOZcF

o) OH
NaBH,, MeOH

(o) b40! ,1h (o)

H H H o H

o , HNTTO 95% o , HNTTO
N Ph N Ph
04]”\/ \H/K/ O)\/ \[(K/

0

2132 O 2200 |

RINI7//4%*1d\ "O{>e!&28&<%(&"/(//3)(1* 'dPbP!="DIOFacb!==/4e!"(16%X9!dcN!=;e!H)&!
)*06*1&/*"2=18/3/.,*3"*%IdNP!="DIOFbZal==/4eF!B0-%3!&-"X30/3!PL.1)-1-. %!&)=%!
-%=<%3)-23%D!-.%!3%)7-"/(1="V-23%!H)&!&4/H4,1H)3=1-/I01{>DIL2%(7.%* H"-.1&)-23)-%*!
)L2%/2&119 - >AD!)(17/(7%:(-3)-%*FIR.%!3%&"* 2% H) &1*" &&/44%6* 1" ED!) (*I-.%!
3%8&24-"("18&/42-"/(\H)&!H)&.%*IH"-.19 5XFIR.%!)L2%/2&14),%3!H)&!%V-3) THE*1>9 >4
&%6#%3)41-"=%&FIR.%!7/=8"(%*1/3)("714), %3&H%3%!*3" % /#%3!)(., *3/284X) 1) (*
71(7%(-3)-%*in vacuol-/1)00/3*! *)*44'dP " I='DIQbwe!)&!)!H."-%!&/4"*@d*" I\ PNFQI®FNaD!
>9 &1Y6%X9IPYPef!SJId(%)-e@4!aaN_D!NQaaD!PcaP MR &Y D!PNbOD!IQQQBIEBD!7=
16J!d"00!69UD!$6+X Tseb! FNQ!JHIBFc!9UD!P9eD!cFQRY*BY!9UD!P9eD!ARNE_!d=D!
N9eD!cFREPQ!d=D!a%e D! FZQIHFR!I9UD!PYeD! FhZ!JHDFND!ZFb!9UD!P9e D&FQB!d=D!
N9eD!aFcZ!d*MBPZF_D!bF 19UD!P9eD!aFZBttPZBQD!bF_19UD!P9eTHEZBNI=D!N9eDNFPC
aFNZ!d=D!P9eDINF_QWP4RhD!ZFb!9UD!P9eDINFEHIBHEZD! FO!9UD!P9eD!NFAD!d*D!
PaFZD!aFb!9UD!P9eD!PF{X IB4fED! _Fa!9UD!P9e DFfFfebid=D! 9eD!PFRNald=D!N9eD!PFPb!

dLDY!'PPF19UD!P9eD!OF_JttRPFb!9UD!P9€H!16JIdPNb!69UD!$6+X Tiseb!PcPFbD!

PcC



PZQFbD!PZQFaD!PacF_D!PNQFOD!PN_FPD!PNZFND!cNFbD!cNFPD!ZZFaD!Z FZD!Z FbD!baFbD!|

acFCQANFND!NNFPf19J6G#kd@!n6xFtr )4 7*10/3!>69 % X (I"ObFNONOf!0/2(*!" ObFNONNF

o o Co,Me
MeO,C._P(OEt), |
NaH, THF
0t0251 ,1h
o : o
H = H H - H
o , HNTO 7% o, HNTO
N Ph N Ph
o)\/ \[HV o)\/ \[HV
o

2.132 o 2.201 |

RINI7//4%*1dOY>e!&28&<%(&"/(1/011)9!dbF 1='DIZOW!*"&<%3&"/("(I="(%3)4!/"4D!OFPa!
==/4e!"(IR[IdP!=;e!H)&!)*%*1=0%-. 41*"%-. 4< /&< ./(/)7%-)-%!dPQ!~:DIOFPa I==/4¢!
*3/<H"&%F!B-%3!PO!="(D!)!&2&<%(&"/((1* 'dP_!='DIOFO “cl==/4e!"(R9[!dP!=;e!H)&!
)**06*1*3/<H"&%6!)-101{>FIB0-%3!&-"33"("10/3IPOI="(!)-IO{>D!-.%!3%)7-"/(!="V-23%!H)&!
)44/HY%*1-/1H)3=1-/INDI{>1) (*1&-"33%*10/3!P!.FIR.%!3%)7-"/(H)&!L2%(7.%* 1 H"-.1&)-23)-%*!
)L2%/2&119 - >AD!)(*1*"42-%*IH"-.1I-XB71)(*19  sXFIR.%!4),%3& H%3%!&%<)3)-%*D!)(*1-.%!
)L2%/2&14),%31H)&1%V-3)7-%*IH"-.1I-XB7FIR.%!7/=8"(%*1/3")("7!4),%3& H%3%!*3"%*!/#%3!

1) X D(H7/(7%(-3)-%*! in vacuoF!R.%!13%&"*2%!H)&!1<23"0"%*18,1&"4"7)104)&.!
7.3/2)-I'3)<.,1d>9  5>4XY69%X9D!_OYPe!-/1)00/31#4( 'dPZ!="Dlccwe!)&!)IH."-%!&/4"@!

nio%’ IxPFatiOFNZD!281efISJ!d(%)-e @te!t'aaOND!NQbOD!PcPbD!PZ ZD!P aZD!PNNaD!PPZ_D!PPbF
cbNI7=2f19116J!d 00!69UD!>$ &>1Y$ #X!tIPOYP&CFP\ cFaN!d=D!b9eD!bFc@ttBO!9UD!
P9eD!"FZN!{iZZFQ!9UD!P9eD! FOb!dHtHEOFaD!ZF_D!aFO!9UD! PoaBliFfdZD!N9eD!aFc !
d*DJIt!PcF D!aFZ!9UD!P9eDlaFZ@!d=D! 9eD!aFaO!d*#*RNFQD!POFZD!bFZD!NFc!9UD!P9eD!

aFOO!d*fDPaFcD!ZFa!RE#D!NFQaldftaF_D!cFc!9UD!P9eD!NFJh!B-FI)D!aFP!9UD!P9eD!
!

P_(



NFQQFN_!d=D!a9eD\A¥RZ!d=D!P9eD\MFZ "!d=D!P9eD!RPtZc!d=D!P9eD!PFHb 'd=D!

P9eD!PFePF "1d=D!P9¢efb!16J!dPNb!69UD!>$ &1Y$ «X!tIPOYP&PCcPFQD!PcPFaD!PZQF_D!
PZcFND!Pi2RacFND!PNQF D!PN_F 'D!PNZFcD!PP FND!cZFOD!c FcD!c’FND!ZbFcD!b'FND!bOFQD
abFOD!aNF D!NNFOf!9dGe@!n6xFtr)47*10/3!>69 4l oX)!"bQFNPNZfI0/2(*I" bQFNPNPF

EDCaHCI DMAP, DMF
25iC,16h
55%

2 132 2 202 |
R/1)I&/42-"1(1/0! *)(1* 'dPZ!="DIOF0aQZ!==/4e!"(1$6[/dPFal=;e!H%3%!) /ST "-3/(%44"7!
)7"9'da’|='DIOFPQ_!==/4e[BB.. 4TI =%-.,4)="(/<3/<,4e7)38/*""="*0p
J*3/7 .413"9%1dI$>|9>4D!Pb!="DIOFOCcQP!==/4eD!)(*!$6BK!dP!="e!)-INb}{>F!B0-%3!
&-"33"('10/31PZL.1)-1-.%!8)=%!-%=<%3)-23%D!-.%!3%)7-"/(1="V-23%!H)&!*"42-%*IH"- ||-XB7!
)19 oXFIR.%!4),%3&!H%3%!&%<)3)-%6*D!)(*I-.%1/3") ("714),%3!H)&!*3" 06 /H9 X 1)(*
71(7%(-3)-%*in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,1&"4"7)104)&.17.3/=)-'3)<.,!
d.%V)(%&Y1-XB7D!PYPe!)00/3)%4*' dPN!="D!bbwe!)&!)!H."-%!&/4"h@¥’ !IxPPFRIDFND!
>9>4 f1SJId(%)-e@'%!aa0OODINQN D!PcaOD!PZacD!Pb PD!PNOZBIENNDO!69UD!
>$>4 sebIcFNWFaZ!d=D'a9e D!aRIFNP!d=D!N9eD!cFGHBb!IOUD!P9eD!ZF JHKER 19UD!
P9eD!bFOCIHDFO!9UD!P9eD! FQaldfttPOFPD!cFOD!aFc!9UD!POEDIEJED!P9eD! Fb'!

d=*DJ!t!P_FOD!_F19UD!P9eD!" FPQUP@HcD!bFOD!aFN!9UD!P9eDJ4P OFZMINFN!9UD!P9eD!

P_F



aFZN\aFZ_!d=D!P9eD!aFZOMPDFPD!NFb!9UD!P9eD!aFpRREFZD!aFc!9UD!P9e D &tHira!
d=D!P9eD!NFQP!AtEdFbD!ZF 19UD!P9eD!NF JQIeZEXD!QFdD!PO9eD!NF N!@tHPI FZD!aFa!
9UD!P9eDINFN_!dtPIFbD!bFQ!9UD!P9eD!NF@t! RMERD! FP!9UD!P9eDNFON!d=D! 9eD!
PFcbPF_N!d=D!P9eDMHZN!d=D!"9eD!RPEZN!d=D!"9eD!PPPaQ!d=D!b9eD\HHeRc!d=D!
P9eD!OFQalitRFZ!19UD!a9¢t116J!d PNZ!69UD!>$>4eb!PcNFZD!PcOFND!PZQFQD!PZ_FOD!PaZFc
PaPFZD!PNQF_D!PN_FZD!PNcFOD!PN FND!caFQD!cPFND!ZQFND!Z FZD!baFPD!"NFaD!"NFOD!'P
aOFPDINbFcD!NbF DINPFbD!PQFZDiHcECH'ad: 0% )4 7*10/3!>2:9 + 1 oX) IbbcFaNNPfl0/2(*!

bbcFaNPbF

EDC&HCI, DMAP, CHCl,
25iC, 17 h
41%

)\/HTH\/Ph

2.132 le) 2 203 I
R/1)!&/42-"/(1/0! *)(1* 'dc!='D!IOFOPcal==/4e!"(1>9>44dOFZO!=;e!H%3%!)**%6*&/38"71)7"*!
dQFc!="DIOFO_Zb!==/48BPATATIa"=%-.,4)="(/<3/<,4e7)38/*""="*0%p\. *3/7.4/3"*%
dI$>|9>4D!Pc!="DIOFO_Zb!==/4eD!)(*!$6BK!dP!="e!)-INb{>F!B0-%3!&-"33"(10/3!Pc!.H%!
&)=%!-%=<%3)-23%D!-.%!3%) 7-"/(1="V-23%!H)&!7/(7%(-3) UithoF |R.%!3%&"*2%!H)&!
<23"0"%*18,1&"4"7)104)&.17.3/=)-'3)<.,1d>9 +>4Y6%X9IDINOYPe!)00/3*¥641 ' daFb!="D!
bbwe)&!)IH."-%!&/4"*@b*%" IxPZFZHDFPD!>92af!SJ!d(%)-e!@'4!'aNQCcD!NQNZD!PcaaD!PZ aD!

Pb PD!PN bD!PP OD!PC@&@7E6J!d O0!69UD!>$>4 «b!cFNcFaN!d=D!N9eD!cePNb!d=D!

P_t



*9eDIcFO IdJMIQFal9UD!P9eD!ZFafiid F!9UD!P9e D! ARBNb!d=D!N9e D!bFcPuetiFHa!9UD!
P9eD!"F\bFOP!d=DIN9eD! FbbJ#EDFO!_Fb!9UD!P9eD!"FPPI@#t{PDIFZD!"FZD!aFN!9UD!P9eD!
aF_Z!d-*m!POFbD!NFP!9UD!P9&BREdZd=D!P9eD!aFZP D FPD!NFb!9UD!P9eD!aFpiid*D!
PaFZD!aFb!9UD!P9eDi&RRHI=D!P9eD!NFQRIPARbD!ZF_19UD!P9eD!NFDRFFID!QFD!
9UD!P9¢RF ald**[Pt!PZFZD!aFP!9UD!P9e DNFIN!d=D!P9e DIPFEQP!d=D!"9eD!PFEZ0!d=D!
N9eD!PRNRF P!d=D!a9eD!RPBPb!d=D!P9ef!9J6+d/ze @N6XHT)A7*10/31>0 &1 9X)!
"QQFNaQfl0/2(*' QQFNa'F

[

o}

OH @) M/\
? T AN ° B
HO i -
o EDCAHCI, DMAP, CHCl,
25iC, 17 h
H H H o a
j\/H HN (6] 62% o HN o
N\[(\/Ph H
N Ph
e} I O%\/ \”/\/
2.132 O 2.204 |

RI1)I&/42-"/(1/0! *)(1* 'dc!='DIOFOPcal==/4e!"(1>9>44dOF EQe!H%3%!)**06*1<)4="-"71)7"*]
dNN!='DIOFO_Zb!==/4aBtP, 4T =%-.,4)="(/<3/<,4e7)38/*"="*0|. *3/7.4/3"*%!
dI$>|9>4D!Pc!="DIOFO_Zb!==/4eD!)(*!$6BK!dP!="e!)-INb{>F!B0-%3!&-"33"(10/3!PcL.!)-I-.%!
&)=%!-%=<%3)-23%D!-.%!3%) 7-"/(1="V-23%!H)&!7/(7%(-3) UithoF |R.%!3%&"*2%!H)&!
<23"0"%*18,18"4"7)104)&.17.3/=)-I'3)<.,1d.%V)(%&Y|-XB7D!PYPe!)00/3*9512' dZFQ!='D!
ZNwe)&!)!H."-9%!&/4"x@"" !Ix' FaldlOFP_D!>92ef!SJ!d(%)-e @!4!'aNQZD!NQNPD!N_bPD!PcaPD!
PZacD!Pb ND!PNNPFF9!16J!d° 00!69UD!>$>4 «blcFNZFaald=D!N9eD!¢ERRb!d=D!P9eD!

cFPacFNO!d=D!N9eD!cFQQIQFi9UD!P9eD!XEFRZ!d=D!P9eD! FQ |d*MFcD!ZF_D!aFZ!9UD!



P9eD!I"F\G-QO!d=D!P9eD!" Fbb!dt#D!IFOHa!9UD!P9eD! FBRb!d=D!P9eD!aRFP!d=D!
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T%">/"K,E'GC;KC>&>7'<> EFA"A+TG<-

K3"(7"<)417/=</(%(-1) ()4,&"&!dK>Be!H)&! <%630/3=9%*12&."('I-.%!<3/7%*23%!"(-3/*27%*18,!
R)( "+ FIR.%!<4/-&1&./H(!"(!["23%!PP!H%3%!'%6(%3)-%*103/=17/=</2(*|&%-&!)8/#%D!)(*!

- %INO!&-327-23)41)(*1<.,&"T/7.%="7)41<3/<%3-"B3%!*%-%3="(%*18,103%%!/(4" (%!
7.%="(0/3=)-"71-//4&1d6/4"(&<"3)-"/( ' DI]>>I;)8 '"eD!>%=$3)H!)(*I=)(2)4!
"(&<%7-"/(&dR)B4%!RMR.%!=9%)(1)#%63) %!#) 42%& 1437 .17/=</2(*1&%-&!HY%3%!7)4724)-%*!

dR)84%!akeF!

dlt!(+-6E!fIPOOO0!0/3!74)3"-

Drug Natural Macrﬁl‘;yc"c THP-MC
Set Product Set Library Set
Set
MW 355 629 485 472
N 2.4 2.6 0.4 2.5
@) 3.0 9.7 7.5 71
XlogP 25 1.5 3.4 1.1
HBD 1.6 4.9 2.2 15
HBA 5.6 10.8 7.9 9.6
RotB 6.2 9.7 5.3 3.1
tPSA 72 183 111 103
ALOGPs 25 2.1 3.1 1.3
ALOGpS -3.7 -3.8 -3.8 -3.5
nStereo 1.3 9.1 7.5 3.6
R 0.6 4.1 3.7 2.5
S 0.7 5.0 3.9 1.2
RSdelta -0.1 -0.9 -0.2 1.3
nStMW 3.4 13.9 15.1 7.5
Rings 2.9 3.8 2.7 3.5
RngAr 2.0 1.0 0.2 1.3
RngSys 21 2.0 1.4 1.7
RnglLg 8.1 15.8 16.8 20.9
RRsys 1.4 2.3 2.1 2.3
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R,.E&'2)'>/=</(%(-14/)*"(&I0/3IK>BI/0!-.%!=)73/7,74"714"83)3,IH"-.1%&-)84"& . %*!
3%0%3% (7 YEmUs1&3%%6! 7/(-3"82-"('1<)3)=%-%3&!)3%!=)32%*!, %644

PC1 PC2 PC3
MW -0.3349 0.0848 -0.0921
N -0.1383 -0.1530 -0.4127
o -0.3322 -0.0591 0.0543
XLogP 0.0394 0.5125 0.0670
HBD -0.2633 -0.2188 -0.1581
HBA -0.3236 -0.0895 -0.0798
RotB -0.2075 0.0491 -0.2656
tPSA -0.3163 -0.1632 -0.1409
nStereo -0.3135 0.0114 0.2222
R -0.2722 -0.0252 0.2935
s -0.3076 0.0418 0.1305
nStMW -0.1918 -0.0553 0.4031

RSdelta 0.1000 -0.0904 0.1774
Rings -0.2065 0.1923 -0.0391
RNgAr -0.0030 0.1314 -0.4228
RngSys -0.1549 0.0973 -0.2736
RngLg -0.1987 0.1298 0.1798
RRSys -0.0893 0.1361 0.2117
ALOGPs -0.0168 0.5332 -0.0173
ALOGpS 0.1074 -0.4704 0.1140
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T%">/"K,E'UC;&>?'CD'W>&%7?",'+ TUW-
6%3721=/4%724)310/37%!0"%4*1Q"V!d66[[Q Vel)(*I-.%!'%(%3) 4" U%*1G/3(1&/4#)-"I(1=/*%A!
HY%3%!28%*1-/'%6(%3)-%!&-)84%! 7/(0/3=%3&10/31%)7.1=/4%7 24%FIK3"(7"<)41=/=%(-&!/0!"(%3-")!
7)4724)-"1(&HY%3%H630/3=%*12&." ('1-.%!6/4%724)31X<%3)-" ("l (#"3/(=%(-!d6XID!
#NOP_FOPe!&/0-H)3%!<) 7835 (*1-.%!7/(0/3=)-"/() 418&%6) 37 .1H) &!<%30/3=9%*IH"- |- %!

0/44/H"("'&%--"('&@

Method LowModeMD
Rejection Limit 150
RMS Gradient 0.005
Iteration Limit 10000
MM lteration Limit 500
RMSD Limit 0.15
Energy Window 3
Conformation Limit 10000
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"83)3,1=06=8%3&!H%3%!&73%%(%*10/3!"(."8"-"/(1/0192.C! 7%4A4&D")!. %< JFF 5%+

7)37" (/=) 7%A4414" (%F1>/=</2(*&1dPOO!~6e!"(I-3"<4"7)-%!H%3%!"(728)-%*IH"-.192.c!dcDOOO!
7%448Y HY%A4e! 7%ATAVAAIN . "-%!="73/-"-%31<4)-%&10/3!b!¥),&!"(1)1&-) (*) 3*1-"&.& 2% T B!
"(728)-/31)-1ac{>FIR.%!0"()4!7/(7%(-3)-"/(1/01$6+XIH) & PwW!)(*I- %!)&&), #/42=%!H)&!
a0!~;F1G3%0%4*"(|BIdPO!~6e!H)&!-.%!</&"-"#%6! 7/(-3/AF1>%A441#")8"4"- 1H)&!) &&%6&&%6*1)0-%3!
)R (101>%A4R" - %A/ dK3/=%")e!-/1%) 7.1HY%441) (*13%4)-"#%!142="(%&7 %(7%!H)&!

* 09-963="(%* H"-.1) (11 (]"&"/(1dK%3?" (114=%3eF!$)-)IH%3%!(/3=)4"U%*-/1- %!$6+X!
71(-3/41)(H1<4/--%*1) &1 %) #%3) Yoly-. %1&-) () 3¥1*06#t")-"/ (F1+"'("0"7) (7%!H) &!) & &6 & &%6*18,
<%30/3="("1)1-H/ TH),!B1X]BD!$2((%--W&!=24-"<4%]!7/=<)3"&/(1-%&-1dM3)<.K)*IK3"&=eF!
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3. Synthetic Studies toward Forazoline A
3.1 Introduction

3.1.1 Clinical Needs in Antifungal Drug Development

[2()41"(0%7-"/(&!.)#%!8%% (1) 7/(-"(2/2&!-.3%)-1-/1.2=)(&1) (1=%*"7) 44,
"=</3-)(-102()41*" &%) &%8&17)(18%!7)-%'/3"U%" (-H/1- <%6&18,|-"8&2%/3!/3) (14%#%4&D!
*p<(*"(1(1<3"=)3,17/4/("U)-"/(1&"-%&F * IR.%10"3&!- <%!"(742*%&!=,7/8%&!/0<.,&"7)4!
8)33"%3&.1/0!8/*,1&230)7%&!&27.1)&1&2<%30"7")4D!72-)(%/2&D!&2872-)(%/2&D!)(*1=27/&)FIS(!
Qo)A I"(*H*2)4&D1." 18/%,1-%6=<%3  )-23%!)(*1)I</H%3024!"==2(%!&23#%"44)(7%!
)*%6L2)-%4,13%8&."&-&1-.9%102()417.)44% (98RID6 &% 7/(*1=):/31'3/2<1/0102() 41" (0%7-"/(&!
"&)(1"(#)&"#96102() 41" (0%7-"1(1-.)-17)(1)00%7-1-. %! 7%(-3)41(%3#/2& &, &-%=D'84//*&-3%)=D!/3!
13)(&1"(742%"('12"(%, DI42('D) (*14"#%63FIS==2(/7/=<3/="8&Y%*1<)-"%(-&DIH./!.}#%!)!
3%*27%*1)8"4"-,1-/10".-1/00!)--) 72103/=I<)-./'%("7102("" D) 3%!<)3-"724)34,1#24(%3)84%)!!
£4)3'%1(2=8%3!/01/<</3-2("&-"7""(#)&"#%!02()4!"(0%7-"/(&F

S(#)&"#9%102(')4!"(0%7-"1(1.)&18%7/=%!)!=):/31<284"71.%)4-.1<3/84%=!)(*I"&!
H"064,13%7/'("U%*1)&!1)14%)*"(17)28%!/018&28&-)(-")41=/38"*"- 1) (*1=/3-)4"- 1" (I-.%!

%) 4-.7)3%!%(#"3/ (=% (-FI[/31" (*"#"*2) 4&1" (0% 7-%*IH"- 1. 2=) (I"==2(/*%0" 7"%(7 , #"328&!
d9S]eD!02()4!"(0%7-"/(17)(18%!4"BWBY)-%(" (F!S-IH)&!1%&-"=)-%*!-.)-1-. %3%! H%3%!=/3%!

- )(IP1="44"/(17)&%&/019S] I&&IT")-%*173,<-IT/T7)A"(0%7-"/(1<%3!,%)3!"(!-.%!NOOO&D!)(*!
ZOODOOO!/0!-.%8&%!7)8%6&14%* 1/ 1SYB)H="/(D!-.%!)*#%(-1/01)"'3%&&" #%!7)(7%3!

7.%=1-.%3)<,1)(*1<3%&73"<-"/(1/01"==2(/&2<<3%&&"#%!=%*"7)-"/(10/31/3")(!
PQ!



-3)(&<4)(-)-"1(1.YHY A&/ T1(-3"82-%61-/1- Y1 (73%) &%6*1" (7" U (7%!/018%3"/2&8102(')4!
"(0%7-"/(&B !

$96&<"-%%01-.%!.2'061 74" ("7)4(%%*D'-.%3)<%2-"71/<-"/(&10/3!-.%!-3%)-=%(-1/0!" () &"#%!
02()4!"(0%7-"1(&!)3%!4"="-%*1-/1/(4,10/231=):/3174) &&%&!/01*32'&1d</4,%(%&D!0427,-/&"(%D!
YUIA%E&N)(F1%7."(I7)(*"(&e N&I&MH("(["23%!P CFIS-1"&!"=</3-)(--/!(/-%!-.)-1)4410/23!
&-327-23)A174)&&%&!/01)(-"02()41)' %o (-& HY%3%!" %6 (-"0"%*10"#%!* 06 7)*%&!) IFIK/4, % (%&!1)3%!-.%!
18%%&-174)&&101)(-"02()4&1)(*10"3&-1*"& 7 [#%3%*!" (I-. %!PQDO&D!/OIH."7.1)=< /-%3"7"(1G!"&!
-.9%1/(4,1-3%)-=%(-10/3!&,&-%="7102()4!"(0%7-"/(&!d["23%! eF|B=<./-%3"7"(IG!.)&!-.%!
=/&-183/)*1&<%7-32=1/01)(-"02()4!)7-"/(D128%*"(17/=8"()-"I(H"-1b  T0427,-/&"(%!0/3!-.%!
-39%)-=%(-1/0173,<-/7/77) M=% ("("-"&F*R."&I*" &7 /#%3,18//8&- % Yo *%#%4/<=Y5(-1/0}/-. %3]
)(-"02()4&1&27 D &)UIA%TTI(-)" (" (1)(-"02()4&L) (%7 " (/7) (*"(&"(1-. %! PQZO&!)(*!
PQCO&F!BI&=)441(2=8%3!/01)(-"02(')4!7./"7%&IH/241(/-18%!)!<3/84%=18, "-&%40D!"0!-.%, !
)**3%68&!" (#)& " H#Y6102(' " (0%7-"1(&IH"-.1&)-"&0) 7-/3,1/2-7/=%&F19/H%#%3D!-.%&%!02()4!
)'%(-&1&200%3103/=1&%6#%3)414"="-)-"/(&1&27 1) &1%=%3"("1*32'13%&"&-)(7%!=%7 ) ("&=!)(*!
MLV FI$%-)"4&1/01-.9610/23174)&&%&101)(-"02()41+32'&1-.)-1)3%!7233%(-4, 1<3%& 73"8%*!

"(174"("7T'H"48%!*"&72&&!"(1-.%! (% V-17.)<-%3F
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ngN | O oH
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i

$Ho
N
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Hp

I"HSY6&() *I"HHSYOE (Y0&)* Yo+ ' I$#,0$"&)12

Fluconazole = Fosaconazole

First azole antifungal
discovered approved approved
Amphotericin B Voriconazole
discovered approved
| ,
> 1950 > 1960 1970 1980 > 1990 2000
y /L V4
T f f -
Antifungal act'ivity Caspofungin |
of §-flucyt03|ne approved
discovered
Echinocandin Anidulafungin
discovered approved

!
I"#$%&(8) R"=064" (%!*%<"7-"("12%,1="4%&-/(%&!/0!)(-"02()41*32'*%%#%4/<=%(-1d[""23%!
3%*3)H(IH"-.1-. %!<%3="8&"/(103/=I3%0F
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D"I"4#b3--+1)#:1)%=31F [#86+-'9+3)%(0# 1B#>6'/[+1F+0 #
1)(*)('TCEF&>&A

B=<./-%3"7"(1GI"&!"&/4)-%*103/=Streptomyces &<%7"%&!)(*I-.%!=/&-1</-%(-!
)(-"02()AI"(174"("7)A128%!-1%),FIR."&I=)73/7,74"71()-23)41<3/*27-1</&8%&E&%&!)!(2=8%3!/0!
L *3IV,41'3/2<8&1) (H14/284%18/(*&!-.)-1)3%!3%&</(&"84%!0/3!-.%!=9%7.)("&=1/0N 7-"/(F S
" 1B=<./-%3"7"(1G18" (*&!-/1%3'/&-%3/4DIH."7.1"&1)1=)"(17/=</(%(-1/0102(') 4! 7%44!H)44&D!
)(*1*"832<-&1<4)&=)1=%=83) (%&!4%)*"(1-14%)?) %! OH"-) 41 7%A4424) 31 7/(&-"-2%(-&!) (*!
24-"2)-%4,1%0%)-.1/0102(')4! 7% 4 484D HY6#%3 D) =<./-%3" TG 7) () 4&/!" (-%3) 7-1H"- !
7.14%8&-%3/41d.2=)(1=%=83)(%!&-%3/4e!)(*I-."&13%8&24-&!"(1&" ("0"7) (-./&-1-IV" 7"}
"(742%"(1"(02&"/()41-IV"T"- DI3% ()41, &O2(7-"/(1) (14/HIBA/*1</-)&&"2= &3 DIH."7.1)&!
8%%(!)!<3"=)3,1*3)H8)72!/0!)=<./-%3"7"(\GFIS(1)**"-"/(D!4/H!&/428"4"- 1) (*!
8"/H)"4)8"4"- 1} %18%9%6(1)1=):/317.)44%('YF1+" (7%!73,8-)44" (%) =<./-%3"7"(1G!"&!"(&/4284%!
"(1H)-%31)-1<91cDL. % ¥ %6/V, 7./14)-%1&)4-1/01)=<./-%3"7"(1G!d02("U/(%, e 1H)&!*%6#%A4/<%6*!
"(IPQZZ!82-1"-18./H&I&Y6HY%3%!-I\V"7"- FIR/)A4%6H")-%!- . %1-/\V"7"-, 1<3/84%=DI4"<"*10/3=24)-"/(&!
0N)=<. [-%3"7"(1G1&27.)&!B8%A47%-,1)(*IB=G"8&/=%,!H%3%!*06#064/<%*)(*)<<3/#%*18,!

[$B!"(1-.%!="* TPQQU&F !

PQt



Polyenes '

%O 3 m D _‘Q:tﬂ?i}_s-mucytosine

' Azoles —IT L nucleus
1 1

: Y

1 ' ’I

: Echinocandins v
. cytosol '
1 "
______________________________________ ¥
o ergosterol UDP-glucose cell membrane
lanosterol 1,3-! -glucan cell wall
m 1,3-! -glucan synthase 1,6-! -glucan

[
I"H$%&(5 )'B(-"02(')41-)3'%-&!d["'23%!)*)<-%* H"-.1<%3="&&"/(103/= 13%0Fe

[

1)(*)* IE$/F?CA">&

[427 -1&" (%" &1)1&, (-.%-"T1<,3"="*"(%!) () 4/"1/3"" () 44, "%tV AI<%*!)&!)(!
)(-"7)(7%31)'%(-1) (14)-%31"*%(-"0"%*1)&1) (1) (-"02()AI*32'F 1 3+ 1S-1"&1-3)(&0/3=%%6*1" (-/!iT
042/3/23)7"418,1)17 -1&" (%!*%)="()&%D!-.)-"&!(/-1<3%&%(-!"(!.2=)(&D!) (*I-."&1 7/=</2(*!
"(-%30%3%&!H"-.1J1B!)(*I$1B1=%-)8/4"&=18,I" (7/3</3)-"I(1" (- J1BI&-327-23%&!)(*!
"0, =" 4)-%18,(- )&%  d["23%INGR [[427,-/&" (%!"&!'V6(%3)44,12&%*!" (!
)*:2(7-"#%!-.%3)<, IH"- 1) =< [-%3" 7" (IG1*2%!-/13)<"*1*%6#%4/<=%(-!/0!13%&" &) (7%!*23"('
=/(/-.%3)<,DI7)2&%*18,1=2-)-"/(&!/0'-. %% (U, =%&F

PQL



NH, H,0  NHs o NH incorporation
E SN { into RNA pool
/& cytosine N /& uracn inhibition of
deaminase H phosphoribosyl thymidylate synthase
transferase
OH
5-flucytosine 5-fluorouracil 5-fluoroUMP I

!
I"#$9%8*4)'6%7.)("&=!/01)7-"I(/0!b 0427 -1&"(%

1)()*)1'<PCE&A
R.%10"3&-)U/BBJ8.%*1*32'1="7/()U/4%!H)&! "(-3/*27%*!"(I-. %!PQCO&!) (*I-.%!
&6 TI(*1)(*1-."3*1'%6(%3)-"/(&/0)) U/A%!*32'&1&27.1)&10427/()U/4%!) (*1#/3"7/()U/4%!. )#%!
8%%6(I*%6HY4/<Y6*IH"- 1) (I"=<3/#%*1&<% 7-32=1/01)(-"02()41) 7-"#"-,DI<.)3=)7/?"(%-"7&D!
&)0%-,D!)(*10/3=24)-"/(&F'BU/4%&1)3%!-.%! =/&-IH"*%A%2&(-"02()4!) %(-&10/3!-.%!
-39%6)-=%(-1/0!" (#)&"#%102(')4!"(0%7-"/(& DI%&<%7")44,I" (13%&MRITU6*13%"(&8%7) 2&%!
)=<./-%3"7"(IG)(*Ib 0427 -1&" (%!)3%IL2"-%1%V <% (&"#%6!)(*I(/-13%)*"4,1)#)"4)84%F!IR.%!
=067.)("&=1/01)7-"/(1/O1)U/A%&" (#I4# %&I-.%6!"(."8"-"/(1/0!-.9%17 -17.3/=%!K "bO T%<%(*%(-!
%(U,=%!PT T%=%-.,4)&%DH."7.17/(#%3-&4) (/& %3/4!"(-'%3'/&-%3/4D)(*-."&3%&24-&!" !
- %1*0673%)&9%!/01%3'/&-%3/41&., (- %&" &) (*1-.%1) 772=24)-"/(//OIPE=%-.,4)-%*!
<396723&/38F4+"(7%19%3'&-%3/41.)&!1)(1"=</3-)(-13/4%!" (1&-"=24)-"("102()4!7%44!'3/H-.D!
YUIA%E&"("%6(%3)41%V."8"-102("'&-)-"T1) 7-"#"-, 196V 7%<-10/31/3"7/()U/4%!H."7 1" &102("7"*)4!
)")"(&-! A. fumigatust"6):/31*3)H8)72&1/01)U/4%&I="".-18%I*2%I-/1)I&" ("0"7)(-I"(7"*%6 (7%
101=24-"<4%!3%&"&-)(7%!)(*I-.%!"(*27-"/(1/01*32\ *32'1" (-%3) 7-"/(&!*2%!-/1-.%"31)8" 4"- /0!

73/&&(."8"-"/(O'K' DO T%<%(*%(-19%(U,=%&H

PQQ



1)()*)2'/:">C/,>0">A |
17."(7)(*"(1G!"&!-.%!0"3&-!<3/-/-,<%!/01%7."(/7)(*"(&!H."7.1"&!)!102(")4!
&%71(*)3,1=%-)8/4"-%!"&/4)-%*103/=Aspergillus nidulansP*1+%="&,(-.%-"7!%00/3-&!.)#%!
<3/#"*%*1%7."(/7)(*"(1)()4/'&&27.)&!7)&</02("(D'="7)02(" (D" (*") ("*24)02("(!
H"-.10)#/3)84%!&/428"4"-,1)(*!18%--%3!<.)3=)7/?"(%-"7!<3/<%3-"%&!0/3!74"("7) 41 &%--"('&F!
17."(I7)(*"(&7/(&"&-/0N)7,74"71.%V)<%<-" *%!7/3%!H"-.1)!I4"<"*1&"*%!7.)"(!-.)-"&!
3%&</(&"84%!0/3!)(-"02(")41) 7-"#"-"E¥%4R . %&%! 7/=</2(*&!)3%!&<%7"0"7) (*!1(/T
7/=<%-"-"#%!""(."8"/3&!)")"(& " TdPD&EET427)(!&,(-.)&%!%(U,=%!7/=<4%V!H."7.1"&!)!
'4271&,4-3)(&0%3)&%!%(U,=%!" (#/4#%*1"(1-.%!0/3=)-"/(1/01'427)(!</4,=%3&!/0!02(")4!7%44!
H)44F!B4-./2'.!-."&!74)&&!/0")(-"02()4&!%V."8"-&!3%*27%*19%00"7)7,!)")"(&*Yyptococcus
neoformans’6126D1-.%,!&./H!3%4)-"#%4,183/R<%7-32=102(""7"*)41) 7-"#"- IH"-.1 4"--4%! /&-!
N7 1) (*F13%*27%*1*32" \ *32'1"(-%3) 7-"/(F'B&!)!13%&24-D1%7."(/7) (*"(&!.)#%!8%7/=%")!
0"384"(%!7./"7%!0/3!-.%!-3%)-=%(-1/0!*%)*4 1 (/&/7/=")A1T7) (*"*%=")) (*!" (#) &"#%0!
(""" &"&F%

3.1.3 Natural Products as Antifungal Agents

E"-.1-.%!12(=%-1=%*"7)41(%%*&!=%(-"/(%*!)8/#%D!-.%3%!.}#%!8%%(1%600/3-&!"
&7 IH%3,1) (*1* 6% 4/<=%(-1/0)(%H!7.%="7)41%(-"-"%&!H."7 1 }#%4/H!./&-1-IV"7"-, D}
83/)* W<%7-32=1)7-"#"-,DI02("7"*) A1) 7-"#"- DI)(*|(%H!=%7.)("&=&/01) 7-"/(1*"00%3%(-!

03/=19%V"&-"(")(-"02(")41*32'& . S(I<)3-"724)3D!()-23)4!<3/*27-&!)(*!-.9%"3!&,(-.%-"7!
NOD



*0/h3"H)-"HOb&).)HY%! &% 3HY6H) &) !'3%)-1<4)-OIBSE#Y04/<!-.%3)<%62-"7&10/3!"(0%7-"/2&!
*806)&IED!) (*1"-1"&1(J-%oH/3-.,1-.)-1-H/1/2-1/010/23174)  &&%&!/017233%(-1)(-"02(')41*32'&!
)3%!1*063"#96*103/=!()-23)41<3/*27-&1d</4,%(%&!) (*1%7."(I7) (*" (&eF!1)-23)44,1<3/*27%*!
&=)A41=/4%T 24%&.1. %I <3/ *Yo* ¥ HY638Y6!) (1<3"H#" 4% %18 7) 00/4*&I<3/# %6 (1-/1" (-%3) 7-IH"-.!
8"/4/"7)41-)3'%-&DNA/(1H"-.1-)3'%-1&%4%7-"#"- 1) (1"(-3"(&"7!<.)3=) 7/4/" 7)41<3/<%3-"%&F !
S(I-."&13%")3*DI=)(,1()-23)41<3/*27-&IH"-.1)(-"02() A1) 7-"#"- 1. }#%! 8%%6(13%</3- %o+ F 1&#9aq
IB&!)(1%V)=< 4%D!&/3%)3"(IH)&!"&/4)-%*103Bekrdaria araneosa's)(*1"-&1&%="T
&, (- %-"71*%3"H#)-"#%6&IHY63%!<3%7"4" ("7) 44, *Yott% 4| < %18 BUMNT I=9%61) (*16%37 7% |
d["23%NRFIR."&!74)&&!/01)(-"02()4&!"&12(/H(:-1.)H#%6!) (I#%A41=/*%!/0) 7-"/(DIH."7.!
" AHY&I&YOAY T-"HY18" (*" (1-1-. %1%4/(")-"1(10) 7-/3INIdTNE!) (*13"8/&/=%!7/=<A% VE 35(]
G,1&-)8"4"U"('1-.%!3"8/&/=9%A %4/(')-"I(10) 7-13INI7/=<4%\/D<3/-%"(18"/&, (-. %&"&!"(102("1"&!
"(."8"-%*FIB4-./2"1-. %3%).)#%!8%%(1&, (-.%-"71%600/3-810/31-. % %% A4/ <=Y%(-/01</-Y%o(-!
&/3%)3"(1"%63"H#)-"HY6® 3 DI" (1" #/19600"7) 7, 1/018&/3%)3" (&1 }#% (/- %-18%%(1&200" 7" % (-4,1."!

1% (-%31 74" ("7)A*%H% 4/ <=9 (-F!

CHO

Sordarin FR290581 | ASP2397 !
!

IS8 ( )'+-327-23%8&1/01()-23)41<3/*2TF%3"#Y%*1)(-"02(') 4&:

NOP



B(/-.%319%\V)=<4%!7)(18%!B+KNaQcD!H."7.1"&1)1.%\V)<%<-"*%!=0%6-)8/4"-%!/0!)|02(")4!
&-3)"(16[ Ta'c_aal"&/4)-%*103/=16)4),&")(14%)014"--%3!"(INOPC!8, |B&- UefAPBYN R |
R.%!=/4%724)31-)3'%-1/@+KNaQL)&!(/-18%%(174%)34,1%6427"%)-%*, %-DI82-1"-1"&10/2(*1-.)-!
B+KNaQc!"&!-)?9%(12<!8,!-.%!&"*%3/<./3%!"3/(1-3)(&</3-%3!Pld+"-PeF!+"(7%!-."&!-3)(&</3-%3!
1(4,19%V"&-&!"(102("'D!(/-1=)==)4")(17%44D'B+KNaQc!" 848" %#96* -1 }#% 4/H./&-1-N"7"-, F!
S(1<)3-"724)3D!"-1&./H&L™ I"(1#"-3/1) (1" (#"#/1%00"7) 7, 1-/H)3*))U/4% TB2&T%<-"84%])(*!

YU/AYRBYE." &-)(-1&-3)" (& DSpergillus &< T"A&F!

3.1.4 Discovery, ldentification, and Antifungal Activity of Forazoline A

[/3)U/4"(%!B!"&N (1N (-"02(")4!()-23)4!<3/*27-1"&/4)-%*103/=!-.%!&-3)"(IlE66G = T
"QQDY)Actinomadural&<F!724-"#)-%*103/=1-.%)&7"*" Wteinascidia turbinata'8,'G2'("W&!
'3/2<!"(INOP!d[""23%!NN"# 1S(1<)3)44%4!H"-.1*"&71*"002&"/(!)&&),D!-.%,!) ()4,U%*1a’!
"(#%3-%83)D&E&E/7")-%*18) 7-%3")41%V-3) 7-&!2&"('!;>6B) &%*1=%-)8/4/="7&!-.)-1)44/H&!
L2)4"-)-"#%!")(*IL2)(-"-)-"#%!=%)&23%=%(-!/0!=%-)8/4"-%&!)(V/=<4%V/!&)=<4%5H;>6+!
<3/0"4" ("M (*1<3"(7"<)47/=</(%(-") ()4,&"&!dK>Be!3%&24-%*!"(1-.%!"*%(-"0"7)-"/(}/0!(%H!
)(-"02(")4!1()-23)4!<3/*27-&D!0/3)U/4" (%!B!) (*IGF ¥ 1R.%!3%4)-"#%!7/(0"23)-"/(!)(*!
7I((%7-"#"-,1H%3%!%427"*}18!)!7/=8"()-"/(1/0!%V-%(&"#%!P$!) (*IN$!16J!) ()4,&%&D!
"(742*"('1 &>\ eSI'SX+HID! e>\ " 1196g>D!)(*I$[R!d*%(&"-,102(7-"/()4!-.%/3,e!
7)4724)-"/(&F

NON



Forazoline A (X = Cl)
Forazoline B (X = Br)

NMe2 |
|

I"#$%8&** )‘R.%!&-327-2.3%&!/0!0/3)U/4"(%!B!)(*!G
|

R."&!&-2*,13%#%)4&!-.)-10/3)U/4" (%!B!%V."8"-&!<3/="&"('1)(-"02(")4!) 7-"#"-,!
))"(&!<)-/'%("7!  Candida albicans &-3)"(Yin vitro!H"-.)1="("=2=!"(."8"-/3,!
71(7%(-3)-"/(/O'PZ!~'Y=;D!&./H"(""&,(%3"'&-"71%00%7-1H"-.1)=<./-%3"7"(!GF!6/3%!
"=</3-)(-4,D!-."&!</4,?%-"*%!&./H%*!</-%(-! in viv0!%00"7)7,!7/=<)3)84%!-/')=<./-%3"7"(!
GI"(N(""==2(/7/=<3/="&%*'=/2&%!=/*%4!/0"*"&&%="()-%*! 7) (*"*") &"&!)")"(&!Candida
albicans'hPF!100"7)7,!"(1)!102(")4 T'(0%7-%*'=/2&%!=/*%4!H)&!*%-%3="(%*!8,!=%)&23"("!
?"%(%,102(")4!823*%(F!E.%/(!="7%!H%3%!-3%)-%*!H"-.10/3)U/4"(%!B!)-!)!3) ('%!/0!
7/(7%(-3)-"/(&D!"-1H)&!/8&%3#%*!-.)-IP14/702Y ?"*(%,'dPFb!y! OFPNe!3%*3V3’) ("&=!
823*%(17/=<)3%*!-/!-.)-1/0!-.%!7/(-3/4!="7%F!1/-)84,D!-.%3%!'H)&!(/")<<)3%(-!./&-!
-IN"7"-F!

S()**"-"/(D!7.%="7)41"%(/="7!<3/0"4"('H)&!<%30/3=%*!-/" (#%&-"")-%!-.%!
=%7.)("&=!/0")7-"/(1/0'0/3)U/4"(%!BF!B0-%3!&73%%('FB)U/4"(%!B)")"(&-!/#% 3!0/23!

- [2&) (1% 4%-"/(1=2-)(-!, %) &-1&-3)" (&D!&Y6(&"-"#"- 1/313%&."&-) (TYHB) U/4" (%! BH) &!

NO&



)04,U%*18,1L2)(-"0"7)-"/(//0I$1B!8)37/*%&FIIMY%(/="71<3/0"4"('1%)-)1&2"%&%%*!-.)-!
0/3)U/4"(%!B!=),1.)#%1)12("L2%!=%7.)("&=!1/01)7-"/(1*"00%3%(-103/=17)&</02(" (D!
0127/()U/4%DY/31)=<./-%3"7"(\GD!8%7) 2&%!&%(&"-"#%!=2-) ORINI/A" (%! BH"-.1*%64%-"/(!
10V%(%ELEM3N)(*! FPK1IH%3%!(/-1=/&-18%(&"-"#%!&-3)" (&!-/1-. %1%V/"&-"('1)(-"02(') 4&F!
[23-.963=/3%D!=2-)(-&!/01SDS3!)(*! DEPI!'%(%&H%3%!=/&-13%&"&-)(-!-/10/3)U/4"(%!BD!-.2&
&2"%&-"('1-.)-10/3)U/4" (%!BI=),18%!" (#/4#%*1" (- %!3%'24)-"/(1/0)<./&< /4"<"*!
8"/&,(-.%&"&!)(*1=%=83)(%!"(-%'3"-,F |
B4/(1H"-.1-.%!"(-%3%&-"("1)(-"02()41) 7-"#"- 1/010/3)U/4" (%!BD!"-1.)&!&-327-23)44,!
"(-3"2"(10%)-23%&1827.1)&1.".4,102(7-"1()4"U%*17, 74/ .%V)(%PD&"/4IH"-.! )1-%3-")3,!
7.413% %60 (Nl E%-./V,18&288&-"-2-%*1- "YU/4"*" (%FIR.%3%0/3%D!H%!)"=!-/1%\V/<4/3%!-.%!
&,(-.%&"&1/010/3)U/4" (%!BI0/72&" ("1/(!-.%!7/(&-327-"/(1/01&28&-327-23%&!/0!-.%!=/4%724%D!

H."7.1H"4418%!*%&73"8%*!"(1-.%!0/44/H"("7.)<-%3F!

NO!



3.2 Results and Discussion

3.2.1 Retrosynthetic Analysis

X2313%-3/&,(-.%-"71)()4,&"&!/010/3) U/A4" (%! B!" &1*%<"7-%*!" 1+ 7 .Y FIE V6!
Oo(#"&"(%oH1-.)-1-H/"* 0 (-"7) 414, 7/1&"*%&D10/3/8&)="(%&D!7/24*18%!&"=24-) (%/284," (&) 44%*!
1-.917/33%&</(*" ()4, 7I(H."7  IH/24*18%!'%(%3)-%*I#")1=) 73/4)7-I/("U)-"/(1/0!-.%!
4"(%)31<3%7 23&URFIRIB28E-"-2-%6*HE 4 2%(%!02(7-"/()4"-,1"(11) (1H/24*18%!"%(%3)-%6*!
=312 )1+2U22"1/311%"&. "1 73/&& T7/2<4"('13%)7-"1(1/012%, " (-%3=%*")-%1)*!)(*] 1)IFIE%!
)(7"<)-%41-)-1- Y UL (%103)'=%(-!  =1H/24*18%1&.(-.%&"U%*18,17/(*%(&)-"/(1/0!)4?,4!
7.)"(0 1)AH"-17,&-9%"(%!"(7/C2(7-"I(H"™.li  T4?/V,4)-"I(D') (*! 03)'=%(-! 1)3H/24*18%)!
*0p3"#)-"U%I03/=17/=</2(* '1)6" 12&" ()&, ==%-3"71+.)3<4%E&&I%</V"*)-"I(1)(*I*"=%-. 4!

- "12%-%(%10/3=)-"/(FI[2(7-"/()4"U%*17,74/.%V)(%!03)'=%(-! < IH/24*18%!<3%<)3%*103/=!

7/==%37")44,)#)"4)84%!-%3<% G834/ (Yo FE

NOb



o Forazoline A
antifungal polyketide

macrocyclization
& glycosylation

HN
 —
cross-coupling
(6]
R%0

MeO,C
- CO,Me n2y PoMe
/\ : oTBS o
COLEt HaN AN Sso  ;  HO
SH o i
A < (——— | [—
i Y OAc
condensation o OR? 1 £
& / -alkoxylation R307: 7Y : MeO” “OMe
oTBS OTBS |
OTBS ! (S)-carvone
3.6 35 3.4 ! 3.7 3.8 !

91:8&;&" 12)3%-3/&(-.%-"71)()4,&"&!/010/3)U/4" (%!B

X231')41/01-."&17.)<-%31"&!-.%!" (#Y%&-")-"/(1-/H) 3*&!-.%! 7/(&-327-"I( Y/0!-.%!=):/3!
03)'=%(-&!< \ GFIR.%!%%-)"4%*1&, (-.%-"7")--%=<-&!0/3!-.%1%()(-"/8&%4%7-"#%!7/(&-327-"/(/0!
7,74/.%V)(%D!-.")U/4"*"(%D!)(*I-.%1)4?,417.)"(18)728/(%&!H" 4418%! &% 2%(-") 44, 1 BF2 B!

54-"=)-%4,D!-.%!&,(-.%-"7!&-3)-%',10/3!-.%!)&&%=84,!/0!-.%!-.3%%!03)'=%(-&!H"44!8%)!

12-4"(%*D'H."7.1H/24*1)77/=<4"&.!-.%!-/-)41&,(-.%&"&!/010/3)U/4" (%! BF

NOE



D"4"45.1)6+0%0#&=##L31()%&1'/%M+B#>.(/&6+N %+

1)*)*)('9F>?:&A"A'CD'?:&'GF/EC:&J,>&1% #;&>?'L"R"?,>"$; @&0",?&0'H,0"/,E'
H&,/?"C>

X2310"38-1)--0%=<-1-/1- %1&, (-.%&"&/01-.%!7,74/.%\V)(%!03)' =%(-|B!3%4"%*!/(!)!
3)*'7)413"( T<%("(13%)7-"/(1d+7.%=%labeF IR.%!&,(-.%&"&!7/==Y%(7%*H"-.|RET7)3#/(%!
dLeH."7. 1H)&!1&28:%7-%*1-/1%</\/"*9610/3=)-"/(1"(1-.%!<3%&%(7%!/01.,*3/ % (1<% 3/ "*%b!
)(H1&/*"2=1. *3/V 06 F1+288%6L2%(-12%-/(%!3%*27-"/(12&" (', T+%A%7-3" Ul QAI<3/#"*%o*!
2/H(1&%T/(*)3,)A7/./4 1 FIB7%-,41<3/-%7-"/(1/0!-.%)47/./410/44/H%*18,1/U/(/4,&" &!/O!
- 9%17/33%&</(*" (') 7%-)-%!)00/3*%*1- %1 &:28&-3) 196+ 10/31-.%!-"-)("2= E%*")-%*I3"(' T
1<%("("13%)7-"/(F !

H,0, o, 1. L-Selectride, THF O,

6 M NaOH ?' P78 iC, 30 min 2o
© MeOH 0 2. Ac,0, DMAP, pyridine  AcO"
B15iC, 2h 25'iC, 20 h

68% for 3 steps

(R)-carvone (3.9) 3.10 3.1
OH
O3, CH,Cl, o ) :
p78 Ic Cp2T|C|2, Zn
then PPhg AcO™ THF
P781t025iC, 20 h 0 o
66%
3.12 3.13 I

9/:&;&' 13)+,(-.%-"71)<<3/)7.10/3 '1)(1'#")!-.%!13)*"7)413"( T<%("(13%)7-"/( '

! !

E%!)--%=<-%*3"( T<%("(!)(*"&/=%3"U)-"/(//0!-.%!-3" TB28&-"-2-%*1%</\V/ " *Lpf*!
<3/=1-%*18,1><  oR">A1-'%6(%3)-%!-.%!I2(IH(17/=</2(*]  1)(1'C FIB77/3*"('1-/!-.%!
<3/</&Y%H1=%7.)("&=/01-.%!3%)7-"/(1d+7.%=YAZeD!7/=</2(* 1)(*!"&17/(#%3-%*I"(-]

)A2IV,-")("2=13)*" 7)1 1)(21)(*1023-.9%313%*27%*1-/1-.%1)42/V,1-"-)("2=17)38)("/( 1)(3"(!

NOt



- 9%1<3%&96(7%!/01%\ 7%&&)=/2(- IBRSAFIS(I-. %1 7/238%!/01-.%!3%)7-"/(D!-.%3%!)3%!-.3%%!
</8&&"84%)<3/*27-&I{1D1)(6D!)(*! 1)(7e!03/=!-.%!-"-)("2=1&<% 7 "UB(2)(*! 1)(3F!E"-.I-.%!
AHIT/(7%(-3)-"/(/O!R"dSSSeD!-.%!3)* T)R!)8&-3)7-&1*3/'%(  1)-/=14%)*"(1-/1-.%!
0/3=)-"1(1/01-.%1&)-23)-%*1)47/./41 1)(6FIS(ly**"-"/((D)A2IV,1-"-)("2=I7)38)("/(!  1)(3!
7I24%12(*%3' N T, *3"%19%4"="()-"/(31" T7%-)-%!%4"="()-"/(:-/"%(%3)%!/4%0 ) (7Y/3!
1)(1F'E%!0/2(*1-.)-1-. %! *06&"3%*V 7%-)-%!19%4"="()-"/(1<3/*27-11)(11H)&!/8-)"(%*IH"-.!
A1H!,"%4*1) (*1-. %1 /- %31</&&"84%!<3/*27-&Y(61)(*! 1)(7IH%63%!)4&/1/88%3H%6*I2(*%3!-.%!
3%)7-"1(17/(*"-"1(F1S(1/3*%31-/"%(%3)-%!-.%!7,74/.%V)(%!&7)00/4*)(E/3%!9%600"7"%(-IH),D!

)(I-. %318, (-.%-"713/2-%!H)&1*%o#t" & Y6+ F

_ o)
o OTiLs
Cp,TiCl - Cp,TiCl  L;TiO
AC;@( \q( (e}

AcO' Ti
312 © 314 © o'/J\ 3.15
hydrogen !-hydride /-acetate
abstraction elimination elimination

OH OH OH
(0] (0] (@]
3.16 3.17 3.13 |

91:&:&" 16)K/&&"84%!<3/*27-&!03/=!-.%!>R">AK3/=/-%*1%</\"* %l /<%("(" 13%)7-"/(( !
!
1)%)*)* 9F>?:&A"A'CD'?:&'GF/EC:&J,>&'1% #:;&>?'L",'U$S,"F,;, <EOCE',>0'=, &F&% _
VEE"#8%'MJ"0,?2"CH&,/2"C
X231&9%67/(*1)<<3/)7.IH)&!"("-")-%*IH"-.I- %1<3%<)3)-"/(1/0!7, 74/ %V %(/(%!\/18,!
"(-3/27" (") (%H!8&-%3%/7%(-%3!)-IF 1</&"-"/(1d+7.%=Yohce FRET7)3#/(%!dL)8EH)&!-3%)-%6*!

NO!



H"-.1=0%-.,4=)'(%&"2=183/="*9%!"(1-. %!<3%&%(7%!/017)-)4,-"71"3/(dS S Se! 7.4/3"*%DI<3/#"*"('
V" (,41'1281%(/4)-%1H."7 1H)&!-3)<<%*18 1)l +-82- 41-3"=%-.,4&8"4,41'3/2<F1+288%L 2%(-!
622)")=))4%/413%)7-"(/0!  1)(8!H"-.1-3"=%-.,41/3-./0/3=)-%!<3H#" % 1 7/=</2(*]  1)(5D!
)(H1-.9%116J18<%7-32=1/0!  1)(5!H)&!"(1)'3%%=%(-IH"-.1-.)-/0!-.%!3%</3-%*1%()(-"/=%3!

&,(-.%&"U%*18,IS(/2%WE&!'3/2<F

o]
Q 1 MeMgBr, FeCl;, THF QTMS
D20C,2h CH(OMe)3, BH34OE}
then CH,Cl, -
4 TMSCI, DMPU, EtsN D50 {C, 2.5h (MeO),HC
(S)-carvone (3.8) 01025iC,16h 45% for 2 steps
: 3.18 (5:1 dn) 3.19
m-CPBA OH TBSCI
L Selectride NaHCO3 - imidazole
78 I:Hzo CH,Cl, o. DMF
[ min D30100G,2h T 60iC, 15 h
88% (MeO)zHC 80% (MeO),HC 93%
3.21
oTBS 0, oTBS OTBS
- CH,Cl,, D78 iC S m-CPBA, NaHCOj3 s
(o)) Ol o,
’ then PPh3 CH,Cl, ) OA
B D781025C, 2h : 25iC, 2d : ¢
(MeO),HC 75% (MeO),HC © (MeO),HC
3.22 3.23 3.24 !

!
01:&;&"  17)+,(-.%&" &I /OLY*2")1622)" )=))4*/41)(*1G)%,%3  \]"44"%3IN"*)-"/( *

!

J%*27-"/(1/0!-.%!3%&24-"("1?%-/(%) (512&" (", F%4%7-3"*%!H)&!7)33"%*1/2-1"(1/3*%3!
-1023("&.1)V")4N47/.14! 1)*4FIR/17/(0"3=!-.%!&-%3%/7.%="&-35 TP!</&"-"/(D!-.%!&)=%!
&28&-3)-%)(5!H)&!3%)7-%*1H"-.14"-."2=1)42="(2=!.,*3"*%!-/1)00/3*1%L 2)-/3")41)47/./4!
1)*3"(1H."7.1-.%!&-%3%/7.%="7)41/2-7/=%'H)&!"/#%3(%*!8,!-/3&"/()4!%00%7-!d+7 .%=x%F!

G,17/=<)3"('1-.9%!<3/-/(1&<4"--"("1<)--%3(&!"(!-. %! 16 J1&<%7-3)DIH%! 7/(0"3=%*1-.)-1-.%!

NOR



'06(%3)-%*17/=</2(*1"&1- %1 *%&"3%*)\V/")41)47/./41d[ " 239MBe FIR. %!<3/-/(1)-1>TPI</&"-"/(!
J01-. %6141 47/./411)*41) <<%)31)&!)1-3"<4%-1)-laFQP!<<=IH"-.1aFNI9U!/017/2<4"I(&)(-D!
H."4%!-.%!<3/-/(1d FPQl<<=el)-13PI</&"-"/(1/01-.%!%L 2)-/3")41)47/./4! 1)*31&./H&!)14)3'%3!
712<4" (171(&-)(-1*29%1-/1- 91 7/2<4" (1H"- 1= 91<3/-/()-1>  TZI</&"-"/(1"(!-.%!)(-"!
7/(0"23)-"/(FI9)#"(1  -.%I)V")4)A47/./411)*4"(1)(*DIH%!7)33"%*1/2-1. *3/V | T"3%7-%*!
%</V"*)-"1(1) (MRGHI<3/-%7-"1(I-]!,"%A4*I7,74].%V)(%! 1)**FIB-I-."&!</"(-D'&-%3%/7.%="8&-3,!
"(27-"1(103/=1d  SET7)3#/(%!)-10"#%!8&-%3%/'%(" 7! 7%(-%3&!" (103) =Ht)! 7/=<4%-%*F !
XU/(/4,&" 81<3/T%%* %M &=//-. 4,11 #Y%1 2%-/(%611)** IH."7.IH)&I0/44/H%18, 1G)%,%3
1"44™%31\V"%)-"/(F !

OH 0] OH

1 1
6 LiAIH, L-Selectride 6
. THF THF _
H b78 iC, 30 min : b78 iC, 40 min H
(MeO),HC 60% (MeO),HC 88% (MeO),HC
3.25 3.19 3.20 I

!
9/:8;&"  18)N%-/(%!3%*27-"1(&-/'&(-.%&"U%!)V")A1) (1%L 2)-/3")A1)47/./A)*A)(* 1)*3]

NPO



0.87-1
228
1.03-1
1.07-1
3.00
354
212

4.26-3

4261

—_—

1.04
1.15
3.00
3.46

0.87-1
2.14-J

3

] : :IT
1.39-]

4 1.09
1.20

T T T T T T T
.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

N
w»
N
=)
|
5
-
o
o
w»
o

T
4.0 3.5 3.0
f1 (ppm)

I"#$%6&*1)" 9116J1&<%7-3)1/01-.%! 1)*4N(*! 1)*3!

X231)--0%=<-&10/313%"/&%A4%T7-"#%!%</N"*%! /<% ("(12&" (1/3")(/72<3)-%!3%) Vo(-&!"&!
&2==)3"U%*"(IR)B4YFB**"-"/(1/014"- "2=1¥"=%- . 472<3)-%!-/17,74/.%V) (%!%</V"*%&!
)&18%%6(128%6*10/31-.%1&, (-.%&"&/01." 4,18 288&-"-2-%17, 74/ %) (% &FB&!-.%!
3%"1&Y6A%T-"H#"- 1/01%</\MBYH/<%("(12&"(16%  %2;"1"&1%(%3)44,1¥"7-)-%*18,18-%63"7!
0)7-/3&DIHY%!)(-"7"<)-%*1-.)-1- %1*06&"3%*13" (/<% (" (1<3/*27-1"(IH."7 1-. %!=%-.,41'3/2<!
"&1"(8963-%*!)-1&-%3"7)44,1=/3%!)77%&F8BA8ES/ (\H/24*18%!/8-)"(%*FIR. %!
13)(/72<3)-%!H)&!"%(%3)-%*!"( 1&"-212&" ("17/<<%3dSe!"/*"*%!)(*1=%-.,414"- "2=1)(*!

NPP



-39%)-%*IH"-.1&28&-3)-%*11d%(-3,! PeF19/H%#%3D!-.%!3%) 7-"/(IH)&!&42"" &.DI) (*I-.%! (%H4, !
0/3=9%*1<3/*27-1H)&I2(*%&"3%*17/=</2(*]  1)14"(IH."7.1-.%!1=0%-.,41'3/2<IH)&!)**%%*!)-!

- 9%1%(*1/01-.%!)7%-,41'3/2<F1IV</&23%!/017/=</2(*! 1)**1-/16%>2d>1e;"}/3!
=0b-.,4=)'(%8&"2=183/="+%IH"-.I>2G3|+6%  #4%*1-/1(/13%)7-"/(1/3!-.%10/3=)-"/(!/O!
2("*%(-"0"%*1<3/*27-1d%(-3,!NaeFIR/!1-%&-1H.%-.%31&-%3"7182472" (%&&!)-1)*:) T % (-1>
</&"-"/(1)00%7-&!-.%!%</\"*9513" (/<% (" (13%)7-"/(D! 828 YL ) *61H) & <3%<) 3%6*103 /=) **
8,1)7%-)41*%<3/-%7-"1(1) (*1)4*%. *%6!3%*27-"I(FIE.%(I-. %!3%&24-)(-1<3"=)3,1)47/./4! 1)*6!
H)&1)44/H%*1-/13%) 7-1H"-.1>2S1) (*16%;"D!-.%!3%" /&% 4%7-"#%!3" (/<% ("(1<3/*2 TL)*5!
H)&1/8-)"(%*IH"-.IN"W!,"%4*1)4/(H"- 1ZOW!/0!-.%!  3%7/#%3%*1&-)3-"("1=)-%3")41d%(-3,"eF!
E%!-.%(1%V)="(%*1-. %! &/44%(-1%00%7-1) (*10/2(*1-.)-1- %1 28%6!/01*"%- ., 41%-.%3!" (&-%)*!/O!
RO[1*3)=)-"7)44,1"(73%)&%*!-.%!3%)7-"/(!,"%4*D1%#%(IH"- |- %!&-%3"7)44,)." (*%3%*!
&28&-3)-9b)**1d%(-3,!beF!

NPN



R,.E&'3)IX<-"="U)-"/(1/01%</V"*%!3"(1/<%("("13%) 7-"/(12&" (1=%-.,472<3)-% !

OTBS OTBS OTBS
o reagents o o
Y solvent HsC” ™Y }
R X temp., 18 h R X (MeO),HC O
3.23; R = CH(OMe),, X =0 3.27; R = CH(OMe),, X =0 3.30
3.22; R = CH(OMe),, X = CH, 3.28; R = CH(OMe),, X = CH,
3.26; R = CH,0H, X = CH, 3.29; R = CH,OH, X = CH,
|
entry substrate  Cu source reagent solvent temperature result
1 3.23 Cul MelLi THF —7810 25 °C undesired (3.30, 18%)
+ 3.23 (69%)
2 3.22 CuCN MelLi THF —7810 25 °C no reaction
3 3.22 CuBr-SMe; MeMgBr THF -78t025°C unidentified + 3.22 (78%)
4 3.26 Cul MelLi THF —2510 25 °C desired (3.29, 24%)
+ 3.26 (60%)
5 3.22 Cul MelLi Et,O —40to 25 °C desired (3.28, 97%)

S(1&2==)3,D!-.%1&, (-.%&"&1/0N)(1)*#)(7%*1<3%723&/3!-/1-.%!03)' =%(-K IH)&!
&277%&&0244,)77/=<4"&.%*FIR.%!&-%3%/7.%="7)41"(0/3=)-"/("(--. %!()-23)44,1/77233" ('
-%63<%(WEH)&!&277%&&0244,1-3)(&0%33%*18,12-"4"U"('16272)",)=)1)4*/413%) 7-"/(D!
&-%63%/&YA% T-"HOABIH*27-"I() (1., *3IV,  T"3%7-%*1%</\"*)-"/(D!-.281" (&) 44" (10" #%!
&-%63%/7%(-%3&IH"-."(1)17,74/.%V)(%!03)=%H/3?F!R."&!3/2-%!%()84%&!3)<"*1)(*1%600"7"%%(-!

7/(&-327-"/(1/0!-.%!.".4,102(7-"/()4"U%*17,74/.%V)(%!&7)00/4*F

NP&



3.2.3 Attempts for the Synthesis of Methyl (2 S,3S)-2-amino -3-
mercapto -3-methoxy -2-methylpropanoate

Q)" (1) 7." %%~ %1&, (- %&"&1/01)1<3%723&/31-/103)'=%(-K DIH%!-23(%*1/23!
)--%(-"/(1-1-.%!-.")UI4"™" (%! 7/(&-327-"/(F!BI&™ ("0"7)(-1(2=8%3!/0!-.")U/4,4  T7/(-)"("("!
()-23)41<3/*27-&IH"-1=)73/7,7  4"717/3%&).)#%!8%%(13%</3-%*1%8&<%7")44,!"(I-.%!)3%)!/O!
- <Yo<-"H 1) (-"8"/-"7&" DIB2-1)<3)-/V"(1&240/V"*%!"&1-.%/(4,1%V)=<4%!/0!-.")U/4" (%!
(0-23)41<3/*27-&I7I()"("(!  )I&240/V"*%!=/"%- 1/(1-.%!3"(12<I-/1%)-%1d["23%! N eF!
[23-.963=/3%DI02(7-"/()4"U%*!-.")U/4"*"(%!&240/V"*%&: - /2-1)1028%*13"(" 1)3%!
0%V-3%=%4,13)3%!&7)0074* 85 (!-."&!3%") 3*DIH%!)"=1- W6V <4/3%!-H/*"00%3%(-&-3)-%"%é&!
0/31-.%1&,(-.%8&"&!/01-. % M42/V, 1-.")U/4"*" (%! &240/N"*%61) &1&./H(!" (1+7.%=% B QF!['3&-D!

IN) T7(:2")-%1)*"-"1(13%) 7-"/(&/0ND"  T2(&)-23)-%*1%&-YA3L (IH%3%!" (H#%&-")-%{E!S
YD T02(7-"1()4"U)-"1(&IHY%63%!)--%=<-%*12&" (1K 2==9%3%a3<%!3%) 7-"/(&!/0!
- U4 (%1& 240/ %61 828&-3)-%&F 1 GY0/3%!*" &7 288" ('I-. %&Y%0!)--%6=<-&!"(1*%-)"4D!-. %1 &-2*"%&!

0/3!-.%!&,(-.%&"&!/0!-.%!-.")U/4"*"(%!8) 7?8/(%!H"4418%!*%& 73'8%*F

: ; Apratoxin A sulfoxide
NMe, Forazoline A P |
|

"#$%&*2)'R.%!&-327-23%&!/0'0/3)U/4"(%!B!) (*1)<3)-/V"(!B!&240/V"*%

NP



COzMe oxa-conjugate Pummerer CO,Me
OHC\N)\ addition HN/S,OMe rearrangement HN/%

{———— s  — I
S S S
A o %

Y Y
3.31 3.32 !

9/:&;&' 15)RH/N<<3/)7.%&!-IH)3*-.%!&,(-.%&"&!/01)!<3%723&/3!-/103)'=%(-'='

1)%)1)( GC>0&>A,?"C>'H&,/?"C3A
E%196V/<4/3%17/(*%(&)-"1(13%) 7-"/(&/OLT7 ,&-%" (%!=%-.,4%&-%3IH"-.1#)3"/2&/!
71(*%(&)-"1(1<) 3-(%3&1)&!)I=/*%418&-2* 1d["23%! NoeF!+"(79%!7/(*%(&)-"/(/0!7,&- %" (%!H"-.!
7,)("*%&).)&!18%% (1 H%4418-2%"%*10/31-.%!&, (. %&"&!/O1)!-.") U/4" (%6!=/"96+ DIH%!
<3"2)3"4,1-%&-%*7/==%37")44,1)#)"4)84%!7,) (" %R)HA 1)1617/(-)"("(1%&-%3D!?%-/(%D!
)7%-)AD1)(*)47/.14102(7-"1()4"-"%&F19/HY#%3D!)441- %!3%) 7-"/(&!H"-.17,) (“* V&AL ) 16!

3%&24-%*1"(1-.%!0/3=)-"/(}/0")!17/=<4%V'!="V-23%!/012("*%0"%*!<3/*27-&!2(*%3!3%042V"("!

7/(*"-"1(&F !
X CO;Me COMe
+ : -~ HNT
R, + HNTY NN
SH R.“™s
condensation cysteine thiazolidine
partner
o] 0 [\ N
N N o_0 Z
EIOJ\// 28 SO pgo ™7
3.33 3.34 3.35 3.36
SMe
O NH
P Pt 07 “sMe
H OEt
O
3.37 3.38 3.39 |

!
I"#$%8&*3)'6/*%041&-2*,10/3!-.%!7/(&-327-"/(1/0!)!-.")U/4"*" (%! &7)00/4* |

NP



R/'06(%3)-%!-.%!-.")U/4"*"(%!8) 728/(%! 2(*%3!="4*%317/(*"-"/(&DH%!%\V)="(%*!
=/3%13%)7-"#%!7/(*%(&)-"/(1<)3-(%3&!&A)&I<3/<"/()4*%.,*% IdL)1&D!%-.,41"="%)-0p!
1)18" DI)(*1*"=0%-.,41-."12%-%(%!1) 15 Id+7.%=%DeF!BA44!/0!-.9%!3%)7-"/(&!<3/7%%*%*!
&=11-.4,1)-13//=1-%=<%3)-23%!"(-.%!<3%&%(7%!/01="4*18)&%&!&27.1)&1&/*"2=18"7)38/()-%!
)(*1-3"%-.,4)="(%D!-/'%(%3)-%!7/=</2(*] 1)24¢ D1)2(*D!)(*! 1)243%&<%7-"#%4,F11%\V/-DIH%!
023-.%31-%&-%*1-.%13%) 7-"#"- /01 7/=</2(1)2() (] 1)24-/H)3*1-.%!"(&-)44)-"/(}/0}-.%!
&240IV" 1) (1) 7" T 3/=/-%6*1*%6) 7%-, 4)-"/(F (&3¢ ' X\/"™*)-"/(1/0}-.%!-."[%-.%3102(7-"/()4"-,!
"(1- YUIA (%1 1)2(H"-.19 X ol RXI<3/H"*06*1- 961 7/33%&</(*"(18:240"(,41*063"#)-"#%) 2 IF !
R3%)-=0%6(-1/01&24023"71)7"*1-/F*2%-/(%11) 24023 (" &.%*1*%6) 7%-,4)-%*1<3/*271) 22DIH."7.!

</&&YN&&!-.%!*%&"3%*1)47?,4"*%(%!-.")U/4"*" (%! & 7YO0/4*F

~_CHO 337 £OMe
HN”
NaHCO,, EtOH/H,0
25iC, 16 h \/\S
quant. (2:1 dr) 3.40
NH&HCI com
e
COo,Me 3.38 cOo,Me &2
g ~ Ao G H0 ThO N
aHC —_— |/>
HNTY EtsN, CH,Cl, \/D EtOH s
SH 0t025iC, 17 h S 25iC, 2h B
L-cysteine quant. 3.41 (2:1dr) 3.43
metylester
Q9 339
| CO,Me
{ CO,Me
Mes” “SMe HN/> H,S0, -
EGNEOH O T ° 0t025(C 16h OLW/O
3N, 025iC, 7
25iC,1h o S
78%
’ 3.42 3.44 !

[
01:&;&" 24)R."YUIA""(%)&, (- Yo&"&IH") ) 3"1281 7/(*%(&)-"/(13%)7-"/(&."

NPZ



G)&%*/(1-.%!=/*%41&-2* DIHY%I*06 7" *06*1-/12-"4"U%!- %! 7/(*%(&)-"/(1/017,&-%" (%!
H"- =06 41-."/7%-%(%!)&!)!&-3)-%',10/3!-. %! 7/(&-R7-"/(1/0!-.%!2%-% (9B T 7%-)4!
=/"U-,FIS(1-. %!10/44/H" (17.)<-%3&D!-H/1)<<3/)7.%&!-/H)3*1"(&-)44)-"/(/0Y E%-./V,!
- U4 (YOI H"4418% 1+ & 7 28 8%*F

1)%)1)*MJ, @C>Y$#,7&'<00"?"C>
X231"("-")4N<<3/) 7 1-/1-. 961" (&-)A4)-"1(ON (i TIA?IV,I'3/2<IH)&I8)&%*!/(IV) T
71(:2)-%1) =" (FIE%!<3%<)3%*1-.%!-.")U/4" (%! 1) 2 ) 77/3*"("1-/1-. %! <3%#"/2&4
3%</3-%*1<3/79%*23%!0/3!-.9%61%()(-"/=%3!&, (-. Y8R (*12-"4"U%*1- "&17/=</2(* 1)27)&!)!
8&28&-3)-%!0/3INI/(:2')-%!)**"-"/(1&-2* 1dR)84%!  eFS(INOPCD!>./3%44l. 3%</3-%*1-.%!
&,(-.%&"8&1/01=%- IV, 18&28&-"-2-%*I7/=</2(*! 1)2803/=!iD" T2(&)-23)-%*1=%-.,41%&-%B23
8,1-.96128961/014"- "24=%- V" *9%!"(IRO[Y 6% X9!&/4#%(-1d+7.%=%IPeF IR."&!=%-./ H)&!

)<<4"%*1-/1/2318&:28&-3)-%5)21d%(-3,|P&F!

O co,Me
NN LiOMe (4 equiv.)
Z=s
THF/MeOH
25iC,4h
3.45 3.46 (75%) I

!
01:&:&"  2()'S(&-)44)-"1(01)1=%-./V,'3/2<1-/I\V/13%</3-%*18,!>./3%44! et al.166!

!
E%!0/2(*!-.)-1-.%!=%-.,4!1%&-%3!'3/2< IH)&!.,*3/4,U%*18,!-.%!2&%!/0!&/*"2=!

=%-./V"*%!"('RI[Y6%XID!H."7.1H)&! 7/(&"&-%(-1H"-.1/23!1%V<%7-)-"/(FI9/H%#%3D!

NP¢



)4%%. *%l)(*1  NI3T7%-)41<%)?&IH%3%!)4&/)(/-1/88%3H%*!"(01981&<%7-32=FIB&!
&"="4)31-,<%&!/OI\V"*)-"#%1*%0/3=,4)-"1(1.)#%!8%%(13%</3-%*DWF&}4, 10/31-.%1& (-. %&"&!
JOIL2"(/4" (%80 9% DIHY%!)&&2=%%6*1-.)-1-.%!10/3=,41'3/2<1=),1(/-18%!&-)84%!2(*%3!-."&!
71(*"-"/(F1[23-.%3=/3%D!&"(7%!-.%!=%- ./V,1<%) ?IH)&!(/-1/8& % 3#%*"(1-. 90! 16 J1/0!-.%!
<3/%27-DIH%!-%(-)-"#%4,)&&" (%6*1- % <3/*27-1&-327-239ANEF!S (1/3*%63!-/1/8-)" !
Y141 (0/3=)-"1(1)8/2-1-.%1&-327-23%1/01-.%61<3/*27-DI7/=</2(*1  1)28H)&!%V</&%*!
B oXI)(H1"11=%- ) (%!H."7.13%8&24-%*1" (- %!0/3=)-"/(//0!  1)34F1

[

R,.E&'6)'B--%=<-&!-/!/V) T7/(:2)-%L)**"-"/(1/0l-.")U/4"™*"(%!  1)27

OHC. fFOaMe oxa-Michael OHC_ F o COZ COZMe
N/\S addition /&A
>(L ------------ >(L OMle OH or
S %\ >H\
3.47 3.48 3.49 3.50
(desired) (observed)
!
entry conditions temp / time results

1 NaOMe (4 equiv), THF/MeOH 25°C,20h 3.49
2 NaOMe (4 equiv), THF 25°C,20h no reaction
3 DBU (4 equiv), MeOH 25°C,2d 3.49 (slow)
4 Tf2NH (0.1 equiv), MeOH 0°C,18h 3.50
5 Tf2NH (1 equiv), MeOH 0°C,1h 3.50
6 TfOH (0.1 equiv), MeOH 0°C,3h 3.50
7 P(t-Bu)z, MeOH 25°C,20h no reaction
8 Pd(MeCN)2Clz, MeOH, CHzCl> 25°C,3h no reaction

S(1-.%)8896(7%!/01=%-.) (/A1) &!)! 7/ R A#Y%6(-D(/13%) 7-"/(1/77233%*I</8&"84,*2%!-/!
<//318/428"4"- }/01&/*"2=1=%- IN"*%!d%(-3, N FE.%6(I$G5!H)&!-3%)-%*!" (&-%)*1/0!

NP1



&I*"2=1=%-.I\V"*%!-/1828&-3)-%!1)2D!-.%!3%) 7-"/(IH)&! =27 .1&4/H%3!-.) (1%(-3, P!
'06(%3)-"('1-.%!8)=%!<3/*2 7-11)28d%(-3,!aeF11%V-DIHY%!" (#%&-")-%6TINR')-%6!)**"-"/(!
J011)27"(1) 7" 71=%*") F1+28&-3)-94) 2 TH) &1%6V/</&%6*1-/1-3"042/3/=%- ) (%&240/("="*%!
)00/3*"(17/=</2(*1  1)34)&!)I<3/*27-1H."7.IH)&I&AIHA, % 7/=</&%*1*23"('I-.%!
3%)7-"/(1d%(-3,1\ beF!IR.%!&)=06B24-1H)&!/8-)"(%*IH.%(1&28&-3)-%4) 2 H)&!3%) 7-%6*IH"-.!
-3"04"71)7"*1d%(-3,|ZeFI5(*%3!-.%&%!) 7" 71 7/(*"-"/(&D!. *3/4,&"&/0!-.%!=%-. 41%&-%3!H)&!
(I-1/8&Y%63#%*182-1&-"441%%60/3=,4)-"/(1/77233%*FIB4-./2' 1< [&<."(% T7)-)4,U%*!

JF3NANL A 1d%(-3,Icel)(*)1<)44) 2= T7)-)4,U%13%)7-"/0%9%1d%(-3,!_e!H%3%!
)4&/1%V/<4/3%*D!)44!1)--%=<-831thB/600%7-"#%!0/3!-.%!" (&-)44)-"/ (/O NeVo-.IV/,1'3/2<!

)= ") UIA (%13 (F !

1)9)1)1T$;;&%8Y@FKE HE, %%, >HE;&>?

X2318%7/(*1)<<3/)7.10/31-.%!&,(-.%&" &0 (i TEY%-./V,1-."YU/A"*" (%! &240/\/"*%!
3%4"%*1/(1)IK2==%39%3<%!3%)33)('%=%(-FIR.%!K2==%63%3!3)6)83%(-!.)&!8%%(!
H"*0b4,1)<<4"%*1-/17/(&-327-11T02(7-"1()4"U%*1&240"* % &I 1B**"-"/(1/01)!.)4/'%(D)(!
)7%-/V/,DY31)t3"042/3/)7-IV,I'3/2<12&" ('1-. %IK2==%3%3 TF,<%!3%)33)('%=%(-!.)&!8%%:(!
3%</3-%6*1)(*17/=<3%.%(&"#%4, |&x2/6*1) (*1&%64%7-%*1%V)=<4%& H%3%!&./H(!"(1+7.%=%!
NP9 IK2==963%313%)7-"/(1/0!)|&240/\V " BYB(12&" (1) 7%-"71)(.,*3"*%!3%8&24-%6*!" (196!
0/3=)-"/(1/0!  1)34)&!1)1="V-23%!/0!-H/1*")&-%3%/=%3&I2(7-"/()4"U)-"/(&!/0!-. % T

</&"-"[(}/0! 1)31)(*! 1)38H%3%!)4&/!13%</3-%*I-/'<3/#"*%!-.%!-3"042/3/)7%-,4!<3/1232

NPQ



)Hi T7.4/3/18&240" %) 3TD13%E&< Y 7-"#08% B 2%6!-/1- %" 139%) 7-"#"- /0!-.%&%6102(7-"/()A!
'3/2<&D1)32828&%L2%(-4,12(*%3H%(-1)(1%4"="()-"/(13%) 7-(--/"#%! 1)3DN)(* 1)37H)&!

828:%7-%*1-/1)18&28&-"-2-"/(13%) 7-"1(12&" (1)(1)4?,4U" (7!183/="+%!) &)1 (274%/<."4%F

(Chem. Eur. J. 2019, 25, 6113)

o)
CO,Et CO,Et
N—" Ac,0, TFA N—"
\ \> 1,2-DCE \ \>“0
S‘b 70iC, 16 h S O}\
351 3.52 (67%)

(J. Org. Chem. 2019, 84, 9584)

ZnBr

PhS Phs / PhS
NCS R o

o = . () -~ )

benzene THF
MOMO 25iC, 15 min MOMO 01t025iC, 4h Imomo
Z VZ R 7
3.56 3.57 3.58 (85%) |

!
91:&;&" 2*)'IV)=<4%&!/0)IK2==%3%F,<%!3%)33)('%=%(-10/3102(7-"/()4"U)-"/(&!/01)!
8240" 96 '

S(IPQ_cRI?"-/. let al.1&./H%*1-.)-1)1&"4,4/V I'3/2<17)(18%!&-%3%/&<%7"0"7)44,!
"(&-)A4%*1-/1- Yol TRI&"-"/(1/01)|&240™ 061 2&" (1) (1/<-"T) 44 1) 7-"#%!-.") U/ 4" " (%! &240/\/ "+
E%1*067"*06%1-/1)<<4,I-."&I=%%- [*I-]1/231&,&-%=1d+7.%=%" a eFIR/I&, (-.%&"U%!)!&28&-3)-%!

0/31-."&13%)7-"/(D!<3/-%7-"/(1/01)="(%!"(I-.%!?%-Y6 (9B T 7%-)4L) 241H)&! 7)33"%*1/2-1"(I-.%!

NNO



<39%&%(7%!/01=%-.,417.4/3/0/3=)-%!-/"#%!7/=</2(*! 1)6*DIH."7.1H)&!&28:%7-%*!-/|&240" %!
IN"%)-"1(12&" (1. 3% (1<%3IV" %) () 7%-"7T) 7" *FIE.%(!-.%!3%&24-"(1&240/\V"* %61
H)&1-3%)-%*IH"- 1-82- 4*"=0%-. 4&"4,41-3"042/3/=%- .)(%&240/()-%!) (*1-3"%-.,4)="(%D!-.%!
7/33%&</(*"(li B"4,4/V,I-.")U/4"™"(%!1)62H)&1*%-%7-%*FIB()4, &" & I 6.1 82" %6 &-%6*!
-)-1-.%1/8-)"(%*I<3/*27-  11)62"&1)I&" (‘4%*"R-%3%/=%631*2%!-/1-. %! &-%3%/&<%7"0"71()-23%!/0!
- %13%)7-"/(D182-1)**"-" /() 41&<%7-3/&7/<"71&-2*"%&\&.I124*18%10/44/HY6*FIR . %!&)=%!3%) 7-"/(!
710"-"1(&IHY%3%!)<<4"%6*1-/18.28&-3)-YB 3" DIH."7.14%k/!-.9%10/3=)-"/(1/0!-.%!*%&"3%*!i T
02(7-"1()4"U%*1-. ") U/4"" (%11)68)4/(1H"-.1- %19%64"="()-"/(1<3/*27-]  1)67FIR.%!
188%3#)-"1(1/01-.%1%4"="()-"/(1&"*%!<3/*27-11)6 AH)&!" (1) 77/3*)(7%!H"-.1-. %! 3%</3-%*!
3%8&24-DIH."7.1"&l-.)-1=/(/ B28&-"-2-"/(1)-1- %INDI T 7%-) AR/&"-"/(13%&24-%6*1" (1. %!
0/3=)-"1(1/ON)!7/(&"*%3)84%!)=/2(-1/0ND"  T2(&)-23)-%*1&240" 96 (7/23)'%*18,1-.%!
&277%&&0241"(&-)44)-"I(FRI'4IV 102(7-"/()4"- 1-/1-. %!-."YU/A"*" (%&D!&28&-3)-HBIH)&!
-39%)-%*IH"-.1=%-.,41-3"042/3/=%-.)(&240/()-%!82-1/(4,!-.%!&-)3-"('1=)-%3")4!H)&!

3%7/#%3%*1d+7.%=%F

NNP



[Tetrahedron Lett. 1987, 28, 5903]

CO,Me CO,Me CO,Me
: TBSOTf :
PhOC\N/w Et;N PhOC\N/},OTBS . PhOC\N/%
\;\—S\\ CH,Cl, \;\—S \:\—S
A ° s R A
3.59 3.60 (59%) 3.61 (9%)
[ Our Attempts ]
o]
CO,Me i CO,Me CO,Me
R MeO™ “ClI MeO,C. H,0, MeO,C.  °
HN/> EtoN Nw AcOH N
7
oo S CH,Cl, o S 25iC,20h o7 S*
25iC, 24 h 32% o
o 3.42 o 3.62 a1 dr o 3.63
CO,Me CO,Me CO,Me
TBSOTY MeO,C. : MeO,C. : MeO,C. :
N N N
EtzN p P OTBS
CH,Cl, oY S° oo St o S
0iC,1h O-TBs O-TBS
© © © 3.64
CO,Me CO,Me CO,Me
OHC. OHC, OHC,
N TBSOTY, EtzN N N\
- -1OTBS +
S+ CH,Cl, s s
o 0iC.1h
3.65 3.66 (40%) 3.67 (29%) I

!
01:&;&' 21)+"4"7/(IK2==%3%3!3%)7-"#¢1/0!-.%!-.")U/4"*"(%!&240/V"*bp 1) (*! 1)63

CO,Me CO,Me

OHC. MeOTf, Et;N, CH,Cl, OHC. |
OMe

>H\S_f 0t025iC,24h >(‘\s
0

3.65 3.68 !
!

9/:&;& 22)B--%=<-I1-/'-.%!&,(-.%&"&!/01)68

NNN



R.2&DIHY%!-23(%6*1/231)--%(-"/(1-/!-.%!-H/ B-%<1&%L 2%(7%! 7/(&"&-"("/0!dPe!
)7-"#)-"1(0-. %l TI&"-"I(1/0!-.%!&240"*9%1) (*IdNe!=%-./V,|&28&-"-2-"/(FIR.%3%!)8%#%3)4!
3%</3-8&1)8/2-1-."&1-,<%!/01-3)(&0/3=)-"/( * $+4)(*))I- <"7)4I<3/7%*23%!"(742*%&!
K2==93%3!3%)33)('%=%(-!/0!)|&240/\/"*%!2&"(1-3"042/3/)7%-"71)(.,*3"*%!)(*1&28& %L 2%(-!
&28&-"-2-"1(1/01-.%1-3"042/3/)7%-I\,I'3/2<!-/")1=%- [V, 102(7-"/()4"-,1d+7.%=%! “beFIE%!
)<<A"%*1- "&1<3/7%*23%!-/!- B2 8&-3)-9B)6 12&"(1>$>4 £)&1)13%)7-"/(1&/A#%(*RIBO-%3!

0%\ </&23%!/0!-.9%!&240/VIY8al-/1-3"042/3/) 7%-"7!)(., *3"*9%!0/3IPFb!.D!)(I" (-%3=%*")-%!H)&!
0/3=9%*1)(*1*%-%7-)84%!/(!R;>FIR.%!</&&"84%!&-327-23%!/0!-.%!" (-%3=9%*")-%!="1)Bl6!
*20/0141-.%1)<<%)3)(7%!/01) */H(0"%4*1&.."0-%*1%/284%-1)-1ZF Zbl<<=I"(l-. ¥Q!16J!
&<%7-32=DIH."7.17/24*17/33%&</(*1-/!- %!<3/-/(1)-1> T!</&"-"/(FI9/H%#%3D!-.%!
"(-%3=9%6%")-0) 7 1% ¥1(/-13%) 7-1H"-.1=0%- ) (/A1) (*1"-1H)&L.".4,12(&-)84%!/(1&"4"7)!
7.3/2)-I'3)<.FIB4-./2  '1=/*"0"%*IK2==%3%3 TF,<%!3%)7-"/(&H%3%!)--%=<-%*12&]
7.413/8277"("="+%" DI8%(U/,41<%3/\V"*0%+ DI/3I$$q T(*27%*1/V"%)-"#%17/2<4"( * D!

- %89%!)--%=<-&14%*1-/1%"- %3(/!3%)7-"/(}/3!-.%!0/3=)-"/(1/01)(12(&-)84%!" (-%3=%6*"}- %6 F

NN&



( Tetrahedron 2009, 65,599 )

o)
3 TFAA, pyridine
oﬁ/\j _0iC,30min w
ph)\o Z then MeOH, PPTS ph)\
25iC, 48 h
3.69 31%

(3. Med. Chem. 1996, 39, 1403)

Me TFAA, pyridine
o] CH,Cl,
N/\/\S/©/ _ 0iC,30min M /©/
6 then MeOH, p-TsOH
o 25iC, 24h
3.71 81%
Our Attempt ]
CO,Me CO,Me CO,Me
MeO,C. ° TFAA | MeO,C. MeO;C.
N7\ cpcl N&“O _MeOH OMe
Y
(@) Z S\+_ 0to 25 iC (o) %CFC% 25iC O
o) 1.5h 2d
o} O o}
3.63 373 3.74 I

[
9/:8;&' 23)B--%=<-10/31-.%!"(&)44)-"/(1/0!- %l EY%-./V,'3/2<I-/l  1)61)77/3*'(1-/ 1-.%!
4"-9%3)-2306&*

[

S(1&2==)3,D!-H/1)<<3/)7.%&!-/H)3*&!-.%!7/(&-327-"1(1/0!-.%102(7-"/()4"U%*!
- YUIA™ (Y01=/"%o- IHYO 3% ! (HY&-")-%6* 1#")1- Yol NJT/(:2')-Yol ¥/ (1) (*1-. %! K2==%63%3!
39%)33)('%=%(-FIR.%!)4?,4"*%(%NJ/4"*" (%!8)728/(%!H)& &, (-.%&"U%*18,1-. %!
71(*%(&)-"1(1/017,&-%" (%IH"-.1*"=%- . 41- "/ 2%-Y%o(%FIB4-./2' - %IIV)  T7/(:2')-%!)**"-"/(!
3%)7-"/(1/OIL)2AH"- 1#£)3"/2&1 7/(*"-"1(&*"*1(/-1023("&.)-. %6 !*%&"3%*1<3/*27-DIH%!
7/(0"3=%*1-.%!"(&-)44)-"I(1/01-.%!1&" 4,41V '3/ 2<1)-1-.%li T/&"-"/(1/0L-.%1-.")U/4"™" (%)
&240"%H")1-. %! &-%3%/&<%7"0"7IK2==063%3!3%)33)('%=0%(-F!S(!/3*%3!-/7/=<4%-%!-.%!
&,(-.%&"&/01- YONEYo-. IV, 1-."YU/A"*" (%1 &7)00/4*DIY**"-"/()41)--%=<-&17)(18%!2(*%3-) ?%(!
d+7.%=%F eF1X(%!)<<3/)7.1H/24*18%!)(I*"71=%-./ V,4)-"/(1/0!&240"%&!2&"("ll-<1 Tag]!

NN!



)&1)1&2<</3-"('1&)4-13%</3-%*18,1S&/?)H)kt al. "(INOPCEE![42/3/&240/("2=1"/(' 1)76l
H/24*18%10"3&-10/3=%*18,1)1042/3"*%!"/(D)(*1-.%! &28&%L 2% (-1*%<3/-/()-"/(!) (*
%4"="()-"1(13%) 7-"/(&"%(%3)-%!7)-"/("(-%3=%*")-9%8) 7 AH."7 .13%) 7-&H"-.1=%-.) (/4!-/!
<3/l E%-./V,4)-%*1<3/*27-1 1)7&1S(1)*"-"(D-.%!i T02(7-"/()4"U)-"/(17/24*18%!
<0630/8%*#"))I&" (4%-IV, % E%*")-% < [-IN"*)-"I(F  *IR3%)-=%(-IH"-.! Xod-/! 1)75
H"-.1)17)-)4,-"71)=/2(-//018%(&"-"U"('*,%!0/44/H%*18 1" (1&"-213%*27-"/(}/0}-.%!
7/33%&</(*"(1<%3/\V 061 <3/#" 0. %=")7%-) M) 841>/ (#%3&" (/0! 7/=</2(*! 1)84-/! 1)8(!
<3/T%%*%*IH"-.IM./&YUWE!7.4/3%()="(%!3%) SGE) (*I-.%!10/44/H" (1&/AH#/ 4, &" &) " Yo b U]

i F%-./V,1-" U4 (%1)8

(3. Electrochem. Soc. 2017, 164, G121)

H
-2e, -H* HF o+ MeOH OMe
R sph R*éph — R Nsph
EtzN-3HF i H SPh
MeOH/MeCN F
3.75 4F/mol 3.76 3.77 3.78

R = Me, CH,F, CHF,, CF5CH, CF2CH(OMe), CF3CH(CO,Et)

(Eur. J. Org. Chem. 2011, 2011, 4667 )

1. Oyllight HO

meso-tetraphenylporphyrin j

m THF, D78 iC S/ﬁ/ﬁ
N

)( ‘Boc 2. PhsP, 25iC )( *Boc

9
3.79 66% 3.80

1-chloro-1-dimethylamino
-2- methylpropene
CHZCIZ iC,18h
25iC, 2 h
)V "Boc 54% )V "Boc

3.82 3.81 I
!

0/:&;&" 26)S(&-)44)-"1(/0N)1=%-./V,I'3/2<I-/1)|&240"* %! &28&-3)-%!12&" (1)|042/3"*%!"/(T
=06*")-%6*1%64%7-3/7.%="843Y31)1&"('4%- 1V, %( EY%*")-%6*I< -/V"*)-"I( ]

NNb



3.2.4 Efforts towards the Synthesis of the Alkyl Chain Fragment

+,(-.%-"71&-2*"%&10/3!-.%!)4?,417.)"(103)'=%(- GIH%63%!<%36%6*d+7.%=%!"cB!S(!
- "&139%')3*DIH6! %6 (#"&"/(%*!-.)-1-. %! &-%3%/7.%="8&-3,Aly(*I> TI</&"-"/(17/24*18%!
3%)*"4,1"(&-)44%*12-"4"U" (1+.) 3<A%&E&1) &, ==%-3"71%</V"*) /(R (%61%(*!/0!-.%!3%&24-"("
)4?,417.)"(1H/24*18%1023-.%31 7/(#%3-%*1-/1'T2%-1%&-%310/3!-.%! 7/(*%(&)-"/(!H"- REINT

=%%-.,47,&-%"(%D!)(*I-.%!/-.%31%(*IH/24*18%! 7/((%7-%*-/1-. %17, 74/ %V (%!03)'=%(< FI

HO HO

HO

OTBS

0 OTBS |

01&;&" 27)+,(-.%-"T1)--%=<-&!-/I- %1&,(-.%&"&!/0103)'=%(-IGI03/=!1#)3"/2&1)44 4" 7!
V471148

R/1-%8&-1-.%10%)&"8"4"- 1/0!-."&!3/2-%D!2(/H())44,41)47 1)8B2H)&!<3%<)3%*03/=1Z
=%-.,4 OT%<-%{INV(%! 1)81) 77/3*"('1-/1-. %13%</3-%*1<3/7%*23%1) (*1828:%7-%*1-/!
)&,==%-3"71+.)3<4%&&1%</\"*)-"/(1d+7.%=%e F19/H%#%3D!-.%!*%&)J37674! 1)83H)&!
(I-7%-9%7-%*1¥23"('1-.%!13%) 7-"/(D') (*1-.%1&)=%!3%&24-1H)&!/8-)" (%6*1H"-.1-.%!-3%)-=%(-!/O!
mT7.413/1<%38%(U/"71)7"*FIB0-%31)14"-%3)-23%!8&%)37.DIH%!0/2(*1-.)-I- %1*06&."3%*1&-327-23%!
1)83"&IL2"-%!2(&-)84%!)(*1&4/HA,17, 74" U%&-/"%(%3)-Felpe8%3%*13" (10/44/H%18 !

%</V"*%!<%("(I-IN"#%!7/=</2(*!  1)8@"%%" 1S(1/3*%3!-/1<3%#%(-17,74"U)-"/(1)&!)!&"*%!

NNZ



36)7-"1(DIHY%*% 7"* % -1<3/-%67-1-.%12%-/(%102(7-"1()4"- 12&" (1%-.,4% (%! 4, 714111 )#%!- %!
2(/H(1)44,4" 7471141 1)87 H"-.1)(1)7%-)A!'3/2<F15(0/3-2()-%4,D!-."&18&28&-3)-%A)8 AH)&!

(I-13%) 7-"#%12(*%31-.%!+.)3<4%&&!)&,==%-3"71%</\"*)-"1(17/(*"-"1() (*1(/13%) 7-"1(!

Se0, (+)-DET, Ti(Oi-Pr),
A t-BUOOH tBuOOH 4e MS
CH,Cl, CHZCIZ
0to 25iC D20 iC, 48 h
O 6%

3.83

[77233%4F

HO
m-CPBA (o)
CH,Cl, HO
_— o
slowly cyclized 0

unstable

3.86
e}
HO HO
ethylene glycol (+)-DET, Ti(Oi-Pr), (o)
p-TsOH, CaSO, A t-BuOOH, 4+ MS
THF CH,Cl,

25iC,3h O, D20 iC O

0, 0,
34% (68% brsm) 387 OJ 2.88 OJ |

[
0/:&;&' 28)'+,(-.%-"718-2* 128" ('1-.%1)44,4"71)47/.14&! 1)82)( *'1)87

19%\EDIHY619%6V)="(%*1-.%!3%) 7-"#"-"%&1/01)44, 4" 7)) ATBATY(-)"("() (1%-., 41%&-%3!
02(7-"/()4"- 1H."7 .1H)&!<3%<)3%*103/=IN E%-.,4 TaT82-%(INT4!dL)85=( #) 1+.)3<4%&&/!
)&,==%-3"71%</\"*)-"/(1/01-.%!) 44, 4" 71)AT].14! 1)5A<3/#" %o Yol*%&"3%%</\/"*%!<3/*27-!
1)5(1d+7.%=%0eF!R/VH="(%!-.%!0%)&"8"4"-,1/01) (1) 7" 3/=/-%*13%" /&% 4% -"#%!3T(
1<%("('13%) 7-"/(D!H%!<3%<)3%*!-.%!3) 7%="71%</\VI}3t)&!)|&28&-3)-%!8, |- %!-3%)-=0%(-!
10VmT7 . A131<%38%(U/"71) 7"1-/1- %1)44,4" 7)AT/. /)5 1E.%(-. %! 7/=</2(*]  1)5HH)&!

%V</&Y%*!-/'"=%-./V,8%( U,4)47/./4!"(1-.%!<3%&%(7%!/0";%H"&N) 7"*1d&I- £!/3!G3...(&-%*!
NNt



)7"*1ddx@7)=<./3&240/("7")7"*eD!-.%!*%&"3%*!13%"' /&% 4% 7-"HVAB (" ("' H) & /8 &% 3#%o*!

82-1)77/=<)(,"('1.,*3/4,&"&1)(*17,74"U)-"1(1-/1<3/*27%!2(*%&"3%*1<3/*27-! 1)51"(18/-.!
7)&%&F
1. triethyl orthoacetate HO o HO
CyCO,H, reflux, 3 h (+)-DET, Ti(Oi-Pr), (o)
HO 94% BN t-BuOOH, 4« MS
|| 2. se0,, t-BuOOH CH,Cl,
CH,Cl,, 0iC, 20 h D20iC, 20 h
55% EtO (0] 32% EtO O
3.89 3.90 3.91
m-CPBA, CH,Cl,
0iC, 30 min
2%
HO HO
O o}
PMBOH (0] PMBOH
o) (+)-CSA BFja0E; HO OPMB o
+
HO CH,yCl, CH,Cl, HO
HO P20 to 0 iC P20to 0 iC HO
30 min 0“ oEt 30 min 0~ "OH
3.93 3.92 3.94 3.93 |

!
O1&;&' 25)+,(-.%-"718&-2* 128" (1-. %!%&- YT /(-)"("()44,4"T)ATI.14 '1)54

I
+'(7%!-.%1)44,4" 7147/ JA&IH"-.12%-/(%D!)7%-)4D!) (*1%R)SAIB D! (*! 1)54!H%3%!

(I-19%00%7-"#%!0/31-."&1&, (-.%-"713/2-%DIHY%!*% 7"*%*1-/1< 3% < BB 7:84¥47/./4! 1)5F!
B0-%31/8-)"("("1-.%1)47/./4! 1)53)77/3*"('1-/!-.%!3%</3-%*I<3/7%*23% D!3)7%="7!
%</V"*)-"/(1H)&!7)33"%*1/2-1-1023("&.17/=</2(*]  1)58H."7.1H)&!&28:%7-%*1-/1)1&%-1/0!
3" T<%("(17/(*"-"1(&))&1&2==)3"U%*"(IR)84%! DFIE.%(1&28&-3)-9)58H)&!-3%)-%*!
H™-1" E%-./V,8%(U,4)47//AYG[ gXI- 47/=8"()-"/(D)&!-.%1&) =9%!7/(*"-"/(1*"&728&8&Y%*!
)8/#%D!-.%!3%)7-"/(1/017/=</2(* 1)58H)&!=27.1&4/H%3!-.)(I-.)-1/0!-.%!%&-%37/(-)"("("
%</ dl)54d%(-3,|PeF!6/&-1/01-.%!8&-)3-"("1=)-%3")413%=)" (%*1%#%(H.%(I-.%!

-%=<%3)-23%!H)&!3)"&%*!-/Nb {6 ! &<%7-32=1/0!-.%!<3/*27-1&./H% *!-.)-1-.%3%!

NN!



H%3%!(/1<%)?&17/33%&</(*"('1-/1- %IRG+!'3/2<D!-.2&182"%&-" (- Yo!RG+!'3/2<1"&] (/-]
&-)84%1%(/2' 12(*%3!-."&I7/(*"-"/(FIE%!2-"4"U%*d i) =<./38&240/("71)7"*1) (*!

1) ("2=dS]e!"&/<3/<N"*%1)&1) (1)4-%3()-"H#%!) 7"*1<3/=/-%3" D182-1&"="4)313%&24-&!HY%63%!
188%3#%*1d%(-3\IAEFIR.%!3%)7-"/(IH"-.1." . %31-%=<%3)-23%&14%*!-/17/=<4%-%!
7/(8&2=<-"1(1/0!-.%!&-)3-"("1=)-%3")4! 1)56D!82-1)(12("*%(-"0")84%!<3/*27-1="V-23%!H)&!
18-)"( %*1d%(-3,1" eFI>/(&"*%3"('l-.%!4/HI3%) 7-"#"- /OE=%-./V,8%(U,41)47/./412(*%3!-.%!
7/(*"-"/(&DIHYI* 067" %*1-/17.)(Y%ol-. %! (274%/<."4%!-/18%(U/"7!) 7"*DIH."7 .13%&24-%*!" (1. %!
0/3=)-"1(1/01-.%*06&"3%13"( T<%("(1<3/*27-! 1)58H"-.1=/*%3)-%!,"%4*1d%(-3,!beF!

R, .E&7) %" /&%A%7-"#%\ €Y% (" (13%) 7-"/(&!/0)-.%)44,4"7)47/./411)53

HO
m-CPBA
0iC,2 h condltlons
quant.

OTBS OTBS
3.97; R=PMB
3.98,R=Bz |
!
entry R conditions temp / time results

1 PMB BF3-OEt2, CH2Cl2 -781t025°C,24h  mostly starting material
2 PMB (+)-CSA, CH:Cl2 0to25°C,3h mostly starting material
3 PMB Ti(Oi-Pr)a, toluene 25°C,5h mostly starting material
4 PMB Ti(Oi-Pr)a, toluene 60 °C,2h unidentifiable mixture
5 Bz Ti(Oi-Pr)a, toluene 25°C,2h desired (3.98, 45%)

E"-.1-.%!1%</\V"*%13"( T<%("(1<3/*27-1 1)58"(L.)(*D!H%!<%30/3=%*RIGKX T
7)-)4,U%*IN"™)-"1(** 1/01-.%!*"/411)58d+7.%=0CGF!S(I-.%!<3%&%(7%!/0! 1 pH/8X-.%!

&-1"7."1=%-3"TVN"*)(-D!-.%!7/33%&</(*"('17)38/V, 4" 7)) 7" 1)58H)&I<3/*27%*IH."7.1H)&!
NNQ



023-.%31828:%7-%*1 TP%-/%&-%31&, (. %6&" &18,1)*/<-"("1)1<3/7%*23%!3%</3-%*18 |
6)&)=2(%!)(*17/  TH/3?%3&E##IR %!7)38/V,4"71)7"*1)55H)&!) 7-"#)-%*!8,|PDPW
7)38/(,4*"="%)U/4%!H."7 1H)&!3%) 7-%6*1H"-.1=) (%&"2=1=%-.,4=)4/()-%!-/1023("&.!-. %!
*0/p&"3%*TP%-/%8&-%31<3/*2T)[44F

O O

HO L CO,Me
TEMPO, NaClo,, Naclo ~ HO2¢ KO OMe O
HO OBz  phosphate buffer (pH 7.4) |, OBz MgCl,, CDI o8y
HO
MeCN/H,0 THF
35iC, 19 h 25iC, 19 h
oTBS 28% OTBS I OTBS
3.98 3.99 3.100 I

!
01:&;&" 34)+,(-.%&"&!/01-.%!)4?,4103)'=%(-GI03/=)47/./4! 1)58

I
S(1&2==)3,D!-.%!)<<3/)7.10/3!-.%!7/(&-327-"/(1/0)4?,4103)'=%(-! G!&7)00/4*IH)&!
*0p&73"8%*H."7.12-"4"U%* +.)3<4%&&!)&,==%-3"71%</\/"*)-"/(DHBI=/-%*1%</V"* %!
1<%("('DY)(*1*"=%-.,41-."/7%-%(%!0/3=)-"/(FIBO-%3!) 7."%#"(1%() (-" &Y A% 7-"HYH\&, (-. %&"&!
101-. %" T2%-/%&-%3187)00/4*D!-.%!-."12%-%(%!0/3=)-"/(12&" (¥606 S10/44/HY%*18, I-. %!
71(%(&)-"I(H"-.IN  T=%-.,47,&-%"(%!H/24*18%17)33"%*1/2-1-/I'V(%3)-%!-.") U/4"*" (%!

=/"%-,F!

3.2.5 Future Work towards Fragment Assembly

E%!.)#%!)77/=<4"8.%*1-. %!&, (-.%&"&!/0!-.%!02(TH) A" U%*17,74/.%V)(%61)*81) (*!

-.9%13)7%="717/(&-327-"/(/0-.%!)4?,417.)"(1<)3-11)(44D!)4/( H"- .1 %!" (H#%&-")-"/(/O!-.%!

NaO®



&, (- %&" &0l TEYo- .V, 1-.")UIA"*" (%1 =/"%%-, FIB4-./2" IHY6)}#%! (/-1 Yo-1"*0(-"0"%*1)(!
9%600%7-"#%!&-3)-%',10/31-.%!&, (-.%&"&!/0!-. %41 12(2&2) A1) (*12(<3%7%*%6(-%*li E=Y%- ./, |
- UIA™"(%1&240/V"*%D!-.%!) &8%=84,1<4)(1-/H) 3*&1-/-)41&. (-.%&"&!/010/3) U/4" (%! BI2&" (!

-.%!-.3%%0!03)'=%(<d \ G!"&!/2-4"(%*1.%3%!d+7.%bieR!

oTBS
RO,
CO,Me :O\
L - CO,Me 7 TOR!
HzN/% 3101 1. TBAF e
SH 2. PPhg, I, 3.3
2. decarboxylation OR? Suzuki or Negishi
cross-coupling
OTBS
35 oTBS
-, ,CO,Me = ,CO,Me
oTBS HN/S’ORS oTBS
g RO R0 1. H,0,
:’-O\ /-alkoxylation - or m-CPBA
OR? <~ TOR! o) ~"Nor! 2.NH,4OH, EtOH
— : : 3. PPhg, CCl,, THF
: & R30
3.104 3.105

S/B\ S/B‘
SN CO,Me SN CO,H
CO,Me
HS TN HN” N=OR®  oTBS . HN”=OR®  oH -
NH, RO deprotections R0 * macrocyclization

SN 0 U -
e L,
-~ YOR!

3.108

2
.QR OR!

3.107

“N4ORS
c,
1. glycosylation _/_O\ /(ji\lMez
2. chlorination H - 0" o
/:

OR!

3.109 -

H Forazoline A
NMe, |
|

91:&;&" 3()+,(-.%-"71<4)(10/3!-.%!)&&%=84,!/0!-.9103)'=%(-£ \ G'

NaP



[3)'=06(-1)&&%=84,IH/24* 7/==%(7%!H"-.17/(*%(&)-"I(18%-H%%(1*"=%-.,A!
-"12%-% (%) A)(*IN EY%-.,47,8-%"(%!=%-.,4%&- XY ( eD/44/H%*8,1*%7)38/V,4)-"/(F!
R.%13%8&24-"('12%-98(BY) 7%-)4L)(4* IH/24*18%1& 28%7-%*1-/1&" 4, 41%%<3/-%7-"/(1) (X B<<%4!
3%)7-"/(1-/1<3%<) 392, 41" [*"* %! 1) (4 1FIE%!%(#"&"/(!-.)-)1+2U272"/311%"&." 73/&&
7/2<4"(13%)7-"/(1/0!-.%!"*"*%! 1)(A1IH"-.1)42%(,4!"/*"*%! 1)1IH/24*19%00%7-"#%4,'%(%3)-%!
- %!-3TR28&-"-2-Y%*KET42%(%!02(7-"/()4"-, D1."7.1H/24*1) &&%=84%!-.%!)4?,417.)"(!
03)'=%(-! GI)(*1-.%!7,741.%V)(%!03)'=%(-! < FIR."&!- <%!/0!-T&28&-"-2-Y6*KE)42%(%!

&, (- %&"&!1"&IHY 4418~ 2% %6+ 1" (14"-9%3) X2 BHRF\/-DI/V/"%)-"/(1/O!-."[%-. %3 ) (42H"-.19 X4
131mTKGBIH/24*1<3/#"*%!- %1 7/33%&</(*"('1&240/V"*%DIH."7.17/24*18%</&&."84,!
-3)(&0/3=%H1"(-/li  T4?IV,! -."YUIA"*"(%FIR.%!%&-W@I3IH/24*18%! (%6V-17/(#%63-%6*-/!
7.)("*%! 1)(4610/44/H%*18,17/(*%(&)-"I(IH"-.! LT7,&%"(%!=%-.,4%&-%63!-/!" HYA 7]
+2889%L2%(-!.,*3/4,8"&!)(IRG+*%<3/-9%7-"/(1H/24*1023("&.1&28&-3)-H(48H."7.1H"44]
8%!828:%7-%*-/1=)73/4)7-/("U)-"I(FI["()44,D!'4, 7/&,4)-"/(H"- }-H/NO/3/&)="(%e& *%+®s#1)(*]
7.413"()-"/(1H/24*10" ("&.1-. %!-/-)41& (- %&"&1/010/3) U/4" (%! BF!

NaN



3.3 Conclusion

! S(17/(7428&"/(DIH%!.)#%!8%%(!" (#%&-")-"("1-.%!&,(-. %&"&!/0!-.3%%!=):/3103)'=%(-&!
<\ GI/010/3)U/4" (%! BF!>/(&-327-"/(/01-.%!." 4,102(7-"1()4"U%*!7,74].%V)(%!3"(1"(!
03)'=%(-!BIH)&!%00" 7"%(-877/=<4"&.%*12-"4"U"("162?)",)=))4*/4D!G),%3 \]"44% %3!

3%) 7-"/(D(*1)**"-"(1/014"- " 2=1%"=%%-. 47 2<3)-%FIB=/("10"#%!&-%3%/7%(-%3&!/(!-. %!
7,741.%V)(%D!0/23!8&-%3%/7%(-%3&!H%3%!&277%&&0244,1-3)(8&0%33%*IH"- |- %*%& "3%*!
&-%3%/7.%="&-3,103/=!-.%!%()(-"/=%3"7)44 13" BEW ) 3t/ (YoF !+, (- %-"71&-2*"%&!-/H) 3*&!
03)'=%(-!G!H%3%3d17)33"%*1/2-12&"(1IV) T7/(:2")-%!)**"-"/(1)(*IK2==%3%3  TF,<%!
3%)7-"/(&F!B0-%3!-.%!7/(&-327-"/(1/0!-.%!?%-6(V87 %-)41=/"%-,18,I-. %! 7/ (*%(&)-"/(!/O!
7,8-9%"(%!H"- 1¥"=%-. 41- "2%-%(%D!)--%=<-&!-/\NIJ/(:2")-%!)**"-"/(1/0!-.%!-." U/4"*" (%!
1)2727/(-)"("( D T2(&)-23)-%*1%&-%3IHY%3%!*%& 73"8%*FIS(1)**"-"/(DI#)3"/28&K2==%3%3!
3%)33)('%=%(-17/(*"-"/(& H%3%!" (#%&-"")-%*!) (*IH%!) 7."%#%*|- %!&, (- %&"&!/0!- Y]
&"4,4IN,4)-%*1- "YUI4"*" (Y1) 6 F!["()44, D) (1)*#)(7%*1<3%7 23&/3!-/103)'=%(-IGIH)&!

&, (- %&"U%*!"(1)13)7%=T10/3=!-/1*%-%3="(%!-.%!&(-.%-"710%)&"8"4"- 1/0!-.%!3%) 7-"/(&FE%!
7/(0"3=%*1-.)-1%</\"*)-"/(1/01)44,4"71)47/./4!  1)530/44/H%*18,13%"/&%4%7-"#%%</\V"*%!
I<%C(NFIN T2%-1%8&-%310/3=)-"/(1023("&. %*1-. %! *%& "AYAUF I R.%3%0/3%D!-. %&%!" ("-")4!
&-2*"%&IH" 4419 4%&-/(%!-H)3*&!1-.%!)&&%=84,1/0!-.%!-.3%%!03) =%(\IGIH."7.!

H/24*17/=<4%-%!-.%!-/-)41&,(-.%&"&!/0!0/3)U/4"(%!BF

Naa



3.4 Experimental Sections!

B4413%)7-"/(&!IH%3%! 7/(*27-%*1" (#T68"%*!'"4) &&H) 3%! 2 (*%3("-3/ % (F!5(4%&&!
|- %3H"8%!&-)-%*1)4413%)'%(-&!HeRBT) &Y6*103/=17/==%37")418&2<<4"%3&!) (1 2&%6*!
H"-./2-1023-.%31<23"0"7)-"/(FIB441&/4#%(-&!H%3%!B=%3"7)(1>.%="7)4!+/7"%- |dB>+e!'3)*%!
1318%--%31)(*128%*1H"-./2-1023-.%31<23"0"7)-"/(1%V 7%<-1-%-3).,*3/023)(|dR9[eD!H."7.1H)&!
03%8&..4,1*"&-"44%*103/=1&/*"2=Y 8%(UB(/(%!%)7 .!1-"=%!8%0/3%!2&%F!B()4,-"7)4!-."(14), %3!
7.3/=)-'3)<.,1dR;>e!H)&!<%30/3=9%*IH"-.I'4) &&!8) 7?2%*1&"4"7)'%41dZOlje!<4)-%&!H"- !
042/3%&7%(-1"(*"7)-"I(\dE.)-=)(eF!]"&2)4"U)-"I(1H)&!) 7 7/=<4"&.%*18, 15]1"33)*")-"/(1)-!
Nb'I(=D!/318,1&-)"("(1H"-.l  pT("&)4* %.,*%!&/42-"/(1/31</-)&&"2=1<%3=)(") ()-%!
&142-"/(10/44/H%*18,1.%)-"('FI[4)&.17/42=(17.3/=)-I'3)<.,1H)&I<%30/3=%*18,12&" '
&"4"7)'%A41d<)3-"74%!&"U%INaO" O0!=%&. D! FDL@RIBMAT -3)HY%63%!3%7/3* %6 H"-.1)!
1)3")("00!d 00!69Ue!)(*1)!G32?%3!bO0!dbOO!69-IEYH7-3/=%-%3F!B44I 16 JIEH) 42%&!)3%!
"H(1"(1<)3-81<%31="44"/(Id<<=e!)(*1)3%!3%0%3%(7%*!-/1-. %!3%&"*2) 41" &/-/</=% 3 &/ 4#%6(-!
&"()4&1d>9>4:@'ICFNZ!<<=DI>$9X$@b!t!aFaP!<<=¢0/3!' 9116 J1&<%7-3) F>/2<4"(!
7/(8&-)(-&!d]e!)3%!" #9%(" (19%3-Uld9Ue!) (*1=24-"<4"7"-"%6&1)3%!" (*'7)-06*12&" ('1-. %!
71(H%(-"1()41)883%¢#")-"/(1d&It1&" (‘4%-D1*!t1*/284%-D!-!t!-3"<4%-DILt!L 2)3-%-D!=!t!=24-"<4%-!

131/#9%34)<1/01(/( TAL2"#)4%(-13%&/()(7%&D!83!1!183/*e

Na'



o, OH

: Cp,TiCly, Zn :
AcO™ THF ACO"

0 25iC, 4h &
3.12 317 © |

R™)(/7%(%!*"7.4/3"%!><R">4ldPPc!='D!OF cP!==/4e!)(*1</H*%3%*u(!dQc!="D!PFbZ!
==/41H%3%!<4)7%*!"(1)13/2(¥1B/--/=%*104)&?!2(*%31)(1)3'/(!)-=/&<.%3%F!B(.,*3/2&/!
03%8&..1%"&-"44%1) (*1*06/V,'%()-%*IRO[IdOF Z!=;e!H)&!)**%*D!) (1&-"33" ('1H)&!=)"(-)"(%*!
0/3PL1)-IND{>FIR/1-.%!3%)7-"/(1="V-23%D!)!&/42-"/({/D)(* \dbO!="DIOFNaZ!==/4e!"(103%&...
%8 "A4%) (*1*%/V,'%()-%*IRO[IANF 1=;e!H)&!)**06*1)-IND{>F!B0-%3!&-"33"('10/3!"L.1)-IND!
{>D!-.%!="V-23%!H)&IL2%(7.%* H"-.1&)-23)-%*1)L2%6/2&1)9KX: [dN!=;e!)(*183" (%6!dNE;e!
)(*18-"33%*10/31a0!="(FIR.%!3%) 7-"/(1="V-23%!H)&!*"42-06*IH"-.1*"%- . 41%-.%31) (*I-.%(!
0"4-9%3%*1-.3/2".1)1<)*1/01>%4"-%FIR.%!0"4-3)-%!H)&!H)&.%*1H"-.183" (% FIR.%!3%&24-" (!
13)("714),%31H)&! *3"%*1/#%31Lps X ) (*I7/(7%(-3)-%* in vacuoF!R.%!3%&"*2%!H)&!
<23"0"%*18,17/42=(17.3/=)-'3)<.,1d&"4"7)'%4D!.%V)(%&Y|-XB7D!YPe!-/1)00/34.)(7!)&!
7/4/34%8&&)@3!16J'd"O0!69UD!>.4/3/0/3= TebbF _!d-M"FPI9UD!P9eD!bFNN!d&D!P9eD!bFNO!
d&D!P9eD!"F Pt Bt!9UD!P9eD!aF@PNO!d=D!P9e D! NENARE D!NFGIP |d=D!Z9eD!PF_b!

d**DIJitIP"FPD!POF D!aFZ!9UD!P9eD!PHittREF*M!POFZD!aF 19UD!P9eF

Nab



o, OH OH

AcO™ THF
25iC,4h AcO

312 © 313 O 316 O |

R™)(/7%(%!*"7.4/3"%!><R">4ldPPc!='D!OF cP!==/4e!)(*1</H*%3%*u(!dQc!="D!PFbZ!
==/4e1H%3%!<4)7%*!"(1)13/2(¥1B/--/=%*104)&?!2(*%31)(1)3'/(!)-=/&<.%3%F!B(.,*3/2&!
03%8&..1%"&-"44%1) (*1*06/V,'%()-%*IRO[IdOF Z!=;e!H)&!)**%*D!) (1&-"33" ('1H)&!=)"(-)"(%*!
0/3!PL.1)-INDY{>FIRA3%) 7-"/(1="V-23%H)&!)**%+*1-/ 1)1&/42-"/(/0! 1)(*!dbO!="DIOFNaZ!
==/4e!"(103%&.1*"&-"44%*1)(*1*%/V,'%()-%*RI[IANF I=; €)-INb{>F!B0-%3!&-"33"("|&ZBY)-!
ND}{>D!-.%!="V-23%!H)&!L2%(7.%*IH"-.1&)-23)-%*)L2%/2&! 1)&X: IdN!=;e!)(*183"(%!dN!
=:e)(*1&-"33%*10/31a0!="(FIR.%!3%) 7(1="V-23%!H)&!*"42-%*IH"- 1*"%-. 41%- %3!)(*I-. %(!
0"4-9%63%*1-.3/2".1)1<)*1/01>%4"-%FIR W-3)-%!H)&!H)&.%* H"- 183" (%F!R.%!3%&24-"('
13)("714),%31H)&!*3"%*1/#%311) oo X 1) (HI7/(7%(-3)-%* in vacuoF!R.%!3%&"*2%!H)&!
<23"0"%*18,17/42=(17.3/=)-/'3)<.,1d&"4"7  )I'%A4D!.%V)(%&YI-XB7DINYPe!-/)a)@*)(* '
1)(6!)&17/4/34%8&&/"BFL6J1&<%7-32=1%)-)1  [O11)(6!"&"(1)77/3%)(7%!IH"-.I-.%!3%</3-%*!
*)-) F fI1)(1@9!16J'd’00!69UD!>$>4 «b!biP"\ bFN Id=D!P9eD!ABFDCc!d=D!P9eDINFFQO!
d=D!P9eD!NF*PIit!_F'19UD!P9eD!NFPQ!d&D!ad&FREA<D!Z9e DIFFFZO |d=D!P9eD!PF ¢
PFb'1d=D!P9eD!PFO] {&:fR!9UD!a9kF

NaZ



O OTMS

MeMgBr, FeCls, THF
D20iC,2h
then
TMSCI, DMPU, Et3N
0to25iC, 16 h
(S)-carvone 70% 3.18 |

R/1)!7//4%*1d\ NO{>e!&/42-"/(1/0![%>4dN 1='DIOF P Z!==/4e!"(IRO[IdPN!=;e!H)&!)**0/*!
=06-.,4=)'(%&"2=183/="+9%1&/42-"/(\daF O!6!"(1*"%-.,41%-.%3D!'F__!=;DIP"FZ bl==/4eFIR/!

- "&1="V-23%D!)!&/42-"/({/ORET7)3#/(%!dPFO'DIZFZbc!==/4e!"(IRO[IdaF Z!=;e!H)&!)**%6*!
1#%3IN1.FIB0-%3!&-"33"(1PFOA NOI{:D!-.%!="V-23%!H)&!)44/H%*-/IH)3=!-101{>F!!
R3"=%-.,4&"4,417.4/3"*%!dPFPc!=;D!QFP_c!==/4eD!$6K5!dOFQc!=;DIcFQ__!==/4eD!)(*!
-3"%-.,4)="(%!dPFNP!=;D!_FZb'|==/4e!H%3%!)**%*1&%L 2%(-")44,1)-I01{>FIR.%!3%&24-"(
="\V/-23%!H)&!)44/H%*1-/1H)3=1-/IND}{>!) (*1&-"33%* EBIPN!.F1+)-23)-%*)L2%/2&!1)9>X
&/42-"1(1dPO!=;e!H)&!1)**%*1)-I0{>FIR.%!="V-23%!H)&!10"4-%3%*!-.3/2".1)1<)*|/01>%64"-%!
)(*1-.9610"4-3)-%!H)&!*"42-944"- 1%-., 41) 7%-)-%FIR.%!/3") ("714),%3!H)&!H)&. %* H"- 183" (%D!
%3061 H%3! Lt X DY) (17/(7%(-3)-%in vacuoF!R%!3%&"*2%!H)&!<23"0"%*18,17/42=(!
7.3/=)-'3)<.,1d&"4"7)'%4D!.%V)(%&Y1-XB7D!bOY Pe!-/1)00/B{BIdPFOa!'D!cOwe!)&!7/4/34%&4&!
["AFIR.%19%()(-"/=%3V/@)(8!"&!-. %!2(/H(! 7/=</2())(*]  '9116JI&<%7-32=1%)-)I"&!"(!
)7713%)(T%IH"-.1- %!3%</3-%6*1%)-) P+ |

Nad



OTMS 0

CH(OMe)3, BH3a0E}
CH,Cl, _
b50iC,2.5h A
(MeO),HC

65%
318 3.19 I

R/1)!7//4%*1d\ bO}{>e!&/42-"/(1/01)(8IdPFOal'D! FZNc!==/4e!"(1>844dPZ!=;e!H%3%!)**%*!
-3"=%-.,41/3-./0/3=)-%!dOF ZP!=;D!bFbbN!==/4e!)(*!8/3/(1-3"042/3"*%!*"%-., 41%-.%3)-%!
dOFZa!=;DIbFO_Q!==/4eF!B0-%3!&-"33"('NFIDY>D!&)-23)-%*) L 2%6/2&11)9>Xe!
&142-"1(1H)&!)**%*!)-I04>FIR.%!4),%38& H%3%!&%<)3)-%*D!)(*I-.%!) L 29)/263uH)&!
06V-3)7-%*IH"-.1I-XB7FIR.%!7/=8"(%*1/3")("7!4),%3& H%3%!*3"%6* /#% KX )(*!
71(7%(-3)-%*lin vacuoF!R.%!3%&"*29%!H)&!<23"0"%*18,17/42=(17.3/=)-I'3)<.,!d&"4"7)'%4D!
%V)(%&Y1-XB7DINOY Pe!-/)0QESIdZcO!="D! Zbwe!)&! 7/4/34%&&!"4FIR.%!%()(-"/-SHRB!
"&1-Y6I2(H(IT/=</2()(*1 'O 16J1&<%7-32=1%)-)1"&1"(1) 77/3%)(7%!H"-.I-.%!3%</3-%*]

IF

o OH
\éﬁ( L-Selectride :
. THE \Q(
(MeO),HC BT8ICA0MN  (MeO),HC
3.19 3.20 !

RINI7//4%1d\ c_{>e&/42-"/(1/0! 1)(5/dNF_O!'DIPNF"_al==/4e!"(IR9[!dNDO!=;e!H)&!)**%"T:
+964%7-3"*%!dPFORE[D!PbFO!=;DIP'FQ_O!==/4el/#%3!Pb!="(1)(*1-.%!3%&24-"("1="V-23%!
H)&!1&-"33%*10/3!"Ol="(NAlc_{>FIZ!6!1)X9!dPb!=;el)(*!.,*3/'%(1<%3/\V"*%!&/42-"/(!daO!
H-FIw!"(19 sXD!Pb!=;elH%3%!)**%*1*3/<H"&%!)-10H{>1)(*1-.%!="V-23%!H)&!&-"33%*10/3!PL.1)-!

Nb!{>F!'R.%!4),%81%3%!&%<)3)-%*D!)(*!-.%!)L2%/2&!4),%3!H)&!%V-3) 7-%*!H"-1I-XB7F!R.%!
Na!



7/=8"(%*1/3)("714),%38& H%3%!H)&.%*IH"- 18)-23)-%*)L2%/2&!1)9>X &&/42-"/(D!*3"%*!
1#%311) o+ X: DI)(M17/(7%(-3)-%*!in vacuoF!R.%!3%&"*2%IH)&!1<23"0"%*18,17/42=(!
7.3/=)-'3)<.,1d&"4"7)'%4D!. %V)(%&YI-XB7D!aYPe!-/)OWB4ANF Q!'Diwe!)&!7/4/34%&&!
/"4@9!16J!d"00!69UD!>$>4 seb!bFZZ!d&D!P9eD! Fc@ld=D!N9eD!" FNQMINBC!9UD!P9eD!
aFQNIHHFNIOUD!P9eD!aF ald&D!a9eD!aFaQ!d&D! a9 DR alIEP!9UD! POSINNFA!

d=D!P9eD!PF_N!d&D!a9ePHPP¢td=D!N9eD!PFcP!d&D!a%eF

(0] OH

LiAIH
- THF -
z b78iC,3h z
(MeO),HC 60% (MeO),HC
3.19 3.25 I

RINI7/14%*1d\ c_{>e®/42-"/(1/0! 1X5 !dNb!='DIOFPPP!==/4e!"(IR9[!dP!=;e!H)&!)**%6*!
4"-"2=1)42="(2=1. *3"%I&/4 2-"/({dNFO!6!"(IR9[D!OFOc!=;D!OFPaac!==/4e!*3/<H"&%F!
B0-%31&-"33"(lal.)AIc_{>D!-.9%!3%)7-"/(IH)&!L2%(7.%*IH"-.IH)-%3)-I0{>FIR.%!3%&24-"(
="V/-23%!H)&!*"42-%*IH"- 11-XB71)(*IH)-%3F!R.%!4),%3& H%3%!&%<)3)-%*D!)(*1-.%!/3") ("7!
4),%3!H)&!*3"%*1/#%31 I X: 1) (11 7/(7%(-3)-%*! in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,!
7142=(17.3/=)-I'3)<.,1d&"4"7)'%4D!.%V)(%&YI-XB7D'aY Pe!-/1)00/31)*3ldPbt'D!IZOwe!)&!
7/4/34%8&&!"9@6J'd"O0!69UD!>$>4 «bbFZO!d&D!PYeD!'F_P!d&D!NFNNIERR!PIeD!

‘FP Id*DilaF 19UD!Z9eD!aF N!d&D!a9eD!aFa_!d&DNBbRIDEP9e DINFEZ!d=D!P9eD!INFOP!

d**DIJitIPNFND!bFcD!NF_!9UD!P9eD!PF_0!d&D!a9eD!PFc’ | dRIDRIVEDIPE- Ol P9eF

Na®



' m-CPBA, NaHCO, o ‘
- CH,Cl, [
(MeO),HC B30100iC, 2h (MeO),HC

80%
3.20 3.21 !

OH OH

RI1)!7//4%*1d\ aO!{>e&/42-"/(/0! 1)*4IdNFNQ!'D!IPOFPP_!==/4e!"@@dPOO!=;e!H%3%!
)**06*18/*"2=18"7)38/()-%!dPFN_I'DIPbFPccl==/4e!)(*lmT7.4/3/<%38%(U/"71)7"*Id+ccwD!
NFCNI'DIPNFP’Pl==/4eFIR.%!3%)7-"/(1="V-23%!H)&!)44/H%* -/\H)3=1-/l0{>1/#%3INLF!
+)-23)-%1)L2%/28&!1) 06X el&/42-"1(1)(*1&)-23)-%*)L2%/28&!1)9>X  &l&/42-"/(IH%3%!
)**0/6*1)-I04>FIR.%!4),%38& H%3%!&%<)3)-%*D!)(*1-.%!)L2%/2&14),%3!H)&!%\V/-3) 7-%* H"- !
>0 > AFIR.%!7/=8"(%*1/3")("714),%3&H%3%!H)&.%*1H"-.1&)-23)-%*)L2%/2&!1)9>Xe!
&142-"1(1dfINeDI*3"%*/#%34X: DI)(*7/(7%(-3)-%*lin vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,!
7/142=(17.3/=)-I'3)<.,1d&"4"7)'%4D!.%V)(%&YI-XB7D!NYPe!-/1)00/3t*(\dPFQR!_Owe!)&!
714/34%&&"9@6J'd"O0!69UD! >$>4 «b'F_NEIFP9eD!'FZ_!d&D!P9eD! FRZENIOUD!
P9eliF_O!d**UZFND!bF 19UD!Ba"_!dégeD!aFac!dfBaFN!9UD!P9eD!aFaaSt i NC
NFa'ld=D!P98IBNN!dADZ FPD!aFa!9UD!P9e DBIR.FeD! PFcP!dQED! PFZZ!d*/MPaF ZD!

_FND!bFN!SeED!PF"_!d***PilPaFcD!ZF D!aFNPeDIPF P!GRRF

OH oTBS
" TBSCI, imidazole "
(o) 0.
_ DMF _
: 60 iC, 15 h :
(MeO),HC 930% (MeO),HC
3.21 3.22 [

R/M! &/42-"/(1/0! 1)*('dbb!="D!IOFNNc!==/4e!"(1$6[!dOFal=;e!H%3%!)**%*!"="*)U/4%!daP!

='DIOF 'b’I==/4e!)(*! tertB2-,4*"=%-.,4&"4,4!7.4/3"*%!dbP!="D!OFa’ P!==/4e!)-INb!{>FIR.%!
N'Q



3%8&24-"('1="V-23%!H)&!.%)-%*1-/IZOY>1)(*1&-"33%*1)-1-.%1&)=%!-%=<%3)-23%!0/3!PN!.FIR.%!
3%)7-"/(1="V-23%!H)&! 7//4%*1-[IND>1) (*1-.%(1*"42-%*1H"- 1H)-%31) (*!I-XB7FIR.%!4),%3&!
H%3%!8%6<)3)-%*E)06!/3")("714),%3!H)&!H)&.%*IH"-.IH)-%3!d f lae D1*3"%*!/#%3! 13 X D!
)HI7/(7%(-3)-%*! in vacuoF!R.%!3%&"*2%IH)&1<23"0"%*18,17/42=(17.3/=)-/'3)<.,1d&"4"7)!
'%4D1.%V)(%&Y1-XB7D!POY Pe!-/)0pfaticht'D!Qawe!)&!7/4/34%& &N EBJI!d O0!69UD!

>$>4 «b!'F_"1d&D!P9eD!"FZO!d&D!P9e DIEFABOD!P9eDlaF_a!tPOFND!bFb!9UD!P9eD!
aF Q!d&BeD!aFNb!d&ED!aFPclMDIF_19UD!P9eD!NFab!dttDFEZD!'F_19BBSDNFNZAIFaN!

d=D!P9¢PFcb!d&@eDPFbaPFZN!d=D!N®#20!deD!OFQOM@&D!OERD!aeD!OFOb!d&Eade

OTBS 0s QTBS
' CH,Cl,, D78 iC s
o ol
' then PPh3
: b78t025iC,2h B
(MeO),HC 75% (MeO),HC O
3.22 3.23 I

B1&/42-"/(! /011)**Idch!='DIOFNPO!==/4e!"(I>@4idN!=;e!H)&!7//4%*-/'\ c_{>FIXU/(%!
H)&!82884%%1-.3/2".I-.961&/42-"/(12(-"41)184 2%\ 7/4/31*%#%4/<%*FIBO-%3!b!="(D!-.%!%\ 7%&&!/0!
JUI(%!H)&!3%=/#%*IH"- ) (1X  4<23'%D!)(*1-3"<.%(,4!<./&<."(%!dPPO!="DIOF NP!==/4¢!
H)&!)**%6*FIR.%!&/42"/(1H)&1)44/HY%*1-/1H)3=!-/INDI{>!) (*1&-"33%*10/3!N!. FIR %! &/4#%6(-!
H)&13%=/#%*12(*%3#) 722=D1)(*I-.%!3%&"*2%!H)&!*"42-%*IH"-.1*"%-. 41%-.%3!)(*183" (%F!!
R.%!4),%3&!H%3%!8%6<)3)-%*D!)(*I-.%1/3")("714), %3!H)&*3"%6*!/#%3(11) (*!

71(7%(-3)-%*lin vacuoF!R.%!R#2%IH)&!<23"0"%+*18,17/42=(17.3/=)-/'3)<.,1d&"4"7)!'%4D!

.%V)(%&YI-XB7D!bYPe!-/1)008*1!dbZ!=" D!cbwe!)&!7/4/34%&&'9A@Y!d OO!69UD!

NP



>$>4 eb!'Fld*DJIit!_F_!19UD!P9eD!aFcz!@t*DFQD!bFZ!9UD!P9eD!aF Z!d&D!a9eD!aFNZz!d&D!a9eD!
aFP’ld*ptl"FO!9UD!P9eD!NFc MILEZ!19UMeD!INFZa!df4D!F_D!aF 9B DINFPZ!d&D!a9eD!

PFA®F_N!d=D!N$H2AP!d&D!a9eD!OREMURBO _!d&D!'a9eD!OFO¢!d&D!a%eF

OTBS OTBS
\OWK m-CPBA, NaHCO, \O\
o) o)
CH,Cl, :
: 25C, 2d T OAc
(MeO),HC O (MeO),HC
3.23 324 |

R/1)!&/42-"/(1/0! 1)*1!dNb!='D!IOFOCO!==/4e!"(!>&44H%3%!)**%*11)9>X dQ!="DIOFPOb!
==/4el)(*! mT7.4/3/1<%38%(U/"7!)7"*IdtccwD!PQ!="DIOFO_ 1==/4eF!B0-%3!&-"33"(IN!*),&!)-!
Nb}{>D!&)-23)-%*)L2%/2&! BjiX l&/42-"1(1H)&!)**%*FIB0-%3!&-"33"(INO!="(!)-INb{>D!-.%!
13)("714),%3H)&IH )&.%*H"-.1&)-23)-%*)L2%/2&11)9>X  &/42-"/(1dfINeF!IR.%!/3)("7!
4),%3!H)&!*3"%*1/#%31 1 X: 1) (*17/(7%(-3)-%*! in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,!
7/142=(17.3/=)-I'3)<.,1d&"4"7)'%4D!.%V)(%&Y|-XB7DIbYPe!-/1)00/31)*2)&17/4/34%&&!/'A@!
16J!d"00!69UD!>$ >4eb! FQEbFON!d=D!P9eD!"F PHi*B0!9D!P9e D! FPP!JAPOFbD!bFP!
9UD!P9eD!aF c!ld&D!a9eD!aFab!d&D'a9¢ ! EBNDIMPEe D!INFNalgHDFOD! F 19UD!P9eD!
NFOald&D!a9eD!PF IRRAFID!bFO!9UD!P9eD!PHRMREFED!POFc!9UD!PYeDIEB #0e DIOFQO!

d&D!Q9eD!OFOQ!d&D!a9eD!OFOZ!d&D!a%eF



OTBS OTBS

Cul, MeLi, THF
, P781025C, 18 h
ol 0.,
_ 18% -
(MeO),HC O (58% brsm) (MeO),HC ~ ©
3.23 3.30 |

RI1!7//4%1d\ Pbi{>e!1&/42-"/(1/017/<<%3!"/*"*%ldab!="DIOFP_l==/4e!"(IR9[!dOFaZ!=;e!H)&!
)*06*1=06-.,44"-."2=18&/42-"({dPF ZI6!" (1*"%-.,41%-.%3D!OFNa!=;D!OFaz!==/4e!*3/<H"&%F!
B0-%3!&-"33"(INO!="(!)-Pb}{>D!)!&/42-"/(//01)*1!dPal='D!IOFOaz!==/4e!"(IR9[|dOFaZ!
H)&1)**96+1%3/<H"&%!)-1 \ ¢_{>FIR.%!3%8&24-"('1="V-23%!H)&!1)44/H%*1-/IH)3=!-/IND}{>!)(*!
&-"33%*10/3!P_I.FIR.%!3%)7-"/(1="V-23%!H)&IL2%(7.%*H"-.1H)-%31)(*!-.%(10"4-%3%*!
-.3/2".1)I<)*1/01>%4"-% FIR.%!10"4-3)-%!H) &!*"42-%*IH"- 11-XB71)(*IH)-%3D!) (*I-.%1/3) (" 7!
4),%3!H)&!*3"%*1/#%31 I X: 1) (*17/(7%(-3)-%*! in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,!
7/142=(17.3/=)-I'3)<.,1d&"4"7)'%4D!.%V)(%&YI-XB7DINYPe!-/1)00/3K) 14)&17/4/34%&&!/'A@!
16J!d"00!69UD!>.4/3/0/3= THeb!'F Z!d*Ji!_F_19UD!P9eD!aF_P!fit-IRQD!bFNID!P9eD!
aF cld&D!a9eD!aFNc!d&D!a9e DIEPC! D! P9e D!NAN B=DP9e DINFOIF Zd=D!P9eD!
NF ONFbb!d=D!NGBIZ!d***[t!P"FZD!_FcD! Fb!9UD!P9aBIPeRIED!P9eD!PFa’d&D!a9eDIPFOC!

d-Dt!cFN!9UD!a9eD!OFQEEB/DIFPO!d&D!a%eD!@B€F 'd&D!

N'al



oTBS OTBS oTBS
: 1. TFA, CH,Cly/H,0, 0 iC, 2 h :

Cul, MeLi, THF
R 2. NaBH,4, MeOH, 0 jC, 40 min R D25t025iC,18h o
(o) 0., -
, 30% for 2 steps _ 24% Me™
(MeO)ZH(:: H (40% brsm) s

HO/ HO

3.22 3.26 329 |

'[B&K%C?&/2"C>V'H&O$/2"RAN7//4%*IdO>e!&/42-"/(1/01)**IdPb!='"DIOFO N!==/4e!"(!

>9 > 4ldPI=;elH)&!)*%*1-3"042/3/)7%-"7!) 7"*IdOFNb!=;e!*3/<H"&%F!B0-%3!&-"33"('IN..1)-10!
{>D'-.%13%) 7-"/(1="V-23%!H)&!*"42-06*IH"- |>@ HFIR.%!3%) 7-"/(1="V-23BH&IL 2%(7.%*!
H"-.1&)-23)-%*)L2%/2&11)9>X  <FIR.%1/3)("7!4),%3!H)&!&%<)3)-%*D1*3"%*!/#%aY) D!
YHTI(T%(-3)-%*! in vacuoFIR.%!3%&"*2%!H)&!*"&&/4#%*1" (16%X9N) (*1-.%!3%) 7-"/(1="V-23%!
H)&I7//4%1-NOY>F1+/*"2=18/3/.,*3"*06IH)&!)**06*D1) (*I-.%!3%824-"(1&28&<%( &"/(H)&!
&-"33%*10/31"O!="(1)-10{>FIR.%!3%)7-"/(1="V-23%!H)&! 7/(7%(-3)ifefkcuo!) (*I-.%!
3%&"*2%1H)&!*"42-%*1H"- 11-XB71) (*1H)-%3FIR.%!/3)("7!4),%3!H)&!&%<)3)-%*D1*3"%6*|/#%3!
1) wX: DI)(M17/(7%(-3)-%*!in vacuoF!R.%!3%&"*2%!H)&!1<23"0"%*18,17/42=(17.3/=)-I'3)<.,!
d&"4"7)'%4D!.%V)(%&Y1-XB7DINYPel-/p6laH="D!aOwe!)&! 7/4/34%&&E0416J!d" OO!
69UDI>$>4 eB!'F_ald&D!P9eD! FZAQEABF Qb!HHZFP!9UBYeD!aFcQ!d*MBPOFcD!cFN!I9UD!
P9eD!aFcald*fMIPOF_D!bFZ!$OED!aFNP!JHEIF 19U RIe DNFROIFNb!d=D!P9e DANWFRQ!
d=DP9eD!PFcN!d&D!a9e?PEbli=D!N9eD!PFa Je@DIF QP!d&D!Q9eD!IOFOQ!d&D!a9eD!OFOc!d&D!aS
[IKCJ"0&'MK&>">#\'R/) 17//4%*1d NO{>e!&/42-"/(1/017/<<%3!/*"*%IdN"1='DIOFPN_l==/4e!
"(IR9[IdOFal=;e!H)&!)**%*I1=06-.,44"-."2=1&/42-"|(\dPFZI6!"(! *'%-.,41%-.%3D!OFPZ!=;D!
OFNbZ!==/4e!*3/<H"&%F!B0-%3!&-"33"("1Pb!=\(@{>D")!&/42-"/(/01)*6ld I=' D!OP8!

==/4e!"(! RI[ IdCE=;e!H)&!)**%6*1*3/<H"&%!)-! \ NB{>FIB0O-%&"33"('P.1)-1 \ NB{>D!-.%!

NI



3%)7-"/(1="V-23%!H)&!)44/H%*1-/1H)3=1-/INDI{>1) (1&-"33%*10/3!Pc!.FIR.%!3%)7-"/(!
="\V/-23%!H)&IL2%(7.%*IH"-.IH)-%3!) (*!-.%(10"4-%3%*!-.3/2".1)1<)*1/01>%64"-%F!IR.%!0"4-3)-%!
H)&I*"42-0%6*1H"- 11-XB71) (*IH)-%3D!) (*I-.9%1/3)("714), %3IH)&  *3"%*/#%3! Lpa-X: 1)(*!
71(7%(-3)-%*lin vacuoF!R.%!3%&"*29%!H)&!<23"0"%*18,17/42=(17.3/=)-I'3)<.,!d&"4"7)'%4D!
%V)(%&Y1-XB7 DY Pel-/1)00/3*)*5!PFO!="DIN " wD! Ow!83&)&¥/4/34%&4&./"8@6J!d 00!
69UD!>$>4 b!'F_ald&D!P9eD! FcQ!d&D!P9eD!#EAENPNFa!9UD!P9eD!aF ZitPPBaD!aFb!
9UD!P9eD!aFZO!tPPF_DINF I9UD!P9eD!NFAFRMNEDNID!aFc!9UD!P9eTNREN!d83!&D!P9eD!
PF_bld**PilPPFaD!ZFQ!9UD!P9eD!PFNAKEDD!NFP!9UD!P9e D! RISEDHRADRF Zb!d=D!

N9eD!PFOb!d&D!a9eD!HRZ& dMID!a9eD!OFQa!d&D!Q9eD!ORPO!d&D!Z9%eF

oTBS | Ho OTBS
Meli, Cul z
_ Et,0 _
(MeO),HC 40 ‘055’0/;‘3' 18h (Meo),HE
3.22 328 |

RIN!7//4%*1d\ NOY>e!&/42-"1(1/017/<<%3!"/*"*%ld_O!="DIOF NP!==/4e!"(1*"%-.,41%-.%3!dOF N!
=:e1H)&!)**%*1=%-.,44"- "2=18/42-"/({dPFZ!6!"(1*"%-.,41%-.%3D!OFbal=;IDF_P!==/4e!
*3/<H"&%F!B0-%3!&-"33"(IPb!="()NMO{>DI§/42-"/(1/0! 1)**|dPbt'DIOFO NP!==/4e!"(!

*0/- . 41%-.%3IdOF NI=:e!H)&!)**06*1*3/<H"&%1)-OH{>FIB0-%3!&-"33"(INL.1)-O{>D!-.%!
3%)7-"/(1="V-23%!H)&!)44/H%*1-/1H)3=1-/INDI{>1)(*1&-"33%*10/3!Pc!.FIB6!3%) 7-"/(!
="\V/-23%!H)&IL2%(7.%*IH"-.IH)-%3!) (*!-.%(10"4-%3%*!-.3/2".1)1<)*1/01>%64"-%FIR.%!0"4-3)-%!
H)&I*"42-0%6*1H"- 11-XB71) (*IH)-%3D!) (*I-.9%1/3)("714), %3!H)&!*3"%6*1/#%6311) st X: 1)(*!

71(7%(-3)-%*Yin vacuoF'R.%!3%&"*2%!H)&!<23"0"%*18,!7/42=(17.3/=)-/'3)<.,!d&"4"7)!"%4D!
Nb!



.%V)(%&YI-XB7D!PbYP#0@I3*11)*8IdPbt'D!Qcwe!)&!7/4/3%0&&! /" 44116 J!d OO!69UD!

>$>4 £b!"Fcd 'F_O!d=D!P9eD!\Fétec!d=D!P9eD!" FPQUHIFQ!9UD!P9eD!aF ZAtiiREN!9UD!
P9eD!aF bd&9eD!aFa’!d&D!a9eD!NFHRPNFRD! F 19UD!P9eD!NFPc!d&D!P9e PHNFRIHD@HD!
ZF_19UD!P9eD!PFzZ!d&D!abeBPH®!N9eD!PF ZIdRPF 19UD!P9eD!PFOAtZB! 1I9UD!

a9eD!PFOa!d&D!a9eD!OFQald&D!Q9eD!OFOQ!d&DI!a9eDIOFOQ!d&D!a%eF

COzMe COZMe
202 szO />
\/13 EtOH \)\
341 25iC,2h “ 3.43
Lldr]

R/1)!&/42-"/(//0! 1)2(IdaP!='DIOFPcQ!==/4e!"(1%-.)(/4!dOFQ!=;e!H%3%!)**%*!. *3/'%(!
<%3/V"*%!daO!H-w!"(¥XD'ac!~;DIOFab_!==/4e!)(*I-3"04"71)(.,*3"*%!d_Q!~;D!IOFO_Q!==/4eF!
B0-%3!&-"33"(INL.1)-IND{>D!-.%!3%)7-"/(1="V-23%!H)&!*"42-%*IH"- II-XB7!)(*IH)-%3F!R.%
4),%38&H%3%!&%<)3)-%*D!)(*1-.%!)L29%/2&14),%3!H)&!%V/-3) 7-%*IH"-.1I-XB7!d " eFIR.%!
7/=8"(%*1/3)("714),%38& H%3%!*3" % #%3 b X- ) (*17/(7%(-3)-%*! in vacuo!-/1)00/3*!
1)21)&1)1732*%1<3/+27-@N16J'd"O0!69UD!>$ X$e!5" FQN!d*Pil_FcD!aF_19UD!PID!
*")&-9%3#4%3!BeDF ccld**DiticFcD!bFNIOUD!PIDI*)&-%3%/=Y6R@ad+PM P FcD!laF_19UD!
PID!*")&-%3%/=%3!BeD!aFQZMP*BtD!_Fc!9UD!PID!*")&-%3%/=%3! BeiFe@td=D!Z9eD!
aFZ_!d*[tiP FaD!bFN!9UD!PID!*")&-%3%/=%3!GeD!HERQFHDIIF_|9UD!PID!*")&-%3%/=%3!

GeD!NKkNPab!d=D!"9eD!RIPERQ!d=D!Z9eF



CO,Me
CO,Me | 7
T2 sl MeS” “SMe HN”
H,N a S
2 /\SH EtsN, EtOH g
25iC,1h 3.42
L-cysteine 78% ©
metylester |

R/M)I&/42-"[(1/0! *"%=-.,41-."/?%-% (%8¢ |daO!="D!OFP c!==/4e!"(1%-.)(/4!dPFb!=;e!H%3%!
)¥*%*17,&-%"(%!=%-.,4%&-%33/7.4/3"7)7" *IdNb!="D!OFP c!==/4e!)(*!-3"%-.,4)="(%!
dOFPO!=;DIOFcab!==/4eF!B0-%3!&-"33"("P!.1)-INb{>D!-.%!3%)7-"/(1="V-23%!H)&!7/(7%(-3)-%*!
in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,!7/42=(17.3/=)-/'3)<.,!d&"4"7)!"%4 D84 6% X9D!
"OYPe!-/1)00/31)2*dN_!="Dlc_we!)&!)!%44/H!&/4"*@16J!d" O0!69UD!>$>4 «b!'Fc’\

"FcQ!d=D!P9eD!aFc_!d&D!a%e«iFaRNesD!N9eDINF c!d&D!a9eD!NFIb!d&D!a9eF

CO,Me

- CO,Me
HN” i S HN
R o />
o CH,Cl, /\L%/LS s

3.42 0t025iC, 16 h

RI1)!7//4%*1dOY{>e&/42-"/(1/0! 1)24dNc!="DIOFPPP!==/4e!"(!>@4idP!=;e!H)&!)**%*!
71(7%(-3)-%*1&24023"71) 7"*IdOFOaIOD 1==/4eF1B0-%3!&-"33"(PO!="(!)-IO{>D!-.%!
3%)7-"/(1="V-23%!H)&!)44/H%*-/1H)3=!-/INb{>F!B0-%3!&-"33"(1PZ!.!)-INb{>D!-.%!3%) 7-"/(!
="\V/-23061H)&I*"42-%6*IH"- 1> 005> 4d) (*1(%2-3)4"U%*18, 17)3%0244, * (1&)-23)-%*1) L2%6/28&!

1)9>X  dl&/42-"/(FIR.%!4),%3&H%3%!8%6<)3)-%*D!)(*-.%!)L2%/2&!4),%3!H)&1%V-3) 7-%*IH"-.!

>0 > AFIR.%!7/=8"(%*1/3")("714),%38& H%3%!*3" %6 /#%3IEX: 1) (11 7/(7%(-3)-%*! in vacuo!



-/")00/3*! 1)22)&!1)1732*%!<3/*27-@!116J'd O0!69UD!>$>4 b bRa''d&D!P9eD! FcP!@t*D!

cFaD!bFc!9UD!P9eDlaF_O!d&D\afeRQlaERIN9eDINFOZ!dRD!a9eF

CO,Me CO,H CO,Me
OHC,
NN NaOMe N Ag,0, Mel N

| OH | OH
S THF/MeOH s MeCN S
25iC, 20 h 25C, 24 h

3.47 3.49 350 |

[MJ, @>Y$#,2&',00"2"C>\R/1)!&/42-"/(1/0! 1)27dab!='D!OFPbal==/4e!"(IR9[Y6%X9!dPYPD!
NFcl=;e!H)&!)**%*1&/*"2=1=%-./\"*%!daal="DIOF ZP!==/4e!)-IND{>F!B0-%3!&-"33"(NOL!)-!
ND}{>D!-.%!1&2&<%(&"I(IH)&! 7/(7%(-3)-Y4tR?:FE, ?"C>\R.%!3%&"*2%6! H) &1*" & &/ 44%6*1" (!
)7%-/("-3"4%!dN!=;e!)(*B' «X!IdPOZ!="DIOF bQ!==e!)(*!6%S!dOFPO!=;D!PFbal==/4e!H%3%!
)**96*1)-IND{>F1B0-%3!&-"33"(IN'L.1)-IND{>D!-.%!="V-23%!H)&!0"4-063%*!-.3/2".1)1<)*!/O!
>064"-%1)(*17/(7%(-3)-%*FIR.%! 3%& D8I <23"0"%*18,17/42=(17.3/=)-/'3)<.,|d&"4"7)!
'%4D1.%V)(%&Y-XB7DIPYPe!-/)A)BHE! 7/4/34%&&!E '16J! d OO!69UD!>$>deb bFch!

d**DJ t!bFZD!"Fb!9UD!P9eD!" FRNIE*DOUD!P9eD! FPPJdtBEQ!9UD!P9eD!aFQN!d&D!a9eD!PFOb!

d&D!QYeF

MeO” “Cl  MeO,C.
D EtN D
_ BN P
o? > S CH,Cl, O S
25(C, 24 h
o

R/M! &/42-"/(1/0! 1)2¥1d"O!="D!OFPZ 1==/4e!"(1>%>4ddN!=;e!H%3%!)**%*1=%-.,4!
7.4/3/0/3=)-%!dPQ!~;D!IOFNbO!=#Y(*!-3"%-.,4)="(%!dcO!~;D!OF Qa!==/4eF!B0-%3!&-"33"("!

N°_!



Z1.)-INDY>DI)**"-"/()41=%-.,417.4/3/0/3=)-%!dPQ!~;DIOFNbO!==/4e!)(*1-3"%-.,4)="(%!dcO!
~:DIOF Qal==/4e!H%3%!)**%*FI1B0-%3!&-"33"('1P_!.Db)T6IR!="V-23%!H)&!7/(7%(-3)-%*!

in vacuoF!R.%!3%&"*29%!H)&!<23"0"%*18,17/42=(17.3/=)-/'3)<.,!d&"4"7)'"%4D!
%V)(%&Y1-XB7Y>9>4D!PYPYPe!-/)0ULBH)&!, %44/H!&/4"@16J!d O0!69UD!>$>4 <e!
S!bFbId*PticFal9UD!P9eD!aF _N!d&D!a9eD!aFcQ!d&D!aprraFaDPERIOUD!P9eD!aFN Id*D!

J'H!'PPFQD!cFb!9UD!P9eD!NF 'N!d&D!a9eD!NFa’ld&D!a%eF

R/1)!&/42-"1 (/0! 1)6*IdNN!="DIOFOcal==/4e!"(1)7%-"71)7"*IdP!=;e!H)&!)**%*!. *3/'%(!
<%3/V"*%!daO!H-w!"(MXD!NN!~;DFNPQ!==/4eF!B0-%3!&-"33"('INO.!)-INb{>D!-.%!3%)7-"/(!
="\V/-23%!H)&!7/(7%(-3)-%1h vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,17/42=(!
7.3/=)-'3)<.,1d&"4"7)'%4D!>9 +>4Y6%X9D!" OYPe!-/1)00/3)61dc!='D!aNwe!)&! 7/4/34%&&!
I"4@16):/3!"&/=%3@16J'd"00!69UD!>$>4 «d5!bF NId**PHQFQD!ZFNI9UD!P9eD!aF_Z!d&D!a9eD!
aFcQ!d&D'a%eD!aFb@PHERQD!ZFN!9UD!P9e DINFHEREFOQD!QFQ!9UD!PYeDINF bld&D!a9e DINFaz!

d&D'!a9eF



MeO,C TBSOTf  MeO,C
Et3N OTBS
oo S CHCl, O s
O- 0iC,1h
0 3.63 o 3.64 |

R/1)! &/42-"/(1/0! 1)61dc!="DIOFONN!==/4e!"(1>@44dOFb!=;e1H%3%!)**06*1-3"%-.,4)="(%!d !
~:DIOFONQ!==/4e!)(tbrt-82-,4*"=%-. 4&"4,4-3"042/3/=%- .)(%&240/()-%!dZ!~;D!IOFONc!
==/4e!)-101{>F!B0-%3!&-"33"('1PL.1)-I0{>D!-.%!3%) 7-"/(!="V-23%!H)&!*"42-%*IH"- >
)(*18)-23)-%*)L29%/2&11)9>X  l&/42-"/(FIR.%!4),B& H%3%!&%<)3)-%*D!)(*1-.%1/3")("7!
4),%3!H)&!*3"%*1/#%31 1 X: 1) (*17/(7%(-3)-%*! in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,!
7/142=(17.3/=)-I'3)<.,1d&"4"7)'%4D!.%V)(%&Y|-XB7D!"Y Pe!l-/1)00/3*1)62d4%&&!-.)(IP!="¢e!
)&17/4/34%&&!/"8@6J'd" O0!69UD!>$>4 seblbFbO!d&D!P9eD!bF P!d&D!P9eD!aFcQ!d&DadeD!aFcc!d

a9eD!NF P!d&D!a9eD!NFaald&D!a9eD!OF_ald&D!Q9eD!OFPb!d&D!a9eD!OFPP!d&D!a%eF

CO,Me CO,Me CO,Me
OHC. OHC. OHC.
N TBSOT, EtsN N N\
e 10TBS  +
S+ CH,Cl, s s
o 0iC,1h
3.65 3.66 (40%) 3.67 (29%) |

R/1)! &/42-"/(1/0! 1)6*1dZO!='DIOFN al==/4e!"(1>9%>HdNF 1=;e1H%3%!)**%*1-3"%-.,4)="(%!
d"I~;DIOFaPb!==/4e!)(*!tert-82-,4*"=%-. 4&"4,41-3"042/3/=%-.)(%&240/()-%!dZc!~; DIOFNQP!
==/4e!)-101{>F!B0-%3!&-"33"('1PL.1)-10{>D!-.%!3%) 7-"/(!="V-23%!H)&!*"42-%*IH"- 5>
)(*18)-23)-%*)L2%/2&!1)9>X  l&/42-"/(FIR.%!4P638& H%3%!&%<)3)-%*D!)(*1-.%1/3")("7!
4),%3!H)&!*3"%*1/#%31 I X: 1) (*17/(7%(-3)-%*! in vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,!
7/142=(17.3/=)-I'3)<.,1d&"4"7)'%4D!.%V)(%&YI-XB7D!_YPe!-/1)00/31)68dab!="D!" Owe!)(*!

NbO©



1)67dPZ!='"DINQwe!)&!7/4/34%&8ANUI'd OO!69UD!>$>4 b FaD F b!d=D!P9eD!bBF _c
bRa!d=D!P9eD!BH¥bO!d=D!P9eDNBBP_!d=D!P9eD!a&¥ N!d=D!a9eD!OFFOQO!d=D!P_9eD!
OFQOFPb!d=D!Z98@16J!d O0!69UD!>$>4 «b! F ''d&D!P9eD!cFOc!d&D!P¥DBge!d

aF_N!d&@D!OF QbR

HO HO
m-CPBA o
CH,Cl,

0iC, 30 min
2%

Et0” SO 0”7 ~OEt
3.90 3.92 [

RIN)!7//4%*1dOY>e&/42-"/(1/0! 1)54dPPQ!='DIOFZQP!==/4e!"(1»94dNFal=;e!H)&!)**%*!
m7.4131<%38%(U/"7!)7"*IdtccwD!NaN!='D!IPFOc!==/4eF!B0-%3!&-"33"("laO!="(!)-10}{>D!-.%!
3%)7-"1(1="V-23%!H)&!*"42-%*IH"-.1>0> ) (*IL296(7.%*IH"-.1&)-23)-%*1) L2%/28&!

1)95X  d&/42-"I(FIR.%!4),%38& H%3%!&%<)3)-%6*D1)(*-.%!/3")("714),%31H)&!H)&.%*IH"-.!
&)-23)-%*1)L29%/2&!1)sehX l&/A2-"1(1) (*1&)-23)-%*1)L2%/2&11)9>X  l&/42-"/(F!R.%!
3%8&24-"('1/3)("714),%3!H)&!*3"%*I/#%31 1)+ X 1) (I 7/(7%(-3) -%*in vacuoF!R.%!3%&"*2%!
H)&1<23"0"%*18,17/42=(17.3/=)-I'3)<.,1d&"4"7)'%4D!.%V)(%&Y1-XB7D!aYNe!-/1)00/3)5*
dQ'I='DIcNwe!)&!17/4/34%8.88/"4

NbP



HO HO
O

(0] PMBOH
BF,a0E; HO OPMB o
L .
CH,Cl, HO
H20to 0 iC HO
07 "OEt  30min 0~ "OH
3.92 3.94 3.93 |

RI1)!7//4%*1d\ NO{>e!&/42-"/(1/011)54dPN!I='DIOFOZ |==/4e!"(1>8>4dOF Z!=;e!H%3%!)**%*!
“E%-./V,8%(U,41)47/./41d__I='DIOFZ I==/4e!)(*18/3/(1-3"042/3"*%!*"%-.,41%-.%3)-%!d !
~:DIOFOaN!==/4eF!R.%!3%)7-"/(IH)&!)44/H%*IH)3=1-/I04>1/#%31a0'="(F'R.%!3%)7-"/(!
="\V/-230%1H)&I*"42-%6*1H"-1>005>d) (1H)-%3FIR.%!/3") ("714),%3!H) &!*3"061/#%6311) o+ X: |
YHTI(T%(-3)-%*! in vacuoFIR.%!3%&"*2%!H)&!<23"0"%*18,17/42=(17.3/=)-/'3)<.,!d&"4"7)!
'%4D1>8>4Y 6%X9D!"OY Pel-/1)00/3)52dc!='Dlacwe!)(*! 1)51)&!7/4/34%&&.!/1Y)B2E9!
16J1d"00!69UD!>.4/3/0/3= THeb!cFNN!fD! F19UDIN9eD!ZF_cJdtDFb!9UD!N9eD! Fb'Jti-D!
ticF19UD!P9eD! F QIftPF 19UD!P9eD! F IgHIRPFb!9UD!PYeD!aF_O!d&D!a9e DIDENFD!
9UD!P9eD!aFaalit!QFN!9UD!P9e DINFFBZ!d=D!N9e DMNNFND!d=D!N9eD!PFPQ!d&D!agef!
1)51@9!16J!d°  OGBOUD!>.4/3/0/3= Teb! FbO!dJBIcFb!9UD!P9eD!aFZyitHRFP!9UD!P9eD!

aFbO!dJDIPPFO!9UD!P9e!NINEZN!d=D!N9eD\NiHaa!d=D!N9eD!PFNa!d&D!a9eF

m-CPBA

CHZCIZ
0iC, 2 h
quant.

OTBS

RIM7114%*1dO{>e!&/42-"/(1/01)53daNO!="DIPFaQ!==/4e!"(I>@4idP"|=;e!H)&!)**%*! mT

7.4/13/<%38%(U/"7")7"*1dTccwD!acO!="D!PFZc!==/4eF!B&-983"('N!.!)-!10{>D!&)-23)-%*!

NbMN



)L2%6/2811) ssoX d&/A2-"1(1)(*1>9 s> ddH%3%!)**06*1)-I0H>FIR.%!4),%3&!H%3%!8%<)3)-%*D!
)(*1-.961/3)("714),%3!H) & H)&.%*1H"- 1&)-23)-%*)L2%/2&!1)9>X  £l&/42-"I(\dfINeF!IR.%!
13)("714),%31H)&!*3"%*1/#%311) o X 1) (HI7/(7%(-3)-%* in vacuoF!R.%!3%&"*2%!H)&!
<23"0"%*18,17/42=(17.3/=)-'3)<.,1d&"4"7)'%4D!.%V)(%&Y|-XB7D!aYPe!-/1)00/3)66da N!
='DIL2)(-Fe)&!7/4/34%&&!/"a@B6J!d 00!69UD!>$>4 eblaFchaF N!d=D!N9eD!aFciid*D!
PNFN!9UD!P9eD!aFitIENFNIOUD!P9eD!aFPHIEFNI9UD!P9eD!PPERP!d=D!N9eD!PFaO!d&D!

a9eD!OFQO!d&D!Q9eD!OF0Z!d&D!Z9%eF

HO HO
o BzOH
Ti(Oi-Pr OBz
( )a HO
toluene
25iC,2h

OTBS 43% OTBS
3.96

398 |
R/1)!&/42-"1 (1/0 11)56/ANOO!="DIOF_PN!==/4e!"(1-/42%(%!d_!=;e1H%3%!)**%6*18%(U/"71)7"*!
dQQO!=D!_FPN!==/4e!)(*1-"-)("2=dS]e!"&/<3/</\V"*%!dOFN"!=:DIOF N!==/4eF!B0-%3!&-"33"("
NL1)-INDH{>D!-.%!3%)7-"/(1="V-23%!H)&*"42-%*IH"-.1I-XB7!)(*&)-23)-%*)L2%/28&!
1)95X  d&/42-"I(FIR.%!4),%38& H%3%!&%<)3)-%*D!)(*1-.9%1/3')("714),%31H)&!*3"%6*1/4%3!
1) X D)HT7IT  %(-3)-%n vacuoF!R.%!3%&"*2%IH)&!1<23"0"%*18,17/42=(17.3/=)-'3)<.,!
d&"4"7)'%4D!.%V)(%&Y1-XB7D!aYPe!-/))BAsPa0!="D! awe!)&! 7/4/34%&&!8U@1!d OO!
69UD!>$>4 B! FOaldfiicF 19UD!N9eD!cFZ@tB19UD!P9eD!cF ZJttEFc!9UD!N9eD!IbFNN!

d**DJ!t!_FbD!aFc!9UD!P9eDlaFZ0!d=D!N9eD!aF [WPNFO!9UD!P9eD!aFgNIENFP!9UD!

Nba



P9eDINFNald***fDP F_DIQFbD!bFQD!aFZ!9UD!P9eDJRIPZ@¥*-BXD!"F 19UD!P9eD!PFP_!d&D!

a%eD!OF_Z!d&BMIOFOP!d&D!a9eD!OFQQO!d&D!a%F

HO
TEMPO, NaClO,, Naclo  HO2C o8
HO OBz phosphate buffer (pH 7.4) HO z
MeCN/H,0
35iC
OTBS 28% OoTBS
3.98 3.99 |

R/1)!&/42-"/(/0! 1)58dPaO!='D!OFabal==/4e!"(16%>1Y&X!d"YPD!b!=;e!IH%3%!)**%*!
<./&<.)-%18200%31&/42-"/(\dN!=;D!PFO!6D!<9!cF eD!RI6KX!dN_!="DIOFPcZ!==/4eD!)(*!
1)>4X 4dPQP!='DIOFPPZ!==/4eFIR.%!3%&24-"('18"<.)&"71="V-23%M)&!!.%)-%*-/lab!
{>D(N1&IA2-"/(OIL)X>A"(19  oXIdOF I=;1bw!1)X>41"(IPFN!I=;19 oXelH)&!)*06*1/#9%31P!
[FIB0-%3!&-"33"("1P_L.1)-lab{>D!-.%!3%)7-"/(!="V-23%!H)&! 7//4%*!-/IND{>FIR.%!3%)7-"/(!
="\V/-23061H)&I*"42-%6*IH"- 1> 005> bd) (*1&)-23)-%*)L29%/2&119 - >418&/42"/(FIR.%!4),%38&!
H%3%!8%6<)3)-%*D!)(*I-.%1/3)("7!4),%3!H)&H)&.%*1H"-.183" (% D!*3"%*/#%631X) D!)(*!
71(7%(-3)-%*lin vacuo.|R.Y3%& " *29%!IH)&1<23"0"%*18,17/42=(17.3/=)-I'3)<.,!d&"4"7)'%4D!

>9 >4¥%%X9 DNOYB!PWIB7X%!-/1)00/3*1)58ch_I=' DIN_WR!7/4/34%&&!/"8@8J'd"OO!
69UD!>$>4 B! _FOC!d4dicFb!9UD!N9eD!cFbtiE!9UD!P9eD!cF hitkHc!9UD!N9eD!bFb !
d-Dit!bFal9UD!P9eD!aRiFcZ!d=D!N9eD!PREP_!d=D!N9eD!PFbO!d&D!a%eD!OF _c!d&D!Q9eD!IOFOaldé

a9eD!OFON!d&D!a9eF

Nb



O O

CO,Me
HO,C KOJ\/U\OMe o)

0B
HO z MgCl,, CDI OBz
HO
THF
25iC, 19 h
OTBS
OTBS
3.99 3.100 |

6)'(%&"2=17.4/3"%!dal="DIOFOaP!==/4e!)(*1</-)&&"2=1=/(/=%-.,41=)4/()-%!dZ!='D!
OFO’P!==/4e!H%3%!&2&<%(*%*"(IRI[!dOFal=;e!)(*|.%)-%*1)-1Zb}{>10/3!a!.F!B0-%3!-.%!
)8/#9%!13%) 7-"1(1.)*1<3/7%%*%*10/3!P!.0)53dZ!="DIOFOPZ!==/4e!H)&!*" &&/4#%*!" (IRI[!dOFN!
=el)(* 17)38/(,4*"="%)U/4%!d"1='DIOFON I==/4e!H)&!)**%*1)-INb{>FIR.%!3%)7-"/(!
="\V/-23%!H)&!&-"33%*!)-INDI{>10/3IN!.FIR.%!=)'(%&"2=1=)4/()-%! 828 <%(&"(IH)&! 7//4%*!-/!
AOH{>1)(*)*06*1*3/<H"&Y%!-/1-. %!) 7-"#)-%*!) 7"*FIBIH."-%!<3%7"<"-)-%!0/3=%*13)<"*4, |

*23"(1- &IV (18 312818-"33" (1H) &) (% T %&&)3, -/ #"*174)=<"('FIR.%!3%&24-" '
&28<%(&"I(IH)&!&-"33%*1)-I" OY>10/3IPQL.1-. % (1 7//4%*1-/IOH>1) (*IL2%(7. % H"-.1)!
8)-23)-%*)L2%/2&119 - >418/42-"/(FIR.%1),%3&!H%3%!8%<)3)-%*D!) (Y 24/2814),%3!
H)&19%6V-3)7-%*IH1-XB7 FIR.%7/=8"(%* Y/3)("7!4),%3 &H %3%8"%*!/#%63!1ps+ X I)(*!
71(7%(-3)-%*lin vacuoF!R.%!3%&"*2%!H)&!<23"0"%*18,17/42=(17.3/=)-I'3)<.,!d&"4"7)'%4D!
%V)(%&Y1-XB7DY Pel-/1)00/34) (44IDPN' €)&17/4/34%&4&.!/"8@86J!d"00!69UD!>$>4 <!
§!_FOc!dfm!_FO!9UD!N9eD!cFhQIAMI9UD!PeD!cF Z!tleBZ!9UD!N9eD!bFbZtthEA!9UD!
P9eD! Fcald&D!P9eD!aFcP!d&D\zge RiaERYc9e D! RINEON!d=D!N9eD!PFNb!d&D!a9eD!OF_Q!d&D!

Q9eD!OFOc!d&D!a9eD!OFO ld&D!a9eF

Nbb



4. Conclusion

6)73/7,74%&1)3%!</&"-"/(%*18%-H%Y%(1 7/(#%(-"/()41&=)441=/4%T7 24%&!) (*I"")(-"7!
8"1AI"T&!"(17.%="7)41&<)7T%F'R."&!74)&&!/0!&7)00/4*&!<3/#"*%&!</-%(-")4!-/1"(-%3) 7-IH"-.]
%V-%(*%*1-)3'%-18&230)7%&!H."4%!3%-)"("('10)#/3)84%!<.)3=)7/4/"7)41<3/<%3-"%&F!M"#%(!
-.9%" 3/H"("(%%*10/31'%(%3)-"("1*"#%3&%!=)73/7,74%&!0/3!-.%!*%#%4/<=%(-!/0!(%H!
-.9%3)<%2-"7&!)(*17.%="7)41<3/8%&D'H%!" (#%&-"")-%*1%00"7"%(-'&-3)-%"'%&!0/3!-.%!<3%<)3)-"/(!
101()-23)41)(*12(()-23)4!=)73/7,74%&18)&%*!/(103)'=%(-!)&8%=84F!['3&-D!/231=/*24)3!
)<<3/)7 .10/3!-.%!7/(&-327-"/(1/01)14"83)3,!/0!-%-3).,*3/<,3)(  T7/(-)"("("'=)73/7,74%&!
H)&!"(-3/*27%*F!G,!12&"("!-.3%%!*"00%3%(-*"#%3&"0"7)-"/(!&-%<& D373 4- T4"?%!
=)73/7,74%&'H%3%!'%(%3)-%*IH"-.1)1."" 14%#%4!/0!<.,&"7/7.%="7)4")(*|&-327-23)4!
*H#063&"-, IH."TIH%3%!%#)42)-%*18,1<3"(7"<) 41 7/=</(%(-)) ()4,&"&!) (*1<3"(7"<)41=/=%(-!
101"(%3-")F1+%7/(*D!-.%!&,(-.%-"71&-2* 1-/H)3*&!)(-"02(')4!0/3) U/4" (%! BIH) &!*%& 73"8%*F!
G)&%*/(1-.9%!3%-3/&,(-.%-"7")()4,&"&D'H%!%V<4/3%*!-.%!&-%3%/&%4%7-"#%!&,(-. %&"&!/0!-.3%%!
=):/3103)" =%(-&!/0!-.%!=)73/7,74"7!</4,2%-"*%FIE%!%V<%7-I-.)-/231&-2*"%&!/(!-.%)!
&,(-.%&"&!/0"*"#%38&%!=)73/7,74%&!H/24*/00%3!/<</3-2("-"%&!) (*!"(&".-&!0/3!-.%)!

*Qo#%4/<=%(-!/0!(%H!8"/) 7-"#%!=)73/7,74%&F !

NbZ
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;FIBFD![3)'=%(-1)&%*!*/=)"(1&.2004"(')<<3/)7.10/3!-.%!&,(-.%&"&!/0!<,3)( T
8)&%*1=)73/7,74%&oceedings of the National Academy of Sciences *4(( DL08!dPceD!
ZcbPZcbhZF

NZ©



“ch

bOF

bPF

bNF

baF

b'R

h/<<D![Ff!+-3)--/(D!>F![FfIB?%44)D!;FIGFfIR)(D!$F!+FD!B!*I¥88&%*' &, (-. %0&"&!
)<<3/)7.1-N'=)73/7,74%&#")!IN"*)-"#%!3"("1%V<)(&"/(F! Nature chemical biology
*4(* D8!d eDlabl_F

+<3"('DI$FIIFD!$ " #%383,%(-%*1&,(-.%&"&f1)!7.)44%('%!0/3!&,(-. %-T1%="&-&F!
Organic & biomolecular chemistry *441D01'/dNNeD!aJaacOF

G23?%D!6F!$Ffl1+7.3%"8%3D!+F!;FD!B!<4)(("('!&-3)-%",10/3!*"#%3&"-, T/3"%(-%*!
&,(-.%&"&RAngewandte chemie international edition *442MD43'dPeDNA_[F

M)44/H),D!EF!JFfIS&"*3/4/8%-D!Bf!+<3"('D!$FIIFD!$"#% 383" Y0 (- %*! &, (-.%&"&!) &!
N-1/410/31-.%!1*" & 7/#%3,1/01(1#%418"/4]"T)44 ) 7-"#%!&=)441=/4%T7 249684k e
communications *4(4 DID!_OF

G%77?=)((D!9F!+Ff11"%DI[Ff19)'%3=)(D!>F!IFfIC/.)(&&/(D!9FfIR) (D!IF!+FfIE"472%DI$Ff!
+<3"('DI$FIIABI&-3)-%',10/3!-. %!*" #%63& 3" % (-%6*1&, (- %&"&!/01=) 73/7,74"7!
&7)00/4*&12&" (1=24-"*"=%(&" /()41 7/2<4"(F! Nature chemistry *4(1 D5!dPOeD!_IZPF

G3%((%3D!+Ff1;%3(%3D!JF!IBFD!(7/*%*17/=8"()-/3")A!7 .%="RBe@detings of the
National Academy of Sciences (55* D89!dPNeD!bdb& aF

5&)(/#D!I$F!;Ff1>.)(D!BF!SFf16)")(-"DICF!KFf!;"2D!$FIIFD!+WRa(¥63)-"/(1$1B T
-%=<4)-%*1=)73/7,74%!4"83)3"%&!0/3!-.%!*"&7/#%3,!/0!8"/) 7-"#%!&=)44!=/4%724%&F!
Nature chemistry *4(8 DL 0!dceD!cO'F

1/13%(-%D!BFf!;)=)3")(/ ©%3?%-%"'D!CF{!B48%3"7"/D![Ff!B4#)3%UD!6FD!
R%-3).,*3/023)( T7/(-)"("("'=)73/4"*%&@!)!0)&7"()-"(""""0-103/=!-.%*%%<!&%)F!
Chemical reviews *4(1 DI 13!dceD!"bA&ZPOF

>.%(D!gARFIh"('&-/(D!$FIMFD!U)=<)(/4"*%!)(*I*)7-,4/4"*%@!7,-/-IV "7!-2824"(T
)&&%=84,!)'%(-&") (*1<3/="&"(")(-"7)(7%3!4%)*&F!Natural product reports *4(2Q31!
dQeD!PRRINZF

E3".-DIBF!IFfIG/-%4./DICF!>FfIM2U=%0(D!IFf!9)3=/* D!$Ff!;"(4%,D'KFf167>)3-.,DIKF!
CFfIK"--&DIRFIKFfIK/=</("D!+F!BFflJ%%*D!CF!hFD!1%/<y83/44*$%t0B)+!)!
4"-"&-"*1&</('%!/0!-.%!0)="4,11%/<%4-"*)%feurnal of natural products *447070'daeD!
"PNTPZF

M2()&%7?%3)D!+F!KFf!;"D!IFf1J)-(),) ?%D!JFf!;2/D'$Ff!;/D!CFf1J%"8%(&<"%&D!CF!9Ff! S2D!uFf!
>4)3%T+)4U4%3D!6F!CFflI%D!RF{IK)24D!|FICFD!$"&7/#%3,D!-/-)41&,(-.%&"&!) (*1?%,!
&-327-23)41%4%=%(-&!0/3!-.%!"==2(/&2<<3%&&"#%!) 7-"#"-,1/017/7/&/4"*%D!)!

NZP



bbfF

bZF

bcF

b F

bQF

ZOF

ZPF

ZNF

ZaF

&,==%-3"7)41'4,71&, 4)-%*1=)73/4"*%"*"'=%3!03/=!=)3"(%!7,)(/8)7-%3")F!
Chemistry—A European Journal *4(6 D22!dN"eD!_PbPZ2F

h"=D!9FfIK)3?D!IFf!19/('D!CFD!+-%3%/&%4%7-"#%!+,(-.%&"&!/0IND!ZT7"&TR%-3).,*3/<,3)(&!
-.3/2"1)IR)(*%=1B44,4"7'XV"*)-"/(YXV)T6"7.)%4!13%)7-"/(\K3/=/-%*  18,!-.%!
'%=T$"&28&-"-2%(-1100%7-@'+,(-.%&"&!/0!dxe T1%/<%4-/4"*%!6)73/4) 7-/(%F!

Angewandte Chemie International Edition *445M48!d PeD!cbdth_PF

h"=DIOFfI9/('DICFDIR/-)4!&,(-.%&"&!/017,)(/4"%!BI)(*17/(0"3=)-"/(1/0"-&!1)8&/42-%!
7/(0"23)-"/(F! Organic letters *4(4 MI21dPNeDININ O aF

G,%/(D!+F1IFfIK)3?DI9FfIh"=DIOFf19/('DICFD!+-%3%/&%4%7-"#%!&, (- Ba}(&I/0!ND!Z
-%-3).,*3/<,3)(#")1<3"2)3,1*)="(%  T7)-)4,U%*/V) T7/(:2")-%!)**"-"1(13%) 7-"/(!
JOlDINT(&)-23)-%*12%-/(% @!R/-)41&, (- %&"&!/0IK&,=8%BD(Rhnic letters *4(( DI3!
dNPeD!b PP QF

:%9%D!hFflh"=DI9Ff19/('D!CFD!B!+-%3%/&%4%7-"#%![/3=)41+,(-.%&"&!/0!
1%27)&7)(*3/4"*%|BFOrganic letters *4(( M 3!dPOeD!NTMNHF

K)3?DI9Fflh"=DIOFfI9/('DICFDIBI[/3=)41+,(-. %&"&!/01+>91abP™ Btganic letters
*4(( DI3!dP eD!acTac b

;%%D!hFflh"=DI9Ff19/('D!CFD!1T9%-%3/7,74"7'>)38%(%!>)-)4,U%*IXV"*)-"#%)!
6)73/4)7-/("U)-"/(@!R/-)41+,(-.%&"&!/0!dxeT$) 7-,4/4"* %R gewandte Chemie
International Edition *4(* 0b1!dNaeD!bcdhba_F

;%%D!hFflh"=D!9Ff!9/('D!CFIBBR%6/&%4%7-"#%!+,(-.%&"&!/0'R%-3).,*3/<,3)(&!-.3/2".!
R)(*%=1)(*IX3")(/7)-)4,-"7T'XV)T6"7.)%4!3%)7-"/(&@!+,(-.%&"&!/0!-.%!
R%-3).,*3/<,3)(!>/3%&!/0'%(-TdxeT+/3)("7"('\BF European Journal of Organic
Chemistry *4(* I2012'dbeD!PAROaNF

G)?%3D!CF!GFfIh'EMBA'D!CFDIR/-)4!&, (- %&"&1/01 7 AY#I&IA %I BI#")1-) (%=1)44,4"7!
IN"™)-IYIV) - T71(:2)-%1)""/(13%) 7-"/(F!  Tetrahedron letters *4(3 56/dNaeD!aANO
aPNNF

+.""()DISFf!I[272"DI9Ff!+)&)?"D!BFD!+,(-.%&"&!/014) 7-/(%&!2&" ("1 &28&-"-2-%*18%(U/" 7!
)(*3"™*%N&!)! 7/2<4"("13%)'%(-F!Nature protocols *44702!dPOeD!NaPNF

J):DISF!|FIKFf1+2*)4)"D!BFD!B&,==%-3"7!&,(-.%&"&HOMFS" () (*!d+e T
*R3I2)H)"(\H718)4-17)-)4,U%*. *3/4,-"71?"(%-"7!13%&/42-"1(1/0'%</V"*%&F!
Tetrahedron Letters *448M¢9!dPZeD'NANZ"_F
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ZbF

ZZF

ZcF

Z_F

ZQF

cOF

cPF

cNF

caF

ch

cbF

+.)3=)D!GF!6FfIM/(-)4)D!BFf1h2=)3D!KFD!I()(-"/&%4%%6!6/*24)3!R/-)4!+,(-.%&"&!
1016)73/4"*%&!+7.cNbZc ) (*I>T T%<"T+7.cNbZcHlropean Journal of Organic
Chemistry *4(6 2016!dZeD!PNPRNZF

h/48D!9F!>FfI["((D!6Ff!+.)3<4%&&D'hFIGFD!>4"7?17.%="&-3,@'*"#%3&%!7.%="7)4102(7-"/(!
03/=1)10%H""//*13%)7-"/(&F! Angewandte Chemie International Edition *44( D40'dPPeD!
NOONONPF

1"44)3D!9Ff![3"('&D!6FfIG/4=D!>FD!J"("'74/&" ("1%(,(%!=%-)-.%&"&@!B!</H%3024!-//4!
0/3!-.%!&,(-.%&"&!/0!.%-%3/7,7A%krtical Society Reviews *A47M86!dPeDAY F

+(&."3)DINFARL*  )DIFf9)".)3)DILFDIB!7/(#%("%(-1&,(-.%&"&!/01) 7%-,4%(%&@!
7)-)4,-"718288&-"-2-"1(&/01) 7%-,4%("7".,*3/'Yo(IH"-.183/=/)42%(%&D""*/)3%(%&!
)(*183/=/<,3"*"(%&F! Tetrahedron letters (573D16!dbOeD! ZECOR

+)(-)(*3%)D!CFfi@)3*D!BF>Ff1>/44"(&D'+FIhFIUSHE)-)4,U%*!1=)73/7,74"7!
+(N&."3) TF,<%!73/&8/2<4"('F! Organic letters *4(2 DI6!dPbeD!a_TRQNOWF

;%%D!>FIEFfIM3288&D!JF!9FD!+-%3%/&%4%7-"#"-,1/0'=) 7 3/ A& B4%060" (!
=%-)-.%&"&brqanic Letters *444M2!dP eD!NPNP cF

I#)(&D!$F!BRE)-&/(D!KF!+FD!+,(-.%8&"&!/01-.%1/3"%(-"7"(1>6Ki=) 73/7,74%!
2-"4"U"(")(274%/<."4"71)3/=)-"71828&-"-2-"/(1&-3)-%',FTetrahedron letters (556087D}
aNbFaND'F

h3"%'%3 D! %&2" &&%DI$Ff1"7 7" DIMFIK R R66% 3D > Ff1>/&&, DICFDIJ. /2=
dSEB)-)4,U%*!>\ 9IB7-"#)-"I(Y9%-%3/7,74"U)-"/(1)&!)!6)73/7,74"U)-"I(1+-3)-%',F!
+,(-.%&"&!/016)73/7,74"7IK,3"*/(%&FOrganic letters *4(7 D19/dPOeDINBRDOF

C/'24)D!+Ff1$)&)3"D!GFflh.)-3)#)-.D!6Ff!>.)(*3)&%7?)3D!MFf!h"-)=8"D!+F!+Ff!B3,)D!KFD!
G2"4*"("N)16) 73/7,74"7'R/I48/V'03/=!>T;"(?%*!>)38/.,*3)-%&! S*%(-"0"%&!
B(-")("/"%(%&"&!B'%(-&!03/=1u%83)0"&.!\B&&),FEEuropean Journal of Organic

Chemistry *4(1 2013!dNaeD!b0z2 OF

9)(&%(D!F!>Ffl;%%D!$FD!J"(""74/&" ("%(,(%!=%-)-.%&"&@' 7/(-3/4!/#%3!=/*%!
&%4%7-"#"-1)(*1&-%3%/ &% 4% [ ndF bf the American Chemical Society *442M126!
d’ZeD!PbAPbO_OF

[3/&-D!CFlIFf1+7244,DI>FI>FflI2*"(DIBFIhFD!XV)*")U/4%!'3) 0-&!" (< % £3rRa4Y0 &F!
Nature chemistry *4(6 I8!dPNeD!PPObF
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cZF

cck

cQF

_OF

_PF

_NF

_aF

_bF

_ZF

67>)24%,D!CF!BFf!1)")&)H)D!hFf!;)(*%3D!KF!BFf!6"&7.?%D!+F!MFf!+%=/(%&D!6 F!BFf!
h"&."DIIFD!R/-)4!&,(-.%&"&!/0!<"(()-/V"(\BRburnal of the American Chemical Society
(558m120!daCeD!cdcz”_F

u)<OD!>F!E19)33"&/(D!GF!BFf!$3).4D!>Ff!+/3%(&%(D!IF! CFIBB ¢34 &
=)73/7,74"U)-"1(1%()84%&")(1%00"7"%(-") &,==%-3"7!&,(-.%&"&!/0!-.%")(-"8) 7-%3")4!
()-23)4!<3/*27-18,&&/="T"(">F! Angewandte Chemie International Edition *443[M44!

d OeD!Zb&EdacF

6,%3&D!F!;Ff1J)"(%&D!JF'RFD!B!K./&<."(%T6%*")-%*!>/(#%3&"/(/0!BU"*%&!" (-/!
$U/N>/=</2(*&F!  Angewandte Chemie International Edition *44548!dPaeD!NabQ
NazaF

R)?)"D!hFf19/--)DIFfIX&."=)DIhFfI1/U)?"DI9FDI00%7-"#%!=%-./*&!/0!7)38/(,4!
=%%-.,4%()-"/(12&" (1>9 +STu( B%:BA)(*1>9 «G3T( TR">4&, & Y%=Hltrahedron
letters (578D19'dNceD!NRENQF

:/=8)3*/D!;FD!6%-.,4%()-"/(1/017)38/(,4!7/=</2(*&!H"-.lu( ->9 +G3-R">4F!
B<<4"7)-"/(1-/""88%3%44" (&Fettrahedron Letters (58* M23!d PeD! NDNQZF

9"8"(/DICFFfIX?)U/%D!RFfIR)?)"DIhFfl1/U)?"DIOFD!>)38/(,4!=%-.,4%()-"/(1/0!%)&"4,!
%(/4"U)84%!?%-/(Ya&Fhhedron Letters (583M26'd beD!bbdd_OF

E%,=/2-. TE"4&/(D!BF!'>FD!R.%!3/4%!/0!7)38/.,*3)-%&!"(18"/4/"'7)44,)7-"#%!()-23)4!
<3/*27-&FNatural product reports (557M4!dNeDTRROF

E%(*%3&2"D!RFIBFfl+-3)--/(D!>F![Ff!G)2%3D!JF!BFfih/<<D![FfIR)(D!$F!+FDIK3"(7"<)4!
7/=</(%(-1)()4,&"&)&1)1-//410/314"83)3,1*06&" (@!)! 7) &Y6!&-2 I" (Y% &-")-"("1)-23)4!
<3/¥27-&D'83)(*T)=%!*32'&D!()- 23)41<3/+27-T4"?%!4"83)3"%&D!)(*I*B2?%!
4"83)3"%&FCRfmical BiologyD!+<3"('%3@!NOPb!<T\NNI

6/4%724)31X<%3)-"('!1(#"'3/(=%(-!d6XIeDINOP_FOPD!>.%="7)41>/=<2-"('M3/2<!
S(7FD!POPO!+.%38//2%!+-FIE%&-D!+2"-%!<QPOD!6/(-3%)4D!q>D!>)()*)D!9&B IJIcD!NO

+)2%3D!EF!9Ff!1+7.H)3UD!6F'hFD!6/4%724)3!&.)<%!*"#%3&"-,!/0!7/=8"()-/3")4!
4"83)3"%&@!)!<3%3%L2"&"-%!0/3!83/)*18"/) el idF bf chemical information and
computer sciences *441D 3 daeD!QPOO&F

+7.3%"8%3D!+F!;Fflh/-UD!CF!$Ff!;"DI6 FEB2BGR-"(D!>F!KFflJ%%*D!CF!>FflJ/&%(D!9Ff!
E."-%D!IF!;Ffl+?4)3D!;FIBFf!;"(*&4%,D!>FIEFD!B*#)(7"('18"/14/"7)412(*%3&-) (*"(!

NZ1



)(*1-.%3)<%2-"7&!1*"&7/#%3,IH"-.1&=)44/4%724%!<3/8%&H! * 4(3QP61 dZeD!PNbN
PNZBF

_cF  ;%%D!+Ff!;"=DI-f!>.)D!'hF!;Ffl+24"?/HEPMF!BFD!B&,==%-3"7!)<<3/)7.%&!-/"PD!N
*'&28&-"-2-%*1="-1&%(%&!8)&%*!/(1-.%!"(-3)=/4%724)3!7,74"U)-"/(}/0"*")U/%&- Y 3&F!
Tetrahedron (557@3 d’_eD!PZbIREZbaNF

F  +)(-"DI6Ff!16}44%3D!+F!RFf![/4'2%"3)&TB=)*/3D!BF!BFf!5--3,DIBFf!9%44"%3D!KFf!E"3-.DIRFD!
10(- "1&%4%T7-"#%!+,(-.%&"&!/0!-3)(&TND!aT$". ,*3/TPIT"(*/4%&!R.3/291>
S(&%3-"/(1/0NT$")UI7)38/(,4!>/=</2(*&F!  European Journal of Organic Chemistry
*4(72017 dP eD!P_TRQQ4F

_QF  B&.-/(D'hF!+FfI$%(-"D!6Ff11/3=)(D!6FI9FfIC%)(!C3DI$FICF!+FD!B!'06(%3)4!=%-./*10/3!
-.9%10)7"4%&,(-.%&"&!/0Y/<-"7)44,1)7-"HBMR&.-"-2-%6*1<"<%3) U" (%o &1#")!
02(7-"/()4"U%*INDT 2%-/<"<%3)U" (%&EHahedron letters 24(2[55 daNeD!"5THOF

QQF >.)?3)8/3- DI+Ffl;"(D!+MOFfl+."2)(D!$FfIR)"DISFED!+,(-.%&8%&!/0!&/=YaH, 74" 7!
-3"<U<-" &1 &I</-%6(-") 41" (."8"-/13&10/3196Nb/B1I%*27-) &% FAmino acids *4(3DL7
d_eD!P BibOBF

QPF  R&28/?23)D!hFf1)/('DIhFIhFfIK3)*'<-)DIBFIJFfIX'23)DIBFf!I53)(/D!+FfIR).)3)D!RFH!
1/U)?"DI+FK(/%D!9Ff11)?)/D!IFfl+"8")-244" () DIIFD!S(1#"#/!'14*17/=<4%V7)-)4,&"&!
H"-."(14"#%!="7%Rhgewandte Chemie International Edition *4(7[b6 dPaeD!abie® "F

QNF  92D!6Ff!;"D!;FfIE2D!9Ffl+2D!IFf!I)('DIKIFf5--)=7.)(*)("D!6FfIS2DIgF WFf!l)/D!+F!
gFD!624-"7/413[P6 T(*!-H/  &./-/(1"=)"(1/0'%(U,=)-"7)7-"#"-"%&!" (14"#%!7%44&!
H"-.1042/3%&7%(-4,102%(7.%*IB7-"#"K5)&%*IK3/8%&!dLBGK&efHal of the
American Chemical Society *4(( DI33 daPeD!PNBOIQNOF

QaF ;)('DI+F!IGFfIXW1%4%D'hF!6FfIR2('%D!CF!BFD!$%7)33M,4)-"#30!)="(/!
VA7) T&N) (*1%&-%3&!#)1*2)A1T7)-)4,&" " &felirnal of the American Chemical
Society *4(2Q136 daQeD!PaaZ OQF

QF  *%!,%=/&D!IFfIB'/23"*)&D!IFf!+/3"(DIMFfIM2%33%"3/D!BFf!>/==%3&E/(D!BFf!K)(73)U"D!
BFfIG%-U%3D!CF![Ff;)((/2D!6F!SFfIB3*"&&/(D!CFD!>/(7%<-"/(D!+,(-.%&"&D!) (*|G"/4/"7)4!
1#)42)-"/(1/0IX3""()4!1$"&7/*%3=/4"*%!B()4/'2%&F! Chemistry—A European Journal
*4((Q17 daZD!POPR@PalF

QbF  M2"=/(*D!1FfIM/3%4&?,D!+FISFf!)'(/2D!hFD!J./*"2=1d SBH§, U%*!.%-%3/7,74%!
&,(-.%&"&!12&" ("N (" (-%3 ()4 (-@!"=<3/#%*13%) 7-"#"- ) (*|1=%7.) ("&-"7'&-2*"%&F!
Journal of the American Chemical Society *4((Q133 dPZeD!Z TQbckF

NZIb



QZF G%(D!'+Ff1*U4"D!+Ff1+"%'%4D!CF!+Ff118%34"D!$Ff!C%&&%(D!9F!CFD!>/(-3/44%*!/V,'%(!3%4
03/=1<,3"*/(%!%(*/<%3/V"*%&!<3/=/-%&! 7%44! &2 3#"#) 41 2(*%3) (V" 7' 7/(*"-"/(&F!
Journal of medicinal chemistry *4(1Q56 dN"eD!POHRBP_NF

QcF  9%D!EFfIK"()3*D!FfIK)L2%-:%WBFD!R/-)4!+,(-.%8&"&!/0!>3%(24)-)(!$"-%3<%(%&@!
+-3)-%",1) (*1&-%3%/7/(-3/144%*\7/(&-327-"/(1/ON)!18"7,74"71?%-IT4) 7-/(%!82"4*" (']
84/7?FMelvetica chimica acta (553Q@8 dNeD!algBNF

Q F G)2%3D!JF'BFfIE23&-D!CFI6FfIR)(D!$F!+FD!V<)(*"("1-.%!3)('%!/0'2*32%8V-)3'%-&!
H"-.1()-23)4!<3/*27- 1B)&%*14"83)3"%&@!)(!)7)*%="7!<%3&<UT'#¥Fdpinion in
chemical biology *4(4Q14 daeD!a®@P F

QQF 67M3)-.D!1F!BFfIG3"7.)7%?D!6Ff!1:)3*)3&/(D!CFIRFD!B!'3)<."7)4!:/23(%,!/0!
"((1#)-"#%13") ("71)37."-%T7-23%&!-.)-1.)#%!"=<  3/#%*1/23!4"#%&dilrnal of chemical
education *4(4Q@7 dPNeD!P#a QF

POOF [/3&?/4"(D'&</("&-)-"(PD!)(*N</<-14"*"(1H%3%!(/-!"(742*%*!"(IK6S!) ()4,&"&F !

POPRF 6/4S(&<"3)-"/(! \ 103%% " (%!7.%="(0/3=)-"7&-//4f!
--<@YYHHHF=/4"(&<"3)-"/(F7/=Y7"8"(Y<3/<%3-1%&

PONF )e!SFIJFIR%-?/D!]"3-2)41>/=<2-)-"/()4!>.%="8-3,1;)8/3)-/3,f!
--<@YYHHHF#774)8F/3'Y4)8Y)4MERYSF!]FIR%-?/DICF!IM)&-%"%3DIJFIR/*%&7."("D!BF!
6)23"DI$F!;"#"('&-/(%D!KF!I3-4D!]FIBFIK)4,24"(D!IF!]F1J)*7.%(?/D! 1F1+Flu%0"3/#D!BF!
+F16)?)3%(2/DI|FIIFIR)(7.2?D!|FIFIK3/2/<%(?/F!]. Comput.-Aided Mol. Des.!*443D!
19D!'b& ZaF

POdF 6/4%724)3K<%3)-"(1l(#'3/(=%(-!d6XIeDINOP_FOPD!>.%="7)4!>/=<2-"('1M3/2<!
S(7FD!POPO!+.%38//2%!+-FIE%&-D!+2"-%!<QPOD!6/(-3%)4D!g>D'>)()*)D!9aBINJcDINOP_F

PO'F J"7.)3*&/(D!6FI$FD!>.)("(1<)--%3(&!) (*I-3%(*&!"(!&,&-%="7102(")4!"(0%7-"/(&F!
Journal of Antimicrobial Chemotherapy *443@6 d&2<<4APeDPPF

POWF G)33%--DI$FD![3/=1()-23)4!<3/*27-&!-/'74"("7)44,12&%024")(-"02("BiddHimica et
Biophysica Acta (BBA)-Molecular Basis of Disease *44*Q1587 dNaeD!NWNaaF

POZF K)3?D!GFICFfIE)((%=2%.4%3D!hF!BFf16)3&-/(IMBRACRA3D! 1FfIK)<<)&D!KFIMFT!

>."44%3D!RFI6FD!&-"=)-"/(1/0!-.%!7233%(-1'4/8)41823*%(!/0'73,<-/7/77)4!1=%("("-"&!
)=/(1<%3&/(&!4"#"("1H"-.19S]YBS$+F! Aids *445Q3 d eD!bNimOF

NZZ



POdF B()'&&"%D!FDIX<</3-2("&-"7!=,7/&%&!"(1-.%!"==2(/7/=<3/="&%*]./&-@!
%V<%3"BR6!)-1)!7)(7%3!7%(-%3") (*13%#"WHikital infectious diseases (55* Q4
d+2<<4%=%(-APeDFlmF

PO_F $),D!CF!1Ff!>.)2D!IRFIRFfIE/48%3&D!6Ff!16)"D!KF!KFfI$2('D!1F!RFf!6)"D!1F!9FfIK.2D!1F!
9Ff11".")DI9F!$FfIK./('DI1FI$SFfIR.)"D!>FIgFD!>/=8"()-"/(1)(-"02()4!-.%  3)<,!0/3!
73,<-17[77)41=%("("-"&F!New England Journal of Medicine *4(1Q368 dP eD!PNQP
PaONF

POQOF J/%=%3D!RFfh3,&)(D!$FICFD!B(-"02(")41*32'1*%#%4/<=%(-@'7.)44%/('%&D!'2(=%-!
74"("7)A1(%%*&D") (*1(%H!)<<3/)7.%&®Bld Spring Harbor perspectives in medicine
*4(2Qt dbeD!)OPQ¢OaF

PPOF 9/&&)"(D!6F!BFfIM.)((/2=D!6F!BFD!1%H!" (#%&-")-"/()4")(-"02(")4!)'%(-&!0/3!
-3%)-"("1"(#)&"#%!02(")4!"(0%7-"/(&HExpert opinion on investigational drugs *444Q'
d_eD!PcBcPaF

PPRF B(*%&D!$FD!S(1#"#/!<.)3=)7/*,()="7&!/0!)(-"02(")4!*32'&!"(1-3%)-=%(-!/0!
7)(*"*")&"&FAntimicrobial agents and chemotherapy *441@7 d eD!PPEP_2F

PPNF M3),DIhFI>FfIK)4)7"/&D!$F!+Ff1$)"4%,DISFf!I(*/D!6F!6FfI5(/D!GF!FIE"47/7?DIGF!>Ff!
G23?%D!6F!$FD!B=<%3"7"(1<3"=)3"4,1?"44&!,%)&-!8,1&"=<4,18"(*"('1%3'/&-%3/AF!
Proceedings of the National Academy of Sciences *4(*Q109 dceDINNBINa®F

PPaF $%3),DIMFD!B=<./-%3"7"(1G!(%<.3/-/V"7"-J6lhrnal of antimicrobial chemotherapy
*44*Q¥9 dPeDablF

PP'E  9)="44D!JFRD!B=<./-%3"7"(/G!0/3=24)-"/(&@")!7/=<)3)-"#%!3%#"%H!/01%00"7)7,1)(*!
-N"7"- FDrugs *4(1Q@3 dQeD!JRQFE

PPOF 1'D!BFfIE)&)(D!hFI6Ff!/<%UG%3%&-%"(D!MFD!$%#%4/<=%(-1/014"</&/=)41</4,%(%!
)(-"8"[-"78&@!)(1."&-13"7)A1<%3&<%7-JH¥%m Pharm Sci * 441@ dPeD!ZcaF

PPZ2F K%30%7-D!CFIJFD!R.%!)(-"02(")4!<"<%4" (% @!)!3% i ATe%tel2dtbs Drug
discovery *4(7Ql6 dQeD!ZOaF

PPcF 9%"*%48%3'%3D!>FfIM3"%&8)7.D!;Ff16/(-)'D!IGF!CFf!6//3%(D!$Ff!>32UD!XFfl+7.("-U%3D!JFf!

M32(8%3'D!FD!+-2*"%&!/(1042/3"()-%*!<,3"4(%&@!SSF!%00%7-&!/(!-3)(&<4) (-%*!
-2=[3&F Cancer research (538Q8 daeD!a@PcF

NZ¢



PP_F 1%3=%&D!BFfIM27.%4))3TBR$)(?%3-D!CFD![427,-/1&"(%@")!3%#"%H!/0!"-&!
<)3=)7/41 D174 ("7)A"(*"7)-"1(&D'<.)3=)7/?"(%-"7&D!-/\V"T7"- ) (*1*32"]
"(-%3)7-"/(&Hburnal of Antimicrobial Chemotherapy *444@6 dNeD!PBRQF

PPQF E)4*/30D!BFf!K/4)?D!BFD!6%7.)€&!/0!)7-"/(1/0'b T042/3/7,-1&"(YoFAntimicrobial
Agents and Chemotherapy (581Q3 dPeDCQF

PNOF 9/<%D!EF!EFfIR)8%3(%3/D!;Ff!$%(("('D!'$F!EFf!B(*%3&/(D!6F!CFD!6/4%724)3!
=%7.)("&=&!/0!<3"=)3,13%&"&-)(7%!-/10427 ,-1&" (%!"(1>) (*"*)1)48"7)(&F!
Antimicrobial agents and chemotherapy *442@8 dPPeD! ata_ZF

PNRF ;)&&T4+34D!>FDIR3")U/4%!)(-"02()A4!)'%(-&!"(I" (#)&"#%102(')4!" (0%7-"[8dts
*4((Q71 dP_eDINTNEPQF

PNNF G/&&7.%D!9F!|Fflh/,=)(&D!;Ff!6/%3%%4&D!9FD!K 'bO!"(."8"-/3&!/012&%!" (1=%*"7)4!
-3%)-=%(-@!'0/728&+%7.)("&=&!/0")7-"/(F!  Pharmacology & therapeutics (553@7
dPeDEDOF

PNaF ;/3)(*D!RFf!h/7&"&D!GFD!J%7%/(-)*#)(7%&!"()(-"02(")4") % (Bdkki reviews in
medicinal chemistry *447Q dQeD!JQRPF

PN'F  6%4%-")*"&D!CFfIB(-)7./</24/&D!>Ffl+-%3"/</24/FPRI23()3) &D!+FflJ/"4"*%& D! Ff!
E)4&.D!IRFICFD!$"00%3%(-")4102("7"*)41) 7-"#"-"%&!/01)=<./-%3"7"(IG!) (*!#/3"7/()U/4%)!
))"(&-1B&<%3"4428&1&<% 7" %&!*%-%3="(%*!8,!="73/83/-.1=%-./*/4'|F!

Antimicrobial agents and chemotherapy *447@1 dQeD!adbiacF

PNHOF 6)%3-%&D!CFD!9"&-/3,!/0!-.%!*%#%4/<=%(-!/01)U/4%!*%3"# ) HiVaF!
Microbiology and Infection *442Q0,'PIPOF

PNZF M3/44D!BF!9FfIE)4&.D!RFICFDIB(-"02(")4!7.%=/-.%3)<,@!)*#)(7%&!) (*!<%3&<%7-"#%&F!
Swiss medical weekly *44*Q¥32 dNaN eF

PNcF B(*%&D!$Ff!6)37."44/D!hFf!;/H-.%3D!CFfIG3,&?"%3D!BFf!+-)=&-)*D!RFf!>/(?4"(D'JFD!S(!
#'#/1<.)3=)7/*,()="7&!/0196J!1aNcOD!'427)('&,(-.)&%0!"(."8"-/3D!"(1)!=23"(%!
7)(*"*"&"&!=/*%4FAntimicrobial agents and chemotherapy *441@7 d eD!PPIRPQNF

PN_IF ])4'2&D!CIBFD!E.)-W&!(%H!"(1)(-"02(')4&"\Current infectious disease reports *441Q'
dPeDRPIF

PNQF K)<<)&D!KF!MFflh)200=)(D!>F!BFfIB(*%&D!$FIJFfl>4)(7,D!>FICFfl6)33D!nFIBFTIX&-3/&?,
u%"7.(%3D!;FflJ%8/4"DIBF!>Ffl+7.2&-%3D!6FIMFf!]) UL2%UD!CF!BFfIE)4&)B!RFICFD!>4"("

NZ!



PadF

PaPF

PaNF

PaaF

Pa'F

PabF

PazF

PacF

Pa_F

<3)7-"7%!"2"*%4"(%!0/3!-.%!=)()'%=%(-/0!7)(*"*")&"&@!NOPZ!2<*)-%!8,!-.%!
S(0%7-"/2&!$"&%)&%&!+/7"%-,!/0!B=%Glif)ek] Infectious Diseases *4(3Q62 d eD!%P
%bOF

$"1+)(-/DIJFD!1)-23)41<3/*27-&N&!)(-"02(")4!)'%(-&!)")"(&-174"("7)44,'3%4%#)(-!
<)-.I'%(&F! Natural product reports *4(4Q7 dceD!PAPOQ! F

J1%=%3D!RFfI$2DI$Ffl+"(.DI+FIGFfIK)3"&.D!>FIBFf19)33"&D!MFf!E)('D!9FfI$)#'%&D!CF!IFf!
G"44&DIMF![FD!>/(03/(~'06!7.)44%('%&!/01()-23)41<3/*2718)&%*1)(-"02(')4!
& 71#%3,-hemistry & biology *4((Q18 dNeD!PPZ'F

19%'3"D!6Ff1+)47"DIRFIKFfl+."(BH&L2"-)DI>FI+Ff1>)</7"DISFIIFfl+#"*U"(&7?"D!RFISFf!
h"/&."=)DIIF1+FDI1)34,18-)-%!3%&%)37.1/()(-"02()4!()-23)4!8/*27-&FMolecules
*4(2Q19 daeD!NQNQbZF

9)2&%3D#FI$Ff1+"'DI9FD!S&/4"%32('12(*1)88)2!1#/(1&/3*) 3" (F'PF!6"--%"42('1}8%3!
&/3*)3"(F'Helvetica Chimica Acta (57(F4 d eD!'PP®PQOF

X**&DI[FI>FD!+/3*)3"(1)(-"02(")4") %(-&FExpert Opinion on Therapeutic Patents
*44(Ql1 dNeD!NN& 'F

$/=7(2%UD!CF!6Fflh%44,D!]FIBFflh"(&=)(D!XF!+Ff16)33"/--D!6F!+Ffl*%!4)&!9%3)&D![F!
MFf16)3-Z(D!CFICFD!+/3*)3"(&@")!(%H!74)&&!/0!)(-"02()4&!H"- 18&%4%7-"#%!"(."8"-"/(}/O!
-.%0!<3/-%"(1&,(-.%&"&!%4/(")-"1(17,74%!" (!, %) &- &Kt timicrobial Agents and

Chemotherapy (558@2 dQeD!NM¢NCc_IF

C2&-"7%D!6F!>Ff19&ZI0BFR&%D!GFIh2D!RFfIG)4?/#%7D!CFfl+7.=)-UD!$Ff!1"%4&%(D!CFD!
14/(")-"1(10)7-/3INN&!)!(/#%4!-)3'%-10/31&%4%7-"#%!"(."8"-"/(1/0!02(")4!<3/-%"(!
&,(-.%&"&IFdurnal of Biological Chemistry (558Q73 dZeD'!aPlaPbPF

h)=)"D!IFfth)?2-)D!6Ff!+."8),)=)DIRFf![272/?)DIRFflh2H).)3)D!+FD!B(-"02(")4!
)7-"#"-"%&!/0MPab_baD!)!&/3*)3"(1*%3"#)-"#%D!" (1%V<%3"=%(-)4!7)(*"*")&"&!" (1="7%F!
Antimicrobial agents and chemotherapy *443@9 dPeDYF

9)()*)-%D!RFfIR/=" &."=)D!6Ff!+."3)"&."D!1FfIR)()8%D!$Ff!6/3"?)H)D!9Ff!G)33%--D!
$Ff16)-&2=/-/D!+Ff1X.-/=/D'hFf!6)?"D'hFD![JNQOb_PD!)!(/#%4!&/3*)3"(1*%3"#)-"#% @!
&,(-.%&"&N(*N)(-"02()4N7-"#"-,F! Bioorganic & medicinal chemistry letters *445Q9
dbeD'P"EZ_F

NZQ



PaQF

P OF

PPF

P'NF

P afF

P bF

P ZF

PcF

1)?)=23)D ISFfll/&."=23)DI+Ff16)&)?"D!RFfIR)?)&%D!+FfIX.&2="D!hFf!9)&."=/-/D!6 Ff!
[232?)H)D!+Ff1[2:"%DI!BFD!B+KNaQc@!)!(/#%4!)(-"02(")4!)'%(-1<3/*27%*!8,!
B73%=/("2=1<%3&"7"(2=16[ Ta c_aaFThe Journal of antibiotics *4(7(Q¥0 dPeD!bF

E,7.%D!RFIKFfIK"/-3/H&?"D!CHAHP!IF1G3)2(D!$F1$%&.<) (*%D!IFfI6 7S4H)" (D! +Ff!
X('D!ISF!6Ff16,%3&D!>F!;FfIM2U%"D!SF!BFfIE%&-4%3D!EF!6FD![/3)U/4"(%!B@!6)3" (% T
$%3"#%*1K/4,?2%-"*%!IH"-.IB(-"02(")4!S(1]"#/1100"7)7 ,F! Angewandte Chemie

International Edition *4(2Q3 d aeD!PPbIRYb_ZF

u. /2D!GFf!1S")/DICF![FfIR24"D!;FflJ%&&/=D!9FR=F IB)&%*1=%-)8/4/="7&F!
Molecular BioSystems *4(*Q8 dNeD!"TOPF

h32'DI$Fflu23%?D!MFf1J%#%3=)((D!XFf)/&D!6Ff%4"7%3D!MF!CFf!6}44%3D!JFD!
$"&71#%3"("1-.%!."**%(1&%7/(*)3,!=%-)8/4/=%!/0'6,V/7/772&!V)(-. 28@!)'&-2*,!
101"(-3)&<%7"0"7"*"#%3&Apl. Environ. Microbiol. *448Q4 dPOeD!ali®DZ F

h32'DI$Fflu23%?DIMFf1+7.(%"*%3D!GFfIM)37")DIJFf16)44%3D!JFD!00"7"%(-1="("(/0!
=,V/8)7-%3")41=%-)8/4"-%1<3/0"4%8&1%()84%*!8,14"L 2"*17.3/=)-/'3)<.,\
%4%7-3/&<BY("&)-"I( TF'=%T04" .-1=)&&I&<%T-3/=%-3,)(*17/=</2(* T8)&%*!
<3"(7"<)417/=</(%(-1)()4,&"&F! Analytica chimica acta * 448@24 dPeDMROZF

9/2D!IFfIG3)2(D!$F!IFf16"7.%4D!>F!JFfIh4)&&%(D!CF!; FfIB*() ("D!1FfE, 7.%D!RF!KF!
G2'("D!'RF!+FD!6"73/8")41&-3)"(1<3"/3"-"U)-"/(12&"('!1=%-)8/4/="7 &!-//4&!0/3!-.%!
*'&71#%3,!/01()-23)4!<3/*27-&FAnalytical chemistry *4(*Q84 dPOeD!"Nd¢_aF

E)('D!CFf19&2('DIIF'KFIM./&.D!+FIhFD!+-%3%/&%4%7 TR9%6! $9394*
S(-3)=/4%724)31$"%A48&s|B4*%31> 74/)**"-"(&FIB(IB<<3/)7.1-/!-.%!NIXV)*%7)4"
+<"3/2%-)41>/3%!/01B(-"02()41B'%(-![2&"*"4) 7-/(%!>FIOrganic letters * 442@ dPNeD!
PQalPQ NF

G%3=%:/DI[Ffl+)(*/#)AD!3NR">AK3/=/-%*1S&/=%3"U)-"/(!/0!R3"&28&-"-2-%*!
[<IV"™*%&!-/1%!IV16%-.,4%(%!B44,4"7'BAT].14&!/(1>)3#/(%!$%3"#)-"#%&kd Journal
of organic chemistry *442@9 dPZeD'!'bNak_QOF

9)-)?%,)=)D!+Ff112=)-)D!9F{!X&)()"'D!hFfIR)?)(/D!+FD!00"7"%(-1%()(-"/&<%7T!
&,(-.%&"&!/017%,!83"("1&,(-./(&!0/3!-.%!<3%<)3)-"/(!/0!PF!)4<.)FD!N

* X3V #-)="(1$al2&"()!7.3/="2=1dSSe F%*")-%*13%)7-"/(FThe Journal of
Organic Chemistry (585@4 dPbeD!aliRbPcF

B&)8)D!RFflh)-/.DIIFfI53)8%D!$Ff!S(/2%D!6FD!R/-)4!&, (&R 7 3/-/<./38/4/(%F!
Angewandte Chemie International Edition *4(3(B4 d'_eD!P b ZPF
NcO



P QF

PbQF

PbPF

PbNF

PbaF

Pb'F

PbbF

PbzF

PbcF

Pb_F

PbQF

R)((%3D!$Ff!B(*%3&&/(D!KFIMFfIR%*%(8/3'D!;Ffl+/=0)"D!KFD!B!&, (-.%-"7!)<<3/)7.1-/!
- 9%1U/)(-.)="(%")42)4/"*&F! Tetrahedron (552@0 daOeD!QRAD F

9),)&."D! IFfIR/,/&."=)D!6FfIM/-/.DIOFfIS&."?)H)DIOFDI$"<.%(,4<3/4" (/41&" 4,41
%-.96317)-)4,8"&!"(1)()&,==%-3"710/3=)4!7)38/Inax!ao! 7, 74/y**"-"/(13%) 7-"/(1#")})!
*/="(/16"7.)%AY h(1%H#% () %41 7/(*%(&)-"I(F!  Organic letters *448Q'1 dPeDITh A

G)'4%,D!6F!>Ff1$)4%D!CF!EFf6%33"--D!IFIBFfIS"/('DISFDIR."/<%<-"*%!)(-"8"/-"7 &F!
Chemical reviews *443Q05 dNeD!ZcB"F

9%37.%(D!+F!JFD!+,(-.%&%&!) (*!-.9%3=)4!-3)(&0/3=)-"/(&N)4?,4!-."U/4"*" (%!
&240/V"*%&F¥trahedron Letters (585Q0 d"eD!"NIEN_F

[2:"-)DIRFf1[27.")="D!RFD!14%7-3/4,-"7'<)3-")41042/3"()-"/(/0Y3") ("7 7/=</2 (*&F!
NOF!4%7-3/&,(-.%&"&! /0! (1#%4!.,<%3#)4%(-!"/*/18%(U%(%!7.4/3/042/3"*%!*%3"#)-"#%&!
)(H"-&N)<<4"T)-"1(-N"(*3% 7-D(*"T"%= T"042/3"()-"/(F! Tetrahedron letters (556Q

37 dNceD!'cNoN_F

$)=8)&7?"D!uFf16)3?/#"*D!JFflh4%"(<%-%3D!FfIG)3FO7) (/#"<D!6 FD!NI
B4?,4"*%(% TV/-.")U/4"*"(%!+ TV"*%&@'!&,(-.%&"&!)(*1&-%3%/7.%="&-3,F!
Tetrahedron *4(1QZ9 daPeD!Z & cH

S,%(")3D!GF!+Ff!$/33D!JFIRFflJ%=%3&D'EHBHMIB)&"&!0/3!-.%!8"/4/"7)4!
)7-"#"-101"=%V/(1)(*13%4)-%*17,)(HU"3"™*"(Y&F!Journal of medicinal chemistry *442Q'
47 dPeD!NRNdF

["(DIFfIR)/3"D!hFflh"=DI9FfI9/('D!CFf!;2%&7.D!9FD!R/-)41&,(-.%&" &) (*1=/14%724) 3!
-)3'%-1/014)3")U/4%D")!."&-/(%"*%0¥8-,4)&%!"(."8"-/3Fdurnal of the American
Chemical Society *448Q30 dNZeD!_BbbQF

D('D!SFflu.)('D!hFfll)/DI9FfI92)('DIFD!>2d  $B)-)4,U%*IIV"™*)-"#%!./=/ T
712<4"("0-"U/4"(% T T7)38/V,4)-%&@!'&,(-.%&"&!/0KB!-.")U/4" (%! *%3"#)-"#o&F!
Organic & biomolecular chemistry *4(6Q14 da'eD!_OkQa'F

M2/D!IFflu./2D!CFfIM)/D!GFflu.)/D!6Ff!I)(DEER S2D!uFf!>./"DI+Ffl1%D!RFD!R/-)4!
+,(-.%&"&!/0'9/")="*%!B!I5&" (") ("1#)(& \R"&.7.%(?/13%)7-"/(1)&!)!h%,!+-%<F!
Organic letters *4(5Q1 dP eD!b @8’ c'F!

B(%44"D!KF!;FfIG)(0"D!+Ff!16/(-)()3"D![Fflq2"7"D!+FD!XV"*)-"/(1/0!*"/4&H"-.1)4?)4"!
WG <I7.4/3"-%&!7)-)4,U%*18,/V)==/("2=1&)4-&'12(*%3!-H/  K.)&%!7/(*"-"/(&F'Rhe
Journal of Organic Chemistry (585@4 dPNeD!NQDEQCNF

NcP



PZQF ;")('D!+Fflu%('D!>F!>FfIR(D!9F!IFfl+2(D!GF!MFfl;2/D!SFIMFflJ%(D![FIUFD!J%*/\/') 7-"#%)!
&*"2=1"I*"*%Y3%7,74)84%!.%-%3/'%(%/2&!&/4" 1) T"*@!)(1%00"7"%(-1*2)417)-)4,-"7!
&,&-%=10/31%4%7-3/7.%="7)44 IN"*)-"#%!I T>e191-."/7 ) ()-"/(!) (*|&240%(,4)-"/(!/0!
?%-/(Y%&RHvanced Synthesis & Catalysis *4(8(@B60 dceD!P TP bNF

PZPF >)4=%&D!6Ff!1&7)4%D![FfIK)/4"("D![FD!]")84%! ZR2BENN2-%*!-.")U/4"*" (% T
=%-.)(/4"*")&-%3%/"&I=%3"71="V-23%&!*23" (") &,==%-3"7!8/3)(%!3%*27-"/(!/0!
)3/=)-"11?2%-/(%&FT etrahedron: Asymmetry (557@ dNPeD!aZaZ®)dF

PANF  1=-%('&D!9FfIB4*%3"(D!;FfIB4=L#"&-D![FD!B(!%()(-"/&%4%7-"#%!?%-%(%e!"="(%!
7,74)**"-"[(1=%-./*10/3!&,(-.%&"&!/0!&28&-"-2-%*!3"(" T02&%*TR,3"*"(/(%&F!The
Journal of organic chemistry *44(Q66 dNOeD!Z&bZZ PF

PzaF 6)D!FfIE)('D!6Ff!;"DI$FfIG%?-23.2(D!GE"2D!CFf!;"2D!qFB4?%(/,4!?%-%(%!+D!+
)7%-)28)&%*1=24-"7/=</(%(-13%)7-"/(@")(1%00"7"%(-!)<<3/)7.10/3!-.%!&%4%7-"#%!
7/(&-327-"1(1/0!</4,02(7-"1()4"U%*!7,74/.%V)(/(%&F! The Journal of organic
chemistry *445Q4 d_eD!aPBRPNPF

PZ'F 12)(D'9FFIE)('D!6Ff!; "2D!IFfIE)('D!;Ff!;"2D!CFf!;"2D!qFD!5(%V<%7-%*!9,*3/83/="7!
B7"*T>)-)4,U%*I> ISIG/(*T[/3="(""3%)7-"/(&")(*![) 7"4%'+,(-.%&"&!/0!
>/2=)3"(&!)(*1G%(U/023)(&!G)&%*!/(1h%-%(%!$"-."/) 7%-)4&FChemistry—A
European Journal *4(4Ql16 d beD!Pa’#a bck

PZbF M3)7")T"-/3")D!CFfIX&)(-%D!SFf1>)-"#"%4)D!>Ff16%3"(/D'KFfIR%:%3/D'RFD!+%40
J%'%(%3)-"/(1/0!>."3)4"- IH"-.1; T ,&%"(%!-.3/2".\PD!al"</4)3!>,74/)**"-"/(&!
8%-H%%/('$")U/)47?)(%&N(*()(-"1=%3"7)44,IK23%!R.")U/4"(%&@'V<%3"=%/(-)4!)(*!
>[=<2-)-"1()4!+-2*"%&F! The Journal of organic chemistry *4(8Q83 dceD!aQEQCNF

PZZF >./3%44D!IF{1$)&D!KF{IB4=L#"&-D![FD!$"#%3&%!02(7-"/()4"U)-"/(}/0!-.") UT2ZYo*!
NK,3"*/(%&FThe Journal of organic chemistry *447Q2 dPaeD! QR@N F

PZcF B<+"=/(DICFIEFf!$23.)=D!$F'MF{|J&&D!'BF!9FD!+,(-.%&"&!/0! & /&84, 4<,33/4%)!
*%3"#)-"#%&dtlrnal of the Chemical Society, Perkin Transactions 1 (578Q@IPNeD!P®H__
PbQ'F

PZ_F h2=)3D!'hF!9FfIK%32=)4D!KF!RFD!B!(/#%4!/(%T</-!/V"*)-"#%!*%0/3=,4)-"/(/0!1T
0/3=,4*". *3/L2" (/4" (%&!%=<4/,"(""0%33" 7!7.4/3"*%!.%V).,*3)-%F!+,(-.%&"&!/0"" T
7.413[TNT<.%(,4L2"(/4"(%&!)(*!" T7.4/3/[TNTAPD!aT*'<.%(,4TPIT<,3)U/4T T,4e!
L2" (/4" (%&Hburnal of Heterocyclic Chemistry *448@5 dNeD!BRQQF

NcN



PZQF R3)#%(D!|FI[Ff!>.%<-&/#D!$F!BFf!+/4/#:./#)D!1F!KFf!>."8"&/#)D!RF!BK#D! SFISFH!
$/4/-1#D!+FI6FfIS#)(/#D!SF!|FD!K./-/"(*27%*10/3=)-"/(!/0!-.%!4)&%3!*,%!7/2=)3"(1Z!
03/=!"-&!*". *3/1*%63"#)-"#%&HDyes and Pigments *4(7Ql46,'PbQPZ_F

PcOF +=%-&D!JF!CFfIR/30&D!IFf!;%=""3%D![Ff!1>/&D!KFf!>)<</%(D!$Ff!R%.3)("D'hF!BFD!+,(-.%&"&!
) (*N(-"-28%3724)3")7-"#"-,1/0IPT)(*'la W&28&-"-2-%*!18%(U/!n'0!"&/L2" (/4" (WD'PD
*'[(%&FOrganic & biomolecular chemistry *4(5Ql7 dPPeD!NDN@aOQF

PcPF +-%H)3-DISF!>FfIG%3'=)(D!JFIMFfIR/&-%D![F!$FD! &M, (Po*!.,*3)-"/(1) (*!
S¥3NA?2V,A)-"10ONT-" #)-%*1/4%0"(&@!2&%!/0")!&-3/("1(274%/<."4%!-/""%(%3)-%!)!
&-3/("'8)&%Hournal of the American Chemical Society *441Q25 dNQeD!_Z@RdF

PcNF  6"44%3D!hFICFflh"-)')H)D!RFIRFXBEED!6F!6FD!h"(%-"7&!) (*1=%7.)("&=&!/0!
=%-.,41#"(,412%-/(%!.,*3/)4?/I\V,4)-"I(  17)-)4,U%*18,!<)44)*"2=1dSSe!7/=<4%V%&F!
Organometallics *44(QQ0 dNPeD!" D& NF

PcaF E)8("-UD!RF!>FflI2D!ICF!qFfl+<%(7%3D!CF!GFD!l#"*%(7%!-.)-1<3/-/(&!7)('8%!-.%!)7-"#%)!
7)-)4,&-&!"(1;%H"&!) 7"*1=9%*")-%*1.%-%3/T6"7.)%41)**"-"/(13%) 7-"/(&Ehemistry -A
European Journal *442Q0 dNeD!" TQaF

Pc'F  G23D!+F!hFfIK)*H)DIBFD!R.%!K2==%3%3!3%)7-/t@!-%"' &-3)-%",!0/3!-.%!
&,(-.%&"&!/0!.%-%3/7,74"717/=</2(*&RThemical reviews *442Q04 dbeD!N DPaNF

PcbF $%!;277."D!XFf16"/--"DI5Ff16/*%()D!MFD!R.%!K2==%3%3!J%)7-"/(!/0!+240"(,4!
>/=</2(*&F! Organic Reactions *442@0,'PbcT ObF

PcZF G/3*H%44D![Kf-D!GFI6FD!R.%!0/3=)-"/(}/01 .4/3/!&240"*%&!03/=1&240"*%&!) (*!
03/=1&240/V"*%&bitrnal of the American Chemical Society (533Q7 daeD!bdd¢cF

PccF  ;"D!SFf!>)3-%3D!JFIMFD!K2==%3%3!>,74"U)-"/(\J%#"&"-%*@'5(3)#%4"('!/0!B7,4!
XVI("2=ISI(N(*1]"(,4!1+240™%!  K)-.H),&F! Organic letters *4(8Q20 dP_eD!bbid bF

Pc_F >.)(*)(?)3D!+F!+FflJ)".)#)(D!+FD!+-%3%/&%4%7-"#%!+,(-.%&"&!/0!\. HLNP>)38/(!
[3)=%H/3?!/0!dee B=<."*"(/4"*%!hF! The Journal of organic chemistry *4(5Q84 dPbeD!
Qb_TQZONF

PcQF $)(-/(D![FfIX-.=)(D!'6 Ff!;)H&/(D'BF!6Ff!6/(7/4D!CFfIM."(%-D!BFflJ"/DIGFf!$)“7.D!
BFD!K.%(,4"*"(%!dSSSe!$") 7%-<JF88'S)-%*1$/="(/'B<<3/)7.!0/3!K,33/4/'nPD 0!
R."U"(%&)(*!PD TR.")U"(%&!8,)!X(%TK/-16/3"(1J%)33)('%=%(-!/0INBTB7%-)4&F!
> hemistry—A European Journal *4(5Q5 dN eD!ZPRRP_IF

Ncd



P_QF R/?"-/.D!1Ff!S")3)&."D!Ff!IB(*/D!'EFD!+"4"7/(1<2==%3%3!3%)7-"/(!/0!-.")U/4"*" (%T
IV"*%&f1B!(%H!=%-./*10/3!&-%3%/&<%720ID2(7-"/()4"U)-"/(/0!-.")U/4"*" (% &F!
Tetrahedron letters (587Q8 d ceDRODQOZF

P_PF 6714."((%,D!\JF!+Ffl67>/3="7?D!CF!IFfIG"88,D!6F!>Ff!$/284%D!CF!BFf!lJ)*)7"7D!6Ff!
$2=/(-D'KFD!1274%/&"*%!B()4/'&F'P"FIR.%!&,(-.%&"&!) (*!)(-"-2=/31)7-"#"-,I"(!
="7%!/0'=/4%724)3!7/=8"()-"/(&!/0!b T042/3/23) 7"4!)(*! NTUN7.4/3/%-.,4eINT
("-3/&/123%)!= ["%-"%&!&%<)3)-%*18,1)!-.3VB8/(!7.)"(F! Journal of medicinal
chemistry (556Q9 dceD!P BaPNF

P_NF E)-)()8%D!IFf!+)?)?"8)3)DIRFD!+,(-.%&"&!/0!=%-.,4" Z1BY%(U,4"*%(MID&E"*%/V, T
bF."/ TN T4AT.3%/T%VINPo(/<,3)(/&"*%!#")!.%-%3/ 5 "%48B4*%3!3%) 7-"/(1) ¢!
2(2&2)41&-)8"4"-"%&!/0IBDK3/ TDZAOB%(U,4"*%(%!'NP&%/V, F." T4F.3%/T
Y0VINRo("-/Aletrahedron *445@5 daeD!bQ@Q2F

P_aF h/8),)&."D!hFflh/,)=)D!Fflh/(/D!>Ff11)=)-)=%D!hFf!1)?)=23)D!hFf![232?)H)D!
1FD!I#"*%(7%!0/3!S(-%3=/4%724)3!S(-%3)8YeHH%%(1+240/("2=") (*!+240"*%!
+24023!B-/=&!)(*!S-&!B<<4"7)-"/(I-/'+,(-.%&"&!/0!>,74"71G"&!d*"&240"*%e! $"=ViBF!
Journal of organic chemistry *44(Q66 dZeD!NANOQDF

P 'F  6/(-"7%44"D!+Ff1538)(D!IFf!;)('%3D!RFf19/4U%3D!EFfIK) 7%D!]FD!B!+-3)".-0/3H)3*!
9/=/41')-"1(1/01>)38/(1$"IV"*%!H"-.16)'(%6&"2=1>)38%(/"*&1%(1J/2-%! -/ T
9)4/7)38IV,4"7IB7"*&F Advanced Synthesis & Catalysis *4(5@61 dbeD!PAPOOLF

P_bF B*)=DI!EFfl9%"4D!6FD!®!<./-/7.%="7)4!"%(%3)-"/(/0F!)4<.)F &2402B.28&-"-2-%*!
7,74/<3/<,47)38"(,4!3)*'7)4&!)(*!-.%"3!2-"4"U)-"/(1)&!)!=%7.) ("&-"7'<3/8%!0/3!
%4%7-3/(!-3)(&0%3!"(!-.%!<%3/&2%D"*%!3%) 7-"[(ftrnal of the American Chemical
Society (55(Q113 dbeBtadPcaZzF

P_ZF $%M/%,D!$F!IBFfIM3)=</#("?D!$F!CFfl[4/&"D!EF!CFf!6)3&.D!hF!>FfIE)('D!SF!>Fflh4%" (D!
;FLF1673)("%4D!IhF![Ff;"2D!F/('D!6F!BFf!h)-"D!EFI6FD!E)-9824284%!<3/*32'&!
10'-.%!.2=)(1"==2(/*%0"7"%(7,#"32&!<3/-%)&%!"(."8"-/3&!4/<" ()#"3!) (*!

3"-/() #"3Hburnal of medicinal chemistry *445@2 dQeD!NINQCcOF

P_cF S2DI!IR>Ffl;%8%)2D!IFfIM"44)3*D!CF!EFf!B--)3*/D!MFItI&6¥63%/&%4%7-"#%!$$q
"(*27%*1/NV"*)-"#%!7/2<4" (/0" &/7.3/=)(&)) (*1"&/-."17.3/=)(1H"-.N47/./4&F!
Tetrahedron letters (551Q@4 dNeD'a_R_""H

P__F S&/7?)H)D!6Ff!+)(/D!6Fflh28/-)DIhFfl+2U2?2"DIhFfIS()"D!+FfI[27.")="DIRFD!B(/*"7!
6%-./V,4)-"/({/0!N TB7,4/V, TaD!'aDr8"042/3/<3/<,41+240"%&!B77/=<)(,"(''H"-.!
nPDWB6)33)('%=%(-1/0!-.%!B7,4/V,IM3/2<!)(*IB(/*"7!>,74"U)-"/(/OIN  ToT

Nc'!



PQOF

PQRF

PQNF

PQdF

PQF

PQHF

PQZF

PQdF

PQ IF

G2-/V,7)38/(,4e!/V, TaDal:8"042/3/<3/<,4!+240"%bilrnal of The Electrochemical
Society *4(7QL64 dPaeD!IMAMPNdF

$2-.)4%3D!IFIXFfIE,&&D!GFD!>/(#%3&"/(1/0!4T>,&-%"(%!"(-/*TiTB="(/'B7"*&!) (*!
J%4)-%*IR3)(&0/3=)-"/(&FEuropean journal of organic chemistry *4((Q2011 dN eD!
"ZZcTZ_OF

M./&%UD!;FfIM%/3B47 .DISFfIK)-"(,D!;Ff19/2-%?"%D!6FfIG/#,DIKFfl1&."=,2=27"U)D!
KFfIK.)(D!RFD!B!'06(%3)41)(*1<3)7-"7)41=%-./*//01&, (- %&" &P &:28&-"-2-%6TPT
7.4131 T(*IP B3/=/%()="(%&F! Tetrahedron (558@4 daPeD!QNIMNNF

h)-&2?"D!RFf!+.)3<4%&&D'hFIGFD!R.%!0"3&-!<3)7-"7)4!=%-./*10/3!)&,==%-3"7!
%</V"*)-"I(F! Journal of the American Chemical Society (584Q02 dP_eD!bQlaQc2F

K)-%4D!9F!19Ff1+"=)(D!6F!+FD!()(-"/&%4%7-"#%!<)44 Y7 2}, U%*!)4?%(,4)-"/(}/0!
-3"&28&-2-%*1)4?%(/4&!-/10/3=")44,4"71L2)-%3()3,!7%(-%@&Fkal of the American
Chemical Society *4(6QL38 d aeD!P"NRZNNQOF

C/.(&/(D'GFf1X%.4&7.4)'%3D!BFD![)7"4%!&,(-.%&"&!/0!-.%!%()(-"/=%3&!/0!03/(-)4" (F!
Canadian journal of chemistry (582@2 dPPeD!NINPb'F

9/*&/(DI$FI6FfIG)"4%,D!CFI6Ff!9)33"&/(D!RFD!B!7, 74/)**"-T8%)33)('%=%(-!
)<<3/)7.1-/1- %I&L2)A%&-)-" (&FTetrahedron letters (556Q@7 dNZeD! ZNBNZF

M2-.%3-UD!BFf!;%2-U&7.D!6FfIE/40D!;FI6 FfIM2<-)D!KFflJ2==%4-D!+FI6 FfIM/**)3*DIJFf!
[3'&D!>FfIR."%A4D!'ERBR:-(%3D!BFD!WIOH"7.132-.%("2=!7)38%(%! 7/=<4%V%&!
4"(?1-3)(&T.,*3/'%()-"/(") (*'%= T,*3/'%()-"/(1/0!"( -%3()4")47?,(%&Wplirnal of

the American Chemical Society *4(8Q140 d_eD!aPRPZQF

I(D!9F!6Ff16,4%&D!$F!>FD!PF!+,(-.%&"&!/0!-.%!7/==/(!>FHF!Pal.,*3/<./8"7!
*=)"(1/01-.%!G  TF,<%!)=<."*"(/4"*%&F! Tetrahedron letters (555@0 dPNeD!NW¥c_!F

J)8%D!KFf!G)33)D!;FflJ"(?%4D!CFf1J"74%)D!JFf!>"-3/(D!>FIBFflh4)<&7."(&?"D'RF!BFf!
C)(2&?/D!BFf!$"7?&7.)-D!CF!+FD!>/(0/3=)-"/()4!B()4,&"&D!'R.%3=)4!3%)33)('%=%(-D!
)(*NST6+![3)'=%(-)-"/(16%7.)("&=!/0!dP!dPOe!ID!"ID!Z+D!cJeTM%3=)73)*"%(TZT/4!
8,!Pa>T;)8%4" ("IV<%3=%(-&FAngewandte Chemie International Edition *4(3Q54
d’beD!Pa TPa’bPF

R/(%D!9Ff!9?/3) DI6FfI9=)*) DIRFfI'R."DIRFfIR)H) DIFfI/(%="-&2 D!XFD!
B4-9%3()-"#%!+, (- %&%&/01- %T>Bb!) (*1>P Tob!+96'=%(-&!/0113,-.3/(/4"*%!BI#")!

Nch



PQOF

J%" T(*!+-%3%/M%4%7-18%*27-"#%!J"(""X<%("('/OINDal</V,!B47/./4&F!
"hemical and pharmaceutical bulletin (585Q7 dbeD!PPBIRPbQF

u.)/DI6Ff!;"DICFf16)(/D!Ffl+/('D'uFfIR&7.)%(D!'$F!6 FfIM3)8/H&?"D!IF!CFf1J%"*%3D!KF!CFD!
XV')-"[(1/01<3"=)3,N47/./A&!-/17)38/V, 4" T 7T"*&IH"- 1&/*"2=17.4/3"-%!7)-)4,U%*!
8,IRI6KX!)(*184%)7.F! The Journal of Organic Chemistry (555@4 dceD!NBRIbZZF

NOOF B44)D!hF!6Ff!9/('D!GF!$Ff!l+-/4-UD!GF!6FD!IV<%*"%(-!&,(-.%&T&!/0'a

NOPF

NONF

NOdF

NO'F

NOBF

NOZF

NOdF

SF3IVU&IL2N (14 (Y& (KIN - T,*3/V,  TPDI)<.-/L2"(/(%&#) (%  &/-N3,(%!
)7,4042,4)-"[(YT/(*%(&)-"/(F! Organic & biomolecular chemistry *445@ dNaeD!"QZO
‘QZ'F

;"(DLFfI/=)(/D!>Ff16)U%- DI>F!=FD!K)44)*"Z8)-)4,U%*14/(" 13)('%!*%7/(:2")-"#%!
"&I=%3"U)-"/(!/01.".4,1&28&-"-2-%*!iD!" T2(&)-23)-%*17)38/(,4!7/=</2(*&F!
Journal of the American Chemical Society *4(6QL38 daNeD!PO&®OabOF

+="-.1SSSD!BF!GFf!q"2D!IFfIC/(%&D!$F!JFflh/8),) &'RM)E! &, (-.%&"&!/0ldr
*'&1/*%3=/4"*%Hburnal of the American Chemical Society (553Q17 d'_eD!PNAQPP
PNOPNF

+="-.DIBFIGFfIG%)27.)=<D!RF!CFf!;)6)37.%D!6F!CFflh)20=)(D!6F!$Ff!q"2D!IFf!

B3"=/-/D!9Ff!C/(%&D!$F!JFfIh/8),)&."D!hFD!I#/42-"/(1/0!)!'3)="1&7)46!&,(-.%&"&!/0!
dx&"&7/*%3=/4"*%Hburnal of the American Chemical Society *444Q22 daZeD!_7Zb

_ZZF

+="- DIBFIGF|[3%%U%D!GF!+FfI$")(D!6Ff19"3/&%D!RFDIR/-)41& T .%&"&!/0ldxe
QT %3=/4"%@!)!." 4,17/(#%3'V%(-10/23-. T%(%3)-"/(1)<<3/)7.F! Organic letters
*443Q@ dQeD!P TRIN IF

G/,7%D!JF!CFf1624L2%%(D'MF!>FfIK)--%(*%(D'MFD!R/-)4!&,(-.%&"&!/0!-.") ()U/4%D!)!
(H#%41"(."8"-/31/019S] TP!03/=!</4,)("2=1&<F! Tetrahedron letters (552@5 daPeD!
bcOfbcO _IF

R"%-U%D!;Ff!G/.(?%D!1Ff!$"%-UD!+FD!+,(-.%&"&!/0!-.%!$%/V,)="(/&P")B!dxe
[/3/&) ="(%'#"IN1L/H#%AIS/="(/*h(/%#%()'%429%-%3/ T$"%4&B4*%3!3%)7-"/(F!
Organic letters *445Q1 dPaeD!INQINQbOF

G)"D!IFf1+.%(D!SFfl;"D!IFf!$)"'DI6FDIR/-)41&, (-. % &" &TBHAKS, (| BI1#")!
7)38/(,4)-"#%!=)73/4)7-/("U)-"I(F! Journal of the American Chemical Society *4(6Q'
138 da’eD'PO TRO_"PF
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Biography

9,2(:"1:%9%! 3%7%"#Ib@)7.%64/31/01+7"%(7%!*%'3%%6!J8=)7,1)-11%2('()=!

5("#963&"-, D!+/2-.1h/3%)!"(1[%832)3,//0!NOPOF!+9)B(%6*!.%316) &-UB!+7"%6(7%!*%'3%%!" !

=06*"7"()417.%="8&-3,103/=1-.%!7/44% %) 3=)7,1)-1+9%/2411)-"/() 415 ("#%3&"- DI+/2-.!

h/3%)!"(1[%6832)3,!/0INOPNF!S(!-.%!0)441/0INOP  D!&.%!8%')(1.%3!'3)*2)-%!7)3%%3!)-1$22%!

5("#%3&"-,1)(*13%7%"#%*1.%3!$/7-/3!/0IK."4/&/<. " (/3")("7'7.%="&-3,!" (! L/#%=8%3!/0!

NOPQF

ZC>C%A'a'<b,%0

h)-.4%%(1U"%4"? [94/H&.."<|BH)3* | NOP NOPQ
>FIIF19)289%3!6%=/3")4![%44/H&.1< NOPANOPL_
1)-"10413%&%)37.1[/2(*)-"/(/0'h/3%) DIGhINP!J%&%)37.1+7./4)3&."< | NOPQOPP
1962('()=!5("#%38&"-,D!+7./14)3&."<I0/31B7)*%="711V 7%44%(7% NOONOQQ

T$.E"/,?"C>A'>0'T,?&>7

nPPo

nPQOo

+F1:%%D!IF!6F!;9%2%@) O&&!9F!C%/(D!9F!;%%DI$F!+."(D!+FIh"=F1"6%=83)(%!02&"/(!
-.3/2".1-.%!'06(%3)-"/(1/01-3"YU/A%! 7%3)="*061#") 74" 7217 .%="&-3,1)-!-.%!=06=83)(%!
&230)7%4isian . Org. Chem. *4(5 Dik press d.--<&@YY*/"F/3'YPOFPOONY):/7FNQPQO0a Ne
|
Z)'0&8D!IF1+,44%8&-%3D!IFIIF1$%38, &R+, (- %&"&!) (*1) () 4,&"&!/01()-23)4!
<3/%27- TA"2%!1=)73/7, 74%&MH") 1) (*%=1N"%)-"I(YIV) T7/(:2")-%6!)**"-"/(13%)7-"/(&s!
Chem.~Eur. JF14(5 D25D1ZbO@bO"F

|

B6F!1:%6%D!CF!u.)/DBFFhH)?D!CF!>./DI6F!;%%D!JF!BFIM"44% ERIHIBF Z) O&&D!
9FTCFIK)3?D!qF!E2D!KF!U./2DICFI9/(F1"+-32713%"-,13%4)-"/(&."<!/01&240/(, 4!
<"<%3)U"(%!:<VOI"(."8"-/3&1)()4,U%*18,1)(1:<VI  T7/2<4%*1=)4)7."-%!'3%%()&&),*!
ACS Infect. Dis. *4(5 5DIZ"PZbPF

|

CFIM)2-)=D!+F!G)(&?/-J1)!0&&D!IACF!;%%D!IF19F! CYaREACED! GFF! C%/('F!
"$IH( T3%'24)-"/(1/017)-.%<&" (1+1)(*1=)-3"VI=%-)44/<3/-%" () &Y6TQ1#")1+37D!) ! (/(T

Ncd



nco

nZb

nbob

n'd

nabd

nNo

nPb
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