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Strong basic or
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M=2Zn,Ti, E ’
metal-homoenolates 3 1
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a) Zili ChenOs Synthesis of Sulfonyl Cyclopropanol Precursor

PhSO,Na (1.2 equiv) OO0
TMSO. _OEt  catHCl o OFt  HCOH(0equv)  po 7 A
P
K MeOH K MeOH/H,0 K
rt, 2 days
Commercially 3 4
available Isolated Overall 59%

b) Yuijin Jang®s Optimal Conditions

RSO;,Na (2.0 equiv) OO0
TMSO_ _OEt  CatHCl  |Ho_ OFt| HCOH(Oequv) — po g7 ¥one-pot
K "R ¥gram-scale
MeOH MeOH/H,0O ¥ no purification
rt, 10 min rt, 2 days ¥ 12 examples
Commercially 3 4,92%
available R =Ph
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Ho_SOPh  pr- X

N5 Ru(ll)-Pheox "\

Method A n-BuLi (1.0 equiv);

SO,Ph BF3¥OEb (5.4 equiv) (0]
A 2 (Et:Si0), (1.2 equiv) HOKSOZPhA A
BuLi RY "R2 DME or t-BuOMe, RY “R2 RY "R2
H_ _SO,Ph /A [AcOH quench at ! 78 iC] >99:1 dr Enantioenriched
Y Ry RrR2 >90% ee cyclopropanones

H ii. BsCl (14 examples) Rl R2, =H, Ar, Alk
Method B iii. n-BuLi '
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B-M* —a R U reagents
AM=zn TiNE (M Kq R ﬁ‘
HO. R Metal-Homoenolate o Transformations
K J\A Nuc Addition
R FG Cross-coupling
Cyclopropanols | -Functionalized Halogenation
Ketones Homo-aldol
FGIE
M cat., [O] ‘0%, R o} M
M =Ag, Mn, Fe E K’W R)J\/‘

! -Keto Radicals
5BGK;LIQC'#u#'83405=:6P6935'<A<=3>73>0ABFC'<<:@@3" [3;4<21346=1V:0'L:234.@'P16'
E:26€r3E3:43=62:'37TL:23'7601<6=>:<1/@
:@>12:"8:149'6'P:7@621=:"142:7E:0162:,'34=A'2M3'E614'6>>736<?:@'67:'<3EE34=A";@:0'5
@A42?:@1V149' <A<=3>73>643=@/' U?:";@:' 35'<678:4310' @>:<1.@' 0:71P:0'573E' V14<,' @6EG6
<?73E1,E'1@'6'<3EE34'E:2?3023'@A42?:@1V:'<A<=3>73>643=@'573E @ FI8TRIBRY?:7@
(:<:42=A, 64' :=:9642' >6==6KE26=AV:0' <A<=3>73>6462134' 8:2MID B=G¥=@' 640' 3=:514@"
655370149'@1=30A">732:<2:0'<A<=3>73>643=@'M6@'7:>372:0'8A'2?:'$SBB3%, EXHD@ ;/
<?.E1@27A'0:P:=3>:0",@1492?1@'@2762:9A'RAFASEIRI@;8@2762:@/'U?:'@:<340'6>>736<?'1@
2?:' 212641;E' G)*K' E:0162:0' <A<=3>73>6462134' 35' .@2:7@," 6=@2F:'l431M IRDK?'
<A<=3>73>6462134'GRABK! ""4'6 @AEE:271<'P:7@12P36=14L3P1<?'<A<=3>73>6462134'1@'
@21=="64'3493149'7:@ .6 7{P?6KE31643P1<?'973;>'?6 @'10:42151:0'U12641;E'G)*K'U"lI-J62:'
<3E>=:0:@' 6@' 6>>73>7162:' @>:<1:@' 23' 142730;<:' <?176="14537E6@LFEBIT@@1 272"
@2762:9A'7:=1:@'34'@231<?13E:271<'6E3;42@'35'2?:'212641;E'@>:<1.@,'640>:75=;373"@2:7@'
23'56<1=1262:'27:'762:'35'2?7:'<A<=3>73>6462134' @2:>,'L:A' @ 2342R'E3017/B24Y.=@'35'

1464213@:=:<21P12A'G;>'23'gty"::K/



(a) Cyclopropanation of enols via metal carbenoid species  (b) Titanum-mediated Kulinkovich cyclopropanation of esters

X
JJ\ [M])\Rz HO Rl j)L Bng\/\RZ HO Rl
RO™ "R? then deprotection A R2 RO™ "R Ti (IV) A R?
¥R = SiR;, [M] = Zn, Cr, PdE ¥ Often stoichiometic titanium (1V)
¥ Typically racemic ¥ Excess of Grignard reagent !
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OMe
/@/ OMe
Li HOK©/
Et,0, reflux, 12 h

a) Long reaction times under refluxing conditions

HO._ _OEt MeMgl IMgO.___OEt
K Et,0,0iC K
52%
b) Excess of Grignard reagent, low atom economy Ph

=

BrMg P> Ph
HO_ _OEt MeMgl IMgO.__OEt (11 equiv.) HO{
K Et,0,0iC K Et,0, reflux, 16 h

90%
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o Goals:
MOS80 & R%-MX HOQ .R? - No Ti (IV) species
A A -Mild Conditions
R R1 R! -Reduce Grignard
equivalents
Cyclopropanone Equilibrium -Reproducibility
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MeO
\©\ OMe
HO._ _SO,Ph MgBr
X o HO
Equivalents

Solvent, Concentration

4 Temperature, Time 5 -

)>9;@ "_B:?K>B7F’L $'_';§': &C>EL' 4 #C?F:¥9 $BH:' 6’ O0B:?2I' b'"
R XN N23'72 RN AR ' h' dg
X XN N23'72 RN +2%- h' fz'
VA X/ N23'72 R/N USF' h' dh
e X/ sdg R/N USF' h' &I #5%
h' X/ N R/N USF' h' dR3%%&
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Conditions?

HO

K

A: R-MgBr (2.2 equiv), THF, 0 jCtort, 5 h
B: MeMgBr (0.95 equiv), THF, -78 jC then R1-MgBr (1.2 equiv), warmto rt, 5 h.
C: ZnCl, (1.2 equiv), LiCl (6 equiv), TMSCH,MgClI (2.4 equiv), R:-MgX (1.2 equiv); then add 1a (1.0 equiv), 0 iC to rt, 12-14 h

SO,Ph

Conditions: A, Bor C

HO

Rl

A

OMe OPh NMe, F CF3
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ap|l yields correspond to isolated yields on a 0.25 mmol scale of 4. PIsolated yield on a 2.5 mmol scale of 1a. “Reaction was stirred

at rt for 16 h instead of 5 h. 9Using (phenylethynyl)lithium (2.2 equiv), at ! 78 jC to rt.
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BrMg
= Dy
N MX,,
HOKSOZPh (2.2 equiv.) BngOKR M = Pd, Cu, Zn, Co, Ag, etc. j\ﬂ - (ZDC-%btond formation
- One PO
THF, 00C to 1t, 5h E*, Coupling Partner, R RO - Construction of
Radical Acceptors Important Scaffolds

Homoenolate Chemistry '
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a) One-pot Palladium Cross-Coupling

BrMg Br
\©\ @ (4 equiv) S —— ‘
OMe OMe o 3 o H:
HOKSOZPh (2.2 equiv.) BrMgO._ _Ar Pd(OAc), (10 mol %)
THF, 0 0C to rt, 5h K MeO :

dppd (20 mol %)
Ce,CO3 (2 equiv.)
Toluene, 80 jC

b) One pot ! -Fluorination e |

BrMg \©\
o F | o Br
OMe AgF (20 mol %) : :
HOKSOZPh (2.2 equiv.) BrMgO._ _Ar Select-Fluor (4.0 equiv) 3 ;
THF, 0 GC to 1t, 5h K MeO 'MeO

Ph/H,0, 60 iC ;
34 : 35

Not Observed
c)One pot!-Cyanation e 3

(e}

BrMg
\©\ O (1.5equiv)
OMe ! 7 ™
HOKSOZPh (2.2 equiv.) BrMgO.___ Ar CN /©)\)
THF, 0 GC to rt, 5h K MeO

Cul (10 mol %)
DCE 36

Not Observed !

#E6:H:' <IRC')41216=1382'?3E3:43=62:2716=@

a) One-pot Silver catalized C! H functionalization | le) |
BrMg o (6]
1 iv.
\@\ (1 equiv.) | o |
OMe

_ o) o} OMe
HOKSOZPh (2.2 equiv.) BngOKAr o ‘ ‘
THF, 0 GC to rt, 5h AgNO; (20 mol %)
0 o}

K5S,04 (3 equiv.)
CH,Cl»/H,0

0%
b) Work-up reaction intermediate

BrMg |
\©\ ° °
OMe (1 equiv.) o

. | |
(2.2 equiv.) (0] (e} OMe
HOKSOZPh THF, 0 GC to rt, 5h HOKN o ‘ O
Filtered thorugh AgNO3 (20 mol %)
(e} o

SiO,/Celite Used crude K,S,0g (3 equiv.)
CH,Cl,/H,0

50% !
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BrMg
\Q Br—=——Ph o
(3 equiv.)
_ OMe Et,Zn (1 equiv.)
HOKSth (2.2 equiv.) BngOKAr CUuCN 2LiCl (1.5 equiv.) AN
Ph
THF, 0 GC to rt, 5h MeO

THF 37
48% (57)2

Bng\©\
. OMe Cu(OACc), (1 equiv.) Q
HoKsozph (2.2 equiv.) BngOKAr PhSO,Na (1.5 equiv.) g-Ph
THE, 0 6C to rt, 5h air, MeOH MeO 00

38
41% (77)2
aYields in parenthesis are starting from cyclopropanol (9). '
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HO__SO.Ph Conditions A! C HO__R 17 Examples
K K R = aryl, heteroaryl,

alkynyl, alkyl

Conditions

A: RL-MgBr (2.2 equiv), THF, 0 jCtort, 5 h

B: MeMgBr (0.95 equiv), THF, -78 jC then R,-MgBr (1.2 equiv), warm to rt, 5 h.

C: ZnCl, (1.2 equiv), LiCl (6 equiv), TMSCH,MgCI (2.4 equiv), R;-MgX (1.2 equiv);
then add 1a (1.0 equiv), 0 iC to rt, 12-14 h

2
HO_ ..SO,Ph Conditions A & C HO .R 4 Examples
A A R = aryl, vinyl,
Rl R alkyl
Conditions

A: R-MgBr (3.0 equiv), THF, 1 78 iCtort, 1 h
C: ZnCl, (1.2 equiv), LiCl (6 equiv), TMSCH,M(gCI (2.4 equiv), R{-MgX (1.2 equiv);
then add l1la (1.0 equiv), 0 jCtort, 12-14 h '
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RSO,Na (2 equiv)
TMSO._ _OEt  cat. HCI HO. _OEt HCO,H (10 equiv)  HO_ _SO,Ph

K MeOH K H,0, rt, 2 d K

rt, 10 min 4 '

<J 86:>@?AK?DC>@7? E@E?CS8;CBIB@?>7067:0' 6<<370149' 23' 6' >7:P13;@=A"

HOKSOZPh
7:>372:0' >73<:0;7¢ " 5=6E:M71:0' E1<73M6P:' P16=' M6@' <?679:0' M12?' GR

:2?30A<A<=3>730AK271E:2?A=@1=64:'Gh™"'E9,' X/gd'EE3=,"R/"":N;1PK'640'07A"":-$' GR/h"' EJK
$#="GR'O73>H&'@3=;2134'®A7-$K'M6@'600:0,'64R?:'7:6<2134M6 @' @2177:0'62'733E2:E>:762;7:'
537'RVE14;2: @BE341237:08A'UI#' GRNY'+2-"<'14"?:064: @ JNZK/'U3'2?:'7.:@;=2149'@3=;2134"
<342614149'2?:'<A<=3>73>6434:"?:E1A28E'01624'E:27643="M6@' @;<<:@ @ 1P:=A"600:0'$
GZ/M'EJIK,'@301;E'8:4V:4:@;=513@8X'E9, h/de'EE3=,'X/""":N;1PK'640'537E1<'6 ¥1§ER

Xg/d'EE3=,"RN":N;1PK/"52:7'@2177149'62'733E'2:E>:762;7:'537'eg'MB@BH:0'640'27:"

Xd



7:6<2134'E102;7:'M6@"0276<2:0'2?7::'21E: @M 122 H#BEB14:0'379641<'=6A:7@'M:7:'M6@7?:0'
M12?' 8714: 071:0' 3P:7' 19B- 640' <34<:42762:0' ;40:7' P6E;' 655370149' 2?7:' >;7:'[R
@;=534A=<A<=3>736BGBXZ' E9," iXyK' 6@"' 6' M?12:' @3=10"' M?1<?' M6@"' ;@:0' M12?3;2' 5;72?:7
>:7151<62134/

+>' G 7H'AE7?2='B2672149' M1IRNEFOA<A<=3>730AK271E:2?Se@1-%XX/I' EE3=,' R/"™

'N;1PK,'@301;E'8:4V:4:@;=5T&2"'9,'eh/g'EE3=,"X/""N;1PK,'$#="Gh'07 BLLH D7-$K'
640'537E1<'6<10'Gg/fe'EJ,' XXI/NEE3=,'RN"":N;1PK,'6553@149FRA=<A<=3>73D642R"'9,’

IMYK'6@'6'M?12:' @318646=A@:@'M:7:'<34@1@2:42'M12?'2?:'>7:P13;,@=A'7:>372:0'0626/

(@] SO,Ph n-BuLi;
1 i EN | = 2 . N
00 i nBuli [>R S BFS¥OED, (E;Si0),  HON, «SO2Ph
S, ; Z \
Ph Me ii. BsCl A t-BuOMe, ! 78 iC R
iii. n-BuLi R 0627 '

HO. .SO,Ph ¢ YMIMH:96@XJ 86:>@?AK?DC>@7? EQEXIBXLEMQ 'M6@' >7:>67:0'

x

83223E:0'5=6&B42614149'6'@3=;2134'35'E:2?A=">?:4A="@h258L,'Z/XNEE3=,'"R/"™"N;1PK'

Me  6<<370149'83*7:P13;@=A'7:>372:0'>734/0{73'64'3P:4D71:0'h"'EJ' 73;4D

14'07A'U$F GXMNNEJIK';40:7:8M6 @' 600:8D0,J1' GR/ZNMEJ GX/h!' @3=;2134'14'?:064: @K, Z/Zf
EE3=,"R/"h":N;1PK'073>M1@d§2n# 640’ @2177:0'537'ZNEL14'62'2?:' @Q6E:' 2.ExXT8 27/
7:6<2134'E102;7:'M6@' 6BHISERy 73>A4:' 3010:' GNXX'EJ,' ZIXN EE3=,'R/"":N;1PK'640'2?:"
@3=;2134'M6@'M67E:0'23'733E'2:E>:762;7:/"52:7'2?:' @2672149'E62:716="M6@'<34@;E:0'GZ'?3;’
UJ#646=A@1Q@QK,'2?:"'@3=;2134'M6@'<33sd0'8613403B:4V:4.@;=534A='<?=3710:"G"eR'EJ,
ZIXNEE3=,'R/":N;PK'M6@'600:0'073>M1@:/"52:7'ZNE14,'2?:'7:6<2134'M6 @' M&#BAHR 3"
L:>2'622?1@'2:E>:76237:Z'?3;7@/'U?:'7:@;=2149'@3=;2134'M6 @UcAB#:0HR1@4 0#D; I 1'

GR/ZMEJ GX/hN' @3=;2134'14' ?:064:@K,' Z/Zf EE3=,' R/"h":N;1PK'M6@' 600:0' 072*M1@:,' 640

@3=;2134' M6@' =:52' 23' @=3M=A" M67E' 23' 733E' 2:E>:762;7:' 3P:741972/' U2 7:@;=2149' E102;7

Xg



N;:4<?:0'M12?'$¢-'640:0276<2:0'2M1<:'M12?'+2-"</'U?:'<3E814:0'379641<'=6A:7T@'M:7:'M6@7?:0'
M12?' 8714:," 071:0' 3P:7' 19B-640' <34<:42762:0' ;40:7' P6<;;E/' U?.' @;=53d<=3>73>64""
142:7E:0162:' GeRN E9,' ffy' A1:=0," «iiCR' 07, «ily' :K' M6@' 1@3=62:0' 6@' 6' <3=37=:@@" 31="652:
>:7151<62134'8A'5=6@7?'<?73E623976>7A,":=; DI 24 ?:064.@'G:=;2134'97601:42K/'
"=='646=A@:@'M:7:'<34@1@2:42'M12?'>7:P13;, @=A?%>372:0'06 26

"4'3P:4 M71:0h' EJ E1<73M6P:'P16=":N;1>>:0'M12?'6'E694:21<' @217867' M6@' <?679:0' M12?"' 2
@;=534A=<A<=3>73>64:142:7E:0162:'Geh'E9,""VXZNEE3=,'R/"":N;1PK,'<6>>:0'640'5¢,@?:0'M127?'¢
"4?A073;@0;-!:'GNAMEIK'M6@'600:0'640'27:'@3=;2134'M6 @ '«B33sdg'm#/'U3'2?:'7:@;=2149'
@3=;2134'M6@'6@0;DL'GIXVEJGX/hN'@3=;2134'14'?:064. @K, N XZNEE3=,'"R/"":N;1PK'640'27?:'
E102;7:'M6@' @2173dy'e2# 537'eh'E14;2: @/I\4+2 ¢ GNZZ'EJ,'R/Xh'EE3=,"h/e™":N;1PK'M6@'
600:0'073>M1@:'€®m# 53==3M:0'8A'6' @3=;21347TIDA8L1@G271:2?ALD Gk KO, M/ Xg'
EE3="R/XM:N;1PK'I&Z-I:'G ANRMNEJIJKU?:'7:6<2134'E102;7:'M6@' @2177:0'537'RIGIH62'
640'2?7:4'N;:4<?:0'8A'60012134'35'6' @3=;2134'35'6<:21<'6<10'14'23=;:4:'GNXh'EJ," 3!:C"<-$'
hCRK,'M67E:0'640'@2177:0'537'R'?'62'733E'2:E>:762;7:/'U3'2?:'7:@;=2149'@3=;2134'M6@'600:0'6
&$ #='640'2?:'E102;7:'"M6@":0276<2:0'2?7::' 21 Ex@ ' M1UA3?:'<3E814:0'379641<'576<2134@"
M:7:'071:0'34'19B- -'640'<34<:42762:0,40:7'P6<;;E'23'6553703Z70:'>730;<MQAM?1<?’M6 @'
>7151:0'8A'5=6@7?'<?73E623976>?A'GR"y'+2-"<'14'?:064.@'<342614149'hy''<-$K'23'655370'2?
> 7' RO®;=534A=<A<=3>73K823eR' E9," gey' A1:=0," «iiCR' 07," «iiy::K/' "=="646=A@:@' M:7:'

<34@1@2:42'M12?'>7:P13;@=A"7:>372:0'0626/

Xi'



HO_ ..SOzPh _<YMIMB6:>:96 @KJ 86:>@?AK?DC>@7? E@QEXIBLBIRM6@'>7:>67:0'
A/\Ph 6<<370149' 23'67:P13;@=A" 7:>372:0' >73</0;143' 64' 3P:4AD71:0' 5=6@L
<3426141ER?A=">?.4A='@;=53&ehZ'E9, X/IN"EE3=,'"R/"":N;1PK'14'07A'U$F' GRe/MESK'62'
dg'm#;,40:7'& M6@'600:80,J1'GR/W'EJ GX/RN'@3=;2134'14'?:064: @K, Z/IXNEE3=,'R/R":N;1PK'
640'@2177:0'537'ZVEL14;2.@'62'27:'@6E:'2:EXBERTI@;=2149'E102;7:'M6@'600:0'6' @3=;2134"'
35'8KDD>?:4:2?A=30176%' Gede'E9,' Z/XNEE3=,'R/R":N;1P,'ify' :K'14'07A' B$GR/hM'EJK'
073>M1@:,'640'2?:'7:6<2134'M6@'6==3M:0'23'M67E'23'733E'2:E>:762;7:'640'@2177:0'537'Rf'?3;7@
7:6<2134'M6@'2?7:4'<33s0B1#'640'8:4V:4:@;=534A="<?=3710:'GNZf'EJ, XI""EE3=,'R/""N;1PK'
M6@'600:0,'2?:4'M67E:0'23'"N"m#/"'52: 72?3, T@B2'E>:762;7:,'2?:'7:6<2134'M6@'<33el§'23'
M#'69614'640),J1'GR/N'EJGX/RN'@3=;2134'14?:064: @K, Z/XNEE3=,'R/R":N;1PK'M6@'600:0,'640'
2?'E102;7"'M6@'M67E:0'23'733E'2:E>:762;7:'640'@2177:0'537'2'?3;7@/"'52: 72?1 @'21E:,'2?:'7:6<2
M6@'N;:4<?:0'M2'6N/' @62/'€$'640:0276<2:0'2?7::'21E: @'Md223EB14:0'379641<'=6A:7@"
M:7:'071:0'3P:7'&B- »'640'<34<:42762:0,'23'655370'2?:'<7;0:' @;=534A=<A<=3>73>64:'"M?1<?'M6(
>;7151:0' 8A' 5=6@7?"' <?73E623976>?A," :=; 210"V 122"&' 14' ?:064:@' G:=;2134' 978K’
5,741@7?12R'>;7:'@;=534A=<A<=3>73>64:'142:7E:0162:'Ghf'E9,'fdy'A1:=0,'+iiCR'07,'ihy"::K'6 @'
6'>6=IA:==3M'31=/"=="646=A@:@'M:7:'<34@1@2:42'M12?'>7:P13;@=A'7:>372:0'06 26/
"4'3P:4 M71:0XMEJ E1<73M6P:'P16=":N;1>>.0'M12?'6'E694:21<' @21786/ONAGE 2?7 27’
@;=534A=<A<=3>73>64:'142:7E:0162:'Ghh"E9,'R/IX'EE3=,'R/"":N;1PK,'<6>>:0'640'5¢,@?:0'M12?'8
"4?A073;@0;-!I'GI/h™EIJK'M6@'600:0,'6402?:'@3=;2134'M6@'<33=s08®#/'U32?:'7:@;=2149'
@3=;2134'M6@'680; 0L GR/N'EJGX/IRMN' @3=;21341'?:064: @K, X/ZNEE3=,'R/X"":N;1PK'640'2?:'
E102;7'M6@' @2173d0'62#'537'en’'EL14;2: @/'d+2 ¢ GX/Ag'EJ,'RNZJ'EE3=,"h/e™:N;1PK'M6@'
600:0'073>M1@:KRIM# 53==3M:0'8A'6' @3=;213473DA81@G271:2? A=+ K9, X/Z"

EE3="R/XM:N;1IPK'IZ-'G R/MEJK'U?:'7:6<2134'E102;7:'M6@'@2177:0'537'ZVEb42: @'62'

N



m#640'2?:4'N;:4<?:0'8A'60012134'35'6'@3=;2134'35'6<:21<'6<10'14'23=;:4:'GX/h"'EJ,"?1:C"<-$'S'
hCRK,'M67E:0'640'@2177:0'537'R"?'62'733E'2R337B2,7.@;=2149'@3=;2134'M6@'600:0'6N/' @62/
&$ #='640'2?:'E102;7:'"M6@":0276<2:0'2?7::' 21 Ex@ ' M1UA3?:'<3E814:0'379641<'576<2134@"
M:7:'071:0'34'19B- +'640'<34<:42762:0';40:7'P6<;;E'23'655370'27:'<7;0:'>730RA2?1<?'M6 @'
>:7151:0'8A'5=6@7?'<?39E62?A'GRNY'+2-"<'14'?:064:@'<342614149'Nhy"'<-$K'23'5;741@7?'2?:'

>, 7" RO®;=534A=<A<=3>73MRIBZY X' E9, ffy' A1:=0,"«iiCR' 07, ify' ::K/' "=="646=A@: @' M:7:'
<34@1@2:42'M12?'>7:P13;@=A"7:>372:0'0626/

#@>96:ABA'7>1'9B9;79BC>'CD'-;BG>7;1";:7G:>9A

U?:".7194670'7:69:42@";@:0'537'>738142®"'<P' <R640<T M:7:'>7:>67:0'6<<370149'23'2?:"
53==3M149'=12:762;7:'>73<:0;7:'G537'6=="32?:7".7194670'7:69:42@,'7:5:7'23'2?:"'+(:69:42@|' @:<21
XfKC

19'2;74149@'GR/hN:N;1PK'M:7:'<?679:0'14'6 MIBR4AE1<73M6P:'P16="N;1>>:0'M12?'6'E694:21<'
@217'867'640'?:62:0'M12?'6'?:62'9;4";40:7'P6<;;E,'<33=:0'03M4,'640'86<L.51==:0'M12?'412739:4/'U?:
>73<:@@'M6@'7:>:62:0'2M3'E37:'21E:@'640'07A'USF' M6@' 600:0/')4' 6’ @DF6TBZ33R4
83223E'5=6@L,'6'R!"@3=3518%'873E367:4:'GR/""N;1PK'14'07A'U$F'M6@'>7:>67:0,'2"y'352?1@"
@3=;2134'M6@'600:0'23'2?:'P16='<342614149'19'2;74149@'640'?:62:0/'-4<:'2?:'7:6<2134'?76 @'P1(
@2672:0,'6@'2A>1<6==A'4321<:0'8A'6'<?649:'35'<3=37,'7:5=;0149,'?:62'7:=:6 @BA3T P06 @"':P3=;21:
E694:@1;E'@;756<:,'2?7:"7:E614149'd"y'35'27:'873E367:4:' @3=;2134'M6@'600:0'073>M1@:/'H>34
<3E>=:2134'35'2?:'7:6<2134,'2?:".7194670'7:69:42' @3=;2134'2?;@'382614:0'1@'2?:4'212762:0'6<<
23'2?2:'53==3M149'=12:762;7:'>78X:0;7:

ZR



.7194670'212762134

)3014:'1@'<?679:0'14'64' 8P74:0' E1<73M6P:'P16="<342614149'6'E694:21<' @217'867,'<6>>:0,'2?:
@A@2:E'1@'5=;@?:0'M12?'412739:4'640'6'@62;762:0'@3=;2134'35'J1#="14'07TA'U$F'1@'600:0/'U?:
1@'<33=:0"'23"M"m#,'640' 2?:' 379643E:26==1<'7:69:42' 1@ BO@D" ¥BL="'6'<=:67' @3=;2134'1@"

382614:0/')41216="640'5146="P3=E:@"'M:7:'7:<370:0,'640' 2?:"E3=67'<34<:42762134' 1@"' 382614:
01P10149'2?:'EE3=@'35'13014:";@:0'8A'2?:'2326="P3=;E:' G14'EJK'35'.7194670' 7:69:42' @3=;2:

<34@:E:0/"

),)%!3" %+&)(\%)" =" BA42?:@1@REE):8@212;2:0' <A<=3>73BNB+@0' R,B
01@;8@212;2:0'<A<=3>73HAMB5S@194670'7:69:42'6 @' @6<7151<16="86@:K

HO_ .SO.Ph  R2.MgBr (2.2 equiv)  HO_ _R2

ARl THF.OiCtor,5h ARl

4,26,27 9-23,28-30.

"4' 3P:4 M71:0' E1<73M6P:' P16=":N;1>>:0' M12?' 6' E694:21<' @217' 867' M6@' <1379:0' M12?'
G?:4A=@;=534A=K<A<=3>T3G64BE9, "' XhX'EE3=,'R/"":N;1PK'640'01@@3=P:0'14'07A'U$F'
GX/N'EJIK/I'U?!'7:@;=2149' @3=;2134'M6@'<33=:0'03M4'23'"'m#';@149'6'M62: /e i862?'G37'23'
;@149'6'07A'1<:p6<:234:'8627?,' @::' @>:<151<'>73<:0;7: @K/ U?:'974BGYORhEE3=," X/ X"
‘N;1IPK'M6@' 2?:4'600:0' 073>M1@:/' "52:7' 2?:'60012134' M6 @' <3E>=:2:,'2?:' 7:6<2134'E102;7:' N
7:E3P:0'573E'2?:'862?'640'@2177:0'62'733E'2:E>:762;7:'537'2?:'1401<62:0'21E:/'&32:C'6=="7:6<21.
E;@2'8'@2177:0'62'=:6@2'h'?3;7@'62' TBRE2'EF6P310'2?:'>7:@:4<:'35'7:@10;6='01E:71<'@10:'
>730;<2'14'2?:'<7;0:'E102;7:/'U?:'7:6<2134'E102;7:'M6@'N;:4<?:0'62""'m#'M12?'6' @62;762:0'@3=;2:
35'&$#=,'2?:4'01=;2:0'14'?:064:@'640':2?A="6<:262:'640'51=2:7:0'2?73;9?'<:=12:'34'23>'35'6' @ 1=
>60'@149'+2-"<'6@'64":=;:42'37":0276<2:0'M12?'+2-"<'640'07 1 &B27'U?:'51=2762:"M6 @'

<34<:42762:0' 640' 27! 7.@;=2149" 7:@10;:;" M6@"' >;7151:0' 8A' 5=6@7?' <?73E623976>?A" ;(

ZX



+2-"<p$:064:@" 37" 4$:064:@' 23' 91P: >;7:' <A<=3>73>643=" >7IAMREIO'MNU B::*

@>:<151<"'>73<:0;7:@'537'0:261=@/

O o T o
- K@ 2 -2
K@ @ .

SBGK;:'<L<MA<=3>73>643=@"'>7:>67:0",@149'9:4:76=">73<:0;7:"

1),)%I3" .%+&)(\%)' =" BA42?:@1@' B;&@212;2:0' <A<=3>73TGMB@7194670'

'<343EA'BA’;@1499\7'6@ '64:02:746="861@:K

R-MgBr (1.2 equiv) HO. _R

THF, warmtort, 5 h K
9-23

HO

SO,Ph MeMgBr (0.95 equiv) 0 SO,Ph
2 Bng/ K 2

K THF ! 78 GC ”

4

"4' 3P:4 M71:0'E1<73M6P:' P16=":N;1>>:0' M12?' 6' E694:21<' @217’ 867' M6@' <?&/9:0' M12?" |

G>?:4A=@;=534A=K<A<=3TBBHIE9,' "/ XhX'EE3=,"R/"":N;1PK'640'01@@3=P:0'14'07A' U$F'

7z



GX/h'EJIK/'U?!' 7:@;=2149' @3=;2134'M6@" <33=:BdpM' 2@ 149' 64' 6<:234:p07A"' 1<:' 8627/

LIo\7 GZ/XN 1" XeN EE3=,"Mih™ :N;1PK' M6@' 600:0' 073>MH@ rm#,' 53==3M:0' 8A' 22"
.7194670'7:69:42'GNZNZ'EE3=,"R/IX":N;1PK,'E6142614149'P19373;@' @2177149'2?73;973;2/'"52:7
60012134' M6@' <3E>=:2:,'2?:'7:6<2134'E102;7:'M6@' 7:E3P:0'573E'2?:' 862?' 6483@2177:0' 62
2:E>:762;7:'537'2?:'1401<62:0'21E:/'&32:C'6=="7:6<2134@'E;@2'8:' @2177:0'62'=:6 @2'h' ?3;7@"'€
2:E>:762;7:'23'6P310'2?:'>7:@:4<:'35'7:@10;6="01E:71<' @10:' >730;<2'14' 2?:'<7;0:'E102;7:/' U?:
7:6<2134'E102;7:'M6@'N;:4<?:0'62' N m#' M12?'6' @62; 1A BEBS#H2,' 27:4'01=;2:0'M12?'
?2:064:@'640':2?A="6<:262:'640'51=2:7:0'2?73;9?'<:=12:"34'23>'35'6' @1=1<6'>60";@149' +2-"<'6(
=42/ U?' 51=2762" M6@' <34<:42762:0,) 640" 2?:' 7:@;=2149" 7:@10;:' M6@" >;7151:0" 8A' 5:
<?73E623976>7?A";@149'+2-"<p$:064: @:3F$Q64:@'23'91P:'>;7:'<A<=3>73>643=">730;<2@"

MNB::'@>:<151<">73<:0;7:@'537'0:261=@/

Z¢



OMe

NMe, F CF4
9

T
NP
g@

12 13
OMe Me
14 17 18
S A\ P Ph
HO HO =~ HO{
CFs
19 22 23

5BGK;:'<L<MRA<=3>73>643=@">7:>67:0;,@149'9:4:76=">73<:0;7:"\

#8:EBDBE'S;CE:IK;:A"7>I'E67;7E9:;BV79BC>'I797'DC;'E@E?C8NI8IrZaMITU

oMe <J QH:96CW@86:>@7? E@E?CEII7>T E3==3M149' 9:4:76="'>73<:0;7:'
HOKQ " @LAREE>?:4A=@;=534A=K<A<=3>0BIYBE9, N XhX' EE3=,' R/
:N;1PKelE:2?30A>?:4A=E694:@1;E'873E10:' GR/R'EJ' GNh ' I' @=4K,'Ahhh' EE3=,' X/X"'":N;1PK'
600:0'62'Nt#'14'07ANSF GX/hVEJK'640'272:'7:6<2134'7;4'62'72'537''?,'655370149'<A<E3>73>643="
GZg/NEY,'IRY'AL:=0K'6@'6'M?12:'@3=10'652:7">;7151<62134'8A'5=6@?'<?73E62397B>?A,":=;2149

eny'+2-"<'14'?:064:@'G:=;2134'97601:42K/

-4'=679:7' @<6FB-=3M149'9:4:76=">73%0;,"; @ 14RL>>?:4A=@;=534A=K<A<=3T BFH43="'

E9,'X/IhX'EE3=,'"R/"":N;1PKIE:2?30A>?:4A=E694:@1;E'873E10:'GRR/R'EJ' GNh™M'I'@=4K, 'h/hh’
EE3=,"X/X":N;1PK'600:0'62"Nt#'14'07 A'USF' GXh/NEJIK'640'27:'7:6<2134'7;4'62'72'537'n'?,'655370149
<A<=3>73>6433ZgiI'E9,'iey'Al:=0K'6 @'6'M?12:'@3=10'652:7">;7151<62134'8A'5=6@?'<?73E62397¢

1=;2149'M12B8*y'+2-"<'14'?:064.@'G:=;2134'97601:42K/'

Zh



F3==3M149'9:4:76=">73<:0;7;®@ 1405>?:4A=@;=534A=K<A<=3XTGH6AZEI, "' XhX'EE3=,'

R/ :N;1PKE:2?A=E694:@1;E' 873E10:' GdhGZ/X'!' @=4K,' M Xe' EE3=,"ih":N;1PK' 64D’ e
E:2?30A>?:4A=E694:@1;E'873E10:' GG h"'I' @=4K,"NZ"Z'EE3=,'"R/X"":N;1PK'6009'62'
dg't#'14'07A'USF' GX/WMEJIK'640'2?:'7:6<2134'7;4'62'72"688870149'<A<=3>73F&3BR/d'E9,’

gfy 'AlL:=R6@'6'M?12:'@3=10'652:7">;7151<62134'8A'5=6@?'<?73E623976 B4 +2:2449'M12?""

14'?:064:@'G:=;2134'97601:42K/

-4'=679:7' @<6F&=-=3M149'9:4:76=">73<:0;7:"\,"; ORAD>>?:4A=@;=534A=K<A<=3XT &G+F43="

E9,'X/hX'EE3=, R/ :N;1PE;2?A=E694: @1;E'873E10: GHI'GZ/X'!' @=4K, X/eN EE3=, Vih'
:N;1PK'640ME:2?30A>?:4A=E694:@1;E'873E10:' G/ EJ'GNhN!' @=4K, ' Z/ Z'EE3=, R/IX":N;1PK'
600:0'62dg't#'14'07A'USF GXN/NEB0'2?:'7:6<2134'7:4'62'72'537'h'?,'655370149'<A<=3>73>643="
TGZfe'E9,'ggy'Al:=R6@'6'M?12: @3=10'652:7">;7151<62134'8A'5=6@7?'<?73E623976 EPA, :=:2149')
eNy'+2-"<'14'2:064:@'G:=;2134'97601440% 'GINISV, Hit= KT d/IXd'G@S'g/d'$V, X$K,'
flgd' GOZ'S'g/d'$V, X$K, Z/gNG @, Z$K, X/X'G @'G87K BBIRIRERSK, igif GE, X$K/&!
4% GRhMISV, '#i#= K'Y Rhg/f, RZf/X,'RXf/h,'RRZ/i,'hili,'hh/h, Rifil"'=='327:7'646=A@:@'M:7:'
<34@1@2:42'M12?'>7:P13;@=A'7:3372:0'0626/

oph <J (B6:>CW@86:>@2F@ESTIIC? _<UU?:' .7194670' 7:69:42' M6@'
HOKQ >7:>67:0'6<<370149'23'22:>73<:0:7:0: @<718:0'ZREOD: 74149@'GR/N™
EE3=,'R/h":N;1PK'64MR 3EIRD-2:430A8:4V:4:GR/MEE3=, RIM:N;1PK'14'07A'U$F' GR/INEJIK/
U12762134C"Zen
F3==3M149'0:4:76=">03&"" ,:@14805>?:4A=@;=534A=K<A<=3TGHBAZEY, "/ XhX'EE3=,’
RIM:N;1PKeD-?:430A>?:4A=E694:@1;E' 873E10:' GR/fh' EJ' GZeN ' @=4K, Mhhh' EE3=, X/XN
IN;1RK' 600:0' 62' ' t#' 14' 07A' USF' GX/h™ EJK' 640' 22:' 7:6<2134' 7;4' 62' 72' 537" h' 2, 655370149'

<A<=3>73>648Gei/R'E9,'gfy’'Al:=0K'6 @'6'M?12:'@3=10'652:7">;7151<62134'8A'5=6@ ?'<?73E62397

Zf'



'=;2149'M12®"Yy'+2-"<'14'?:064: @'G:=;2134'97601:42K/

F3==3M149'9:4:7623<:0;7:\ ,; @ 14HB>?:4A=@;=534A=K<A<=3XIGh6AEI, ' XhX EE3=,’
R/A :N;1PKE:2?A=E694:@1;E' 873E1Gth| J' GZ/X' I' @=4K,' ~/Xe' EE3=," ~ih' :N;1RD
>?:430A>?:4A=E694:@1;E'873E10:'GFIRNZeN!' @=4K, NZ Z'EE3=,'R/X":NARKO'6 Xdg'
t#'14'07A'USF' GX/hNEJK'640'27:'7:6<2134'7;4'62' 72 5565870149'<A<=3>73M43ef/X'E9,’
gRY'AL:=R'6@'6'M?12:'@3=10'652:7">;7151<62134'8A'5=6@?'<?73E62397ARPA+2::2149'M 127"
14'2:064:@'G:=;2134'976(PAPKZ G X y'+2-"<'14'2:064: @B d\DIRM#E 4%  'GIVNISV,'
#l#= 1 K'}d/Z&/Xi'GE,'e$K,'d/RMG2S'd/e'$V, R$K, 'd/ Blid' GE,'e$K,'XIZR'G@'G87K, -$KLR/Xf
R/Xe'GE,X$K, R "R'GE,'X$KE.',4% 'GRhMS$V, #I#= 1 KYRhd/h, Rhi/*'RZi/X, RXili,RXfle,’
RXZ/Z,'RRi/"'RRg/g, hfld, RAWG4:62K'ZZZe,'Z*Zi,'Rgig,'RfdR,'Rhgd,'Rh"g,'/RegZ,'Re’f, RXXe,'
RRIff,'RMNX,'RAXX,'RARX,'idR,'gfX,'gXf,'dgd, dhZ, fiR,' hhigh4# 'G$+B)K:; C'WIX$Y #6=<0'
537'#%:$ %- & XXd/RMAQ'F3;40'XXd/R™Z/

NMe, <J @ IBH:96@7?7HB>C 86:>@? E@E?GKLB7x<E3==3M149' 9:4:76
HOKQ >73<:0;7:'" )" ;@ 14FB>?:4A=@;=534A=K<A<=3>QIZFY3-E9, /XhX'
EE3=,' R/ :N;1PKelB || M1E:2?A=K641=14:E694:@1;E'873E10:' GR/R' EJ' GNh~' I' @=4K,' ~hhh'
EE3=,'X/X":N;1PK'600:0'62'""'t#'14'07A'USF' GX/hNEJK'640'27?:'7:6<2134'7;4'62'72'537'19?,'65537014
<A<=3>73>648<'GZd/h' E9, gey' A1:=0K' 6@’ 6' =19?2' A:==3M' @3=10' 652:7' >;7151<62134' 8A'5

<?73E623976>7A,":=;2149'MR2¢42-"<'14'?:064.@'G:=;2134'97601:42K/'

F3==3M149'9:4:76=">73<:0;7;® 1405>?:4A=@;=534A=K<A<=3XTGH6AZEI, "/ XhX'EE3=
R/ N;1PKE:2?A=E694:@1;E'873E16GdN J' GZ/X'I' @=4K,' M Xe'EE3=,"Mih":N;1RKb ,! D
01E:2?A=K641=14:E694:@1;E'873E1(QIBBWhN!'@=4K,"NZ"Z'EE3=,'R/X"":N;a6K0'6 Xdg’
t#'14'07A'USF' GX/hMEJIK'640'2?:'7:6<2134'7;4'62'72,BSBR70D149'<A<=3>733BA3ZX/Z'E9,’

dXy'Al:=R'6@'6'M?12:'A:==3M'@3=10'652:7">;7151<62134'8A'5=6@?'<?73E6G239T&PA,"=;2149'M1

Zd



+2-"<"14'2:064:@'G:=;2134'9760 DE2RIX'GX y'+2-"<'14'2:064: @H8' RN IRRX'MAF 4%
GIWISV, ‘#i#= | KTd/IXh'G@'S'g/FSV, XK, T/dZ'GOF S'g/Z'$V, ' X$K, 'X/ie'G@, T$K, XIXX'G@'G87K,'
-$K,'R/RAR/RN'GE, X$K, D/ie'GE, X$KA&' 4% 'GRhMI$V, #l#= K'Y Reilg,'RZR/g, RXT/f,"
RRX/g,'hd/R, e, RIXPE'GA:62K' ZXid,'ZAR,'ZMd, Xgdi,' XghR,'Xdii,' RgdX, RfRf,'RhfR,'RhXf,
ReeZ,' RZhh,RXXi,' RRIZ,' RARX, gd”,' gR",' hhR,/ebd#t ' G$+B)KD:: C' WIX$Y' #6=<0' 537"

Hosh 0or& RAG/RXXFQ'F3;40'Rdg/RXXg/

F <] AD?KC;C86:>@? E@E?C&EBT><MHA3==3M149' 9:4:76="' >73<:0;7"' "
HOKQ @14 ?:4A=@;=534A=K<A<=3>TBSBABEEY, "/XhX EE3=,'RI"":N;1PK,
e3=;373>?:4A=E694: @1;E'873E10:' GHIBR/N'!' @=4K, "/hhh'EE3=,'X/X':N:1PK'600:0'62' N t#'
14'07A'USF'GX/hNEJK'640'27:'7:6<2134'7;4'62'72'537'h'?,'655370149'< A<NBZTRIBA 3=’
AL:=0K'6@'6'<=:67' @3=10'652:7'>;7151<62134'8A'5=6@?' <?73E6239 TRHYA:22149'M127'

?2:064:@'G:=;2134'97601:42K/

F3==3M149'9:4:76=">73<:0;7;@14RU5>?:4A=@;=534A=K<A<=3>73>643="Gh"N" E9,'"XhX'EE3=,"
R/ N;IPKE:2?A=E694.@1;E' 873E10:' Qdh GZ/X' I' @=4K,' M/ Xe' EE3=," Mih' :N;1PK)' e
5=;373>7:4A=E694.@1;E'873E10:'GZGR/N!' @=4K,'NZ"Z'EE3=,'"R/X"":N;1PK'600sa ¢ 2%
14'07A'USF'GX/hEJIK'640'2?:'7:6<2134'7;4'62'72'537'n"?,'655370149'< AMB Z K3 35y '
Al:=R6@'6'<=:67'@B852(0'>,7151<62134'8A'5=6@7?'<?73E623976>7A," - B2Y4PMIAA"
?2:064:@'G:=;2134'9760PA2KR'GX y'+2-"<'14'?2:064: @K4% 'GIVVISV, '#I#= | K'}d/XF

G009 S'gh,'h/Z'$V,' X$K,'dM'GBS'g/If $V, X$K, XIfR'G@IGBBK,'R/XER/XR'GE, ' X$K, M/id'
GE,'X$KY&',4% 'GRhMI$V, '#I#= K'Y RfR/g'G®'S'Xee/f $VK,'ReNNGOS'Z/NSVK, ' RXf/F GO,
9S'd/h'$VK,'RRh/Z'@®'XR/R'$VK, 'hf/f, RdHI 5',4% 'Ghfe''$V,'#I#= K}sRR/d'G@, RFK/"=="

32?:7'646=A@:@'M:7:'<34BM@2'A47:P13;,@=A"7:>372:0'0626/

zg



cF, <J O 9;BD?KC;CH:96@7?'86:>@? E@ERAIBICEREL?:'.71946707:69:42"
HOKQ M6@'>7:>67:0'6<<370149'23'27:'>73<:0;7:'0: @<718:(ZRI19E974149@"
GZ/MEE3=,'R/h:N;1PK'64BE3E38:4V32715=;3710:'GX/"EE3=, R/PKNAh'EJ'3507A'USF/"
U12762134C' NXgEB==3M149' 9:4:76=">73<:0;7:: @ 14RB>?:4A=@;=534A=K<A<=3>03>643="
GhNNEQ, NXhX'EE3=,'R/M:N; 1RKE2715=;373E:2?A=K>?:4A=E694:@1;E'873E10:'GX/"EJ'GNXg"
I'@=4K,""hhh'EE3=,"X/X":NHB00:0'62' t#14'07 A'USF GX/WVEJK'640'27:'7:6<2134'7:4'62'72'537"
h'?,'655370149'<A<=3>73x6U3eh/e'E9, 'giy' A1l:=RIB@'6'M?12:' @3=10'652:7">;7151<62134'8A'5=6 @'

<?73E623976>7A,"=;2149'MR27'$2 ¢-'14'?:064:@'G:=;2134'97601:42K/

F3==3M149'9:4.7683%:0;7:"\ ,"; @ 145>?:4A=@;=534A=K<A<=3XTGH6AZFEI, " XhX'EE3=/'
R/ N 1IPKE:2?A=E694:@1;E' 873E1GHh| J' GZ/X' ' @=4K,' N Xe' EE3=," ih' :N;1RD
G2715=;373E:2?A=K>?:4A=E694.@1;E'873E10:' GR/R'EJ GNXgN' ' @=4K,'NZ"Z' EE3=," R/X"":N; 1F
600:0'623dg't#'14'07A'USF' GX/hNEJK'640'2?:'7:6<2134'7;4'62'72,B5BR70149'<A<=3>73>643='
<NGZg/g'E9,'dfy' A1:=R'6 @'6'M?12:'@3=10'652:7">;7151<62134'8A'5=6@?'<?73E623976>?A,".=;214
RN +2¢'14'2:064:@'G:=;2134' 9760194202 7' GXNY' +2-"<'14'?:064: @HK8' fd Bi' m#/ ' /'
4% 'GIWNISV #IH#= 1 K'Yd/hd'GOY S'g/N$V,'X$K,'d/Zg'GO,S'g/M$V,'X$K, ' X/eX'G@'G87K,'-$K,'
R/IZER/Zh'GE,' X$K,' RIRRNGE,' X$R1&',4% 'GRhNISV, '#I#= K'Y Reg/i,RXg/f' GE,S'ZX/e'
$VK,'RXh/e'@§'Z/g'$VK,'RXe/e'®I$,XdX/NSVK,'RXe/Z, 'hfle, R ,4% 'Ghfe'!l$V, #i#= K’
} stX/e'G@, ZH¥A4# 'G$+B)K:; C'WESY"#6=<0'537#$ +F -' X "R/"ZZQ'F3;40'X "R/"hzZZ/"=="
32?2:7'646=A@:@'M:7:'<34@1@2:42'M12?">7:P13;@=A'7:>372:0'0626/

<J NH:96CW@86:>@RH?C8;C8KIC?'_<OH3==3M149'9:4:76=">73<:0;7:'
HOK@LOME " @14RG>?.AA=@;=534A=K<A<=3>0BYZE,' "/ XhX' EE3=,' R/
‘N;1PRZIE:2?30A>?:4A=E694:@1;E'873E10:'GHER/T@=4K,hhh'EE3=,"X/X":N;1PK'600:0'

62'Nt#'14'07A'USF' GX/WWEJK'640'27:'7:682,4362'72'537'h'?,'655370149'<A<=3>Z 8543~

Zi'



E9,'giy'AL:=0K'6@'6'M?12:'@3=10'652:7">;7151<62134'8A'5=6@7?'<?73E623976 8P}, :=;2149'M12"

+2-"<'14'?:064:@'G:=;2134'97601:42K/

F3==3M149'9:4:76=">73<:0;7;@® 145>?:4A=@;=534A=K<A<=3XTGH6AIEI, " XhX'EE3=/'
R/ :N;1IPKE:2?A=E694:@1;E' 873E10:' QdW'GZ/X' ' @=4K,' N Xe' EE3=," ih' :N;1PK)' Z
E:2?30A>?:4A=E694:@1;E'873E10:'GL"ZR/N!' @=4K,'NZ"Z'EE3=,'R/XN":N{'H®0:0'62dg’
t#'14'07A'USF' GX/hMEJK'640'2?:'7:6<2134'7;4'62'72'537'n'?,'655370149'< A< €13 63 ="
ggy 'Al:=R6@'6'M?12:'@3=10'652:7">;7151<62134'8A'5=6@?'<?73E623976 B4, +2:2449'M12?'"
14'?2:064:@'G:=;2134'9760%HIRE' GXNY' +2'<'14'2:064.@QKI'4%  'GIWISV,'#l#= K'Y
d/Xe'GP®S'd/i'$V,'R$K,'fIR'G@,'R$K,'f/gZ'CH'd/f'$V,'R$K,'f/[dd'G0J S'g/R'$V,'R$K,'Z/IgR'G@,'
Z$K,' X/IhfG@' G87K, “RXTIR/Xe'GE,' X$K,' RIFU"Z' GE,' XSKI&' ,4%' GRhNI$V, ' #l#= K'Y}
Rhi/g,'Ref/z,'RXi/h,'RRf,'RRR/g,'RRf,'hf/f,'hh/Z,'Rg/RE="32?:7'646=A@:@'M:7:'<34@1@2:42'M12?'
>7:P13;@=A'7:>372:00626/

<J N 9;BD?KC;CH:96@7?°86:>@? E@ERGB2CRPtI?:'.7194670'7:69:42'
HOKQCFS M6@'>7:>67:0'6<<370149'23'2?:'>73<:0;7:'0: @<718:(ZRA'96974149@"
GZ/M'EE3=,'R/h":N;1PK'64B87Z3E38:4V32715=;3710:'"GX/™EE3=,'R/""":N;1PK'14'Gh/"™EJK'35'07A'
US$F/'U12762134C'NZMB==3M149'9:4.76=">73<:0;7;@® 145>?:4A=@;=534A=K<A<=3>73>643="'
OGhNNE9,'NXhX'EE3=,"R/"™":N;1RB52715=;373FA=K>?:4A=KE694:@1;E'873E10:'GR/gh'EJ’
GNZMN!'@=4K,"hhh'EE3=,"X/X":N;1PK'600:0'62"M't#'14'07A'USF' G X/hNMEJK'640'27?:'7:6<2134'7;4'62'
72'537'h'?,'655370149'<A<=3>FKPR64Z+7'E9,'ghy'A1l:=0K'6 @'6'M?12:' @3=10'652:7">;7151<62134'8/

5=6@7?'<?73E623976=2A49'M12B"y'+2 ¢-'14'?:064:@'G:=;2134'97601:42K/

F3==3M149'9:4:76=">73<:0;7;@ 14905>?:4A=@;=534A=K<A<=3XTGH6AZEI, "' XhX'EE3=,'
R/ :N;1PKE:2?A=E694:@1;E' 873E1Gdh| J' GZ/X' I' @=4K," N Xe' EE3=," Mih' :N;1RED

G2715=;373E:2?A=KKE@24@1;E' 873E10:' GR/N EJ GNZN I' @=4K,'MNZ"Z' EE3=,' R/X" :N;1PK'

en



600:0'625dg't#' 14'07A'USF GX/hNEJK'640'27:'7:6<2134'7;4'62' 72"BSBRTD149'<A<=3>73>643='
<PGZfId'EY,'dXy AL:=R'6@'6'M?12:' @3=10'652:7">;7151<62134'8A'5=6@?'<?73E623F7B>?A, =214
AN +2 &' 14'2:064:@' G:=;2134' 9760194242 g' GXNY'+2-"<' 14'2:064: @HAS' hA DR m#P/
A% 'GIVISV, #It=  KTd/hi'G@, RSK, deX'GE, Z$K, ' X/eg'G@'G87K, -$SRRRIZIGE, X$K,'
R/RIR/AG'GE, X$KP&' 4% 'GRhNISV, #l#= | K'}' Reh/d, RZ/i' GRLS'ZX/X'$VK,' RXg/i, RXd/h,'
RXe/Z' GRS XdX/d'$VK, RXZ/ZBS Z/g' $VK, RXR/IZB1S,Z/g'$VK, 'hile, Rg//5',4% ' Ghfe'
ISV, '#l#= | KYsIXFG@, ZFIhG4:62K'ZZ/,' Xgh”,'RihZ,'RgXg,'RfRd, Rhii,'Reie,'ReZd,'RXeh,
RXgg,'RXZd, RRhh,'RR",'R*RZ,'idR, 'gig,'g"Z, 'diX, fif/' /%4# 'G$+B)K:; C'\WESY" #6=<0'
537'%$ +F - X R/MZZQ'F3;40'X R/AhZh/

CFs <J NYFBA_9;BD?KC;CH:96@7 86:>@7? E@IEICB;C8%E L F3==3M149'

HO 9:4:76=">73<:0;7:""":@14HBE>?:4A=@;=534A=K<A<=3>QTHGHB-E9,’
CF,

NXhX'EE3=,'R/":N;1PKNB1@G2715=;373E:2?A=K>?:4A=E694: @1;E'873E10:'
GR/R'EJ' GNh™M'I'@=4K,'"Mhhh'EE3=,"X/X"":N;1PK'600:0'62'Mt#' 14'07A' U$F' GX/h'EJK'640' 27"
7:6<2134'7;4'62'72'537'h'?,'655370149'<A<=3%JCeBASEY, 'ffy'A1l:=0K'6 @'6'M?12:' @3=10'652:7"
>;7151<62134'8A'5BIBR623976>7A,":=;2149'MR2¢4$2 ¢-'14'?:064:@'G:=;2134'97601:42K/
F3==3M149'9:4:76=">73<:0;7;@ 1405>?:4A=@;=534A=K<A<=3XTGH6AZEI, "' XhX'EE3=,'
R/ N;1IPKE:2?A=E694:@1;E' 873E10:' Qdh'GZ/X' ' @=4K,' M Xe' EE3=,' *ih' :N;1RKID
81@G2715=;373E:2?A=K>?7:4A=E694:@1,;E'87BEY/B™ ' @=4K,'NZ"Z'EE3=,'"R/X":N;1PK'
600:0'62dg't#'14'07A'USF' GX/hNEJK'640'2?:'7:6<2134'7;4'62'72'537'n'?,'655370149'<A<=3>73>643
<QGeX/X'E9,'TXyAl:=R6@'6'M?12:'@3=10'652:7">;7151 <8R@BMEIBE623976>7A,".=;2149'M127?'
NRNY'+24-'14'2:064:@'G:=;2134'9760 142447 GXNy'+2-"<'14'?:064: @HB' R JRN'm#/¢/'
4% 'GIWISV'#I#= 1 K'}d/dZ'G@,'R$K,'d/dX'CG@, X$&EER7K,, RieR/eZ'GE,'X$K,'RIRd

R/Rh'GE,'X$R&',4% 'GRhNI$V, #I#= K'}Red/f, RZR/Ig'GNG'ZZ/X'SVK,' RXe/Z,'BBIZ/i'SVK,'

eR



RXZ/h'GBIS'XdZ/N$VK, RXNZ GHIB!Z/g'$SVK, /X, Ri/h? 5',4% 'Ghfe'!$V, #l#= | K'}sEX/i'
G@, fFKW'G4:62K' ZZRi, Rg™, RiXe,'RZgh,'RXg", RXeZ,'RRgg,' RR,'RRRf, R*RY,'idi,'gii,'gfd,’
geh,'dih,'fg’ /%4# 'G$+B)K:: C'WESY-#6=<0'5374# F - Xfi/"erdQ'F3:40'Xfi/"ere /'

<J NH:96CW@86:>@? E@E?CHII7T><RU?:'.71946707:69:42M6@">7:>67:0'
HO
6<<370149'23:'>73<:0;7:'0:@<718:0'34'>R"19'2,74149@'GR/hR'EE3=,"f/"

:N;lPK'ngA73E3641@3::'GR/"R'EEB:,'e/""':N;1PK'14'Gh/""'EJK'35'07A'U$F/'U12762134C"‘/Xi"'!/'
F3==3M149'0:4:76=">73<:0;7;@ 14905>?:4A=@;=534A=K<A<=3TGREAEI, "/Xh X EE3=,"
RIM:N;1PKGEE:2?230A>?:4A=KE694:@1;E'873E10: GR/di'EJ'GNZRA'!' @=4K, ' Ahhh'EE3=, X/X
IN;1PK' 600:0' 62' ' t# 14' 07A' USF' GX/h™ EJK' 640' 22:' 7:6<2134' 7;4' 62' 72' 537" ' ?,' 655370149
<A<=3>73>643R GZMF E9, dey' AL:=0K' 6@’ 6' <3=37=:@@' 31=' 652:7' >;7151®2134' 8A' 5=
<?73E623976>7A,:=:2149' MR2P'#2 &' 14'2:064:@'G:=;2134'97601:42K/
F3==3M149'0:4:76=">73<:0;7:® 14805>?:4A=@;=534A=K<A<=3JGhOAZEY, "/Xh X EE3=,"
RIM :N:1PKE:2?A=E694:@1;E' 873E1GHh| J' GZ/X' ' @=4K,’ MXe' EE3=, Mih' :N;1REB
E:2?230A>7:4A=KE694: @1;E'873E10: GIHENZRNT @=4K,"NZ Z'EE3=,'RIX":NGIRKD'6 2
dg't# 14'07A' USF GX/hMEJK'640'27:'7:6<2134'7:4'62' 72 BEBRTO149' <A<=3>73>GU3XR/h’
E9,'hXy 'AL:=R'6@'6'<3=37=:@@'31='652:7">:7151<6213EC2DI6EAS 272149’ M IR
+2-¢14'2:064:@'G:=:2134'976 CI@IRK'GX Y +2-"<'14'2:064:@KAY 'GIMVISV, #i#= K’
Yd/Xg'GOY S'd/h'$V, R$K, d/XR'GISTi$V, R$K, fiZ DIgiGE, X$K, Z/ie'G@, Z$K, Z/ING@' G8TK,’
-$K,'R/RHR/NI'GE, ' X$K, MifD/gi'GE, X$KF’&' 4% 'GRhR'I$V, #l#=,K'}'Rhg/f, RZ*h,' RXgfi,
RXd/e,'RXMf, RRME,'hh/f, hih/e, RZ/f/"=='646=A@:@' M:7: <34@1@2:42'M12?7'22:'>7:P13: @=A'7:>3
06267"

K@ <]"#9C?@7? E@E?C&ABT> <S E3==3M149' 9:4:76=" >73<:0;7!" {@149FD
HO

G?:4A=@;=534A=K<A<=3>78>&8¥" E9,' NXhX' EE3=, R/ :N;1PHD
Me

ex



23=A=E694:@1;E'<?=3710{GAR/eN'@=4K,hhh'EE3=,'X/X":N;1PK'600:0'62" t#14'07A'USF’
GX/IWWEJK'640'27:'7:6<2134'7;4'62'72'537'n'?,'655370149'<A<<SSZHBEI=YXy' AL =B@'6'
M?12:' @3=10' 652:7' >;7151<62134' 8A' 5=6@7' <?73E623976>?A¢ ¥ 2P49' M12D64.@'
G:=;2134'97601'42K/
F3==3M149'9:4:76=">73<:0;7:®@ 14805>?:4A=@;=534A=K<A<=3:TGh6AEY, " XhX EE3=,
RIM N;1PKE:2?A=E694:@1;E' 873E10:' GdN'GZX' I' @=4K,' MXe' EE3=," Aih' :N;1PHD
23=A=E694:@1;E'<?=3710] GXFRe" ' @=4K,"NZ Z'EE3=,'RIX":N:1PK'600:G§ 2 14'07A'
USF'GX/WNEJK'640'27:'7:6<2134'7;4'62'72'537'n'?,'655370149'<A<<SCIaHBAG ey Al =K
6@'6'M?12; @3=10'6521R6 21BN 8A'5=6@7'<?73E623976>7A, "= 2BAYMAR 714 ?:064: @'
G:=;2134'97601'8@KIeX'GX Yy +2-"<'14'2:064:@K/M% 'GIISV, #i#= K} d/ZDl/Ze'GE,"
R$K,'d/X@/XR'GE,'X$K,'d/RifRh' GE,'R$K,' X/hd'G@,'Z$K,' X/Rg' G @' GS 7R GIRXKSK,
Alie DYiIX'GE,'X$KP8' 4% 'GRhMISV, #i#= | K'YReNA, 'RZI/R, RZd,'RXg/f, RXg/X, RXh/d,'hd/h,’
RI/Z,'RZ/i"=="322:7'646=A@:@'M:7:'<34@1@2:42'M12?'>7:P13; @2A'7:>372:0'0626/

<J M 9:BD?KC;CH:96@7'86:>@? E@ERGBICSTHL?:'.7194670'7:69:42'M6 @'
HOK@ >7:>67:0' 6<<370149' 23' 2?:' >73<:0;7:' 0:@<718:0' 3ZR69'2;74149@' GR/hR'
EE3=,f ""':lil;1PK'640W73E38:4V32715=;3710:'G RIAR'EE3=,'e/M:N;1PK'14'GX/MEIK'3507AUSF/
U12762134C' VMW H3==3M149' 9:4:76=">73<:0;T:: @ 14ROE>?:4A=@;=534A=K<A<=3>03>643="
GhAMEQ, NXhX'EES3=, RIM:N; 1P&I32715=;373E:22A=K>?:4A=E694: @1;E'873F IBGXH'
I'@=4K,"hhh'EE3=,'X/X:N;1PK'600:0'62" t#'14'07A'USF GX/hNEJK'640'27:'7:6<2134'7;4'62'72'537"
h'?,'655370149'<A<=3>73>@4ZX/e'E9, 'ecy AL:=R'6@'6'<3=37=:@@'31='652:7">;7151<62134'8A'5=6

<?73E623976>7A,"=;2149'MR274$2 ¢-'14'?:064:@'G:=;2134'97601:42K/

F3==3M149'9:4:76=">73<:0;/;@14%5>?:4A=@;=534A=K<A<=3TCGh6AFEI, "' XhX'EE3=,

R/ N;IPKE:2?A=E694:.@E' 873E10:'Gdh| J' GZ/X' I' @=4K,"' M Xe' EE3=," Mih' :N;1P#

eZ



G2715=;373E:2?A=K>?:4A=E694.@1;E' 873E[LD:'GfgeN' ' @=4K,' N Z"Z' EE3=,' RIX"" :N;1PK'
600:0'623dg't#'14'07A'USF' GX/hNEJK'640'27:'7:6<2134'7;4'62'72" 856870 149'<A<=3>73>643="'
<TGX"MNe'E9,'eYyAL:=R'6@'6'<3=37=:@@'31='652:7">;7151<62134'8A'5=6@7?'<?73E623976>7A,"=;2
NRNY'+26'14'2:064:@'G:=;2134'97601%42KIF GXNy'+2-"<'14'?2:064: @RI, 4%  'GIANVISVY,'
#l#= 1 K'}Yd/fg'G29 S'g/e'$V,'X$K,'d/hh'G2S'd/d'$V,'R$K,'d/eZ2B S'd/h'$V,'R$K, X/TX'CG@'G87K,'
-$K,'R/IXfIR/Xe'GE,'X$K,'RIR/"e'GE,'X$KI&',4% 'GRhMISV, '#l#= K'Y RZi/i,RZX/Z,'RZX/",
RXi/h'GN'S'ZMNg'$VK,'RXg/e,'RXflgBR'h/g'$VK,'RXe/g' ®@IE'XdZ/f$VK, 'hf/Z 'Re/d!5', 4%
Ghfe'l$V,'#lI#= K} shd/i'G@, ZPR'G4:62K'ZZgh,'Rf*d,'RhgR,'Reh”,'RZR",'RXd",'RXXe,'RRfh,’
RR"Z,'R"ei,'R"Zd,'R"XR,'ihg,'iZi,'gdR,"dff,'d"*,'fed, hii,'hei/ !

Me Me <H:AB9@?E@E?C8&Q87> MU-B==3M149'9:4:76=">73<:0;7:;@ 149D
Hogg/ G>?:4A=@;=534A=K<A<=3>03F6H43=E9,' "/XhX' EE3=,' R/""" :N;1PRD
Me E:@12A=E694:@1;E'873E10:'{GhGIR/M'I"@=4K,'hhh'EE3=,"X/X"":N;1PK’
600:0'62'Nt#'14'07A'USF' GX/hWEJK'640'27:'7:6<2134'7;4'62'72'537'n'?,'655370149'< AdH3>73>643="
GZI/R'E9,'ggy'Al:=0K'6 @'6'M?12:'@3=10'GA282434'8A'5=6@7?'<?73E623976>?A,"=;Z7149'M12?'"
eny'+2-"<'14'?:064:@'G:=;2134'97601:42K/
F3==3M149'9:4:76=">73<:0;7;@® 145>?:4A=@;=534A=K<A<=3XTGH6AIEI, "' XhX'EE3=,'
R/ N;1IPKE:2?A=E694:@1;E' 873E10:' GdW'GZ/X' ' @=4K,' N Xe' EE3=," MiiN;1PK," &
E:@12A=E694:@1;E'873E10:|@BR/M"T@=4K,"NZ"Z'EE3=,'"R/X"":N;1PK'60GaOH&'14'07A'
USF'GX/hEJIK'640'2?:'7:6<2134'7;4'62'72'537'Rf'?,'655370149'< A<MIBEBFHESiey'Al:=0K'
6@'6'M?12:'@3=10'652:7">;7151<62134'8A'5=B@2 R 7SEHAD'M1R?'Y'+2-"<'14'?:064: @'
G:=;2134'97601:48K/eh'GX"y'+2-"<'14'?:064.@KB'if Di'm#/' ¥',4% 'GIVVISV,'#l#= K’
HlgfG @, X$K, X/el'G@, T$K, XIXIGC@, Z$KGR/B8 7K, BKKIR/XR'GE,"X$K, MApgh'GE, ' X$K/'

¥&'4%' GRhMSV,'#I#= K'YRZg/f,'RZd/g,'RZh/",'RXile,'hel/X,'XRIN,'XNX,"RiYG4:62K'ZZgX,'

ee



ZMh, XX~ 'Xghe,'XRRe, RIRR, RhdZ, Reh”, RZde, RXXZ, RAGR, RAXRifh, gl dghREG$+B)K’
0:; C'WIX$Y'#6=<0'5375#8 o, Rdd/RXdeQ'F3;40'Rdd/RXdX/

<B6:>@?E@E?C8;08C? MXE3==3M149' 9:4:76=" >73<:0:7;" '@149FD
HOKQ G>2:4A=@;=534A=K<A<=3>T3>@IB¥" E9, ~XhX' EE3=' R/M :N:1PK,
>2:4A=E694:@1;E'873E10: GRUBZ/XN'!' @=4K, Nhhh'EE3=, X/XA':IN: 1PK'600:0'62 't 14'07A'
USF'GX/NVEJIK'640'27:'7:632T:4'62'72'537''?,'655370149'<A<=3>WRSBUFR'E9, g\ L: =R’

6@'<3=37=:A8ABI6@?'<?73E62397632PIM12B"Y'+2 4-'14'?:064:@'G:=;2134'97601:42K/

F3==3M149'9:4:76=">73<:0;7;@® 145>7?:4A=@;=534A=K<A<=3XTGH6AZFEI, "' XhX'EE3=/'
R/ N;1PKE:2?A=E694:@1;E' 873E1@dh| J' GZ/X' I' @=4K," N Xe' EE3=," ih' :N;1PK
>?:4A=E694:@1;E'873E10:'GiN'GZ/XN!'@=4K,"NZ"Z'EE3=,"R/X":NAIRXD'6 3dg't#'14'07A'
USF'GX/hMEJIK'640'27?:'7:6<2134'7;4'62'72'583%B7014R<=3>73>6A845Xg/g'E9,'ghyAL:=R'
6@'6'<3=37=:@BEX31'>;7151<62134'8A'5=6@?'<?73E623976>7A," @242 M127°064. @'
G:=;2134'97601:4@RIZI'GXNY'+2-"<'14'2:064: @QRIN4% 'GIVVISV, '#I#= | K'}d/ZH/ZNGE,'
e$K,'d/XRI/XX'GE,'R$K, XI&@'G87K,'-$K,'BIRG'GE, X$K,'R/IR/"e'GE,'X$KI&',4% 'GRh"
I$V,'#I#= 1K'} Reele,'RXg/h,'RXf/h,'RXe/h,'hf/d,'Rg/'"=="322:7'646=A@:@'M:7:'<34@1@2:42'M1
>7:P13;@=A'7:>372:00626/

S <] 96BC86KI@? E@E?C8;33C2' MW3==3M149'9:4.76£3<:0;7:" ,";@148D
HOKQ G>?:4A=@;=534A=K<A<=3>TB>6BH3~" E9," "/XhX' EE3=,' R/ :N;1PKD
2?1:4A=E694:@1;E'873E10:'GHMBR/M'I' @=4K,"/hhh'EE3=,'X/X"":N;1PK'600:0'62'N't#'14'07A'
USF'GX/WEJIK'640'2?:7:6<2134'7;4'62'72'537'Rf"?,'655370149'< AMBB ZR/GER; 1"y AL:=R'
6@'<3=37=:@@'3MTA762134'8A'5=6@?'<?73E623976>?A,":=;RIYOHAL2A"?:064: @'

G:=;2134'97601:42K/

F3==3M149'9:4:76=">73<:0;7;@ 1405>?:4A=@;=534A=K<A<=3XTGH6AZEI, "' XhX'EE3=,'

eh



R/ N;1IPKE:2?A=E69:@1;E' 873E10:' GdnJ' GZ/X' ' @=4K,' N Xe' EE3=," Mih' :N;1PHKY' X
2?1:4A=E694.@1;E'873E10:'GAIR/ M @=4K,"NZ"Z'EE3=,'R/X":N;1PK'60Ga®BZ'14'07A'
USF'GX/hMEJK'640'2?:'7:6<2134'7;4'6272'537'Rf?,'655370149'<A<MBBRRFESYRYAL:=K'
6@'M?12:'@3=10'652:7">;7151<62134'8A'5=6@7?'<?73E623976>1R =24 3N DBA: @'
G:=;2134'97601:48K/ZI'GX y'+2-"<'14'?:064. QRS 4% 'GIMWISV,'#I#= K'}d/Rg'G®'S'
h/N$V,'R$K,'fihDiX'GE,'R$K,'f/gd'G0F S'Z/e'$V,'R$K,' X/de'G@'G87K, - $HIRRXGFGE,' X$K,'
RINRIM'GE,' XSKY&',4%' GRhMS$V, #I#= | K'}Reile,RXd/",'RXZ/i,RXX/Z,'he/h,' RtMB4:62K'
ZZRZ,Z"gd,Z"e, XiRf,' Xgei,' XRf*,'Rfeg,'ReeZ,'ReRZ,'/RZhX,'RXi*,'RXhh,'/RXRX,'R"gf,'R"Zg,R"R",’
iff,'iXg," ggd,'geh,' gXe,'fiZ,'hii,’hZZ,'h"X/'|%4# 'G$+B)K0:; C'WIX$Y #6=<0'537'% sB-'
ReR/N"ZfiQ'F3;40'ReR/NZTfI

Ph <] 86:>@?:96@>@7? E@QE?CGIHTB7MNA 3P:4 71:0'E1<73M6P:' P16="M6@'
HO% <?679:0'M127?'>?:4A=6<:2A=:4"'GdX/N€J,"hhh'EE3=,"X/X"":N;1PK'640'01@ @3=P:0'
1407A'USF' GR/NMEJK/'U?:!' @3=;2134'M6 @' <3gURBHD; J1' GXXd| J' GX/h"'!I'@=4K, ' hfg'
EE3=,'X/Xh":N;1PK'M6@'600:0'073>M1@:,'640'2?:'7:@;=2149'E102; 7' M6@' @2177:0'537'R'?'62'27
2:E>762;7:/ " @:>6762" 3H®/1.0' E1<73M6P: Pl16='" M6@' <7?679:0' M12?' R
G>2AA=@;=534A=K<A<=3>TBSMB=E9, "' XhX'EE3=,'R/"":N;1PK,'5=;@7?:0'M12?'412739:4'640'
07A'USF'GX/hEIJK'M6@'600:0/'U?1@'@3=;2134'M6SUF B85 IR ?:'G>?:4A=:2?A4A=K=1271;E'
@3=;2134">7:>67:0M6@'600:0'073>M1@:/"52:7'2?:'60012134'MBBAABEZE32Z'E102;7:'M6 @'
7:E3P:0'573E'2?:'8627'640'@2177:0'62'733E'2:E>.762;7:'537'h"?/'U?:"7:6<2134'E102;7:'M6@'N;:4<?:0
62'"'m#M12?'6'@62;762:0'@3=;213#32&&'01=;2:0'14'?:064:@'640":2?A="'6<:262:'640'51=2:7:0'
2773;97'<:=12:'34'23>'35'6' @B 149'+2-"<'6 @'64":=;:42/'U?:'51=2762:'"M6@'<34<:42762:0,'640'
2?2:'7:@;=2149'7:@10;:'M6@">;7151:0'8A'5=6@?'<?73E623976>?A", @ 1492 yp$; LIBN @'G"

97601:42K'23'655370'<A<=3>R8NBAJZ'E9, 'dfy'Al:=R'6 @'6'<3=37=:@ @'31=/



F3==3M149'9:4.76F3<:0;7:'\,"; @ 145>?:4A=@;=534A=K<A<=3XTCH6AZFEI, "' XhX'EE3=/'
R/ :N;1PKE:2?A=E694:@1;E' 873E10:" Gl GZ/X' ' @=4K,' "/Xe' EE3=," ih' :N;1PK,
>?:4A=:2?A4A=E694:@1;E'873E10:' [GECR/M'I' @=4K,'NZ"Z'EE3=,"R/XN":Nkd®0:0'63dg’
t#'14'07A'USF'GX/hNEJK'640'2?:'7:6<2134'7;4'62'72'537'Rf'?,'655370149 < ANHENGAHAS~'
dRy'A1:=R6@'6'<3=37=:@@'31="652:7'>;7151<62134'8A'5=6 @ ?'<?73E6239TB2PA2.:F,2149'M12?'"
14'?2:064:@'G:=;2134'9760%HIRI GXy'+2-"<'14'?2:064. @RI, 4% 'GIWISV, '#l#= K'Y}
d/eXdl/eR'GE,'X$K, d/BIYXiI'GE,'Z$K,' X/fg' G@'G87K, - 3K [RIRi' GE,' X$K,' RIRRI'GE,' X$K/'
¥&'\4% 'GRhMS$V,#I#= KTRZR/d,'RXg/e,RXg/IZ'RXX/i, i, 'gX/h,'ef/X,'RdigB2?:7'646=A@: @'
M:7:'<34@1@2:42'/P23;@=A'7:>372:00626/
oMe —SYMXJ (H:96CW@86:>@:96@7E@E?C8,;G8C2' MEF3==3M149'

HOA\\@/ E30151:0' 9:4:76=' >73<:0;7: GRX<KXE:2?ABD

Me G>?:4A=@;=534A=K<A<"BEME Ghz/h' E9,' M/XhX' EE3=,' R/ :N;1P,’
siiy:  KM6@'01@@3=P:0'14'07A'USF'G sihfrak'620'8: 2?30A>?:4A=E694.@1;E'873E10:'
GR/hR'EJ GMh'!" @=4K,' Mdhf' EE3=,' Z/™ :N;1PK' M6@' 600:0' 0735RAT@7:' 60012134' M6@"
<3E>=:2:,'2?:'7:6<2134'E102;7:'M6@'7:E3P:0'573E'2?:'862?'640'@2177:0'62' 7,336 R>:762
?/"52:7'2?1@'21E:,'2?:'7:6<2134'M6@'N;:4XMBM22?' 6N/ @ 62/#%':0276<2:0'M12?'+2-"<,'
640'071:0'3P:7'&B- +/'U?:'<7;0:'E102;7:'M6@'>;7151:0'8A'5=6@?'<?73E623976>?A,":=[2149'M12?'"
XNy'+2-"<'14'?:064:@'G:=;2134'9760128885370'>732M; GZg/R'E9,'ghy'A1:=0,"iey"::K'6 @'6'
<3=37=@@'31=/"+464213E:71<":0<:@@'M6@'0:2:7E14:0'8A'$ J#'646=A@1@'34'<?176="@2621:
G#?176=<:="TB'Xh'<E,'R"Y' &7-$,'R'EJpE14,'XZ'm#,'eZ'867,'XRe'4E,BE6[37K'g/X'E14,'2
GE1437K'i/g'E14KdZ"' S'xhR/If' G Nhg, #$#= KFI' 4% 'Gd"™I$V, #I#= K'} d/X&I/XX'GE,’
X$K,'flgdlgf'GE,'X3$K,'Z/gNG@,'Z$K,' XI*"h'G@'G87K,'-$K,'REZR/i®Y,' Z$K,'R/XBR/RZ'GE,'

X$K'AdiD/de' GE,'RSKF&',4%' GRdh'!$V,'#l#=K'} Rhg/e,'RZd/h,' RKHRRZ/i,'hi/Z,'hh/h,’

ed



XZ/Z,'XRIR, RXIBGA:62K' ZZgh, XiXg,'’XgZh, RfRR,'RhRZ,'RXed, RRg", RIZA# X BS+B)K'

0:; C'W!x$Y'#6=<0'5375# %- ¢ Rdi/RMdQ'F3;40'Rdi/R"fe/

mAU o o 2 \“&b
1600 B & 3 & “‘i@ﬁ
00 [ ¥ X " \
| \ I
\ \ ||
1000 \ | “\
oy 1000 \‘ \
800 r | \ | \
600 | \\ / \ ™ /“ \
a00] j \ 5003 |
| &
200 | L—’_‘J 250 ,/ 2 j‘?
o] / . I
T T T T T n T T T T T !
75 8 85 9 95 10 mit 75 8 85 9 95 10 mir
Peak RetTime Type Width Rrea Height Area Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] % # [min] [min] [mMAU*s] [mAU] %
m— |——I | ] | ——mmmmmn QU — | | |- \
1 8.173 MM 0.1738 1.7582¢6e4 1686.13013 50.1288 1 8.104 MM 0.1766 2.13798e4 2017.53735 96.8969

2 9.804 MM 0.2096 1.74923e4 1391.12427 49.8712 2 9.738 MM 0.3006 684.68378 37.96712 3.1031 "'

5BGK;:'<l@$ J#'276<:@'537'<3E>3;40B

oMe  _SYMXI QH:96CW@86:>@MB6:>:96@?E@E ?C8;G8TS’ _MT

HO ©/ F3==3M149' E30151:0' 9:4:76=' >73<:0;7" GRXKXD?:4:2?ABD

%Ph G>?:4A=@;=534A=K<A<<BEFMEY Gdf/X' E9,' //XhX' EE3=,' R/ :N;1PK'
M6@'01@ @3=P:0'14'07A'USF'G X4ulg MEEA0'8E:2230A>?:4A=E694: @1;E'873E10:'GR/hR'EJ’
G @=4K,'N/dhf' EE3=,'Z/":N;1PK'M6 @' 600:0' 0733521 ERP:' 60012134' M6 @' <3E>=:2:, 27"
7:6<2134'E102;7:' M6@'7:E3P:0'573E22'840' @2177:0'62' 733E'2:E>:762;7: 52 "2?1@"
21E:,'27:'7:6<2134'M6@'N;:4< 206V 12?'6N/ @62/18%-0276<2:0'M127'+2-"<,'640'071:0'3P: 7"
&6¢B- +/'U?:'<7;0:'E102;7:'M6@'>;7151:0'8A'5=6@?'<?73E623976>?A, " :=[X149'RI 274"
2:064:@' €,2134'97601:28655370' >730;MIGFR/F E9,'iRy' A1:=0,'ify' :K'6@'6'M?12:' @3=10/"
+464213E:71<"0<:@ @'M6@'0:2:7E14:0'8A'$ J#'646=A@1@'34'<?176="@2621346 TAD?6@:'G#?17
$Xh'<E,RY &7-$, REJIPEL4,XZ'm#, 'eZ'867, XRe'4E @E6[37K'RR/REAGERL437TK'RX/X'E14K/
XeZ"'S'xih/e'GT RINZ, #$#= KIH8 gryXm#h 4%  'GIVISV, #i#= | KT d/IXTI/XZ'GE,'X$K,'
d/X'BI/R'GE,'Z$K,'d/R/"h'GE,'X$K, 'flgBigX GE,'X$K,'ZIgN G @, Z$K, XIgiK' GE,'R$K, ' XDIZ
X/fi'GE,' R$K,' X/RX/ ' GE,' R$K,' R/iBR/gl GE,'R$KR/ef G@' G87K,'-$K'BRARIN GE,' X$K, NG
Aldg' GE,'RSKI& 4% GRh'I$V,'#i#=  K'}'Rhg/Z,'ReX/e, RZdle,' RXglg,' RXg/f, RXf/*,'RXh/g,’

eg



RRZ/d,'hile,' hh/h, Zf/Z,' ZNZ, Xdfi,' XXIB¥'G4A:62K' ZZgg, Xiig, Xif,' XgZf, RIRX,'RhRZ,'RXeg,
RRg",'RMZR,'gXR,'d"X,' hdiR/4# ' G$+B)K0:; C'WIX$Y #6=<0'537#$ s & Xfi/RhZfQ'F3;40'
XfilRhZR/

™1 A y“’“b g f”\h ] 2 f"}b
& //”\ | /A\

\ 750 \
500 /
250
S 03— /
T T U T T
125 13 mir

300

[
[
2004 / \
100*xj
%
10‘5 1‘1

8 &
&
T ' 1
hl 15 1 105 11 15 12 125 13
Peak RetTime Type Width Rrea Height Area Peak RetTime Type Width Area Height Area
#  [min] [min] [MAU*s] [mAU] % #  [min] [min] [mAU*s] (mAU] %
-1 | | | -1 - -l |-—-1 | I-- ol et |
1 11.095 MM 0.2561 9205.04297 599.04688 49.2586 1 11.052 MM 0.2606 2.96346e4 1895.51892 98.2318
2 12.231 MM 0.2921 9482.13574 541.06885 50.7414 " 2 12.192 MM 0.4281 533.41589 20.76600 1.7682 !

5BGK;:'<IR.$ I#'276<:@'537'<3E>3;4d7
HOG s 4 YMMB6:>:96 @QRFB>@?E@E?C8KIB?> NUW' F3==3M149' E30151:0'
Aﬂph 9:4:76=">73<:0;7:") GR X<KDD>?:4:2? AB>?:4A=@ ;=534 A=K <A< IBEF3>64

MR* Gdf/X' E9, NXhX' EE3=,' R/ :N;KPM6@' 01@ @3=P:0' 14' 07A' USF' GX/BHgIK#BB40'
P14A=E694.@1;E'873E10:'GAIGR/N!"@=4K,NdhfEE3=,Z/":N;1PK'M6@'600:0'07 32521/
2?:'60012134'M6@'<3E>=:2:,'2?:'7:6<2134'E102;7:'M6@'7:E3P:0'573E'2?:'862?'640' @2177:0'62'7
2:E>:762;7:'537'RI'?752:7'2?1@' 21E:,' 2?:' 7:6<2134' M6@' N;: 4262127 6N/ @62/ &'

:0276<2:0' M12?' +2-"<;' 640' 071:0' 3P:¢B&&"' U?:' <7;0:' E102;7:' M6@' >;7151:0' 8A' 5=6@7?"'
<?73E623976>7A,":=;2149'VX2Y'42-"<'14'?:064:@' G:=;2134'976012858855370' >730; X J
GZh/&9,'dhy'A1:=0,'ify':K'6 @'6'<3=37=:@ @'31=/"+464213E:71<":0<:@@'M6@'0:2:7E14:0'8A"'$ J#'
646=A@1@'34'<?176="@26213467A">?6 QLIGHNE Ry=827-$, R'EJpEL14,'XZ'm#,'eZ'867,'
XRe'4E,'2GE1437K' h/i'E14GEG[37K T/INELXEZ)' SOIR'G X/ZZ,'#$#=KF,4% 'GdI$V,'
#l#= | KYd/ZBI/XFGE,'X$K,'dABRRY'GE,'Z$K,'h/ed'GOG'RA/R,'RMNA'$V,'R$K,'h/"X'GBRA/R'’
$V,'R$K,'e/ifGOIS'RMNA'$V,' R$K, X/dX/dg'GE,'R$K, XMK/TX'GE,' R$K, X/BE/M'GE,'R$K,'R/Bg

R/dZ'GE,'R$K,'R/"g' G@'GB7XIX D/gf' GE,' X$K,' MffD/fe' GE,' RSKA’&' ,4%' GRdh'I$V,'

ei



#l#= 1K'} RezZ/Z,'ReX/Z,'RXg/g,'RXg/f,'RXf/IR,"RNi/d, hi/R," Zt/ X, Xili,' Xf/i, XBIRG4A:62K'ZZhg,’
Z"Xh,'XiXe,'Xghf,'RfZg,'Reih,'RXdi,'i"R, fii/' /%4# 'G$+B)KI:; C'WIX$Y #6=<0'537 %S o0+
Rgi/RXdelB3;40'Rgi/RXd"/

wd TN NS e
15004
12504
10004
7504
500

200
2504

RS
¥
3

g &

8
0 It

5‘6 5‘8 é 6‘2 6‘4 6‘6 o miry "
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
-] |=——-1 | | | === |
1 5.943 MM 0.1533 1.80965e4 1967.40308 48.2345

1  5.868 MM 0.2111 208.45717 16.46082  2.0454
2 6.492 MM 0.1689 1.94212e4 1916.46021 51.7655 " 2 6.354 MM 0.1463 9982.87988 1137.29065 97.9546 '
1

5BGK;:'<l@$ J#'276<:@'537'<3E>3;40U

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %

h™



1),)%!3".%+&)(\%)'&=" #@>96:ABA'GTF@RK AIBIKI:'E@E?C8;COISTMAP ' 7>I'N<

HOL_ .SO,Ph
ZnCl,, LiCl . A ,
TMSCH,MgCl |TMS™ ~Zn™ > TMS 426 "Rt HOL R
RN T e 2
, T
R Mgl THF R1
24,25,31

U?:'2764@E:26==62134' @2:>' M6 @5 3F5:3M049' 6' E30151:0'=12:762;7:'>73X)0,84' 14:72'
62E3@>7?:7:' 9=8B30,' 64' 3P:M71:0' E1<73M6P:' P16=":N;1>>:0' M12?' 6' E694:21<' @217867' M6@
<?679:0M12?'64?A073;,@d@#R/Z,'E9,"NZ"Z'EE3=,'R/IX"":N;1P/K'640'J1#="Gfe/R'E9, R/hR'EE3='
fIMiN;1PK,'27P16="M6@'<6>>:0'640'26L:4'3;2'35'2?[B30BP>;2';40:7'P6<;;E'640'?:62:0'62'
RM'm#'537'R'?/'U?:'P16="M6@' 6==3M:0'23'<33="03M4'23' 733E'2:E>:762;7:"';40:7' 412739:4,' 640
UIB#$ ¢9#="Gefh'| JGR/ZN'@=4"14'US$FK,Nf"h'EE3=,"X/e™:N;1PK'M6@'600:0'640'2214@;
E102;7:'M6@' @2177:0'62' 733E'2:E>:762;7:'537'Rh'E14;2:@/'"52:7' 2?1@' 21E:,' 2?:".7194670" 7:6¢
GMNhhh'EE3=,"X/X":N;1PK'M6@'600:0'640'2?:'7:@;=2149'E102;7:'M6@'@2177:0'537'eh'E14;2: @'62
2:E>:762;7:'G432:C'15'2?:".7194670'@3=;2134'<34<: 4R 623G @'01=;2:0'M12?'07A'USF'23'
R'1'>7137'232764@E:26=-822134K);=2149'E102;7:'M6@'<33=:0'03M4'23""'m#'640'6' @ B=;2134'35'R
G>?:4A=@;=534A=K<A<=3XJ@FPA3EY,' "/ XhX'EE3=,'"R/"":N;1P/K'14'07A'U$F' GR/N"EJK'M6 @'
600:0'073>M1@:/'U?:'862?"MEBP:0'652:7'2?:'60012134'640'2?:'7:6<2134'M6@' @2177:0'62' 733E'
2:E>:762;7:'537'2?:"1401<62:0'21E:'G432:C'2?:' 7:6<2134'E;@2'8:' @2177:0'62'=:6@2'h' ?3;7@"' 62
2:E>:762;7:'23'6P310'2?:'>7:@:4<:'35'01E:71<'@10:'R13®22<7;0:'E102;7:K/'U?:'7: @214
7:6<2134'E102;7:'M6@'01=;2:0'M12?'?:064:'640"2?A="6<:262:'640'51=2:7:0'2?73;9?'6'>=;9'35'@ 1=1-
<:=12:':=;2149'M12?':27A="6<:262:' G37' 1401<62:0' @3=P:42K/'U?:'51=2762:"M6@" <34<:42762:0,
7:@:;=2149'<7;0:>730;<2’M6@">;7151:0'8A'5=6 @ ?6F7TREGA3ZD7 2?A='6<:262:'G37'01:2?A="2?: 7K'
14?:064:@'23'91P:'<A<=3>73MABHEBAONL'B::'@>:<151<'>73<:0;7:@'537'0:26 1=@/

hR



HO
HO 5
: :\ oh HO. H o K\Ph
Me
24 25 31

5BGK;:'<L<RRA<=3>73>643=@">7:>67:0;,@149'9:4:76=">73<:0;7:'#

HO <P:>V@?E@E?C8;33C MOM3==3M1494976=">73<:0;7' #' ;@14FD

m G>?:4A=@;=534A=K<A<=3>FBHEYBEY, //XhX' EE3=, R/M :N;1PRA#=
GeR/Z'E9,"NZAZ'EE3=,'RIX":N;1PK, J1#='Gfe/R'E9, RIhR'EE3=, /" :NIBRK, ¢! 9#= 'Gfh’
| J'GR/ZNT @=4'14'USFK, MiAh' EE3¢e™ :N; 1PKg:4VA=E694: @1;E' <?=3710: GRHBR/AM' I
@=4K, " hhh'EE3=, X/X":N; 1PK'600'018B40'27?:'7:6<21@U2177:0'62'733E'2:E>:762;7:'537'RX'?,’
655370149' <A<=3>733d@EXg/e’ E9, dfy' AL:=0K' 6@' 6' <=:67' 31='652:7' >;7151<62134' 8A' 5=6@
<?73E623976>7A,"=:214QNMBNY +2 o' 14'2:064:@'G:=;2134'0760 1%42KZh' G Xy +2-"<' 14
2:064:@KA% 'GIVVISV, #i#=  K'Yd/ZHI/IXg'GE, 'h$K, X/gi'G@, X$K, RIMG@'GS7K, K, Mge
NGX'GE,'X$K, MiDfe'GE, X$KP&', 4% 'GRhMISV, #i#= | K'TRZg/d,'RXi/f, RXg/d, RXf/g, 'hf/Z,’

eelZ,'RZ/e/"=="32?:7'646=A@:@'M:7:'<34@1@2:42'M12?'>7:P13; @%A'7:>372:0'0626/

HOK\/\/\

TA#=GeR/Z'E9,"NZN"Z'EE3=,'R/X":N;1PK, J1#="Gfe/R'E9, RIhR'EE3=,f/":N!BRK, 5! 9#= "

<B:W@?E@E?C8;RE?_ MHA-B==3M14N976=">73<:0;7:'#,";@ 14D

G>?:4A=@;=534A=K<A<=3>03364/3=E9,' "/XhX' EE3=,' R/"" :N;1P/K,

@fh'| J'GR/ZN!'@=4"14'U$FK,'MfAN'EE3HeN:N;1PK,'?:OA=E694: @1;E'873E10: [GHER/A
'@=4K,hhh'EE3=,"X/X"":N;1PK'600:0%2'640'2?:'7:6<21@2177:0'62'733:762;7:'537'Re’
?,'655370149'<A<=3>73MHE3XZ/Z'E9,'thy'A1l:=0K'6@'6'<3=37=:@@'31="652:7">;7151<62134'8A'5=
<?73E623976>7A,"=;2149'M22¢'#2-'14'?:064:@'G:=;2134'97601%4&2WIZ' GX"y'+2-"<'14'
?2:064:@K4% 'GINISV,#HI#= 1 K'}YR/gh'G@BB$K,'R/NEIR/WZ'GE,'X$K, RIRRef'GE, X$K,'

R/ZIR/Xh'GE,'f$K,"Ngg'@S'f/i'$V, Z$K,"dZP/dR'GE, X$K, e X'GE, X$KI&', 4% 'GRh™

hX



ISV, #l#=(K'}'hf/r'Zgle,'ZXIN, Xilh," XN XXIg,'Rel/X,'RZ'G4:62K' ZZRZ,'Z2gZ,' Z"e,' Xihd,'
XiXd, Xghf,'Reff,'RZ*h,'RXd?,'RXZd,'R%id,'R™g,'ihh,'iXg,' dZf#o4# 'G$+B)K0:; C'W!X$Y
#6=<0'537 »s'ReZ/ReZ"Q'F3;40'ReZ/ReZ"

HOW 4 YMXI:>V@RH:96@?E@E?C8;6aCd N<)4'64'14:72'62E3@>7:7:' 9EBP:

A\ Ph
Me 83(Q64'3P:AD71:0'E1<73M6P:'P16=":N;1>>:0'M12?'6'E694:21<' @217867'M6@'<?679:

M127?'64?A073;@ &eR/Z,'E9, NZ Z'EE3=,'R/X":N;1P/K'640' J1#="Gfe/R'E9,' R/hR'EE3="f/™"

‘N;1PK,'2?:'P16="M6@'<6>>:0'640'26L:4'3;2'35'2BI33P,2';40:7'P6<;;E'640'?:62:0'@'R""

m#' 537' R' ?/' U?:' P16=" M6@' 6==3M:0' 23' <33="03M4' 23' 733E' 2:E>:762;7:" ;40:7' 412739:4," 640

UIB#$ 9#="Gefh'| JGR/ZM'@=4"14'U$SFK,"f"h'EE3=,X/e:NKIR6 @'600:0'6402?:'7.:@;=2149'

E102;7:M6@'@2177:062733E2:E>:762;7:'537'Rh'E14;2: @/"5 BZANARIE@ 1;E'<?=3710:"

Ghhi'J' GRIM'I'@=4K,'Nhhh'EE3=, X/X " :NUBIQ' 600:0'640'22:'7:@;=2149'E102;7:'M6 @' @2177:0"

537'eh'E14;2:@'62' 733E'2:E>.7T&J7:' 7:@;=2149'E102;7:' M6 @' <33=:0'03M4" 23" 640' 6'

@3=;2134'GR X<KXE:2?ABG>?:4A=@;=534A=K<A<IBEFME GhZ'E9, ' XhX EE3=,'R/™

:N;1P,eiiy':K '14'07A'USF'GR/NEJK'M6@'600:0'073>M1@:,'640'2?:'7:6<2134'M&E@2177:0'62'

537'1?/"527'2?1@'21E:,'2?:'7:6<2134'M6@'N;:4<?:0'M12?' 6 Nf@BP£ L' M12?":2? A="6<:262:"

640'51=2:7:0'2?73;9?' 6' >=;9' 35' @1=1<6' 640' <:=12:"':=;2149' M127?" :2?A='6<:262:/' U?:' 51=2762

<34<:42762:0'640'2?:'7:@;=2149'<7;0:'>730;<2'M6@"'>;7151:0'8 A'530 @B > A7, BB’

?:064.@'0MYy"=;2134'97601:42K'23'655370'<A<=3>RB38GBM?12:'@3=10'GXh/e'E9, fXy'Al1:=0,'

iny' KN +464213E:71<:0<:@ @' M6@' 0:2:7E14:0' 8A' $ J#' 646=A@1@' 34' <?176=" @26213467A'

G#?176=<:THXh'<E,'Xy' &7-$'14'$:064:@, REIJPE14,'XZ'm#,'eZ'867,'XRe'AEGE1437K'RZ/i'

E14,'2 GE6[37K' Rh/NE1XKZ™® S'XRRe/gTR/M, #$#=1 KIH8 e X' m#/ 4% ' GIMISV,!

#I#= | K'Y d/zddl/Xe'GE,'h$K, X/iX' GBS 'Re/X'$V,' R$K, X/g™N GOS'Re/Z'$V,'R$K,'R/fg' G @K (587

-$K,'R/IRFGOY S'/X'$V, Z$K, MihD/gi'GE,'R$K, MdD/df GE,'R$K, "N Zh'G2S'h/g'$V, REKP&!

hzZ



4% 'GRhMISV, #I#= | KYRZgli, RXile, RXg/d, RXH/d, hil* 'eh/Z,'RilZ, Rg/h, RI¥IG4:62K ZXii,'
ZXRf,Z7e,’Z"RZ,'XihX,'RfZ,'RehR,'RXdh, iR,'d"Z, Thb4# 'G$+B)K:: C'WIX$Y #6=<0'537"

#odh %- 'RFZ/IRRRA'F3;40RfZ/RRRY/

mAU 2 @ -
2 g  » 3
3 g o o
o o\ &

2 &
140 & ‘A§
60
40 100 3 &
o
Peak RetTime Type Wdth Area Hei ght Area Peak RetTine Type Wdth Area Hei ght Area
# [mn] [mn] [mAUs] [ mAU % # [mn] [mn] [mAU's) [ mAY %

1 13.939 BB 0.2558 2632.50269 160.20461 49.7747 1 13.954 M 0.2743 523.29584 31.79291  5.1990
2 15.025 M 0.2963 2656.33862 149.41489 50.2253 2 15.031 MM 0.3142 9542, 08301 506.18121 94.8010 ,

5BGK;:'<IL$ J#'276<:@'537'<3E>3;40¢'

+>: BC9'6CHC:>C?79:'E6:HBA9; @
Cu(OAc), o

PhSO,Na
Ph
/ air, MeOH PMPJ\/\/,S\\/
' (OJNO)
MeOOMgBr 38

HO SO,Ph (2.2 equiv) BrMgO PMP
K THF 0 iCtort K
4 Br—=——Ph
Et,Zn O
\. CuCN¥2LiClI )J\/\
THF PMP \\
37 Ph,
o <J H:96CW@86:>@ 86:>@?AK?DC>@7? KUBF:> N Yi

Ph
Q)vs "0012134' @2:>%3==3M149' 9:4:76573<:0:7:' "' @149 FD
OO0
Meo G>?:4A=@:=534A=K<A<=3ETBhEAED "/ XhX'EE3=,'R/M"N:1PK,
elF:2730A>?:4A=E694:@1:E'873E10:'GR/RR'EJ G I'@=4K, N hhh' EE3=, Y0E0MN0IED'

Nig,'14'07A'USF GX/hVEJK'537'h'?'62'733E'2:E>: 76B;7334A=62134' @ 44@:>6762:'5=6 @L"

he'



:N;1>>:0' M12?' 6' E694:21<' @217867," #be<KGh//Z' E9,' NXhX' EE3=," R/" :N;1PK' 640'
>?:4A=@;=5141<'@301;E'@6=2'GfX/R'E9,""/Zdg'EE3=,' RIA*ON@RBAAP:0'14":-$'GX/NEIK/'
U?:.7194670'60012134'7:6<2134'E102;7:'G432'N;:4<?:0K'M6@'2764@5:77:0P16'@A7149:23'2?1@
640'@2177:0'62'733E'2:E>:762;7:,'3>:4'23'617'640'53==3M:0'8A'UJ# GX"y'+2-"<p?:064. @K/'n?:4'
=='2?:'<A<=3>73>643="142: 7TH0G@ '<34@;E:0,'2?:'7:6<2134'M6@'N;:4<?:0'@:N;:4216==A'M12?'
6N/ @62/'&$='"GR'EJK'640'R!'$#="GR'EJK/'U?:'7:@;=2149'E102;7:'M6@":0276<2:0'2?7::'21E:@'M12
#3 git=,' 071:0"' 3P:7'19B- +,' 51=2:7:0' 640" <34<:42762:0/' F=6@7?' <?73E623976>T&",\®149' »
+2-"<p?:064.@5:=;2134'97601:42K'>73P10:0'2712:23@ ;=538 GZR/X'E9,'eRy'A1:=0K'6 @'6'

M?12:'@3=10/"=="646=A@:@'M:7:'<34@1@2:42'M12?'>7:P13;@=A'7:>372:0'0626/

o <] (H:96CW@86:>@3B6:>@7?8:>xM@*C>' MR/ "0012134'

/©/U\/\ @2:5C 53==3M149' 9:4:76=:73<:0;7:' ") @149 FRD

MeO© o G>7:4A=@;=534A=K<A<=3>03SBAB=EY, M/XhX' EE3=, R/M
:N;1PKRelE:2?30A>?:4A=E694: @1;E'873E10:' GR/RR'EJ GNh I @=4K, Mhhh'EE3=, X/X":N; 1PK'’

600:0'62'N't#,'14'07A'USF GX/hNEJK'537'h' ?'62' 733E' 2:E>: 762l AAA=62134' @2 BT2?A="

V14<' @3=;2134' GXBR! @=4K,""XhX'EE3=,'R":N;1IPK'M6@'600:0'23'2?:'G;4N;:4<?:0K'.7194670'
60012134'E102;7:'62'733E'2:E>:762;7:'640'@2177:0'537'RNEL14;2: @/"'52: 72?70V PAE GHhH&
E9,'NZdZ'EE3=,'R/h":N;1PK'M6@'600:0'640'2?:'7:@;=2149NE@2@2177:0'537'RNE14;2:@'62'
733E'2:E>:762;7:/""@3=;2134'35'G873E3:2?A4A=K8:4V:4.'GRZd'E9,N/dhd'EE3=,"Z/"":N;1PK'14'07A'
USF' GR/NEJK'M6@' 600:0'62' 733E' 2:E>:762;7:' 640' 2?:' 7:6<2134' M6 @' 53==3M3XBRA' UJ#'
+2-"<p?:064:@K?:4' 6=="27:'<A<=3>73>6432'7E:0162I' M6@' <34@;E:Q?:' 7:6<2134' M6 @'
N;:4<?:0'M12?'6N/'@62/&3SCGX'EJK'640'@2177:0'537'Rh'E14;2: @'62'733E'2: ETEZEIK2
M6@'600:0'640'@2177:0'537'ZNE14;2:@/'JI6A:7T@'M:7:'@:>6762:0'640'2?:'6N;:3; @'=6A: 7'M6@":027

2M1<:'M127?%+2 3E814:0'379641<'=6A:7@'M:7:'M6@7?:0'M12?'8714:,'071:0' 3P F1H&B7:0'

hh



640'<34<:4276210£6 @?'<?73E623976>?A";@1492-"<p?:064:@'G:=;2134'97601:42K'>73P10:0'
f., B=LAAA=L:2ARGZX/NEY,'egy'Al:=0K/"=="646=A@:@'M:7:'<34@1@2:42’MI23S72F1 3, @=A'

0626%"

$77?:'<LOL2?30'#C'#3E>=:2:"3>21E1V62134C' 6<<: @@L 23 ®;8@212;2:0' <A<=3>73>643=@' P16’

2764@E:26==62134

HO_ _SO,Ph
MX,, rt 4 HO
Ph” > MgCl [ > ] Ph
g Transmetallation P Mn-1 THF, Temp., Time K\
24 !
$:H8L' -BG>7;I'
>9:@  4c - KBF $BH’ 6" OB:?I' b "
_a&' _KBF

R 434 72 XIXA h' ZXN
X #:#=1"GX/X"K 72 XIXA RX RA
Al #:#=1"GX/IX"K N XIXA h' N
e' #\7'GX/IX"K N23'72 XIXA e' XN
h' #\7 & GX/IX"K N23'72 XIXA e' z'h'
f' H#:#&' GXIX K N23'72 XIXA h' XN
d F:#=¢ GX/X"K 72 XIXA h' Xd
g& \4 ¢T4'GX/XMNK nN23'72 DDD h' ed
i & \4 sT4'GX/XK h™ DDD h' hg
R +2T4'GX/R"K A X/R™ h' fR'GhfK
R +2TA'GX/R"K  sdg'23'72 X/RA h' R”
RX® +2TA'GX/R"K  sdg'23'72 X/RA RX hZ

hf'



$1"3)'<LOL 'G<34214;:0K

R2 +2T4'GX/R™K 72 X/IR™ h' h~
Ré' GU!B#$ skeT4' N X[z h' R"
GNRAK
RH' GU!B#$ eleT4' N XIXA h' ff
GX/X"K
Rf* GU!B#$ skeT4' sdg'23'72 XX~ RX hi '
GX/X"K
Rd" GU!B#$ skeT4' 72 XX~ h' fz'
GX/X"K
Rg® GU!B#$ skeT4' N XX~ h' Re
GX/X"K
Ri™ GU!B#$ kT4 N XX~ h' en
GNhK
X"$ GU!B#$ skT4' N23'72 XX~ h' dX
GR/X"K
M< _SAH&I 4 pd>' uU'oc"9 MLMU <M RO
_<LMU

'&I( ' Al:=0' 0:2:7E14:0' ;@149 RZHE:2?30A8:4V:4;" 6@' 142:746=' @ZBUBH1<642'
0:<3E>3@1213438@:7P9P8W “BA7149:>;E>'60012134'35'379643E:26==1<YBSE20'
&HB&'G73E' TAG-1:Kg GX/X':N;1PK' 640'\419#="GX/X":N;1PR@3=62:0' A1:=0>6%:42?.@1 @/
C7:>67:08#$%&T3E T4#zGRNE3=yK, U!B#&!9#="GXVE3=yK, ' J1#='"GRR"E3-§R/>67:0'
SHPYBTBE TA#zGX/IXN:N;1PK, ' U!B#89#="Ge/e:N;1PK,' J1#="GRZ/N:N;1#3&>=:0'@2177:0'
537'2'?'>7137'23'60012134' 356 7:0'&#$ Y8 (3E ' T4#z GhNE3=yK, 'U!B#3$e!9#="GR":N;1PK,’
J1#="Gh/h":N;1PK/>67:0&#$Y%8T3E TA#=GR/XN:N; 1PK,'U!B#$9#="GX/e"":N;1PK'640'J1#="'
Gf/M:N;1PK

hd



cJ7@'I797'CD'E6B;7?’E@E?C8;C87>C?'MT

H#TA@26=@'@;1268F3F80Y¥5576<2134'M:7:'382614:0'8A'@=3M'0155;@134'35'?:064.@'1423'6'

I"H$Y08, &()%0& S+ H#
H&OMH0.1)  +
2+0.1/)+3H&A4-%%
5#.6#0)%10#
7)8H#$4%+

, 09:%)/+:&#

HO

OMe

Ph

Q@

<34<:42762:0'@3=;21BMBE #Pett=!

I"#$98

" (e #&
*+,-%.&/012&
$HH#A*58B
$-7.$8,&9%

#-#8*&:&#t-$T#&:&#-%; & 11

09:%)/+-)<&% <23213=""82>
,09:%)/+:9:%#+ 21@<3@AQ@<
=6)(#+40*16- Be&

>$&Yo+(#/I+"& #$:8%$:

C&D&S$#-.,$%4 %89 E&D&;,-$$,4*8F

& G&D&$H-T+84B6&I H&DE&#-$* 4'GF
& <&D&*-8+++4$9B58C 1&DE&SS;-+8,4*&F
WLH + * k4 $A5EIR &

@ &

AH#S:89%69+B()/(1/)%8#"'C $-*+$&/0<R:

D<:*06%&*$+(*#"&(8#$% #-+9%.81%8&

2BEEHC $$7°&

A&"0)(%* #%0#0 JIKL=1&M,&NOPQRSQ@&Z1=?V&>@WW!IC<&21="=!

F)"&)%&*$+*10@# XA<2C?=<8K¥R1@<12W2<K"&"'=C3=>&?KG=84'K&BE[84&DES-

hg



5-#96)+0)$4H#++0+") %)+ (*//#(%&*$
I$"#G-+0)$4#+
FH (Y& S+ (M1 /(Yo"

IS H#EHS HSYo+0# [H(%&FS:

FBHO) A8 HOHS HSVo+ O [#( Yok *S:

D<:*06%&*$+(*00#(%&*$
H)GI+)$"+.&$1+9%60)$:.8::&*%
=0601(%10#+%/1%&*$+%oH (- $&JI 1#
=0601(%10#+:*/1%&*$+60440).
FH&SH #$Y0+ HY%-*+

FH# &$# #$%+60%40)+
21$(%&*$+.8$&.&H"
A)%)+K+0#:%60)&$%: +K+6)B) #96#0:
Lo$f: N NBY6+*$+2N

OKP.)G+

283)+F+8&$"&4:

&

TH&A-%&$A+:(-#.#

D<*/1%#+:%01(%10#+6)0). #%#0
Q)04#:%+"&" | +6#)R+)$"+#/#

FIHI=I1+"#8&)%&*$+0* + #)$

%-#$&?28& #8p.F
$%] D" |D$*[&5%]DL]D$$[&68]D3]DY&

W &

*0o#t.$&_SA@A?5&D&E-#%$+

w$a &

bK3?2@<CA&

#-, T+#&CA>&H-858#

>@!=<?81=782>"
CQ[&NOSZX)P&*#$.07&4Z"=3>1@<I§&*#$75
dK33C?!'@:&3LEKTC!="&2A&d*

Z(Ofcf  U#$,0%&4Z"=3>!@<L[&*#$75
g&h4d2*&<*5*&
*%o#. $&0&Y$&0RS.8.
$H#*&

#-HHR
**+,,&>C?Ci&Xj*k8X5 S$&DBEH*8.[&hS*&D&H-H&ET
C33&>&7C

S$&D&#H-#*,$[&NS*&D&#&8%$

hD$0_#dd*5l4#-#.$7B4#-%#88B&

h"=1=&BD4ti*d (*5086
#-H#$49%5
#-$, QCALES 78=9%

#-#%.&R

hi'



&I1$)%M

*C>ET797?@V:I'+WBI79BF:'& @E?BV79BC>'CD'/:HB7HB>7?A

16<?_4'(1P:76,'(/Q'JLA0@6A, */' &/ £)H(Y6T+&.'S&HS.+*.)+) &1#5

ML<="*>9;CIKESBUBIBC>'CIHB>:A'7>I''HB>:'#K;;CG79:A'9C'&7;"C>@?'5K>E9BC>77?B9B:A'

#340:4@62134'7:6<2134@'67:'<?:E1<6="2764@537E62134@'2762'537E'<?:E1<6="8340@'8A'7:=:6(
37'32?2:7' @E6=="E3=:<;=:@&S:/86@7:'E614'8A>730;<2/'U?:'60012134'35'6E14:@"'23'<67834A="
973;>AL@'<=6@@151:0'6@'6'<340:4@62134'7:6<2134/")2'<34@212;2.@'6'L:A>73<:@@'537'537E
E3=:<;=:@'2?762'E6L:@' 2306Al@'=1P149' QA@2:EQ@'BBRR2@6ZN34' 7:6<2134@' ?6P:' 8::4'
:0>=37:002:4@1P:8A'379641<'<?:EQ®223'2?:17' 7:E67L68="68A2AP537E'8# 37'#S&'
8340@/'F37'14@264<:,'2764@537E62134@'@;<?'6 @' 6 4B=AB40'?6:2:2::4'M10:=A";@:0'

6@ @2762:91:@'23'8;1=0'<3E>=:0'E3=:<;=:@'537'23262 @BAA221@18H/412739:4'<342614149'
E3=:<;=:@' 23' <A<=3>73>6434:' 76 @' 8::14!(#=37:0'0;:' 23' 2?7 @2681=12A'1@@;: @' 2?762' 14P3=P
<A<=3>73>6434:640'<A<=3>73>6434:?:E1L:26=@/-4=A"06E>=:@'352 @AHD:2 53435621 <'
>71E67A'640'@:<34067A'6E14:@'23'<A<=3>73>6434:'?6P:'8::4'7:>372{0fB42E'<6@:'35'
@:<34067A'GE@' @;<?'6@'01E:2?A=6E14:,'016=LOtHHEI@’ 1 @3=62P6@3=:'>730;42'
<34P:421346="'<340:4@62134'E:<?641@E'1@'>73>3@:0'23'537E'2?7:'016=LA=6E14:'@>:<1.@/")5'€
60012134'1@'>:7537E:0,'600149'<A<=3>73>6434:'23'2?:'"6E14:'62'<3=0'2IEEL 66 246&T
537E62134'1@'56P3P062134'35'2?1@"'>7323<3="M1=="2'GEH26EB0;<24@2 /6@ 27"

32?:7'?640,>71E67ABE14:@'<64'537E'P6713;@'?:2:73<A<=1 QGRAM2ERFUB4@62134@/

[



i Me,NH HOKNMeZ Me<g-Me | e NH MeZNKNMeZ
rtor!50iC 1 H,0O ZHX I H*
39, 67% 40, 40%
at! 50 iC

O MeNH, N YMe A(y
Jomm e L L U

#E6:H:' MK'"0012134'35'>71E67A'640' @.<34067A 6E14.@'23'<A<=3>73>6434:

U?:@:'>7:=1E1467A'@2;01:@'M:7:'432'>73E1@149'14'382614149'P6=;68=:"<3E>3;40@Q'5:
7:6@34, 6E14:@' 37" 412739:4' <342614149' 4;<=:3>?1=@"' 23' <A<=3>73>6434:" 37" <A<=3>73>
'N;1P6=:42@'67:'98=FA' @<6T37/3P:7,'2?:'?:E16E146="537E:0'8A'2?:'60012134'35'6=1>7621<'
6E14:@'67:'L43M4'23'8:";4@268=:'23'>;7151<62134' 8A" @1 -B3U-ARE=;68=:"E:2?30' M6 @'
0:P:=3>:0'8A'#?:4":2'6" ;@ 14®;=534A=<A<=3>73>60F3AEEB>73>6434:'>7:<;7@37/276>
34:'@262:@'2?62'2?1@">7:<;7@37'1@'@268=:23'1@3=62134'640'@23769:'640'E37:'7:6<21P:'2764
?:E1L:26=" >7:<;7@37@/' U?:' E:<?641@E' 35' 2?1@' 2764@537E62134' 1@"' >73>3@:0" 23' 5:
<A<=3>73>641E141;E' P16' 6' <34P:421346=" <340:4@62134' >62?MBA"' 82M:4640'
<A<=3>73>6434:53==3M:0'8A'2?7:60012134'35'64'6<2BREGAA'IB=<6:3>?1=1<'<3E>=:0'GF19;7"'

XIK/
R® R!

HO._ _SO,Ph 2 3 AuCl; (cat)
K 7 4 Rl=—_q + RinR ZN =
H H,0, rt R

Base

5BGK;ML&B=0'<626=AV:0'60012134'35'6=LA4:@'23'<A<=3>733621H01R2. @' @2672149
573E6'@;=534A=<A<=3>73>643=

fR'



w4t 3,7 =68376237A, M ?6P:" :0>640:0' 27" 60012134" 35' 6E14:@" 4;<=:3>?1=@"' 23'
<A<=3>73>6434:":N;1P6=:42@23B271@' U6@®' @21=="64"'3493149' 7.@:67<?' 67:6' 35' @2;0A/' "4'
1E>73P:E:42'14'27"' @A427?: @ BHI]BLEM6@'0:P:=3>BA'#?71@23>7:7"32:43;7'973;>'8A

;@149 ?A0730A=6E14:@' 6@' 4,<=:3>?1=:@/' U?:' 60012134 35' ?A0730A=6E14:@' 53==3M:0" 8
7:913@:=:<21P:'@?152'E:0162:0'8A'6=;E14;EG)))K'2715=62:'6==3M:0"2X@AGED@41'@19>"

Al:=0@'GB<?2XEXKI*

R3NHOH (1.0 equiv) (.)H then add o) R3
HOKSOzAr EtsN (1.1 equiv.) HOKN\RB Al(OTf); (1.1 equiv.) E\l
R “R2 t-BuOH,280C, 30 min{ RU T R2 J t-BuOH, 28 GC, 1 h Rl “R2
[1,2]-shift 32-89%
I -lactams

#E6:H:' MLBBA42?. @ 1@BB<26E@'573E'@;=534A="'<A<=3>73>643='<A<=3>73>6434:">7:<;7@37'¢
?A0730A=6E14.@

MLM3+WBIBV:I'&@E?C8;C87>C?A

(:<:42=A,M:'"?6P:'8::4":0>=37149'?:E16E146=@' 60D42% <342:02' 35' TRAA 149’
<?:E1@27A,'M?:7:'2?:'600;<2'1@'7:®&BA0 3O101V:0'<A<=3>73>643=/'U?:'9:4:76="'<34<:>2'1@"
2?762'M:'<64'600'6'P671:2A'35'4;<=:3>?1=:@'23'2?:' ?19?=A'7:6<21P:'<A<=3>73>6434:Q' 2?1 @' 6-
E30;=67142730;<2134'35'P6712®%4,<=:3>?1@1427:'60012134'@2:>/'U?:'7:@;=2149'600;<2'1 @'
>73E>2'23'7:913@:=:<21P:'#u#'7149'3>@1EA =67=A'23'<A<=3>T3AB2AB2@® 60P64269:'2762'
M:'142730;<:' 6' 01P:7@:' 4;<=:3>7?1=:"14' <34276@?2' 23' ?6P149' 6' ?7A0739:4,' 6=LA=,' 37' 67A="97
<EE34=A'53;40'14'<A<=3>73>643=-@'6 @' @2672149'E62:7 1R2IN3 21 &;6<2BBAG~1V62134"
14@2:60'35'E3435;<21346=1V62134 5300 AU3348BE3:43=62:'<?.E1@27A'573E'<A<=3>73>643=@"

GF19;7X/ X/

X'



Regiodivergent

¢} O---M O E
HO R reagents /U\H (0] E+ M o) E
7_< . — R or B
R R 5 R)J\/\ R 5 R)J\/k RO
R R
Cyclopropanols Homoenolate | -Radicals Monofunctionalized 3-carbon linchpin
Regiodivergent Vs
Moiular l l
- O---M
HO SO,R NU HO Nu reagents O
K " > A > Nu/U\) Nu E—— NUM M
R >85% R R
! -Oxidized Homoenolate ! -Radicals Blfunctlonallzed 3-carbon linchpin

Cyclopropanols
5BGK;:ML#434<:>2;6="E6>'35'[30101VOA<=3>73>648¢C6' @3;7<!'3HH;4<21346=1VD'Z

<67834'=14<?@L4

U?1@'4:M'6<21P62134'<34<:>2'<3;=0'>32:8R1B5-84<1@:'>627?M6A'537' 7:=:P642' @<6553=0@!/'
H40:7'2?1@'<34<:>2,'"12'M6@'?A>32?:@1V:0'2762'>A76V3=:'<3;=0'8:";@:0'6 @' 6" 83A4216="2764(C
=:6P14973;>'P16' 64' 60012134, (3240149 5;4<21346=1V62134QB@212,21132?"' 6' >7321<’

4;<=:3>?1=:"GF19X/K/

X (@] X (@]

HO_ _SO,Ph [\ NH Nu-H

N )\)’L /N )\/U\

. . . R N A\ R Nu
R Tran5|ent I -functionalization

Acyl Group ! OX|d|zed

Cyclopropanols '

5BGK;MLE$A>32?:@1@'35>A76V3="6@'6'2764@1:42'6<A="973;>'537"2%,@R43261 QB5'
<67834A='<3E>3;40@

H40:7' 271@' 86@1@," 17/' a;[14' c649' 0:P:=3>.0' @@27> @:N;:4216=" @A42?' @1 @' 35'
5=:3736E10:@'14'?19?'A1:=0@/'n:'L4:M'8:537:7640'2?762'600149'>A76V3=:"'23'<AME®DP73>6434:
5:6@18=:"14'?19?'Al1:=0@'8:<6;@:'2?1@'7:6<2134'M6@' @2;01:0'23":P6=;62:'27:'2;4681=12A"'35

<A<=3>73>643=@'<A<=3>73>6434:'>7"9F¥ @P3@HE:'>32,'2?:'60012134'35'<626=A21<'@1=P:7'G)k

fZ'



<6783462:'640' @:=:<25=;37'6@'3010642'640'5=;3MF'@3N7:23' 7:913@:=:<21P:=A"' 7149
3>:4149'62'2?:'E3@2'@;:8@212;2:0'8340'6 @':0>:<2:0'8A'7601<6="'@2681=1V62134'27:40@/' U?:'<
2:=:@<3>:0,'640'6<A=">A76V3=:@'M:7:'<34P:72:0'23'2?:'0:@17:0'@:<34067A'37'2: 7216 7A'6E10: @'

Al:=0@'3P:7'2?7:;' @ZB@EX/K]"

Pyrazole (1.05 equiv) = Ag,COj3 (1 mol%) RZ 0
HO.__SO,Ph Et3N (1.4 equiv) [HO ’/>-‘ selectfluor (3.0 equiv) Rj\(u\ amine (2.0 equiv) Rﬁ\)]\ RS
2 g N N~
1
R 77 R3 CH,Cly, [0.25M] RHK\ CH,Cly:H,0 (5:1) \\) THF [0.1M] R? R
R r,2h R2 RS [0.20M] 50iC,1h

40iC,1h orrt,2h

! -fluoroamides
45%-84% !

crude mixture used
#EG:H:' MLAB:N;:4216="@A42?: @ HY@B(')*+,-./&.+01/23()4'%-/)./)/5()0.+-05/)63%/1('&2

MLN=HWBIBV:I'&@E?C8;C87>C?A'7A*>9:;H:IB79:A'DC;'96:'#@>96:ABA'CD' @;AC?CB>IC?

e #34214;149'27:.:0>=3762132'89:'?:E16E14@B@BO101V:0'<A<=3>73>643=,'M:'0:<10:0’
23'0>=372?"'@A42?:@1@'35>A773=31403=34.@'<37:@/':<34 @D KP1394BB2°0">73P10:'
6'N;1<L'01@<344:<2134'23'1403=:@'64067334";412'M12?'6'<67834A="'5;4<21'4E&E8 2A/
35'803=:@'67:'<3EE:7<16==A'6P61=68=:,'640'E64A'E:2?30@'67:'6P61=68=:"53727@B@A42?: @ 1(
2?7:1x67834";412,'M:":14P1@134:0'2762'<A<=3>73>6434:'<3;=0'8:'2?:">73>:7' @A42?34'23'8;1=0'2
5,@:0-6<26F149'GF19;Xfe'&/)42?:537M670' @:4@:,'M:'"?A>32?:@1V:0'2762'2?1@'2764@537E62
<3;=0'8:"6<?1:P:0'2?73;9?' 64[30101V:0' <A<=3>73>643='537E:0' 8A'2?:'60012134' 35' 1403=:"'23'
<A=3>73>6434:":N;1P6=:42@/ F1¥#: @ =214¥30101V:0' <A<=3>73>643=,<B7&E010621P:'
<A<=1V62M83=0'8:";21=1V:P3' 537E' 2?:' #u#'8340' 62' 2?:BX' >3@12134' GF2OF &K/ #X'
5;4<21346=1V62134'35'1403=:@'1@">7:9X3;8'8P1B#6=1V62134'M?:47601<6=@'67014P3=P:0

23' 2?7 >7:@:4<:' 35' 6' 8:4VA=1<' 7601<6=" 142 FB:04BA149' 2?:' 0:673E621V62134'/3>73<:@ @

137:3P:7,' 2?!7601<6='7149'3>:4149'35'<A<=3>@866836<?1:P:01128'P671: XA 26="Q6%2@/

fe'



a) Retrosynthesis of pyrroloindolones cores

D — D
H o}

Pyrroloindolones

b) Forward synthesis
R

SO,Ph
K - Radical =
(D Oxidative N
R

Indole addition Cyclization (0)

I -Oxidized
Cyclopropanols m

5BGK;MLE#34<:>2;6="6>>736<?28773=3VIR(X40BHE34:'<37:@

)403=x342614149E3=:<;=:@>G1P6=:42"'14' >?67E6<:;21<6=@' 640'813=391<6==A"7:=:P642
@<655320680'12'1@'2?:'53;72?' E3@2' >7:P6=:42'?:2:73673E621<' @ A®2: HB3:4GA4Q'
07;9¢' F,@:0 @A@2:E@'0:71P:0'573E"1@032 @A 773=31403=34.@'67:'<3EE34=A'53;40' 14'
462;76=">730;<2XH;77:42' E:2?30@"'537'<34@27;<2149' 2?1@' <37:' 14P3=P:' 14276E3=:<;=67'n1zZ
7:6<2134' 23'537E' 2?:' 1403=:' <37:' 573HBAA=@;<<141E10:' >?3@>?341E3@B3Q1;ED
<626=AV#®s$' 14@:72134' 578803=14:' 016V36E142:TE:0162']' 130:74' E:2?30@' 14P3=P:'
17101;E'>?3237:030'<626=A@1@'573E'6<21P62. B ATIAB4d03=:@'142:7E:0162:@'23'537E'
2?:' >A773=31403=34:"' <37:' GFX#R" 11@214<21P:' 573E' M?62' 1@' 6P61=68=:" 14'=12:762;7:," 3;7
6>>736<?'355:7@'6'P6=;68=:"01@<344:<2134'14P3=P149' </6@B? 634341 42:7E:0162:
M?:7:'6' @1E>=:";4>732:<2:0'640";45;4<21346=1V:0'1403=:'<64'8:";21=1V:0'6 @' @;8@2762:'23'537E
5@:0'7149' @A@2:E'14'6' @149+ U@ HB06E2134' 35' 1403=:@' 23' <A<=3>73>643="M1==">73P10:'€
?:E16E146="142:7E:01&X30101V0A<=3>73>643262'1@'>73E>2'23'714PA840:7'7601<6="
<34012134@'640'<A<=1V:'BR23@12134'35'2?:1403=:'<37:'23'655370'2?7:'0: @17:0'644;=62:0>730;<2

652:7'7:673E621V62134/

fh'



Br_- +PPh3

R4
R R3 R5
N\ Wittig Olefination o R2 C-H Insertion A\
N p— N p— N N,
\ R [Rh] )~
(6]
o (e}
N Photoredox @ @
N N O-NPht  Or l\)l/\(

& [ir] w

o}

Rl
Our apporach
AN Addition of indole A 0
N +
N
then Radical Oxidative H
(0] Cyclization ar

5BGK;MLB2?:7'@A42?.@:@'23'6<<:@@">A773=31408>33F>Q7L@34'23'2?:'>7.@:42'
6>>736<7?

MLO="IIBO9BC>'CD*>IC?:'9C'&@E?C8;C87>C>:"#K;;,CG79:A="#@>96:ABA'CD'/:HB7HB>7?A'

n:' @2672:2?71@' >73[:<2":8A=;62149' 2?:' 60012134' 35' 1403=:@" 23' <A<=3>73>6434:/'"@'
>7:P13;@=A'E:42134:0,"01@2149'E:2?30@'23'600'GB240R I ¥B<=3>73>BB34@<67<:'14'
2?7 =12:762;7:/' $3M:P:7," M12?' 2?:' :0>:71:4<:' 382614:0' 8A' 600149' <67834"' 4;<=:3>?1=:@"' 23
<A<=3>73>6434:'G#?6>2MRK1<L=A'53;40'3>21E6='<34012134@'23'600'1403=:"23'<A<=3>73>6434
14' ?19?" :551<1:4<A' GUBEKX/' "E14:@' 37' 6E1014: 86@:@' @;<?' 6@" 271:2?A&BE14:" G+2
011@3>73>A=6E14:' GI)™"K,' 271:2?A=:4:016E14:' 37" I"\#-[DRGY 681 <A<=3Gh/e/ Kt &
GN\HK'640'R,h,d2716V681<A<=3We/e/"Y0:<:4:'GU\IK>73P:023'8:,47:6<21P::0<:>2'537'\H'M?1<?'
M6@'=3M'AL1:=01427TG:@K/#.@1;E'<6783462:'6=@3>73P:023'8:'=3M'A1:=0149'G:427ATK/'B27349:7
86@:@' @;<?'6@'>326@'@2FD10:'AY;-kK'640'018;2A=E694:@1;E'Gg!9K'>73P:0'23'8:'
14:55:<21A?:7:'0:<3E>3@1213£235@2672149'E62MGE-38@: 7BAN'43'>730;<2'537E62134"

3<<;77:06:4271:@'d'640'gK/" 730;<2'537E62134'14'E:641495;="N;648126382614:0'M12?"

ff



=12?1;E' 86 @NR:7:' #13,J1' >73P:0' @;>:7137' 23' =12?1;E' 81@G271E:2?A=@1=A=K6E10:' GJ1%$!IB
G:4271:@&K/

$77?'MUs<>21E1V6213461)12134'35'1403=:"23'4:M'<A<=3>73>6434:">7:&7@37@'G

HOKSOZPh @ Base (Z equiv) é\ NKOH
+
N Solvent,
42

H Temperature
4 (X equiv) 41 (Y equiv)

. $Hg "TA: 0 0¢  S$BH: ... WAK?9A N
>%@ Tag'  diKBFE  _CcKBF' _0JKBE® & TC7F9 |

O 0¢ OM

R 72  +2&GXHK R/Z R/ Rf #3548 «ii ' ie' N
X 72 ) "GXhK'  RiZ R/ Rf #$.#&' «ii ' g¥ N
Z 72 I"-GXhK ' RIZ R/ Rf #$.#&' «ii ' i ' N
e 72  NHGXhK RIZ R/ RF #$.#&' ~ X' Zd
N 72 UWGXhK  RiZ R/ Rf #$.#&' A~ ii' N
£ dv  #@#+GRAK RN R/ Rf  #$,#8' ~ fe' XX
d d$'223' '‘D-KGX/ZK'  RIZ R/ Rf  USF A~ zg ~
g d$'223' GLKJOGX/ZK  RIZ R/ Rf  USF A~ e ~
i d$'223' Jlg!;f;'ZK RIZ R/ RF  U$F ~ 2z IR
RA d?'223' Jlg!;géK RIZ R/ Rf  U$F A~ RX gV
"dg23' 11" n N ] ' A o '

RR 9923 ungrewzk R X/ Rf  US$F Wi * fg
"ng23l . ! N N 1 ' AN !

rx 992% uyarewzk R R/ Rf  US$F 77 hf
<N 3;'9( %9'K3B' MLE  <LN <lU <Q $5°' U R SP
<o 33'9( 0F'K3B' MLBI  <LN U <0 $5°' U U TU

'S 2!1('A1:=0'382614:0'8A"; @149'R,RNLE:2?30A8:4V:4:'6 @'6' @26406TEE3="@<6=:

fd'



""MLP#ECS8:'CD'96IIBOBC>'CD*>IC?:'9C'&@E?C8;C8A*C>:

U?:' @<3>:";40:7'2?:' 3>21E1V:0' <34012134@' M6@' :P6=;62:0" 8A' <?649149' 2?:" :=:<27341
>676E:2:7@'673;40'27:'1403=:"E31:2A'640'@;8@212;2134'62'2?:' <A<=3GB=GA3AX/H 9
+0<:==:42' A1:=0@"' M:7:' 38@:7P:0' 7:9670=:@ @' 35' 2?:' :=:<27341<' >676 EGZX@45340' 62'
>3@12134/'J12BE39:4':0<?649:'1@'6'56 @2'>73<:@ @' 2?62'<3;=0'<3E>:2:'"M127?'0:>732346213
@3E:'<6 @ @I3'3;7@;7>71@:,'=1PPa89:4".0<?7649:'@::E@'23'8:'<34@10:768=A'@=3M:7'2?764'2?:'
0:>7323462134'60012134' @:N;:4<:,'640'?19?'A1:38@BMN'537' @;8@2762:@'8:67149'<?=3714.@"
640'873E145;4<21346=1Z@D0'AQ'GBIPWK/Nn:'2?14L"'2?1@'1@'0;:'23'2?:"=[X2%3462;7:'35'
1403=:@,'E6L1492?1@">73<:@@'=:@@'56P3768=:"23'3<<;7/'U?:'60012134'35'@L623=:'640>A773
@;<<:@@5:278;9?'14'6'=3M:7'A1:=0'537'2?:'<6@:' 35'>A773=:/'U?:'60012134' 35'1403=:'23'32?
<A<=3>73>6434:":N;1P6=:42@' 6=@3' >73P:0'23' 8:'5:6@18=:";40:7' 2?:' 3>21E6="'<32012134@/" !
@;8@212;2333M1@;8@212;213MNAZ8@212;2134' 640' <A<=1<' @;8@2762: @L84T7 643E>6
@621@56<237A'A1:=0@'M:7:)280@AZIN372?A' 222G =3>73>6434E16E146=@'67:'53;40'23'
8:,4@268="14@3E:'<6@2®@.'=12:7626=273;9?.E16E146=@'573E'14@3542?.@1V:0'87:
@268=:"23"'<?73E623976>?A'640'<64' 8:' @2373¥1¥:2B37' =3497130@"' 23E:' M12?3;2'

0:<3E>3@121384/

fg'



HO_ _SO,Ph « @ n-BuLi (2.3 equiv) HO__N_ /™
+
KR X N THF, 178 {Ctort, 16 h A N
H R X
(1.3 equiv) (1.0 equiv) 42-57
= = OMe = Cl =
HO_ N HO_ N HO_ N HO._ N
A A A A oMe
42 43 44 45
90% 96% 96% 86%
HO_ N HO_ N HO_ N HO_ N
A o A A A
46 47 Me 48 Cl 49 Br
90% 88% 94% 78%
Me
HOKN% HOKN HOKN% HOKNQ
Cl Me
50 51 52 53
70% 91% 90% 68%
HO N/b HO N/b HO N/b HO N/b
Me Me é Me Me
Me
54 55 56 57

79%

84%

71%

61%

#E6:H:' MOC'B<3>:'35'6<<:@ @18=:"?:E16 EMBRQ@'G

" MLQ="+89BHBV79B@E>CG8:>B>R @E?BV7IHETI!

nl12?' 2?@: ?:E16E146=@"' 14' ?640,' M:' :0>=37:0' <34012134@" 23' :55:<21P:=A' 537E' 2?

>A773=31403=34:'<37:'P16'7149'3330UWB21P:'<A<=1\GO684 ' XIXK23'@1E1=67121:@'14'2?:'
@;8@276@'<3E>67:0'23'a;[14'c6491@'E:2?30'01@<; @ @:0'Y7:'M1E@67R:0' @K49' @ 1=P: 7'
@6=B@'<626EBE22?:'7601<6="7149'3>:4'@(<?'6' DA@2:&1'6?6 @A*02;7:'35' @3=PUD@
4::0:0'23'01@@388B2727?:'14379641<'301684227:'379641<' @ ;8@ 7:42' @1=P:7'@3;7<:@"
7:P:6=:0"2?6@=P:7G)K' 2715=;3736<:262:' G"9UF"'K' MBE-@2=P:7' @3;7<:' 23' <626=AV:' 2?1@"

fi'



2764@537E62134' G:42M/@GBFE@@1;E' 37' @301,E' >:7@;=562:' 0:E34@2762:0' 23' 8:' 145:7137"' 2
6EE341;E'>:7@;=562:'6@'64'3010642' GI&2NIgKy"-O34:'6@'64'3010642'010'432'655370' 64A'
>730;<2'537E62134'G:427A'IK/'B3=P:42'@<7::4149'>73P:0'23'8:'6'L:A'56<237'537'3;7'276 4@537E6:
@27349'145=;:4<:"34'2?:'"7:6<2134'A1:=0'M6@'38@:7P:0'2?773;9?3;2'6=="2?"@3=P:42@' @<7::4:0/
53;40'2765=;3738:4V:4:"'M6@' @;>:7137'23":2?A='6<:262:,":2?:7:6=,' <@3ZPA2@~; 4.,
641@3=:,'0A=:4:@,'640'<?=3738:4V:4:'GsRE184@:0>:71E:426="@:<2134K/'$3M:P:7,' &:'56<:
@3E:'7:>730;<181=12A'1@ @;:@'M12?'@1=P:7'6 @'6'<626=A@24BE21382 Q' 35 13N@'6 2'
2?71@">3142/'U3'56<:'2?62'1@@;:,'M:'0:<10:023'@<7::4'32?:7'E:26=@'14'3;7'3>N1BEB+51R30012134 @'
M12?9UF" '6@'6'<626=A@2/'n?1="14GBAGEK68=:"23'<626=AV:'2?:'7:6<2134'14'=3M:7':551<6<A'
2764' @1=Rb=Ba27A' RhK,' GIid @6-@@3M:0'23' 8" @;>:7KH6=-A@2B271@' <?:E1<6='
2764@537E62134/' (:>730;<181=12A'1@@;: @' M:7:'432' 38@, RL-MA2M:X73D194151<642=A"
?197:7,'640'60012134,'1734'1@"672?'68;40642'640'<?:6>'<3E>67:0'23' @ 1P HIEGCLA 48
B<7::4149'1734'@3;7<:@'7:PEBEO<6B8@'27:'3>21E6="1734'@3;7<:'G:ARIK/@'Rf

$77?MUM>21E1V62134'35'E:26="'<626=AV:0'3010621P:'7149'3>:4149'<A<=1V62134'

— Catalyst (10 mol%) [ N\ N\ A\
HOKN >\\/ Oxidant (1.5 equiv) N . N N
Solvent : H,O (9:1)
[0.05 M], 50 iC, 24 h { o)\/ & S Et
42 59 58 '

%:AK?9A"_bB°
)>9;@ &797?@A9  +WBI7>9 #C?F:>9 '

PT PS
R "9 &B- ' G&$ kBs- + #S#=\" i X
X "O - 1 G&$ KkBs- + #S#=\" ef’ h'
Z "9-"< ! G&$KBg- + #S#=\" Zé h'
e' "9-U5" G&$KBg- + #S#=\" eR e'
h' "QUF" ' G&$ kBs- + #S#=\" e’ A

an



$77?:'MLME<34214;:0K

fr "QUF" K eBe- + HSH=," zf' z
d "QUF" &65Be- - HSH=," Xi' z
g "QUF" k$B- ' HSH=," A A
i "QUF" ' G&$KB + <l RX A
RA "QUF" ' G&$KBe + DL Ré R
RR "QUF" ' G&$KB + or ex z
RX "QUF" ' G&$KBe +  10DA=4: ef' A
RZ "QUF" $  G&$ KB + o= hR A
Ré" "QUF" $  G&$KB + “2F! hhi e
RN 14G6<6<K  G&$ KB - “2F! zd A
Rf' F#=$  G&SKBe + “2F! hX R
Rd F1eGB-K$  G&$KBe + 2F df* fr
Rg FiG&K$  G&$KBe + “2F! di A
R’ FIG6<6:K  G&$KBe- + “2F! gX R

"$'&I(AL:=0'382614:0'8A";@149'R,2R1E:2?30A8:4V:4:'6 @'6' @ 26206 TEE3="@<G:
MLR=*0&797? @\VB>G' 8:>B>G+ WBI79BFECS:

n12?'2?:'3>218/:0<34012134@'640'?:E16E146=@'14'?640,'2?:' @<3>:'35'2?1@'2764@537E(
M6@':P6=;62:0' GB<?XK/ U?:'7:6<2134' 1@'6E:468=:"M12?'>3@121P:'640'4:9621P:'E:@3E:71<
:55:<2@'62'6==">3@12134@"'35'2?:' 140BIKT1BENCRE ,' 64' 14<3E>=:2:'7:6<2134'M6@'53;40'
M?:4'<?=3714"M6@' @;8@212;2:0' GR"23¢¥1.2,1382614149'2?:' 0:@17:0' >73Q2ALe"y'
1@3=62:0'A1:=0/'U?:'"7:E614149'A1:=0'M6@'1@3=62:0'6 @' 7:<3P:7:0' @27 B1IXBE@:TA6="G
>730;<2'M6@' 1@3=62:0/'B2: 731 @543%:' 7:6 @3837' 2?7 01K 1@7?:0' Al:=0'38@: @i3I<:'
E:2?A="@;8@212;2134'62'2?:'@6E:'">3@12134'655370:0'?19?'A1:=0@'35'2?:'0: @ 1@BLA773=3140
L@3E:71<:55:<2@'67:'14<34<=;@1P:'8: @1 16'67F=~A273F337@ ;8@ 26¥56=@3'655370:0'
9330A1:=0@'35'2?:'0: @ 1771BOBY403=34KK/'U?1@".55:<2'38@:7P:0'<64432'8::4217:=A".0>=614:0'
BA'@2:71<'37T'E:@3E:71<'142:76<2134@/'$:E16E146="0:71P:0'5RBEXYRPLB-0'E?:'0: @17:0'

dR



644;=62:0'>730;<RE'14'=3M:7'A1:=0'2?64'1403=:@'0: 71P621P:@/""?19?:7":4:7T9ORTCU@ 121 34' @
:0>:<2:0'537'2?1@'600;<2'8:<8B@7:'E37:'01551<(:@73E621V62134'62'2?:'<A<=1V62134' @2:>,'14'
<34276@223'1403=:@"13MA4&>672'352?:' 7149@A@2:E'1@'0:673E621V:0/'1155:7:42'@;8@212;2]
>622:74@'62'27:' <A<=3>73>64:' 7T14BWEB21E8 23'655370'2?:17' 7:@>:<21P:'>A773=31403=34.@/'
1343E:2?A="RK' 3*0 M1E:2?A=RK,' X, D1E:2?A-RK'640' X [B1<A<=3?:06RI& 7145, @:0'
>730;<2i@7:382614:0'14'?719?'A1:=0@/n? IBIKX<=3?:064:>A773=3140BERME@'382614:0'

6@ >;7)#%1@3E: 7, XINE:2?A=RXK'M6@' 1@3=62:0'6@' 6' 016@2:7:3E:71<'E102;7:' 35' R/XCR

S )HUT &T6 213/

= Fe(acac)s (10 mol %) [ = X—
HO_ N/ (NH4)2S,0g (1.5 equiv) | ™
_ PhF : H,0 (9:1)
AR X 50C. 24 h { M 5074 &
Cl
A\
N

61 O 62 O 63 ©O

83% 70% 81% 80% 70%
A\ A\ A\
4 Me K Cl &

66 68

84% 78% 75% 83% 40%2

N

70 O 71 O 74 0O

7% 20% 69% 9% 7% 63%
1.2:1.0dr

@20 mol % of Fe(acac); was used. 1

#E6:H:' MBC'B<3>:'35'6<<:@@18=:">A773=31H0RIL.@'G

M&='4:E67>BA9BE'#9KIB:A"7>I'.;C8CA:I'4:E67>BAH

" @'27:4€626=A@2@",@:0'67:'L43M4'2B:8L24.34'3010642@'537'6=<3?B=E2 MO 1V:0'
2?762'7601462:7E:01626@:' 14P3=P:0'14'3;7'<?:E1<6="2764@537E62134/'1;:'23'2?:'4;,<=:3>?1=1<'

dX



462;7:'35'1403=:'62'2?:'412739:4'GAOB@ 1 2@B45;4<21346=1V62134'62'2?:@:'">3@12134@"'?6@'8::Z
=='@2;01:0'537'0:<60:@/'U3'6<?1:P:'5;4<21346=1V62134'35",4@;8@212;2IX"+BqB 1+ 28R 27 #
6'7601<6=">627?M6352@>7:5:77:0/" n:'0:<10:0'23'7;4'6' 7601<6="1471812134":0>:71E:42'M12?'
XX fIU:276 E2?A=>1>:71ARBOA=" GU+!"-K' 7601<6="' @<6P:49:7' GBXP:&3' U+!"-'
600;<2'M6@'382614:0Q"?3M:P:7,>730;<2'537E62134'M6 @'14 BE&RIR AOBFHRIPRK>7384 D
RB34:'GPK'M6@'1@3=62:0'14'efy' A1:=0/'n:"?A>32?:@1V:0'2?62'2?1@";4:0>:<2:0'>330;<2'<3;=0'5
P16':=1E1462134'35'2?:'U+!"-'600;<R¥/'B3E:'<34273=".0>.71E:42@'7:P:6=:0'2762'2?:'7:6<2134"'
4::0@'M62:7'640'64'301064A2373"'M:#54'60012134,2?:'68@:4<:'352?:'<626=A@2'03: @'432>7:<=;0:"'
2?:'>730;<2'537E62134Q'?3M:P:7,'2?:'A1:=0'M6@'<34683:87685W63¢ XK/ U?1@'>3142@'3;2'
2?762734' @>:<1x@R:4216==A'@2681=1V:'2?:'7601<6="142tPBA-6208):51412:=A'6<<:=:762"'
27" 7:6<21Bh127?' 2?:@:' 0:261=@' 14' E140' 640' 6' >7:P13;@=A"' 7:>372:0' E:<?641@E' 14P3=P1
>:7303@;=562:@' 640' 76043:6=:4149°% M:' >73>3@6 E:<?641@FE' @2672149' M12?' 6' =19640'
:0<7649:'8:2M::4'?:E16E146€KK'640'F:G6<6RR'537E'64'142:7TE:01dRCG40'X B:14260134:
GF19;7:' XI{K3E3=A@1@'35'2?:'F:u-'8340'7:0;<:@'2?:'1734' @>:<1:@'640' 9: 4 B A2 ?:'
<:42:7:0001<6="@>:<1:@'2762"40:793:@'7149'3>:414923' 1 K BB462M:0'8A'0:6 73E621P:'
<A<=1V629:34762149'6'8:4VA=1<'760RR62T62",40:793: @'301062134'8A'2?:'@;=562:'7601<6='64134
23'9:14:762:'12@' 7:@>:<21P:'<6 7838268826 73E621V62184-8 E1462134' MGE 341 E'
@;=56B@'6'86@4:762:@'2?:'0:@17:0'>73(FFR'640'64':N;1P6=:42'35'6EE341;E'81@;=562:/
U?:7TE3=A@1@'35'>:7303@;=562:'9:4:762:@'2M3":N;1P6=:42@'35'7601<6="@;=562:'64134/'-4:'35
14P3=P:0'14'2?:'7:301062134'352A@2573ER3' F( Q'142?1@">73<:@@,'6432?:7":N;1P6=:42'35'
6EE341;E'81@;=562:"1@"'9:4:762:0/'U?:'3P:76=="2764@537E62134' 1@' 6i1PE5—=38RED C' 34"’
@2672149'E62:716="64034P6=:435' 6EE341;E' >:7@;=562:'67:' <34@;E:0'23'9:4:762:' 34’

:N;1P6=:425'2?:'0:@17:0'>730;<2'640'AVIF6=423B'6EE341,E'81@;=562:/

dz



TEMPO (2.0 equiv)

50iC, 24 h

= (NH,),S,0g (1.5 equiv) A ©\/\> Mem
N_. _OH Fe(acac)z (10 mol %) Me '+ Me
O | N (o RN
CgHsF/H,0 (9:1), [0.05 M]
0 o VE

N /B
H

59
2 Not Observed 75, 46% 76, 46%

#E6:H:' MQC':<?641@21<'@2;01:@C'U+!"-'14?1812134'7:6<2134

$77?:' MLIMN34273="'7:6<2134@"

= Fe(acac); (10 mol%) A\
N OH (NH4)25208 (15 eqUiV) N
K PhF : H,0 (9:1)

42 50 iC. 24 h 59 &
g

4968, < (#.2"8>$=28=3H.2. 7% 8@=" #.2) A*)'Q#Q&J’;O&
BG. DR,

E j=>6" (" i

4 %7 @6>A6CHEBY (" ("

* %2@6>A6"=B"=DEF0>4 1 ("
> %?@6>A6"=B"E9=>"A040GH@4 (" 2"

Me




I Fe(acac), Q}%

82082! S 2504!¥

NH,HSO, + SO,' ¥

Fe(acac);

5BGK;MLUQ73>3@:0'E:<?641@E'537'2?Q)JM626=AV:0'3010621P:'780%<3¥62134
MI='&C>E?KABC>

n:' M:7:' 68=:' 23' @?3M' 2?62A<=3>73>6434:' ?:E16E146=@' <64''6<B@EI@1V:0'
<A<=3>73>6484@67:' P6=;68=:"142:7E:0162:@'537'2?:' @A42?: @1 @538 N2 PEAZKA<=1<'
@<6553=0@@122:7E:016@M:7:'537E:0'8A'4;<=:3>71=1<'60012134'35'1403=:@'23'<A<=3>73>6434""'
>T:<;7@37@Q233;,7@;7>71@:,'2?:'7:@;=2149"?:E16E146=@'M:7:'@268=:23'"1@3=62134/'$19?'7:€
M:7:'382614:0'537'2?1@'2764@537E62134'7:9670149'2?:'@;8@212;2134'>622: BY3P27?:'1403=:"'<
@;8@212;2134'62'2?:'<A<=3>73>6434:"7149/ FIBEII@O0'<A<=3>73>643=@,'6'7601<6="3010621P:
<A<=1V62134'M6@'0:P:=3>:0'23' @A42?:@1V:'>A773=31403=34:@/'U?1@'2764@537E62134'1@'
3010621P:'<34012134@";@149'>:7303@;=56BKBA2@LB5/A2268=' @>:<1:@' @;<?®&PKL734
>73P:0' 23' 8" 8:4:51<16=," 640" ?19?' A1:=0@"' M:7:' 382614:0' M12?' 0155:7:42' @;8@2762:@"' 2
+0>:71E:426='0626'>3142@'3;2' 262821 @ 262?M6A'14P3=P:@'7601<6="@>:<1: @/
MEU-)W8: BH:>972/(:97B7A

-=>57?7=" H4=@ @' @262:0' 327 BME@3IBN;:3;@"' 7:6<2134&Y:' >:7537E:0' 14' 3P®71:0'

dh



9=6@@M67:' @:6=:0'M12?'E1<73M6P:'<6>@'37'7;88:7' @:>26" 4GZE3@12739:@¢4Q:7:
@2177:0'M12?'U3E362:0'E694:21<' @21 7'867)10'7:69:42@'640' @ 34R: 428964 @5:77:0'P16'
@A7149:" ;@149 @2640670" B<?=:4L"' 2:<?41N;:@/' U:276?A0735;764' GUSFK," @K2?A=":2?2:7' C
01<?=373E:2764: G#i$K,' 23=::4:'G ?1:K,'6<:2341271="G!:#&K,'640'E:2?7643="G!:-$K' M: 7'
071:08A>6@@69:'3P:7'6'<3=;E4'35'6<21P62:0'6=;E1A6/GL'BB=P:42’BA@2:EK/"4?A07B;@'R,e
013064:,'01E:2?A="@;=53010:'GI'BH[B;2A="E:2?A=":2?2:TG:K,'011@3>73>A=":2?: 785

7&K, R)M1<?=373:2?64:' GI#+K' 640K:2?730A:2?764:" GI'+K' M:7:' >;7<?6@:0' 14' @:6=:0'
8322=:@'640";@:06@'7:<:1P:0/"==BPA2@'M:7:.@:06@'7:<:1P:0:4=@ @'32?:7TM1@:'432:0/'U?14'
=6A:7'<?73E623976>?A'GUIAK'M6@'>:7537E:0";@149'B1=1<A<=:[El1e-2Z&362{0'F=62: @'
GMNXh'EEK'640'P1@;6=1V:0'8A'H*'17760162134'640'641@6=0:?A0:,'#"!,’>326 @ @1,;E™>:7E6496462:,
13014 @26 B378:42' @1=1<6'9:="G>67210Z {BK\B RV 3<LE644')' 86 @1<'6=;E146'G>6721<=""
@1V:'IRX"W|EK'M:7:";@:0'537'5=6@7?'<?73E6230H23?7A1401<62:0'@3=P:42' @A@2:E'6<<370149'23'
@2640670'2:<?41N;F@b@?'<?73E623976>?A'M6@'>:7537E:0'34'6'\13269:") @ &< 7654:/'
E694:21<'7:@3464<:'G&!(K'@>:<B76%BK'M:7:'7:<370:0'34'\7;L:7@>:<273E:2:7@'3>:762149'62'
:122:7'hM N 3T dMVISV'E3776'& ! ('640'RXh,'RhM37'RANISV'E37 “&!I(  #?:E1<6="@?152@"
GHE37%'&!(@>:<276'67:'7:<370:0'14'>672@">:7'E1==134'573E'2:276E:2?A=@1=64:"M12?'2?:'@3=
7:@3464<'6@'27:'142:746="@2640670'GIHITISEKE|626'67:7:>372:0'6@'53==3M@C'<?:E1<6="'
@7?152,'E;=21>=1<12A'G@'S'@149=:2,'0'S'03;8N'3,1,6 727 23N2S'N;142:2,'E'S'E;=21>=:2'640'
87'S'87360K,'<3;>=149'<34@2642'14'$V,'640'142:9762134/'#?:E16£ (@2 R B3 B 7'
7:<370:0'14'>672@"'>:7'E1==134'573E'2:276E:2?A=@1=64:";@149'2?:'<:4276=">:6L'35'0:;2:73<?=3"
G'dd/RI'>>EK'6@:442:746="@2640670/"=="@>:<276'M:7:'382614:0'M12?'<3E>=:2:">73234'0:<3;>=14
4=A'@:=:<8'640" P @>:<276'67:'7:>37348767:0'G)(K' @>:<276'M:7:'<3==:<2:0'34'6'U?: 7E3'

B<1:42151<'&1<3=:2'"1Bh'FU)('14@27;E:42";@149'622:4;62:0'2326="7:5=:3R6840 @UHK &= Q@'

df'



67:'7:>372:0'14'7:<1>73<6="<:421E:2"A@BGXE3;40:0'23'R'H -4=A'@:=:<2:0')('57:N;:4<1: @'
67:'7:>372:0/':=2149'>3142@'M:7:'<3==:<2:0'34':22=:7'U3=:03""h"'E:=2149">3142' @Q AW 2:E/'$197?
7:@3=;2134'E6@@' @>:<276='0626'G$(!BK' MOT5BBREAA' &#' B262:' HA1P:7@12A'13=:<;=67"
+0;<62134,'U:<?43=39A'640'(:@:67<?')443P62134'#:42:7,'34'6'U?:7TE3'F1@7?:7'B<1:42151<'+06<21
=;@'G134'276>'E6@ @'646=AV:-K3RT69'$+B)/"

&

%:7G:>9A="1403=:@' M:7:'>;7<?6@:0'573E' <3EE:7<16==A' B8 1~68¥:640";@:0'M12?3;2'
5;72?2:7'>;7151<621BU1'M6@'>;7<?6@:0'573E'B19E6'"=071<?'640'212762:0'M12?'01>?:4A=6<:21<
6<16/' F=;3738:4V:4:'M6@'>;7<?6@:0'573E'F1@7?:7'640";@:0'6 @' 7:<:1P:0,'2?:' @3=P:42'M6 @' @2
:40:7"7934'652:7"6<?"@:/'#A<=3>73>6434<;7@37@'M:7:'@A42?:21V:0'6@">7:P13; @=A'7:>372:0/
"EE341;E' >:7@;=562:' M6@' 382614:0' 640" ;@:0' 6@' 7:<:1P:0' 573E' B19E6' "=071<?/')734' G)))K
6<:2A=6<:23462:'GF.GHBIEID'382614:0'640";@:0'6 @'7:<:1P:0'573E"<73@/"

#@>96:ABA'CD'_B3@? E@E?CS8;B3C2'l:;BF79BF:AIPR

HO_ _SO,Ph = N n-BuLi (2.3 equiv) o\ N OH
A f R THF, ! 78 iCto rt § K
N ) ictwor 2
Rt H overnight R R
(1.30 equiv) (1.00 equiv) 42-57 '

1),)%!3'.%+8&)(\%) I="#@>96:ABA'CD'_*>IC?  KI@? E@E?C8;33C2'|;;BF79BF:AMBR
)403=:"0:71P621P: GR/™":N; 1PIREP: 4A=@;=534A=K <A<BFZ:BAP6 2 P GR/ZM :N; 1PK'
M:7:'600:0'23'64'3P:4'071:0'E1<73M6R6=,2?: @A@2:E'M6@'5=;@7?:0'M12?"'7934'640'01@ @3=P:0'

07AJSF WAMN'1Y['&32:C'=1N;10'1403=:"0:71P621P:@'M:7:'600:0'652:7'01@ @3=P149'<A<=3>73>!

dd



>7:<;7@37'14DTFRE/'U?:'7:@;=2149'@3=;2134'M6@'<33=:0'03M4'23'udg'm#'; @149'6A'8%:234:'07A
862?/'""5Z'51P:'E14;2: @,J1'GX/ZM:N;1PK'M6@'073>M1@:'600:0'62'udg' m#'640'2?:' 7.@;=2149'
E102;7'M6@'7:E3P:0'23'@217'3P:7419?2'62'733E'2:E>:762;7:/'U?:'7:6<2134'E102;7:"M6@'N;:4<?
M12?'M62:7'640:0276<2:0'M12?":2?A="6<:262:@'GZr,'Rh'EJK/'U?:'<3E816ABEBUI071:0'

3P:7' 19B- ' 51=2:7:0" 640" <34<:42762:0/' U?" 7:@;=2149' <7;0:" M6@" >;7151:0' ;@149' 5=6(C
<?73E623976>?A'3P:7'@1=1<6'9:=";@149"2?A='6<:262: @'14'?:064: @' GZ YK 28BBAGI1-42'"

?:E16E146=(RIPR"

— MeQO — Cl — —

N OH N OH N OH N OH
e e e e

42 43 44 45

N OH N OH N OH N OH

. X § x § x § x

46 Me 47 Cl 48 Br 49

o é%w<§ﬂ Tl

Me
50 51 52 53
&N OH &N OH él\\l OH &N :OH
Me \ Me Me Me
54 55 ~ Me 56 57

5BGK;:'MLRIE16E146=@8F:>67:0";@149'9:4:76=">73<:0;7:"

dg



= <J </ B>ICXKIQ? EQE?CS8;B3C2' @+ .:4:76=">73<:0;7:""M6@'53==3M:0/"
&NKOH )403=:"GXZe'E9, X/"EE3=,'R/":N;1PEGF:4A=@;=534A=K<A<IBE¥8564
GhRh'E9,'X/fNEE3=,'"R/Z":N;1PK'01@ @3=P:0'14'g/"'EJ'35'02AId§RI# #1),J1'M6 @'600:0'
GX/RX'EJ," WX/RA!Y,"e/f" EE3=," X/Z™ :N;1PK/ "52:7' 5=6@7?"' <?73E623976>?A,QBH&ZM0'
382614:0'6@'6'=1972'A:==3M' @3=10'GZRRIE/"YyKGh " $V,'#I#= K'}'d/fd'GOZ S'g/X'
$V,'R$K,'dfX'G@S'd/iI'$V,' R$K, d/X@/Xe'GE,'BK,'d/RFGBS'd/h'$V,'R$K, TIhNGE'S'X/iI'$V,'
R$K,'X/ih'G87,'-$K,'R/BR/eq'GE,'X$K,'RIE/Ze'GE,' X$R&',4% 'GRXN'$V, ##=K}RZIR,
RXi/h,'RXdA/R,'RXX/Z,'RXR/Z,RXMf,'RRMNd,' R "Z/M, ' ThIMRIIRIWh' M#/*% G4.62KC'ZXZR,'Z Zh,'
Z™Mi,'RfRX,'RhRe,'Rehg,'RZZ"'RZRX,'RXf",'RXZh,'RXRIA# G$+B)K: VC'WIx$Y#6=<0'

53 % %&-'Rde/NiRZeQ'53;40'Rde/ irgh/

'<J H:96CWE B>ICKIQ? E@E?CS8;EB3C2' NC'..4:76=">73<:0;7:'
M80§NKOH "M6@'53==3M:(E2?30A1403="GXie'E9,' X/"* EE3=,"R/"":N;1EK,'R

G>?:4A=@;=534A=K<A<4BE¥8>&hRh' E9," X/f\' EE3=,' R/Z" :N;1PK'
01@@3=P:0'14'g/M'EJ'35'07A'US$F/""2'udgnds,' M6 @'600:0'GX/RX'EJ,'WX/Rd!Y,'e/fNEE3=,'
XIZN:N;1PK52:7'5=6@7?'<?73E623976>?A,'<3EA8MO{@'382614:0'6 @'6'=19?2'A:==3M'@3=10'GZi""
EQ,ifyK/" ¥'4% 'Gh™MISV, '#l#= K'}d/Z/RI/XfGE,'R$K,'dXBI/Rd'GE,'X$K, f/f'G08,S'Z/Z,'
MNg'$V,'R$K,'T/hg'GE'S'd/g'$V,' R$, Z/IG@, Z$K, X/IR'G87,-$K, BT GE,'X$K,'R/AR/ZZ'GE,'
XSKP&' 4% 'GRXN'$V, '#I#=K}YRhZ/d,'RZd/f, RXh/f'RXZ/X,'RRIili,' R e/R,'R "/f,'R™M/X,'th/d,’
hh/h,'Rh/RI8 C'dGR'm#A%G4.62KC'ZZIZ,"ZR"NX,'Z"ge,"Z "R, XifZ,'XiZg, Xi, X eRf,'RfRZ,’
Rhdi,'Regh,' Reee,' RZ"i,' RXellb4#' G$+B)K0: VC' WIXSY#6=<0"53F % %&- & X"e/R*"RIiRQ'

53;40'X"e/R"Rde/

di'



cl = <J E67C;&/ B>ICKIQ? E@QE?CS;68¢?' _OC' .:4:76=">73<:0;7:" ™
@KOH M6@' 53==3M:@3731403=:"' GXe™ €J,' X/™ EE3=, R/ :N;1BK, R

G>?:4A@;=534A=K<A<=38RBIGhRN'E9, X/I'EE3=,'R/Z":N;1PK'01@@3=P:0'14'g/"EJ'35'07A"

USF/'"2' udg' m#,'#y;,J1' M6 @' 600:0' GX/RX'EJ," WX/Rd!Y,' e/f* EE3=,' X/Z" :N;1PK/ "52:7' 5=6@?"

<?73E623976>?A,'<3E>3@IM6@'382614:0'6@'6'=19?2@3=B0NGe E9, ifyR4% 'Gf™

ISV, #i#= 1 K'}df*DI/hg'GE,'R$K,'d/ZX'G®'Z/Z'$V, R$K, d/XBRd'GE, X$K,'f/fZ'GO,S'X/g’

$V,'R$K,' X/if G87,'-$K,'RIHR/hR'GE,' X$K,' RIR#Z' GE,' X$K¥V'&',4% 'GRhNI$V, #l#= K'}

RZf/i, RXg/X, RXd/f, RXf/h,'RXZ/",'RXRMile, RMR/f,'Thig, Rh/XA8 CdZdle m#F9%6G4:62KC'ZZZ7,

ZRMM,'ZhgZ,'Z™Mg,' RdNi,' RN, Rhd?,'Redh,'ReZX,' RXi*,'RXhX,'RRge, l86é# G$+B)I0: VC'

WIUSYB #6=<0'53F o, s#=&-'X /" ZdgRQ'53;40' X M/"ZgZd!

= <J PH:96CWE& B>ICKIQ? E@QE?CS8;B3C>' _ec S4:76="
N OH
MeO K >73<:0;7:""M6@'53==3M:E1?30A1403=:"GXie'E9, X/"WEE3=,'R/"

N;1PK, B5>?:4A=@;=534A=K<A<IBEFS5GARN'EY, X/NEE3=,'R/IZ":N;1PK'01@@3=P:0'14'g/""
EJ'35'07A'USF/"2'udg' m##D;,J1'M6@'600:0'GX/RX'EJ, WX/ReNEE3=,'X/Z:N; 1PK/"52:7"
5=6@7?'<?73E623976>?A, '<3ECBMO@'382614:06@'6'=1972'A:==3M'@3=10'G 2% =8, glyK/
GhMISV'#I#= | K'Yd/hh'GgS'glg'$V,'R$K,'d/Xe' GBS Z/R'$V,'R$K, 'd/Ag' GBS X/X'$V, R$K,
fiR'G00,9S'g/g, X/Z'$V, R$K, FIR'GOY S'Z/M$V, R$K, Z/gh' G @, Z$K, 'X/id'G87, - SKIRIEYGE,'
X$K,'RIZERIZR'GE, X$R&' 4% 'GRXN'I$V, #l#=,K'}Rheli, RZR/Z,'RXi/i,RXd/f,RRX/e,RRR/Z,’
RAZIX,'RAXI, fh/f, hifA,' Rh/RES 'O m# *96 G4:62KC' ZeM,' ZRZA, 2 dg,' Xihi,' Xier,' XgZg,'
RfRh'RXg", RedZ,' Reef, RXeR, RARf, gAY  G$+B)I0: VC' WIX$V#6=<0' 53F 0 o0&~ &

X"e/RARIRQ'53;40'X" e/R "Rdg/



= <J RE6?C;E/ B>ICXJQ? E@QE?CS8;B3C2' QC'..4:76=">73<:0;7:""

CI&NKOH M6@' 53==3M:MX13731403=:"' GZ"Z' E9," X/"™' EE3=,' R/ :N;1PK,' R
G>?:4A=@;=534A=K<A<4BEFB5GHRN'E9, X/f'EE3=,'R/Z":N;1PK'01@ @3=P:0'14'g/"VEJ'35'07A'
USF/'"2'udg' m#,'#,J1' M6 @' 600:0' GX/RX'EJ, WX/RA!Y," e/fN EE3=,' X/ZN :N;132K7' 5=6 @ ?"'
<?73E623976>7A,'<3E>3@IM6@'382614:0'6@'6'=19?2'A:==3M'@3=10'G ZtXEL, i"\@i"
ISV'#i#= 1 K'Yd/hh'GR'S'g/g'$V,'R3K,'d/Xe'GBS'Z/R'$V,'R$K,'d/"g'GBDS'X/IX'$V,'R$K, ' f/iR’
G009S'g/g," X/IZ'$V,'R$K, fleR'ADS'Z/IN$V,'RSK,'Hh'G@,'Z$K, ' X/id'G87,"-$K, ' BRéeh'GE, ' X$K,'
R/IZER/ZR'GE,'X$RR&', 4% 'GRXh'$V, #l#=1K'}Rhe/i,RZR/Z,'RXi/i,RXd/f,RRX/e,RRR/Z,'R"Z/X,'
RAX/d,'th/f,'hf/*'Rh/RA8 C'fiRIR'M/*%G4:62KC'ZRfg,'”ZRZh,'Z"Ri,'’XghR,'Rf*e,'RhfX,'/RhR",'/Rehg,’
Reeg, RXXZ,'RXig/" /%4#' G$+B)K: VC'WIx$Y#6=<0'537 0 ot =&-' X"g/*hXZdQ'53;40'
X~g/"hRid/'

== <J H:96@X%/ B>ICXIQ? E@E?CS8;B3C?' RC'.:4:76=">73<:0;7:""M6@'
@KOH 53==3M:0/' [E:2?A=1403=" GXfX' E9,) X/ EE3=,' R/ :N;1PR,’ R
Me G>?:4A=@;=534A=K<A<dBE¥8>83hRh' E9," X/f"' EE3=, R/Z™ :N;1PK'
01@@3=P:0'14'g/M'EJ'35'07A'USF/""2'udgnds,' M6 @'600:0'GX/RX'EJ,"WX/Rd!Y,'e/fNEE3=,'
XIZN:N;1PKB2:7'5=6@7?'<?73E623976>?A,'<3ERMO@'382614:0'6 @'6'=19?2'A:==3M'@3=10'GZZR
E9,'ggyK/'¥'\4% 'Gh™MISV, '#I#= K'}'d/hMG0ZS'g/N$V,'R$K,'dlef G@,'R$K, 'd/RITHZ/R'
$V,'R$K,'dM'GE'S'd/I'$V,'R$K, 'flee'GOFS'Z/e'$V,'R$K,'X/gi'G87,'R$K, XIhR'G@,'ZER/&ei
GE,'X$K,'R/IR/ZZ'GE,'X$R1&' 4% 'GRXNh'I$V, #l#=K'}' RZf/n,'RZX/X,'RXd/Z,'RXfle,'RXXl/e,'
RXMMi,'RRM,' RAMX/g, th/h, XX/, RIMB C'dRIZ' m#F% G4.62KC' ZXef,'ZR™M,' Z"XN,' XiRi,' Xghi,'
RfXh,'RhdX,'ReH&zeX,'RXfh,'RXZf,'RXRi,'ihf,'dii,'fgh//%4# G$+B)K: VC'WIx$Y#6=<0'537

#0:8 &-"Rgg/R/MiiQ'53;40'Rgg/RMgZ/

gR



= <J (E6?C;&/ B>ICKIQ? E@QE?CS8;B3C?' ®©C'..4:76=">73<:0;7:""M6@'
&NKOH 53==3M:0/" x?=3731403=" GZ"Z' E9,) X/ EE3=' R :N;1HK, R
cl G>?:.4A=@AA=K<A<=3>70%B4* GhRh' E9," X/ EE3=, R/Z" :N;1PK'
01@@3=P:0'14'g/M'EJ'35'07A'USF/""2'udgnds,' M6 @'600:0'GX/RX'EJ,"WX/Rd!Y,'e/fNEE3=,'
XIZN:N;1PK/"52:7'5=6@7?'<?73E623976>?A,'<IBNG10"'382614:0'6 @'6'=19?2'@3=BO0GZgi'
EQ,'ieyK/" ¥',4% 'Gh™MWI$V, '#i#= KYdffG@, R$K, d/hR'&8;y/e'$V,' R$K,'d/Xh'GBS'Z/Z'
$V,'R3K,'d/RX'GAK'g/e,'R/A'SV,'R3K, flefG@S'Z/R'$V, RSK, X/IR'G87,-$K,'RIRRI'GE, ' X$K,'
R/IZIR/ZZ'GE, X$RE.',4%' GRXh'$V, #l#=K}RZff,'RXg/e,'RXg/",'RXd/d, RXX/R,'RXR/e,'RR"/g,'
RAZ/R,'th/h,'Rh/RI8 C'dflX'/i/' *% G4:62KC'ZRIR,'ZR"e,'Z"Rf,' Xgg”,' R, Rhfd,' Rh"d,' RefZ,’
RXff,'RXZZ,'RXRR,'ihh,'i™,'dR@64# G$+B)K: VC'W!IX$Y#6=<0'537 o o:#=8&-'X g/*"hXZdQ'

53:40'XAg/IAhX Y

= <J Q@ ,CHCXK/ B>ICKI@? E@E?CS8;EB3C2' 1C'.:4:76=">73<:0;7:""M6@'
&NKOH 53==3M:0/" B73E31403=" GRIif' E9,) R/ EE3=" R/ :N;1PKD R
Br G>?:4A=@;=534A=K<A<JdBE¥8564Xhg' E9,' R/Z™ EE3=,' R/Z" :N;1PK'
01@@3=P:0'14'e/M'EJ'35'07A'USF/""2'udgnis,' M6 @'600'GR/M'EJ,'WX/RA!Y ' X/ZNEE3=,'
XIZN:N;1PK/™52:7'5=6@7?'<?73E623976>7A,'<3BEN361@"'382614:0'6 @'6'=19?2'A:==3M'@3=10'GRid"'
EQ,'dgyK/®/'\4% 'Gh ISV, '#I#= K}Yd/gX'G@, R$K,'d/e@S@/e'$V, R$K,'d/ Xe'GAS'/Z,'
X/If$V,'Z$K, flef GO,9 S'Z/N$V! X$K,' X/IR'G87,'-$K,' R/BRei' GE,'X$K,'R/IR/ZZ' GE,' X$R#&'
4% 'GRXW'$V,'#I#=1KTYRZd/",'RXg/e,'RXd/f,'RXZ/i,RXX/h,'RRf/*'RRZ/g,'R"ZIR,'tTh/ABRBIX/'
df Rig'm# *% G4:62KC'ZRel,'ZMNZ,'Z"Re,"XiXX,'Rf*e,'Rh"M,'Rehg,'RZeR,'RZRi,'RXfg,' RXZR,'RXRX,’
ihe,' giX,'gZe,' dRf/'1%4# G$+B)K: VC'WIx$Y#6=<0'53#7 068 0o &-' XZfI"XihXQ'53;40'432'

1341V68=:/"

gXx



= <J RH:96@%/ B>ICXJ@? E@E?C8;E3C2'PUC'..4:76=">73<:0;7:""M6 @'
&NKOH 53==3M:0/' @:2?A=1403=" GXfX' E9,) X/ EE3=,' R/ :N;1PB,' R

e G>?:4A=@;=534A=K<A<"BEFBXBHRN'E9, X/f'EE3=,'R/Z":N;1PK'01@@3=P:0'
14'g/MEJ'35'07A'USF/"2'udg'm#Dy,J1'M6@'600:0'GX/Ig'EJ,' WX/ZX!Y ,'e/fNEE3=,'X/Z":N;1PK/
"52:7'5=6@7?'<?73E623976>?A,'<3ERBMO@'382614:0'6 @'6'=19?2'A:==3M' @3=10'GZZI'E9, IRyK/'
%'4% 'Gh™MISV,'#I#= K'}'d/eldl/eZ'GE,'R$K, d/Xe'GF'Z/e'$V,'RSK, d/"@/"X'GE, X$K,'
flef'G0,'9S'Z/e'$V,'R$K,'X/gd'G87,"-$K,' X/gh'G@,'Z$K,'R/hN'G87 ZXS&T RAERK. 4% 'GRh™
ISV, '#l#= 1oU:E>:762;7.:CX "K'} RZeli, RZMNX,'RXg/R,'RXh/R,'RXX/X,'RX"h,'RRg/d,'R*X/e, ffle,'
XNh,'RI/R,'Rf/MA8 C'gDVm# /% G4:62KC'ZZRg,'ZR"d,'Z g,'Z"Xg, Xifh,"’XiZR,'Rhge,'RhXd,'ReRh,’
RZXd,' RXZ7,' RAdd,' R*Xd,' ihf,' dgd," dXBiod#  G$+B)KD: VC' WIx$Y#6=<0' 53% & 0 &- &
Rgg/RMiiQ'53;40'Rgg/RMgf/

= <J RE6?C;E/ B>ICKI@? E@QE?CS8;B3C2'P<C'.:4:76=">73<:0;7:""M6@'
&NKOH 53==3M:0/" B?=3731403=" GZ"Z' E9,) X/ EE3= R/ :N;1HK, R

“ G>?:4A=@;=534A=K<A<JdBEFB5BHRN'E9, X/f'EE3=,'R/Z":N;1PK'01@ @3=P:0'
14'g/MEJ'35'07A'USF/"2'udg'm#Dy,J1'M6@'600:0'GX/RX'EJ,' WX/Rd!Y,'e/fNEE3=,"X/ZN:N;1PK/
"52:7'5=6@7?'<?73E623976>?A,'<3ER3MOB@'382614:.0'6 @'6'=19?2'A:==3M' @3=10'GXIR'E9, d"YyK/
4% 'GhMWI$V, #i#= | K'Yd/hR'GES'd/g'$V,'R$K,'d/Ze'GBS'Z/Z'$V,'R$K, 'd/Xe' GG g/
$V,'R$K,'dM'GBS'd/g'$V,'R$K, Tleg'GBS'Z/e'$V, R$K, Z/Th& ,-$K,'RIhER/hX'GE, ' X$K,'R[2f
R/eZ'GE, X$Kr&' 4% 'GRhR'I$V, #l#=1K'}RZX/e,'RZR/h,'RXi/h,'RXZ/d,' RXR/R,'RX"R,'RRh/g,'
RAXIE,'th/f," X i,'Rh/d/'48 CfgRiNm#*%G4:62KC'ZZhX,'ZXR1,Z if,'Z"Rf,'RhfX,'Redd,'ReXe,'RZXg,’
RXfe,' RXZe,' RRie,' RRZg,' ife,' dgeX&/1%4#' G$+B)K0: VC' W!x$Y#6=<0' 537 o 0#=&-'

XMgIMhXZdQ'53;40'XMg/MhXZ/

gZ



Me <J NH:.96 @R/ B>ICXJ@? E@E?CS8;B3C2?' M=.:4:76=">73<:0;7:""M6@'

\N oH 53==3M:0/" @L623=" GRZR' E9,) R/ EE3=" R/ N;IPK, R

G>?:4A=@;=534A=K<A<JdBE¥B%6Ahg'E9, R/ZNEE3=,'R/Z":N;1PK'01@ @3=P:0'

14'e/MEJ'35'07A'USF/"2'udg'm#D,J1I'M6@'600:0'GR/Rh'EJ, WX/MY ' X/ZNEE3=,"XIZN:N; 1PK/'
"52:7'5=6@7?'<?73E623976>?A,' <3ERNAMO@'382614:.0'6 @'6'=19?2'A:==3M' @3=10'GRfg'E9,"i"yK/'
4% Gh™MISV, '#i#= 1 KYd/fX'GOFS'g/X'$V,'R$K, d/hf GO S'd/g'$V,' R$K, 'd/Xdl/Xe'GE,'
R$K,'d/Rf'G2S'd/h'$V,'R$K,'d/*"h'GO.S'R/IX'$V,'R$K, X/gh'G87,"-$K,' X/IZNGC @, Z$BR/BIEGE,’
X$K,'RIZRIZR'GE,'X$RR', 4% 'GRXN'$V, #l#=K'}YRZfle, RZN",'RXe/h,'RXX/Z,'RX N &R/
RRX/X,'"RR"h,'fh/Z,'Rh/R,'d8/'C'dRINm#*%G4:62KC'ZZ"R,"Z gR/,'’Z"Z,'Z2"Xe, XiZd, XiRd, Xgf",'
Rdzf,'RfRZ,' Rehh,' RZgi,' RXdg,' RXXf,'dZ%4# G$+B)K0: VC' W!x$Y#6=<0'53% 06 oe&-'

Rgg/RMiiQ'53;40'Rgg/R d*h/

@ <] </ B@;;CrIQ? E@E?C8;B3C2"' R=".:4.76=">73<:0;7:""M6@' 53==3M:0/'
NKOH TA773="'GX"g'€J,' Z/"™ EE3=, R/" :N;1PEGRR:4A=@;=534A=K<A<IBE¥38564
GddZ'E9,'Z/MEE3=,'R/Z":N;1PK'01@ @3=P:0'14'RX/NEJ'35'07A'USF/" 21 6 @'600:0'
GZ/hi'EJ," WR/iX'Y, f/iN EE3=," X/ZN :N;1PK/' "52:7' 5=6@7?' <?73E623976>?A,"' <FBHGEZQD"
382614:0'6@'6'=19?2'A:==3M'@3=10'GXh®E@UgyKGhM$V ‘#l#= | K}iZ’G29SX/X'$V,'
X$K,'f/IRA'GZS'X/X'$V, X$K,'X/IR'G87,-$K,'RIRZNGE,' X$K,'RIMRIXN'GE,'X$K&', 4% 'GRXh'
ISV, '#l#= | K}YRXe,'RN/Z,'fdlg,'Rh/X8 C'ZEZf' m#*% G4:62KC'ZRiZ,'’ZRXd,'’ZR"h,'Z"Rh,'XiRi,'
Xgh”,'Rhfg,'Regh,RZe”, RXhR, RAgR, R XX, ihh,'gZX, dXREfBE! G$+B)K: VCWIx$H6=<0'

53% % »&-'RXe/"dhfiQ'53;40'RXe/ dhz"/

ge



= <J </ B>ICKIQMH:96 @?E@E?C8;38¢C?' ®='.:4.76=" >73<:0;7:' ™
N_ _OH
A M6@53==3M:0/' )403=" GRRd' E9," R/ EE3=," R/ :N;1IBER?XK&HD

G>?:4A=@;=534A=K'<A<BBFFIZ*GXdf'E9,'R/IZVEE3=,'R/Z:N;1PK'01@ @3=P:0'14'e/"VEJ'35'07A'
USF/""2'udg' m#,'#D3;,J1'M6@600:0' GR/ZX'EJ,' WR/de'lY,' X/ZNEE3=,' X/ZN :N;1PK/' "52:7'5=6 @ 7'
<?73E623976>7A,'<3E>3AIM6@'382614:0'6@'6'A:==3M'31="GRed'E%,4pK/'Gh I$V,'

#l#=  KYd/fX'G0FS'd/i'$V,' R$K,'d/he'GE'S'g/X'$V,'RSK,'d A/ XZ'GE, X$K,'d/ Rh&BE2d/h'$V,'
RBK,'f/ei'G0,'9 S'X/g'$V,'R$K, ' X/dNG87,'-$K,' Rilzhe' GE,'R$K,' RiBJeh'GE,'R$K,'R/ef' @'

fIR'$V,' Z$K,'RI"RS' Mig' GE,' RSKAY&' ,4% ' GRXh'I$V, #I#=K'}' RZf/*,'RXile,' RXf/i,' RXX/Z,'
RXR/Z,'RXMh,'RRMf,'R™X/g,'fd/g," XM g, X" h,'R¥%IG4.62KC'ZZde,'Z g X,'Z”h",'Xihd, ' XiXg, XgdX,'

RfR”,'RhRZ,'Rehf,'RZ"h,'RXXh,'dZA# G$+B)K: VC'WIx$¥#6=<0'537%& »&-'Rgg/RiiQ'

53;40'Rgg/R™Mgg/
= <J < B>ICKIQMYMBH: 96 @?E@E?C8;B3¢3 AP=".:4:76=">73<:0;7:'
N._ _OH
KTMG " M6@' 53==3M:0/')403=:' GRRd' E9,' R/"' EE3=,' RI""' .N[EPK?ABD
Me

G>?:4A=@;=534A=K' <A<BBIZSEXie' E9,' RIZN EE3=,' R/IZN :N;KP
01@@3=P:0'14'e/*EJ'35'07A'USF/"2'udglnis, M6 @'600:0'Gidi'€J, WX/Zh'lY,"X/Z
EE3=, X/Z :N;1PK/ "52:7' 5=6@7' <?73E623976>?A, <FEHIB@' 382614:0'6@' 6'=1972'
A:==3M'@3=10'GRIg'EY, d&yM# 'Gh ISV, #i#= KT dfX'GOIS'd/i'$V, R$K, 'd/he
GOZ S'g/X'$V,' R$K, d/XM/XZ'GE, X$K,'d/Rh'ESt/h'$V,'R$K, 'T/ei'GOY S'X/g'$V,'R$K,
X/dVG87,-$K, R/MBR/he'GE, R$K, RERjeh'GE, R$K, R/ef GB/R'$V, 'Z$K, RIMR'Vig'
GE,'R$KI'&' 4% 'GRXN'$V, #i#=,K'YRZf/",'RXile, RXfli, RXX/Z, RXR/X R, RRA,'

RAX/g,'fd/g,' X~g,' XAh,'RX/d8 C'glyye' m#*%6 G4:62KC' ZhRA,'ZAgX,' Z hg,' Xidg,' XieZ,'



XiX?,'RfAd,'Rh”d,'Rehd, RXXR,'iXh,'déA# G$+B)K: VC'WIx$¥#6=<0'53F0$ o0&~

XAXIRXXfeQ'53;40' XM X/RXXeil

= Rl </ B>ICXxJ@? "BE@PRLCLUZ6:8RIS?' _R=":4:76=">73<:0;7:"" M6@'
N OH
é 53==3M:0/" )403=:' GRdi" E9,' R/hZ' EE3=' R :N;1RK

G>?:4A=@;=534A=K81<A<=3WelBYGI?BIE9,'R/ig'EE3=,'R/Z"":N;1PK'’
01@@3=P:0'14'f{/R'EJ'35'07A'USF/""2'udgdnds,' M6 @'600:0'GR/gZ'EJ,"WR/iX"XIZNEE3=,
XIZN:N;1PK/"52:7'5=6@7?'<?73E623976>?A,'<FEIG'382614:0'6 @'6'=1972'A:==3M'@3=10'G Xeh'’
E9,'dRyK/""¥',4% 'Gh™MI$V, '#I#= K'}'d/fR'G09 S'd/g'$V,'R$K,'d/ei' GE®'S'g/R'$V,'R$K,’

d/ XM/ XX'GE,'R$K,"d/XR'@8,Z/X'$V,'Z$K,'d/Re' G5 d/e'$V, R$K, ' flef GOI S'Z/X'$V,'R$K,’
X/hd'G87,"-3K,'XITY/"'GE, X$K,'R/IR/gI'GE, X$K,'RMR/hg'GE,'X$K,' RIIR{eh'GE,'X$K,'RI2g
R/IZNGE,'X$KI&' 4% 'GRXh'I$V, #l#=K'} RZf/*,'RXi/Z,'RXf/d,'RXX/R,'RXR/Z,'RX"e,' RRNd,'
R~X/h,'fg/d,"’XR/h,'Ri/g,'Rg/48 C'ield'm#/*%G4:62KC'Zh"R,'Z*Xh, XiXi,’XghX,'/RhRZ,'Rehg,'RZ",

RXRQ,'ii",'dZil [%4# G$+B)K: VC'WIX$YH6=<0'5370:$ 06 &-'XRG/RZgXiQ'53;40'XRg/RZY™M/

== <J </ B>ICKIQMYMNBH:96 @?E@E?CS8;B3C3' R=.:4:76=">73<:0;7:""
N OH
A M6@' 53==3M:0/' )403=:' GRgZ' E9," R/hf' EE3=,"' R/""" :I{; IRKE:2? AFD
Me Me

G>?:4A=@;=534A=K<A<IBEFB564f"'E9,'X/"Z'EE3=,'R/Z":N;1PK'01@ @3=P:0'14'f/X'EJ'35'07A'
USF/'"2'udg' m#,'#3,J1' M6@' 600:0' GR/gd' EJ,' WR/iX'!Y,' Z/hi' EE3=,' X/Z"" :RKI'52:7' 5=6 @?'
<?73E623976>7A,'<3E>3RRM6@'382614:0'6 @ '@ALRZ2M'@3=10'GRIX'E9, fRyRA 'Gh™

ISV, '#I#= K} dfX'GO9S'd/i'$V,'R$K,'d/edpl/ef GE,'R$K,'d/ X/ XZ'GE,'R$K,'d/XX'&8,Z/Z'
$V,'R$K,'d/RRI/RZ'GE,'R$K, fleg' GAXB' Z/e,MiE$V,'R$K,' X/he'G87,'-$K,'R/BR/hR'GE,'X$K,'
R/IXGRIXA'GE, fSKY&',4% 'GRXh'$V, #I#=K}YRZ/N'RXiIX,'RXflg,'RXX/X,'RXR/Z,'RX"e,'RR"h,’
RAX/,'fg/iN, ' XRIZ,'T1'48 C'iRIR'm#f%G4:62KC'Zei,'Z "™, 'Z"XR,"'XiXi,'’XgdR,'Rf*h,'/RhRX,'Rehg,’

gf’



RZXg,' RZ™M,'RXMRRZ,'dnhX,'dZiPod# G$+B)K: VC'WIXSY#6=<0'537 06 o6&~ X " X/RXXfeQ'
53;40'XMX/RXXdAX/

*C> ***JET797?7@V:I'CWBI79BF:'E@E?BV79BC>="#@>96:BAZB >EINI>C RERY

== (NH,4)»S,0g (1.5 equiv) N\ R1
N. _OH Fe(acac); (10 mol %) N
A CgHsF/H,0 (9:1), [0.05 M]
1

50iC, 24 h o
42-57 59-74 '

1),)%!3'.%+8&)(\%)"=#@>96:ABACD'  8@;;C?CX3NAB>IQUC> PTIRO

$:E16E146=@'0:71P62 TRIBRCGR/ M :N;1PK, "EE341;E'>:7@;=562:'GR/h"":N;1PK'640'F:G6<6<K
GARM:N;1PK'M:7:'600:0'1423'64'3P:4'071:0'E1<73M6P:'P16="640">;79:0'M12?'67934'640'01@ @3=}
M1272'5=;3738:4V:4:'53==3M:0'8A'M62:7/'U?:'7:@;=2149' @ 2=621BH6RE" m#'537'Xe'?3;7 @/
"52:7'Xe'?,'27:'7:6<2134'E102;7:' M6@'<33=:0'03M4'23'733E' 2:E>:762;7:,'01=;2:0'M12?' RN EJ'35'
127A='6<:262:'640'51=2:7:0'2?273;9?' @1=1<6'0:='3P:7'<:=12:'G683;2'64' 14<?'35':6<?' 34:K":=;2149"
:27A='6<:262:/'U?:'51=276@" 4B8<:42762:0'640">:7151:0'8A'5=6@?'<?73E623976>?A'3P:7' @1=1<6'

;@149"2?7A="6<:262:'14"?:064:@'G:=;2134'TW 6PK 226553 2\ 773=3VIER( X4 0334 ' PTIRO'



9

5 O

Q
Q
Q
o
=9 z
Z - O

63 65

Me

A\
N
62 ©O
A\
Br N
66 0
| A\
N
70 O
A\ Me
N
Me
74 o

<YIB6@I;ON/ B@;;C?CXIMB>IJUC>:'_H =$:E16E146=-CMGgd'E9,'MhM

<

@D
Z/m
KZBZ/

O F

Me @E;ILME

71 0O 73 0O

5BGK;:'MLRA773=31403=34767:0";@149'9:4:76=">73<:0;7:\

EE3=,"R/"":N;1PKEE341;E'>:7@;=562:" GRdR'E9, /dh"' EE3=,' R/h""":N;1PK,

9

O F:G6<6LIGRA/A'EY, NN EE3=, MR :N;1RK7:';@:0/') @3=6PD6@'6'M?12
@3=10'GAR'EQ, gZyi% 'Gh ISV, #I#= K'Y g/hi /M GE,'R$K,'d/hRl/ei'GE,'R$K,'d/XD)
dIXFGE, X$K, T/XiIG@, R$K, TDRA'GE, X$K, Z/BKI'GE, ' X$KP. 4% 'GRXNISV, #l#= K}
RdR/g,'ReZ/d,'RZhle,' RZM,' RXe/X,' RXZ/kE, RRZ/d,' RMIh, Zh/A, Rilgl B>:<276='0626'E62<7?:0"

M12?'7:>372:0'=12:7627:/

9g



OMe SH:96CWRYIB6@I|;AN/ B@;;C?CXdMB>IAUC>" QU=' $:E16E146="ON

A\ GRMXE9,"NhMWEE3=,'R/"":N;IYGEE341;E'>:7@;=562:"GRdR'E9,"N/dh"'EE3=,'

" R/h":N;1PK,'F:G6<68Rd/&9, N"hNEE3=,"/R"™":N;1PWI:7:";@:0/") @ 3=6 Q0
6@'6'M’.(>)12:'@3=10'GdR'E9}$d’,4%/ 'Gh™MISV,'#I#= 1 K'}d/fi'G0,'9S'g/R'$V,'R$K,'d/IXR'@2,'
S'g/N$V,'R$K,/AZ'GE'S'g/N$V,'RK,'TleNG@,' R3K,'Z/ie'G@, Z$KIIRRGE, ' X$K,' ZIHR'g'
GE,'X$K¥&',4% 'GRX'I$V, #I#= K'}RAX/A,'RhX/h,'ReX/R,'RZR/f,'RXh/X,'RXele,' R d/*,'R"elg,’
id/f,"hh/f,'Zh/R,'Ri/d/' 48 C'Rhh'm# G0:<3E>3@12%38K/62KC'Zeh?,' XifR,' Xie?,'XgZe,'Rgdg,’
RdXf, 'Rhd*, 'Reid,'ReZX,'RZgf,'RXhi,RXZd,'dA# G$+B)K: VC'W!x$¥#6=<053F0S &~ &

XAXINGEXFQ'53;40'XAX NG/

cl SE6?C;EYMB6@I;AN/ B@;;C?CXIMB>IAUC>:' Q<=$:E16E146=CDGR"e'
A\ E9,"Nh"MEE3=,""R/":N;1PKGEE341;E'>:7@;=562:'GRdR'E9,"/dh"'EE3=,'R/h""
N
‘N;1PK,'F:G6<6GRd/d'E9,"N"hMEES3=,"/R™":N;IRK7:";@:0/")@3=6286@'6'
O

M?12:@3=10'GgZ'E9, gRyRE 'Gh ™ISV, #i#= KT d/id'G09Sd/i$V, R$K, d/Xd'GESd/g'
$V,'R$K,'d/XMGRS'd/I'$V, R$K, leZ' G@, R$K, TR GE, X$K, Z/IRBIRN GE, X$RI&' 4%
GRXh'I$V, #1#=\ K'YRAR/g, Reele, RZel* 'RZRIR, RXh/h, RXe/X, RXe/* 'RRX/X, ig/i, 28, il
RhAmM#G0:<3E>3@1284¢'62KC'Zehd, ZR g, Xiee, RRIZRRhfh, RZhf, RZXZ,'RXhf, RRhg,’

ddR/1%4# G$+B)K: VC'W!IUSH6=<0'537 0 #=&-'X"e/"XXRfQ'53;40' X e/"XXRe/

MeO RH:96CWEY¥B6@|;AN/ B@;;C?CXIAB>IAUC>; OI='$:E16E146="
N\
N CPGRAX'E9, MhMEE3=, RI":N;1PK, 6EE341;E™>:7@;=562:GRAR'E9,M/dh
O  EE3=,'R/h:N;1PK, F:G6<68Rd/d' E9, A" EE3=,  ARM :N; 1K 7

:@:0/)@3=6ZTX6@'6'M?12: @3=10'GgR'EI S8 'Gh ™ISV, #l#= K'}Yd/ih'G0gS'glg

gi’



$V,'R$K, flig'GOI S'X/X'$V,'R$K, 'flgg'GO8S'g/d, X/Z'$V, RS$K, TIXX'G@,'R$K, Z/gh'G@, I3K,'Z/Rd
ZIRZ'GE, X$K, ZFE/"n'GE, X$Kr& 4% 'GRXN'$V, #I#=KTRdR/e, Rhd/", Reeld, RZf/f RXh/Z,
RRe/Z,'RRR/d,'R"Z/g,'R™/h,'hh/g,'Zelg, BB AL Reh'm# GO:<3E>3@ 1 24RaKB2KC'ZeZX,'Z Rd,
Xizd,' Xgee' RdXZ,'RiXd, Rhge,'ReizZ,'ReZf,'RZhZ,'RRAZ, 'R Xd /e G$+B)K: VC'WIX$Y

#6=<0' 53Hud u&- & X X/NGIXTQ' 53;40' X X/AgIRX/' B>:<276=' 0626' E62<?:0' M12?' 7:>372:0'

=12:762;7Y

Cl N RE6?C;EYWB6@I;ON/ B@;;C?CXIMB>IANC>:' Q="$:E16E146=00

N GR”e'E9,"Nh™ EE3=,' R/"":N;1PBEE341;E'>.7@;=562:' GRdAR' E9,' /dh""

© EE3=,'R/h":N;1PK,'F:G6<83Rd/d'E9, /" h"'EE3=,""/R™":N;1RK7:";@:0/'
)@3=62M6@'6'M?12:' @3=10'GdX'EQ,'t"YBE 'Gh™M'I$V, #I#= K'}d/ig'G0,9S'g/h'$V,'
R$K,'ddg'GOIS'X/R'$V,'R$K,'d/XZ'GORg/f,'R/d'SV,'R$K, T/ Xe'G@, RSK, ZRI'GE, ' X$K,'ZIBX
Z/"g'GE,'X$K?°/&' 4% 'GRXh''$V,'#I#=1K'} RdR/f,'Reh/X,'RZf/f,'RXi/d,' RXg/i,' RXZ/f,RX"/e,'
RRe/h,'RM/N'Zelg,'RilglB C'RXh'm# G0:<3E>3@ 12633K62KC'ZeeRXe, Xidg, XiXh,'RdZR,'
Rhgh,'ReeX,'RZee,' RRhd,' R eX, gth, ¢Ra# G$+B)K0: VC' W!uSY#6=<0'53% b / #=8&-'

X"e/MXXRTQ'53;40'XMe/"XXRM

A QH: 96 @RYIB6@I;AN/ B@;;C?CXIMB>IAUC>." @=$.E16E146=(R
Me N Gie'E9,' Mh™ EE3=,' R/ :N;1PK,' 6EE341;E'>:7@;=562:' GRdAR' E9,' M/dh"'
EE3=,'R/h"":N;1PK,'F:G6<83Rd/d'E9, """ EE3=,"/R™"N;1RK7:";@:0/'
)@3=62XP6@'6'M?12:'@3=10'Gdg'ES;Yeg#d 'GI VISV, '#I#= K}YdiNG@,' R$K,'d/Zd'&0,'
S'g/N$V,'R$K,'dN'G0,'9S'g/N$V,' RIK, TIXZ'G@,' R$K, ZRRE'GE,' X$K'Z/EMd'GE,' X$K,' X/ed'

G@,'Z$R&',4% 'GRhMI$V,'#I#= K'Y RdR/i,'RezZ/"'RZZ/h,'RZZIR,'RZi,'RXh/f,'RXMX,'RRe/?,

AT
I/\



R™M/e,'Zh/R,'XR/d,'Ri/d8 C'igRR™M' m#/% G4:62KC'Zeee,'Z*Xh,' Xiee,'XiX",'Xghh,'RdXZ,'RfRf,’
Rhgf,'Ree”,'RZfi,RZhR,'RZRf,'RRiZ,'RRRe,'R"ei,'gR"' G B BB W!x$Y#6=<0'537 0, o6&~ -

Rgf/INiRZeQ'53:40'Rgf/NiRZe/

A QE6?C;EYNB6@I;AN/ B@;;C?CXdMB>IQUC>:" @ = $:E16E146=C5
cl N @®R"e'E9,' Nh™M EE3=,' R/" :N;1PKGEE341;E'>.7@;=56 2RERE9, ~/dh™

© EE3=,'R/h":N;1PK,'F:G6<683Rd/d'E9, /"W EE3=/RM":N;1PWI.7:";@:0/
)@3=6XP6@'6'M?12:'@3=10'Gg"VE9, Bgy,/ 'GhMI$V, #I#= K} g/i @/ g'GE,'R$K, 'd/e™
G09S'g/le'$V,'R$Kd/Xe'GOW® S'gle, X/",'R$K, fIXIG@, RSK, BRI GE, X$K, Z/RKN'GE,"X$K/
¥&'4% 'GRXh!$V, #I#=K}RdR/f'Ree/X,'RZZ/g,'RZ"d,'RXi/Z,'RXeld,'RXR/e,RRe/*'RM/Z,'Zelg,'
Ri/g/'48 C'Red'm#'GO0:<3E>3@12%¥33K/62KC'Zeee, 2" Xh, Xiee,'XiX",'RdXZ,'Regf,'RZfi,’
RZhR,'RRiZ,'RRRe,' R"ei,' gi4# G$+B)K0: VC' W!u$Y#6=<0'53% b/ #=&-' X e/"XXRfQ'

53;40'X"e/"XXRd/'B>:<276="0626'E62<?:0'M12?'7:>372:012:762;7:/

Q,CHCXKYIB6@I;AN/ B@;;C?CXdMB>IAUNC>." Q@="$:E16E146=0T
Br N GRXf E9,"Mh™M' EE3=,' R/"":N;1PREE341;E'>.7@;=562:' GRdAR' E9,' /dh""

o EE3=,'R/h":N;1PK,'F:G6<83Rd/d'E9, /" h"'EE3=,"/R™":N;1RK7:";@:0/'
)@3=62W6@'6'M?12:'@3=10'Gie'E9,'#HyRb 'Gh ISV, #I#= K}g/Xh'G@,' R$K, BiZZh'
GE,'X$K, fIXFfG@SK, Z/RZ/RFGE,'X$K, Z/RMN'GE, X$KP&',4% 'GRXh'$V, #l#=KTRIR/,'
Ree/X,'RzZe/X,'RZR/",'RXd/e,'RXR/g,' RRf/i,'RRf/g,' R™/Z,'Ze/48RIBEZ' m#' GO:<3E>3@12134K/
*06G4:62KC'Zeed,'Z7if, XiZX,'’XghX,'RdZR,'RhgX,ReeR,'RZei,'RZRh, RRAR/RRR g GXIB)K'

0: VC'W!u$¥#6=<0'537 % /\7&-'Xed/idRfhQ'53;40'Xed/idRdi/



PH: 96 @QRY¥B6@|;AN/ B@;;C?CXIMB>IAUC>:' ®R=$:E16E146PUGie’
N E9,"NW"WEE3=,'R/"":N;1PK6EE341;E'>.7@;=562:"GRdR'E9, N/dh"EE3=,"R/h"'

e o :N;1PK,'F:G6<6GRd/d'E9,""hWNEE3=,"/R"™":N;1IRK7:";@:0/") @3=6ZR6@'6'
M?12:'@3=10'Gdd'E9,'d2hK6 'Gh ISV, '#I#= K'}'d/XIDI/XF'GE,'R$K,'d/Rh'G@F'd/f'$V,'
R$K,'d/"X'GOS'd/Z'SV, RSK, FIXI'G@, R$K, TIRX'GE,'X$K, ZIRMd'GE,'X$K, X/gi'G@, Z¥K/'

4% 'GRXh'I$V,'#l#=1K'}'RdR/e,'Reh/R,'RZf/Z,'RZR/Z,'RX{/X,'RXh/d,'RXe/h,'RRd/i,'R*"R/",'Zh/X,'
XR/i,'Ri/Z/A8 C'idii'm#/' *%G4:62KC'Zede,'Z"Rf,'Xige, XiXf," Xgh",'RdeR, RZRZ,'RXdd,' RRh";’

RAZe,'de™M%4#  G$+B)K: VC'WIx$Y#6=<0'537%& »&- '‘RgfNiRZeQ'53;40'Rgf/NiRRI/

PE6?C:BYNB6@|;:ON/ B@:;:C?CXIMB>ITUC>: & =$:E16E146=P< GRe'

Y%

I E9,'NhWEE3=,'R/"":N;1PKGEE341;E'>:7@;=562:"GRdR'E9, " /dh"EE3=,'"R/h""
'N; 1PK,'F:G6<668&h/e'E9, XM EES3=,"X""N;1RK7:";@:0/")@3=6FH@'6'
M?12:' @3=10'GeR'E9, e"yK/'B2672149'E62:716='7:E614:0'Ged'E9, ehy"¥<BR: 7:0&h"\
ISV, '#I#= 1 K'}d/Zh'GE'S'd/e'$V,'R$K,'d/Xe'GBS'd/d'$V,'R$K,'d/Rh'@F'd/g'$V,' R$K, /2
G@,R$K,ZIHRR'GE, ' X$K, ZIRRY'GE, X$KI&' 4% 'GRhM$SV, #I#=  KTRdINA,'Ref/lR,'RZg/Z,’
RXi/X,'"RXh/e,'RXh/*'RXM"'RRIN,'RMIQ,'Zh/N ' RBZCRRRRg'M#R6 G4:62KC'Zeif, ' Xigh, XiZi,'
Rdhe,'Rf"d,'Red’Re’i,'RZRR,'RXdX,'RRXe,'ie”,'die,'dRis4# G$+B)K: VC'W!Iu$Y#6=<0'537

#oodh ) #=&-"'X"e/"XXRIQ'53;40' X e/"XXRf/

Me

{  TH96@RY¥B6@I;ON/ B@;;C?CXIHAB>ICUC>!_T C'$:EL6E146AMGR R
N E9,'NhMEE3=,'R/M':N:1PK'EE341:E'>:7@:=562:'GRAR'E9, N/dh'EE3=, R/h"
(@]

‘N;1PK,'F:G6<6GRd/d'E9,"N"hMEE3=,"/R™":N;1RK7:";@:0/")@3=62ID6@'6'

M?12:'@3=10'GgMEQ,'g#ykP6  'Gh ™ISV, '#i#= K’} g/ g/ GE, R$K, 'd/ddl/eX'GE,'R$K,'



d/ZR/Xd'GE,'X$K,'ZIN'G@,'e$K, XBX/ T$RI&' 4% 'GRXh'$V,#I#=KYRdR/h,'RZi/X,'RZfle,’
RZ"h,'RXZ/i,'RXZ/Z,'RRg/d,'RRZ/d,'R*g/g,' Zh/R,' Rg/f,' g/el' B>:<276="0626' E62<?:0'M127?' 7:>372:(

=12:762;7Y"

B <Y¥B6@I;ON B@;;,C?BIRE>" RU=$:E16E146=PN GfX'E9, ~/h™M EE3=,' R/
Eé; ‘N;1PKGEE341;E'>:7@;=562:'GRAR'E9, Mdh""EE3=,'R/h"":N;1PK,' Fi GEREAKES,'

° ANRMEE3=,"NRM:N;1PKI:7:";@:0/' ) @3=6RU6@'6'M?12:' @3=10'GRX'E9 }X" YK/
4% 'Gh™MISV,'#i#= | K'}dIM"h'GOFS'Z/IX'$V,'R$K, Tlef GB,S'Z/IR'$V,'R$K,'h/id'GO,S'Z/X'$V,'
R$K,'ZINZ'G@,'eBR/ 4% 'GRXh'$V, #I#=1K'}RdX/X,'RZi/g, RRi/X,'RRR/X,'R e/d,'Zh/*,'Ri/h/'
48 C'fdalN m#/*% G4:62KC'Zehe,'ZRXh,'ZR™M,' Xifi,' XiZe,'RdXg,'Rhfg,' Reff,'RZiZ,'RXdi,'RRXg,’

RAgh,'deil%4# G$+B)K: VC'W!Ix$Y#6=<0'537, $ :&-'RXX/MMeQ'53;40'RXX/NMM/

A Me <H:96 @R YW¥B6@I|;AN/ B@;;C?CXSMB>IJUC>:"' R<="$:E16E146=PO

N GRXe'E9,"MifX'EE3=," R/"™" :N;1PREE341;E'>:7@;=562:' GXXd'E9," MiiZ'

© EE3=,'R/h"™:N;1PK,'F:G6<83KZ/e'E9,"MIX'EE3=,"/R N;1AK:7:";,@:0/
)@3=6RX6@'6'M?12:'@3=10'Gge'EQHiyh 'GhISV, #iI#= K'}Yg/Mfy/ h'GE,'R$K,'d/X
d/hVGE,'R$K,'d/Z8/Xe'GE,'X$K, T/XI'G@, R$K, ZI"'GE,'R$K,'Z/ZR'GIGRg/X,'g/h'$V,'R$K,’
X/fd'GO09 S'RdX,'e/e'$V,'R$K,'R/ef GOS'd/X'$V, ZSKP&', 4% 'GRXh'I$V, #I#=K'}'RdR/X,’
Reile,'RZh/e,'RZ"e,'RXelX,'RXZ/h,'RXMg,'"RRZ/i,iilf,'ez/d,'Xd/d;'¥8/C'hBnhd' m#/%6 G4:62KC'
Zeeh,'Z"eg,XidX,'XiXi,'RdXd,'RfR",'RhgR,'Redh,'Rehe,'RZdh,'RZ"e,'RRfg, difiddei/%4#

G$+B)K: VC'WIX$W#6=<0'53F+$ »&-'Rgf/NiRZeQ'53;40'Rgf/"iRee!



<YdBH:96 @RYW¥B6@|;AN/ B@;;C?CXINB>ITUC>:" RVF$:E16E146="

Me
N PPGRM"R'E9,'NWNEE3=,'"R/":N;1REE341.E'>:7@;=562:'GRdAR'E9,'"N/dh"'
O EE3=,'R/h"":N;1PK,'F:G6<83Rd/d'E9,"NVR™M'EE3=,"YR™"N;INK/:":@:0/

)@3=6RV6@'6'M?12:'@3=10'Gdi'E9, &y 'GhMI$V, #i#= K}g/ MY/ "Z'GE,'R$K, d/R
d/ei'GE,'R$K,'d/X/Xe'GE,'Z$K,'fIXh'G@,' R$K, X@e¢XHK,' R/ G@, T8 /4% 'GRXh'!$V,'

#l#= 1 K}YRdAMf,'RhZ/h,'RZh/e,'RZNZ,'RXelX,'RXZ/f,RX"g,'RRe/*,'igI",'hRIR,'Zedd KIZZX X'
M#F%G4:62KC'Zee,'Z"ei, ' Xidh, XifR,'XiXd,'RdXZ,'Rf*g,'RhgZ,'Reh”,'RZhh,'RRfe,'/R*"XZ,'g"d,'ded/"
1%4#  G$+B)K0: VC'WHSY! #6=<0'53F 0$ 0s&-' X M/RAMiIQ' 53;40' XM/RAd e/ B>:<276="0626"

E62<?:0'M12?'7:>372:0'=12:762:7:/

IQ7YRYSYTY<BWEIS@1;0) JBACB>IC?CXRECRIC>: ="

$:E16E146PQ GRRe'E9,'NVh™M EE3=,"R/"™" :N;1RBEE341;E' >:7@;=562:"

GRAR'E9, MdhNEE3=,'R/h:N;1PK, F:GEGRHd' E9, "R EE3=, ' AR
‘N;1PHV:7::@:0/)@3=6R06@'6'M?12:'@3=10'GAR'EON A/ 'Gh™I$V, #l#= K} g/NtD
9/"Z'GE,'R$K, d/filei'GE,' R$K, 'd/XRI/XZ'GE,'Z$K, T/Xd'G@, R$K, ' Z/eBSIMR 'SV, R$K, Z/XX'
GNI S'd/N$V, R$K, XINKIMGE, X$K,'RIRIGH GE, X$K,' RIR/X'GE, Z$K,'RIB/Zd' GE,'X$K/'
98 4% 'GRXNI$V, #I#=,K'YRAZ/i, Red/g, RZefi, RZARXZ/i,' RXZ/h,'RX d, RRZ/g, iiff, effi,'
ZZIR,'XiIN'XZIg, XX/ 'XRAB C'g@¥m#/ *%6 G4:62KC'Zh R,'Z*Xh, XiXi,'XghX,'Rf*h,'/RhRZ,'Rehg,’
RZM'RXRg,'RRRd, i, 'dZIFod#  G$+B)K: VC WIXSY#6=<0'53F0$ 00 XXT/RXXFeQ'53:40"

XXfIRXXeR/'B>:<276="062@B8242?'7:>372:0'=12: 76 17:/

<YWBH:96 @RYW¥B6@I;(N B@;;C?CX{WB>ICRIC>:' RO=$:E16E146="
Me
PRGRRZ'E9,'MhfZ'EE3=,"R/"™":N;1®EE341,E'>:7@;=562:"GRiZ'E9, N gee'
“Me




EE3=,R/h™:N;1PK, F:G6<B3Ri/'E9, *hfZEE3=,RM:N; 1PII: 7. @:0/R/IXCR/N07'G2764@p<1@K'
GO0:2:7E14:0' 14' <7,0% &(K/' )@3=62:0' A1:=0' 38D 640 RY Gfz/d' E9,' hdyK/'47hC;'
(B7A9:;:CH:; _RO2)@3=62:0'6@'6'M?12:'@3=10'GHIMEBIKIGh ISV, #it= | K} g/ i y/e'
GE,'R$K,'d/HR/N'GE, R$K, 'd/Xll/Xe'GE, X$K, fIXiI'G@, R$K, Z/F IS fIf$V, R$K, Z/ZR'G>,"
9S'd/g'$V, R$K,'R/IR/ZR'GE, f$KP&' 4% 'GRXN'$V, #I#= K'Y Rde/g,'Reg/g, RZh/Z,'RZ e,
RXe/R, RXZ/e, RXMd,'RRe/?, iiff, eh/Z,' ZR/X,'RI/R, RR/GIG m#/ *% G4:62KC' Zeee, Z hd,
Xidh,'XiXi,' XgdX,'RdXd,'Rf", RhgX,' Reed, RZf*,'RRde, ieZ,'i"e, dif, dfRPo4# G$+B)K): VC'

WIX$Y! #6=<0'53F0$ 06&-"XMRMiIQ'5 3;40'XMRNNG!

N\ e 4B>Ci(B7A9:;:CH:'_RYy'=)@3=62:0'6@'6'M?12: @3=10' GRUMIEIK/
N e GNWISV #i#= | KYg/ND e'GE RSK, /NeiGE, RSK, d/XI/Xe'GE, 3K,
fIXgIIXd'GE,'R$K,'Z/ d'GNOE'd/, 'h/h, R/d'$V, R$K,'X/dh'GBIS!/e, 'h/f,

$V,'R$K,'Ri IR/eh'GE, f$KA%8 4% 'GRXN'I$V, #I#=,K'}'Rde/R, Red/f, RZh/Z,'RZ*h,' RXe/R,"

RXZ/h,'RX"g,'RRZi'iile,'hh,'Zf/f,'Rg/d,'RhRZ/



&C>9;C?")W8:;BH:>9A'7>I'4:E67>BA9BE'#9KIB:A

I"A:>E:'CD[79:; "
- (NH4)28208 (15 eqUiV) \
N OH Fe(acac); (10 mol %) N
K CeHsF [0.05 M]
50iC,24h o
42 59, Not Observed

$:E16E146€MGRN'E9, Mg EE3=,'RIM"N;1PK, "EE341;E">:7@;=562:'GXi/f'E9,"RZNEE3=,

R/h™ :N;1PK' 640 F:G6<6@R/f E9,' g/ff €E3=,' /RM':N;1PK' M:7:' 600:0' 1423' 64' 3P:4' 071:0'
E1<73M6P:'P16="640">;79:0'M12?'67934'640'01@ @3=P:0'M12?'5=;3738:4V:4:'GRI@EK/U?:'7:@;=
@3=;2134'M6@'?:62:0';>'62'h"m#'537'Xe'?3;7@/"52:7'Xe'?,'2?:'7:6<2134'E102;7: M6 @'<33=:0'03M:
733E'2:E>:762;7:'640'51=2:7:0'2273;9?' @1=1<6'9:='3P:7'<:=12:'G683;2'64' 14<?'35'":6<?K':=;2149' M
:27A='6<:262:/'U?:'51=2762:0' M6 @' <34<:42762: CEUERIDAS:4V:4:' GUN\K' M6@' 600:0'6@'
@264067BI$!(GHI#= | WISV, UN,'<7;0:KC'@2672149'E62: 7T0RR <3P:7:0'14'g"y & ("

Al1:=0/"730;<PTM6@'432'38@:7P:0/

INASE'CD'™;C>' ***"E797?@A9

— (NH4)28208 (15 eqUiV) \
N OH No Fe N
K CgH5F/H,0 (9:1), [0.05 M]
50iC,24h
O
42 59,40%

$:E16E146=OMGRh'E9,' N gff' EE3=,"R/"™":N;1PK'640'"EE341;E'>:7@;=562:' GXi/f E9,' "RZN'
EE3=,"R/h"":N;1PK'M:7:'600:0'1423'64'3P:4'071:0'E1<73M6P:'P16='640">;79:0'M12?'67934' 640'
01@@3=P:0'M127?'5=;3738:4V:4:'"GR/hWEJK'640'M62:7'GNXNEIK/'U?:'7:@;=2149' @3=;2134'M6 @'
;>'62'hM'm# 537'Xe'?3;7@/'"52:7'Xe'?,'2?:'7:6<2134'E102;7:'M6@'<33=:0'03M4'23'733E'2:E>:762; 7'

if



640'51=2:7:0'2?73;9?'@1=1<6'9:="'3P:7'<:=12:'"G683;2'64'14<?'35":6<?K".=;2149'M12?":2?A="6<:262
51=2762:0'M6@'<34<:42762:0'68TY REZ2830A8:4V:4:' GU\KB®'600:0'6 @' @ 26 4GB
G#l#=,'h™NI$V,'UN\,'<7;0:KC'0:@17:0'>730;<PT 14'e"y'&!('A1:=0/'&3' @26 72149'E62: TN\G="'
M6@'38@:7P:0/
I"A>E'CD'+WBI739

= No Oxidant N\

N OH Fe(acac); (10 mol %) N
K CgHsF/H,0 (9:1), [0.05 M]
50iC, 24 h o
42 59, Not Observed:

$:E16E146=OMGRh'E9,' N gff EE3=,"R/"™":N;1PK'640' F:G6<83K/"f'E9,' g/ff' €E3=,' /R
‘N;1PK'M:7:'600:0'1423'64'3P:4'071:0'E1<73M6P:'P16='640">;79:0'M127'67934'640'01@ @3=P:0'M!
5=;3738:4V:4:'GR/WEJK'640'M62:7'GNXNEIK/'U?:!'7:@;=2149'@3=;2134'M6@'?:62:0';>'62'h""m#'5:
Xe'?3;7@/'"52:7' Xe'?,'2?:' 7:6<2134'E10B@' <33=:0'03M4'23' 733E'2:E>:762;7:'640'51=2:7:0'
2773,9?'@1=1<6'9:="3P:7'<:=12:"G683;2'64'14<?'35":6<?K":=;2149'M12?":2?A="6<:262:/'U?:'51=276
<34<:42762:0'640'R2ZHLE:230A8:4V:4:'GUNK'M6@'600:0'6 @' @ 2WIIB[ Gtl#= ,'h™

I$V,'U\,'<7;  O:KC'@2672149'E6GMIRG=:!('AL1:=0/"730;<2' PTM6@'432'38@:7P:0/



$)4.+'7A"7IBET?'AETF:>G:;"

TEMPO (2.0 equiv)

= (NH,),S,04 (1.5 equiv) N N

N. _OH Fe(acac); (10 mol %) N N |

X CoHsF/H,0 (9:1), [0.05 M] )J
50 iC, 24 h 0 ©

42 59, Not Observed 75, 46%

$:E16E146€MGRd/Z'E9, NRMEE3=, RIM:N;1PK, "EE341;E>:7@;=562:GZe/X'E9, "RhEE3=,"
R/N™:N;1PK, F:GB6<6@&/h' E9, NARN EE3=, MR :N; 1K U+~ GZR/X'EQ, XM EE3=,’
X/M:N:1PK'M:7:'600:0'1423'64'3P:4'071:0'E1<73M6P:'P16="640">;79:0'M127?'67934'640'01@ @3=P
M127'5=;3738:4V:4:'GR/AN'EJK'640'M62:7'GNXN'E=K/'U?:'7:@;=2149' @3=;2134'M6@'?:62:0';>'62'h’
537'Xe'?3;7@/"52:7'Xe'?,' 2?2 LBLE102; 7 M6@'<33=:0'03M4'23'733E'2:E>:762;7:'640'51=2:7:0
2273;97 @1=1<6'9:='3P:7'<:=12:'G683;2'64'14<?'35:6<?K":=;2149'M127?":2?A="6<:262:/'U?:'51=276:
<34<:42762:0'640'>;7151:0'8A'5=6@7'<?73E623976>?A'3P:7' @1=1<6'9:= GIRIM RPIFE01:42'
6<:262:'14'2:064:@K/) @ BEBROLA0 A=K >7B®4 R34 RP6@'6'A:==3M'@3=10Gd/gE9, efyK/'
*730;<2PT M6@'432'38@: 7TE8MB!( GHlI#= 1, h™ISV,'UN,'<7:0:KC' R$'&!(GA ™ISV,
#?=37353TBK}'g/hR'GO,'c'S'g/Z'$V,'R$K,'d/hi'GO,'c'S'd/dRSK,'d/hZ'GO,'c'S'Z/e'$V,'R$K, 'd/Zg’
G2,'c'S'd/d'$V, R$K,'d/Z~G2,'c'S'dIh'$V, R$K, flig'G00,'c'S'Rilg, RAh'$V, REKGIEIE, X$K,'

f/AN'GO,'c'S'RYh'$V, RSB>:<276'0626'E62<?:0'M12?'7:>372:0'=1%4762;7:/



5K??'+89BHBV79BC>'$7/?:A

$77?:'MUOG>21E1V62134BE5-P:#626=A@2
= APS (1.5 equiv) A\ A\
N. _OH [Ag] (10 mmol %) N N
§ K CHCI4/H,0 (9:1) [0.05 M] rE
50iC,24h @) o
42 59 58 !
%:AK?9A
)>9:@ XIGZ'
v PT PS
R "9- gHF' f' e’ DD
X "0 o 1 N ef’ h'
Z "0- &#$ ) RX VA h'
e' "9B- #F' N eR e'
h' "9) e' 7 R
f' "OF' enN R
d "O#H& ' A eh A
g "9 g ' zg Xe h
i "9&- ' XH ZX h'
R" "9g- Zf' XN h'
RR "9 ¢B- ' hi' P X
RX &34:' RZ Zh X

Y RI(AL=0'0:2:7E14:0',@149'R,ZR71E:2?30A8:4V:4:'6 @' @2640670/

$77?:'MUEB3=P:42'B<7::4149

= APS (1.5 equiv) A\ A\
N oH AgO,CF3 (10 mmol %) N N
K Solvent (ratio) [0.05 M] >]/Et
50 iC, Time (o) 0]
42 59 58 '
%:AK?9A

)>9;@ $BH:"_6" #C?F:>9'_;79BC’

PT




$77?:'MLRE<34214;:0K

R

Q " 3o N X

Xf
Xdt
Xg
Xi#
7N

hl

-
"k
# H#&'
#$ e#=pPe-'GICRK
#$ o=
l#+p$ &'GICRK’
#$#=1 p$e-' GICRK
#$#=1 p$e-' GICRK
"<:234:p$e'GICRK
\:4V:4:p$ &'GICRK
?#$ 1 p%e-'GICRK
#$ 1 #&pPs-'GICRK'
+2?7A='6<:262:$
GICRK'
IIFp$ & 'GICRK
113064:p%-'GiCRK
1DA=:4:p$ & 'GICRK'
WANRY
. DA=:4:'p$ &-'GICREK
#)$ .Fp%-'GiCRI
#)$-#=p%-'GiCRK’
'D-p$  &'GICRK
#)$-#=p%-'GiCRK

#) S H=p#StrpPe-'
Ge/hCe/hCRK'

#)$-Fp%-'GRgCRK
104 $ - Fep$e- GICRK'
#)$ - #F p%k-'GiCRK
#)$ - #F p%k-'GiCRK

#)$-Fp%:-'GiCRK'
#)$_Fp%-'GIiCRK

104 $ - Fep$e- GICRK'

0 B¥)$ - Fep$e-'GICRK'

N!

ee

N!

XR

N!

.\
R/‘
.\
.\

N!

h™
o
Zd

DD
DD
DD
DD
DD
DD
DD

N

N

N

N

N

N

N

N

R/\/‘l



$772' MLRE<34214;:0K
ZR Xé .B%)$-Fep$e'GICRK' N eh R

""""" "$R!(AL:=0'0:2:7E14:0";@149'R,ZIA71E:2?30A8:4V:4:'6 @' @264066a/1<' @3=P:42'M6@'
51=2:7:0'2773;9?'86 @ 1<'6="E94@'@:0'@3=P:42'8A'T¥;K> 2?76 M'2:<?41INB1=P:7'<626=A@2'
M6@';,@:0'6@'6'@3=;2134'14'M62:7/"

$772:' MLIQO10642'B<7::4149

= Oxidant (X equiv.) A\ ©E\> [@
&N OH AgO,CF; (10 mmol %) N N - N ?
K SolveS%t i((9::,12) 4[oﬁosM] ) o>// o%\koj,,\l B
42 59 58 76 '
P9@  iepe  #CPF>9_TOBC o P;/O'AK?ig -
R “B'GR/hK #)$ FpS: ' Rd hh e A
X #'8&' GR/hK #)$ FpS: ' A i’ A XR
Z "B'GR/"K #)$ - Fp%k-' ' A ee e' A
e “B'GRIgK #$ Fp' ' XH zd X A
h' "B'GR/hK HSH=1p%e-' ' f' e’ DD n
F “B'GZ/NK HSH=1pSe-' A ZX e A
d k eBer +GR/NK  #$#=1pPe' e Zf' Z N
g &6sBe +GRINK  #$#=1p%e" " d Xi* z A
i’ -034:'GR/HK HSH=1p%e-' ' XZ n n n
RA “B'GZ/NK HSH=1pSe-' A ZX e A
RR &34:" #$#=1 pSe- ' ge A A A

"% &!('A1:=0'0:2:7E14:.0';,@14R,Z,271E:2?30A8:4V:4:'6 @' @2640670/

RM"R



$7?"'MUR>21E1V62134'35")734'#626=A@2

= APS (1.5 equiv) A\ A\ A\
N. _OH [Fe] (10 mmol %) N N N
K CeH

Et
F/H,0 (9:1) [0.05 M]
° 55 iC,24h e} (Z]/ m
42 59 58 77 '
%:AK?9A
)>9:@ &797?@A9

v PT PS R
R Fie- 1 A ex z A
X F:G-"<Kg A Rf' h' A
Z F:G-U5SK A R" f' A
e F#=g A fd' A Rh,'rS#=
h Fo ogXSe ~ ed ~ ~
f' F:Be n ff ' n n
d F: eGB-Kqd$e ' A df- fr A
g F:G& K s di' ~ n
i’ F#= A hX R Xh,'rS#=
R" F.G#& Kk 1! RX d A A
RR F:B- - #s$ 00&sB- » ge$e - A XR d A
RX FA\7 A Rg g A
RZ F:-' A RA d A
Re F:G6<6<K A gXx R A
RA 14G6<6<K N Zd n A
Rf &34:" RK A A A

Y RI(T A1:=0'0:2:7E14:0';@149'RZbE:2?30A8:4V:4:'6 @' @2640670/

RAX



$77?'MUS>21E1V62134'35' =4 2"

= APS (1.5 equiv) AN N\
N. oOH Fe(acac)z (10 mmol %) N N
K Solvent (9:1) [0.05 M] >]/Et

50 iC, 24 h o) o]
42 59 58 -
%:AK?9A
)>9,@ #C?F:>9'

v PT PS
R #)$ Fpk- ' N gX R
X USFp%e- ' N N Al
z +2%-p$ & f! g ~
€' S #S 1 pPe n RA N
h #$ at=epSe- ' n Xf o
f' #)$ #F pSe A s} f'
d #)$FepSe ' n g n
g l#& A Zi' f'

T EO0&Y ()*+1+),)-. (1) +I01(/2134546 #-(), 789")/;)) | <1IL,<[+<-+= '

$77?MUF>21E1V62134'352R>:762;7"

= APS (1.5 equiv) A\ A\
N oH Fe(acac)s (10 mmol %) N N
K CeHsF/H,0 (9:1) [0.05 M] rE
(e} (@]

Temp, 24 h
42 59 58 '
)>9;@ $:H8:;79K;:" a& ' Yo AK?OA

v PT PS
R 733E'2:E>:762;7: A he' X
X N A de X
Z en A df’ Z
e' h~ A gXx R
h' e A gXx X

R"NZ



$77?:'MLTGE<34214;:0K

fr an S gX R
H 00 &1 ()*+1+),)-. () +I01(/2134546 #-(.), 789")/)))I<1IL,</[+<-+=
$7/?:'MEUL->21E1V62134'35'@26=A@60149
= APS (1.5 equiv) A\ N\
N OH Fe(acac); (X mmol %) N N
K CoHsF/H,0 (9:1) [0.05 M] rE
50 iC, 24 h o o}
42 59 58 -
%:AK?9A
)>9:@  &797?@A9'?2C7IB>G'_c'HHC?'l
avi PT PS
R R/ N fg' R
X h/™N A dzZ R
Z RAMN N gXx R
e XA n ge R
M 0 &1()*+1+),)-. (/) +01(/2134546%-(.), 789")/))) <11, </[+<-+= '
$77?' MLd<£>21E1V62134'35'@4U<:42762134'a462: 7' 28=P:42521'3
= APS (1.5 equiv) A\ A\
N oH Fe(acac)s (10 mmol %) N N
K CeHsF/H,0 (Ratio) [Conc. ] rE
50 C, 24 h o o}
42 59 58 '
~O- - %:AK?9A
)>9:@ %79BC &C>E:>9:79BC>
X4z am PT PS
R iCR NN N gXx R
X hCR AR N fi* N
z hCR AIRN N dR N
e hCR AIAR N fh’ N
h RiCR AIAR' N dg R
f! eiCR AR fr e N

T 4800&Y ()*+1+),)-. (1) +I01(/2134546 #-(), 789")/;)) <111, <[+<-+= '

R"e



$7/2'ML<NO121P'@

— APS (1.5 equiv) A @
&N KOH Fe(acac)s (10 mmol %) N

N
CgHsF/H,0 (ratio) [Conc.] >rEt
50iC,24h o) o
Additives
A%)-9#)' &

I"#$%& F:: #./%)&+GC&22=9&;& - — —
v [=>6" (" —+" "
+ IHOEFE>6 (" oy I

?EIHO9EFE>6 (" " K

M 80681 ()*+1+),)-.()+101 (/2134546 #-(.),789")/)) <11 </+<-+= '

R"H



& 1.$)%N

#@>96:ABABBG6?@'&C>G:A9:1'$:;9B7; @' ?EC6C?A'FB7'96:' XNYNZ'%7IBE7?"
((EC>A9;KE9BC>'CD";:A?C[*>9:;H:IB79:A

16<?_4'(1P:76,(/C'\;7234, &/ (IQ”#6==, J//Q'U3E62,/"/Q' JLA0@6A, */'&/' 2+35$4*"5
SVH(%T+&.'$%(?0& " 5@5

NLE*>BIOB7ZC8CA7?'DC;'¥@>96:ABA'AD??' K79:;>7;@&:>9:;' 1 :9C>:AL

- @ IP:2:73<A<=1<'<678:4:@' G&$#K' ?6P:' 8:<3E:' 14P6=;68=:'233=@"' 537' 2?:' <34@27;<2134
<6783B67834'8340@'14'379641<' @ AAZHEWA7:601=A'7:6<2'M12?'6=0:?A0:'0:71P621P:@'23'
537E'6'4;<=:3>?1=1<":146E143='@8ZA70Q=3M'142:7E:0F626>68=:'23'7:6<2'M12?'P6713; @'
=i<273>?1=@,":P:42:6=60449'23'5;4<21346=1V:0'L:234:@'652:7' &$#' 7:9: 407021 2 B
'=:<2734'>62?M6A@' 67:' 352:4' 3>:7621P:' 640" ?6P:' 8::4' M10:=X' @BPD163; >73<:@@: @' ?6P:'
'E:79:0'7:<:42=A'3>:4149'6:M'>3@ @ 18R3'5379:'<?6==:49149'8340@' #3941V642'35'2?1 @'

M:" >73>3@:0' 27" @A42?:@1@N;B2:7467A" L:234:@" P16' 6' <34<:72:0' WZ,ZY' @19E6273>1<
7:677649:E:42' 36 B==A="2716V3=1,E'@HE-L0@ Z/RK?:" [4AP1@1342?62' 2°X626=A21<' <A<=

M3;=0 @2672'8B==A=62134'35'2?168823H37E'12@' 7: @>:<21 RTKAB+BE2;/'H40:7' 86 @ 1<'
<34012134@,' 2?1 @BE@GB5ZMA'27?:'<377:@>340149'<6 781K "6&10'7:6<2'M12?'6'<67834A="973;>'
23'9:4:7626\7:@=3M'142:7E:01624G' U?1@"'\7:@=3M'142. 7TED2682\B;=07:677649:'P16'6'

WZ,ZY' @19E6273>1<'7:677649:E:42' 23' 6BNB27467A' 2:72167A' 6=KI="@:<340' D
6==A=62134'34'27:'2?16V3=3A0E6U:'2?1@'6V3-23B80=:6P149'973;>'23'9:4:762:'2?:'0:@17:0'

' DN;62:7467A'L:2349K'640'7:9:4:82:'2?:'<626=ARIRIBA5372;462:=A55372@'23'<3E>=:2:2?1@"
<626=A21<'<A<="M:7:'57,EBi4@@0;:'23'2?:'P:7A>337'4;,<=:3>71=1<12A'35'?140:7:0'142:7E:0162:"'
GW'n?:4'1E106V3=@'M:7:";@:0'14@2:60'35'2?16V3=:@,' 2?:'8:4V314' <340:4@62134' >62?M6A"

>7:03E14642/U7:";@:'35'2?16V3=:@'>7:03E1462:=A'?6E>:7:0'2?:'8:4V314'<340:4@62134'>62?M6A

R/



640'27?:! IN;62:7467A'2:72167A'6=&BRIVEL'382614:0/'$3M:P:7,'5; M2BF=A=62134'>73P:0'23'

8:'1E>3@@18=:";40:7'2?:'<34012134@'622:E>2:0

X_
o [T\
S__N RS
N ISy Base
R2R3 R
83 (Base-H)*X!
Elimination X Deprotonation
RJ\)R2 = 80
3
SN " R2
78
Thiazole Precatalyst
Breslow O
N-Allylation Intermediate
Formation RllJ\H
X
R3ﬂ\)RZ [3,3] S N\/\/R3 SN A\]/R3
Rearrangement of I 5 = I . 5
Breslow Intermediate R NOH R Rl .OH R
\/
82 81 !

5BGK;NLK)41216=">73>3@6="537'27:'@A4DN;RI@EA'L:234:@

&32M12?@26401497:%B941V:@7?:' P6=;:'35'2?1@"' ?197=A"'<349:@2:0' 142:78\B162:' G
1:12?30@'23'8;1=0'N;1<L'E3=:<;=67'<3E>=:012A'67:'P6=;68="573E'6'@A42?:21<'>.7@>:<21P:,>71E
15@;<?"27&4@62134@'67:'0:71P:0'573E'<3EE: 7<16==A'@A42?:21<'8=3<L@/')4'60012134,":=683"
35! IN;62:7467A'<:42:7'7:E614@'64'3493149'<?6==:49:"14'2?7"' @A42?:21 "B R AR A<64'
8:'53;40'14'462;76=">730 % BA0'67:'14<7:6@149'14'7:=:P64<:'14'2?:'E:01<146="<?:EX®27A'51:=0/
137:3P:7,'2?16V3=:"7149@' ?6P:'8::4'53;40'14'462;76='>73642@562:716=@' @;<?'6@'0A:@"'537"'
@3=67'<:=="6>>=1<62H32@7-@:'7:6 @34@,'M:'0: 2B)@2;0A'2?:2764 @53 7E@3 34126 1@
U?:'1<)423@7?'973;>'0:P:=3>:0'6' @1E1=67'2764@537E62134' 14P3=P149'\7:@=3M'142:7E:0162:'

R~d



8:4V32?16V3=1;E'@6YHa@?:17'<6@:,'2?:\7:@=3M'142:7E:0162:'0:71P:0'573E'8:4V32?16V3='@6=2
655370:0'2?:'0:@17:0'7:67164830;<2'0:71P:0'573EB567E6WR,ZY' @19E6273>1<'7:677649:E:42'
GB<?:E:Z/KK/'n:'4321<:0'2?62'6'<B44'2?:'6V3="@?152:0'2?:'7:913@:=:<21P12A'35'2?:'\7:@=3M'
142:7E:0162:'57E37E6WR,ZY'23'WZ,ZY/'U?1@'1@'1E>372642'8:<6;@:'832?'M37L@'<3E>=:E:42'
32?:7,'640'43M7?:2M3'7:231@3E:7@'<64'8:'382614:0'8A'7:>=6<149'27:'2?16V3=:"<32U@10:4212A/'
M372?' E:42134149' 2762' @;<?' 2764@537E62134' 8;1=0@"' E3=:<;=67' <3E>=:012A"' 14' 34:' @2::
<3EE:7<16==A'6P61=68="E62!31BRA/'2?16V3=1,E' @6ER@?:7:'6 @' @;8@2882ABOLA'
6P61=68=:'573E'2?16V3=:"640'6==A="?6=10Z0¥GB<?:E"’

ArCHO (2.0 equiv)

DBU (1.2 equiv) PR Ar OH
Ar, OH . MeOH [0.2 M] [ \ ArCHO (2.0 equiv)
N R i, 11 48 h %\ DBU (1.2 equiv) X A
S RZ N+ Rl <\/S Rl R2
then DBU (0.8 equiv), S ‘\:< Dioxane, 80 jC
84, 57% 60! 80 iC, 8! 48 h Br 2 Rl=R2=Me 85, 36%
[1,3] Rl=Ph RZ2=H 13,3]
McINtosh Lindsay "

#E6:H:" NLR\:4V32?16V3=:"640'2?16V3=:7:913@:=:<21P12A'@?152'14\7:@=3M'142:7E:0162: @

= Br R? THF (1M) or neat, ! %\N+ R2
+ ‘H S
S\7N 1 3
R R 31-74% Br R! R3
86-95 !

#EG6:H:' NLMBA42?: @ 1@[B5=A="2?16V3=1,E@6=2@'
NLM'+89BHBV79BC>'CD'984XNMEH:>9'CD™;:A?C[ *>9:;H:IB79:A
H40:7@2640149'2?:"1E>37264<:'35'2?1@'7:677649:E:42'537'2?'@A42?:@1@'35'?7197=A'<3
2:72167A'6=<3?3=@,'<34012134@'M:7::0>=37:0'23'3>21E1V:'2?:'7:6<2134":551<1:4<A'GF;=="0:2¢
@;>>372149' 14537E623B8K:' Z/RKR,d16V681<A<=3Gh/e/"K@iR4&' GI\HK' 640" ! ,! D
111@13>73>A=:2?A="6E14:'Gl) +"K'<626=AV:0'2?:'0:@17:0' 2764@537E62134'M12?' @1E1=67":5!
?23M:P:7,'2?:'=622:7'6=@3'>730;<:0'6'<34@10:768=:"6E3;42'35'8:4V314' @G ATXBD'R'

640'XKILE:2?A=@;=53010:'GI'B-K'@?3M:0'23'8:'6'E37:'@;1268=:'@3=P:42'537'2?1@'2764@537EC¢

RAg



3P:7'013064:'G:4271:@'Z'640'eK/'B2177149'2?:'7:6<2134'62'733E'2:E>:762;7:762?:7'2?64'?:62149">
8:4:51<16="232?"'@A@2:E'G:4271:@'e'23'dK/'F146==A,'8 R B<Z71838138222762134'640", @149’
6'2326="35'Z/"":N;1P6=:42@"' 35' 6=05%161:4234012134@"' M:7:'53;40'537' 2?1@' 2764@537E62134
655370149' 27" 0:@17:0' <349:@2:0" 2:72167AF6K<BPHfY' G:4271:@IRIMK/' 1;7149" 272
0:P:=3>E:42'35'2?1@'>73<:0;7:, M4D32?62' 2?:'0:@17:0'>730;<2' 640' 2?:' 6=0:7BO;:243
0;7149'2?:'@:>6762134'P16'5=6@?'<?73E623976>?A/':@>12:2?:"55372@'8A"E>=3A149'0155:7:42
97601:42@,'<34P:421346='<3=;E4'<?73E6239268>®;'3B'<?73E6232734,'M:'M:7:";468=:"23'
@:>67627:@:'2M3'<3E>34:42@/'U3'3P:7<3E:'2?1@'1@@;:,'M:'2:=:@<3>:'2?:'<7;0:'1423'6'7:0;<213
@2:>'8A";@149'@301;E'8373?A0710:'14'E:27643="62""m#'537'34:'?3;7/'(:0;<149'2?:'6=0:?A0:'23'2?""
<377:@>340149'6=<3?3="<34@10:768=A'<?649:0'12@'7:2:421 34536 23@)' 647" 5BE>6762:0'
8AG=6@7?'<?73E623976>?A'M12?7'64".0>:4@:'35'6'E141E;E'7:0;<2134'14'A1:=0'G:427A'RRK/

$77?'NLAB:=:<2:0'$21E1V62134'3BI7ECWZ, K34@27;<2134'35\7:@=3M'142:7E:0162: @'

@ 0 0
CHO DBU (2 equiv) 2 OH
S\/ N + * N\j)L Ph
Solvent, Conc.,Temp. =~ N OH <\/
i \_s S

Time
86 (1.0 equiv) (X equiv) 08 97 96
)>9;@ HCPF:>9  $:HBL' a&' &C>E' 4" 0B:2I b "
TS R 0
R 113064 g™ ARR zf! A A
X% 113064 g™ ARR 74 XR h
z 113064 g™ RN en n e
¢ B- g™ ARR hz h RR
h B- dn ARR hf* g g
1z B- o ARR fe ¢ h
d B- 72 ARR h' z ¢
g B- 72 AIdh df* d X
i B- 72 AIAXN g™ z h

RN



$77?:'NL2G<34214;0K
R I'B- 72 AAXN of" R Re
RR IB- 72 NAXN de'GdzK DDD DDD
"al:=0'34'6'R/INEE3='@<6=:",'0:2:7TE14.08&!(; @149'271>?:4A=E:2?764:'6 @' @2640670/'
#(:6<2134'M6@'@2177:0'53T' RN @3>73>A=:2?A=6E14:'GX/":N;1IPK'M6@"; @D/6 @'86 @:/'
:N;1P'35'8:4V6=0:?A0:'M:7:";@:@!('A1:=0'35','652:7'27:62E:42'35'<7;0:'E102;7:'M12?'&6\$
G1l@3=62:0'A1:=0'14>67H2?:@1@

NLN'IEE:AABPCS8:CD'6B>I:;:I'7?EC6CERDC;H7XNYNZ';7>G:H:> 9'CD:A?C[

B>9:;:H:IB79:A

et n12?'2?2:0 3>ELV:0<34012134@' 14' 7640, 2?7 @<3>:'35'2?1@' 7:677649:E:42' M6 @' :P6=;62:(
GB<?:E:'Z/K/' "™ 7649:" 35' 5;4<21346=1V:0' 8:4V6=0:?A0:@' 67:' 6E:468=:"' 14" 2?:' 7:6<2134' M12?'
2?16V3=1;E'@BaPr$19?:7'A1l:=0@'M3B2614:0'M12?":=:<2734'0:51<1:42'8:4V6=TTAL@

n?:4' 6=1>7621<'6=0:?A0:@"' M:7:' :@:0,' 8:4V314' >730;<2' M6@' 38@:7P:0' 14@2:60' 35' 2?:' 0:@1
<349:@2:0'2:72167A'6=<3?3=,"=1L:=A'0;:'23'6'0:<7:6 @:'14'2?:' @268 1PX06Z 3BA3BD2L6="
142:7E:0168B;8@212;2134'62'2?:'3=:5141<'8340'35'2?:'2?16V3=1;E'@6=2@'M:7:'6=@13":P6=;62:0'M
<?=3738:4V60:?A0:/'11@;8@212;2:0@=<KKR(K640' 6 TA&<RK<K640'271@;8@212;2:0'3=:514@"
M:7:' <3E>6218=:"' 14' 9330' A1:=0@"' 640' E30:762:' 016 @2: 1:3RJ2: <RI 26="' @27:<2;7:" 35'
<3E>3;40G<@7:P:6=:02?:'@2:7:3<?:E1@27A'35'2?:'E6[37'016 @2:7:3E:7'@?3M149'832?'67A="973,;

14'@&)#'&7:=62134@7?1>/

RR”



‘4\N+

SA4

Scope of aldehydes

on

-

2%
FsC

/ OH
N

B X
<\/S Me Me

102
84%

Br

C}

S Me Me

106
89%

NN
<\/s Me Me\

1. ArCHO (3.0 equiv), DBU (2.0 equiv)

Scope of thiazolium salts (Ar = 4-CI-CgHy)

Ar. OH

111
79%

Ph OH
NM
<\/S Ph

116
72% 2.5:1.0 dr

#EG:H:' NLNB<3>:

N\
W

78% 5.0:1.0 dr

'35'6<<:@@18=

117
81%

2.1:1.0dr Cl
27216 7A'GFSBIBC@'G

68% 1.9:1.0dr

Ar. OH

118
71%
1.5:1.0dr

71% 2.4:1.0dr

Ar. OH

OMe

Ar. OH R?

DMSO, 4h, rt
~
2. NaBH, (2.00 equiv), MeOH, 0 iC, 1h s R2RS
98-119
Br Cl E
@OH 7 OH 7" OH
e e S
Q\/s Me Me Q\/s Me Me S Me Me
100 101
75% 75% 75%
Me(O)C MeO,C Me
7 OH 7 OH ©0H
AN N N\\,/S(\ Nx X
<\/s Me Me <\/s Me Me \_s M€é Me
103 104 105
61% 69% 38%
CN Me OMe
N
& @ & 9
7 OH OH 7 OH 7 OH
Nm AN AN XX
<\/s ME Me s M€ Me \_5 M€ Me <\/s Me Me
107 108 109 110
82% 43% 60% 80%
Ar. OH Ar, OH Ar. OH
: <[\L\ ; NW\
Me \_s _Me <\/s Ph
112 113 114 115

69% 2.5:1.0 dr

119
62% 1.7:1.0 dr

RRR



NLOL' 4:E67>BA9BKES:;BH:>9A" 7>I'H:E67>BAH' CD' XNYNEL>A9;KE9BC>' CD" ";:A?C[
B9::H:IB79:A"

e @'4321<:0142?'@<3>:'352?1@'2764@537E62134,'016 @2:7:3E:71<'E102;7:@'M:7:'38@: 7F
@149=:'2?16V3=1,E' 1@3E:7@Q' 2?1@"' >3142@" 3;2' 2?62' 6' 7601<6=">62?M6A' E19?72' >7:03E 1~
Z64@537E62134'@14<:'<34<:72:0WZ,ZY'@19E6273>1<'7:677649:E:42@'67:'L43MA23'8:'@2:7:3@
#3941V642'352?1@,'M:">:7537E:0'P6713;@'7601<6="276>>149"0>:71E:42@'23'1471812'2?:'7:6<21
ZIKI#3EE347601<6="@<6P:49:7'@;<?'6 QIR X7HE 224 1>.71MRA=K30A="GU+!"-K'010'432'
1471812'2?:'7:6<2134/)4'<34276 @2,'U+!I"-"M6@'14P3=P:0'142?:'301062134'35'2?:\7:@=3M'142:7E:(
23'>730;<:' X, X,f2:276E:2?A=>1>: THA®RDX?=3738:4V36XN' 14' E30:762:' A1:=0 @'
?A>32?:@1V:0'2?62'2XG8T1<3E81462134'537'2?1@'7:6<2134'<3;=0'8:'56 @2:7'2?764'0155;@134'"
2?2 @3=P:42'<69:'640'?:4<:,"/47:6<21P:'23M670@' @2:71<6==A'8;=LA'U+!"-'G:42F LI@LB40'eK/
@2:71<6==A'8;=LA'7601<6="14?181237@' @;<?'6 @'E3=xK 66T BOZADGH 127387 3>64:"

0lE:7'®° K'M:7:'68=:'23'01E141@7?'2?:'A1:=0'<34@10:768=A'8;2'432'23'<3E>=:2:'1471812134'G:4
h'640'fKI " +=:<2734' @>14'7:@3464<:'G+ (K'1@";@:0'23'0:2:<2'640' @ 2;08 36 (PIKBH @' 14'
@2;01:@'M:7:'<340;<2:0"; @ 49'6 @'6'7601<6="248%:89:42/'+ (@1946=@'M:7:'0:2:<2:0'34=A"
M?:4'7:6<2134'<34012134@"'M:7:":E>5@R00:@2149'2?:'>7.@:4<:'35'7601<6="142/7TEH162: @
<34273=":0>71E:42@'M:7:'4:9621P:'23'>73P10:'6<21P:'+ (' @1946=@'E:64149'2?762'34=A'7601<6

537E:0,40:7'2?:'7:6<24334012134@'GFZBR/"

RRX



$77?'NLM:<?641@212;01: @®01<6¥7181237@

ArCHO (3.0 equiv)
e DBU (2.0 equiv) Ar OH
S\//N‘\:<Me Inhibitor (x equiv) \ )J\

Br Me DMSO, 4h, 1t s Me Me
86 98 or 100
)>9;@ L *>6B"B9C;' W"]KBF .,CIKE9' 0B:?I' b™ '
R 2! DDD TS dX
X eBEDHS DDD <uy dn
Z eB3H$ ' U+I'-'GX/NK" <uUu drR*
e el $ U+ -"Ge/K <UU i #
h el $ - £G:0<@@K <uy RZ
f' 2! 1&  “GR/AK TS Rd

N@3=62:0'A1:=0'573E','652:7'27:62E:42'35'<7;0:'E102;7:'M12786)\$2<MM6 @'
1@3=62:0'14'eey' AT#E0C'X [E:2?ADMA1273@3>73>64:"01E:7/
\6@:0'34>7:P13;@'7:>372@ '35 26BKKGS37E62134'14P3=P149\7: @=3M'142"FAM162: @

27:.0>:71E:426='0626'382614:0,'M:">73>3@:0'6'7601<6="E:<?641@E'537'2?:'WZ,ZY'0:<34@27;<2
\7:@=3M'142:7E:0162: @'GRAATH40:7'86 @ 1<'<34012A3B4@Y,8:4:'1@'9:4:762:0'573E! D
6==A='2?716V3=1;E' @6=2,'640'2?:'"\7:M@=3M'142:7E:0162:" 1@'537E:0'573E'2?:'<678:4:'640' 27"’
6=0:?A0:/'(601<6="5769E:4262134'35'2?:'\7:@=3M"142:7E:0162:'1@'071P:4'8A'7:673E621V62134'3
2?16V3=:7149>730;<1492M3'<=3@:07601<6=">617@'22628BITEIEE04@ 17:0'<349: @2:0'

8764<7:0'>730;L2/

RRZ



CsH5CHO (3.0 equiv) _
N\ Me DBU (2.0 equiv) on 0

N . +
S \:< MNP (1.0 equiv) . =
Br Me DMSO [20 mM], rt N N o
\_s Me Me
86 08 MNP ,
2- ﬂ
10 - I
>
=
2 l\ ’\
) 0
E
- Reaction conditions
-10 -{— MNP i
- Salt, MNP
DBU, NMP
Benzaldehyde, MNP H
Salt, DBU, MNP
-20 - — Benzaldehyde, Salt, MNP
—— Benzaldehyde, DBU, MNP
! | ! | ! | ! |
3480 3500 3520 3540
Field / G -
5BGK;NLM-=:<27B8 676E694:21@3464<:'B>:<27;E
=\, =\ =\
S W=<R2 DBU S\/NW=<R2 Ar-CHO S \I\DDHRZ
- 1 3 | DBU¥HBr - 1 3 jE 1 3
Br R R R R Breslow A SoHR R
Carbene intermediate
formation formation
Fragmentation/
Rearomatization
Ar. OH [\ R1 H
N P S Z N . % RZ
<\/\ Rl R2\ Radical j /T R2 Closed
S recombination Ag_'d ~ RS radical pair Rl R® |

5BGK;NLN73>3@:0'E:<?641@E'537'2?:'7601<6="0:<34@27;<2134'35\7:@=3M'142:7E:0162:
RRe



U3'<34517E'2762'2?:'7:6<2134v@'2764 @ ¥3B36@B6R:d3@:7601<6=">6171@'537E:0,
M:'0:<10:0' 23':P6=;62:' 277:6<213M12?' 2?16V3=1;E' @B B<?:E:Z/&{' U?:' @19E6273>1<’
7:677649:E:42'3<<;7@'@E332?=AQ"?3M:P:7,'6'WR,ZY'3P:7'"WZ,ZY'M6@'38@:7P:0'537'2?1@'<6@:
>730;<B&EMK14'eiy,'ghy>;712A'GB<?:E:'X"KJ?1@'@;>>3722?:2?762'6'<=3@:07601<6=">617"1@'537E
640'2762'2?"'@6E:'1@' @:4@121P122:@®&2134@'56P37149'14'2?1@'<6@:'7:<3E81462134'573E".

=:@@'?140:7:0'7601<6=">617'>73P10149'2?:'"WR,ZY"'3P:7'2?:"WZ,ZY/

Cl

~e O |
N 4-CICgH,CHO (3.0 equiv)

S — DBU (2.0 equiv)
Br O DMSO, 4h, rt
95 121
< 49%,
[1,3] '

#EG6:H:' NL[B2:71<":55:<2@":P6=;621345B3YFB&D 19E6273>1<'7:67769:E:42
-82614149'L:234:@'573E'2:72167A'6=<3?3=@'1@'4BA @<3BE3IL134'537'6' @A42?:21<
<?:E1@2Q'?3M:P:7,' M:"M:7:'68=:'23'382614' L12B&:@91301P:79:42' EGABK' @:=:<21P:=A'
<=:6P149'34:'35'2?7:">:40642'973;>@'62'2?:'2:72167A'6=<3?ZHKMB4A0E/'6<101<'<34012134@,'
2?:'>T:4A='973;>'<64'8:'@:=:<2IPE3R:0'P16'6=L:4:">7323462134,'>73P10149'016 7 AN 34:'G
14'dey'1@3=62:0'A1:=0/')4'<34276@2,";40:7'86 @1<'<34012134@'640'14'2?:'>7.@:4<:'35'E:2?A=",
Gl:-U5K,'2?:'2?16V3=:"7149'M6@":55:<21P:=A"7:E3P:0' 236 H37067A'L: 234 KBK' 14'dRY'

1@3=62:0'A1:=0/

O ZnCl, (3.0 equiv) MeOTTf (4.5 equiv) (0]
©)K(S 20% aq HClI OH K,COj4 (7.0 equiv) ©)J>(\
N X
) eonmocwn (" -
EtOH, 100 jC, 36 h DCM,0iCtort, 28 h
N I Q\/S M Me I Me Me
122, 74% 98 123, 71% '

#EG6:H:' NLRI1P:79:42' @A42?:@1@'35'L:234:@
RRh



NLPL'&C>E?KABC>'

- 141551<1:42'640'@27619?2537M670'@A42?2:@1@'35'?19?7=A'<349: @2:0'2:72167A"?3E36==
M6@'0:P:=3>:0'P16'2?:'7601<6="0:<34@27;<2134'35'\7:@=3M'142:7EB6A@2518'3=1;E'
@6=2@' 640' 8:4V6=0:?A0:' 0:71P621P:@/' U?:' 7:6<2134' 1@' 6E:46B42\5]12220386=121:@Q'
?3M:P:7,'7:6<2134'A1:=0@'M:7:'#8RM0:6<21P62149'97@>7.@:42'32?:'6 7TA="6=0:?A0: @/'
1:<?641@21<6==A,'67601<6="E:<?641@E'1@">73>3@:0'640'@;>>372:0'8A'016 @2:7:3E:71<'76213(
14'2?:537E6WZ,ZY'>73<:@@," 760842 :0>:71E:42@,' 640':=:<2734' @>14' 7:@3464<:' G+ (K'
@2;01:@7:' 76>1B<<:@@'23'E3=:<;=67'<3E>=:012A'<64'8:'382614:0'P16'2?:'>73<:@ @' 0:P:=3>!
E6L149'12'62276<21P:' 23':=683762:' <3E>=:0' @=<EHB2-A8)27:' 537E62138135391<6==A'

7:=:P642'<3E80@/

RRf



NLPMW8:;BH:>97?'(:97B?A

->57?7=" H4=@ @' @262:0' 327 BME@3IBN;:3;@"' 7:6<2134&Y:' >:7537E:0' 14' 3P®71:0'
9=6@@M67:' @:6=:0'M12?'E1<73M6P:'<6>@'37'7;88:7' @:>26';40:7'6'412739:4p67934' 62E3@>7:
M:7:'@2177:0'M12?'U3382:0'E694:21<' @21 7'86IME10'7:69:42@'640'@3=P:42@'M:7:'2764@5:77:0'
P16' @A7149:" ;@149 @2640670'B<?4IN.:@QJ:276?A0735;764' GUSFK,' 01:2?A=":22XK7" G+2
01<?=373E:2764: G#i$K,' 23=::4:'G ?1:K,'6<:2341271="G!:#&K,'640'E:2?7643="G!:-$K' M: 7'
071:0'8A>6@ @69:'3P:7'6'<3=;E4'35'6<21P62:0'6=;E146'Gc#":A:7 @'B3=P'42BNG THK R

0130641, ! M1E:2?A=537E6E10:'GIIFR1E:2?A="@;=53010:'GI!B*;[8;2A="E:2?A="2?"TG
\;-l:K,'011@3>73>A="2?" & ¢-K,' R, W1<?=373:2764:'GI#+K'640B1K:2?30A:2?764.'GI!+K'
M:7:'>:7<?6@:0'14'@:6=:0'8322=:@'640".@:0'6 @"#<3AP2(N' @3=P:42@'M:7:"; @-XE@.0'
A=@@'327:7TM1@:' 43211 =6A:7'<?73E623976>?A'GUI#K'M6@'>:7537E:0";@149'B1=1<A<="@1
9:=f"F[Xhe>7:<362:0>=62: @GN Xh'EEK'640'P1@;6=1V:08A'H*'17760162134'640641@6=0:?A0:,'#"
>326@@1;E™>:7E6496462:,'37'13014:'@2614/'B3784Q%HT21 <60 |EK' 37\73<LE644'
)'86@1<'6=;E146'G>6721<=TVENHKM.7:";@:0'537'5=6@?'<?73E623BHB2?2A1401<62:0'
@3=P:42' @QA@2:E'6<<370149'23' @2640670" E<G@I'Ns&BE623976>?A'M6@"'>:7537E:0'34'6'
\13269:")@3=:76"-48;<=:67'E®4:21<'7:@3464<:'G&!(K' @>:<%76"8 ' *FK'M:7:'7:<370:0'34'

\7,L:7 '@>:<273E:2:7@'3>:762149'62":12?:7'h" '™ 37'd /&7 RXh,'Rh"'37'Rdh'$V'

537%'&!(, '640'ed”,'hfe'37'fthg'!1$V'537' *F'&!I( :O>:.71E:4@#?.E1<6="'@?162@37%'
&I(@>:<276'67:'7:<370:0'14'>672@"'>:7'E1==134'573E'2:276E:2?A=@1=64:'"M12?'2?:' @3=P:42'7:@
6@'2?:'142:746="'@26308787353FH/Xf'>>EQ'6<:234127IR/ie' >>EK1626'67:'7:>372:0'6 @'
53==3M@C'<?:E1<6="@7?152,'E;=21>=1<12A'G@'S'@149=:2,'0'S'03;8=:2,'2'S'271>=:2,'N'S'N;672:2
E'S'E;=21>=:2'640'87'S'87360K,'<3;>=149'<34@2642'14'$V,'640'142:9762134/'#?:E1#6="@?152@"

&!( @>:<276'67:'7:<370:0' 14 >B@" >:7'E1==134'573E' 2:276E:2?A=@1=64:";@149'27:'<:4276=">6L "

RRd



0:;2:73<?=373537EWH/R'>>EK37'6<:234 1 2TRGR/ZX'>> B '2?:'142:746="@2640670/"=="@>:<276'
M:7:'382614:0'M12?'<3E>=:2:">73234'0:<3; 400 :=:<% ' "#'640"F @>:<276'67:'7:237
)45767:0'G)(K' @>:<276'M:7:'<3==:<2:0'34'6'U?:7E3'B<1:42151<'&1<3=:2'1Bh'FU)(' 14@27;E:42";@
622:4;62:0'2326="7:5=:<264<:'G"U(K'E30:'640'@1946=@'67:'7:>372:0'14'7:<1>73<6="K421E:2:7@'C
640'73;40:0'23'R'<B'-4=A' @:=:<2:0")('57:N;:4<1:@'67:37:2:01:=2149'>3142@'M:7:'<3==:<2:0'
34':22=:7'U3=:03""h""E:=2149'>3142' QAGRA.EY: @3=;2134'E6@ @' @>:<276="0626'G$(BK'M: 7"’
382614:0'573E2?:'&#'B262:'H41P:7@12A"3=:<;=67'+0;<62134,'U:<?43=39A'640'(: @:67<?')443P6213
#:42:7,'34'6'U?:7TE3'F1@7:7'B<15X'+06<21P:" '=;@'G134'276>'E6 @ @' 646=AVK7;@BA276>

$+B)/'+ (@>:<276'M:7:'<3==:<2:0";@149'64'+=r@A@'+ (' @>:<273®6AU, @g' . $VK/'U?:'
E30;=62134'6E>=12;0:'640'>3M:7'M:7:'@:2'23'R".'640'XNEn/'U?:'<:42:7'51:=0'M6@'4:6 7' Zh"h".
640";@:0'6'Ri'@'@M::>'21E:'640'@M::>'M102?'35'dN./'U?:'+ (| @>:<276'M:7:'6<N;17:0'62'733E’
2:E>:762;7:'14' 27" >7.@:4<:' 3ER?ABDDI1273@3>73>64:'01E:7'G!& K' 6 @' 7601<6="276>'14'07A'
-/

%:7G:>9AU?16V3::,' >T7:4A="873E6685A="873E1AK&732A='873E1Bghy'AK' Q\HX1446EA="
873E10:,'8:4V6=0:?A0:[B73E38:4V6=0:?A0: [8?=3738:4V6=0:?A0e;3738:4V6=0:?A0De
2715=;373E:2?A=8:4V6=0: 7B 2A=8:4V6=0:?A0:,'E:2?B3FEA=8:4V362[23=;6=0:?A0: X
873E38:4V6=0:?A0:," [XA6438:4V6=0:?A0:,' 22?30A8:4V6=0:?A0:,' 0 23=;6=0:?A0:,' @
>A71014:<678306=0:?A0DRY681<A<=3' Wh/e/"YRIEA:<GI\HK," @301;E' ?A0710:' Gf*y'
@;@>:4@134' 14" E14:76="X3X:fR2276E:2?A=>1>.710143CR=GU+!"-K, ' XE:2?ABD
41273@3>73>64" K 01E:7,' >?3@>?37;@' 271873R10A4G$ «#=K,' @301;E' 8373?A0710:,
E:2?A='2715=;373E:2?764:@;=53462:,' 640' >326 @ @1;BNKB7846B@:0' 573E' <3EE:7<16="

@3;7<:@'640";@:0'M12?3;2'5;72?:7">;7151<62134/

RRY



+ [HHHO+-% ("1 /* &L+ 23*+$1 (-2 LA (* (1% +*H5 (YoH&-12(Y%o( !

.;:87,79BC>'CD'96B7VC?BKHIJPRA'

=\ Br R? THF (1M) or neat, ! W R2
SN + 4\=< S
Rl R3 Br_ Rl RS
86-95 !

-),)%!3".%+&)(\%)'I="#@>96:ABA'CD'96B7VC?BKH'A7?98QTP @) J7??@7?79BC>'CD'96B7VC?:
"4'3P:4 M71:0' 73;40' 83223E' 5=6@L' M6@' <?679:0' M12?' 2?16V3K,@RI"6:N;AR' 873E10:'
0:71P621P:'GR/*h":N;1PK'640'64?A073;@'USF'G2?:'7:6<2134'M6@'7;4'4:62'14'@3E:'<6 @: @, @::'@
<34012134@K/'U?:'7:@;=2149'E102;7:'M6@'?:62:0'23'2?:'@>:<151:0'2:E>:762;7:/"52:7'2?:'7:6<213:
<3E>=:2"6@2:7E14:08A'UJ#'646=A@2A®E102;7:'M6@'6==3M:0'23'<33="23'733E'2:E>:762;7:/
U?:'7:@;=2149'>7:<1>1262:'M6@'51=2:7:0,M6 @ ?:0'M12?'<3=0'U$F'640'071:0',40:7'P6<;;E'23'65537(
<377:@>340149'2?16V3=1;E@BE215' 2?:' 7:6<2134' M6@' 7;4' 4:62' 14@2:60,' 2?:' 7.@;=2149' @3=
382614:52:7'<33=149'M6@' @1E>=A'97140:0'640'714@:0'M12?'<3=0'U$FK/'n?:4'4::0:0,'2?:'<7;0:
>730;<2'M6@'7:<7TA@26==1V:0'573E":#&'37'>;7151:0'8A'5=6 @7?'<?73E623976>?A"; @149'X"y":-$'1.
#9$ o= G:=;2134'97601:42K'G@::'@>:<151<">73<:0;7:@K/'n?:4'2?:'>730; 22 MD SFPAZIMO @'
:P6>3762:0";40:7' P6<;;E' 652:7' <33=149' 23' 733E' 2:E>:762;7:,' 640' 2?:' 7:@;=2149' E102;7:' M6 @'

>:7151:0'8A'5=6@7?'<?73E623976>?A";@149' X"y H$hei#d G:=;2134'97601:42K/

T e e I\ e Me
Z € Z _\_ N _\_ ~ _\_ Z
N\ _ — _
ge  Me 87 88 Me 89
[\ B [\ Br [\ B Br
SVN_\_ SVN_\_ S\7N S\7N
NI s %b .
1 CI L}

5BGK;:'NDU?16V3=1;E'@6Z2@7:0",@149'9:4:76=">73<:0;7:'

RRi



#8:EBDBE'S;CE:IK;:A"7>I'E67;7E9:;BV79BC>'I796B0/C?BKH'ASQIR'

p— NJ NH:96@7?"KBIE> kJ@? 96BTIMBKH;CHBI’ SQL. :4:76=">73<:0;7""

SVNT:<Me M6@' 53==3M@1416V3=XRZ' EJ, ZN" EE3=,' R/ :N;1PI640 >7:4A="
873E10:'E/fe'hlg3,' ZR/NEE3=,'R/"h:N;1PKBAPAO73; @$F GZNEJIG2 h " m#'537'RB77 @U?:"
>;7:'2?16V3=1;E'@BREX/RZ'9, hiyAL:=RM6@@3=62:0">34'51=2762134'6@'0: @<718:0'14'2?:'9:4:76=
>73<:0;7:" 'H8' RMIRAG' mM#P/' 4% 'Gh ISV, #i#= | K'Y RRIZF G@, R$K, gBRd GE,'X$K,
h/hedVhNGE, R$K, h/eh'GIS'd/F$V, X$K, RIGIG@, Z$K, RIGIG GEMY 'GRHISV, #i#= K’

¥ Rhilg,' Reh/X,' RZh/i, RXflg, RRh/R, hZ/g, Xf/*,' Rifof G4:62K' ZR R, Z th,' Z°Zh, XigR, ' Xiff,"
XiZR,'XiRR,'RfdX, Rhfe,Ree, RZdg, RZ7i,iXh, digl# @ +B)KD: VON Y #6=<GB3#.$ x&B$

Rhe/~gh/\'53;40'Rhe/ Mg Zfl

=, Br NIJ7?? @ 7?96 BIRBEKMH' N;CHBI! _SRL. :4:76=">73<:0;7" 'M6@' 53==3M@149
SVN_\: 216V3=RBf'EJ,' Rn/"EE3=,'R/":N;1P&06==A='873E1R/BI'EJ,Rh/g'EE3=,
R/™N':N;1PK'4:62'62' hhB87'f?3;7@4<:' 2?:'E102;7:"?26003=1015840A073;@$F Gh'EJHM6 @
600:0'64027:'7:6<2134'M6@'5; 1@2T7BB7'Re'?3;7@b2n#U7?:'>,7:'2?16V3=1,EBBRSR/IZ'
9,'hfy 'AL:=RM6@ @3=62:0"';>34'51=2762134'6@"'0:@<718:0'14'27:'9:4: 76 B8RP #'
GO:<3E>3@121BM% 'GIVVISV,'#I#= I KYRRAR'G@, R$K,'g/XRSDMSV,'R$K,'g/RB/RX'
GE,'R$K,'f/RIVRN GE,'R$K, ' h/f/hd' GE,' e$SKP&',4% 'GRHISV,'#l#= K'}Rfi,'RZfIR,
RXi/R,'RXf/",'RXelg,' hgl*#6 G4:62RNA,' 2 eZ,' Xieg,'Rfee,'Rhei,'Re”g,'RXhX,'RRhi,'iRd,'gZR/

1%4# G +B)KD: VON Y #6=<B3#)$ .&B RXH/AZdX53;40'RXFINZd g/

RXA



=\, Br O AKIME> KI@ 7 96BTINBKH'A:CHBI?_SSL. :4:76=">73<:0:7" 'M6@'

S\?N_\z\ 53==3M;0@14P16V3="BNEJ, d/"e'EE3='R/":N;1PKAKX732A="873EN0:
G/df'EJ'Gghy'\'AZK,d/e"‘EE3=,'R/’\h':N;1PK‘J@14?A073;@$F'GX'EJI62'h"'m¥537'Xe'?3;7'@?:'
>:7:'2?16V3=1,E'@6&gdE9, fey 'Al:=W/hCR:BKM6@@3=62:0",>34'51=2762134'6@'0:@<718:0'14'
2?:'9:4:76=">73<:0;7:'"T'U?:'>:7:" AL@3E:£3;=0'8! 382614:BA' @;8@:N;42<7TA@26==1V62134'
573E:#& [H8'RA'M#'GO:<3E>3@12F84KR6 'GIVVISV,'#I#= K'}YRRIY'G@, R$K, Y0,
9S'Zh'$V,'R$K,'dRAY/RRE ,'R$K, TR GE,'R$K, g "/de'GE,'R$K,'h/eh' GDS'd/ $V,'
X$K,'R/gQR'GBS'f/n'$V, ZSK/®&',4% 'GRHISV,'#l#= K'}RA/A'RZd/g,'RZfIR,'RXf/h,'RXX/,'
hd/d,'Rg/R¥%6 G4:62K'Z"di,'Z"Rg,'XiZd,'Rhee,'Reee,'RXfX,'RRZfgiR¢dfd, fee,hdi/ '/%4#'

@ +B)KD: \OW Y #6=<(B3%,$ 5 &B'Re”N hXgh53;40'Re hXfd/

=\, Br N 6:VWME> KJ@7? 96BTIMBKH' A, CHBI' STL. :4:76=">73<:0;7""

5\7

= M6@'53==3M@14P16V3="XKI'EJ, e/"X'EE3=,'R/I"":N;1P840 GKFD
Me 873E372:@XD4: %*Ggg'E9,’ e/XX EE3=,'R/*":N;1PK:6262'h"m#B37'Xe"

23:7@U?:7:@;=2149'<7:0:'31='"M6@">; 7 I5EB@A' <?73E623976>?A'34 @1=1<6'9:=,:=D149'M127'*
XAy 1§ 14H$ = Gi=;2134'97601:22K73P1027:'>;7:' 2716V3=1.E' @F-QeeZ'B, 'cey"
Al:=R6@BGE37>?3:@?12: @3=104% 'Gh ™ISV, #1#= K'YRR/RR'G@, R$KRYZEGE,’
X$K, T/RIIRZ'GE, R$K, h/@h/dNGE, R$K, h/eX'@B'd/NSV, X$K, XIRIR/Ad'GE,'X$K,'RleZ'@?,’
S'dle'$V, X$K, Mgi'GBS'A/IZSV, ZSKA. 4% 'GRXNISV, #i#=1 K'YRhi/f, ReX/h,'RZfIR,'RXd/R,
RXMi,'hd/d,' Zele, XRIg,' RZIE G4:62K' ZMX,'Z7Zh, Xihh,' XiXf,' XgdR,'XgZg,' Rffg, Rhfd,' RZdf,"

RZRR,'RRZX,'ighb4# G$+B)K: VC'WIW6=<0'537s$ »»&B'Rfg/ geRh,'53;40'Rfg/"gZiil

RXR



=, Br Me _+INJ_6:VIME> KI@? 96BTMBKH'~;,CHBI: TUL' :4:76='>73<:0;7""
SN/ Y e
— M6@'53==3M@142°16V3="MRh'EJ,' X/RZ' EE3=,' R/"":N;1PEBHID

873E3?2:M™4: »?® @fh'EY, X/Xe'EE3=,'R/"h":N;1PK'4:62f "m#537' Xe'?23;7@7?:' 7:@;=2149'
<7;0:'31="M6@">; 7151 B8R ?'<?73E6239763P@1=1<6'9:=,"=; 2149 BKLY?":-$  '144#$ H=
G:=;2134'97601 22K 3P1(R7?:">;7:'2?16V3=1;E'@B6R'6'M?1GE37>73; @ 3=1QAGE9, d"y '
ALl:=RPI' 4% 'Gh™I$V, #I#= 'KYRR/IZZ'G@, RSKY/ Xe®& ,'R$K,'g/RI'GE'S'Z/Z'$V,'R$K,'
fIrZ/ig'GE,'R$K,'h/didh/dR'GE,'R$K,'h/hN'Gg'd/e'$V, XSK, XIMA/XX'GE,'X$K,'R/eg'EB3'd/Z'
SV, X$K, Min'GEAS'd/e'$V, Z$KPR', 4% 'GRXI$V, #lI#= 1 KYRMZ,'ReMMi,'RZh/g,'RXT/i,RRIi/g,’
hX/d," Xi/i,) XX/h,'RZ/i*% G4.62K'ZR"X,'Z"Xi,' Xihd,'XiXg,' Xid"*,'Rff*,'RhfX,'Rehe,'RZdd,'RZRZ,

RRZZ, RRRg,' iRg, gZR, dgA# G +B)KD: \CW Y #6=<0537#3$ %&B' Rfg/"geRH 53;40'

Rfg/”gZid/
=\, Br " INEB>>7H@?96BRBEM' N;CHBI: T<L.. :4:76='>73<:0;7:" ' M6@'
SVN_\_ 53==3M;Q@1416V3="XZ'EJ, Z/X EE3=," R/ :N;1PKAKX1446EA="

873E10GIX'E9, Z/ZFEE3=,RI*h":N;1PK"BA?A073;@ USEX EJK62'fh'

m# U?:'>:7:'2?216V3=1;E' @GIdR'E9, dey AL:=RM6@'1@3=62:0';>34'51=2762134'6@'0: @<718:0'1¢
29:'9:4:76=">73<:0;7:' "' 53==3M:0' 8B:6@7' <?73E62397847@A1=1<6'0:=,':=;2140"NX/'S?"

1§ 14H$ H#=.G:=;2134'9760 L BIBRARNMAP 4%  'Gh ISV, #i#= | KTRR/IZRG@, R$K,'
gledy/eZE 'R$K, 'g/EmX &, R$K, 'd/eBi/eNGE, X$K, 'd/Z8/Xg'GE, Z$K, 'd/" X' GE'Rh/d'$V,

R$K, fledieX'GE,'R$K, h/d~ GBS dIX'SV, X$KP& 4% 'GRHISV, #14= K'}'Rhifi,'RZi/h,’

RZfle, RZelg, RXile, RXil" RXd/Z, RXf/d, RRi/h, H8#iB4:62K Z i, Z*Rg, RheZ, Re~d, RReR, ihf,’

gMf,'deX, fiz,'fRil' 1%4# G +B)KO: VON Y #6=<B3%# 0& e&B' X X/ fgh?,'53;40' X X/gRH/

RXX



N N_CE6?C;C86:>@7? TBBEBWBIBKH' ~CHBI: TN . :4:76="
N >73<:0;7"" 'M6@'53==3M@14P16V3I="XGEJ, Z/IXEE3=, RIN:N: 1PK,’
ORI 1B 73E3>7 3004 KA ?=3738:4V-# Gne'EQ" e/RX'EE3=,

o R/AN:N;1PK' 1842A073;@' USF"G6 K62' fh' mi# 537' Rd' 23/7@P: >: 7+
2216V3=1;E' @MENdVE, efy' AL:=RM6 @' 1@3=6@F' M?12: @3=_D51=2762134'6@'0: @<718:0"
14'27:9:4:76=">73<:0;7:"H8' Rhg'm#'G0:<3E>3@ 121K/ 'GIWISV, #l#= KTRRIR'G@,
R$K,'gtRY/ZdE , R$K,'g/BY/RRE  R$K,'d/ZFGES'gh'$V, X$K, 'd/ZNGES'g/h' SV, XS$K, 'd/AX'
GOZS'Rh/d'$V, R$K, flelleZ'GE, R$K, h/df GES'd/X'SV XBK/P8! 4% 'GRMISV, #it= K'Y
RIIX, RZgle, RZfle, RZhIZ,'RZZ/X, RXi/X,' RRYMR, RX A, hd/ff96 G4:62K' ZAif, Z/Zg, Rhhg,’
Reir,’ Reee, ReXf,' RZeg,' RXd, RARR, RAX,' ifh ghefi# G +B)KO: \CW Y #6=<0537
Hou8 06t=&BXZHAXINX '53:40'XZfIXIRg)

J— NI N GH:96CW@86:>@? 72?@?BEBANC? ~:CHBI’ _TNL
SVNL\_ . 4:76=">73<:0;7" M6@'53==3M@14P16V3=ARgEJ, X/he' EE3=,’
RIN':N: 1PKGHIRIB I 7 3E3>7 30004 [RA-RIE :2230A8:4V- 44hans
OMe EQ, X/fd'EE3=, R/"h":N;1PK BA?A073:@ USF' GEMK62 WA m#'537'Rf
23:7@U?:>;7:2216V3=1E' @B4Ceig E9, f2y ' AL:=RM6@' 1@36806'8:19; @38AB=6@?
<?73E623076>3M@1=1<6'9:=, =:2140MKISP:-$  '144$ g~ G:=;2134'0760 1 #2Kge' m#
GO:<3E>3@128BM% 'GIISV,#i#= | KYRRIZAG@, R$K, 'g/eBER/ISV, R$K, 'g/RRY/RF
GE,'R$K,'d/ZFGO.S'gld'$V, X$K, Hid'GOY S'Rh/F$V, R$K, figh'G®'S'g/d'$V,'X$K, IZBIXd"
GE, R$K, hfGESA/X'SV, X$K, ZIgNG@, 24K/4% 'GRHISV, #i#= | K'}RI, Rhilg, RZilZ,
RZf/Z, RXg/d,RXd/h,RXf/h, RRf/g, RRe/e, hg/" M@A:6ZKR , ZAXA, XihfXgZh, Rfrh, RhA,
RXed, RRde,'RRZi,'R Ry, ifi,' gZX,'dhX, fZ864# G +B)KO: VCW Y #6=<0637H 5% 01 &-B"

XZX/"diM,'53;40'XZX/"dgd X/

RXZ



- "IN NH:96 @NB6:>@?7?7@7 96RIBKEP ~,CHBI! TOL . :4:76='
>73<:0;7"" 'M6@'53==3M@14P16V3="XNEJ, X/ge'EE3=,'R/":N;1PK;
QUGB 73EDIE:2?A=>73RD4 IRA=K8:4V: 7 @Xi' E9," Xlig' EE3=,
R/”h":N;1PK'B1?A073;@'USKK@ EJKE2'th'm#'537'Rg' ?37AER:'>;7:'2?16V3=1;E' @B3&@Xhg'
E9,'ZRy'Al:=RM6@'1@3=6@®B'M?12:'@3=81051=2762134'6@'0:@<718:0'14'2?:'9:4.76=">73<:0;7"'
" '53==3M:0'8A' 7:<7TA@26==1V62134' 5T BB'R&EIRhRM#/®/' 4% 'GI"I$V #l#= K'}
RR/efG@, R$K YIIZZHE ' R$K,'g/RYy/Xi' & ,'R$K,'d/ZE/Ze'GE, X$K, d/Ri/Xd'GE,'Z$K, 'f/gh’
G@,'R$K,'h/fe'G@,' X$K,'R/gg' G&,' 2$K/"' GRH ISV, '#I#= | K'}' RfMf,'RZfIX,'RZh/h,'RZe/X,'
RXi/f, RXi/X,'RXg/f, RXg/",'RXf/i, 'fZ/i, RfIN*6G4:62K 2 dd, XM, 'Rfhd,'Rheh,'ReiZ,'ReZg,'RRh",’

gRg,'dhh, fig, NRN1%4# @ +B)KD: VON Y #6=0'53% 1S w&B'XRfI"geRN53:40'XRf/"gZge/

_ N NYNB86:>@7?7??@7? 9GRBKERPN;,CHBI:' TPL. :4:76='>73<:0;7:" "

N M6@' 53==3M;@149216V3="Xd" EJ," Z/de' EE3=," R/ :N;1PKGD
O 873E3>734: R,M1A=K018:4V**®R/"d'9,Z/iZ’EE3=,'R/"h":N;1PK'14'

64?A073;@' USKE/S EJ K62' fA' m#537' Xe' 23; 7@ >34' <3E>=:2134,'2?:'7:6<2134'E102;7:' M6 @'
<34<:42762:0":40:7'P6<;;1640'2?:' 7:@;=2149' @3=10'M6 @' 214 2362:0.064: @"'®1-2:7'0,
017:<2=A'655370149'2?2216V3=1;E' @&R"n'E9,'fg'y 'A1:=R/H8'RZHRZf m#/*/',4%
GMISV, #i#= | KTYRR/hWG@,R$Ki'@M '& ,'RSK /i f Di/ie & ,'REK,'d/e@/eR'GEZ$K,'d/ZR
d/Xi'GE'Z$K,'d/XBI/Xh'GEX$K,'d/X®/Ri'GE'X$K,'f/leh'GZ'S'd/e'$V,'R$K,'h/hh'GB S'd/e'$V,'
XSKP&', 4% 'GRHAISV,#I#= | KTRNX,'Rh*i,'RZilf,'RZd/h,'RZh/d,'RXi/Z,'RXi/Z,'RXi/R,'RXgli,
RXg/f,RXd/g,'RXd/X,'RRd/i,'hé&#iG4:62K'Z"gg, 2" Xd, Xih?,'XiXe,'RAZR,'RdARR,'RfZi,'Reih,'ReZg,’
RXgX,'RRRUIR,'geR, dfe,'d™,'hff/' /%4#' G +B)KO: VCW Y #6=<063 % $ o &B' Xdg/Nig" |’

53;40Xdg/Mizf I

RXe



#@>96:ABA'CBIG7?? @IMHEC6CPAK<UX<<K<T'7>I'<M<

cl
/. Br ArCHO (3equiv)| /—\ Ar OH Rl
S__N R2 DBU (2 equiv) | S _N R2 8
o
3=< DMSO, rt, 4 h :[ ‘>=< N ™S - P
Rl R® ar” SonyRt R® \ 5 R2R® N Ph
86-95 98-110, 111-119 ﬂ\/s 121 ph
-),)%!3".%+&)(\%)"'=" #@>96:ABA'CD'6CHC7??@7?BHERECFCAK<T'7>I'<M&

"4'3P:4 M71:0'R™M'EJ' 73;40'83223E'5=6)L>>:0'M12?'6'E694:21<' @ 2VB®7<?679:0'M127?'
2?16V3=1,E'@FPGR/NEE3=,'R/":N;1PK'640'2?:'8:4V6=0:?A0:'0:71P621P:'GZ/"EE3=,Z/":N;1PK,
<6>>:0'M12?7'6'7;88:7'@:>2;E'640'5=;@7?:0'M12?'412739:4/"'4? AB-GANEIK'M6@'600:0,'
53==3M:0'8A'\H'GZ™'J,' XINEE3=,"X/"":N;1PK/'U?:'7:6<2134'M6@' @2177:0'537'e'?3;7@'62' 733E'
2:E>:762;7:,'2?:4'N;:4<?:0'62'""m#'8A'60012134'35":N;6=">372134@'35'M62:7, 8F14.620'#$
=6A:7T@'M:7:'@:>6762:0,'2?:'6N;:3; @'=6 A0PNE@:0'2?7::'21E: @'M12P4$H40'2?:'<3E814:0'
379641<'=6A:7@"' M:7:' M6@7?:0' 2?7::' 21E:@' M12?' M62:7' 640' 8714:' GRCRK,' 07 BOO3P:7' 19B-
<34<:42762:0:40:7'P6<;;E/'U?:'7:@;=2149'<7;0:'>730;<2'M6@'01@ @3=P:0'14'64?A073;@':-$'GR"
EJK,'<33=:0"23""'m#,'&@-'Gdh/d'E9,' X/NEE3=,"X/":N;1PK'M6@'600:0'640'2?:'7:@;=2149'@3=;2134"'
M6@'@2177:0537'R"?3;7'62""m#/'U?:'EL102;7'M6@'<34<:42762:0" ;4RO EP-0'14'+2-"<'
640'@;<<:@@1P:=AM6@7?:0'M12?'M62:7'640'8714:/'U?:'6N;:3; @'=6A:7'M6@"O2¥BLR;02M1<:'M12?
2?:'<3E814:0'379641<'=6A:7@'M:7:'071:0'3P: 7" 1®80'<34<:42762;80:7'P6<;;E/'U?:">;7"'

?3E36==A=1<'6=<BIB=Y <<<K<T'7>I'<MIM6@'382614:0'652:7'5=6@?'<?73E623976>?A'34'@1=1<

E:6@;7:0'573E'2?:'016@2:7:3E:71<'E102;7:Q'016@2:7:3E:71<6==A">,7"'@6E>=:@'M:7:'382614.0'

@;8@:N;:42'5=6@7?'<?73E623976>?A'34' @1=1<6'9:=," BR2y'4PNK'22'?:064.@' G:=;2134"

97601:42K/

RXh



X

103

Me
D,
N

.

OH
S Me Me

N j
.

Me(O)C
X

OH
S Me Me
102

X N
©

OH
S Me Me
101

F
N j
.

X

S Me Me
100

[

N

N
©

Br

oN

N~
9

Br
@OH
N Nx X
<\/s Me Me
99

2 OH
S Me Me
98

o
¢

X

S Me Me

X

OMe

@OH
&

S Me Me

X
S Me Me

CN
o
N g

¢«

X

S Me Me

Me
@OH
X N\ X
<\/3 Me Me

OH
S Me Me

N\z
.

MeOZC

109

Qn

Cl

108
@OH

Cl

107

>73%:0;7:\

:@149'9:4:76

>7:>67:0

@

LRL721604<3?3=

N

5BGK;:

RXt



#8:EBDBE'S;CE:IK;:A'7>I'E67;7E9:;BV79BC>'I7T8CBIC7?? @ ?BE'7 ?HEFTAIE <<K<T'7>I'
<M«

@ on | MYABH:96 @RB6:>@K] 96B7II®? K> K)C?' TSI .:4:76="

&m >73<:0;7:'\'M6@'53==3M:0,";@149' 2?16V3=BED@&LEIR/" EE3=,'R/I"
:N;1PK640'8:4V6=0:2A05Z '€, Z/NEE3=,'Z/":N; 1PK@3=626@'6'=19?2' A:==3M L EGR
dXy 'AL=RA" 4% 'GIWISV, Hi#= K} 'd/ge'G09 S'd/h'$V, X$K, 'd/gR'GBS'ZIZ'$V, R$K, 'd/ZR!
GO'S'd/g'$V, X$K, 'd/XRiI/Xe'GE,'X$K,'h/gd' GO Rd/h,' RN g'$V, R$K, h/BIIRN'GE,'X$K,'Z/dR'
@RSK,' R/Xh'GBK,'RIRe'G@, *BK/4% 'GRHISV, #l#= K} Rdffi,' Ree/Z, ReX/X,'ReMe,’
RXg/",'RXd/e,'RXd/Z,'RRi/X,'RRh/d,'gR/d, 'ef/g, XX/I*¥6G2t 62K 'ZhXh, Z gR, 'Xide, XiZX, X Xi,
Reih, Reed,'ReRZ,'RRfe, RRXg, RAZA'iZ7,'gh”, deZ,"9hél @ +B)KO: VOMKS Y #6=<(37

#0056 &-B'XINRRNZF,'53;40' XA RRMd/

o _j"XJ @,CHC86:>@MYABH:96 @RJ 96B7IIR? \KI>XKIC?  TTL
@ 24:76=">73<:0;7:\M6@'53==3M;@149?16V3=1;E' BEEXZe ER/NEE3=,’

< 3 R/A':N;1P1640eB373E3B:4V6=0:?A0Ghhh'E9, Z/N EE3=,' Z/" :N; 1P}@3=62:0
&S Me Me  6@'81972'A:==3M'@3=10'GXhX'Ba, 'dlyH 8'helf m#/S" 4% GV,
#i#= 1 K}'d/gMG09S'Z/Z'$V,'R$K,'d/dZ'GBS'g/d'$V, ' X$K, 'd/eZ'GOS'g/d'$V, X$K,'d/Xd' GBS'
ZIZ'$V,'R$K,'h/gX' G@S'Rd/h, RAG'$V, RSK, h/XNGIGRMN g, R/X'$V,' R$K, h/Re® S'Rd/h,’
R/IZ'$V, RSK, Z/fg@RSK,'RIXe'G@, Z$K, R/IRR'GER'ZBI6/ 'GRHISV, '#I1#= | K'}'Rdfle,' ReZli,
ReX/e,'RZile,RZ e, RXili, RXR/d, RRi/e, RRfIR,'gR/e, 'ef/g, XX/g:BX/62K ZhXZ,'Z gX, XidR,'
Xgde,'Rhgg,'Regh,'RZih,'RRfZ, 'R dh,'RZZ,iXd,'gX X, dgd/%Xf# G +B)KD: VOMKS Y'#6=<0

53%# %P u\7&-B 'Z2Zg/"X"gd53;40'ZZg/ "Xl

RXd



N [ XJ GE67C:C86:>@AYABH:06@RJ) 96B7\IWI? AKIGE> KIC? <UL

:4:76=">73<:0;7:\M6@'53==3M;@142716V3=1;E BREXZe ER/NEE3=,
R Jd « RIMINILPI640eDx?=3TB4V6=0:2A0GeXX E9, Z/NEE3=, Z/":N; IR@3=62:0
&S Me Me  6@'8=:6B1="GXRI'E9,'dNHL1:=RA" 4% GIISV, #i#= KTd/g'RI/dg'GE,’
Z$K,'d/XDIXd'GE, 'Z$K, 'h/gX'GEG'Rd/h, RNg'$V, R$K/X GO,'9 SRAG'R/X'$VRS K'h/RAGO,
9 SRA/MSV, RIZ'$V RS K'Z/fg'GRRSK,'RIXe'G@, Z$K, R/RR'GE 486/ 'GRHISV | #i#= K’}
Rdf/h, ReZ/i,' ReX/e, RZgli, RZZ/e, RXi/h, RXd/e,'RRi/e,' RR/R, gR/Z, eflg, XX/*0GAI62K'
ZhXZ,'Z7gX, XidX,'RhiZ,'Rei*,'RZg", RRIX, RANiZ,'RAZZ,'RARZ, iXd,'gXh, 'dgg xR/ G +B)K'

0: VOMS$  Y'#6=<B3% %S u#=&-B'Xie/"dRZi,'53;40'Xie/"dRRd/

- | XJ GD?KC;C86:>@PABH:96 @R 96B7\IID? KIGI>KIC? <UL
@ :4:76=">73<:0;7:\M6@'53==3M:0,"; @2A2AB6V3=1;E' BEXZe'ER/EE3=,"
< yd R/™:N;1PK40EB=;378:4V6=0:2A0GZXX'€J, Z/NEE3=,Z/":N; 1)@ 3=6 B®'
&S Me Me  6<=:67'31="GX d'EQ, dRY:=RS/' 4% 'GIISV, I#i#= K} d/ghBl/gX' GE,'
X$K,'d/gNG@S'Z/e'$V, R$K, 'd/Xd'GBS'Z/Z'$V, R$K, 'd/Bid'GE, X$K,'h/gZ'GO@S'Rd/h, RA/g'
$V,'R$K,'h/XNGOE,S'RMg'$V, RIZ'$V, R$K, h/Rd'GBS;Rd/h'$V,'R/e'$V, R$K, Z/fd' G87,-$K,’
R/IXe'G@,'Z$K, R/IRR'G@RZEW" 'GRhNISV #i#= | K}'Rdflg, RIZ/X'G®'S' Xef/R'$VK,'Ree/”,
ReX/e,'RZf/"'RXilg'GBS'd/I'$VK, RRi/Z, RRe/N"GIS'XR/IR'$VK, 'gR/e, 'ef/g, XXMX/X¥ 5' 4%
Ghfe'I$V, 1#1#= K} IRRh/i/*% G4:62K'ZhXZ,' Z*gX, Xidh, RX,'Rh"d,'ReRZ,'RXXg,'RRfZ,' RRZe,

iZ7,'gZh,'dXil' 1%4# G$+B)K: VC'W!Ix$Y#6=<0'537:#% »,F&-B'Xdg/RMie,'53;40'Xdg/RMdZ/

RX¢



F.C S IMYABH:96 @RI 96B7\IIR &) Q 9;BD?KC;CH:96 @7 86:>@B>*B3
3

C?2<UM..:4:76=">73<:0;7:\M6@'53==3M:0,"; @426V 3=1;E' BEEXZe'E9,
< e R/NEE3=,'R/I"N:N;1P840e2715=;373E:28A%6=0:?A0GeR"N'€J,'Z/NEE3=,"
&S Me Me  7/r:N:1PR)@3=626@'6'A:==3WEGXdN'EY,'gek1:=RA" 4% 'GINISV,'
#l#= 1K}'g/M'G09S'g/Z'$V, X$K,'d/gX'GBS'Z/Z'$V,'R$K, 'd/hf'GE,S'gle'$V, X$K, 'd/Xg' GBS
Z/Z'$V,'R$K,'h/gR'GAS'Rd/h,'RMg'$V,'R$K,'h/XZ' GBGRMg'$V, R/X'$V,' R$K, ' h/Ri' GO
Rd/h'$V,'RIX'$V,' R$K,' Z/df' G87,'-$K,'RIXF' G@, Z$K,' RIRZXBEUBSKGRhN ISV, #l#= | K}'
Rdf/R,'Ree/Z,'ReZ/d,'ReX/h,' RXi/fEBIZX/e'$VK,'RXgle,' RXe/eTBIXdX/R'$VK, RXe/X WSB!,
Z/g'$VK,'RRi/h,'RRfle,'gRéd]i, X X/g,' XXIX? 5',4% 'Ghfe'l$V, #i#=  K'YDX/h/*%6G4:62K'ZhXZ,'
Z~gh,'Xidd,'Xizd,'RfRg,'ReRR,'RZXi,'RRfd,'RRZA,'RdX,'iZR,'gZd, dif \824# G +B)KO: \C'

WS Y #6=<B3% %S uF &B'ZXg/Niddh '53;40'ZXg/idhf/

Me(O)C I Q <S6@1;,CWRIYMBH: 96 @RI 96B7\JNIRD ? "ML > J<J
@?°86:>@7? 969> <UNL.:4:76=">73<:0;7:'\'M6@'53==3M:0," ;@149

R « 2?16V3=1EGEEXZeER/EES=,R/IN:N; 1PBA06B<:2/:4V6=0:2A0;

&S Me Me  Geee'E9, Z/MEE3=,'Z/N:N;1PR301;E' 2716<:230A83730AGeXe'E9,’
X/NEE3=,X/":N;1PKI6@";@:0'6@' 7:0;<149'7:69:42' 14@2:60' 35) @R$626@' 6'8:19:' @3=10"

GRgh'E9, fRYAL:=RMH 8'dRRIZ'm#P/' 4% 'GIVISV, '#i#= 1 K'}V'd/id'GOZS'g/f$V, X$K, 'd/gi

G09S'g/f$V,'X$K, 'd/gX'G@,S'Z/Z'$V, R$K, 'd/Xg'GIS'Z/Z'$V,'R$K,'h/gZ' G@S'Rd/h, RNg'$V,’

R$KN/XXGO,' 9 SRMNGSV, RIX'$VRS K'h/RYGO,'9 SRA/M$V, RIZ'$VRE K'Z/dd'G87,'-$K, X

G@, Z$K,'RIXFG@, Z$K, RIRZ' @ ,26K/'GRH I$V, #I#= K'}Rig/IR, Rdf/R,'Reh/d, ReZ

ReX/e,'RZfIR,'RXg/Z,'RXd/Z,'RRi/h,'RRI/Z,'gR/f, efli,'Xf/g, XX/i, XKBA:62Re Zi,'’Z"g X, XidZ,'

RXi



XizX,'Xgdh,' Rfdh,' Rf*e,' Re”h,' RZhd,' RXfd,' RRfX,' R*Rh,"IRR," gZ",/éledtt' & +B)KD: \LC'

WS Y#6=<B3H b e & B'Z"X/IRXNZ53;40'Z"X/RX"de/

MeO.C _jH:96@R) <6@;CWIRYABH: 96 @RJ 96B7\0UID ? "KL > KJ
2
@?"N>VCTXUQAL.:4:76=">73<:0;7:'\'M6@'53==3M:0,"; @2296V3=1;E'
Ne g N @6SDGXZe'EOR/NEE3=,'R/N:N;1PBA0E:2?A="8B37EA:4V362GeiX'
Q\/s Me Me

AL:=RH8'RERRX'm#' 4% 'GIVWISV,'#I#= K'}d/id'G09S'g/d'$V,' X$K, d/ie'G®'S'g/d’

E9,'Z/MEES3=,"Z/M:N;1PK)@3=62610'6'=1972'A:==3M' @3=10'GXX" E9,'fiy

$V,'X$K,'d/gX'GOS'Z/Z'$V,'R$K,'d/Xg'GS'Z/Z'$V,'R$K,'h/gX'GAEB'RA/h,'RNg'Y, R$KH/XR
GO0,'9SRMNG$V,R/IX'$VRS K'h/RAGO,'9SRA/ISV,R/IZSVRS KZ/ING@,'Z$K,'Z/df'G87,"-$K,'R/Xh'
G@,Z$K,'RIRX'G@*RSMM 'GRMISV, #I#= K'}RAR, Rfd/R,'Reh/e,'ReZ/g,'ReX/e,'RXi/X,'
RXg/h,'RXg/R,'RRi/h,'RRf/X,'gR/f,"hXIX,' @K/i, XXIXt% G4:62K'ZhRX,'ZR"Z,'Z"gR,'Xidg,' XieZ,'
RdRf,' RfA,' Rhdh,' ReZd,' RXdd,' R™hi,'iZX, geh,' dné4#' G +B)KD: VCW$ Y #6=<0537

#os 8. & 1 BZRg/RRN(E3;40'ZRg/RRNR/

e | MYABH:96@RJ 96B7\IUR R, DC?2@? > KIC? <UPL .:4:76="

@ >73<:0;7:'\'M6@'53==3M:0,"; @2A2BBV3=1;E' @DAIXZe' EOR/NEE3=,'R/
N g “ :N;1PK540€elE:2?A8:4V6=0:?A0GZhe'€J, Z/NEE3=,'Z/":N; 1PY@3=6 6@'6'
&S Me Me  -1998'==3M'31="GR"e'E9, Zqy=RA/' 4% 'GIVWISV, #i#= K} digNGOY
S'Z/Z'$V,'R$K,'d/dX'GDS'g/R'$V, X$K,'d/Xh'GDS'Z/e'$V,'R$K,'d/RZ' G0S'g/R'$V, X$K,'h/gi'
G009 S'Rd/h,'RMg'$V,'R$K,'h/RiRe'GE, ' X$K,'Z/fg'G87,'-$K,' X/ZZ'G@, Z$K,'RIXh'G@, Z$K,'R/IRh'G@

Z$KP&'\ 4% 'GRHISV,'#I#= KTRdd/R,'Reele,'ReX/X,'RZRZd/",'RXg/",'RXd/g,'RRIi/R,'RRh/h,’

RZ”



R/d,'ef/g,"XX/i,’XX/Z,XRMBG4:62K'ZhXg,'Z"gX, XidZ,"XiXR,'Xgde,'RfZh,'ReRZ,'RRfX,'R*Zd,'iXh,’
g g

gXR,'dgXPod# @G +B)KD: VOMKS Y #6=<GB3 %o s & B '0:; ' Xde/RXMR53;40'Xde/RXhih/

" kI NM,CHC86:>@MYABH: 96 @RJ 96B7\A? "KIGt> KkIC?  <UQ
:4:76=">73<:0;7:\M6@'53==3M:0,"; @A26V3=1;E BREXZ'ER/EE3=,
« g « R/NN;1PRA0ZIBT3EB:4V6=0:?A0CZ"€], 2/ EES=, 2/ N; 1PY@3=6 5@
&S Me Me  g=1972R'==3M'31="GZ M EQYJAL:=RA/' 4% 'GIWISV, ‘#i#= K} g/IrX'G2,
9S'R/g'$V, R$K,'d/gR'GB'Z/Z'$V, R$K,'d/gNGOS'g/R'$V,' R$K,'d/Zi'GO,S'd/i'$V, R$K,'d/Xd"
G09S'Z/Z'$V,'R$K,'d/Rd'@F'd/i'$V,'R$K,'h/gX'G0@,S'Rd/h,'RNg'$V, RSK/XXGO,' 9 S'RMJ
$V, RIX'$SVRS K'h/RYGO,'9 SRA/M$V, RIZ$VRE K'Z/dX'G87,-$K,'R/IXe'G@, Z$K,'RIRZ'G®), Z$K/'
A% 'GRMISV, #l#= | KYRdf/X,'ReZ/g,'ReX/d,'ReX/h,'RZR/"'RZ h,'RXg/d, RXf/i, RXR/d, RRile,
RRf/X, gR/X, effi, XX/i, XX/X#6 G4:62K'ZhRi,' Z gR, XidZ,' RdRdZRRed",'ReRX,'RRfX,'RRXg,’
R"Ze,'iXg,'ghe,'ddd, dXi, fie/'/%4# & +B)KO: VOMS Y #6=<B3HS$»\7&-B'ZZg/"X" gd,'

53;40'ZZg/"X g/

CN NN <6@1;,CWIRYMBH: 96 @RI 96B 7\ ? MW > KJ@? N:>VC>B9;B?:

<URL.:4:76=">73<:0;7:\'M6@53==3M:0,"; @221 6V3=1,E'BEEXZe'ER/M
< y& N EE3=,"R/"":N;1PI640 ZXxA648:4V6=0:?A0GZiZ'E9,' Z/N EE3=,' Z/" :N;1PK
<\/S Me Me )@3=626@'6197R!==3M'31="GXZe'E9,'dNy=RF/' 4% 'GI\WISV, #I#= K
}'o/IXX'G2B'R/g'$V,'R3K,'g/Re'@B'g/R'$V,'R$K,'d/gZ'GDS'Z/Z'$V,'R$K, 'd/hh'GBS'd/f' $V,'
R$K,'d/eR'GRS'd/iI'$V,'R$K,'d/Xi'GOF S'Z/Z2'$V,'R$K,'h/dd'GEDS'Rd/h,'RMNd'$V,'R$K,'h/Xe'G00,’'
9S'RMA'$V,'R/IR'$V,'RSK,'h/RI'GOG'RA/h'$V,'R/IX'$V,'R$K, ' Z/@87,-$K,'R/Xe'G@,'Z$K,'RIRN"G@,'

Z$KA&' 4% 'GRHI$V,'#l1#= K}Rdh/d,'ReZ/Z,'ReX/d,'ReR/i,RZX/f'RZR/i,RZR/R,RXg/" 'RRilf,

RZR



RRi/Z,'RRf/d,'RRR/h,'gR/",'efli, XX/g," XXWRG4:62RhRR,'ZeZZ,'Z gR," Xide,'XXXi,'RdXf,'Rhg",’
Reg”,'RZRd,'RRfh,'/RRXZ,'R*he,'iXh,'dgi, fltid4d# & +B)KD: VOMS Y #6=<B3H oS 0s&eB'

Xgh/RAfR53;40'Xgh/RAhhR/

oMe " &I NH:96CW@86:>@PMNBH: 96 @RJ 96B7\IUI@? ML > XkIC? <USL
4:76=">73<:0;7:\'M6@'53==3M:0,; @226V 3=1;E' BREXZe'ER/NEE3=,

N Ja « R/N;1PI40ZIE:27308:4V6=0:7A06Z{f €], Z/NEES=, Z/N:N; IPR @3=62:0

&S Me Me  g@1928'==3M'31='"GRde'E9,AL:=RA/ 4% 'GINISV, #i#= K} d/di'GO,

9S'2/7'$V,'R$K, 'd/ef GE,'R$K,'d/eNGE'd/i'$V, RSK, d/XF GOIB'Z/i'$V, RSK'd/X X' GRS g/~

$V, R$K, figM/di'GE,'R$K,'h/gi'GO0I S'Rd/h, RMg'$V, R$K, h/RiIRe'GE,'X$K, Z/IgNG@,'Z$K, 'Z/de'

G87:3K,'RIXh'G@, Z$K,'RIRh'GEFZ$4¥% 'GRMISV, #l#= K'}'Rdf/d,'Rhg/g,' Ree/Z,'ReX/X,'

RXg/R,'RX*h,'RRi/X,'RRh/f,RRe/X,'RRX/d,'gR/d,'dd/e,'hh/e, 'ef/g, X 2P GX@2ZK ZhRi,'Z gR,'

Xizh,'Rf*d,'Regd,'ReXh,'RXiR,'RXhf, ' RRAR,'R hZ,'iZ", ' diéA# @ +B)KO: VOMKS$ Y #6=<0

53# % e.& B XINRXNZ,'53;40'XiINRXMg/

e | MYABH:96@RJ 96B7\II E) HOC?@7? K> KIC? <UTL .:4:76="

>73<:0;7:'\'M6@'53==3M:0, : @AZD6V3=1;E' @B>AXZe' E9R/N EE3=, R/
o & « N1PK40ZIE:27A8:4V6=0:2A0GZNZ €, Z/NEES=, Z/V:N; 1PY@3=6 86
L we e =1972&8'==3M'31="GRRI'EQ, 8% =R/ 4% 'GIMI$V, #l#= K}'d/gNGOZ
S'Z/e'$V, R$K,'dfZ’G@, R$K, d/fAGNId'SV, R$K, d/Xh'GBS Z/e'$V, X$K, 'd/RiI'GRS'd/d'$V,
R$K,'d/AFGOY S'd/e$V, R$K,'h/gg'GOgS'Rd/h, RMG'$V, R$K, h/BRe'GE, X$K, 'Z/dNG87, -$K,
X/ZIG@,Z$K, RIXnN'G@, Z$K, RIRFB@IEBSKERNMISV, #1#= | K}'Rdd/*, Reele, ReX/X,'ReMZ,’

Rzf/g,'RXg/h,'RXg/R,'RXd/R,'RXh/X,'RRi/X,'RRh/h,'gR/d,'ef/g, XZ/"" XREGARBRK Zh X' Z gR,’

RZX



Xidz,Xix",'Xgdh,'Rf*Z,'Regd,'ReRZ'RZRd,'RRXe,'R"Ze,iRd,'gfXYatiZ/' G +B)KD: VOMS Y’

#6=<b3%# o} & &-B'Xde/RX"R'53;40'Xde/RXhdh/

N " MYABH:96@R] 8@;BIBN@ X 96B7\IWIR? "KII>XKIC?  _<<UL
\_ /oy 4T76=">73<:0;7:\M6@'53==3M:0,’; @MBV3=1;E' GEXZe'ER/ EE3=,
N ‘.
T, S RIMIN;IPIG40 Z>A71014:<678306=0:TBROX' €1, Z/ EE3=," ZI :N;1PK
s Me Me

)@3=628M'61972R'==3M'31="GE9,'g"y 'AL:=RI®/' 4% 'GII$V, #i#= K}il"e'GOISX/e'
$V,'R$K,'9/eg'GO,S'Z/i'$V, R$K,'g/XZ'GES'g/R, X/N'$V, R$K, 'd/gR' @S 'Z/Z'$V,'R$K,'d/Xg'GO,’
9S'Z/Z'$V, R$K, d/XX'GOG'G/R, 'e/d'$V, R$K, h/gZ'GOG'RA/N, RMg'$V, R$K XXGO0I SRg'
RX$V, R$KNRF GO,'9 S'RA/MS$V, RIZ'$V. RS K' Z/ig' G87,'-$K,'RIXZ@3' Z$K,'RIRZ' G @, 4K/

4% 'GRHISV,#1#= K'}'Rdh/i,ReilZ,'Reg/h,'Rez/h,'ReX/h,'RZf/*,'RZh/g,' RXX/R,'RRi/h,'RRfle,’
g/Vi,eflg, XX/d, XX/RI% G4:62K' ZRie, ZRN,' Z7gi, Xii*, Xiz?,' Xgdf,' RdZX,'RfeZ,'Rede, ReRf,’
RXiZ,'RRfX,'RRg,'R\dd,' iRR, dgh, dZ®64 # @G +B)KO: \CWK$ Y #6=<0537#% %&eB '

XfR/RM"hfR53;40'XfR/R*heR/

al _j I GE6?C;C86:>@X 96B7\II@ ? "> KIC?  <<<L 4:76="
>73<:0;7:'\'M6@'53==3M:0,";@149'2?16V3=BRG@G+E9, R/ EE3=,'"R/"
N\\K&H/\ ‘N;1PK540ex?=3738:4V6=0:?ABEXX'E9,' Z/NEE3=,"Z/"":N; 1A 3=6 266"
<\/S M?12@3=10'GXRNE9,"d:=RMH 8'iZ De'm#/%/',4% 'GI NSV, '#I#= K}
d/dh'G09 S'Z/X'$V,'R$K,'d/hi'GE,S'g/f'$V,'X$K,'d/ZR'GO,S'g/f' $V,'X$K,'d/Xd'G@'S'Z/X'$V,'
R$K,'h/fdh/hi'GE,'R$K,"h/Xty/XX'GE,'X$K,'Z/eh'G87,'-$K,'Z/Z~ GRORZ/i,'fld'$V,'R$K," X/ig'
GO09S'RZ/i,'d/i'SV, REKF&', 4% 'GRHISV,#I#= | K}Rdf/i,ReX/f 'ReX/f,RZZ/f'RZXle,'RXg/f,

RXd/”,'RXR/d,'RRi/g,'dd/X,'¢d?§ G4:62KRRh,'Z"R,'Z" X", Xigf,'XiXd, Xgei,'Rfef,'Rhgd,'Rh"f,’

RZZ



Regg,'RZih,'RXZZ,'RRhR,'RMR,'R M, 'iIXX,'gXf,'dZd, fdW,1es&# & +B)KO: VOMKS$ Y'#6=<0

53H S witt=&B'Xf f /e, '53;40'X{f Zgif /'

Cl I GE6?C;C86:>@AH: 96 @R 96B 7\ ? NS> J<IC?' <<NML

:4:76=">73<:0;7:\M6@'53==3M:0,;@149'2?16V3=SHRBEAER/EE3=,’
- g  RIMN:1PRA0EX?=3738:4V6=0:2MBeX X E, Z/ EE3=,Z/":N: IN@3=6 5"
L e 6'M?212:'@3=1RUER, 'dgy 'Al:=phCRK/
=)C1+$@&)%*+*10*+$DIBEARIR M 4%  'Gh ISV, #l#= 1K' 'd/de'G'S'Z/X'$V, R$K,
d/ff'GO,'9 S'g/d'$V, ' X$K, ' d/ZNGO,S'gh 'SV, X$K,'d/XF GE'S' Z/e'$V,'R$K, h/ff GO0 S'Rd/Z,’
RN, Tlg'$V, R$K, h/RBIN'GE,'X$K, 'Z/ef' G3F'S'Tlg'$V,'R$K, 'Z/eR'G87, -$K/'RINZ'BST/g'$V,
Z$K/®&', 4% 'GRISV, #I#= | KIRdfiZ, ReX/e, ReX/e, RZg/",'RZZ/Z,RXgle,RXd/e,RRile,RRdi,’
gV/X, ed/i,' RZ/A*% G4:62R ge,' Z X, XidX, XiZR, XgdR,'RfZi, RhiX,'ReiX/'RZfi, R%ie,' R"RZ,
iR, 'gNd/" [%4# @ +B)KD:VOMS Y #6=<B3%%$ %#=8-B' Xg"/ hhde53;40Xg™ hhiz"
= &A+$@&)% -+ 1OHEDH 8'iZ De 'mH#F/ 4%  'Gh™ISV, #li#= K dIdZ GOIS'Z/X'$V, R$K,
dif g’ GOY S'g/d'$V, ' X$K,' d/RGOI S'gh '$V,'X$K,'d/X GO S'ZX $V, R$K, "IRG000I S'RAR’
R,/ RSV, R$K, HODVRAGE, ' X$K, 71 'G>9 S'flg'$V,'R$K, 'Z/B' G87,-$KNMir 'GOZ S'dIN$V,
Z$KAR', 4% 'GRNISV, #i#= | KJRdy", 'ReX/e,'Rée,RZdZ 'RZZX RXdgh,'RXdX RR/f /RRg/g
dile ' ed/*, RX/H1*% G4:62KRRh, Z/gi, Xidi, Xid", XiZg, RfZf, Rei*, Re™,'RXeg,'RRXe, R%ie,'
RARZ, in®,' gXd/1%4# @G +B)K'0:\VC'WKS Y #6=<0537#x$%#=8-B' Xg/*hhde 53;40'

Xg™ hhgR

RZe



Cl 3%k GE67C;C86:>@X 96B7T\IID MFB>@7?8:>FIC?"  <<NL

=4:76=">73<:0;7:"\'M6@'53==3M:0,";@149' 2?16V3=1H @HFE9, R/
/ OH

{ﬁ/kc EE3=,"R/":N;1PR40'dx?=3738:4V6=0:?/BeXX'E9,'Z/NEE3=,'Z/":N;1IPK
\ S Me .

)@3=626@'6'=1B%2=3M'@3=10'GXRMEAy¥R/ICRK/116@2:7:3E:7@'
<3;=0"' 432' 8:' @:>67628A' <?73E623976372 7.<7TA@26==1V62E3N:0' 23' 1E>73P:" 22
016@2:7:3E:7'762182GR
=)C1+$@&)%"*+*10*+SHBEHE102;35'016 @2: 7:3EKIY@R"R'MHA', 4% 'Gh™MI$V, '#l#= K’
}'d/dh'GO9 S'Z/X'$V,'R$K,'d/hd'GDS'g/d'$V, X$K,'d/Xg'GBS'X/iI'$V,'R$K,'d/Xd'GO,S'g/h'$V,’
X$K,'h/hMGO0@ S'Rd/Z,'RMe,'IIR'$V,'RSK,'h//8' elii' GE,'X$K,'Z/ff G87,'-$K,'Z/"g5' ZI"Z'GE '
R$KR/hi's'R/hR'GE,'R$K,'RER/ZX'GE,'R$K,' RXR/NI'GE, X$K, NgR'@S'd/X'$V, ZSKP&!
A% 'GRXFISV,'#I#= K} Rdf/f, ReX/Z,'ReX/Z,'RZflg,'RZZ/X,'RXg/Z,'RXd/f,'RRi/d,'RRi/e,'g"d,’
hh/Z,'Z"h,"X"g,'Re/R%'GE102;35'016@2:7:3EKG@.62K'ZRXR,'Z dh, Xihf,'XiZ",'Xgd",'RfZg,’
RhiZ,'Rhdh,'ReiX,'RZii, RRgf,'RRRf,'RiX,'IRf,'gRX,'dR&4# & +B)KO: VOMKS$ Y'#6=<®37
#oob st=&-B'Z"g/"gd"e,'53;40'2Z"g/"gdMV11437'016 @2:7:3E:7'1@'<3E>HABG@::'8:=3BB7"

<?676<2:71VvVaZ134

- i X%/0<) CE6?C;C86:>@% 96B7\II MFB>@78:>E?  <<Ol
:4:76=">73<:0;7:'\' M6@' 53==3M:0," ; @149’ 2?216V3=1TE) @&+F9, R/
W/k/\ EE3=,'R/"":N;1PKB40'ex?=3738:4V6=0:22BeXX'E9, Z/NEE3=,'Z/":N; IPK
AW SoMe Y @3=620'6'=1972'>14L' @3=10'GXRi"2d,'d@¥/eCRK/ 116@2:7:3E:7@"
<3:=0' 432' 8 @:>67628A\' <?73E6239763M2 7<TA@26==1VG2EIM:0' 23' 1E>73P;' 27:'

016@2:7:3E:7'762182GR

RzZh



S)C1+$@&) %+ 1QMEDY 4% 'Gh ISV, '#i#= K}'d/fg'G09 S'Z/N$V, R$KU/Fd' GO S'
gle'$V,'X$K,'d/IZX'GBS'g/d'$V, X$K, 'd/Xe' GBS Z/Z'$V,'R$K, h/fig50009 S'Rd/e,'RMh,'gIZ'$V,’
R$K, h/RXN/AZ'GE, R$K, Z/gNG87,-$K, ZBZIRI'GE, R$K,'RIFR/ZR' GE'X$K, RXR/RA'GE,
R$K,'R/RE' R/ GE,'R$K, MdI'GZS'd/X'$V, Z$KP&' 4% 'GRXFISV, #I#= 1 K}'Rdd/e,'ReR/i,
ReR/g,' RZf/d,' RZZ/Z,' RXg/f, RX&Rid,' RRI/R, g*h,  hzZ/d,' Xi/h,' X, Rel*P6' GE102!B5'
016@2:7:3EK@:62K' ZRRf, Z gX, Z g, Xihd,'XiZR, XgfX,'Xdfg,'RfZd,'RhiZ,'Rhde,'ReiX, RZii,
RRgZ,'RRh",RANZ, R e, RARZ, 'ieh, djiéd# @ +B)KO: \OWKS Y #6=<053 T o5 ot=&-B'
Z7g/rgdhe' 53;40' Z°g/MgdRR/11437' 016@2:7:3E:7' 1@' <3E>3MB' G@:'683P:' 537"

<?676<2:71VvVag134

| XJ GE67C:C86:>@N86:>@K] 96B7\INRD? I > KIC?<<PL.:4:76="
>73<:0:7:'\' M6@'53==3M:0, :@149' 2?16V3=TE@GPREIR/ EE3=,'R/"
‘N; 1PK840eB?=3738:4V6=0:?ABEXX'E9, Z/NEE3=,'Z/":N; 1P 3=6 266"

M?12:'@3=X8f&9,f iy 'Al:=OXhCRK/

=)CL+$@8&)%*+*10*+ SIBSRFEIRXMFF 4%’ Gh™MISV, #i#= K'1d/dg'

GOYS'g/d'$V, X$K, 'd/fZGRS'Z/X'$V, R$K, 'd/ZZ'G0S'g/d'$V,'X$K, 'd/XBI/Re'GEN$K,'d/RX'GO,"
9S'Z/Z'$V, R$KIA'G000,'9S'Rd/X, R e, 'g/d'$V, R$K, h/Ah'GBIRe'$V, R$K, 'e/ig GO,S'RA/R'
$V,'R$K,'e/fd'GOY S'g/g'$V,'RSKZ/fd B7'- $K/®&' 4% 'GRXI$V, #l#= K'}'Rdfly, ReX/R,’
ReR/Z,'RZi/*,'RZh/i,RZZ/e, RKIRXdA,'RXgle,'RXd/d, RXARRIM, RRIX'g™h, FA” /%06 G4:62K!
Z7ZZh,'ZRRR,'Z*gg, Zg, Z"Xi,' XZfZ,'Rfzd, Reif, RZeg,'RXhd,'RRdg,' R*he, iXddeR),'dRR/
1%A4# G +B)KD: VOIS ¥ #6=<B3% 4 u#=8&-B'ZeX/"dRZ|'53;40'ZeX/ d ZH/

= &A+S@&) %+ 1OHEIDH 8' REeR \g'M#F' 4%  'Gh ISV, #i#= | K'Yd/dI'GO9 S'Z/IX'$V,’

R$K,'d/hX'GE,S'g/d'$V,' X$K,'d/ZNGO,S'Z/X'$V,'R$K, d/Rl/RX'GE, d$K, {/ XN GOMS'Rd/X,'

Rzf



R~e,'d/h'$V,'R$K,'h/Re'@FB'RMh'$V,'R$K, 'e/if GOF S'/RA/X'$V,'R$K,'e/hg'®B'd/f'$V,'R$K,’
Z/dd'G87,-$K¥&',4% 'GRXI$V,'#I#= K'}Rdd/",'ReX/e,'ReR/Z,'RZg/h,'RZf/Z,'RZZIR,'RXili,’
RXg/Z,'RXg/R,'RXd/e,RXd/R,'RRIi/i,RRIi/i,'g",'T*8G4.62K'ZRgi, ZRRe, Z"id,"Z ", 'Z X1, Xidf,'
XiXZ,'XghR,'RfeR,'Rhig,'ReiZ,'Re™'RZhf,'RZZZ'RXdg,' RRdh,'/RRZi,'R"gR,'R"RR, 4 X/

G +B)KO: VOMKS Y #6=<B3H 0 u#=&-B' ZeX/"dRZi53;40ZeX/"d"eR

@ T XRYNMB86:>@RJ 96B7\IUI® ? N> KIC? <<QL'.:4:76=" >73<:0;7:" \'
7, A M6@' 53==3M:0," ; @149’ 2?16V3=T-EGAGX2EIR/" EE3=, R/" :N;1PK40'

8:4V6=0:?A0GZ"h'€J,'Z/VEES3=,"Z/":N;1PXQD3=6B@'6'M?12:'@3=10'GXX"VEY,’'

dXy'Al:=(R/XCRK/

=)C1+$ @&)%"*+*10*+$SCYERRERRh mi#l' 4% 'Gh™WISV,' #l#= K'} dighRl/gZ' GE,' X$K,'
d/iNG0,9S'Z/X'$V,'R$K,'d/I/XF'GE, X$K,'d MY/ Xh'GE,'R$K,'d/BERe'GE,'h$K,'d/RNQE'Z/X'
$V,'R$K,'fIRX'GO09S'RA/R,'Re,'g/le'$V,' RS hI/ X GE,'R$Ke/ig [/ie' GE,'R3$K,'e/fi'GOY
S'gle'$V,'R$K,'Z2/dh'G87,'-$KR.' 4% 'GRXI$V,'#I#= K'}Rdd/R,'ReX/i,'ReR/i,'RZi/e,'RZfle,
RXi/g,'RXi/g,'RXg/Z,'RXd/h,'RXdIRPR RRI/f, RRg/i,'g™Nd, tTN'*% G4:62K'ZXdh,' ZRRf,'ZRM,'
Z"hg,'Z"Xf,'Rfzi,'Rhii,'Reih,'Reef,'RXef,'RRee,'R*hi,'iif,'iXh,'dXe,'fid /'/%4# & +B)KO:\C'
WS Y #6=<B3Hud %&-B 'Z'g/RR"Zf53;40Z"g/RR " ZR/#TA@26=0'@ ;1 0BA'633576<2134'
M:7:'382614:0'8A'@=3M'0155;@134'35'?:064:@'1423'6'<34<:4276 ND1@B$;2%34'35'
=&#1+$@&) % *+*10*+SOWBSHFDI'M# /'S, 4%  Gh™MISV,' #i#= | K'}d/gMGOIS'Z/IX'$V, R$K,'
d/hd'GO9S'd/h'$V, X$K,'d/Xi'G@S'Z/Z'$V,'R$K, dBR'GE,'g$K, f/Xe'GO0® S'Rd/d,'R"e,'d/d'
$V,'R$K,'h/RR'AGDS'RNe'$V,'R$K,'e/id'G@ S'RA/X'$V,'R$K,'e/f'GOS'd/If $V,'R$K,'Z2/dg'G87,'
-SKI'¥8' 4% 'GRXI$V,#I#= K}Rdd/Z,'ReX/d,'ReX/Z,'RZgli,'RZf/d,'RXili,RXg/R,'RXg/", 'RXd/X,"

RXf/g,'RXh/i,’RRi/g,'RRi/e,'gR/X,' TNt G4:62K'Ze" X, ZR™M,'Z"dR,'Z"Xf,'Xide,'XiXd,'RfZe,'Rf*;'

Rzd



RhgR,'Rei”,'Rehe,'RXgR,'RXeg,'RRZZ,'R"ed,'R™X,"IRh,' dhi®sfiff & +B)KO: \CWS$ Y’
#6=<BbF # %S w&-B'Z"g/RR"Zf, 53,40'Z"g/RR e/ #7TA@26=@' @; 12636 ABBTE576<2134'M:7"'
382614:0'8A'@=3M":P6>3762134'35'6'<34<:42762:0' @3~Z1-34385*3;40' 14'hy' +2-"< '14'

?:064:@/

cl [ XYMBA JB67C;C86:>@%) 96B7\0W®? "> KIC?' <<RL ..4:76="
©OH >73<:0;7:'\'M6@'53==3M:0,';@149' 2?216V3=TEI@R&R9, R/ EE3=, R/"
:N;1PK640'ex?=3738:4V6=0: 2 BeXX'E9, Z/"EE3=,'Z/":N; 1P 3=6261'6'
M?12:'@3=10'GZ h'E9. BRy-(X/RCETK/'

=)CL+$@&) % +*10*+SDIBRRIRXFMH#R 4%  'GIWISV, '#i#=  K')Yd/de’

G09 S'g/d'$V,'X$K, ' d/fN GO S'Z/IX'$V,'R$K,'d/Ze' GDS'g/d'$V, X$Kd/RMI/RX' GE, h$Kf/Ah'
G0009S'Rd/X,'R*e,'gle'$V, R$K, h/Ad'GB;Re'$V,'R$K, 'e/ih'GE,S'RA/X'$V,'R$K, 'e/hg' G
gle'$V,' R$K,'2/dZ'G87, -$KR&' 4% 'GRXI$V, #1#= K'}Rdf/*,'ReX/",'ReR/e,' RZd/f,'RZh/d,’
RZZ/f'RZZ/R,'RZR/R,'RXg/h, RXg/h,' RXd/f, RRIi/i, RRi/f,'g"e */64:62K' ZRRi,' Z7dd,' Xidi,
RfZf,'Rhiz,'Rei”,'RZig,'RXdf,'RXee,'RRdh,'R7Z, R hh,' RARX,'iXZ,'geh, dgh, thZ, ID6d#"

G +B)KO: VOIS Y #6=<B3H o n#=8-B'Zdf/"ZXeX,'53;40'Zdf/I"ZRZf!

=&#1+$ @ &) % *+*10*+ SCHBERXIER X' M#A' 4% 'GIISV, '#i#= | K'}'d/dd'GOY S'Z/X'$V,
R$K,'d/hNG@S'g/d'$V, X$K, 'd/ZR'GDS'Z/X'$V, R$K,'d/Rh'GE'g/d'$V, X$K, ' d/RX'G@,'e$K, f/IRX'
G0009S'Rd/h, R7e,'d/Z'$V,'R$K, WRhEBRe'$V,'R$K, 'e/ie'GE,S'RA/X'$V,'R$K, 'e/hg' G
d/Z'$V,'R$K,'Z/gd' G87, -$KE' 4% GRXI$V,'##= K'}Rdf/d,'ReX/Z,'ReR/R, RZd/R, RZfIR,
RZZ/Z,'RZXIg, RZR/X, RXNGIZR RXd/Z,' RXNZ, RXNX, gNd, Hifg/G4:62K' ZRiX,' ZRRd, ZRM,!
ZAhgZ,'ZMXX,' XigR,'RfZh,'RhiX,'Rei,'Re’R,'RZeg, RXdh,'RRdf,'R"gZ,'R*RR,'igg,'izd,'dgZ,'dZg,’

hXR/%4# @& +B)KO: VOMS Y #6=<B3%# o o #=&-B'Zdf/"ZXeX,'53;40'Zdf/"ZRZ"

RZY



[ XJ OE6?C;C86:>@A OH:96CW@86:>@2 96B7\IID? KIg}> KIC?"

Cl
@ <<SL.:4:76=">73<:0;7:\'M6@'53==3M:0,";@149'2?16V3=I)KZHOED, R/
OH

-

EE3=,'R/":N;1PI§40' €x?=3738:4V6=0:?ABeXX'E9,'Z/" EE3=,'Z/" :N;1IPK
)@3=6B@'6'M?12:'@3=10'GXfe'ERURIR/hCBK/116@2:7:3E: %&=0'432"

8:'@:>6762:0'8A'<?73E623976>?A

OMe
=)CL+$ @&) % *+*10*+$TIWoBIE 'Gh VISV, #i= | K'}d/df GOY S'g/d'$V, X$K,'d/fh'GE'S'

ZIX'$V, R$K,'d/ZX'@B'g/d'$V, X$K,'d/RZ'GBS'Z/X'$V, R$K, 'd/Ag'GBS'g/d'$V, ' X$K, f/dZ'G@!'
S'g/d'$V, X$K, fAh'GOO@'S'RA/R, R*e,'g/f'$V, R$K/ e/ R'GE, R$K, 'e/i@/ie'GE,'R$K, 'e/fZ'
GOY S'g/f'$V, X$K, Z/de' @, Z$K,' Z/fN G87, -SRI 4% GRXI$V, #1#= K'}Rdd/*, 'Rhg/d,’
ReX/X,'ReR/e, RZfIR,'RZZ/Z,'RZMg,'RZ"d,' RXgle,'RXd/d, RRi/d,'RRg/i,RRZ/i,'g"/h, 'hi/R,'hh/Z/
=&#1+$@&) % +*10*+$CHEp  'Gh ISV, #i#=  K'}d/di'G0.9 S'Z/Z'$V,'R$K, 'd/hX' GBS’
gld'SV, X$K,'d/XiIG®'S'Z/Z'$V, R$K,'d/Rh'GIS'g/d'$V, X$K,'d/ h'GE.S'g/d'$V, X$K, f/fi'GO,9
S'g/d'$V, X$KfIRg'GO00Y S'Rd/h,'R*Ve, d/h'$V, RSKYRINRNGE, R$K, 'e/l/iX'GE,'R$K, 'e/hX'
G09 S'd/h'$V, R$K, Z/dB@, Z$K, Z/dX' G87, K /4% GRXISV, ##= K'}JRdd/A, 'Rhg/h,
ReX/e,'ReR/e,'RZf/f, RZZ/R,'RZ/i,RZ e, RXg/R,'RXd/h,'RRifi,'RRi/f, RRZ/d,' gR/", hiky 8ih/X/
GE102/85'016@2:7:3EKRARR ' m#% ' GE102!B5'016@2:7:3KKT@:62K' ZRR",'Z"ge, Xihe,'
XM, XgZzZ,' RizZf, Rffg,' Rhi, RXee, RRdg, RAgXARK,' RARZ, iRgl4# * GE102!735

016@2:7:3EKE@+B)KD: VOIS Y #6=<B3% s $ set=&- «B'ZdX/"gRil153;40'ZdX/"gXR"

cl _j KJ GE67C;C86:>@IH: 96 @RIB6:>@F] 96B7\INIR ? N> KIC?'

_<<TL.:4:76=">73<:0;7:\'M6@'53==3M:0,";@149'2?16V3=TEZHCED, R/

7 OH Me

EE3=,"R/"":N;1PI840' ex?=3738:4V6=0:?A0eXX'E9, Z/N EE3=,"Z/":N;1IPK

)@3=626@'6'M?12:' @3=10'GXXR'EQI'fX§R/ICRK!

Rz



=)C1+$@&)%*+*10*+$SOERM IRRX' MB/' 4% 'Gh™MI$V, '#i#= K'}'d/dh'G09 S'g/d'$V,’
X$K,'dfR'G@®S'Z/Z'$V,'R$K,'d/ZR'QF'g/d'SV, X$K, 'd/ X/ XZ'GE, ' X$K,'d/BRRg'GE,'Z$K, 'd/N'
GO09S'Z/X'$V,'R$K,'n/RX'G@, RSKBHIEGE,'R$K,'e/df G@,' R$K,'Z/dg'G87,'-$K,'R/fR'G¥&,'Z$K /'
4% 'GRXI$V," #I#= K'}Rdg/e,'ReX/f,'ReX/f,'ReX/"'RZd/h,'RZZ/",'RXili,'RXg/h,'RXg/e,'RXd/h,'
RXd/X,'RRi/d,'RRfl/e,'g"Nf,'TRIR,' XetVo G4:62K'ZeeX,'ZRRg,'Z ge,'Z X, XidR, XiZe,' Xgh”,'Rfei,’
Rhid,'ReiR,'RZii,'RXXi,'R"iX,'iM,'deR/' 1%4# ' G +B)KO: VCWKS$ Y #6=<063% ¢.$ o#=&-B'
Zhf/"gd”e,'53;40'Zhf/~ghgi/"

=&H#1+$@&) % +*10*+SOHBER R g M#I®' 4% 'Gh™ISV'#i#= K'}d/de'G9 S'Z/IX'$V,’
R$K,'d/h"N'G@,S'g/d'$V, X$Kd/Xd'GE'S'Z/Z'$V,'R$K,'dM/RG'GE, X$K,'d/RIZRNGE,'h$K, 'h/f!
G@,R$K, MHRNGE, R$Ke/dV"G@,'R$K,'e/"e'G87,-$K,'R/hiI'G@ZIKE 'GRXISV, #l#= K’
YRdg/~,'Reh/?'ReX/Z,'ReX/X,'RZglg,'RZX/i, RXili, RXg/X,'RXg/R,'RXd/e,'RXflg, RRi/d,'RRfle,'gNZ,’
fR/i,'Xh/R/*% G4:62K'ZXM'"ZRRZ,'Z"gZ,'ZMR,'Z"Xh, Xigd, Xid",' XiXR,'Xgh”,'Rfef,' RéiZ,' R

RZii, RRfi, RANX,'gig, diZ,'d Z/' [%4# @ +B)KD: VOMS Y #6=<B3He $ost=&-B'Zhf/ gd"e,

53:40'Zhf/AgdRX/
o X CGE67C;C86:>@0YIBS6:>@R) 96B7\IU? AKISE> KIC?'
@ <M.:4:76=">73<:0;7:\M6@'53==3M:0,:@149'2?16V3=THERH=2"
OH

E9,'NWEE3=,'R/":N;1PB40ex?=3738:4V6=0:? ABRA9,'Rh'EE3=,'

Z/N :N;1PK)@3=6260@' 6' =19?2' A:==3M' 31=' GR"Z' EA1Ei),' gey'

> 712AK,'652:7'5=6@7?'<?73E623976>7?A'34' @ 14944122 y~y2 1
#$ #=%14'2:064:@'G:=;2134'976(FL;42K/ 'Gh™MI$V, #i#= 1 K}d/dZ'GE S'Z/X'$V, R$K,'d/h™
G09S'g/f$V, X$K,'d/Zd'G2S'd/Z'$V,' X$K,'d/ZX'CDS'd/Z'$V,'R$K,'d/ZRU/XN'GE,'Z$K,'d &'

d/Ri'GE,'Z$K,'d/RZ'GS'd/N$V,' X$K A/RRS'd/Mh'GE, ' X$K, 'h/if GB S'd/Z'$V,'R$K,'Z/Xd' GEEB'

Re”



Re/i,'fld'$V,'R$K,'Z/Rd'GO9S'Rh/A,'g/IN$V,' R$IFE' 4% 'GRXISV,#I#= K'}Rdf/g,'Ref/d,’
ReX/f,'ReX/h,'ReX/h,'RZi/h,'RZZ/f'RZMN"'RXg/d,'RXg/h,'RXd/h,'RXd/e,'RXd/e,'RXd/X,'RXX/e,' RX ",
do/Z'eZIZI*%'G4.62K'ZeZh,'Z"di,'Z”he,'Z"X X, Xiii,' Xihd,' XiZf,'XiZf,'Rhih,'Rei*,'RX"e,'RRei,’

RAfE QR %4# '@ +B)KD: VOIS Y #6=<B3% . $ e#=&-B' eRg/R"X{i'53:40eRg/R ZRe

ReR



)W8:;BH:>97?'HE67>BA9BIKIB:A

ArCHO (3.0 equiv)

/_\ Br 'Dr?g' (2-? equiy)) Ar OH
Me inhibitor (x equiv
S\o \:< \ )J\
DMSO, 1t, 4 h

Me S Me Me
86 Ar = 4-C|-C6H4 100

$4.+  TAT;7IBE7?'B>6B"BIC;

"4'3P:4 M71:0'R™M'EJ' 73;40'83223E'5=6)L>>:0'M12?'6'E694:21<' @ 2VB®7<?679:0'M127?'
2?16V3=1,E'@=RRA'E9,"Vh"EE3=,'"R/":N;1PR'&=3738:4V6=0:?A0:'GXRR'E9, R/h'EE3=,"Z/
:N;1PK'640'X,X,2:276E:2?B&>»1>:71014A=30A'GU+!"-K'GRhf'E9,'R/BEEX/":N;1R+ZRZ'
E9,'X/NEE3=,"e/M:N;1PK,'<6>>:0'M12?'6'7;88:7' @:>2;E'640'5=;@?:0'M12?'412739:4/""4?A073;@"
I'B-'GXh'EJK'M6@'600:0,'53==3M:0'8A'\H'GRHJ,'R/NEE3=,"X/"":N;1PK/'U?:'7:6<2134'M6 @'
@2177:0'5637'e'?3;7@'62'733E'2:E>:762;7:,'2?:4'N; 2€P@¥'BA'60012134'35":N;6=">372134@"'35'
M62:7,'8714:'640'#B=/'U?:'=6A:7T@'M:7:'@:>6762:0,'2?:'6N;:3;@'=6A:7'M6@"':0276<2:0'2?7::'21E: @
M12?'#$#=,'640'2?:'<3E814:0'379641<'=6A:7@'M:7:'M6@7?:02?7::'21E:@'M12?'M62:7'640'8714:'GRC
071:0'3P:7'19B- -,'640'<34<:42762:0,,40:7'P6<;;E/'U?:"7.:@;=2149'<7;0:'>730;<2'M6@'01@ @3=P:0'14'
64?A073,@'!:-$,'<33=:0'23'M"m#,' &6\$' GZd/i'E9,' R/NEE3=,"X/":N;1PK'M6@'600:0'640'27?:'
7:@;=2149'@3=;2134'M6@' @2177:0'537'R'?3;7'62'""'m#/'U?:'E102;7:'M6@'<34<:4276N0";40: 7'P6<;;
01@@3=P:0'14"' +2-"<' 640" @;<<:@@1P:=A'M6@7?:0' M12?' M62:7' 640' 8714:/' U?:' 6N;:3;@"' =6A:7"
:0276<2:0' 2M1<:' M127?' +2-"<,' 27" <3E814:0' 379641<' =6A:7@' M:7:' 071:0' 3P:%49B-
<34<:42762;80:7'P6<;;E/'$3E36==A=1<'6=<320LGR"e'E9,'dRy'A1:=0'M127?'X":N;P -'

1+$ih' E9,' fhy' A1:=0' M12?' €' :N;1P' U+!I"-K' 640" X,X,f,f[2:276E:2?A=>1>.TTFA%4' &
<?=3738:4VI6GMIGRZR'EY,'eey'A1l:=0'M12?'X"N;1P'U+1+XM'E9,'eey'Al:=0'M12?'e":N;1P"

U+!'-'G;@149'U+!'-'6 @'=1E12149'7:69:42KK'M:@3=6B82:7'5=6@?'<?73E6Z3938' @ 1=1<6'

ReX



38@:7P:0'14'64A'<6@:/
MYMYIR:PIH:96@?8B8::BIBID?IB6?C;CA>VCTOLY 4% ' GINISV, #i#= K'Y g/"R'
G09S'glh'$V, X$K, 'd/ee'GIS'g/h$V, X$K, RIgR/dh'GE,'X$K, RIBRZfg'GE,'R$K, R/R/hf GE,'
X$K,'R/elR/eh'GE/'R$K, RIXFG@, T$K, R/IRR' G884 'GRHISV, #l#= | K'}Rfh/d,'RZi/h,'

RZR/R, RXi/A RXGIZ, TN, ZilX, ZXIR, XRIN, R&ERB272:7'646=A@:@'M:7:'<34@1@2:42’M127'>7:P13; @=

7:>372:0'0626%

AC?:EK?7TON@G:>'4+7A7"; 7IBE7B6B"BIOC;

"4'3P:4 M71:0'R™M'EJ' 73;40'83223E'5=6)L>>:0'M12?'6'E694.:21<' @ 2VB®7<?679:0'M127?'
2?16V3=1,E'@6ERRJ'E9, h"EE3=,'R/":N;KB40'&?=3738:4V6=0:?A0:'GXRR'E9,'R/h'EE3=;’
Z/"M:N;1PK,'<6>>:0'M12?'6'7;88:7'@:>2;E'640'5=;@7?:0'M12?'412739:4/"4?A073;@'I'B-'GXh'EJK'
M6@'600:B0OA9:4'96 @'M6@'8;88=:0'537'h'E14;2:@'2?73;9?'2?:'@3=;2134'8:537:'600149'\H'GRh"
| 3, RINEE3=,"X/":N;1PK/'U7:6<2134'M6@'@2177:0'537'e"?3;7@'62'733E'2:E>:762;7:'M?1=:'8;88=149
30A9:4'96@'2773;9?'2?:'@3=;2134,'2?7:4'N;:4<?:0'62'Mm#'8A'60012134'35":N;6=">372134@"'35' M€
8714:'640'#%&H=/'U?"'=6A:7T@'M:7:' @:>6762:0,'2?:'6N;:3;@'=6A:7'"M6@':0276<2:0' 227" 21E:@'M1
#$ ott=,'640'2?:'<3E814:0'379641<'=6A:7@'M:7:'M6@7?:0'2?7::' 21E:@'M12?'M62:7'640'8714:' GRC
071:0'3P:7"9B- +,'640'<34<:42762:0:40:7'P6<;;E/'U?:'7:@;=2149'<7;0:'>730;<2'M6 @'01@@3=P:0'14"
64?A073,@'!:-$,'<33=:0'23'M"m#,' &6\$' GZd/i'E9,' R/ EE3=,"X/":N; IR M6 @' 600:0' 640" 27"
7:@;=2149'@3=;2134'M6@' @2177:0'537'R'?3;7'62'"'m#/'U?:'E102;7:'M6@'<34<:4276D0";40: 7'P6<;;
01@@3=P:0'14"' +2-"<' 640" @;<<:@@1P:=A'M6@7?:0' M12?' M62:7' 640' 8714:/' U?:' 6N;:3;@"' =6A:7"
:0276<2:0' 2M1<:' M127?' +2-"<;" 27" <3E814:0' 37964¥=BA7:' 071:0' 3P:7' 19B-," 640’

<34<:42762;80:7'P6<;;E/'$3E36==A=1<'6=<3A3uGRi/e'E9,'RZy'A1:=0K'M6@"1@3=62:0'652:7'5=6@?"

ReZ



PhCHO (3.0 equiv)

//\, Br DBU (2.0 equiv) Ph OH N BL N/,O
S\&N‘\:<Me MNP (1 equiv) N\\/S(\ +\N:N + 2
DMSO, it, 4 h & o) /ﬁ\
Me S Me Me -
a6 98 MNP ,

MA:96@IM>B9;CACS;C87+,. IBH:; '7A7"; 7IBE7®B-6B"B9C,;

"4'3P:4 M71:0'R™M'EJ' 73;40'83223E'5=6)L>>:0'M12?'6'E694:21<' @ 2VB®7<?679:0'M127?'
2?16V3=1;E' @QAXZe'E9,'R/NEE3=,'R/":N;1PK'64B: X?ABXA1273@3>73>64:'G!& K'01E: 7'
GRde'E9,'R/NE3=,'R/":N;1PK,'<6>>:0'M12?'6'7;88:7'@:>2;E'640'5=;@?:0'M12?'412739:4/"4?A073; @'
I'B-'GhMEJK'640'8:4V6=0:?A0:'"GZ"h} J,'Z’EE3=,"Z2"N;1PK'M:7:'600:0,'53==3M:0'8A'NH'GZ"

| 3, XINEE3=,'X/":N;1PK/'U?:'7:6<2134'M6@'@2177:0'537'e'?3;7@'62'733E'2:EN 762702
62'M'm#'8A'60012134'35":N;6=">372134@"'35'M62:7,'87d4/B40'#BA:7T@'M:7:'@:>6762:0,'2?:'
6N;:3;@'=6A:7'M6@':0276<2:0'2?7::' 21E: @' &2 B4HS$ 2?:' <3E814:0' 379641<'=6A:7@"' M:7:'
M6@7?:02?7::21E:@'M12?'M62:7'640'8714:'GRCRK OB 1:QB880'<34<:42762:0,40:7'P6<;;E/
U?:'7:@;=2149'<7;0:'>730;<2'M6@'01@ @3=P:0'14'64?A073;@":-$,'<33=:0'23"GuH/&B%'
XINEE3=,"X/":N;1PK'M6@'600:0'640'2?:'7.@;=2149' @3=;2134'M6@' @2177:0'537'R'?3;7'62'N' m#
E102;7:'M6@'<34<:42762:07,4B<;;E,'7M1@@3=P:0'14'+2-"<'640' @;<<:@@1P:=A'M6@7?:0'M12?
M62:7'640'8714:/'U?:'6N;:3;@'=6A:7'M6@".0276<2:0'2M1<:'M12?'+2-"<,'2?:'<3E814:0'379641<'=6A:7
M:7:'071:0'3P:7'19B- »,'640'<34<:42762;80:7'P6<;;E/'$3E36==A=1<'6=<3P3Eee'E9,'Rdy'
Al:=0K'M&@3=62:0'652:7'5=6@?'<?73E623976>?A34'@1=1<6'9Ry y#HL 49M 1277064 @'

G:=;2134'97601:42K/'

Ree



)?:E9;C>'87;7H7G>:9BE";:AC>7>E:" ).% ":W8:;BH:>9A

PhCHO (3.0 equiv)

=\ , Br DBU (2.0 equiv) Ph OH - \/ / e
S\&N—\:<Me MNP (1 equiv) N\\,/S(\ TNEN 4\
DM 4h b
Me SO, \ s Me Me 7< )
86 98 MNP "

"4'3P:4 M71:0'XNEJ'P16=":N;1>>.0'M1P2694:21<' @21 ’86@'<?679:0'M12?'2?16V3=1S)@6=2
GNRMNEE3=,'R/"":N;1PK,'64?A073;@'l'B-'Gh/"EJK'M6@'600:0'53==3M:0'8A'8:4V6=0:?A0:'GZ"/h'

| J,'"NMZNEE3=,"Z/"":N;1PK'640E: 2?ABX11273@3>73>64:'G!& K'01E:7'GRd/e'E9, NV RNMEE3=,
R/MN;1PK'62'733E'2:E>:762;7:/'\H'GZ J,'NXNEE3=,"X/"":N;1PK'M6@'600:0'23'1412162:'2?:'
7:6<2134/"4'6=1N;32'M6@'26L:4'3;2'640'>=6<:0'14'6'<6>1==67A'2;8:'M?1<?'M6@'2?:4'>=6<:0'14@
64'+('2;8:/':6@;7:E:42@'M:7:'26L:4'M12?14'2M3'23'53;7'E14;2: @'652:7'600149'2?:'86@:'62'733E"
2:E>:7627:/"

Reh



20

10 - l

0 - AU n
- Reaction conditions V,
NP

A0 4—M
10 — Salt, MNP
DBU, NMP J
Benzaldehyde, MNP
Salt, DBU, MNP
-20 - — Benzaldehyde, Salt, MNP
Benzaldehyde, DBU, MNP

Intensity

34I80 ' 35100 ' 35120 ' 35]40
Field /G !
5BGK;:" #<L' -P:7=6>>:0" :=:<2734' >676E694:21<' 7:@3464<:@' G+ (K' @>:<276' 35' :0>:71E:426-
<34012134@' G>;7>=:"'=14:K'640'<34273=@"' G32?:7' <3=37@K/' U?1@' 0626' @?3M@" 2?:' 0:2:<21
142:7E:0162:@"40:7'2?:'7:6<2134'<34012134 QRO 1273@3>73>64:'01E:7/I\H'SR,g
116V681<A<=3Wh/e/"YTdDL/'B6=2'ZMATE: 2?A=8;2D4 DRAK2?16VAZ2 ;E'873E10: G

;CIKE9'D;7GH:>979BC>'9C'f:9C>:A

#@>96:ABA'CD'f:9€MM@'77?f:>:'8;C9C>79BC>'k":?BHB>79BC>

@ ZnCl, (3.0 equiv) O

7 OH ag. HCI (1.7 M) s

N\\’/‘S(\ EtOH, 100 iC I\}J
122 -

\ s Me Me
98

86:>@7_96BTMIER? H:967>C><MM." h'EJ'E1<73M6P:'P16="M6@'<?679:0'M12?' ?3E36==A=1<"'
6=<3?3ESGhX'E9,""/X"EE3=,'R/"":N;1PK'640'Td&gR/g'E9, "fM'EE3=,"Z/":N;1PK,'<6>>:0'640'
5=,@7?:0'M12?'412739:4/'+2-$'GR/g'EJK'M6@'600:0,'53==3M:0'8A'6 N/FRIN'EE-R/d'EE3=,

Ref



0/h"N;1PK,'64027:'7.@;=2149'E102;7:' M6@'?:62:023' R™M'm#';421='<3E>=:2134,'6 @'0:2: 7E14:0'8A'U.
646=A@1@'Ghy'+2-"<'14'?:064:@K/"52:7'<3E>=:2134'G<6/'eg'?K,'2?:'7:6<2134'M6@'<34<:42762:0'
P6<;;E,"7:01@@3=P:0'14'+2-"<'GRMEJKBAR: @ @1P:=A'M6@7?:0'M12?'6N/' @ BARBSHH4/'
U?:'379641<'=6A:7'M6@'071:0'3P:7"880'<34<:42762:0":40:7'P6<;;BS?:'>;7:' L:234:'<MM
GXg/e'E9,'dh'AL:=RM6@'1@3=62:0'652:7'5=6@7?'<?73E623976>7?A'34' @1=1<6'D&\Y'=;2149'M12?"
+2-"<'14'2:064:@'G:=;2134'9760F/42% 'Gh ISV, #I#= K'}g/leg'GE'S'd/R'SV XK, 'g/RN
G09S'Z/R'$V,'R$K,'d/dX'GB'Z/R'$VRBK, 'd/fe'GR'S'd/e'$V,'R$K,'d/hZ'@S'dig'$V, XBK /&
4% 'GRXI$V, #l#= 1K'} Rge/Z,'Rfg/R,'Reh/*,'RZh/Z,'RZZ/d,' RZR/X,' RXg/h,"RX¥Z?. 7'

646=A@:@'M:7:'<34@1@2:42'M12?'>7:P13;@=A"*>372:0'0626

Red



#@>96:ABA'CD'f:9MN@'H:96 @?79BC>'k':?BHB>79BC>

@ MeOTf (4.5 equiv) @)
7 OH K>COg3 (7.0 equiv) N
N\W/SA CH,Cl,, 0 iC to rt e
<\/s Me Me
86

123 '

MYMBH:96 @QRXB6:>@ ?"KBI> XIC>:' <MN."4'3P:4 M71:0'h'EJ'E1<73M6P:'P16="M6@'<?679:0'
M12?'?3E36==A=1<'6=S8Q@BX'E9, "/ XNMEE3=,'R/"":N;1PK'648tk | GRie'E9,' R/eNEE3=,'d/"
:N;1PKs6>>:0'640'5=;@7?:0'M12?'412739407 3, @ #%#= GR/N"EJK'M6 @'@D640'2?:'@3=;2134"'
M6@'<33=:0"23""m#/':2?A="2715=;373E:2?764:@;=53462:"GR"X'€J,"Ni'WEE3=,"e/h":N;1PK'M6@'600:(
073>M1@:'640'2?:'7:6<2134'M6@'@2177:0'62""m#"421='<3E>=:2134,'6@'0:2: 7E14:0'8 A'UI#'646=A(
+2-"<'14'?:064: @K/"'52:7'<3E>=:2134,"221:84'M6@'N;:4<?:0'8A'60012134'35'6 N/ @HCIR$
EJK'62'Mm#,'2?:'=6A:7T@"'M:7:'@:>6762:0'640'2?:'6N;:3;@'>?6@:' M6@':0276<2:0'2?7::'21E:@'M

#$ oft=,'2?7:'<3E814:0'379641<'=6A:7@'M:7:'071:0'3P: 71683'<34<:42762:0;,40:7'P6<;/B)?'

M12?2TXMy'+2-"<'14'2:064.@'G:=;2134'97601%206 'Gh MI$V, '#I#= K'}'d/gd'G® S'd/X'
$V,'X$K,'d/efGBS'd/e'$V,' R$K,'d/Zzd' @S d/f'$V, X$K, 'f/RI'GO0 I S'Rd/f, RMf'$V,'R$K, 'h/XD
h/XNGE,'X$K,'R/eNG@, f8KY,4%' GRXI$V,'#I#= K'} X"e/g,'Ree/?,'RZd/X,'RZR/g,' RXile,'

RXg/R,'RRe/X,'hWNZ, ' XtIX#32?2: B46=A@:@'M:7:'<34@1@2:42'M12?'>7:P13;@=A*">372:0'0626

Req



$77?:'NLN-89BHBV79BC>'CD'96:'XNYNZ'ABGH79;C8BE';:7;;7>G:H:>9

) 0
|4\[\T Me CHO Base (Z equiv) 2 OH O 0
Solvent, Conc.,Temp. X X = P
Br- Me OH \

Time \_s M Me S
86 (1 equiv) (X equiv) 98 97 96 '
s e sea 'Q:%Kg +Lc7>gl/,|!\.|/%& e PO Q& HI??;*Q:!ﬁE& H@
(e ii\?()l" + " $E=DOX€ (" ot (" ("
A $§5’g@ " $E=DOXE (" .- 4" *
S (G ii\]()' + " $E=DOXE ("  +2 (" #
20 (o ii\]()" " $E=DOX€ (" 2 (" "
ROt ii\]()" 2" " $E=DOX€ (" 2" ("
DR ii\]()" + " $E=DOX€ (" .- (" "
N G ii\]()" + 2" $E=DO€ (" 2" (" 2
S (LI (O ii\]()" + 2"  $E=DO¥€ (" - (" -
SN A (O ii\]()" + 1" $E=DOXE (" +" ("
e ii\]()" + " $E=DOX€ (" A" (" *
I G ii\]()" + " $E=DOX€ (" 2(" (" *"
N . ii\]()" +" - $E=DOx€ (" 2 ("
N I ii\]()" + I $E=DOXE ;1" 4" (" 4
2" (X ii\]()" + 2" $E=DOx¢ (" " (" ™
P $g_t.:’g4" + " $E=DOXE + . L
I R T I LI
G $§E§‘,’,/°' + I $E=DO®E (" 4+ 20 "
G $g!5,f’;‘,’,/°' " $E=DOXE  + 2" 4
Lo $g_t.:’g@ + " $E=DOx€ (" 220 "

Rei'



1(R
9*
&S
4
&NE=>4
. E><6
F)

G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
(L "

+(#
+I"
++
+."
+2'

+*||

2("
20"

2+

22

94
(R

("

$K
L3
i
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L3V'
=0,
ke
L3
$ﬁ+-<§‘"
&L396
$K!'*)"
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L3V'
$K+'0'0
&L396
. +()
&?J"
:
38\10‘.'
SKL3H
2L32’/6'
. +()
&?J"
:
38\10‘.'
:
38\10‘.'
:
$8J0'I'
&+'()

zE=DO$E
$E=DO$’E
E=D0>¢
$50 "
$M5 "
$E=D0O>€
P10

MNoQ"

o
8
<Q56"

zE=DO$E
$E=DO$’E
$E=D0ﬁf
$E=DO$’E
$E=DO$’E
$E=DO$’E
$E=DO$’E
$E=DO$’E
$E=DO$’E
E=D0>¢
$5RQ "
$5RQ "
zE=DO$E
$E=DO$’E
E=D0>¢

$5RQ "

4

*On

+| n

Rh#



1(RO*&SA&NE->4E><6F)
$8J "

N G a 2 $5RQ" (" w2 e
2 (ko iij()" a 2 $5RQ" (1 Mt
2" (ko ii\]()" 2 $5RQ" (" K -t L
2.m(r( iij()" a 2 $5RQ" (" 2" v
2" (o ii\]()" & 2 $5RQ" (" w2
(o ii\]()" a 2 $RQ" (" L' 2
e o iij()" a 2 $5RQ" (" =t (" ("
o e I e o e ¢ w w -
o ii\]()" 2 $5RQ" (" (" 2
g (Er( ii\]()" a 2 $5RQ" (1 2 *
O (v on ii\]()" 4 2 $5RQ" (" wr v
R (U ii\]()" + 2 $5RQT (1 4t (0w
St oA ii\]()" + 2 $5RQT (" .t
(@ o4 ii\]()" + 2 $5RQ" (7 4
sI((r oA ii\]()" a 2 $5RQ" (" =" (" 2
(2 (" on ii\]()" a 2 $RQ" (" -t Lt ("
13 on ii\]()" + 2 $5RQT (1 (" (0w
S (G if,‘!]) + 2 $5RQT (T 4 (¢
(" on ii‘?o'.' o 2 $5RQ" (" A" v
QB CACE $i& jg 430 ) B <JPN & & 10& W& UR
I (AL ii\?()l" + 2 $5RQ" (" (" 1t

'SE6GF"F6469TE>GR"MY" <@E>7"49EIV6>HGT64VREG 8@V E>469>0G" @ AWYFO69676
HE6GE@ 4VIEH-6>4EAQG" 960AXET@S6A<GEBW6@" &I=CF69)" " "PV6'20@6" CO@"
FE@4ERB6F'4="2{@8>"CE4V=<4"4V6"|96 @6>A6'$BBETAMC0469"8&+:7!)"COABR@6BW6>4
($E=D0>6Y56Q1"&!(Z("$0@"<@6F"0@"@¥GWEY4-B"LFME0Q@"< @B "OFFEAEWEG'["
=B"LF&LLMCO@"<@%®"OF FE4ARAB6A&""6\<EW) "CH@66@ " "OF FE4H¥P8 NI'"CE4V"I5"1IMG"™
'80"Q34"&!""6\<EW")"CO@"<@BEG"['=B"_UV&MQ$)QT0@"< @B "0FFE4BBAS #3$"GE7V4"
CO@"<@FV6@094E>7"TO4B0EAIF6F"=W69"4V6"A=<9@ 6" EB/§*?0@6" CO@" OBESD" 4="
26>HGF6VHE=ICE@0FFE4E=>"=B"20@6'

RhR



%)5)%),8)#

"#! &0)"bE0>040@@E=c"U'd"#=IAV<"c"e"5'd"]0>7cNe'd"ROSEMDC"#™" U'd" LOE64=C"#'d"890>F4c"P" %'d"

M=GGE>@c"5" U'd"b0GG67=c"b"5'd"ROAVC"/"]d"RI0>7G69c" e 3'd" fv<c" 1'd" V<[#)t{)8090>C" L" R"
GCUD+, ¢'+2"&?)"#=IAV<c"e"5'd"0g6G?H6C"h'd"h0COT040c"S'd " 50GE>@c"#" U'd"LO>C"M"'5'd"bE0> 04
U'd"]0>7c"e'd"LI9E64=c"#d"890F=Cc"e'd"890>F4c"P"%'d"M=GGE>@c"5" U'd"3GG6900@c"e'd" 3CO>EA
]'d"O0F6HEC"Q"Q'd"b0GG67=C"b"5'd"5=<@ @60<Pe"¢'d"RBENE" | d"RTE4VC e h'd"RI0>7G69c"e™
3d"fV<c"1'd"V<c"e'd"8090>C IRIRIEH01)/&# 2(BCUE3 " +(; N+ &A)"[E?697¢"h"814)5&:4

01)/&#6!%&H#TH3HRO+C". 1+

1$# &0)"$<FBWC" P'd"#E TEMIEH#01)/&# 2(&3HHE9: ¢"22*("M=Dc"e" U"]'c" U™ J8@4V6ET69c" O™ 1"

01)/&# 6!8&# ;<21821LHDE ;+;" &?)" [E?697C" h™ 814)58# 01)/&># 61%6&# DBE@+c" 1+ N++" &A)"
807VOMHg==66¢"5"1'd"86>@=>C" R Q% ./&#01)/&#'2(&IHEL]:, C"+-.-N-2("&F)"P@0>7c"Ri#

J&#01)/&#'2(&RIHI@:? C"+-,HN--( "

1%#&0)"O0W=BER"98:# @ ABB&#C1DB&H#0 KRIEH*;""&?) " M=="@=>C"U""M'd"/H6 cCFH&#01)/&#

'2(&>#<2182BHQSI+*"'&A) "M=="@=>c"U""M'd"/H6C"5"e'd"R<?90V TOS FB(BHDL)/&#2(&>#<2!821#
UHQB!22" &F)"h6>F6C" % GRA&H @) HINRE, c'+:1"&6)"809642%'d"|0676G G @B (%&#6!%)F/)8&#
:CI)IA/=#UHI@YC"*+,"&B)"L0a=@c"e"0'd"h 966> IR0 )/&# 2(&HQE3C"!(.("&7)"8<4"<@c"3"

K>02/KF)1)!BSL)#GF4H!$(# D!%1)B$BH#66>#0! S#)BR>HNEEE"L'c"3F'd"3G @6 WE69Z BT @69F0TC"

| —"&V)"b<E099=c"$'d" S< @RAFTF&H#GFA&H#OGBABC"!,|." &E)"#=BABE6GFC &I 88#01)/&#
2(8MHDEQ K" +" &) " #=BABE6G e 1&H01)/&H 2(&MDEP*C"2,(,"&")" O=94C" % "Ri# | &#01) /&
2(EMHQABNE"2;,"&G) " M=="@=>C"U""M'd"/HECTF2&H01)/&H#2(&>H#<2!8HAS!+;"&T)"RTE@@TOC"
3"3'd" 1E46C" B&# J&#01)/&#'2(&HQIC" ... *" &>)"RTE@ @TOc" 3" 3'd" $E62=GRA SFA&H#01)/&#

UHQD: c"2((*"

1&# &0)"P<99=c"/"e'd"10TT=>Fc"]'d"#669T0"69 @&H8#01)/&# 2(&MHQEI?c"+,,2"'&?)"P<99=c"/"e'd"

10TT=>Fc"]"8" O)%FH1)SFaHQION":(!,""&A)"P<99=c"/"e'd"8HB9@c"b"]'d"#669TO 69 @ L " %"
J&H01)/&#2(&HHQBEC" *"&F)"P<99=C"/"e'd"M=G 6 CHYEI1)SF 2 #<WIRHC". 2+ " F6 " b9==4C"

%'d"QFTO0>c"$'d"]H>?697c" D)%FH1)8F2!# <)9bd@sd c"!*+;" &6)" MVOITO>c" Q™ #'d"50446@c" h'd"

RhX



I'#

I(#!

5AK>4=@Vc"M"#d"LOA0>@"Hc"e'd"MOGF69c B4 (RAODIEEr2 (&HES +¢":1. 2" &B) "UEAV6HC" 1™
b'd"UEAVEHC"e"5'd"MGO7 644845 8M01)/&# 2(&HQBEC".; (:"&7)"P<99=c"/"e'd"#669T0"69@c"L"%'d"
JEG@=>c"1"U'd"/6A"69@c"$"M'd"8H69@cC"b"]'d"i6 @EBIEAHD TR 2(&HQE ¢ +:1.
&0)"M90>FOGGc"e"h'd"50AVGEFEYEFHT)8F 2 1#<\RRE" (., " &?)"MIO>FOGGC e h'd"5S0AVGEF69c”
"1™ -&#.&H01)/&B(EHIHQS: C" ++" &A)" 1=BBTO>>C!&H/&H01)/&# ' 2(8IHQ'S: "12,*" &F)"
HE?69G6@C"%'d"b966>?7697C"% RAGIEHBIRH 2(MHESBN"--*"&6)"/=H=9Ec"U'd"10H0~0COC"S"
GF4&#@)H(PH@DC"!:."&B)"1=BBT0>>C"1"5" W 5&H#01)/&>H61%E&HT 8 &HIHIRS* C"I"&7)"50>>C"
e"0)%FH1)SFaH@QNT"2:!"&V)"1=@=TEC"%'d"P=TE>002(KE)1)!BSL)#GF4HI$(#D!%1)B$B>#M2I&#
+d"P9=@4c"8"5'd"OG6 TE>7¢ K 'c"3F'd"L6970 T SHEYMIBEEEY" &E) THEC e ™1 'd"LE 776 C" G PME&#
@)H(Yo8HET, ¢ *1"&()"UB7>E69¢"T'd"5094 ESERH01)/&H#PF ABGRMDC . " &) "DOIF>69c"1"d"
RETI@=>C"P"$'d"10T?69cSK$SBHHSDIC"2-," &G) " bIBAVAE>C" %" 'd"#0>4@=WOc"/"i'd" P=I=9"=W0c"
S" S'd" b=9E>0c" R" R'd"BEA=WO0C" O" h'd" hVOE9<4FE>SM08261)/# GCULI9 c" +*1I" &T)"
b9BAVAE>C"%"/'d"Q7=9=F>E"=W0C"%"'d"37=9=W0c"%"5'd"5<"VE4=W0c"0"h'd"K GHE>0c"P"'5'd"nVOES
8"K'01)/$B%FDGKBEUW?C". .. "&>)"MIO>FOGGC"e"h'd"50AVGHF69c"]"1'd" PV=TR@IEBU&)&H
2(&HIHQES: ¢",.2:" &=)" MIO>FOGGC" e™ h'd" 50AVG6F6RH]T&#01)/&# ' 2(83HQ'S: ¢ ,.2,™ &I)"
RAG=W6c"$"8'd"L0a=@c"e"0'd"MOTIc"U"# d"bOBBRBAOLBEH 2 (&IHEESIC", 2--"'&\) "HE62TO>C"
e"0'd"h966>7697cBAGFALHO L IGHES 3¢1+."&9) " M=OF6@C"5"1"e'd"869 @=L He/SH01)/&H 2(&#

UHHEJ c"+2"&@)"MVO>c"P"1'd"#Ec"5"L'd"SHAVOgG=C@"Egc"] d QPBIEISER <)Y UEEE

+C" A &A) MVO>C" P 1'd" Q>7¢" 8RR GFA&# OLBAEEN'C" +;;2" &<)" MVO>c"P" 1'd" Q>7c" 8" R"
O)%FH1)SFAMIG*EC"++:;"" &W)"RVEIT0>c"5'd"PV=916¢"1" U'd"MG6T63)@H M 1)8FaHHI N

12+:*" &C)" MOTIc" U™ #'d" b966>6¢" O"-&# ./&# 01)/&# '2(&#HQ'3: " ,.2;" "&D)" M90>FOGGc" e™ h'd"

T)B&HQHSLEN"+-+." &A)"#EIIc"L'd"8<AVA96T69C"e'd" REABIGBELS) USABH. | SHOHRB 3"
I"&F)"10TT=>Fc']"8'd"P<9=C"/"e"&#./&#01)/&# 2(&HQLIc"+--("&6) FOE4A@6WOC"b"R'd"8=7F0>=W0C"
b™ R'd" 80<=Wc" S<" K'd" #<4@6>"=&HGRAM!2/)%8&# 01\ BEC9, c" M+!" &B)" fOE4@6WOC" b™ R'd"

RhZ



8=7F0>=WO0c"b"'R'd"80<"=Wc"S<"'K'd"#<4 @84 &#GURL (1 &# WIISEEHK X"!.!I" &7) " TOE4@6WOC"b™

UHIES " +(2;" &V)"fOEA@6WOC" b" R'd" /=WEA=WOC" Q"' L'd"#EW0>4@=WOC" #\K §8DBIMIR B <" K"
W1$/&IHIIcHIc":,"&E) fOB@6WOC"b"R'd"hE@E>C"%"i'd"/=WEA=W0C"Q"L'd"#EW0>4@=W0c"#"K'd"80<
K'V1&#GUB1(1&#AWIHIRHIC":,, "&g) FOEA@6WOC"b"R'd"h9HG=WOc"b"R'd"L696GH7E>0c"Q"L'd"80< =W
K'd"#<4@6>/=C'\KIEHGUBL(L8#\WISIRE, ¢"++*+™ &) O6F=96>"=c" FORH@6WOC" b R'd"80< =Wc"
S<"K'd"#<4@6>"=CV EFGUB 1 (L&ANIHIRHE"+2.1"&G) TOEA@BWOC b "R'd"hE @E>C"%"i'd"80< =Wc"S<"
K'd"#=9764Vc" e'd" #<4@ 6>t BEQHI2/)%8H# 01)/BHIC*N4c" +*." &T)" #=@4c" O'd" $=<4V60<c" %"
0)%FH1)8F2IH<V M- 2, "&>)"$0G4=>C"%"5'd"V0>7c"S'd"$OWEBC"M"L'd"$0>V CERA&HH B &+
GCQBE"+2:*"&=)"096HC"e'd" UOII=I=98¢ T&#01)/&#' 2(&HHD,J c"*1-+"&1)"S046@c"L'd"%?90T@c"
b"$'d" 8644@c" 5" 'd" b=GF @ ABEEc! R O1)/RHHEENZ" +-*(" &=)" %@V>0709¢" %'d" BOEGEHC" L™ $'d"
M=AV90>6¢"L"e'd"SEGG@c"P"e'd"LERAGMBBE GEX$!:!"

# P<99=c"/"e'd"#669T0N69@c"L" %'d"[EG@=>c"1"U'd" /6A"69@c"$" M'd" 8H69@c" b" B iB@GEHC " b™" O™
01)/&# 2(8HHQD?C"+:1." "

P P<99=c"/"e'd" 10T TEe"]"8'd"-&#./&H01)/&H 2(&HQQIC" . *

1+# WO>"PEG?=97¢"]"e"'5'd"RAGE>?697¢"1'd"F6" 8 EH6IRWURNAI SGIHES c"I-;

" # 1&0YDOHC %" # d"RA=77ES@6FUI1)SF21#-<\EGH c"2(,; "&?):0a=@c"e"O'd"LOAEBEAEC"e"b'd"LE69@=>C
b"Q'd"RAG=W6C"$"8'd"h966>6e8BEFALHOLVEIES3C"!;( "&RAMGOHC'5"$'d"$<9?269¢"e'd"RAV6IIC"
"L GFA8H<)BUBBC" . "

14 180]J0@ @69T0>C"1"1'd"MG076440WERIL) SF 214 <)IHp@". 21" &7)"10@ @6BTc"1" 1'd"MG07644c"

00" & J&H#O1)/&H'2(&IHHE,N " 2(*1" &F)"[0@ @69T0>c" 1" 1'd" 1609>¢" 5" e'd" M=AV =18 GF 3&#
01)/&HUHICN€"+-,2"&6)"89=C>C"1"M'd"U0=C"MHBFA&H0 1) JHEENC" :(+™ "
I"$480) 0@ @69T0>C"1"1'd"M=AV=Hc"U"3'd"80EQBIGHERL)/&# 2(&HQ3, C'+.,"&?)"|0@ @69T0>C"

1"1'd"8 OE9FCc"5"'R)%FH1)8F21#<\iig c".,+!" "

Rhe



1'ye#&0)'==9F @490>Fc" %" %" L'd" RA6E>?697c" 1'd" F6" SOPREIPIBFR!Y <)%USBEIEC" +:1I" &?)"
JE69E>7C"L" b'd" RAGE>?69BH BFA&# 01\ BHWNE" " "8)"|E69E>T'L" b'd"i69V=6W6>c"e"]d"
RABE>?697CRH. I&#01)/&H#"2(&HIE!* ¢, *"&F)"Q<C"%'d"%?6C"5'd" KCOT=4=RIESFA&H#01)/&#
UHHB-3c", 22+

"8#'80)"5A$=>0GFc"P"U'd"SEGG@c'#"U'd"|6 @4c"5"R'd"U=< Q@ BELO)IHEGEY, c"."&?)'5SEGG@c

NI, 2!"&F)"U=@0c"$'d"/Er=GOBWc"%'d"/E4AVEHC"/'d" QR HCHOBEUEYE"22!"&6)"hET<90c"5"K>"
02/KF)1)!BSL)#GFAH!I$(#'D!%1)B$B#66>#9!8# ) 88n+MIUEET" 3F'd" 3G @6WE69Z" % T@ZEBFOTC"
(" &B)"UGE@ @BId"IETT69C" UUL)/&# @)LEEQS:* c"II*I"&7)"/0"0T<90c" 3'd"h<COgETOe’K"
1&H#O1)I&H# 2(BMHIRE c"...-"&V)"/0"0T<90c"3'd"h<COgE TOGRAZH DIVISHEE "2, "&FE%="EC"
R'd"0<gET<90¢"P'd"/0"0T<90¢"3'd"h<COgBTMRART)/&# 2(&HIIC),: c".+;:' "

I"# &O0)"#=IAV<AC"e"5'd" Og6G?HEC" h'd" h0COT040c"S'd"50GE>@c"#"U'd"LO>c"M™5'd"bE0>040@ @E=c"U'd!
LOEB4=c"#d"890F=Cc"e'd"890>F4c"P"%'d"M=GGE>@C'6"3COFIBE0I @OBII6GGC']'d" OOF6HEC Q™

Q'd"b0OGG67=c"b"5'd"5=<@@60<c"e"e'd"QGEW69c"U'd"ROAVC"/"Td"RTE4Vc"e"h'd"RI0>7G69c"e™"3'd"fV<

MM 'd"50GE>@c"#"U'd"LOE64=C"#d"890>F4c"P" %' d"M=GGE>@c"5"U'd"b0GG67=c"b"5'd"ROAVC"/"T'd"
e"3'd"fV<c"1'd"fV<c"e'd"8090>C" ($)R)# GCURYA" +2!I"%AA<I@=C"%" %'d"MV=c"R" 1'd"%TE>C"%'d"
L=40I=WC"i"%'d"%T=@=WOc"R"i'd"OE>>S#EBILH#O RBCULPEC 2. +"

I"(# &0)"56A=aaEc"P'd" L6 49 EXBCHAAN EHUHHEN"-;, ("&?)"Mndlc"%'d"8=6E=c"%"%'d"MV096446C"%"8"
CY.' "GCQB, c™*2(*"

1y HE<c"e'd"%>c"S'd"eE0>7¢" 1" S'd" NDYBFATL) S F 21 H<{BERaNR"2; ("™

I =46@AM"5'd"e0>7¢"S'd"e<>7¢"5'd"e=V>@=>c"e"$'d"|EGGEOT@c" U" b'd"#E M EBAA) 84 b
61%&H TBRAG "1+ "

I"+#h=4=a0"Ec" 5'd" MVO>4V0T04Vc" K'd" O<gE@OTOC" h'd" RVE?04=TEY R 02HEE@ WBURIE-*C"
I+1;."fV<c"R'd"U<II6GC"e"i'd"#<c" 1'd"|=0@c"#d"fV0>7C" 0 8. /&B1)/&H# 2(8MBCQ™: c"*(2+"
P0O>070c"h'd"R<a< EG&IAD1)/&# 2(&>#C)FZ$1#OBHHRRE! +(,I" "

Rhh



1$,#U=<@ @60<C"D'd"RG=<QIFEI1)SF 214 <\ UiV BIIE"1+*1' "

1$"#50790>6C"e"HM=44G 6" 1“8/ &#01)/&# 2(&IHBEEN"2-2"

I$$4B0AVC"U"$ d"$TE496>"=RQD&HO1)/&H 2(&BC AL C'2%;-'"

13960 C"0'd"#E0>7¢"] d"$OED)S6FH 1) SFRBUID+C"L;."

13&BEGG@c"#"U'd"8099690"%69?6G06ac"#"5'd"U=<@ @ROCBO T & AT UE3 c'll.+,

1$#&0)"SEGG @C W@ @60<Dc"R " PAREH-&H#GRIBHGCUIY:,3 ¢"-""&?)"/[EA=GO6WC"%'d"QI6GG0>0C" %"
'DI%1)BEBCUDIL", 2!" &A)"U=@0c"$'d"/EN=GOBWC"%'d"/EAVEHC"/ d"QIPGIE CHIBES 22! & F)"
[E4AVEHC"/'d"U=@0c"$'d" Q96 GOOAIBHBCUBN€" ;" &6)"h<COgETOC"K'd"/0"0T<90C" FHHI#"
@$!4#02/K2AI8BHSIHGFAHI$(#D!% 1 )BREBM 692 "869GE>C" 16EF6G 26974 (IE!™ "

ISHEAN=>C"%'d"#0T2694C" " # RESEHO 1)/ &# 2(&IHQBNE"2: (2"

1$)#/EAVEHC"/'d"Q96G GOSHAH) YBGLIBE c*-+2' "

I$4#V/0=C"1'd"00>C"0'd"S<c"e'd"fVEHMEHOL)/&H 2(BCUER+c".2;( "

I$+HBO@C"L"L'd"86GT=96c"h'd"MV Ol YSEH#01)/ &7 8&H6IGBRHS, C";*1,' "

19 8G6¢"b"f'd"h=116Gc"h'd"f<?9HA@"Ec"$"5'd"h=>90Fc"/'d"eqOWE>7c"K'd"#=1Ic"5'd"hO>GFAMEAVC"$"b"
UIBE U, ¢"-2,. "

196"§0>7¢" S" O'd" MVE20G:8R&#01)/&#'2(8H#(;C" *, C"1+*,("]0>7¢"S™O'd"P=Vc"h"h'd"/7c"3"L"e'd"
MVE?0C"R#./&#01)/&#2(&CUL)* c":211 "

19%$8604=>C"h"%'d"LVEG GE| @RAEIIGEAEC" +,|, "MOEC"0'd" #E0>7¢"d"$OEOBSFH1)SFAC U
24¢l "

196948%0)" KTOT=4=c"P'd"hOTEHOC"S'd" 1040gETOC" P'd" PO VERBN B 214 L) Yofitd*: ¢"*12;" &2)""KA=C"
R'd"RVE>="<?=c"1'd"Q@VE0eHhT1) SF2 4 MHE3 c*+*. "&A) "809G<6>70c"e'd"R<69=C'IBHWI"L6
RGAV6ac K@Eac'e®#./881)/I&#2(&GCAL*: ¢+ (-"&FB<c'l'd"#=>7c"e'd"RVEFSEIHBE D
JC"+-+,"'

1968R0N<90EC"R'd"P64@<HOC"K'd"h=F0TOc"P'd"SOT0>0"0c" 5: &P @I (BB NN (5 "

196480)"h<GE>"=WEAVc"Q"b'd"RWEIEF=Wc"R"i'd"I0 @ EG6W@"EC"$ EHABESELHE BN IF" R "
94¢"+(+,"&?)"h<GE>"=WEAVc"Q" b'd"i0 @ EG6W@"EEC"$" % 'd" ROWAVE>"=C" @ ARBERVEETEZANC R"

Rhf



01)/&HUHHEDC"1+2;"&A) h<GE>"=WEAVC"Q BRERMRY'd"i0 @ EG6W @ TELS$)BRBHHLE3, c"
+.2

19%(K @"9H"C"5'd"809H @BWEAVC"5'd"Qt6"0c"5'd"%FOT @=>C"e'd"DI%AB WHEARE 6"+ "

196)R0GOM>C"e"'86>>0>Ec"0'd"M=TIOE>C"e"M" O0F 6 G C BB GG MBATIGA 21+ N1+ "

196*8094=8"b'd"509A0>4=>EC"3'd"L64WEHEL/BA 2(Q%) /&42//AI&# UHHSI ¢, "

19%6+HK TO>=4=c"P'd" PO*EHOTOC" /'d"/0"0T<90c"h'd" 1040gETOC" P'd" h@FERBE1S/&# 2 (&3HIK",, C"
2.+ "

18 #SETEA9=C"i'd"h=@4=WO0c"h'd"b6-S)EHT)SF2 4 <\ UHERC": -, "

18" #ROFOC"5'd" U™ R " 501 )/ &#<) % BEBI* 7> H (' "

1&$#MN41C"%6'd" MV 096446 R4 IBB1)/&H'2(&BCA™: c'+, " "

1894#040>=C"5'd"K4=c"Q'd"R<a<’Ec"R'd"K GRAHB M ON BB ¢ ((-"

1888)=@0C"$'d"QI6GGONRHO2/IAI&H GCUNZ "L ++"

18/#80)"QV1070>C"$#PIA2F$NH#01)/GEULK, c'I(,!" &?)"e09WE@CHTSY GCGBJI"&A)'DEGGE@c"3"L'd"
30@4T0>c"h"e'd"1IEGGC'5"$'d"$=>>6GGHC"$""e'd"560>& BBV IYEBC UD- Jc"-. 1+

18,(#8:0)"TV0=C"1'd"00>C"0'd"S<c"e'd" V& K0 1)/&#2(BEULF? ¢".2;("&?)"K@VEFOC"/'d"Q <T<90c"R'd"
J0N0>E@VEC"S'd"5<90"0T BEJE# <)% BEHINN"-+!"&A) "U6>C'R'd"06>7¢"M'd " H=S EARHD$2/2|&#
01)/&HGCUEY c™*I(* "

18)HOGBTE>7¢"0"0'd"SO=C"#d"UOWEA<T09C"L"M'd"O<>"c"# eRR\S&AO B SBTUS *C";(+'

18406>7¢"S"R'd"RV<c"S "e'd"MO=C"L'd"0<C"P'dGRABHRS2/2| &HO WP GHIES C" *;(" "

1&+BOEFHOC"5'd"h=?0H0@VEC"R'd"5BARIRFAT)/ &' 2(GBCUL? ¢".-+2' "

I # KG0>7=W0>C"%'d"RO90W0>0"<T09c"R'd"50GOHOFa@ OIS+ C'2;:-

I"# 5<90GEC"U"i"/"R'd"U0=c"/"/'d"MVOC" SR#<) UBGLER c".-2*' "

r$#h=>EAc"S"%'d"3G6"c"b"f'd"h00?6GC"R'd"eqOWE>7¢"K'd"#=11c"5'd" h0> (SENEEQH/BI&#0 1)/ &#
GCUE+c"-..2'"

r9EHRVIEWGIC"$" O'dFfi86a" 5™ %" KO1)#/HISKAIHY$21# 2B BV $L)# (2/K 2 ABG6HZ " /6C" S=97d"
MVEAV6@469¢";-'

Rhd



I'&HRAEGGC""M'd"h0V>c"5'd"5SE4Q8C P4 &#0 1) I&HECN " +;+."

<HU2FH%2FD#0)(11$B@9B"OE>AVZ"86G T=>48"+(I

r# h90@=W@"EHc"%'d"h>=D6EERECaL)-;( "

1% h<9=@0NEC"S'd"O<"<FOc"P'd"KOP#EIET) SFeBQIE, ¢ +-;' "

I+ 1IS<C"8'd"HE<CIV"16C N d"#EC"8'd"SE0=0D'd"#ECS" TF))#01)/& "GCUENC";*,' "
I +#E0>"E>@C"P"M'd"O0Ha<GGE>c"U" U da MM RAEIBSB CUI*2¢"+:(;'

I(# BIO>FAC"%'d"]=g40@EB6CEAac % d"w>E6x6°C'5'd " O) o RBIBFBC KER .., -
I("# RON0T=4=C"U'd"RON<90EC"R'd"509GIW&HD2//A!l  "GCUR*C":2-2"
($#56>7¢"1'd"MO=C"]d"#E<c"U'd"TVO>7¢"S'd"#BYE88H0 1)/ &#6!%6 & TRRME FC"*-2;
(%% E0C"h'd" V0>7¢"0'd"1<0>7¢"1'd" MVEB#E8B01)/&H#2 (& CULX] c"1#12'"

I(&#16c"0NL'd"RV<c"®"'d"$OEA¥EU"fVO>7c"INb'd"O6>7c"BR'd"o<c" N"GF4&#Q$2/21&#0 1B &Y c"

|EXL
1

I(# 0> E>@c"P"M'd"O0Ha<GGE>c"U" U daRAMRRAEIBB CUI* 2 ¢ +(;' "

(% UB>C"R'A"06>7¢" M'd" #NY S PA&H#Q$2/ 2| &HOIHGHIEY ¢*I(* "

10# RA6IV6>C"%"10@VTEC"h'd"]0>7¢"P'd"RVEC"R'd" U<SHGENESI T BC U 2c”, 1

I(*#i6GGOM090>C"5'd"%>F0I10>C"5'd"/070EOVC N'd"/0>< P=GAERHBH G FA&H TSR * * "

(+#MV6E>C'# d"#Ee"BIF A8 BRIOR] ¢ 1+

1), # R=F69?7697C"PCHAHIS$(#01)/$BY%F D#5$%1#H#Q$2I24$(HI#7/K IMBGBE@ABIM! L ?GEAO4E2>@c"+(!;c"

1'% &0)"%>FI6@C" Usri0z'd" fV<c" e8i#./&#01)/&# 2(&BCGLNIC" 12+, &?)" 1690WEC"5"5'd" fOF @E9g0>C"
'd"50GTE9C"5\21)(Al)B "GCUI9*c";2." &A)" RVEC"S'd"|0>7¢"Z'd" bOGFR&#01)/&#PF ABGELC"
1(2;"&F)"807V69EC"K'd"5=VOTTOFEC"#'d"fOF @ E9gO0>c"i'd" 16 MM SBB PR (9645 C QIS (-

N$#WO>"PEG?=97¢"]"e"5'd"RAVO0B@TOC"R"'3'd"RABHHILBOFHL 84015/ CROERBBYDEC"2!, "

19%#0)"WO0>"PEG?=97¢"]"e"5'd"R46E>?697¢"1'd"F6" @R BA#PWVI"8&#01$/ SOCRBEEES*c"+;2"&?)"
e=>76g0>c"3'd"W0>"PEG?=97¢"]"e"5'd"R46E>7697¢"1'd" FEIPLESOPMI'€%01$/ S OCIRBEEE
3E"2("

Rhg



N&#e0>7c"S'd"IE>A6>4c"#" MHTAB(FSK%#$I#KF)KHFH%$2!

)'# 1&0)"S<c"S'd"fV=>7c"e"R'd"0<c"h'd"S<0>c"S'd" SBt' &EB% 1 &#OHIGHIGCEIC"+!(+"'&?)"P0?69c"
$"0O'd"PE9<>0VO09ECQ)%FH1)8FGCUET" ;¥ "

N# HEc"S'd"i0ac"U"e'd"QG@=>c"R"1'dtS=d@ES0@c"/"%'d"M=>9DRE &#-&#G F4 & # EJ/EE -+-""

)# &OJ<c"#'d"|0>7c"#'d"MV6>c"L'd"7<=c"S"#'d"#ESIc’#' D% 1 &#OHSCE BEEBH -, &?)1<0>7¢"O'd"
oE6c"e'd"R<>c"S'd"|0>7¢"S'd"$=>7c"0'd"zECc"# d"NBPRA&H ) BUIE c":-2" &APO>c"0'd"fV0=c"1'd"
S<c"e'd"80=c"0'd"fV<da4&#01)/&#PFXBG&MDC"++,"&FU6>c"U'd"]<c"f'd"o<c"S'd"fV<c'M)5&#
01)/&#6!%&H#TBRUD+c"+-::"" &6)"U64d'd"fVO=c"1'd"1<0>c"#'d"fV<cINBE#H#01)/&#6! Y% &# TBRUD
+Ne"1+:;+™ &B)"KCO@O0CO0c"/'d"10H0"0COc"R'd" O<>0V0@VECc"5'd" K@=?6c QAT BB0&H 2 (B
-KISHHHEE"-!;" &7)B6H69c"h'd"U=A6"eet'/&#01)/ &#'2(&IHEGBN"1+(;" "

N*#h0<@VE"c"/"h'd"hO<@VE"c"/'d"%449Ec"L'd"h<T09c¢"/'d"hETc"M™"1'd"i69TOC" %" Hal WA HEE" 3™ 1™
GCUSIc":+("

N+#POHG=9c"U"$'d"50AM=@ @c"5'd"#0C @=>&#)8RHD1)/&FCUB-c"*-2*""#6E4AVC"e"%'d"8V=>=0VC"
S'd"09=@4c"MIBOH%HI&CUERC"*:1-

I*#1&0)"1<0>7¢"S'd"S0>7¢c"S'd"R=>7c"1'd"#E<c"S'd"[S&HE LB *:"&?)"RVO>7c"f"1'd"fV0>7c"

0"e'd"#EC"S"5'd"|<c"U"0'd" V0> 7c" 1" U'd"ZE>C"#" S'd"/EC"0'd" SO>C"S'd"]<C" %" 0'd" VB A8

8'd"16¢"P'd"fVO=c"#"#d"$=>7¢"5'd"fVO>7c"L dGE4RH< ) BRBII*C". ' "

4 R0)"HE<c"e"O'd"eE0>7c"f"S'd"|0>7¢" U U'd"f\V6>7C"S " P'd"MV6>C"e""e'd" IV O B 8 CHal G O<)%6%6&
GCQmBc"2!+,"&?)"069>0>F6ac"#"R'd"8<AV0>0>¢"5"R'd"M099=GGc"%"U'd"06>7¢"S"e'd"z<E>>c"U"e'd"
"5 GFA&H<)GUGH C".+;"

1*$#80)"M96>@VOCC"5"$'d"FETT6RAR)%)F2(D(ISHOIVRIBY, c":+."&?)"OGE4@AVc'Td"U<{*0TIc"L'd"
#0>769C"]"<$)U$4B#.11&01)/WHIR"12!."

10642.0)"]66C"%""b" 1'd"#E<C"8'd" V0> TRHGFA&H0 T HE 2c"22(2"&2)"]66C" %" b 1'd"RG=?=FE0>C"e"

-&#GF4&#01) &I HEE, c"+-;," "

Rhi'



1*&480)"RO764c" P'd" hk>ETL)I8# TAF&HGC GO (2" &?)"L=I6@A<c" 5" i'd" 56" 6966 HO ARG 606
U6\<6>0c"e"i'd"L04=>c"U"R'd"RTE4VdHB&#01)/&#6!%&H# TBRES 3" +.(+(*"

*# J090@ETVO>c"/"R'd"R<>F69c"/"5'd"%TTO0>0TO>AVEC"U'd"8=>RBL/&#H'1)/&#'2(&IHHE,9 "
22.'"

*(#96"=>6"T=>4V"@0TIG6"CO@"<>AVE: REKI?H"

M#R<>F?2697¢"U"B1J#01)/$B%FD#2]#6!82ABF6 TEA"LI6@ @c"K>A'c"/6C"S=9"c" 6 EBE3=9" "

Px#180)"80>FE>E (B 4&H#Q$2/21&HOIPEMS, c"*+(:"&?)"MV=Ec"]"e'd"MV=Ec"R'd"QV*<?=c"h'd"O<"<a<TEc"
R'd"MV=c"3"e'd"S=201¥&#'($&GCUIEC"12*2" &A)"'O<9@4c"#'d"504@<<90c"8"R™/090H0>0Tc"e™"5"U'd"
P<A"69c"e"]'d"R461V6>@=>C"NERARH<) BT c".!(2" &F)"QVBIE6>C"M™e'd"$9=676C"$"b'd"eE<c %"
S'd"bO>FVEC"R"R'd"LO90@c"/"%'d"QG@=>C"R" 1'&NGEODF& #5CUII* c"-;+:"" &6)"/676C"5™
5'd"#=6169¢"$'d"Om9T6HE69c"O'd"QlIARER- &H#GF4&#EQMHD:,J c"+2,I""

+#5E>E @AEC"O'd"ME44628340/840) BaHI S Ec'+,"

I+ #e=i3"RAE6>A6"3F<A04E=>"$04CFA@'S®(#01)/$B%FD#6EHGGE4VE<T"PE4904B6TEOBE76C"
5%cC"&+(++)'

I+"#K9CE>c"#""M'd"h699c" W% CUDJc " +-*;""

+$#&0)" 1=I"E>@=>c"5"/'d"UEAV469c"M'd"RAV6FG69c"5'dY biS6RIBE @G ' ©"2-*"&?)"QVTEHOC"1™
OHOHWHIGEGE: c":-i+' "&A)"z<6¢"S'd" 16" TAF&#-&# GRIBHGCGE;!, " &F)"10 >c"8'd"16¢" 0™
1'd"#E<c"S™z'd"16¢"b'd"L6>7C"M'd"#BA¥&H# 2(8&# @) IBBGIY: C"I*++"™

1+96¢8.0)"896 @ G=CE&AJ&H#01)/&# 2(&IHDEP3C"!,+"&?)"896 @ G=Ce&H1&#01)/&#'2(&HHDEI: .1}

1+&#80)"3>F69@c"$'d">E6T6E69C" Q'd" 16 M BEAG)LGLCE:? c"*:(: "&?)"8<70<4c"0'd"bG=9E<@c"O"
01)/&#'2(&#@)IGBUBI " *1"&A)"09=@ @ T0>>C"%'d"3>F OB &)/ 861968+ TR, C".12'"

I+#I'&OK@VEEC"P'd"/070=c"h'd" QI TENE# ($&BCGC, c'*:.("&?)"#EC"z"f'd"f6>7c"U'd"10>c"8'd"#EC"e™
#"01)/&H#HTAF&HERIIC" +.-""

I+#P=T04c"5" %" Q970M>F"564MNB040GHa6F"'U6 7E=@6G6A4EW6"%GGHGEARKGIBIEANGEAT@ E>T"

M09?6>6@"'5"'R"PV6@E@c"/=94V"M09=GE>0"R4046"<>EW69@E4¢t"UOG6E7VCc"/Mc"IR%C"

R



1+)#'&0)"z<0@F=9Bc"h"'d"QW69TO>¥HIBAEICUS Ec'l-I" & ?HE<c"S'd"10>¢R1"#E<c'18'd"R4=G4ac"
8"5" .((&#01)/&# @)B&CUINE",2("&A)"f6>7c"N'd"MO=c"f6'd"]0>7c"SN'd"fV=<c"O'd"fV=<c"e"
01)/&#@)'&CUDE c",..(" "

+#'&0)"#E>7C"P'd" @ND)%FH1)8FEC U™, +;"&?)"1=>7¢"%"' S'd"R4=G4acTRFR#-&#GF4&#01)/&
GCU®: * c"+,2*"

1++#&0)"#=W69E>7c"O'd"8EM69c"e'd"1<B2YB&#HD)/ &G C A" *+"'&?)"O6V69c"5'd"RAVTEF4c"e™5™

-&#01)/&#6&H#02/KAYBTEEN'C"+1-" &A) " %GG<c"P"h'd" Q9608 N/&#61|&+\28)BC GIN-€"

Y "&0)"1<7V6@C"U"%'d"5==FHANB&H01)/&#61%EHTRRAINE",;.("&?)"S=<c"
RM'd"h6GGHC e AF&HGECOR: ¢ I'"

" g | bO=c"L'd"P@0=c"1"/'d}E6GC"5'd"/0a669<FFE>C'SHA&)BE UENC"2. .( "

" S# ! "&0)"%GC09@VC"R'd"%HE><=GO0c"h'd"$=9TEC"R"R'd" SAKE4<ERGIES A"
"&7?)"%GCO9@VCR'd"0<C"S'd"ZE0>C"R™'S'd"SAK>A4)BRADT G %6 &HTRRIIDHC" +*' "

" %t "&0)"|EIBC"L"MGOE @6>"U60990> 7 6B KAE HSL)#G FAH!S(#D!% L)ESB-@4c"
8"5'c"OG6TE>7¢"K'c"3F@'d"L6970T=>Z"QDB=9Fc"!;;Ic"i=G" *"8I?)'8>F69@c" $'d" h>=lIc"5'd"
RAVEBB69@c" U™ %@HTT6MBIEAT049=IEANSBDI/6T6>4@" E>" =970>EARDB@PAVEI1)SF2! #
.BD/)%FDUHHEIC"!-2, " &A)"5094" MO@49=C" YD BI&H#@)'&CCEN c'+;.; "

I", &t b<E>c"e'd"$6"R09"09¢c"R'd"b9ETT6C"R'd"RUNBE&FODYEH6!%&# TBREINZT"

" &0)" 090>A"C" e'd" UD?E>=CE4@RVIBE3 PHFHSHDBEEE™: ¢ 1+(" &?)"
UO?E>=CE4AVc"3'd"]==Fc"IOMH!B&#PHFHSHDHBAIC".-"&A)"169c"#d"O6GFc"5'd"RaC0O9AC"S™
&t J&HOL)/&H 2(QIHQLI* C"+;;-" &F)"890F6>C"$"%'d"LO9I0ANC"3™3'd" PHOBERFS &SV 1)/ &# @) L&
GCay,, c"+,;"

() $6ANBIC"M'd"e6>"E>@ AH(FRI21)(Al)B"UHIR!J c"1+2!™

") | &0)"fV0=c"h'd"3>F69 @IB&H01)/8#6!%&#TBRUBEC". *2"K@VEEC"P'd"/070=c"
h'd"QVTEHOC" O1)/&# ($E&GCQL, C¢'*:.("&?)"#Ec" Md"f6>7¢"U'd" 10>¢"8'd" #B"©1)/&# TAF&#-&

RfR



GCGI9" +.-""&A)"K@VEEC"P'd"h0"6>OSHINA"QVTEHOCKE! /&#01)/&# 2(&CUEN, c".-*2"

&F)"K@VEEC"P'd"Q40c" h'd"/070=c"h'd" QEFERBOIYE&H#'2(&CUN, c"12(,." &6)"504@< Ec"S'd"

QV>E@VEC"'d"h0"6>=c"S'd"P0N6 T=4=C"R'd"K @VEEC"P'd"/070=¢HPdSPITEABCBLY " -2-' "

ey hETc"S'd"b6=976¢"$'d" LOE=9¢"%'5'd" LOO@OE>c" h'd" 10=c" R'd"#6¢"$" $'d" 1<0c"$" 1'c
MVO>7C"ND" 7 AF&#-&#\)S&H#O1HEHIS "I "

"+ L6G64E69C"b'd"#EBC"R'A"5=<@ @60<C"e""e'd" NBFIBBNABBIBLIBIL *2: 2"

'y 8<9T0=7G<c"R'd"SEGT0ac" %" Q'd"PO@GETEC"L'd"%G7<Gc" Q'd" HEG&EAC" $'d" b<GO\

CLHF/&HO1)/&H#<S])H (BRE""

ey fV<c"S'd"M=G=T69c"K'd"$=>=V=6RIFELO2//AI&H GCU+1(.1-
] M<Ec"M'd"b<0>c" SN'd"#EC"/'d"#Wc"1'd" OMe 8" 7<=c"h'd" 00> EWHFH1)8F21#
<)V UBEAD " ("
I S0>7¢"Td"MV6>C"M'd"MVO>C' SHRA2I#OFBEC N T 1+-,; Ni--.'
g #EC"S'd"SE>7¢"0'd"0<c"P'd"S0>7¢"U'd"$=>7¢"S'd"#E>C"#'d"10>C"S TWR0>7¢"$'d"#=>

GFA4&#Q$2/2|&#01PEATI c"*::(" "
gt | #676F6WC" S'd" L=GE@VAV<AC" K'd" 50E4HC" 8'd" i6G=@=c" b<6996E9=c" 5" $'d" MW(C
U<BIE>7C"5!&#./18H01)/&# 2(SBEUEN, c'l;21%

" ! 3WO0>@c"L"%'d"QGEWG69C"R-&HIEBOL)EH# 2(&B UGN "l 12" ™

RfX



