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A. Increasing amide character with  a-fluorination of amines
NH, ’\tb NH, NH, HN)\
CHs “CH,F CHF, “CFj o)
pKa similar H-bond
(conj. acid) 10.7 9.0 7.3 5.7 donation to -CF4
amine

B. Similar geometry & electronics of  a-CFz amines and amides

A T A AT

I111prone to proteolysis proteolysis resistant |

MNED6& (! +)=0>('2$(<)0.)#&0'$6: 2(?®,-' $/&0'0 1( 234/)5 1$6(<))

$989249-"-2-"),1) .10+"189!46!3RA0+",&91+06! &,%0,28!1?)+*(&+&,- 0:"-6!Q"-%0!
9*&?"'?1 -0:A&! 128! -)! - %&9-:27-2:0(! 1"..8:&,2&9! Q! -%&! :)-0-"),0(! .:& &1)+! ).!0,! 9*4
28,-8&:12)+%0:&11-)1-%&17),9-:0",-91).] -%83*M20:4), 6(",!0, 10+"1&!4),1F! < (9 G%&29&!).!

3RB[ W[14)"&  -"&9!&("+",0-&9! +&-04)("?1&,9"-"#"-61).1-%&Q ?)+*) 2,19!-)I0+"1 09&9G!

N



&9&:0%9!0,1!*:)-&09&9! QU(&!0(9)",-)12?" Al 0,101 1&1!&(&&,-!).! 9-&:&)?%&+"9-:B',!
-%8&.):+!).10,! | BRU9-&:&)A&,"?! 2&,-&:F%&&.):&G! -&&H&()* +& ,-1).! +&-%)1 9!-90-!
2:,"9%!! BRA0+",&9!"90,!"+*):-0,-196,-%&9"9! A)O(F !!

; &#&:0(H&-%)19!%0#8&&,129&1!-)10?7?7&01 5:".(2):) +&-%6(D+",&9 P 1NQ&H#&:G
& ,&S-1 9&?-"),9 Q"((! .)?29! ),! -%:&&! +0",! 9-:0-&A"&T "W =&-"+",&! :&12?7%),! ) .!
-".(2))+&-%6( B249-12-&1! "+".& 96 ™U! 011"-"),! ). 20:4), %09&1 ,2?(&)*%" (&9 -)!
=" (2): )+&- %6['+" ,&9G!0,1!"" U, & 12+* )(2,A :&02"), O
1.1.1 Ketimine Reduction Strategies

30-0(6-"?! &,0,-")9&(&?-"#&%E:) A&,0-"),! ).I 15:".(2): )+&%6(! "+", &9!"9! 0!
?)+ +),1 0 **)0?% ! .):!! 0??28&99A! &,0,-")&,:"?%&1! -:"9249-"-2-&1! | 5:".(2):)+&-%6(!
0+",&9F1300(6-"2 %6 1:)A&,0-"), !g"#)#"Al-%&! 298).1%61:) A& A09U).!= &"+",&9! %09!
48&,129&.2(1):1 96,-%&9"7", Al 29%'0(! 0+",&9!", 1,12 9-:"0(! *:)?&99®Pp%) Q&8 G-%&&! %09!
48&,1(&9911&H#&()*+&,-1",1&,0, -") 9&&2"#&!+&U6)1)()A "&IIH)(#", Al=&-"+",&91?)+*0:&1!
))&, 9FI<k 0d):1?), 2&:,1"1-%&!-:0,9"-"), 5+&-0(1?0-0(67&1!%@:)A&,0 -"),!).I"+",&9! "9!
-%&1%)99"4"("-6!).1%0#" AlZce!9-&:&)"9)+&:9!).1-%&!9249-:0-&!"+" @Y% "?%! +06! A"#&!:"9&!
)1 )**)9"-&! &,0,-")+&:9!).! -%&! 0+",&! *:)12?-9G! -%&:&46! ()Q&:", Al &,0,-")9&(&?-"#"-6F!
<11"-"),0( (6G"+",&9!4&0:", Al Q .(2):)0(=6(! A:)2*! *) 9&!0,! &#&! A:&0-& ?%0((&,AR.): !
9-&:&P&K?-"#&! -:0,9.):+0-"),9 C! &&,! -%)2A%! %&*: 89&,?2&! ).! &(&?),! Q"-%1:0Q" Al
(2)) 0(=6(" A)2*9! "I "+", &9! &%0,?&! :&0?-"#"-6! Q"-%! ,2?2(&%0"(&B! -%&&E&0=&

?)) :1",0 -"),1 Q"-%! -%&! -:0,9-") ,! +&-0(! ?&,-&:F!<11"-"),0((6G! -%&! ", 12?-#&! &..&-! 0,1!

w



&(&2), &AO-"#6!).1.(2):"&!", 1-%&I&IA)D!",2:80989-%80?"1"-6).1-%&1 5:)-),!).1-%6&!
*) 127-10+",&9G!(&01" Al-)0196A%&:1:0-&1) &,0, -")+&:" 70-"),12, 1&:1:80?-"), 1?),1" -'),9 F!
R): -2, 0-&(6G! 9&#&:0() R* 9! %0#&! :&*):-&1A:&0-! ?),-"42-"),9 | -)! -96&! &,0,- ") 9&(&?-"&
+&-0(3g1 G!H2G!H%U! 0,1!0:300-0(67&1!:&12?7-"),9 1) .I"+", &9c"+"&! &K2"#O(&,-HQ"-%
%61:)A&,0-"),1): 1-:0,9.&: 1%61:)A&,0-"), 1*)-)?)(9 !09K(04):0-&1!",!-%&! &S9249&-"), F!
Z,0,-")9& (&?'#8!1:&12?-"),9!).1&,0+", &WBI&,0+"1&9BY0,11%61:07) , &INUOH&!(D)! 4&E&)
" #&9-"A0-&11.Y1077&9" All 5:".(2):)+&-%6(!0+",&9 FI
* AN*AB6:6 2$0<(/(92%;()C4?'0%(6:2$06)

> IMNNIB3 &60-010, 1!?)Q) :=&:91&#&()*&110Y 1520-0(67&!%61:)A&,0-"),1).! ! 5
[(2):",0-&11"+" )1 &9-&:9! -)! 0..):1! -96&!)R :&9%), 1"Al %"A%(6! &,0)&,"?%&1! ! D+ ")!
80-&:91,12%1)1° ACK&:G! (&1 Q"-%61G&:6! ("+"-&1! 9P& 1 g;?%&+&! T R)I()Q",A !-%"9!
Q):=G!e%)2!0,1 1?)Q):=& :9! Q&:& 04(&!)! &S-81!-%&!-:0,9.):+0-"),!  -)!) -%& 2(09K9).!
[(2):)0(=6(! =&"+" ,&9! 9#&:0(! 6&00! (0-&1 g?%&&! TOW'™ <9! &(27"10-&1?, ! B,&60+0 !
Q):= G%&!?%P&!).19)(#&,-1Q 09!'-&A: O(!-)!-%&! 92899). -959!:807+),109! *)(0:!9)(#&,-9!
("=&+8&-%0,)(10,1!&-%0,)(! 2,1&: A)!011"-"),1-)!-%&I&(&?-1)*%("?!"+",&Ip!-%629131%6!0!%" A%b!
*8992:&!).! %61:)A&,! A09! 0,1! -:".(2): )&%0,)(! 09! 0!,), 522(&)*%"("?! 0(?)%)(! 9)(#&,!
Q&:&!727"0FSY&6!0(9)* :)* ) 9&!1-%0-1-%"9!+0GL28&-) I",?: &09&119)(#&,-B-04"("709,!).!
-%6&! 0?-"#&! 20-0(6%:-! %61:)A&! 4),1"A F > %@ 4&8 &9-04("P6&1! -%0-! 1"%61:)A&,!
4),1 ", Al20,1) 272 4&-QR&,! .(2) :",0-&1!10(?)%)(9! 0,1! + &-0{ %61:"1& ?)+*(&S&IF$RZ!

?)):1",0-&9!Q&0=(6!-)!*0((01 "2+! 0,1!%&,?&!"9!&09"(6&*(0?&!Q"-9%8-%&(2):",0-&1!"+",& !

X



0,1! -%&1:&07%), 120,1)? 22:1:&01"(6F>,1011"-"),1-)1"+" )l &9-89-%0-!B,&60+0!%0129&1!
09! &(&2-:)*%"(&9! ", -%6B61)A&,0-"),G! 0:6(P249-"2-&1! "+",89!10,1! &,0 +",&910:& 0(9 !

)(&:0-&1129" Ale %)2\9"+ *: )#&11+&-%)1 F1

A. Uneyama (2001):
4 mol % Pd(OCOCF3),

/©/O'V'e 6 mol % (R)-BINAP /©/O'V'e
N Hz (100 atm) HN 3 examples

| up to >99% yield
RO,C” CF, FsCCH,0H, 22 %C, 24 h go c~ CF, up to 94:6 er

R = alkyl

B. Zhou (2010):

R3
2 mol % Pd(OCOCF3),
/©/O'V'e 2.4 mol % L1 or L2 OMe R2 PBh
2
H, (41 atm)
N HN 16 examples R2

PPh,
B8 L up to >99% yield O
RY CF3 F3CCH20H, 4+ MS, RY CF3 up to 97:3 er R3
22YC, 16 h
L1 RZ2=0OMe, R®=Cl
RE=an, aly L2 R%R3=OCH,CH,0

C. Removal of PMP-Protecting Group

OMe
O/ (NHy),Ce(NOy)s NH,
HN /'\

Ph
MeOH/H,0 CFs
1 Ph™ "CRg 0%C,6h 45% yield I

D9 1() *4 B6:62$0<(/(92%() C47?' 0%(6:2$06) .0) 23() D4623(<$<) 0.)!,
- $./&0' 01 (234/)51$6(< ))

>102(11 481 ,)-&11-%0-1-%&! "+'891 29811 .):1-%&9I&R12?-"),9 1+)9-(6! :&K2":&!0,!
02-"#0" Ac*: )-&2-" Al A)251),1  -9&! ")A & E$%"! :&,1&:9-%&! &(&3:9!),! -%&! "+" &!
-)A&,(& 991,22(8)*%6"("21) 1 1%0:- "2"+0-"), 1", 10,611&(&-&:")2919"1&!1&07") 9 FI$%"9IA:)2*!
"912920((6! ObaraSH&-%)S6%&,6(1g/8/U 1A)2%1 -%60-12014&! 2&OH1I",10192498K2&,- 9& |
g 29B+&IT3UFI> 1011"Y, 1) 1+ )# "1 AI0L), B0-)+ 1&2),)+"?! 0**:)0?%G!-%"9!0119!0,)-%&:!

9%6,-%&-"702:1(&8.) :10?7?789" Al-%&! .: &&H0,&9F !1?96:0(1:%)1"2+ $109&1!9-0(691%609!0(9)



488 29&1! )1 &,0 - ") 9&(&PH&! %E:)A&,0 -"),! 46! €%0,Al 0,1! ?) 5):=&:9! -)! *)#"'1 &!
0?7R®! 10,&Q! 2(099!) IND:6(!! H+",)10?"111&:" #0-"#&9!.))+! | 58,0+ ")1&9-&:9!" 196A%!
6"&(110,119-&:&) R(&?-"H#" BN
* AA*B6:62$0<(/(92$;()-:6<. ()C4 ?'0 %(6: 2$6)

Z,0,-")9&(&?-"#8&$:0,9. &:1[6 1:)A&,0-"), !gZYU! %®!*:)#"1&110,10--:0?-"#&!:) 2-&!
)il -%&1&127-"),1). 1"+ ,&91128!-)! "-91 (&99! %070)29!) *&:0-"),109! "10#)"19!-%&! 294, !
%61:)A&,!A090,1 I+ &O(('?19%61:"1&GF!>,1011"™),GI46*)122-9 10:&!).-&,!+) (&?2(&9!922809
072&-),&1): 120:4),11" )S"18BQ%"2%0:81&09" (608+0:0-&1.:)+!- %&I0+" &1*)127-9

> MNTTGE"60+0! 0,1! ?)Q):=&:9! :&*):-&110,1 2,  *:&?&1& -&1! &,0, -") 9B(&?H#&!
*06)9*9%): "A07'1520-0(67&1196-%&99).10:)+ 0-"?D0, 11968&:)0:)+0-"21-: ".(2):) +&%6(0-&1
0+",& 9 g;?9%8+&! M<BU <! &(&?-), 5L&."?'&-! 4&,7)-%"07)(",&! Q09! 29&1! 09! 0! %61:"1&!
9)2:2&! "1 -%"9! -:0,9.):+ 0-"), GO()Q", Al.): | &S?&&,-! (&#&(9).! &I ?)+*0: &l! -)! O
2)++), (6! 29&1! [0,-79 Wb &R > -%"9! R16G &S*&:"+&,-9 | 29" Al 0! 1&2-&:0-&1!
48&,7)-%"07) (", &1% )" 1&I&H"1&,7&1).1-%&I"A" ). -%6&1%661:)A&,10-)+!",2): *):0-&1!",1-% &
0+",& F$969!+89%)110(9)!0(()Q&1!-%&2), 9:22-"),1).I-%&IN5F8/ 5 )-&?-&1I=&-"+", &9In
situl-) P*:)#"1&10! 1"&24:&127-"#&10+",0-"),10%*))  02%!)!- %&1:)1 27-9F8):&!:&?&,-(6G!0!
:&(0-&1! :&07-")) 29" Al 2%":0(*%)9*06):"?! 07"19! %0918, ! 1&9?:"4&1! 46/& Al 0, 1! ?2)5
Q) :=&:9r", 1-9&1:&122-"),1).1.(2):",0-  &110(5, 6(1=&-"+" &IF$%"9!1+&-% 1!0()Q&1!0?7?&99!

1 2%"0(!.(2):",0-&11 *: Y*O:A 6(0+",&9! "1 9%"-&1) .1 2%6&+)9&(&H"-6! 2%0((&,A&9PI%! O!

\!



*0:-"0(1): 1 2)+H( &-&!:&122-"),1).! -%68&! A=6,&! -"*(&! 4), 1N <, ) -%&:K.,0,-" )9&(&?-"H#&!

:&127-"),1).10(=6,6(" +", 89!%04&8&. :&*) :-&1FT

A. Akiyama (2011):

e N

R
>
PMP 10 mol % L3 iy TMP O o

N/ S H _— H O\P//

+ 7 ~ N\,
M CH,Cl, reflux, 24 h  Ar” T “CF, 0" “oH

Ar CF3 NH H

R L3

) 10 examples
(1.2 equiv) up to 99% yield R = 3,5-(F3C),CgH3
up to >99:1 er

B. Liu (2015):
S
2 mol % L4 Me.,, "
2 . 2 e
N/Ar 5.0 equiv HCOONa HN/Ar 17 examples Q
| ; up to 94% yield Me
AN P oy Ru...,
A7 CFs 1:1 H,0:DMF AT CFs up to >99:1 er TsN” \ 'Cl
40°C, 5-12 h L NH;
Ph"
_ Ph L4
C. Removal of PMP-Protecting Group —
OMe
©/ NH,
HN H,S0y, HIO, :
; - . Ph™ >CF
Ph" >CF 3
3 1:1 MeCN:H,0
i 98.5:1.5 er 72% yield, 98:2 er I

DI3(1 () | +) - : 6<.(') C4?'0%(6:2$06) .0") 23() D4623(<$<) 0.} ,-'$ ./&0'01(234/)
51%$6(<) )

$:0,9.& 1 %61)A&, 0-"),91Q"- %-%&I0+&!2(099!).1"+" &912-"("T,Al]) 6): "B!?0-0(69-!
VDH#&I0(9 ! :&7&,-(6! 488! 1"92()9&1! 46! J"21 0,1! ?)Q) :=&:9! §?%&+&INDBM $%&! 28! ).!
9)1"2+! )40 -&! 09! -%&! :&P2 Al 0AL, -1"91 "+¥):- 0,- 1-)1 079%"&#" Al 4)-%! %"A%! 6"8YL!
&,0,- "9&(&?-"#"-6G109!)-%&:PQ1AIOAL,-9!/(&011-)1%)):16"&(1giF: @[U! ):1*)):  16"&(10,1!
+)1&89-! &,0,- ") 9&E2-"#-6! g):+" 21071l )1 ):+"?1 07"1 Z~]U F1$% 2A% 29&! ).! 9)1"2+!
) +0-&1 "91 +):&! 0-)+! &?)) +"20(! -%Q! -%0t ).l 4&7)-%"07)(",& ",! <="60+0 !

0):&+ &-"), &UQ):=GE+*()6"A 12%":0¢%)9*%):"210?" 1ER+ "Adb-1%0#8&1?)9-101#0,-0A&9!



) #&'H251098&1! ?)+*(&S&9IB"2 9 :802-") ,19?) *&!"9! ("+"-&1!-)! 0:6(!"+",&9 G42-16"&(19!0,1!
&,0,-9&(&?-"#"-"&9D:&! %A%!.):! 9249-: 0-&9 Q"-%!0! :0,A&! ).! 9-&:"?! 0,1! &&?-:),"?!
2%00?-&:"9-"?7®,11.):10!, 2+48&:!).! ND:6(IA:)2*9109!Q&((F!;-),A(6!0?"1"?10, 1)S"1"7" Al
?),1"-"), 90AQ,!%0#&!-)14&!&* ()6 &11.):12, #&(",A1-%&!*"+0:6!0+",& !g?%&&! M8 UF

$%&8B0%0:1! (04):0-):6! %O#&! Q9)! 1"9?2()9&1 0! : &O0-&1! -:0,9.&:! %61:)A&,0-"), !
29",Al 0! H2a0+",)! 0 (?)%)(! ?0-0(69-0, 1! {5:@[ !09!-%&! :&12?",A! 0A&-)! &,04(&! 0,!
&,0, -9&(&?-"#&&12?-"),! ). ING 8/1- :".(2):)=& -"+", &9FIB,1&:!-%&9&!7?),1"-"),9G! 0:6(!
=&-"+",& 9! 0AQ",! (81! -)! %"A%&,0,-")9&( &2-"#"-6! 42-1 0(=6(! =&-"+&9! 0:& ",&..&?-"1&G!
:&92(* Al", 1()Q!:&0?-"#"-610,1¢) :!*)):1&,0,-)9& (&?-"#"-6F!$%&!*)):&:14&%0#"):!).! 06!
=&-"+",&9! +"A%-! 4&! 0--:"42-&1! -)! "+" & &,0+",&! -02-)+&:"9+!1 0,1c):! -)! 0! +"S-2:&!).!
"+" &! 9-&%&)"9)+&:9R!
1.1.2 Addition of Carbon-Based Nucleophiles to Imines

Z,0,-")9& (&?-"#&1011"-"),91).120:4), 522(&)* %(&9-) I-:".(2):)+&-%6 (I"+",&9!%0#&!
48&,'&SY):&1! &S&,9"#&(B.) :1-%&!96,-9%899)) .!! 5:".(2):) +&-%6(!0+",&9F80,6!).!- %&&!
,22(&)*%"(&9!%0#&R&, 1298 11",1?), d2 ?-"), 1Q"-%!?%"{002S"("0:6!9-:0-4'&9",!011"-"),!-)!
20-0(6"?! &,0,-")9&(&?-"#&! 9-:0-&&9IG, ?2(21",Al 0! ,2+4&:).] ):A0,)+&-0(("?! :&0 A&,-9G!
0(=6,&9GD:6(! ,2? (&)*%"(&S! 0,1 260, "L&FVe! T_6! T&¥"0)-%! O(1"+",&! 0,1 | =&-*",&!
&(&?-:)*%"(&! 924D-&9! %0& 48&,!&+*( )6&1 G! A"#A :"9&!-)!! D&Y,10 :6!0,1! | 5&:-"Q6!

0+",&9F!

™



* A A)5'4/:2$06)D2":2(%S$(9

$96&1011"-"),).10:6(!, 22(&)* %(&9!-)!1-"(2): ) + &-%6H",&91"910%)Q&:.2(! 9-:0-&A6!
) 1 -9%8&17),9-:22-"), 1).1 4&,76("21 OF" & OF $%&.):&GD! %0,1.2(1) .1 :89&0:2%4\:) 2* 9! %60&.!
" #89-&11&..):-91"-)!-06"910-:0-8/6! () +& | )-%&! +&-%)19! 0:&!11"9?7299&1! ", &2"),| MFTF !
$9%8&! b2! A:2*1 %09! 1"92()9&1! 0,&,0, -")9&(&?#&10:6(4):),"?! 0?"11 011"-"), 1-)! 262("?!
92(),6 (I"+", 89129", ADI?%"D(1R(.2: r)(&."!("A0,1 FI<(-%)2A%-%8&2),1"-"),9! 0:&19"+"(0:!
)1-%)9&!.):!)-%&:! HY%r1"&,&20-0(67&1! "+",&! 0:6(0-"),! :&0?-"),9G"N &S?2&K, - :&0?-"#"6!
0,11&,0,-")9&(&?-"#"-6!Q"-%1%&("A0,11"919&&,|Q"-99&#&0(1762(792(),6 (I"+" &!?(099&9G!
" 2(21" Al-%&1262("?1-".(2))+&-%6(1"+" & Fi&#&:0(1:&9&0:7%! A:) 2*01960#&.!" #8&9-"A0-&1!-%8&/!
011"-"),1).1" 1)(&9!10,11*6::)(&9!-)! -:".(2):)+&-%6(1 O(1"+",&9! 0,11 =&-"+",&91?  0-067&1!
46! O>]@J5L&:"#&1! 29%"0(! *%)9*%):"?! 0POE 8 0! 0, 1! ?)Q) =& %0#&! 19?2()9&1! 0!
):A0,)?0-0(6-"?! &,0,-")9&(&?-"#8& -%:&&)+*) &, R:"&1&( 53:0.-9! 0+")0(=6(0-"),! ).!
"1)(&9! Q"-%! 0(18&%618 92:)A0-&9! 0, 1! 0,"("&! §;?%&+&! V<! <! 42(=6! VG &W
"+ &-06)SED,"(",&! * )-&?-" Al A)2% 1 "9l "+*):-0- G! 09! -%&)++),(6! 29&1 ! /8/ 1§
9249+-2-811 0,"(",&! (&019! -)! :078+"?1 *:)122-FI$%&! 208! ).! 2,*)-&?-&1! ",1)(&9! "9! 0(9)!
2:""D(CNHAE, 76(10,1! ND?&-6(",1)(&9! 0:&! 2,:80?-"#8&G! Q%"2%! -%8&! 02-%):9! 0--:"42-&!-)! 0!
' &K2"&10Q&0=! %A:)A&, 54),1"A 1"-8&:02-"),1).1-%&!",1 )& ]r [10,11*%)9 * %):"?210?"1F!
06*) 127-910:"9, Al;)+14"9 5, 1)(&!0:6 (0-"),!09 1Q&((D9!0--0?=1).19%&!, 22(§%"("?1"1)(&!

), <) 1&(&2 %" ("21-:".(2):)0?28&-0(18&%618:&!,)-)49& #&1!",10 , B1&SO+*(&F

T



A. Ma (2008):

MeQO OMe

G AT ( )
X A AL OO0
OMe +
MeO” “CF, 10 mol % L5 Qj/kca o\P/,O
HzN . (1.5 equiv) > H 0" “oH
SN CH,Cly, 4 + MS OO
| 22 YiC, 24D72 h 9 examples R L5
Z N up to 99% yield )
H up to >99:1 er R = 2,4,6-(iPr)3CgH>
(1.5 equiv)
B. Subsequent Studies in Additions to Ketimines
“Boci i H T
N ] N JJ ;._Ni.._" e \/G
g g B GE
Et0,C~ “CFs Et0,C~ “CFs A7 CF, S N
(Bolm, 2011) (Ohshima, 2018) (Akiyama, 2019) |

DI3(1() FHB3$"/)=30<>30" W)59R,G:2: /4H(?)I620/ (@=40/()5 ??$2$063)

1<(-9%6)2A%1%68(8., A-%61&07?-"),1-"+&910:&!,)-1 "1&0(G!0!A&,&:0(19?)*&1).!",1)(&9!?0,!
48 -)(&:0-&1! ", -%"A&0?-"), Gl *)#"1" Al sWCW! &1 ", A:&0"BFLFI@-%&,1)(&C*6::)(&!
011"-"), 1+&-%)19129" Al2%":0( %)9*%):"?1(P" 1910604 &8, |:&):-&11091Q &({g; ?%&+&!V@U
O (+10,1! ?)Q ):=&:9! 9%)Q&1! "1)(&! 011"-"),9!-)! 0, NBO)?!-:".(2):)+&%6(*6:2#0-& 5
18&:"#&11"+" &1 Q"-%!*96)9%06):"21 02" IEJFM; 2498 K 28.,-(6G 968! @%69%"+0! A1) 21192()9&1! 0!
1":&7?-18&,0,-")9&(&?-"#&! R:"&1H(0.-91 0(=6(0-"), 1).12,*)-&?-&1! | 5=&-"+")!1&9-&:9!129" Al
0,12,9 6++&-:"20(! 2%":0(! *%)9*%):"20?"1! .):1 ", 1)(& 0,11 *6: ) (&! A1"-"),9FY <="60+0!
%090(9)! :&*):-&1! 0! R:"&1&83:0.-91 0(=6(0-"),! Q "-%!*6::)(&9!0,1!", 1)(&9! Q"-%] a !3RV
=&"+",89129" Al-%6&!0+&! 2%":0(1 *%69*%): "2 0?"120-0(69F 1$%&J" | A 1)2*1%09! :&*):- &1!

9&&:0(1&B+*(&9!).!I" ,1)(&!?)2*(",A9!Q"-%!3R V"+",&9 F&\1I

™



* ABA)5 [K4/:2$06)D2':2(%$(HD2'(9K L):6?)7:66$93)M( :92$06%

$%8&7),9-:22-"), 1)1 1 5:".(2):)+&-%6(10+",&9! 4&0:",Al0,! 0("*%0-"2! A)2*1 0- 1-%&!
9-&:8)A&,"21&, -&:1"90,1"+%):-0,-IA)0(  I",1):A0,"?196 ,-%89'9G!09!-%6&6!0: A0I204(8PRA498&:!
)1 ?) +)2,1 O9FIH&AO:1(&G! +&-%)19! -)! BP&I9! -96&9&! +)9! -%:)2A%!?0-0(6-"?!
&,0,-")9&(&?#&19-:0-8A"&9!:&+0"(T+"-&1F< ||&S*():&1 10#&, 28! .):1-%&"196 -%€.9"95!-%&!!
298! ).1): AQ )+ &-O0(("?! :&0A&YF R):! ", 9-0,7&G):A0,)7",? | 011"-"),9! -)! "+" &9! %60#&!
*) #'1&11 Q! 0(=6(0-"), !:)2-&! -) | -%&A&,&:0-"),1). 11 5:".(2))+&%6(! -&-:0R49-"-2-&1!

0+",&9H

A. Charette (2006):

5 mol % [CuOTf],!toluene

Ph;(O)R 5 mol % L6 Pho(O)R 9 examples
F3C. NH FSCXNH up to 89% yield
Ar OEt 4.0 equiv Me,Zn Ar Me up to >99:1 er

toluene, 0 %C, 48 h
B. Cleavage of Phosphinamide:
th(O)F\’
FaC( NH 12.0 M ag HCI FaC( NHsCl
Et —_— Et
90 ¥4C, 9 h
Br Br
84% yield |

NMMNPO3(L() NH)522$2$06)00$0'%:60H$69)D)5'4/) GHP (2$196( 9

31 MNNXG! 3%0:&--&! 0,1! ?)Q):=&:9! 1"9?()981B2520-0(67&1 &,0,-")9&(&>"#&!
011"-"),1 ). ! 1"0(=6(7",?! :&0A&,-9! -)! N59%)9*%" )6(! "+".& 9! A&&D-&1!in situ! .))+!
%&+"0+",0(9! §;?%&&! "<UF! $%&9&! %&34".0 (I 9&#&! 0D 0! 92:)A0-&! .):! -%&!
2):&9%),1" Al "+",&91 0 1! Q&:&!?%)9&! 09! %&60:&! +):&! 0" -04(&! 0,1! &096! -)!
+0,"*2(0-&19)("19 F$%&!*:&OLE&).1-%6&1%%6)9*05)6(1+)"&-6109 10,10?7-"#0-" AlA1)2*1),1-06&!

VA& &,1&:91004):&1 0?-"#E&! &(&7?-1)0"(&! )1 -%"9! ?2)2¢", Al 42-1 :&K2":&9P(&0#0AKLG!
™



%&0-" A-%8&! 1":&7?-1 *96)9%%" 0+1&! *:)122-1" ! ?),2&, -:0-&1! [ 3(! 0-1'N!'t3!.):! 1 %GB
0.):1 " Al-0&!.:&&10+"899; ?%&+&I "TRY'+"(0:(6G!-%6&#&61 010,11;,0%&: 1A)2* 9%09
0(9)! :&*):-&1! 0! +&-%F0-"),1).1 0:6( B249-"-2&1! -".(2):) =&-"+",&9! 29" Al 1"+&-%5(7",?!
+&1"0-&1146! 0! 7":?), "2+! 20-0(694 4&80:" Al O! * %&,6(0(0,",&a#0(",&! 1&"#&1 1"* &*-"18&)
("A0,1 W
* A AD2'(9K(' ):6?)7:66$93)M( :92$06%

-:&7=8&:1:8&07),9! %0#&! *)#" 1811 0! :&[04(&! )2-&.):1 0?22&99,A 1! B+, )1 02"19G!
0,1! -%29G&,0,-")9&(&?-"#&#&:9"),0! %0#&! AQ&:&1! ?),9"1&:04( & 0--&,-"),FWT 360,"1&!
011"-"), 91)1=&-"+"&9! *: ) #"1&!Q 10#&,28&-)! | | 51"9249-"-2-&110+",)!07"19G! Q%" 4L
490, )"0 ) Me)l 22" Al 9&?),10:6! 9-:27-2:&) -)l *&* -"1&9! 0+),Al )- %&k
0*+("20-"),9F! $%&! 011"-"),!).! 260,"1 &! -)! 3RM249-"-2-&11=&-"+",&9! %09! 0(9)4&8&,!
&S*(): &1F1-&:&) 9(&?#&! 96,-%89"91 )-949 +)- .1 Q11" -"0((@ *))?&&1&1! 29" Al 29%":0(!
02S"("0'&9! 4)2, 1! -)! -%6&1"+",&! "-)A& , WY 421 " | MNTNGL&:9! 1"9?()9&1! -%&! .":9-!
&,0,-")98&(&?-"H#&! ;-:&?=&:1 96,-%&9"9! ).EK20-&:,0:6! | 5:".(2):)+& -9B(0-&1!0+")!0 ?"19!
29", AI$0=&+)-) Y9!-%")2:&00-0(69-EQ-)!0. .):1! | B+", )I,"-:"(&9!" | &S?&((&,-6"&(19!0,1!
&,0,-")9 &(&?-"#"-"&§?%&+&! WU $9%"9009! *0:-"22(0:(6! "+*):- 0,1 09! -%&! 011"-"),1).!
260,"1 &!-)!=&-"+" &9! %! 48&., :&*) :-&1142-1 Q&:&!1 2920((6! ("+"-&1!-)! +&-%6(1=&+" &9 F
$8;3]'Q09  !7%)9&,! ®!-%&?60,"1&! 92:? &10,1! 0! 4".2,2-"),0(! 2:&0! 20-0(69-! *:)#"1&1!
:&0?-%"-6FK! 9"A,"."20,-11:0Q407=!-) |-%"9&-%)11"9!-%&! (), Al&02"), 1-"+&9,&&1&1G%&!

9%):-8-1).1Q%"?%!"9NNB9!0,119) +&!-%0-:&K2":&!12*}HM_1106FF
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A. Enders (2010):

5.0 mol % L7 CF;
_Ar 2.0 equiv TMSCN Ar,
)Nl\ NC, NH S 18 examples
R CF i-PrOH/DCE, 22 °C R/<CF )J\ - up to 99% vyield
’ 5-27 days s FsC H N up to >99:1 er
L7 NMe2
B. Wang (2013):
=
L8
CFs 10 mol % L8 F.C. CN S
2.0 equiv TMSCN SN Al JU 9 examples
SN - > NH N~ °N° up to 98% yield
R /1% 2.0 equiv EtOH R H H up to 98.5:1.5 er
N~ S0 -78° N~ S0
NB CH,Cl,, —78 °C N'B
1.5-6 days MeO
T Ar = 3,5-(F3C)2C6H3 |

NDO3(1() JH3$0&():62R'(:  ,G:2:/4H(?) D2'(9K() M(:92$06<)S$23)GIP(2$1$6(<)

<)-%&:1-:& ?=&:1:87?-"),! ):1-%8&12),9-:22),1).18,0, -")&,: "?%&11-:(2):)+&-%6(!
1"%61:)K2",07)( ",),&9! %09! 4&&,! 1&#&()*&1F$%&! 10,Al A:)2*! %0#&! 29&1! 0 K2"" & 5
1&:"#8&1 298:0( 20-0(69-1ET).) ! -%&I011"-"),!1 ). | 260,"1&! -)! -".(2))+& -%6(! MEIB
K2",07)(",),&9 1g?%&+&!\GUPYS$9"9!:&07-"),1919-(1?),9" 1&04 (6! 9)QG&K2"" Al 2*1- )IX!
1069!.):12)+*( &&R)#8:9"),1).10)+&19249- :0-&FK,)-%&:120:4), 52?(&)*%"(&!011"-"),!
&..):-1%009!48&,1+01&!46!-%& O0ML)2+!" # )(#" Al2)2*("Al).L,"-:  )0(=0,&9!-)!- %BI90+&!
"+ £1970..)( 148 ): &!:&7&,-(65! -8 Pu:-"l A:)2 *10(9)! 1"92()9&11-%&.":9-1 1":&72-1 20-0(6-"?!
&,0,-)9&(&?-"#&! 0((6(0-")! ).! 0262("?! | D+")! =&) &9-&9!-)! 0.):1l ! D(66!5
S (2))+&-%6(10+",)&9-&OFWI[)Q& #& G!-YEA)*&!).1-%"9!:&07-"),1"9 (+"-&1!-) 1011"-") !
)10((6(4))," 210?"11*",0?)(1 &9-&G! ("+"-" Al-%&! 2'("-6!).! -0691+&-%)1FK,)-%6&:! 29&! ).!

0((6(0-"),! .):! -%8&! ?),9-:22- "),1 ).l &,0,-")&,:"?2%&1! | 5:".(2):)+&%6(! 0+",&9! Q09! 46!

T™W



10 9&WG!",1Q%"?%! 0! BROO(67&10((6(0-") 1).1-:".(2):)*6:2#  O-&BL&"#&1!1"+", &9!Q"%D!
972)*&1).10((6("20?&0-89!Q09!&S): &1 F

80,," ?%! :&0?-"),9! WH& 0(9)! 4&&,! 29&1!.):! -%&!1?0-0(6"?! &,0,-")9&(&?-"#&!
96, -%8&9"9! ). 5:".(2) 1)+&%6(! 0+" &S 3 $0589&! :&0?-"),9! 0:&6%"20((6! *:)+)-&1!
&"-0&:146[ 54), 111), ):1):12%":0(10+" ,&! 20-0(69-95,IMNIWGEY , :R2&,-&9!0,11?) Q) :=&:9!
1897:"&110!11"09-&:830,1! &,0,-")9&(& ?-"#&!80,," %! :&0?-"),109!0!:)2-&!-)!.(2):",0-&1!
syn!1,3"0+")10(?) %)(9!29" ALUB)(", &!09!0!20-0(69:RY6&+&XURG.B)(",& 1%609!10(9)!
4&8&.,129&109! 0! 20-0(69-1"" ) -%&:! 80,, "?9%6011"-"),910,1 ! -989! +&9%)1!) (6! O(()QI! .):!

" 2)122-"),0 ).J1"H&:9"-6" <) 1-%& 5(2):)0(=6(12%0", 10,1! -%6&! (=H(IA:)2*F!

Simon-Fuentes (2005):

_PMP

R N 10 mol % (L)-proline HN/PMP

OHC . | N 4 examples
; % yield

. AN\ up to 41% yie
(2.0 equiv) FeC H  \MP,P20to0vcC, 3days; 1O Y CFs up to >99:1 er

then NaBH,, MeOH R I
MPI3(L() URF0/$6( ,G: 2:/4H(?)7:66$93)5?? R$0020G#:)5/2$1$6(< )
<(-%)2A%! -%"91 GR-) | "+* HH#&I!),1*:& #")29! Q):=G! 6'&(19.):! -%"9! +&-%1! 0:&!
)-D*" +0 (®,11),(6!0 19+0((19249-:0-&D?)*&!"9&S*():&1F!8):& 19)G(), Al :&0?-"), I-"+&9!
0,1!-&+*&:0 -2:&P&,9"-#&!7?),1"-"),9 10:&!:&K2"&1F!8):&!:&?&,-(6G$:)9- 1%009! 1&#&()*&1!
0,! &,0,-")9&(&?-"#& #", 6()A)29! 8 0," 2% 011"-"),1 ). 42-&, )("1&9 -)! -".(2):) +&-%6(!
0(=6,6(! =&+",&9!1-)1.2;, "9%-:".(2) :)+&- %6(! 0+"&9! Q"-%!-Q)! ?),-"A2)29! 9-&:&) A&,"?!

28.,-8&:9129" AlOle, 5 :)/%&.,)(1?0- 0(69-FH

™



* A5 /K464/:2$0)D2':2(%$(X

Z, 0,-") &, "?%&1*:)*0:A6(0+",&9! %60#8&! &+&:A&L! 09! 96,-%&-"?! "&:+&1"0-89! .):!
,0-2:0(1 * )122-9!1 0,11 ?2)+%)2,19! ).I  *060:+0 28&2-"20(! :&(&H#O&F! 3),98K28(6Q
&,0, -")9&(&?-"#&! A'-"),1 ). -&:+",0( ! 0(=6,&9 -)! "+",&9 | %O0#&! A0",&10--&,-"),! ..)+!
):A0,"?17%68+"9-9RII 9"A,"."2Q-1,2 + 4&:1).19-:0-&A"&B+*()6" ,Al-:0 ,9"-"),1+&-0(1?0-0( 69-9!
VDHEN&E,18&9-B("9%1!", 2(21" A 1-9%)9&IA&0:&11-)Q19!-%&!96,96&9MR! | BRI )*0:A 6("?!
0+",&9F @,&! "+*):-0,-1  0(=6,6(0-"),! :&0? -") | " #)(# &9!-%&! 011)!-)! 3RED249-"-2-&1!
K2"07)(", ),&91.) :1-%&2),9-: 22-"),1) .1] ), § 22(&)9"1&H&#&9&$:0,97:"*-09&!>%"4"): !
gl]H$> UD,00A2& 9 Q%%! %0HA&E &S*():&1! 09![>W! -%&0*&2-"29F /: &#")29! &.):-9!
A&D:&1!-)Q0:191-96&172),9-:22-"),1) .1-%&9&! ?)+%)2,19! ?)+ *:"9&111"09-&:&)98&?-"#&! TG
011"-"), 1).1 0! +0A,&9"2+! 0 2&-6("1&! -)IK2",07)(",),& 9 ?),-0","Al 0! 2%":0(! 02S"("Q6!
9249"-2&,-X501 ):| TG0, -")9&(&?-"#&! 011"-"),1).1 0! (:%"2+! 02&-6("1&P)):1",0 -&1! 46!
2" 2%),010(=0()"19G)! 262("2NB?6(1=&'+" &9 F 1$%88 +&-%6)19!:&K2":&!-%&29&! ). VaW!
&KR"#O(& -91).1):A0,)+&-0 (("?! 07&-6(&I0-! ()Q! -&+*&:0-2:&! gaXNt3! -)! a Wt3U! 0,1!
2,1&:19-:),A6! 409"?! ?),1 "), 9G! 1&?)+*)9"-"),!).1 -%&! * :)12?-1 Q09! )49&:# &1F<(9) G!
0,)-%&: 17%0((& A&! 1%:8*0 " A1-%&9&ITIH$>9!"9.):+" Al-  %&&-"0:6!20:4",0+ "&!",10,!
&,0,-")9& (&?-"#& .09%"),F)Q&#&: !"! MNNGE"0,A 0,1! 0!?)Q):=&: ! :&*):-&1! 0! 1":&?-!
0(=6,6(0-"), !:&07?-"),10-1))+!-& + * &:0-2:&! 2-"("7" Al 019-)"2%"}&-:"?1 29%":0(! 7"2a0+", ) !
0(2%)(! ?)+* (&S5 A& &:0-"Al 1"%61:)K2",07)(",) ,&9! &.."?&~(6! ", ! %"A%! 6"&(T,1!

&,0,-")98&(&?-"#6FN $&+",0(! TG\&,6,&! 011"-"),9! -)! -%&9&! 262("?! -".(2):)+ &%6(!



=&-"+" &91%60#8&10(9)148,:&*):-&1 1:&7&,-(6!461e%0,AG80G0, 1!?)Q):=&:9 !g?%&+&!_<ETN
<(-%)2A%G! 0! 9906")+&-:"2 0+)2,-1) .| 1"+&-%6(7",?! "9! :&K2":&1G! 0! 924%P%")+&-:"?!
K20, -"-6! ).l -%&17%":0(! O>]@J! 20-80-1EV) 20,! *)+) -&! -%6B:&0?-"),! &.."?"&,-(6F! $%&!
9249-:0-&! 9P&! "9! -) (&0,-! -)! 0 :6(! 0,1! O(= 6(! 9249-"-2&11=&*+ ",&9G! 0,11,)-04( 6G! -%&!
*:)12 2-9120,14812:69-("7&11-YUBA%E::|(&#&(9!).1&,0,-")*2:"-6F1

€%0,A!0, 1! 7)Q):=&:9 | %0#&! @)! +01&! “+*):- 0,-17),-:"42-"),91-)!  0(=6, 6(0-"), !
:&0?-"),9 FIO2"(L" Al ),! -%&":1 &..):-0! Q"-% -:".(2) :) *6: 2#0-&EL&"#&1! =&-"+", DG -%&!
184&)* &1! 0 O>]@J520-0(67&1! 0(=6,6(0-1,! ). 02 62("2! -1(2):)+&%6 (! =&"+" , &9! 46!
&+*()6", A 19)"206")+&-:"?1 1"+&-%6(",?1 0,11 01 92 49-)"298)+&-:"?1 K20,-"-6!).10! 1"..&:&, -!
O>]@J! 1&"#O-"#& E*" | g2%&+&! OB | $%&! -2,04'("-6!).! 4)-%! -%&2%":0(! 20-0(690,1!
%) -&2" AIAI)2*).1-%&1=&-"+", &*)#" 18196, &:A"9-"?21&..&2)A&0?- "#"-61.): 1-%"91+&-%)!
18#&()*+ &,-A8 )1"."20-"),1).1-%8&! N5)-&? -" AIA)2*! 461" - )12? " AlOIp5"-)IA:)2+1-)]
" 2:8098&!882-1)*% " ("?"-60,110(-&:" A 1-%&19-&: "D &(&?-1)," ?!&..&D!0-1-%E&IWY!H9"-") 0!
) 10>]@J1Q09!227'0(1)1:&07-"),1&. ."?"&, 26 ENT:6(1=8-"+",&91Q&&!011&11-)!-%&!97¥&!).!
“06"91: &), 1) )L &)-%2)::&9%),1" A 10(=6,6(0-&110+",&! *)127-91" IA))1! 6"&(19

0,11&,0, -")9&(&?-"#"-"&BOL0(6-"?! §0,-")9& (&?-"#&!011"-"),9!).! &:+",0(! 0(=6,&9!-)! N5

@9%"+M,1! 8 0G&I*&2"#H& (G

T\!



A. Zhang and Ma (2018):

10 mol % L9
3.0 equiv Me,Zn Ar
R
N qFs N— oH
\/'L (4.0 equiv) OH
gMB 0 toluene, 10 °C, 24 h "Ar
R = aryl, alkyl 22 examples L9
up to 97% yield Ar = 3,5-(3,4,5-F306H2)2C6H3
up to 98.5:1.5 er ~ 4

B. Zhang (2013):

Me
MeO. NO, O2N OO
0,
:©/ 5 mol % L10 oMe OH
N RZ—=— | 1.2 equiv MeZn R2
\\ NH

OH
M T [ \
F3C R? (1.7 equiv) toluene, 30 °C

19-48 h R CF, Me

R = aryl R2 = aryl, alkyl, Lo

or silyl 15 examples
up to 98% yield
up to 97:3 er ]

D93(1() Qr)B6:620<(/(92%;()5/K46()5?2?$2$06<)20-'$ ./ &0'0 1(234/)11$6(< )
1.1.3 Imine Umpolung Strategies

B+%)(2,Al + &-%)19! 0&! :)429-! -&96,)()A"&9! -%0-! &,04(&1":&?1 96,-%&9"9! ).!
1".&:&,-! -6*&9!).1 2%™:0(! 0+",&9! -99-! 0. &! +):&! ?%0((&A",Al Q-%0! ,) :+0(! *)(0:"-6!
0** :)0?%FR):! &D+*(&G!-%&!011"-"),!).-:01"-"),0(! , 2?2(&* %"&9!-)! &&?-:)*%"("?!"+",&9
("+"-91-%&1?%&+" 20L& !-%0-!+06!4& 8 &:0-&11.): 1-%&!*:8&*0:0-"),!).17%":0(10+",&9P$%&
18H#&Y +&,-1).12+%)(2,A1?2%&+"9-:6!",13  a3!4),1l. ):+"Al:&0?- "),9!0(() QA0!1"..&:&,-!
42-1%:0? -"0(10**: )0?%-)!- %&!96,-%8&9"9!).!,"-N&,!?) -0 "," Al+) (&2(&9F!H&,1&:" AY&!
20:4),! 0-)+!1 ).l "+"&9! &(&?-1),5"?% 2:80-&9! 0! 8Q! ?2(099! ).! ,2?2(&)*%"(&9G! -%&:&46!
0?"("-0-/Al -%&! 1&#&()*+&,-1).! ,&Q! 2%&+"?0(! -:0,9.) :+0-"),9!10, 11)**):-2, "-"&IFI%H&!
&H#&:9&)( 0:"-6!:8&02"#6!). I"+",&91%09!4&&,129811,! 1"..&&,-!+&- %)19!0,1 !*:)}#"1&9! 0!

T!



¥4 " &,-1%):-0(1)! 1"#&:9&12(099!).10',& 91" 1A&, &0(G!429*&2""20((80(9)!&S*():&1!.):!
&,0,-")98&(&?-"#&1?),9-:22-"),1). 1l 5:".(2))+ &%6(10+", &I

<,)-%&:! #'04&!1)2-&!-) 11 5:".(2):)+&%6(! 0+, &9"9! %6&! "9)+&:"70-"),! ).l N5
4&,76(! 3RV =&"+ " &9 0! *0-%QO6! -%60-! "B2-"("7&1! 461 /] | 51&*&,1 &,-! -:0,90+",09&9 FX!
Z0:(6! 0~&+*-9! 0-1 O hTGH)-) -)*"? 1 9%".- Q&:&! +&Q"-%! ("+"-0-"),9! 09 1897?:"4&! 46!
109 %),)= G! Q%&&! 0! )+ -&*& 0-2:& "9)+&"70-"),! ).  NH&,76(!
M (2): )+ &-%6(*%&,6(1"+",&910-0(67&1146107",2%),"1" & 5L&:"#&11):A0,"?!20-0(69-1 Q09!
*&:):+&11 "1 251 =)l X_FWCVMFW! &M1D(),A ! :&0?-"),! -"+&IF! $)! 4:)0 1&,! -%&! 9?)*&G
J(OK2&#8&,-10,1! 2)Q ):=&:9-\ 0--&+*-&1! -)! &+*( )B! 0(*%0-"?! "+"& 9! QU%"?%! .0:&RH& !
Q):9&!-%0,1-%80:6(1?)2,-&:*0:-9G!:&K2":", AI0I9"A"."20,-(6! &(&H#0-&1L&+*&:0-2: & gWATNN!
t3UFQ&#&: ! "] MNTMG! J'I&A! 0,1! ?) Q):=&: 9! 011:8&99&1! -%)9&! "992&@! 0,!
& 0,-")98&(&?-"#8&1):AQ)?0-0(6-"?1"9)+&:"70-"),! ).10:)+0- "20,1 10("*%0-"P"+",&910-1:) )+!
“&+*8:0-2:&! -) .2:,"9%! -"9249-"-2-&11! 5:".(2):)+&% 6(! 0+",&9! " A))1! 6"&(Q9! 0,1!
&,0,-")98&(&?-"#"-8G ?%&+&!\<UE 13:22"0(1-)! - %&!19228:99!).1-98!:&07?-"),1"9!-%&! "1&.-8!).!
-%6&1*9%608-:0,9.8:170-0(69-4$3U 1Q%?%),-0", 910!.:88!"B%661:)SHIA)2* 10,110,1&(&?-1), 5
Q"-%1:0Q" Al 2%()"1& ),! -%&! K2")(",& Al -9B- & 04(& %"A%R?)#8:9"),9F | $%&!
0.):&+&,-") ,&119-21"&91461;)()9%),)= 10,1!/(0K2&H&,- 1% 19%Q,!-%&!"+¥):-0,2&1).!1-%&!
02-"#0-" ALA)2¥),1,"- )A&L):1"9)+& :"70-),1).1"+ ".&910,11-%"91Q): =1*)#"1&1! +) :&!
&#'1&,7&! 09! -9b&-)12? -"),1 ).1 0, | &E2-), BQ"-%10Q", Al para5"-:) | 4&76(1 A:)2* |

0()Q &L10,!", 2:&0R",! ?)# &:9"), E<:6( B249-"-2-&1!"+" &910:&! 04(&! P&! ?) #&:-&1!-) !

MN



-068118"&11"9+&:10-| )Q!-&+*&:0-2:& !EVNI3U!Q"-U&(&?), F"-%10Q", Al9249"28& -9!
). & AL+):&1:8&02-"#"-6! -%0l &(&?-1), BL) ,0-" A 12)2,-&:*0:-9F! <(=6( B249-"-2-&1"+", &9
20,10(9)! 4&! -)(&:0-&1G! 0(480"-%! 0! :&(0-"#&(6! %"A%&:! :8&0?-")1#-&8:0-2:&! gTNB UBI%é&!
02-"#0-" Al A)2%1 )1 -06&1 O(1"+", &! *:)1 22-91 20} 48 %61:)(67&112,1&: ! + "(1! 07'1"?!
2),1 "-"),01 ) 1&("#&:! -%&0++) ,"2+! 29%(): "1& 90(-9",! %"A%! 6"&(1G! Q"-%)2-! &:)9"),!1)

&,0,-")*2:"-6 1g?%&+&N\OH

A. Deng (2012):

Ar Ar OMe
LN 10 mol % L11 g 13 examples
I N up to 81% yield
R CF, CH,CI, or toluene (1.0 M) CFs up to 97:3 er
-300r10°C, 24-72 h
R = alkyl or aryl Ar = 4-(OzN)CgHy
B. Activating Group Removal:
Ar
NN 1.0 M aq HCI NH,CI
—_—
Ph™ “CF; THF, 22°C,2h  Ph” "CF;
THLEEm 75% yield, 95:5 er 96% vyield |

DI3(1() T+)I<01('$H:2$06)011$6(<):62)59 2%::2$6%)W'0&>)M(10;:/)

1%):-(6! 0.-&! -%"91Q):=G! ;%" 0,1! ?)Q):=&:9! :&*):-&1! -%&! &0,-")9&(&?-"#&!
*)-) -)*"21 994".-1 29" Al 0! 1"..8:&,-! ?',2%), 0! 0(=0()"1! 20-0(8-! 09IQ&(™! $%&! 29&!.)
2',2%) ,0 5l&"#&1! 0(=0()"1! ",! -%&! ?),9-:22-),1 ).1 | 5:".(2):) +&%6(! 0+",&9! 29" Al
2+% ) (2,AL:807-"#"-61%08K&&,|Q"1&(6!&" ():&1 146!'&,AF IR)(0Q" Al -%&10.):&+& ,-"),&1!
MNTM)Q=G',| MNTW&A!O0,11? ) Q):=&:9!&(2?"10-&110,12,*:& ?&1&,-&11&HE&()*+ &,-1). !
&Q! -2, 04(&! 2%0(! *%09&! -:0,9.8:! 20-0(69-9! -9407)+)- &!0! %"A%(6! &,0/)9&(&?-"H#&!

2+%)( 2, AL:&0?-"),1).I"+",&9 1Q"-%!%&!&(&)*%"("?!&,0(F !
MT



A. Deng (2015):

Ar 0.2 mol % L12 Ar (Ar Fg)c\
0,
N 10 mol % ag KOH kN \ cHO RPN CHO

I ——> FC N
ﬁ\ + Rz/\/CHO toluene (0.1 M) &J\ 3>\) *

1 ; Ar
RT CFs (20equiv)  P20%C, 1p12h LRT CFs A 2
Ar = 4-(O,N)CHq R R
major minor
( N\
for major product:
N. _Ph 33 examples
| Y up to 90% yield
R3= R*= _N up to 98:2 er
Ph Ph Ph
OTBS cl
B. Additional Michael Acceptors: Ar
(Ar Ar \(
(Ar Fac N e ( = Faa
S F3Cy N
\ 3 R 3 & (> Me
Fico N COMe Ph>\/'\CHO MeM(N / o
>“\) o
Me 76% yield (1%4 alcohol) o 91% yield
1 94% yield, 96:4 er 96:4 er, >20:1 dr 95% yield, 97:3 er >99:1 er, >20:1 dr |

NIPI3(L() )ES)OFWEIR1> 0/&6%)D2":2(%EHGO6Y&%:2522$2$06

$9%8&98&)1"."&1! /$39G!",17),d2,2-"),!Q"- %D!409&G!?0,!81"0-&!-%&! ¥§-),0-",!
).1" 4" &9G! (&01" Al-)-%&1): +0- "),1).10!M B700(6(10,"),G Q%"?%! "9!*)"9&!! ?),d2A0-&!
011"-"),!- ) 1&,0(9!",101%A%(6! 2% &-FB&EA")55!1"09-&:&B!0,1&,0,-")9 &(&?#&1.09%"),F1"9!
)% 9&11-%0-%&&(&-:),"? 10,119-&:"?1,0-2:&!).1-%&NH&, 76(1A:)2* gH U1 ), -%&! /$31"9!
227200 )] 68&+)9&(&?-"#6! (P),d2A0-&1011"-"), | #&:920!%)-)-)*"21 9%".-U1 0,1 | #"#
" -8&:07-"),9148-Q&&,!-%&! =&", &!0,1!-%&!20-0@!0:&!,&BI906!.):!1&9":&1!:&02"#"-6F
$%&! :&07) 1 *)?8&19! &.."?"&~(6!0..):1 " Al -2%&1&9*&1!"+" &9!1" 1 2*1-)] "Nx!6"&(1!0,1!
"\ CM! &1H&07?,1 0 :"9" Al .:)+1 0--0?=1).! - %&!1 BRV 20:4),! ("=&(6! -0=89 *(0?&! 12&-)!

" 127-"#81&..&2).1-%&BRUA)2* B<I+"):l 46%)122-10:"9 " Al:)+!,22(&)*%"( "A0--0?=1).!

MM



-%&)- %&: ! 520:4),!) ! -%& &,0(! 20,! 0(9)! 4& )49&#&1G! 42-1! #&:6! 9+0((! K20, -"-"&9
0;?%&+&!"<UF

>1996)2(1! 48! ,)-& 1! -9%0-! -%&! d):! *:)127-1 2)2 (1! 0(9)! 4&! .):+&1! via! O! hVnMi!
267)011"-"),14&-Q8&&,! 3-0:-" A I"+" &10,11&,0(".) (()Q&1!46!0!:&-:)B0,," ?%i&0?-"),!142-!
T 0,1 TRIJ8H! 0,069 &9! I'l!,)-! 9%)Q! 0, 6! .):+0-" ),! ).l -%&! hvhMi! 01122-! 2%), |
+), "), Al-%&!:&07%)F!<.- &!1&S*():0-"),!1).1& , 0(9!09!077&*-)91.):1-%"91011"-"),G!'&,Al
%09!9",?&!80,1&1! -%&19?) *&!). 1-%"9!:&0?), F1$%"9!?),d2A0-&!011"),!? 0,!4&!0**( "&1!-)!
1,$53,90-2:0-&1!&,), &WIND?6(!*6::)(& 9G!! D249"-2-&1!&,0(9G0,1 &9-&:IMQ"-%!&0?%!
?2%("A*0: - &IN1&("H&" A )12?-91" 1&S?&((&,-16"&1910,1!&: 1g?%&+&OWF,249-"-2-&1!
&,0(910,1!2,90-2:0- &1!(0?7-),&90..): 11*:)12?-91Q"-%!,),01d0?&,-!):1#"?",0(19-&:&)A&,"?!
?&,-&:9G!:&X2"#E6G! Q%%"AB1"09-&:&)9&(&H"-"&IF]! $&0?9R09&! )*-"+"70-"),1) .!-%&!
?20-069-! Q"-%! &9*&?-! -) -%&NHE,76(! A:)2*! 0,1! -%&! K2")( "&! :",Al Q09! :&K2":&1F!
R2:-%&:+):&G'! -9&":1+):&!:&? &,-1?)2*(",A91Q"-%! &9-&:9(249-"-2-&1!&,0(9G! 0, ND?6(!
*6:) (&G O! 20:0(6-"?! )l R49)"2%")+&-"?! 0+)2,- 1 *%6&,)(!1 01 1"-"#&! "9! &+*)6&1! -)!
92**:899!-%&!.):+0-"),! ).12, 1&9":&1!46*:)12?-9F$%'9",-:)12? -"),! ).I*%&,)(9 '09!0,!07'1!
011"-"#&!):1?)?20-0(69-!",129%60(! /$3! ?),d2A0-&! 011"-"),91 0,1 0(1)(! 011"-"),9! 9&:#& 9-)!
"2 &ORB'&(UA61* )++-" AlF 1)) 0-),). -%&I&(!", -&:+&1"0-8!-%0-1QR(1!)- %&:Q"9&!
2, 1&:A):&#8&:9&!7,d2A0-&cO(1)(1011"-"), 9F@*-"+"70-"), 1) .1-%&!&(&?-:)/"?9!0,1!9-&:"?9!).!

-%&!9%&(1A)2*1  QO09,& ?&990: &

MV



| "= +,-./1&  #0# %2+-3#6336 ( 2 &7 #82*3*92/-35#6/ ,2:8#
(- 33t#3&/43&TH

<(=6(10+" ,&9!0:&10, )-%&:1924%.-1).10+" & 1+)- ".9-%0L0:&! %&0#"(6!9)2%6-10:&:1"!
):A0,"?196,-%8&9"9128&1 ! -968.":1 2-"("-61",1 +&1"2" O(1 0**("20-"),OF XI$%)2A% %68%661:)A&,!
4),1"A D4"("-6!).1-%&! (),&! *0™:91),1 -%&! " )A&,1 0-)+ 1"1-%&! 0+" &I *:& 1"9%)9&! "1 -)!
48" A1%61:)*06"("20,119)(24(&!",1¥)(0: 1+&1"0G(™*) *%"("2"-6!).1-9&! 0+" &1"9!&,%0,?&1! 8!
-%6&8489&,2&1).1,), F)(0:10 ("*%0-"2A:)2 *91),1-%6&10(=6(2%0", B%&!",-&:*(06!).1-%&9&!-Q)!
2),- 109", Al296:07-&"9-"DI"9 01=86! .&0-2&!" | AV#&:," Al - %&! *%69"20(!)*&:-"&9! ). -%&
0+",& 10,1 10(9!", !:&A2(0-" Al 4")()A "20(0?-"#"-"@ in vivo. $%"9! 20,1 *:89&,-1"-9&(.|",! -%&
H)1 2(0,1). 1-%&! P *)2 1 9 04"("-6! -)! 2)99! 2&((! +&+4:0,&9! 0,1 ! -%&4() )1 54:0",!
40::"&:G1Q%"790}14&1"-0(.):! 1:2Al1&("#&:6F- 21"&91%68819%)Q,1-%60!2)+*)2,19! Q%" ?%!
2),-0",1 0! %"A%& 1&A&8D! ).1 90-2:0-"),! 0:&! +):&! ("=&( 6! -)! -:0,9"-"),! ..)+! -%&! 1:2 Al
1"9?)#&:619-0A&I (", " 20(-:"0(9F!1<9!01:&92(-[B("*%604?10+", &9?20..)(19!10: &*: &H#O(&!",!
4M0?-"#8&17)+%)2 |19 E R):! &SO0+*(&G12()S&" &! gR"A2:&! VI9&:#&9! 09! 09&)-),", a
)& &% &) :&2*-0=&! ",%"4"-):! 29&1! 09! 0,! 0,-"51&*:&990,-F ! $%&:&.):&G!!""0!
"+9):-0,-  1-%0! 96,-%8&-"?! 9-:RA"&I! -%08D1! -)! -%&IA&,&:0"), 1) .1 2)+ *(&S!0(*%0"?!
0+",&9 1-)I1:"#&1+&1 "7, 0(! 2%&+"9-:64&18&9-040%&1F

>1):A0,"2! 96,-%8&9"9G! 1&H#&()*" Ak&-%)10! .) I ?2),9-:22-" Al &,0,-" )&,:"?%&1!
0("*%60-"210+",80!.:)+! :&01"(6!0#0"(04(&!9-0:-" Al +0-&"0(9!%0914&8&,!0+*) :-0,-10:&0). !
:&O&:29F< 1, 2+4 &)1 -:101"-"),0(! 0%*:)0?%&9",2(21" Al &,0,-") 9&(&-"#&Y661:)A&,0-"),!

).l " +",&9¢&,0+ ", &9GM [ 22(&)*%"("?! 011"-"),! )t "+, &BE@WE! 5¢1 0,11 ? %'0(! 02S"("065

M4



+&1"0-&1! 011"-"),9 ™ %6G&! 48&,! &S-&,9"#&(6! 2&1 0, 1! 1"9?700&F >,! -%"9! 9&?-¢
%) Q&4#&:BQ&IQ"((1.)?229!),!- Q) I+0",19-:0-&A"&IL! 1%661:)0+",0- "), 1).!0(=&,&9G!""2D).!
| D+ )L:0A +&,-910,11"+", &I2+%)(2,Al :&02"),9 F

HoN Q\CozH

O

HO,C_ _NH ) I
S N\/\Me
\ |

lisinopril neupro duloxetine
(ACE Inhibitor) (muscular skeletal disorder) (antidepressant)

©\/\/N(i—Pr)2 O
\©\ FsC
Me

Me

H
@) / S

aspidospermidine tolterodine cinacalcet
(common motif in natural products) (urinary disorders) (hormonal disorders) |

#$9%&. (F+)5KA/)51$ 6(<)$68$0/0989://4)592$;()G01>0867< )

1.2.1 Hydroamination

$:0,9""),! + &0(B?0-0(67&1! %61)0+ ", 0-"), | *:8&9&-9! "-9&(.! 09! O 0--:0 >-"#&!
9-:0-&AB! .):! -%&! 96:%&9"9! 2%%":0(! O(=6(! 0+",&IB0Y! 0,! O+ *,&! A:)2*1 20,1 4&! 1":&7-(6!
")122811" -)12%&0%12,.2,2-"),0("7&1! %61:)?0:4),!.& &19-)?=F5_1$969!%09!9&&1!0910!
9'+ *(&G! 9+ 582),)+"20(! )2-& !.):1 -%&I96,- %&9"9! ).! 9&7),10:6! 01! -&:-"0:6! 0+",&IF!
Q&#8:G! -%8:&! 0:&! 9)+&! 2%60((&,A&9! -%0-! 2)24&! .0?2&1! Q%! %61): 0+",0-"),1 92?2%! 09!
&(&?-1)9-0-"218*2(9"),1 4&-Q&&, ! -%&! " )A&,!1 (),&!*0":10,1!  -%&! O(=&, &42969-&+BEQYE2%

*&#8&,-91 4),11 . ):+0- "), G 0,11 -%&! 1'."22(-6l "I ?) -)(("A! :&A")9&(&?-"#"6! 09!

MW



80:=)#,"=)#1 0,11 antiBO:=)#,"=)# *)122-91 20, 4&! ):+&1F  11H&AO0:(&99! ).! -96E&!
2%0&, A&9G! "<& )(&?2(0:! 01 ! "~ 0+ )(&22(0:! %@.:)0+" ,0-"),! 9-:0- &A"&9! %BHA&E.!
8&9-04("9%&110,119%&1:&+ 0",&1101+)1&:,! 0%%:)0?%).) :1022&99" Al0("*%60-"212%":0(10+" &9
*AAA)62:10/(9&/)C4?'0:1$6:  296)

>-:04)(&?2 (0:! %61:)0+",0-"),1 "91 0, !0--:0?-"#&:)2-&! .):! 022&99'A! "-)A&, 5
2),-0", ", AlY&&:)?62(&IGI B)++),1 9-:2  2-2:0(1 +) -".1", 1 4")()A"20((6! 0?-"H#&+)(& 22(&%
)+ :&01"(6! 0#0"(0 4(&! 0+") (=&, &IFR2:-%&:+):&G! ",:0+)(&22( 0:! %61:)0+",0-",!
)4#"'0-&9! 0E&612960((&, A& %61:)0+",0-"),G! Q%" 296 "9! -06&! ) &-"-"#&! ("A0-"),14& Q&&,!
-%89-), AB!?)):1",0-", Al0+"&!10,11%):(6 12)):1"0 -", Al (=&, &F[&,?&G!?),9"1&04(&!
&..):-91%0HE&I 488&,19*&. )| -%&! 1&HE()*+&,-1).120-0(69-910,1 1:8&07-"), 91.):1-%"910**:)02%!
" 1" 129- :"0(10,110201&+"?19&--", AOH!

>-1"91 =))Q,! -%0-! :0: 858.0:-9%6 TN O(=0(", 858.0: S6TFNHQ, 11 A1) 2% >w! +&-0 (TN 0:&!
20-0(6991.):1-0681" -:0+)(&?2(0:1%61:)0+",0-" ),1).10+"))  0(=0,&9G!42-1-96&9&!?0-0968:&/!
).-&, 10"10,114)"9 -2:&19&,9"-"#8Q"-%![Q! .2, 7-),0( 5A)2*-) (&:0,?2&H)Q &#&: G! &H9&!
).1(0-85:0,9"-"),1+ &0(! D-0(69-9! 927%! 09! HY%GISIB! 1! <2! %60#&! A&, &:0((6! (&1!-)! +):&!
)429-1 +&-%)19G! 0:"9" Al )+ -06&! 9}, Al +&-0(! #0(=&,&! ?)+*(&S&9! Q%" 2% 0F0-& -%&!
0(=8,&!.):1,2? (&*%"("?10--07=F1Z0:(6!Q):=!",|-%&! T"_N0!48e0+4), &(("19%)Q&1!-%&!129&!
).1/-19 0(-91.):1" 10 +)(&?2(0:! %61:)0+",0-"), 10.-&!.):2&.2(1 ?),1"-") ,9 ™42-1-06&! .":0-!
A&,&O0(! 20-0(6-"2!9-:0-&AB6! (D! 1"9?2()9&! 46! "1&,% )&.&:10,112)Q):=&:9 F>! MNNVE-%&6

9%)Q&.1!-%6&! 520-0(67&17),#&:9"), 1). 1980,1! &8+")10(?)% ) (9!) 1-%6&1?)::&9%),1" AIM5

MX



+&-%6(1%6:)("1", &910,11*"*&:"1" &9!:&9*&?-"#&G!" |A))1!6"&(19 FMR)(()Q" Al-%0-1Q):=G!
0,)- %&:! ), 5,0,-")9&(&2"#&! %61:)0+",0-"),! 29" Al 0! H% 20-0(6-! QOY *2:92&1! 46!
[0:-Q"AF ™I > | MNTNG2?%QO(1! -%&;&*): -&1! -%8&! .94 HUB0-0(6&1! &0 , -")9&(&FH&!

" -:04)(&?2(0: 19%61:)0+",0-" ),! ).12,0? -"#0-&L10(=&,8917;?%6&&! TNFNI!

I I OR
2.5 mol % [Rh(cod),]BF4 Bn
NHBn 5 mol % L13 N 14 examples PCy,
. Me Up1t092% yield
R N 1,4-dioxane, 500100 .C R up to 95.5:4.5 er L13

" 15030h R? R = Cy, CH(Ph)
=Ly, 2
T |

Buchwald (2010):

DI3(1() *' +M3,G:2: /4H(?)B6: 6280<(/(92$;(162:10/( 9&:)C4?2'0: 1$6:2$06)

$%"91&072-"),1 9-"((! :&+0", 9! 9-0-8§ .5%&D:-! ",! &,0,-")9&(&?-"H#&! %61:0+",0-"), !
&#&.,1 %) 2A%! (0-&:1&..3:914618"2%), ™10,1! 8"=0+" TNOL0#&! 20RI<2120-0(69-9192%*):-&1!
461%96)9%06):0+"1 "-&!("A0,190, 112%":0(1*%P*%):"?10?" 1 &9*&2"#&(GE>,1011"-"),1-)!-%&!
&,0,-)98&( &2-"#&" - 0+)(& 22(0:! %@:)0+",0-"),! ). 0+", ) 0(=&,&9G! 0+"0((&&9! 0,1!
0(=6,89!%0#&! O(P48&,! 208&11.):!-%&! A&, &:0-"),1).10("*%60-"21 6", &IF! <+")) 0((&,&9)..&:!
0,!01#0,-0A&! 2)+*0:&1!1-)! -9&":! 0(=&,&P) 2,-&* 0:-9!09-%&QE&0=&:1 3 a3! 1)24(&! 4),1!
*:89&,-1",10((&&9! 0()Q! . ):! (899! %0:98&07-"), 1?),1"-"),9F TT1$%9! "9)40&#&1! ", 4)- %
| "1& %&.&T™0,1!$)9-& WML." 1" A9 1Q%&:&%&66)Q!-%0! <2 a*96)9*%" &1?)+*(&S&9!
0:&1&.."2"&,-1 20-0(6B! -)! *)+)  -&! -%&! %61:)0+",0%),! ).! UD+")0((&,&9! -)! .):+! -%&!
2)::&9%),1 "Al #'.6(*6:1)("1",&9! ",! % "A%! B&(19! 01! &0, -")9&(&?-"#"-"&9! 0-1 (!
-&+*8&:0-2:&9 :&(0-"#! -)! 02?2%Q0(B! Q):= Ff0+0+) -)! %09! :&*):-&1! 0! /1 520-0(67&1!
%61) 0+",0 -"),1). 10(=6,89!-)!A&,&0-&!&0,-")&,:"?%&11&,0+" &IF™

M!



2.5 mol % L17
5 mol % AgCIO, NHPG Rl 3 mol % L14DL16

Ts
N R N
e s e
D20 to D40 %C, 24 h 1,2-DCE, 23 %4C A

R! or R? = alkyl or H

Widenhoefer (2007) Toste (2007)

18 examples 17 examples

up to 87% yield up to 96% yield
up to 95.5:4.5 er up to >99:1 er
Cl
O Ph ph A’\ Ar Ph Ph A’ A
MeO BL AU—OPNB P&~Au—OPNB Au=OPNB MeO P AU=Cl
MeO. p Au—OPNB Au OPNB P Au—OPNB MeO Au Cl
Cl
L14
T Ar = 3,5-xylyl Ar = 3,5-(tBu),-4-MeOPh |

DI3(1() ** +R<()0.)5 1$6 0://(6(<)$6) B6:62$0<(/(92$;()C42'0:1$6: 2$6)
*AAA)G2(' 10/(9&/)C  42'0:1$6: 2306

30-0(6-"2 ",-&+)(&?2(0:! %61:)0+",0-"), ! :&0P-"), 9 :&+0", 1 ),&! ).! -%&! +)9-!
929-0",04(&! 3a]!'4) ,1 5) :+",AlQ -:0-&A"&9! 12&)t -96&! 0-)+ &?),)+6! ) .!-U&!*:)2&99! 09
Q&(1 09! -%8&! 0#0"(0@-61).! -%&! 9249-:0-&9FEL&:0(! 20-0(6-"2! 9-:0-&A"&9M),-&:+)(&? 2(O:!
%61:)0+",0 -"), 1&+&A&L",1-%&!(0-81" "N9!46!0&((&:10,1Q): =&:9!29" AHYP0-0(69-F™W
%)Q&H&:G-%&! &0?%) ! Q 09! .0":(A ",&.."?"&,-! (&01"Al )1 46%)1 27-91 )+ 1)S"10-"#&!
0+",0 -"),F!>,I MNMG! [0:-Q"Al Q09! 04&! -)! 1&("#&:1 0! +):&! &.."2"&,-1 0**:) 0?%!.):!-%&! HBb
20-0(67&1ntiB0 :=)#," =)#1%61:)0+", 0-"),1). 19-6:8,89!0,11#",6(*6 :"1",& 9G!0(4&"-1Q"-%!
102&+" 2 *: )122-F™ $%8&! .":9-1 &,0-")9&(&2-"#&UntiBO :=)#,"=)#! % 61:)0+", 0-"),! Q0 9
:&*):-&1! 04)2-1011&7018&! (0-&:!461%"40-0G! &+*()6", Al O' HH09&1! 203(69-)! .2:,"9%! -%&!
189™&11%)122-1" 12 *1)1\ _ FOTINE:g;?%&+8 TMUFT1> IMNN\G:-Q"A! 1'9?()9&10,!>: 5

20-0(67&1!&0,-")9&(&?-"#&!011"-"),1).10,"(", &9!-)!0("*%0-"?!10&&99;?%&& TNOB ™ >!"9!
M\



Q):- %6-)!,) -&!-%00("*%0%?10(=&,&9ID:&! +):& ! 29%0((&,A" Al 9249-:0-&9! 09! -%E)!)- !
48,811 D)+ *:&B)):1", 0-"),! -)! -%8&! +&-0(! 20-0(69FT! $%"9H &-%6)1! *:)?&&19! .0":(6!
9+))-%(6G! 0.):1 ", Al-%&! 4'62("2 0("*%0-"21 0+",&!1 %"A%! 6"&(10,1! &, 0,- ") &(&?'#"-6F!
[ 0:-Q"Al %09! 0(9)! :&2&(6! 1"9()9&1! 0, )-%8&:! &,0,-")9&(&?"#&1%61:)0+",0-"),1 ).1 0,!

" -&:,0(! 0("*%0-"2 (=&, &P @%&:1&*):-9! 46! [ 0:-Q"Al 0, 1! L:244 9 %0#&! B)Q,! -%&!

" -&+)(&?2(0:1011"-"),! ).10,"(",&9!-)19-6:&,&9!,), 58,0,-")9 &(&?-"H#&(BE™MH

A. Shibata (2012):
Me 2.5 mol % [Ru(! 8-CgHg)Cloln

X 10.5 mol % AgOTf Me [/\X 3 examples

+ [ ] 7 mol % (S)-xylyl-BINAP N\) up to 44% yield
N up to 87.5:12.5 er
H 1,4-dioxane, 100 ¥%C, 72 h

(1.5. equiv) X = O or CHalkyl

B. Hartwig (2008):
1 mol % [Ir(cod),Cl], 0 |
9 _ B NHAr examples
E +  ABNH, 2 mol % (R)-DTBM-SegPhos b/ Up 0 94% yield
2 mol % KHMDS H up to >99:1 er
(1.2 equiv) Ar = 3,5-xylyl 70%C, 12 h !

NN)PI3(L() *! +B6:62$0<(/(92$;() 6" 1 0/(9&/: )C4?'0: 1$6:2 $06)

$%&011"-"),1) .10(=6(! 0+", &9-)! 9-6:&,&9! *)9&9! 0! A:&0-&:! 2%6(&, A& 12&!-)! -%&
" 2:809811409"76!).! 0E=6(!0+",&9G! Q%" 2YM(&)!).. B62(&!46*)127-OF! ) Q&#&:G! -%8:&/!
%0914&8&.,1),&!:8*):-1461[0:-Q"AlQ%" 2%!?),9-"-2-8&8%&!),(6!&S0+*(&!).1-:0,9 ") ! + &-06
20-0(67&1K.,0,-")9&(&2"H#&Y", -&:+ )(&?2(0:) %6EL:) 0+",0-"),1).! 0(=&,&9! Q"-%! 0(=6(! ] 4!
0+",89 FMY<(-96)2A%! %610+",0-"),91).1 1"€&,89 | %0#&! 48&,! &S*():&1! &&:9"H#&EGI%EH!
(&O11-)1-9%6&1.):+0-"),1). 10(6("?!0+",8910,11Q"((!,)-14&! ", 2(21&1!" |-%"919&?-")8 "2:0™™1
0, 1!0206Q0(1™6@&I0(9)!*&:.):+&1! &0,-")9 &(&?-"#&1%61:)0+"0-"),91).! 0(=&,8&9!29" A

2)*+&:1 20-069-9!0,1!1054&,7)6(%61:)S6(0+",89! 09! -%&! 0+8!19) 2: 281 g 2%&+&T\K! 0, 1!
M



TVOB3:2? "0(1)! -%&9&!Fo(BD-8 &) I&(&?-"#&R0?-"),91"91-06&! )+0-"),1).1012%":0(132 4!
9*&?28F022%Q(11%0R" 28&):8%):-&11)- %&:1%61:)0+",0-"),1:&02- "), A-)1.2:,"9%!-&:-"06!
0, 119&?),10:6!0+" , &¥:)12 2-O1" 1852&((&, &FME> -&:&9-" Al0+),Al-06&9&!." 1", A9'O! %&
%61:)0+",0-"),1).1:  &+)- &I 0(=&,&9! -%:)2A%!:&127-"#&1&(06! *:)?899-%0-! (&019! 1) %&!
i+ 0,10+ ".&91Q"-9%!0!:8+)-8&!19-& BA&"?! 2&.,-&:1g?%&+& TV3GIDH)- "1-%60-1"9! )-!

809'(6!0?7?&FN!-%:)2A%!)-%&9-:0-&A" &P &&!9&?-") NFTIMI

A. Miura (2013):
10 mol % CuCl

0, - -
" , O 10 mol % (S, S)-Me-DuPhos NR?R3 20 examples
A + R‘N S or (R,R)-Ph-BPE /?\/Rl up to >99% yield
— . Ar up to 97:3 er
(1.5 equiv) K3 PMHS. LiOtBu p
THF, 22 ¥4C, 24D48 h
RL=alkyl R2, R3 = alkyl
B. Buchwald (2013):
o 1 mol % Cu(OAc),
R2 NEt2 1.1 mol % (S)-DTBM-SegPhos NR2R3 29 examp|es
Rl/\/Rl +  N=G 2.0 equiv DEMS Rl up to 85% yield
R3 Rl up to 98:2 er
THF, 40 ¥%4C, upto 36 h
(1.2 equiv)
Rl= alkyl RZ’ R3= aIkyI
C. Buchwald (2016):
o 1 mol % Cu(OAc),
1.1 mol % (R)-DTBM-SegPhos
2 LG 4 - 35 examples
RY\/ + R\N_c}_@ 3.5D5.0 equiv DEMS RZ NRPR* yp to 94% yield
R: /3 1 up to >99:1 er
R THF, 40D50 ¥%C, upto 36 h R
L (1.2 equiv.)
R = alkyl R3, R4 = alkyl

R2 = alkyl or aryl
)NIDI3(L() *F+HB6: 62$0<(/(T;( )C4?'0:1$6:2$06)&<$6%)0,8(6H 04/342'0Z4/:1$6(< )
1.2.2 Alpha-amino methods

>1:& ?&,-! 6&0:9G! -9%&-"('70-"),!).! 3 a3!4),1! ):+",Al9- :0-&A"&9! )! 0??2&99" Al

&,0,-")&,:"?%&1 ?%"0( O(=6(! 0+",&9! %09! AQ&1! 9"A"."?0,-! 0-- &,-"), ! -%)2A%! )-%&:!
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*)-)?2)( 91922409 3a[!. 2,?-"),0("70-"),G! 0(=6(a0(=6( ?:)9952)2*(",A ©0,1 ! *%)-):&1)S!
200(69'9F1% "(& &MP%).! -%&9&! +896)19! q()Q! .):! -%&! ?),9:22-"),1).! 1"..&:&, -1 0(=6(!
+)-".9G-%&H0d):"- 6! ). | -089&! 9-:0-&A"&9! 1&(1HB%":Q! 0("*9%60"?! 0+",&9! Q"-%! 0(%®
9-&8) A&,"?17&,-&:9F! B, 2&EG%6&P) 2*(", A 1).l | D+")I0(= 6(1.:0A+&,-9 !:&*:&9&,-9!0!+0d):!
0, 1! 0—:07-"#&! 90-&A6! .):! -%&! 96,-%&"9! ). 2%":0(! 0+",&9! Q“%! 0,! 0E6(! A:)2*! 0-1-%&!
9-&&)A&,"212&,-&F>,1-9891 9&2-") G! Q&! Q"((1"1&2-1)2:10--&,-"),1-)19) + &! +&%)19-%60
18P:"48&19)+&1).! - Y&! 82&,-1-82%)( )A"&9! A&D:&1!1-Q0: 19!-%8&! &,0,-")9&(&?-"#&! 96,-%@"
) .1 298:0(! O(=6(! O+ ",&9! -%:)2A%=&8 ! D+",) 0(=6( ",-&+&1"0-&9! "1"U2)2*(", Al).1 15
0+",) 0(=6( +&-0(! 9&?'8@G"U! 2)2*(",Al ).l | B+")) O(=6(! :01"20(9! 0,1! """ U?)2*(", Al ) .!
"1 &91Q"-%1204) , 1&(&-)* %"&IG+",&I12+*)(2,Al  9-:0-&A"&IUF!
*AAR)S/>3: ,:1$60:/K4/ )7 (2: [)D>(9%(<)$)G3$/)51$6() DA623(<H)

$9%829&1).1987) 10:6!0(=6():A0,)+& -0(("?!:&A&,-91.): 17%":000+", &96,-%&9"9D!
). -&,! 290((&A"A! 12&1-)!"992890:"9" Al .)+19 ()Q!-:0,9+&-0( 0-"), 1):1: 0" 1! $Bb6L:" 1&!
&("+",0-"),F 1$968:&.):8&G!-%&!12981)D+")0( =6(5 &0(19*&2"8&9I0,!0 (-&:,0-"#&!0**:) 0?2%
%09! AD",&19"A,"."20,-1 0--&"), F!$%®I&! 9*& &Y 0:&! -6*"20((6!) 4-0"& 1! -%6)2 A%E."-%&:
409&+&1"0-&111&*:)-),0-"), G£0,9+&-0(0-") 1).10,] 1 B+")1) :A0,)+ &O(('?!:&0/&,-!-)!
e,Gl/1GPG: 1+&-0(520-0(67&1!1":&2-18[10? -"#0-"),10-1- %& 3 5)9"-"),F I>MNNEBO0+*)9!
0,1! 7)Q) :=&:9!(&#&:0A&! -%&! F"-%"0Y, !).! N5O)?56:) ("1",89!"! -%&! *&9& 28! ).!
9-)"M6")+& "1 EUIR*0: -&" &G! )()Q&1 46! -:0,9+&-0( 0-"), 1 (801" Al )1 -%&!1):+ 0-"), 1).! O!

9-&%&)1&.",&1!! D+")) 0(=6(17",?! 9*&?"& g ?98+& ! T<UFM $%&! "H0-&1!):A0,)+& -O(("?!

VT



7",?219*&7'&97?)2(1!-%&,! * 0:-"?"*0-&",! 01 9-& &)9*&?"."?1 |&A"9%! ?)2* (", Al )1 )+ -O&! 5

0:6(0-"),1%))  127-1Q"-%Y6A%!E0, -") 9&(&?#"-6F!
A. Campos (2006):

O i. 1.2 equiv s-BuLi/(D)-sparteine O 4 mol % Pd(OAc), O
N MTBE, B70 %C < >'Zn 5 mol % tBuP¥HBF, N e

N
Boc Boc 2 Boc

ArBr, 22 v4C

96:4 er 16 examples
up to 87% yield

H A, Ar up to 96:4 er
N L P

N : MeHN  NHMe
£

ii. 0.6 equiv ZnCl,

L18
Ar = 1-naphthyl

(b)-sparteine

B. Fu (2016):
Rl 15 mol % NiCl,¥glyme Rl
(N } 7n + x)\ ) 17 mol % L18 N
Boc/, R THF/EL,0, 22 %4C, 15 h Boc  R?
(0.6 equiv) X =1orBr 8 examples

up to 94% yield
111 up to 96.5:3.5 er |

NDIIL() *N+)#&I2$6: /$H:2$06)0.)4" '0/$?96(<)&<B%%:601(2://$9) \$69M(:%(629
R)(OQ"A! -%0-! Q):=G! LO@&S6! 0,1! ?)Q):=&:9! 9%)Q&1 0! :&(0-&1! %"A%(6!
&,0, -")98&(&?-"#&! & 0:0-"), 1).] MED249-12-&11*"*& :"1" &9! -%) 2A%! 0! 20-0¢8?! 16,0+"? |
:89)(2-"),! ).l | H{"-%"E&1INSD)?!*"* &:'1" & FMTVIR210, 112)Q):=&:9! %60#&! 0(9)! 1"9?()9&!D!
]" B20-0(678&L1&0,- ")?)#8&:A&,- 10(=6@0(=6(1?:)99!?)2*(",A 1Q"-949&7),10:6! 0(=6(190("1&9!
0, 1!NSO))?56 ) ("1",&9FVI$%OH&-%)11"91+0:-"22(0: (6!"+*): -0,- 109!-%&)2*("Al).l- Q)!
987),10:6! O(=6(! .:0A +&, -9! %B&! * )#&,! - ) 4&! 1".."22(-GQ"-%! ),(6! O! .&Q! &S0+*(&9!
:&*):-& 1BZ, 0,-")9& (&2 " #&N&-%6)191:&K2":" AIO-)" Do)+ &-"?H&-0(0-"),10-1-%&1 5)9"-"),!
).1-%&10+" &10:&1, ) -1"180(109!-% &Bo0#&I A& &("+"- &11-)1 262("21%6::)("1",&! 0, 11* ™ &:"1" &!

22(&)*%"(8&909! 1&P:"4&1104) #&F/N> 1011"-"), GDO&Y:&5):+0-"),1).1-%&! ):A0,)+&0((" ?!

VM



7" 219*&72"8@Q%" 960: &I VAY(6!:&0?-"HEGHD' 1! +) "9-2:&08, 9-"#&59!828990:60,1!+06 !
{&K2":&H2( -"*(&19-& OF

$)!011:&99! -%&980928.9G! Yo&:9-:0-8A"&9-%0-1 (&1!-)19&in situ! A&&:0-),! ).II 5
0+") O(=6( + & Q! 9*&?'&9bia! 3]l 07-"#0-"),! %OH#EA&S&.,!" #&9-A0-&FE! MNTG! !0, 1!
2)Q): =&:9!1&97:"4&ID!/ 1g>5D-0(67&!8&, 0,-)9&(&?-"#&1 Ba[! 0:6(0-"),! ). !-96)0+" 1&9!
Q"-9%0:6(4):), "?!0?"18g 2%&+&! TEWS$%&I2*): -, Al2%"0(1*06) 9%%):"2 02" 1IE* M ,)-!
), (610..):19! %"A%!&,0,-"PEER-"#"-"8&9G!42-10(9)!*:}#"RI! &S ?(2H&! &A") 9&(&?-"H6!Q"-%0!
9" A(&! 0(8(0-"),!).1-%&! 33! 4),1 FI@-%&M 520-067&11&..): -9! 20", Al -%"P+ "1&9PH0#&!

48&,":&* ):-&1FW

Yu (2016):
RZ
D 5 mol % Pd,(dba)s
( 12 mol % L19 (A > ------
N + ArDB(OH), ° nSNTA oL
,& BQ, KHCO; /K o “oH
RY S t-amyl alcohol, 22 ¥C RY s OO
R1=2,4,6-(Pr)s-CeH, (2.0 equiv) 30 examples Rz L19
up to 87 % yield R2=9-anthracenyl
i up to 99:1 er

DI3(1() *J+)]&X%)B6:62$0<(/(92%$;()GC)5 '4/:2$06)0.)- 3$0:1$?(< )

>:"1'2+ 520-067&1! :&0?"), 9! %O#RO(9)! 4&&,) 29&1 )1 3 a[ ! .2,2-"), 0("70-"),!
+&1"0-&1! 48 ! D+", )1 +&-0(! 9*&P&FVIW :94'40-0! %0! 1&P"4&1! 0,1 >:gkle:g>>>U!
&,0,-)9& (&2'#&! 0(=6(0"),!).1 3 a[ 14),19! ", | MDE6(0+",) U*6:"1",&9!-)!.2 :,"9%! -0&!
2):8&9%),1",  AL2,2-"), 0("7&112%0(10+ ", 891", 1%"A%E&(1910,11&,0,-" ) O&&?-"-"&IFH
*AAA)S />3: 11 $60:/K4/) M:2$3/)D>(9$(<)$6)G$':/) 51$6() D4623(<$¥

SR LEH&(+ &,-1). 1:&DP-") 01 2-('7" All D+ )1:0 1"200!09! B,-%&-"20((629&..2(!

"-&:+&1 "0-&9!): 10??&99",Al%":0(! (=6(! 0O+",& 9!%09! 0(9)! A0",&1! &'"."?0,-! 0 --&-"), F!
VV



)+&! 1&*:&9&,-0-"H# &! +&-%)19! .):1 072&I9A!! B+ " )1 :0 1"?0(9", ?2(21&! 9,A (8&(&?-:),!
)S"10-"),G!1&0:4)S6(0-") , G1,1 11&9"(60-"),1).! ! B"(60+",& 9R!

> I MNXG! R2! 0,180? 8"((0,! :&*):-&1! - %&I":9-1&0,-" )?)#&: A&- !3g9 399+ "U
2:)9952)2%( " Al:&07-"), 129", Al*96)-):&1 ) SI0, 1!, "?2=§! 20-0(699 g ?%&+&TXIFV1 $96)2A%!
-%6"9148-%)1G! 29%":0(1 4&, 76("?! 0+", & Q4" 290:&! #0(204(&! *%0+0? )*%):89 €0:&!)4-0" &1!
-96:)2A%?)2%(",A 1).1042, 10,- 1! +")10?"19! 0,1 ?2)++&:2"0((6! 0#0'(04(&10:6(! %0("18R!
$%8&1:Q7-) ,1&+* ()6 A0 %)) 200(69!Q%"?%! &1'0-8) S"10-"),10,111&?0:4)S 6(0-"), 1) .!
0, Il +")I0?"1! -)IA&,&:0-&10!*:)? %":0(1 +", ) 1:01"20(K?-"#0-"),! ). 1-%80:6(1%Q"1&bia
)S"10-"#&" 9&:-"),1Q)2( 1!(&01!-)!01]"g>>4D: 6(1?)+*(& SIQUE?%!?)2(12,1&:A)! ?)2*(" Al
Q"-%!-%&! 0:&+ &-"),&1 1 :01"?20(! -)! A& &0-&! Y& 1&T:&1! *:)127- 1 2%)1 :&127-#&
&(+",0-"), F$%E&RK0?-),1"01:)4 29-GI1&("H&A 1-%688,0,-") &,:"?%&110+&9!" 1%"A%UE"&(19!
0,11&,0,-)9&(&?-"#"-"&9B0:- ", 10,118) -A)+& 61%0#&!®)!+01&!d)",-1?),-:"42-"),91" |
-%6"910:&@6 1&H&() * " A1120(1*%)-):&1) S10,1!,"? =&620-067&118,0,-")9&(&?-"#&B ¥ !
0:6(0-"),! :&07?-), F¥! $%&! A&,&:0),! ).l :0 1"20(! ",-&+&1"0-&9 .):! O(=6(a0(=6(! ?:)99!
2)2%(",A 129" Al 0(=6(! YD('1&9! ):! NB%61:)S6* %%0("1&! g][/>U! 89-&9! %®! 0(9)! 4&&,!
&S*():&1F$%&9&I249-:0-898' %68 2, 1&:A) 1%60("1&! 0&:02-), T™V1):11&70: 4) S6(0-"), ™-) !
) :+10?-"#&1:01"20(9+%0-1701*:)*0A0-&! -%&98&&0?-"),OFE:6!:& R, -(6GIRI0,11?7)Q) :=& 9!
1&%):-&11 - Q) | +8& %) 19! .):1 -%&1] "520-0(67&1&,0,-")?) #&A& , -! 96,-%6&9"YL! *:)-&?-&1!
0+",&9!1 29" A 10,10(=6(7", ?":&0A&,10,1 10, I! 5%-%0@"1)!0(= 6(17%():"1&!):10, |[/>!  &9&:!

)10 *:)-&?-&1 11 D+")10?"1 1g?%&+&! T <M $%&! :&07), 90:&! A%&:0(!0,1! #&:90-"(&G!

VA



0()Q",AL):! 014:)0 119?2)*&10,11A))11.2,2-"),0(  BA:)2*1-)(&:0 ,? &FBUR][/  H&9-&:9120,14&!
A&,&:0-&1lin situ! )+l ?)+ +&:2"0((6! O#0"(04(&!H+",)! 0?2"1! 1&:"# 0-"#89 0,1 ! -%8&.!
2)2%(&111": &2-(6G&9I2(-", AL, 101),& 5)-170-0(6-"?1&.,0,- ") O&&?-"#8%6,- %&9MI0N 0:"&-6!).!

2+ %2,1 oF

Fu and MacMillan (2016):

2 mol % photocatalyst

X 2 mol % NiCl,¥glyme /X\Y
R CO,H Y 2.2 mol % L20 |
+ | _ x
NHBoc Br TBAI, Cs,COg3, blue LEDs NHB
15 . DME/toluene, 22 ¥%.C oc
(1.5 equiv) 24 examples
up to 84% yield
up to 96:4 er

Ar = 4-t-BuPh

DI3(1() *U+)O&:/)=3020'(20Z@$OK(/)G:2:/ 4<¥) 4)#&):6?)7 : 97$//:6 )

Z,0,- ")9&(&?-"#&! 20(! *%)-) :&1)SC?)** &1 20-0(69'! %09! 4&&,29&1! .):! -%é&!
A&,&0-"),1).12%":0( 142" 0(1 1"0+" &9 .2) + I-9&! D+")0(=6(0-"),!).! )S07)("1".& M, &
1&:#&11"+", 891 Q"-%! B"(6(0:6(0+", &9I46!L),Al0,112)Q ) :=&:9g?%E&+&! TOBM>,1-%"9
Q):=G!-%&6! P"10-8&! -%&+*):-0,2&1).]  -U&! #8&:90*(&?)**&: (pRIPO-0(69-! 09! "-D&:#&9-)!
*&: )+ 19 A& &(&:) , 1)S"10-"),1).! -9%&! B"(6(0:6(0+",&! 9249:0-&!-)! A& & :0-&!-%&) 5
0+") 0(E=6(!:01"20G! (&QM?"L! 02-"#0-"),1).1 -%&! "+",&Q 0,1! 9249&K2&.+7), -)(! ) .! -%&

,&Q(6!'A&,&:0-&1!19-&:&)A&,"?1?& ,-&

VW



A. Fu (2021):

7nl NPhth 10 mol % NiCly¥glyme NPhth 35 examples
+ 2 12 mol % L21 ) up to 96% yield
! cl R RY R up t0 97.5:2.5 er
R THF, 0 %C
5 mol % NiCl,¥glyme
Zni NHR? 6 mol % 2ngzy NHR® 37 examples
J o, WPl 2 RL_A_, up to 88% yield
RY R LiCl, DMAP, TMSCI R up to 96.5:3.5 er
0 THF, 0 %C

Q Os_O,
0] Y
\) R 10 mol % Cu(OTf), \ 24 examples
N+ ' 11 mol % L23 . up to 82% yield
| ™S Nsare ° HN R up to 99:1 er
A ) THF, D40 %:C A Noas
' blue LEDs r r
| N Ar Ar
o M J_q O%o
Phu... | N \\>‘Ph % l N\>
N N—y B Et 4
L21 2
TBDPSO ~_OTBDPS MeHN NHMe Ph L23 Ph

L22

Ar = 2,4,6'M63CGH2

INMNMPI3(L() *QHP2":2(%$(<)&<$6%0H 1 $60M:? $97)D>(9$(<)

$%6&1298! 1! B+ ") 1:01"20(9",! -%:&&)+*),&,-1  2)2%(", AL):!-%&IA&&0-"), 1).!
&,0,-")&,:"2%&110+", &9!960814&&.,119?()9&1!46] &#01)!10, 11?)Q):=&:9 |g?%&+&! T\G™
1 -%"9! Q)=GN-076(! & 0+ ",&9! 0:&! 29&1",! -%&! &,0,-")9&ER"#&! 01"0(! :&(06! :&27-"#&!
2)2%(", AQ"-%!0!-&:-"0:6!0(6(!")1 "1&0,1!0 ,!0(= &6(C0:6(!%0("18F%EIME(&2) *%"(&D:&!
07-"#0-811-%:) 2A%) S"LO-'#&I" 9&:-") , 1461-%&! 120-0(696P6&19249&R&,- 1-:0%*" A 1) 1-06&!
3gOMA]" " -&:+&1"0-& 146!-%EN-076(1&, 0+ ",&!.) + 90!,&Q! 0(=6(a]" P>>H&?"&G!-26!
&04(", A 0! 9&?),1! 3a3! 4),1! )+0-"),Fl  >! -%"9 "-&+)(&?2(0:! :&12?-"#&!
1"20:4).2,2-"), 0('70"),!1).! 01*&,10,-! 02"#0-&1!0(=&,8G0! #0:"&-6!).! : 801"(6! 040"(04(&!
30,113 P*UBH0(1&910:&!101&11?),9872-"#8&(B0?:)99-%&!)(&."!",10196'A%!: &A"HO, 1!

&,0, -)9&(&?-"#8H0, &F! <11"),0((6G %Y +8&-%)1! 0#)"19! -%&! 29R).! 9&,9"-"#&!
VX



):A0,)+& O(("? :&0A&,-9GK(6"Al ), | 0! ): AD,"?! :&1270, -F $%:&&)+* ), &-! 325
200(67&1! :&0?-")9! &,04(&1! 46! ! +") :01"0(d ", H)H Al -%& 2®,0-"),! ) I

&-%&:"20-"), 1).1&, 0+"1&9!%0910(9)!4&&,!:&*):-&1F™!

Nevado (2020):

0] O—
H H =
H R2 7.5 mol % NiBr,¥dme 5 1 >—< H
1 3 R N R / N\
WN\H/R . |)<R4 9 mol % L24 b Me,, AN NN
R 2 = i
o TDAE, THF R?{ © Et L24 Me
Ri=aryl alkyl ~ R% R® R* = alkyl 22Y%C, 13 h R Re
R°DX 24 examples
RS = aryl, alkenyl up to 97% yield

up to 98:2 er
I

DI3(1() *TH_$,G:2:/4H(?) B6:6 2$&(/(923;()0$9:" 0.8692506:/$H:2$06)0N,594/)
B6: 1 6( <)

* AAR)1$6()R1>0/86%)M(:92$06<)$6)G3$":/)51$6( )DA623(<$¥

$9%8&129&1)2+%)(2,Al  :&0?-"#"61).1"+" & 91.):! -%&! 96%&9"9.! 0(=6(! 0+ ",&9! %!
0(9)! 488 8S*():&1 F/"),&&" Al Q):= 1Q09I*&: ):+&1 146! -%&! 02%Q0L! A:)2*1" || MNTA!
Q%&:&!-%&68%),9-:0-&1! /1 520-0(67818.,0,- ")9&(&-"#8&10:6(0-"),1). IN5(2):&,6(! "+",&9!
) :1-%8&! A&,&:0-"),1).14&,76("A 0+ " &I @Q"A! -)! -%&!1 07"1"-6).] -%&! 3[14), 1!).1-%&!
(2): &6(! A)2*G! 409&+&1"0-&1! 1&*:)-) ,0-"),! 29 " Al 9)1"2+ ! fert-42-)S"1& "91.07'(&
(&0T', AL)1-9%&1.):+0- "),! ).10,10700((6(10,"), !g):!! B+")10," ) ,I&K2"H#O(&, - F$%&!:&@"),!
"91 A&, &:0(G) (&:0"", A101Q"1&!97)*&!).1 0:6(! %0("1&9! 0,1! 0(=60+ ",&9!",1 %6"A%B"&(11 0, 1!
&,0,-") 9&&?#"-6F e%0,AG! f0,AG! 0,1! 10(9%! %O0#&! O(OW&:6! :&?&,-(6! 1"9?()9&1 O!
#'6(0-"),! :&0?-J, 1" #)(#" Al MB700((6(10,"),9F ™ <! 2%":0(! 4"9*06)9*%" &O(()QY! -9&!
9-8:8)9&(&2-"#8)2 *(",Al).10(= & 6(14:)+"1& 9!-)IN5(2):&,6(I"+" ,&9!0() Q" Al -%&! 1"82-1
*8*0:0-"), 1).1-%8&,0,-" ) &,:"?%&!0((6("?10+" &FP4 9&KRE&, -1:&127-"),1) .1-%&10((6( 743

A



314) ,1146!/1 312, 1&:![ M?)2(1!. 2:,"9 %B-%&!1&9":&1LB)(=6(!0+",&!",!_Nx!6 "&(1!0,1!"_CV!

&R

A. Buchwald (2014):

()

2.5 mol % [(allyl)PdCI], Elu
6.25 mol % L25 >

P(c-C7H13)2

Ar—Br + .
NaOtBu
Ar alkyl
O le cyclohexane, 22 %C, 3b4 h Y OO
alkyl then, NaBH, 20 examples L25
up to 90% yield ]
(1.15 equiv) up to 98:2 er SiMeg
B. Zhang, Yang, Walsh (2021):
Flu
FlU\ Rl Br 5 mol % NI(COD)Z SN . | Me
N 10 mol % Chiraphos 1 examples i
L * | P R Ar up to 96% yield PhZP\A/\pph2
Ar R2 NaHMDS | up to 99:1 er I\é/Ie
THF, 22 %C, 12 h R? _
Chiraphos
C. Product Derivatization:
Flu
SN NH,
—_—
o EtOH, 18 h Me g
97.5:2.5 er 97:3 er |

MMNMOAL) *V+)_$):6?)=2,G:2:/4H(?) 1 1$6() R1>0/&6%)5>> ' 0:93( <)

>:"1"2+ B20-0(67&12+* )(2,A10 ((6("?!0£6(0-"), A%0H#&! 0(IN&E,11&#&()*&1!29" Al

N5(2) :&,6(! "+",&9 F*1 <! +"(11 409&! g'OBUG! Q%"?90P"("-0&9! -%&! 1&F) ,0-"), 1).! -%&!

9-0:-" Al "+" & 1 Q%" (&! 0(9)! 0#)"1" A :02&+"70),! ).! -%&! A&, &0-&11% +)0((6 ("?! 0+", &

*)127- ©'9?:22"Q1-)!-%&92278&99!).1-%&!:&0?-Bi@-%A89"+"(0:1&...):-9129" Al >:1%60#&!10(9)!

488.,1:8%):- &UIPERIIE&?-"), VKU

3%2+0! 0,1!?)Q):=&: 9!9%0#&! 0(9)!1"9?()9&1 0,! &,0 ,- ")9&(&?-"#&/1 520-0(67&1!

1&720:4)S6(0*#8& 0((6(0-"), 1).1"+" & 9P\ N5+ &-00-81! 07)+&-%",&! 6("1&9%60#&*:)#"1& 1!

?%&+"9-9! Q"-PO(-&:,0-"#&! :&0A&9! .):! 1&9"A", Al 96 ,-%&9&9! ).! "-))A&,5?),-0", ", Al

WAI



U&-&:)?62(&59%:)2A%NIMBL")(0: 1?267)011"-"), 10, 1!?),d2A0-&1 011"-"), 1:&0?-"), 9 W
O2-1:&7& -19-21"89! %0#&! &S*0,1&1!),! -%&! 2-"("-6! N5+&-0(0-&1! 07)+&-%",&! 6("1&9-)!
0(=6(0-"), ! +&%)19FE%0,Al 0,1! | 0,Al %& + 01&! ?),9"1&:04(&! ?), -:"42-"),9! -)! -%&!
0(=6(0-"), ! ).! O(1"+".&! &9-&9 Q"-%! Q(6("?!07&-089 (801" Al -)! -%&! .):+0-"), !).!
), %) -&")A&, "2 B+ ") 10?7"19PsWle 101! ?)Q):=& :9!%0#&!0(9)!1&+),9-:0-&1D!/1c32!
120(! 20-0(69'9! 9-:0-&AB6! .)! -%4&19-&:&) 1"#&: /8,1 2)2* (", Al) .1 O(L"+",&! &9&9!-)!-&:+",0(!
0,1! "-& ,0 (! TEEL"&,&IFM 3)2*(", AJ).! & O+ " &9AVE701"&,&9 +&1"0-&1! 46! +&-0(!
%61:"1&",9&:-"),! %0#8&! 0(9)! 4&&.,! 29&1)) :! -06&A&,&:0-"), 1) .11 B+", )1-:0,9"-"), 5+ &Q(!

9*&7?"&91.):1-%&I®, -") 9&(&?-"#EB9-Y&99!).17%":0(0(=6(10+",&91gI&&II&?-"), INFRIEX1

Niu (2016):

Ar,
O 3 mol % [I(COD)Cl], NH5Cl OO Q >.....Me
OBoc 6 mol % L26 ; P—N
0 Rl /
+ S e} Me
N R2 DBU, THF X Af
J 25050 ¥4C, 12D24 h

Rt then workup R? L26 Ar = Ph
R™ = aryl, alkyl (1.1 equiv) 47 examples

up to 95% yield

T up to >99:1 er |

DI 1 ()" ', G:2:/4H(?)B6:6290<(/(92%;()R1>0/ &6%5//4/:2$06)0.)I1$6(<) )



2. Palladium-Catalyzed Synthesis of ! -Trifluoromethyl
Benzylic Amines :2-#Fluoroarylation of 9&( -Difluoro-2-
azadienes

N -"),9 1).! -%"PU0*-&:1%GH&IA&&N* 24 ("PH&10,1! 010*-&11Q"-%+ &:+ "99"),1. 1)+Cl!
'0 ,"&(GIF! ZFp! @,6&0A29"G! 3FHSE)GI<F! <Fpl"GP! 80(?)(+9),G! :F! EFI0((01"2+ 5
30-0(6781!; 6,-%&99!).11 55:".(2)))+&-%6( 10&76("?1 <+",&9! via!R(D )0 :6(0-"), !).! gem5
" (2):) SVD701'&,891Z, 04(&1!46!/%)9*%" 883 0-0(67&LIR):+0- "),1).I 0, I< 700(6(a;"(# &!

>,-&:+&1"0-8FACS Catal I"*V GIG!MBM NF!
I

é%"9!Q)=!Q091),&!" 1?)((04):0- "), Q"-%/0 "A&!"0 " &F
!

="1# + @4/,2%. #

$9%6&! )(&! ) .(2):"&1 " 1" (28,2",  AL-Y&I*P ol ). 1):A0, "?! 24 )2,19 G! 0&:", Al
("% %"("?"-6).l 1. 2Al+) (822(89@ 09!Q&((109! 2%0A" Al 2),.):+ 0-, O(1 4091 ). 1:2Al
970.)( 1910: &! 9)+ & ?) +*&(( ", Al: &09,9! Q%@ "-!:&+0",910,!" +* ):-0,-10-)+1",14")0?-"#&!
0, 11+&1"2",0(1?)+%) 2,19FC™I@ &1).1922%!.(2):",0-&11+)"& -"€&9!"9!1-68:: " (2):)+&-%6( !
d BRWO+"&! + )-"FI &I 9A, "."0,? & 0, 1! *:&#0(&,?&!).] | 5:".(2):)+ &%G! 0+",&9!" !
4" ()A"20((6! 0?-"#&+)( &?2(&G!", A21",Al @10,020-"44 gO! 20%&9",! P! ", %4"):1 " |
)9-8) *)))9"9 1-:&0-+&,- B&+0",1011: "#" AL):2&1.): 1-%&I1880* +&,- 1) .!, 8Q!10,1! &.."?8,!
+&-96)191-)1077&99!-%"910+",&!9?2[1! gR"A2:&/FIB)!- %91&, 1 BQ&I9)2A%!-)!1 &#&()* !, &Q!
+&-96)19! .):! *:&*0: " Al 3RVR), -0, "Al 0+",&! 42"( 1" Al 4()?=9F > *0:-"?22(0:G ! 5
S (2) 1)+& -%6(1M&, 76("?! 0+",&9! 0:&!0! %&OHE! 92A%H.-&:1 2(099). 10+",&9!" 1 ):A 0, "2
%, -%&"909!-%&6!&10,1"+¥):-  0,-1%%60: +07?) *%):&F!13),98K2&.,-(6QD!, 2+4 &!) .1:8980:7%

(04990#&!+01&!A:&0-1&..):-9)11 &#&) * I1) 2-&9!.):!I-9&"196,- %&9"DF

N



H
o N>/Ph
Me” “CF, //> . OMe>/Me

F3C & N .
: N7 N
X Cf\NH HN

! 1R Ar

N 7 N/go T

H H H FsC

potent inhibitor of testosterone DPC 961 (X = 6-Cl) cathepsin cysteine
5a-reductase DPC 963 (X = 5,6-F5) protease inhibitor

CFMe, NMe;
CF3 H 0
N N.__CN o Ph ;NHZ
O H K cl W\CFS
N
® °
MeO,S =

odanacatib agonist for LXR g
T cathepsin K inhibitor |

DB Y%&' (NH) .- '$./&0'0 1( 234)8(6 HA/$951 $6 <)$)8$0/0%$9://4)52%;()70 /(9&/(<)
2.1.1 Methods for Preparing ! -Trifluoromethyl Benzylic Amines

8)0- 1 ).l - %&8! 96,-%8989VDHE :&('&1! ),! ),&! ).! -%:8&! +0",! 9-:0-&A"&ICU!
27 (8*%"("210-07=12%),10 |3 RAR49-2-&1!"+" &GIUE& +" &! :&127),1).] OI3RB+" &G!
)1 U-0% * AL | 1&(&?-1)*%" (&1 46013 RA"+",&1-%6:)2A%]10,10700((6(",-&:+ &1"0-8g? Y&+ &!
MTI09!1"P299&11 ! 3 %0*-&: 1T

$9%8011"") 1) .10:6(1,22(&)*%"(&9!-)13 RED249-12-&11"+",&9 1"9101?)++ ), 1QO6L.) :!
02?2&99" Al-%"91200P!! 5:".(2): )+& -%G!4&, 76("?10+" &9!P&&I9&?-"), TIFMABLIMITVG 1856
J02-8,91 A2)2 *I 18#&()*&110! + &-%)L1.): 10778.99"AI&,0,-" )&, "?%&1! 4&,76("?! 0+",&9!via!
0! &0,- ")9&&?-"&! 1"-"),! ). 4): )S"&9! -)I 0,"(".& 5L&"#&1! N,0?&0Q ).!
- (2):)0?&-0 (18&%61829" Al 0! ,&2-:0(! /1g>PO-0(6Y-! 4&0:" Al 0!/ 6@S (A0, 1! g? %&+&!
MUt $%8&! :@2"), | Q):= O &.."2"&,-(6!.):! &(&2:), 5"?%! 06(! 4):) S".&Q %)QEHEE
&E21) , 5)) ! 27 (&)*%"(& 1)! ) - *0:-"2"+0-&! Q&(E! >-! 19 :) *)9&1! -%0! -9&! §)Q&:!

ATI



-0, 9+&-0(0-"),! :0-&9! Q"-%! g&?-1), BL&"?"&,-1 ,2? (&*%"(&9D, 1! -%&! : &127-"),1). 1-%&/1 !

20-0(69! )+ 1/ 1g>U! -)l AgNLR, 1&:! -%&:&0?-"),! ?),1"-") 9! 0:&! -%&! :&9, 9 .):! (0Q'!

:&0?"#"-6F
A. Nucleophilic Attack upon a CF 3 Imine:
R. R.
)IN\ + Nuce /,\@Nuc
Ar CF3 Ar CFy
! -CFz amine

B. Ketimine Reduction by a Hydrogen Source:
R

RN NH
M ¢ WO H
Ar” CF,4 A R,
I -CF3amine

C. Trapping of an Electrophile by an CF 3 Imine through an Azaallyl Anion Intermediate:

ArO Ar® Ar®
E* = Michael acceptor

IN Base, PTC o or H* SN
A /kCF N /k E
r 3 Ar” CF, A R,
| -CF3amine

i Ard -CeHa-NO, azaallyl anion

DI3(1 ()!* H0$..('(62)D2":2(%$(<).0)D462B(<$<)0.) ,-'$./&0'01(234/)51$6

(<)

> -0&" (0-&1 Q) :=! "] MNTXG)1"."?0- "), !).! -%&! 2M(69-! 969-&+! 0,1 ! -%&!

"-)12 2-"),1). 1019'(#&1011"-"#&0(() Q&1!.):10 1Q"1&:19249-:0-&IP)*&!", #)(#" Al &(&2), 5

1&"2"&,-10:6(4):) S"&9lg? %&&! MOUFXI$%&! &Q(EB, -1)12? &113(M1g/6@SU!I?)+*(&SE'!

?), @, ?7,! Q"-%! 0! <AOR! 011"-"#&5:&,1&:9! -%&! /1g>>0H&?"&9! ?0},"?! 0, 1! .0?"("-6&9!

-:0,9+&-0(0-"), 1). !-%&! 0:6(4)))S",&FR)(()Q" Al -%0-Q): =G$0,A 10, 1! ?) Q):=&:9! %0#&/!

184#&()*&1! 0'HYB20-0(67&!011"-"),1). 10:6(4))S" ,&91-)1] a] 1-:".(2) )+ & %6E&-"+", &

) &M06! 07789! -)! -&-:09249-"-2-&1!! BRI ! 81"0:6(! 0+",&9! ! %"A%! 6"&19! Q1!

&,0,-")98&(&?"#"-6! §? %&&! MBUFX $96&PR9&! ). -%&! 27 :)-&?-&1!] a[l "+ ",&! 0()Q9! -%&

"M



*:"+0:6! 0+ "&! ) 4 & 1&(H&&L! 1":&7?-(6!Q"-%2 -1 0,6 | 1&*)-& ?-"), 1 Q):=2* 10,1! 0(9)!

0?7-0-&9-%&!.):+0-"),1).1-%& 19-&?0(65?),A &9&1!19-&:&)A&,"?P&-&: M

A. Lautens (2013):

1
HN/Ar
10 mol % Pd(OAc), Art
- 17 examples
MeO”™ “CF3 12 mol % L27 HN ;
Py up to 91% yield
* . ) A2 CF, up to 98.5:1.5 er
(Ar2BO); DCE, 60 ¥4C, 8 h, air

(1.0 equiv)

B. Lautens (2016):

-~ MP 10 mol % L28 VP
)I\ 30 mol % AgBF, HN” 34 examples
FsC H - /\ up to 91% vyield
+ DCE, 65 %C, 20 h Arm "CFs up to 98.5:1.5 er
(AFBO)3 4 ¢ MS, air
(0.5 equiv)

C. Tang (2019):

N,JH 1.5 mol % oHO
J|\ [Rh(C2H4),Cll, " | i >7<'H ;
1 3.6 mol % L29 FiC, ,NH examples F
AR ° * L % up to 93% yield : \

t-BU t-Bu
+ 2.0 equiv CsF Art” CAr? upto>99:1er R R
(A2BO), toluene, 70 %C, 10 h R =9-anthryl L29
LI (0.5 equiv) |

DIL( ! 4527$2$060.)5' 4/)%08&><20)-'$./ &0'01 (234/)11$6( J&<H%)M3):69=?)
G:2:/ 4<$9

029"1.9-%&1011"-")).10 : 6(5X )2*9 1)1 "+" &9 1)IA&&:0-&!! B RI4&76("?!0+" ,&IG!
“068011"-"), 1) 1-%&:".(2))+& -%6(142%- )I0:6(F249-"-2-&11+" &919DI4E, 129&1! 1),&!
"9-0,?&F! <(-%PAY%! 0(&99! ?)++) , 10#&2 &G27? (8 * W("2-:".(2) )+&%6(0-"),! 20,1 9&:#&!
09!0F) Q&:.2(19-:0-8&/6F$%"90(()Q9 -9&IAGR:0-"),1).! -%830+&!1*:)12 2-9142-1)4#"0-&IYE!
2%Q(& A&9! 09)?2"0-&1 Q"-%!*:&* 0:" Al 3RV "+" &OFI[)Q&# & G'%0! :)2- &! .0?7&9! 9)4!

290((&,A&IG!*:&)+" |0, ~(61-%&)Q! ,22( &)*%"("?-6!) .1-U&-:".(2)))+&%6( 10,"), Fb IMING!

M



-%6&; %"400! A)2* | & ):-&11-9& .":9-10,11-%29!.0:1),(6!011"-"),!). !3Ru,2?(&)*%"(&9!-)!
*:8&*0:&! | BBRv 0+",89! -%:)2 A%!$8;3R 1 011"-"),!-) 107)+& -%",&!"+", &912,1&:! *%09&!
-:0,9 .& ! 20-0(@"9g; 2%6&+&MV¥ FX1 <7) +&-9%,&! "+",&9 GQ%"%I0:& ?)+ +),(6 |2981!",!
& 0, -"9&(&-#&TGR62()011-"),! :802"), 9GIQ&I&:22'0(\.) :1922%I012%@, A", AlO**: )0?%
1281 )1 9)+&!1 )1 "-912,"K 2&! *:)*&: -"&OFR"9-G! U "?:&09&1! &(?-)*%'("?"-61).! -%&
07)+&-%",&! "+".& 1"1 2)+* 0:"9),! Q" -%! 0,IN5)96(! "+",& G*: )+) -&9&."2"&,- 2% ("Al
Q"-%! -%&! :".(2))+ &%6(! 0,"),! %% %I ()Q! ,2? (&)*%'("?-6UF!>,! 011"-"),G! -%&!
2),0-:0", &1! ?),):+0-"), ).l - %&I762("?! 07'#0-" Al A))2* 1 0(() Q9 A:80-&:! (&#&(9! ).!
:&0?-%"-610,1! &,0,-") 9&(&PH"-6F>-1"91 0(A *:)*)9&1! -%0--%&?04), 6(1)S6A&,!).! -%8&!
07)+&-%", &!"+ " &! 02-"#0 Al A)2*1 0"191", 1:&0-"),! -2: ) #&F > | MNMG%"40-0! 09)!
&%) -&11 0,)-%8&:! &S0+*(&! ). 0! ,22(&)* %("?! -(2)) + &%6(0), | 42-1 Q"-%! O,
&H#"),+& ,-0((614&"A,\;@IP< JZy! VXWI+ . 210)(#&-! :0-%&-%0,! 0! +"S-2:&1).1-)( 2&8&!
0, 11 1"2%():)+&-%0,&129&1",1 - %&1 0.):&+ &-"),&L 1Q): =F-N8 ) 1"."20%),1).I- %&!*%098&!
~:0, 9.&!20-0(69-!Q®!, &&K1):1- %"9:0,9.):+ 0-"),FI]22(&)*%"("?!-:".(2):)+&%6(0-"), !
1&+0"910,10:80!.) 1 1&#&)* +&,- 109!),( 610!.8Q! 8S0+*(&9!). 1+&-%)19!0=",A101#0,-0A&!
).1-%"919-0-&ABES'O-FZ(&2-:)*%"("24(2):",0- "),! %08 (9)!48&129&11):196 - %&'7", All BRY
48&,76("?10+" &9FH&?& (6GY&U"I01! 10,A 1(049!%0#8&!8&(04):8110!, }#&(19-:0-8A61.):!-%&!
2),9-1 22,1 ).1 | BRU4&, 76("?10+ ", &9bial 0, 10+").( 2):",0 "), 1).! gemBl".(2):)0(= &&9!

0;?%8&+ &MOUIFE-T; " A(&&(&-:), 1)S"10-"),! 0, 1!1019249&2&,-'RD-)+ 1049-07-"),! 0"1&1!46!

AN



&(82-R(2): y! 0(() Q9-%&1.)+0-"),! ).10!4&,76( "?2P0-"), 1-%0-191-:0+&1146107&),"- :"(&",! O!

--&56*&!I0+", 0-"),! *0-%Q06F

A. Shibata (2009):

p—
Q 10mol % L30orL31  Q oH 5
mMe 6.0 equiv KOH mMe N Na/ Br
ON.® +  MegSIDCF3 ———————  HN( ® 2
I Me (@0equv)  2:1toluene:CH,Cly i Me
R? D50 ¥4C, 3D20 h R "CFs L30 R2=CF,

R! = aryl or Cy 17 examples L31 R2=t-Bu R?
up to 94% yield
up to 99:1 er

B. Wang (2018):

R? )
2.0 equiv Tf,NH 1 CF
Ar/S/F + Selectfluor —— "~ > RT3
F MeCN, 60 ¥C Arl” "NHAc
Re = an, methyl, H 18 examples Selectfluor
T up to 81% yield !

MDA L) IF+) &9/(0>39$9)-'$./&0'01(234/: 2$06)672)B/(92'0>3$/B)#/&0' $6:2$06)
D2":2(%$6)

="=8 [29+* 4@

| %"(&! 0:6(?:)9952)2* (", A9! Q"-%! 07006(! 0,"), 9! -98-! 1)! ,)-! 4&Q! -%&!I3RV
9249-128&-1 %09! 4&& *&:.):+ &1 46! 9&#&:0( A)2 *9T-W_'G! " 2(2" Al 0,1 &,0,"" )9&E2"#&
#0:"0,-14 6! -%&R22%@(L! A)2% TVGI 2 *) (2,Al 9-:10-&A&I! ):! -YRI1&HE) * + &,-1) .1 | BRY
48,76("?10+",&9 1 %011 488,10 ,! 2,&S*():&1! 0 :&OFBYRI&! +&-%6)1029&1! 46 10( 9%M O, 1!
O229R0(1™9D1! -6*"20((6! 4881 02?)+*("9 981! -%) 2A%! -%&!1™'0(1 1&:) -), 0-"), 1).1-%&!
"1t &10-1- %81 5)9"-"),G! 0(()Q", Al -%&! &, &:0-"),1) 10,107 00((6(10," ) ,! Q%"?9@,18:A)&9!
2:)9952)2* (*, AlQ"-%!0:6(!%AEIF,1011"-"),G14&6), 1!-9&KQ(6!9-"1&9", 196, -9%8&99).! | 5

3RI0+ ", &929" AINTGY: )-)-1)*"? 19%"-9-CT.@!),(6!8"?%0&(10?7?7&*-):91940488& 1" 1&,-"." &1!

"W



00r0:4), H10%1!&(82-)*%"(&91.):1-%&!070(6(19-D-&ABF" I$URI?) , 2&-1).12-"("7" Al0I3 R5
9249"-2-&110700((6(10"),! -) ™* : &*0:&! BRUO+" & IBHQEHE G%09R0-10**&O(F
$9%8:&.):8&G!0!,&Q!9-&A6!) 10728&99!53 Ri4&, 76("210+",&90,11%)  #'1&1:&02-"#"-B
4&6),1!?),d 2A0-& 011"-"), 1 Q)2(1! 4&!"+*):- 0,-! 0,114 :) 01(6! 29&.AF[&, ?&G!@!.":9-!
1821&11 -)! 1&#&Y* 1 O +&-%)1! -)! &,04 (&! 0:6( 2) 9B)2*( ",Al 29" Al 0! 3 REI249-"-2-&1!

0700(6(10"), 1)10..):1 !l BRV4&,76("?10+" &9F1

="AB&TA3,# .@QH#HC2TAT72*. #

$)I48A"1)2:1 249 (2,A  1921"&IBQ& &D+",&1 1-%&! 011"),1) .1-".(2): )+ & %6(!
"t GHAMO, 1! ")1)48,7 &,&1") -%& :8&9&,7&) .10!/1 120-06940,110, 10%* :)* :"0-&("A0,1!
0,298+ &! MW UFS%&8&12),1 "-"),9 1Q&:&2%6)9&.I"," -"0((6+) 14&!1+)1&(&110.-&!022%@ (110, 1!
| O(POOL&*) :-9.):1-96&106(0-"),!). 0(1"+ ", 89129", A0700((§!0,"),9!00!" -&: + &1"0-&IFWe!
TH)QEHEG! 2,("= & -9&"! "1 " A9G! Q%&;%69! BRA249-"-2&11"+" &! Q0 924&?-&1! -)!
9:),A(6 1409"?17),1"-"),91g"F&J'[8 ' ; UGI:0*'1 (612,1&: Q&,-!&("+",0-"),! ). 01.(2):"1&!
"L 1)L): +1 -%&12)::&9%),1", AlL".(2):)07 01°&,&g ?%&+&MOFSYRI&! 1 (2):)0701"&, &9!
%), (61488, 18&97:"4&1) , 284&.):&!",! -%&! ("-&:@: &46![2 0, A0, 1!?)Q) :=&:91.):1-%&!
%, -%&9".(2))# "6 (107)(& 1&"H#O-"#&9-%0!Q&:&!12:," Pb&1!-%:)A%!-%48-&:+&1" 076!
).l 0,0 0700((6(! 0,"), ! g ?%&+& M3UFA | &#&:-%&&IIGI%&! ): +0-"),! ). -%"9!
1".(2):) 0701"&,&! 2, 1&! 409"21:&0?-J,1 ?),1"-"),9! " 1" 20&1! -99-! -%&! 1&%)-), 0-"),!
9-:0-&ABIQR(1!,)-14&!. &OA(&L.): 1-%"91*0:-"2(0:! R249-:0-&(,1 1-%0!-%&!.)+ 0-"),!).] -%&!

0700((6(10,"),1+"A%-! ,&&11-)1*:)? &&11%) 2A%0,)-% & 19 0-&/6H !

X



A. Failed Coupling using Walsh and Buchwald Conditions:

Ph Ph /th
; Pd, ArbI
N)\Ph LIHMDS, THF NAPh N Ph
) P78vC, 1.5h )
FsC Fc” © FsC” NAr
21 CF3 azaallyl anion

B. Deprotonation and Subsequent Elimination of Fluoride lon

LIHMDS, THF elimination
N)\Ph I4’> N ~ Ph —_— N - Ph
b78%C,1.5h
, Fo
F3C) F,c” © j)
2.1 F 22
C. Huang’s Synthesis of Azole Derivatives from Difluoroazadienes
Ph Ph
A N
N“>Ph {'j\ KsPO,4 NZ>Ph  up to 81% yield
NN
R~ Fe 2 N«N
i F ool I

DI93(1() IN+) 599(<¥ 20) O$&0'0: H:?¥6(<) <) D&<2:2(9 .0) M(: 92$86)
o(;(/0> 1( 62

| &19%)&1! -%0-! 9&! :82(-0!.0)+ 1 9)+&!) .1)2:1 *:&#"2 91 Q): =Xy Q)2(1! 4&
4&,8."20(1):1.", 1",A10,1&,04(" Al19-:0 -&AB.): 1072899" A%&A&, 76("210+" &1%:)127- F>)!
-%89821"&IQ Y YD1 &S*() :&1!-%EA&,&:0-"),! ) .1l D+")0 (=6(132!,2 X&)*%"(&9.))+ 0!
32 a[l+"A:0- ):6!",9&:- "), I, -) IMD701"&,&9!200(6-"D((6G!OQ ", AL):1-%&1.):+ 0-"),!).10,!
0700(6(a32! " - &:+&1"0-&!1-%02) 2(112,1&:A) 1011"-"),!-)1&(&?-:)*%"("?1=&),&9!) :I"+" & 9
120, "GAH'P, 0(10+") 10(D %(910,1! 1 "0+" &9 | g? %&+&MY UFI & & #'9"),&1! -%0! O!
:&(0-&1",9&:-"), 1*:) 2&991 -) 1011".(2): )0701"&, &+"A%IA&I0L)2-&! ):1)4 -0"", Al:&0?-"),F!
R2-%&#+ ): &BJ)%! 0,1! ?) Q):=&:9! :&*) :-&1! 0l /1 520-0(67&! .(2) :)0:6(0-") , !).! gem5
1".(2): ) 9-6:&,89!Q"-%! 06 (CO((6("? &(&?-1)*%"€D! §2%&+&MDUIFE_T 31 -0%&19-216G!-! "9

*1)% )9&11-%010,! | BRU4E, 76("2!I(#R!" - & +&1"0-83D%" 29I 1&:"H&1L: )+1-%&1011"-"), |



).101,2? (&)*%"(?.(2):"1&1"), @2,1&:A)&9P)2* (A 1Q"%D:6(I")1" 189%c4:)+" 1&9) 1 O((6("2
20:4),0- &F$%"90(()Q&1! -%&1&("#&:6! ) -%&.(2): )0:6(0-), 1*:) 12240, 11*)#" 1&110!
+'(11 0,11 A&,&:0(! 9-:0-86! .):1 022&991 )} 29%6:0(! -:".(2):)&-%0,&! 1&:"#0-"#&9M! 2! 0,1!
?2)Q) :=&:9! %W#& 0(9)! 29&1 -%&&! gemBl".(2):)0( =&,&9! 01 1 1".(2): )9-6:&, &9 .):1 )- %&t
-:0,9. )i+ 0-,9FT_5WI 8) : &I &?&,-(6G(2) :) 0:6(0-"),! &..):--9! %0#&D(9)! 4&8&,! +01&! 46!

P)40609%™T10,1! -%&!-&0HL!f0, AlO,1le %0,Al(04).0-) :"&9FM1!

A. Malcolmson (2018):

Ph Ph Ph
L Lous X & X
N“ “Ph N“ “Ph N“ ~Ph
/’ /k E®: ketone or imine
Me Cu(L) Me E
azaallylbCu
B. Loh (2016, 2017):
AoF Ag Ar
F g-!
m - CF, Pd, E® CF,
F E®= aryl/allyl halide
benzylic Ag
C. Proposed Work:
L, Ag-F Pd, Ar-|
N“R_ P NZ “Ph i N)\Ph
Fe s
I FaC” Ag(L) FaC” NAr
11 azaallylbAg |

MNPB(L ()1 HP2':2(%$0.0") 23)G:2:/42$9W(6(:2$ 06)0.)5/K4/)_&9/(0> 3$(<)0')
GO&>/$6YMV(:92$069

$)! A&, &:0-81-%&9&IBRUA&, 76("20+ ", &I5! Q&I&?" & 1!-)! &SH):& ! -%&H+)99"4"("-6!
-960-11".(2):) 0701"&,&9%"A%-4&! 29&! 09!1*:&72:9):9! ):1 3R vE249-"2-&110700((6(!0,"),9F!
| &!%6%)-%&F&1! %60L9" "(0:(6!-)! )% W Q):= GO!:&O?),! +'A%I*) 28&&!-%) 2A%L%&

A&,&0"),1).1 0,1 0700((6@<A! "- &+&1"0-&GL) :+ &1! 1)+ 011"-"),! ).l <AR! -)! -%&!

A



1".(2):)0701"&,&G! Q¥%R6! ?2P(1! .2:-%&:! 2,1&A)! -:0, 9+&-0(0-"),! Q "-%! *0O((@"2+!
)(OQ &1!46!:&12?-"#&&("+" ,0-"), 1-)I. 2:," 9%!-%&2): )0:6( 0-"), *:)12?- g ?%&-&MWB UF
2.3.1 Reaction Optimization

| & 480! 46! 96,-%&97",Al 0! gem5l".(2):)07 01"&&! -%0' Q)2(1! 2, 1&A)!
.(2):)0:6(0-"),! -)! 0--0", ! -%&! 1&"&1 48 76("2? ! BRV 0+ ", &9F! &7)*%&,), &BL&:"#&l!
1".(2): )0 701"&,&! A 1Q09!?%)98109!-%&!9249-:0-811&89-04(9%!)*-"+0(!: &072"),! ?),1"-"),9!
4872Q@9&! ).! "9! :&(O-"#&! &OKX! ).! *:&* 0:0-"), F | & &S0+"&1! -%&! 2*(", Al ).!
1".(2):)0701 "&,&1 A!0,1 175)1)0,"9) (&29", Al0I9-)"26)+ &:"?IK20, -"-6!). |<ARG!IFA )(x!
hgQ6(W13(iMG!10,1! TN! +)( x! b /%)9! ", | 26?()%&S0,&! gNFTU8Q%"?%! +":):! J)%0!
&9-040%&! ?), 1"-"),9 19;?%&&MKFB,1 &!-9%&!0.): &+&,- "),&1!:&0?-"),!1?) , 1"-"),9G! Q&!
Q&:&!104€1-)1)4-0 ", 10IVWxB"&(1).! -%&! 1&984!.(2): ) 0:6(0-"),! *:)1 2?-!! AFD9!+&0R: &1!
46!TR] SHFI@Q'A! -)! -9& ("A%D&,9'-"#&,0-2:&!). |<ARGD&!1&?"1&1!-)&S?(21&"A%-!46
?) #&:" A1)2:1:&0?-") | #8&998(! Q"-%! 0@+" , 2+1.)"(10,1! -%"H&L! -)!-%&! .):+0- "),1). 1) 2:!
1&9:&1!*:)1 22-1"1 0! 9%6'A%&:! WT6"&(1FB*) , 1) 4-0",", Al -%&9&! *)+"9 ", Al :&91-9G! Q&!

9)2A%-) 1.2:- U& )* -"+"781-%& &0?-"),12),1"-") ,9F!

Ph Ph
/]\ 2.5 mol % [(allyl)PdClI],
N7 >Ph ' 10 mol % XPhos N7 >Ph

F + 35% NMR yield

Z OMe 1-2 equivAgF, cyclohexane (0.1 M) F;C 51% NMR yield (in the dark)

= 80°C, 15 h

(2.0 equiv) OMe
2.2 2.3 !

MIPIAL() 1U+H(/$1$6: ' 4)H$62$64). 0')#/&0'0: '4/:2$06)0.)5 H?$(6 (9
| & ."0-118&&" &1!-%0-! Q&!)4-0",&1! 0! %"AR! 6"&(1).! -%& *) 12?-10-INM 8 !

0&,-:6! TUD,1!-%&,!1&?1&1! -) 1 1 &-&:+",&!-%&!+ *):-0 ,?&!) .1-%&! .(2)"1&! 9)2:?&!",1 -%6Y

AN |



1&07?-),C! 9Q"29,A ! <)) -& ! ", ) :A0,"?! 9)2: 2&9! 927p09! 39RGPRG):! 32Ru (&1! -)! ,)!
)49&:#04 (& *: )1 2?24 0,1! &(2?"10-&1! %06! <ARI Q09!12:22"0(! ):1 .(2):" 1&!1011"-") ,I-)! -%&
0701"8& ! g904(&! B! & :"&OM ! R:-06&+ ) :&G!29"A1 0! 2)+4",0 -"),!) .I39R!):! PR!0,1!0!
9'(#&1 90! g"FRLA]@ V) : | < AB@WD(9! .0"(&1!-)! ):+1*)  122-11 AFg&: "€!°10,1! TNB!
$&+* &0-2:81%CL10!+0 : =811&..&?-1),1 :&0?*#-6®)) + 1-8+*&:0-2: &0, 11N "AK(6! &(&HE1!
-8&+*8:0-2 :89) .IANIL310,1! XNt3!Q&:&1&:"+& - O(G!*)#"1", AOI+0 S*2+16"&(1! ).I" x !
0&,-"&9! 10,11 \UF! $%&:B&GHE:.) +" Al -% &! .Q):)) 0:6(0-"), !:&0?-"),! 0-I \N! t3! Q09!
&99&,"0F1& 10(9)!97:8&&1I1"..&:&,- 10:6(1%0("1&9) :!-%"9!:2"), EQ"-%!%&0:6(!")1 "18&9!
g’5) 1) 0, "9)(&U * )#" 1" Al -%&4&9! 6"&19! J#&:! %6&! 29%():)! 0,1! 4:)+)! ?2)+%2,1  OF!
0:)+"1&91?)2( 110..):11-%&!189":&11*)1 22-9B(4&"1"1()Q&:16 "&19G!QUEL?%():"189!.0" (&
1.2:, "9%1-8d4&, TB("P0+", &Ig&,-:"&IIWIO, IXUF

WN



S0V >2B1$H:B06)0 )/ &0'$?2()DO&'I( LY (1>( 28&( L):67)5'4/)C:/$?( *

)P\h 2.5 mol % [(allyl)PdCI], ph
NZ >Ph I 10 mol % XPhos N ~Ph
+
F\) \©\0Me 1.2 equiv fluoride source, (+ additive) Fsc)\©\
F (2.0 equiv) cyclohexane (0.3 M), 80 °C, 15 h OMe
2.2 23 |
entry fluoride source additive yield of 2.3 (%)
1b AgF - 78
2 KF - <2
3 CsF - <2
4¢ CuF, - <2
5bd AgF - 39
gbe AgF - <2
7t AgF - <2
89 AgF - 9
9 CsF Ag,CO3 <2
10 CsF AgNO3 <2

@Reaction concentration of 0.15 M under N, atmosphere. PReaction run at 0.3 M.
°Reaction was performed using [(cinnamyl)PdCl], at 100 °C. 94-bromoanisole used.
)))))))))))))))))) e4-chloroanisole used. fReaction run at 22 °C or 40 °C. 9Reaction run at 60 °C )

1&10( 9)!1"9?)#8&:&11-%0-%"9!:&0?-")*) 28&191Q&(("",!,) ,*)(0 :1):A0,"?19)(#&,- 9G!
Q"-%! 26()%&S0,&! *)#"'1" A 1)*- "+0(! : 892(-9 g$04&MBS; -"&9! Ta" ) Q&H#&:G | &#&.,1 Q"-%
) 2:1)%" +0(19) (#&,-G0~&+*-9! -) 19%)-&, 1-%&E&02"),I-"+& 1.1)+I TWI%4-)I T1%!): IX1%! (&1!-)!
0Q &1 (&H#&(91).1?) #8&:9"), | o&,-:" &I VAXUE; Q"-2%" A-06&/1 19)2: 78" 1 -%&! :&0?), 1.0+ |
hgO((6(U/18w-) 'h@" ,0 + 6(U/13(i M(&11-)!019("A%-1? :&ORI).16"&(1g \X! -)\NX U2,18& :1-06&!
90+&!:80?-), 12),1 "-"),919&:"& 9! 10,11\UFR2-%&!" ? :&09, Al-%6&&+* &:0-2:&1.:)+! \N!
t3!-)ITNNI3I0(9)!", 2 80K 116" 11-)\'X 1g&-161" UE

M)

wT



M) /O 1+) >2% $H296)0.)DO/;(6 2):62) $1(*)

Ph Ph
)\ 2.5 mol % [(allyl)PdCl], )\
NZ >Ph ' 10 mol % XPhos NZ “Ph
Felr * .
OMe 1.2 equiv AgF, cyclohexane (0.15 M) F3C
F . 80°C,15h
(2.0 equiv) OMe
iy 2.2 2.3 !
entry solvent time (h) yield of 2.3 (%)
1 CH,Cl, 15 15
2 THF 15 37
3 1,4-dioxane 15 40
4 toluene 15 43
5 cyclohexane 1 17
6 cyclohexane 6 68
7 cyclohexane 15 78
8b cyclohexane 15 80
gb.c cyclohexane 15 84

aReaction concentration of 0.15 M. under N, atmosphere. PReaction was performed using
i [(cinnamyl)Pdcl], °Reaction was performed at 100 %4C. I

1& 1Q&:&0(9)104(&1) *&:.):+ 1&S?29"),1&S*&:"+&,-9! -) 1097&:0", 1-%0-11GI<A, 1!
* 06)040%" &! ("A0,110:& 2:270(1.) :! -%&4&07-"), F! ZS(21"A ! &-9&: P((6(LL 3(i vB<ARG:!
b/%) 9", 1-%49:802-), 12)+*(&- &E!(&1!-)! , )! )49&:#04(&!*:)127-FI>,1011"-"), GB/%)9! Q0Y
0(9)! 2, "K2&! "1 -969! :80?-"), 1 091+)9- | +),)*06)9%06" &1 ):!  4"9*04 9*%" &! ("AMLI! Q&:&

(0:A&612,9222899.2(",1-9%6'9: &R?-"), IgB04(&!VE

WM



MY /() F)B;:/&:2$96)0. )ESUB? <)

Ph
2.5 mol % [(allyl)PdCI]
A y ? A

N Ph I 10 mol % phosphine N“ ~Ph
F = *
OMe 1.2 equivAgF, cyclohexane (0.3 M)  F3C
OMe

F . 80°C,15h
22 (2.0 eqm 23 !
entry phosphine yield of 2.3 (%)

1 RuPhos 4

2 TrixiePhos <2
3 BrettPhos <2
4 XantPhos <2
5 XPhos 80
6 SPhos 7

7 PCys <2
8 PPh, <2
b PCy,Ph 17
10° (R)-BINAP <2
11 (R)-SEGPHOS <2
12 (R)-(+)-MeO-BiPHEP <2
13 (R,R)-QuinoxP <2
14 (R,R)-Me-DuPhos <2
15 (R)-DTBM-SEGPHOS <2
16 (R)-SYNPHOS <2
17¢ PEPPSI-iPr <2

aReaction performed at 0.3 M. PReaction performed using [(cinnamyl)PdCl], at 100 ¥C.
°Reaction performed at 0.15 M. 9Reaction performed without [(allyl)PdCl],; PEPPSI-iPr is
LLLHLLELEELEEEnn e anisolated Pd catalyst, and not a phosphine. ]

2.3.2 Substrate Scope

B*),1& 9-04("®+&,-).1)2 )*"+ 0(:&07-"),1?), 1"-"), 9GD&N&?1&1!-)!" #&9-"A0-&!

-%080249-:0-&!9)*& !). 10:6(1") 1"189.):1*:&*0:",Al0I#0:"&-6!) .14&,76("?" BRvO+", &F!

wyv



-1 (ONHP& <2:2()D90>().0' )8(6 HO>3(6 06(,0('$;(? )D& <2"2(<)

2.5D7.5 mol % [(cinnamyl)PdCI}
N ~Ph I N 10930 mol % XPhos NZ “Ph )N)\Ph
F A —TR!
\H * | = 1.2 equiv AgF FsC | N, FsC
= cyclohexane, 80b100 jC — R
15h
2.2 2.4p2.15 2.16D2.27 2.28
NCPh, NCPh, NCPh, NCPh,
OMe C(O)Ph N/\ Et
L_o
2.162: 80% yield 2.17°: 75% yield 2.18%: 45% yield 2.19: 65% yield
NCPh, NCPh, NCPh, NCPh,
e so e CHENLS UL &0
CO,Me o
2.202; 87% yield 2.21: 78% yield 2.225: 72% vyield 2.23% 67% yield
NCPh, NCPh, NCPh, NCPh,
CF
Ph Cl
2.242; 88% yield 2.25%: 68% yield 2.26% 82% yield 2.27%: 68% vyield

a2 5 mol% Pd salt, 10 mol% XPhos, 100 %CP2.5 mol% Pd salt, 10 mol% XPhos, 80 %C.
5.0 mol% Pd salt, 20 mol% XPhos, 100 ¥%C95.0 mol% Pd salt, 20 mol% XPhos, 80 ¥4C |

38:-0",! =&, 191Q&:& )4 98#&11",! -%&! 97&&," Al ).! -%& R49-:0-&9IF! A& & (G
9-&:"20(6! 07?899(& parad 0, 1! metaBR49-"-2-&11&(&-7), 51),0-" , Al0:6(DHT1&IF:)#"1 &
4&--& 2)2%(" A 1&.."2%&,76109)49&:#&11", 1A*U0,1! | ANg?0RNx! 6"&(1FZ(&2:), 5&2-:0(!
9249-:0-&9! €&.1-)( &:0-&11Q&((T,0*%- %6H!A!I" G %&6( 3! Al*QD, 1! 4"+%&6( 57),-0"," A AU
*)127-9 10:&! 1&'#& &11&."?"&,-(6!2,1&: ! -%& .(2) ) 0:6(0-7), 1?),1" -"),9 GO..):1 " Al -%&!
1&9"&1! &,76("?! G ".&! "! 20F \NK GI6"&(1 .) :! &0?%9249:0-&F ; 249:0-&9! 4&0:" Al
+) 1&:0-&(6!&(&?-)FQ"-%10Q " Al A:)2* 9922%!0laraBRVIAIIN):! para$2%()) !! AIOQE: &!

0+&,04( &!1)1-%&!:®2") 1?), 1"-"),9G!0(4&"-1"1019(A%(6! ()Q &:!6'&(UGK\X! 6"&(@!.):14)-%!
wA



P49-:0-&UF>-1"9 Q):-%6! -)! ,)-&! -%0-1 0:6(! ") 1"189! 4&0", AL 0,] 0?2"1"?! *:) -),! 92?%! 09!
0,"(",&9620:4)S6("?07'19®0, 1! &, )(" 704(&! =&),&9!.0" (1-)! 1&(#&10,6 11&9"&11*:) 122-109!
-06&98&, 04(&1* :1)-),0 =), 1).!-%&! O7TW(6(a<A! +&7'&9L):+& 11"! -%&! :Q?-"),G! (&01",A
&S?(2HE&(6!-)!-%82,1 &F:&11%61:).(2):" ,0-"),! *)12 2-1l ATE3) #&:9&(6G!), 5, )("704(&
=8&-), &ID&:&0+&,0 4(8BY -9 %&,6(1=&-),&*)122- | AQLE("#&:&1",| Mx!6"&(1H

>-&: 80" A(6G!@!)49&:#8&101-:&,1 14&Q&&!- %8B"&(L!) 4-0",&110,1!-%&!&&?:),"?!
0 -2:&1).1-%&10:4!")1 "1&9RL:6( 1")1"1 &9! Q-%! €82-) , 5L),0-",Al9249-" -2&,-91),!- %&!0:6(!
") 118 *: )12?2&1!.0#) :04(&!:&02"#"6! g?0FINx! 6"&(1UQ%"(80:6(! ")1"1&9! Q"-%! 9-:),A(6l
&E?:), 1"-94:0Q " AlA)2*0G 02294609, "-1)IA: )2*9G AO#& ()Q! 6 "&(19! g?0MIX! 6"&(1UBY,!
011"-"),1-) 1() Q! ?).#8:9",1)4-0", &1 Q"-%+UR0& &&2-), 3"-%1:0Q", Al 9249-:0-89G! Q&!
009) 1) 49&#&1!-%&) +0 -") ). 1%61).(2):", 0-"),1*) 1272-Il AIT", 10%*:& ?"04(&!0+)2,-9 F
<910, 0--&+*-1-)1:&? -".6! -9%69 * )4(&+Q Q& " ? :&00&L! -%&/ 1! 20-0(69-! )A",Al ),! )Q 5
6"&(1",Al9249-:0-8&9L)+WI- ) ITN4)( X 142-1-9%019-"((1"11,)-1*)#"1& 10??28*04(86"& (19!
%8 %6 )- %&IEL -90-1 9Q'-?2%A! - %&D-&"20((6! & 2+ 48:&! 4&,7)*%&.,),& 5l&:"#&1!
21" %&,6¢!1".(2))) 0701"&,&!-) 101+ ) : &0728D"4(89249-: 0-& + "A0%6-1011:&99! %&9&!9QE&IF!
B(-"+0-&(6G! 29°A 0! (896" 1&:&1! 4&,70(1&B18EL&"#81!  z+),)*%&.6( {!

1".(2):)0701"&,&!:&+&1"& 1!+) 9-1).1- %&M¥R&I!IQR!%MD!Q"-%!%0(&,A",A19249-0-&9R!

)

WW



- () JHP& <2':2()D90>().0' )8 (6HO>3(6 06( ,):6 ?)8(6 H:/?(342(,0('$; (?) D& <2":2(<)

Ph Ph
2.5-7.5 mol % [(cinnamyl)PdCl], PY
N)\R NG 10-30 mol % XPhos N“ "R
NG~ — R
\) * \© 1.2 equiv AgF FsC | \—R1
F cyclohexane, 80-100 °C _—
15h
R=Ph 22 2.30D2.37 2.38D2.53
R=H 229
NC(R)Ph NC(R)Ph NC(R)Ph NC(R)Ph

CN
SMe

Me N@

R = Ph 2.38%: 81% yield 2.40°: 63% yield 2.42° 85% yield 2.44b: 54%, yield
R=H 2.392: 77% yield 2.412; 87% yield 2.43°% 87% yield 2.45%: 87% yield
NC(R)Ph NC(R)Ph NC(R)Ph NC(R)Ph
NO, MeO Me N
R =Ph 2.46%: 37% yield 2.48°% 40% yield 2.50°: 56% yield 2.52°: 17% yield
R=H 2.478: 82% yield 2.492: 90% yield 2.512: 81% yield 2.53%: 45% yield

2.5 mol% Pd salt, 10 mol% XPhos, 100 °C. 7.5 mol% Pd salt, 30 mol% XPhos, 100 °C.
©5.0 mol% Pd salt, 20 mol% XPhos, 100 °C. 95.0 mol% Pd salt, 20 mol% XPhos, 80 °C |

$%91+):&! :&OP-"#& +),)*  %&,6(1".(2))0 701'&&! 0()Q &1! 291 -) 1)4-0", | A))1!
6"&(19! Q"-%! 206(&,A", Al 7)2% (", A9l).I 9-&:20(6! %" 1&:&1! 0,11 &(&?-:), 5L&."?"&,-! 0:6(!
" 1"1&9B09! Q&((! 0992**:8&99! -%&! ):+0-"),1) .1-%&! 8d:) .(2): ",0-"),1 46 *) 127-FI R)!
&SO*(&Q *)127-1 IANUA-0"&1! .2) + ! &&?:), 5)): | para5"-: ) *%&,6( ")1"1&!10,1 |
48, T)*%8&,) , &1 1&:"#111".(2) 1)0701"&,&! | AQOII"9)(0-&1!"1 ), (6!V_x! 6"&(1F! )Q&#&:G!
Q&I Q&&!*(&09&1!-)1 1"9?)#&HD-1), 19Q"-294" Al -)! -%&IKIM&:20(6! %", 1&&110701"&&G!
Q&IQ&&!4(&!-)10--0",10,!"9)( 0-&L16"&(L!). I AR, \ MX!Q"-%&98, -"0((6!,)!9"1&!*:)1 27-F!

R):19-&:"?0((6!%1&:&1!0:6(!")1"1&9!92?%9ortho5+&-%9S6!9249-:0-&G!Q&Q!0,!", 2:&09&!

WK



"I6"&(11)+H ANK 1-)NX! 2%),1 9Q"-29%4A 1) 1-06&1+),)*%&, 6(11".(2): )0701"&, &19249-:6&
@)+*0:& 1! A'TO,1! AN

$9%69H ) 1".20-"), 1).1)2:10 701"&&102-"#0-" AIA:) 2% 10(9 10(()Q &14&~-&!-)( &:0, ?&/!
). 19)+&1%8&-&:) B2(&F!R):B.S0+*(&GV5)96(!",1)(&!924 9-:0-&1",2:809&11..)+IT _x 16"&(!",!
IAJ! 1)1 A WXIB'8(L!" L IATFFD,1011"-"),1-) 1) 4-0", " Al "+*)# &116"&19!Q"-%!-%'9 ) 1"."&l!
9249-: 0-8GDA&+" &1*)122-91 )2 (114&"9(0-&1!+ 2204+ ):&!2(8D, (6!12&+)!()Q 10+ )2,-9!
). 1-96&1 %61:(2):",0-" ),l *)122-1 1&" #&1! ..)+! IAIVFI& ! 0--&+* -&1! -)! 4:) 01&,! -%&!
1".(2) 1) 0701'8,&! 9?)&! ).l -%&: &™), | .2:-%&0 %)Q&HB:GI&&0(! 0701"&,&12)2*%( " Al
*0:-, &:91Q&:&))-! 0+ &04( &1Q"-%!-%&!+&b)1IGR"A2: A0S, 7 O(1 861851 &:"#&110701"8&!
IAIN:&92(-&1!1",! -%B0:6(0-") , 10-1 %6&T5)9"-"),! :0-%&:1%0,! -9&! 1&9&1!.(2):) 0:6(0-), !
*:)12 2-1g0:6(0-"),! 0-! -%&! §)9"-"), U F8) 11"92"+",0-&! 0--0?=1 0-1-%&! "+",&1204),6( G!Q&!
9Q"-2%&1-)! - %&4A&, 7)*%&,), EEL&:"#E&1! R49-:0-& IAII %)Q&HE:G-%&! 92490-& *:)#&1!
N++(&- &(6! 2: &0"HE 2,1&:1 -%&! M,10:11 :&0?-"),! ?), 1"-"),9F! ;"+"(0:(6G!
+),).( 2))0701"&,&! 'AJU1"1! )-1 2,1& :A)! 0,6! :&07?-"),! ("=&@! 128! -)! 1&7:809&L!

8(&?:) *%"(7'-6F

W e e
F F
Z~pn ﬁ %
F F F
Ph
2.54 2.55 2.56 |

N))H$%E&' (P+)6901> : 25 /()5 H:?$(6() D& <2":2(<).0") #/&0'0:'4/: 2$6)



2.3.3 Hydrolysis of Product Imines to Deliver Primary Ammonium
Salts

$96&1"8&2-1 *:) 127-911&"#&1! ..)+! -%&! .(2): ) 0:6(0-"), !:&0?2-"), 1 0:&!* :898& -! 00!
*)- 82-&110+",&91" 1-%6&1):+1) I"+" &94&Q" Al &"-%8014&, 70(18%61&1)4&, 7)* %&), &
A)24F1%" (& 1-%&48 7)*%&. ),& SL&:"#&1!"+" &910:81+):&1)429 -10,1 120, 14&40", -0"&1!
12:" Al .2:-%8&:1 0,9. ):+0 -"),9 G! -96%0:&! : &01"6! %61:)(67&1! 2,1&:! +"(1 (6! 0?"1'?!
2),1""), 9 "1 0! 9%"(0:! .09%"),! 09 -%&Y ) :& (04"(& 4&,70(1 &%61&" ;) -&?-&1! "+" &OF
<+ +), "2+ 90(9UAIQ0,1! IATIQ&&!)4 -0", &11.:) +! 1 AJI0, 11! Al G&I*&?-"#&(BQ"-%! FN

8! OKI[3( 10-))+ 1-&+*&:0-2:& !",IMBb)2: 9ig; 296&+&M UF!

Ph ®
L NH, P
N H
1.0 M aq HCI FiC
FsC THF, 22°C, 2 h
Me’
Me
2.51 2.57
79% vield
Ph
A NP
NZ “Ph 1.0 M aq HCI 3C
_—_—
CO,Me CO,Me
2.22 2.58
I 82% yield I

D93(1() 'Q+)1$6( )C4?'0/ 4<&)$)='02&92%
2.3.4 Reaction Scale Up and Synthesis of Reported HDACG6 Inhibitor

1&!  &S*():&1! -9& 9?0(04"(6! ).! -%"9! +&%)1 29" Al 0! )& 5)-! *)-)?)(F !
R2)) 0:6(0-"),! 0, 1192498K28&.,-1 1&*)-&?-"), 1).1- %&H " &1*:)12? -1), 10! N+ +)( 1920(&

1&("#8:&11-B*:"+0:610+ +),"2+190(- I AJTQ"-9%6)2-11"+ " "9%68116"&(1!g ?%6&+&M UF!

WA



®
Ph i.) 2.5 mol % [(cinnamyl)PdClI], NH; P
)\ 10 mol % XPhos

R
F 1.2 equiv AgF
ﬁ) CO,Me quivAg CO,Me

E cyclohexane, 100 ¥%C, 18 h

(4.0 mmol) ii.) 1.0 M ag HCI, THF, 22 %C, 2 h 2.58
85% yield (900 mg) |

DO3(1( )T +M(:92$06D9:/()R> @ (,=02#/&0" 0:'4/:2$0 6):6?)C4?'0/4<$<)
GO&>/$6%)

| &I-U&,192A%-1 -)1.2,2-"),0("7&! -9&I0+" & ! .2:-%&1.): 1 "-912-"("-@ ", 072&99" Al
4" 02"#&! 9+0((1+)(&22(&F! $%"9! *:)7&99Y( Q&1! 29! -)! *:&*0:& ! 0! : & ) :-&1! [ '<3X !
"6"4"): | LAV " -06:&&) 9"+*(&! OO0+ +) "2 +1 90(! AT A&,&:0-&1 2%), 1), &F)-!
(2):)0:6(0-),10,1!  %61)(69"9!20,14&0?76(0&1!", 1-%& : 89&, 2&!).1Z~] 10,1 lpara5 %&,6(!
4&,7)6 (! 2%):"1&50,1! -%&) O! 9249&R& - ?)#8&9 "), ).! - U +&-96(! &-&:! -)! -%&!

061:) SO+ 20?7"11(&11-) 1-%&!1&9":&114")0?-"#BK %)2,1 1) .I"-&:&9-g; ?%&+&W UF!

A. Our Method:

(0]

1) /@*u
Ph
CF3 3.0 equiv EtzN o CF3
C@ Hﬁb&@\ CH,Cl,, 22 ¥%C, 12 h /@)‘\H
NHOH
CO,Me 2) ag. H,NOH, 1.0 M ag NaOH Ph Jss
: 0]

2.58 MeOH, H,0, CH,Cl,

0b23 ¥%C, 3.5h HDACS6 Inhibitor

prepared via fluoroarylation conditions 30.5% over 3 steps
followed by HCI hydrolysis

B. Previous Method:

(0]

(0] CF3
OH 6 steps N
Oxo requires multiple column h H NHOH
=]
o

chromatography purifications

DI3(1 ()IV4+)0:(/) MO&2(2023()D4623(<$30.): M(> 0’ 2(?)C O5G U)63 $'$20)

W1



>1"91 Q) :-%B-) !, ) -&!1-90-1 -%"9! -%:&GB-&*! 96,-%89"! "+H# &II2* )1 0O1*:&#")2 9
+ &-9)1DR9&1Y, 1-068099&+46Y).I- %"9)+*) 2,1 EQY%"29&K2":&119"SI9-&*URD: -%&+):& G
969 1) 2-8 0,1 4 &17) + *(&&1! Q0 2-12)(2+,1 %2 :"."20-), 109! &?9%98*!0..):19 ! 2(&, !

*1)12?- 10.-& 1019+ *( &Q):=2* FU

="DiYo+-/,&+2E- 2 . #06E--335F69 # ,&H &@-,&EFH< B#
N&/,+ *T7 ¥)5# .4 @ET#

1& 1 *)¥)9&1! -9%0-1 0,1 070 O((6(a<A! ?)+* )2,1 ! "9l -06&,2?2(&)* %"("?! 9*&79&
A&,&0-81112: " Al-%&12)2:9&1).1-9482):)0:6(0 -"),! :&0?-),! 0, 11Q&I9)2A%!-) 11&-&+" ,&!
-%6&! ,02:&1). 1 -%69! " -&:+&1"0-&F! 1&! -%&,1%66*)-%&9"%L! -%0--%&0700(6( , 228 *96'(&
2)2( 1! &S94090!3 a4)2,1! 0700((6( a9"§&:! IAU™) :10910,! Nad)2 ,1107)+& -%!&! 6("1&mvaw
IAUH §;7%&+&WNUIO, 11 ?), 122-&1 0! 9&"&9! ).! J8H!  9*&?-1)97?)* "2 &S*&"+&,- 9 -)!

1&-&+",& 1-%&19-:27-2:&!).1-089*&?"&BN

Ph Ph Ph

PhosX
PN AgF N ag.
NZ >Ph - N Ph or /'N\(G)- Ph
Fe = toluene-dg, XPhos e A E.C
H ~H " xphos 3 H
F
1 2.2 2.60 261 !

DI3(1 ()F"+F02(62$:/BH:://4 1)_&9/(0>3$/(< }$6X/&0'0:' 4/: 2$06)M{9206)

R':O-QD&!Q8:&!104(&)! 092&:-0", 1-%60-106&!.):+0-") ). -98912)+*(&S!1)&9!, ) -1-0=&!
* (0?8111 -%8&108&,781). 1h/%)9 ! ("=&6! 12&!-)1-%&!" 9)(24"("-6) .I<AR!" 1 ),* ) (0:19)(#&, -9
R 2%! 06 A)%&S0& 0,11 -)(2&.,8& F[&,? &G!-&R)+ *(&S0-),! ).! <AR! Q"-%-%&), *)(O :!
b/%)9!"9&D&-"0(.):!"-91011"-") I -) -Y&D701"&&RI&!,& S-120::"&112-101?)+4 ",0-"),1). 10!
9)"2%)+ &:"A0+) 2,-1).1b /%)9! 0,11 < AR!"!)(2&&BLIE>1"91 Q):-%6!-)! )- &! %60-! -%4&

XN



2:)9952)2%(" A:&0?-"),1Q):=9! .0":(6!Q&((",!-)(2&,&109!Q&(QI&&! A& \URR 1) 498#&110!
&Q19)(24(&!?)+*( &SIAUM4GIVT [T} 1]8H @®09" 1"? 0-&1146-Q) !, &Q* %)9%):29!*&0=TF
$9%82)2*(", Al ?) , 9-0,-914&Q&&. ! -Y&! *%6)F%): 29,2 2(&290,1! ™N<AIgXXX![7U!0,1TN <A

g XN7UI0:&19, 9'0&,-1Q"-%-%&, &2- 0(Ra< Aal%)9*%%", &?)+*(&S IgR"A2:&XUFX!!

AgF + XPhos F—Ag—XPhos
toluene-dg
80'C 262
31p{"H} spectrum Ji AGPTP = 760 Hz
A

‘ J1o7pgotp = 666 Hz

o (ppm)19.5 18.5 17.5 16.5 15.5 14.5 135

gy NMR spectrum acquired at 25 °C. !

MMM)NES%E&' (W) 7 M)DX92'&1).0)# 5% a=30<)G01>/( Z)!AU)

R2:-%&+):&Gl-9&D11"-"), 1).11".(2):) 0701"&,&IANAL,&:0-&10!, &Q!F&?'&IQ"-%!0
1°.&:& 9&-1) .1 1)24 (&9! 2+ &(1! ).1 >>>! " | -%6&V! |8H! 9*&?-:2+ | gR'A% WF| &
1&&:+", &LI-Y&I< Aa1?2)2%(" ,Al?), 90,- 1) .1-%&&,&Q!1)24 (&-9", 1-%&1 1]8H!I9 *&?-:2+ |
VAGINNMIOLIAXTY 7@ &F&2-"#EBG):! ™N<AIO, 1ITN<AFK11"-"),0(( 6@Q&) 498#&1101,&Q!
+2(-"*( &IO-IAFTU**+1" | -06&1 1]8H!9*&?-:2+ G!QU8%! ?)::&9%),1 &11-)!0,! 0700((6("?!
%)), TOR'A2:&I UF'&? )2%(" Al ). 1-96"0%: )),1. :)+14) -9 RIO, LIV | 22(&! (&1F) ! -%&!
g+ *("."0-"), 1).] -989H 2(-* (&!0, 11&,04(81!-%&1&-&:+",0-"),!).] "-91-Q) 50,1 1-%B8854) , 1!
2)2*% (",A12),9-0,-91-)! 9"(#& gT\FNTU! 0,11%%)9*%):29 |gWHN! B! :8&9*&M4&(6F |-%& R!

XT



18H 19*&2:2+ GID&Q! *&0=! 0-1aW ! **+ 1 Q09 0(9)! )4 9&#&1! -%0-1)::&(0- &1! -) ! -%&!

070((6("?!3RIA:)2* IgRAZ & UF

Ph J AP =461 Hz
g— p— 31P 1 N
)P\h F—Ag—XPhos )\ {'H} spectrum J'07Ag3‘P = 402 Hz
Fo —~ toluene-dg, 80 ¥2C .o TA
H S¥H g‘XPhos
‘ F-Ag-XPhos !
2.2 2.60
|
! &(ppm) 19.0 18.0 17.0 16.0 15.0 14.0 13.0 12.0 11.0 10.0

1 |

H spectrum H
W:M/V/f\/j\'\/\-kw o
"H{"°F} spectrum 3J,,,=5.0Hz
{"°F} sp PH 19F('H} spectrum 4_IPF =45Hz
2 -
JAgH =18.0 Hz

3 -
'H(3'P) spectrum o a1 JAgF 226 Hz
F{*'P} spectrum 3 _
Jyr = 129 Hz
J(ppm) 4.30 4.27 4.24 4.21 4.18 4.15 4.12 4.09 4.06 & (ppm) -51.25 -51.29 -51.33 -51.37 -51.41 -51.45

Il
) #S%E)QH) 7 MG3: " 92($H:2$08.)5 H:://4 1,5 NGO1>/ (Z)IAU)

D"(0:(6GL&?)2% (" Al-Y&L(2): ", &L )+ T 10, TIVTIQ "+*("."& 11* &O4+2(-"*("2"-" &9G!
0(0Q"A! 20(22(09,! ) .I ?)2%(",Al 2),9-0, -9 ).l .(2):", & ) 9"#&G161:)A&,G! 0,1!
*06)9* 09: 29!, 22(&'F3:22'0(1-)! -%6&1&&:+",0 -),!). 1-06&'1&,-"-6!) .1-969?) +*(&S! Q0I-%&!
2)2% (Al )A9&:#8&1! 48&-Q&&,! *%)9*%): 291 0, 1! .(2) :", &F 3a4)2, 1! 0700(p(a9"¢&:! IAU!
9.)2:54),112)2*(", AU GO-%&:1-%0 <A B-04"("78107)+ &%" &B("L&IAVY!"O!I+):&! ("=&(619&!
02"#& , 22(8)*%"(&109! -9&! 0--&:! Q)2(1! :&K2":&10! ."#854),1 | TRaVT! ?) 2*(" AF! 1& ! 0(9)!
9*&?220-81!-90-1 -%820(2(0-&1! <Aal! ?)2*(",A!?),9-0,-9 GQ%80:&! 9+0((&:1Q"-%",1-%"9!
A&,&:0-&117)+*(&SG "9! 0,1 ",1"20-") 1) .1 %9Q ! -9&! (0A&:! 10,9 B',.(2&,7&! ).! -%&! 204), !

Q"-9%, 1-9&!070Q(6(a< Al F&?"&9Q8&D=&,9 -%&k Aa/ 14), 1!?)+*0:&1!-)!-%&!.(2):"1&! Q"-%)!
XM



$/%) AKARFS$%"OF: ) #1811 &#"1& 281-%0t-%&! 34) 2, 110700((6(! A#&:19*&?'€0!1 AU "9
+)9 -1 ('=&6!-Y&I*&?"&I! ):+&1!" 1-%&! 9-)"2%")+&-21:807-"), F) Q&#&:G, !-Y&!?00(6-"?
:&02"),GIAUIQ0Y, )-1)49&:#&1!",10!1 &&?-048K20, -"-6G! ("=&{B2&)-)! :&#&:94"("-6!). I"-
)+0 "), 10, 11 2), #&9",!1 -)! -%&! 070K, &!IIAII):l "-01 0+"11-:0, 9+&-0(0-"), 1-) 1/ 11 -)!
1&(#E:1-%&18F11*:)127-F I

2 A-%&YH& ). -%"9! Q :=GL&H#&()*" Al 0,! &0, -")9&(&2-"#&#0:"0,- 1Q09!,) -!
:80("7&119277899.2((B09! -%&! 1&9":&11*)12?2-1Q091.):+&11" 1),(61X X 16"&(110,1! X CVXIE:
29" Al017%":0(! -&:&)A&,"?!+), )1&,-0-&! ("A0,1!;?%&+&! VTHHO!"9!+) 9-1(=&(612&!-)!
-%6&I&H&OM"("6!) .1 -U&! ",08-"), 1).1.(2): "1&BO9! Q&(! 091-%&F) 99"4(-6!). ! %)+)(6-"?!
2(&O0HOA&Y)-%E&3 a< Al): 13a/1 14),1 9*:" ):1-)! :&127-"H&R("+", 0-"), F@,(6!: 82&-(6!%6090,!
&,0,-")9&(&?#8& .(2) 1) 0:6(0-") , 1).! gem-1".(2):)0(= & &I4&&,1*&:.):+&1! 29" Al Ol )H#&(!

92(."0+"1 &720-0(69-F!!

Preliminary Results for Enantioselective Fluoroarylation:

O,
Ph _ Ph O iy
/k 2.5 mol % [(cinnamyl)PdCl], )\ P\tB
NZH '\© 10 mol % (S,S)-iPr-BI-DIME N7 H MeO OMe
+
F
\% 1.2 equiv AgF, cyclohexane (0.15 M) F3C)\© O
0
F (2.0 equiv) 100°C, 15h (S,S)-iPr-BI-DIME
229 64% NMR yield
64:36 er |

D93(1() F*HD(;(/0>1(62)0.):6 )B6:62$0<(/(92%;()#/&0'0:'4/:2$06)M(:92$06 )
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=" x| NT2*.TH#H- . @ 4,3*? #

>19),? (29"),0 Q& YD#&! 18HE&()&1! 0! +& W1! .):! -%&! 2),9-:2 2-"),1 ) .1| BRY
48,76("210+",&91&,04(&1146!#"?", 0(1.(2) 1) 0:6(0-"),1) .Igem5L".(2): ) MD701"&,&H/ :"):!1-)!
) 2:1Q):= GI RI0700((6(10,") ,"?1 9 &2'8I%D1!),(6! 4&&, 1" #)=&1!", ?),d2A0-&011"-"), A
A" AL"9&1-)1 01 ,0:) Q1:0,A&!) .1 *)127-OF! 1&! Q&:& ! 04(&! ) 1&+), 9:0-&!-%&! 7995
2)2* (",Al) .13RV0700((6(a< Al 9*&?890"-%! 0:!")1"1&9! 29" A 10! /1 gb/ %)9U! 20{69-F$%0!
[&OP-"), 172),0- "-2-801 -9&! 04 24%) (2,Al +&-%6)11).! -06&! 2)9:22-"),1). 2%"0(!! BRY
4&,76("20+ ", 89129" Al1".(2):)07 01"€,&9!09!42"(1" Al4()?=9Fk! Q"1 &!9?)*&!).19-&:"?20((8
0,1 1&&?:), "0((6!1"#8&:9&!05(!") 1"189D8&: &!-)(&:0-& 13t J# "1" Al -%&!&,76("A0+ ", &9" |
A)1! 6" &(19FB:""20( -)! -%&! 927899! ).! 98&:0(! 2%0((&",Al 2:)998 ?)2* (", A9GIR2?% 09!
9&"20((6! %1&:&1! 0,1! &(&2-), 5)):! 0:6(! )1 "1&9G! Q8 -%&H) 1"."20-"),! ).! -%&!
0701'&, &YID-"#0-", Al A)2*1 0 )+ O 4&,7)* %&),&! "+".&! - )! 0! 48,76 ("1&,&F!":&?-!
%61 ) (69') .1-0682:) 9F?) 2* (&1!"+", &9V 1&("#8:0!-%&! 1R::&114&,76(210+",&9109+06&![3( !
W0(9!12,1 &1+ "(11?),1 "-"), >, 011""), B-%"9! +&-%)1D(()Q9! 29! -)! 0?R.990! 29&.7!
[ '<3 XI'9%'4"):1" 101?),2 "%I+0, & FI

8 &P6('9-"?! 9-21"&9! "1"20-8!-%0k -%&! 00O(6(! 9 &2'& ) + &1lin situ! " -%&!
:&07?-"), 1"9! -%&! 0?-"H#&X:-"2"* 0,-1" 1 -%&! D2*(" A | NQ E&HEG-Y&I&D?4,0-2 :&!).1-%&) 1!
20-069-1"9, )-1&(22"10-& 1F|&H& -% &I & QE:&104(&-)1"1&,,-" 610,117 %007?-8&:"7&!-%ES5
- (2) )+&-%6(1070q(6(a< AIG* &7&MAB!8  HIG &2-) 99*6 F1$%"0!Q-%&!.":9-1-"+&192705!

9*&?"&91%ME&&,! ?7%00?-&"7&119*&?-:)97)* "?0(6H

XA



="K# M)&+2(&., -3#C&, 237
<11"",0 (192%* ): =" Al".): +0-"), GI",?2(21"Al]8H!I9*&?-:0 L):!, &Q!?)+¥)2 19!
20,1481)2,11" 1-%6&192%*) " A" ):+0- "), * 24("90&1!), (",&L): Q!

'0 ,"&(Gl F! ZF®,68&0/29'GB F! >Ap14&")G! <FiFp J"GPFp8O( ?)(+ 9),G! ;F! ER((01"2+ 5
30-0(67&!;6,-%&9'9!).1 1 B5:".(2) )+& -%@! 087 6("?! <+ ".&9!vial RQ):)0:6(0-"),!).!  gem5
" (2)) BVID701"§€89!Z,04(&1!46!/%)9*%" &53 0-067&1R): + 0-"),!) .10, 1<700((6(a;"(#&:!
> -&+&1"0-&ACS Catal.!l"*V ®G!MBEMINE

|

2.6.1 General Information

L& &0(0/) ?2&P:&9F<((! :&07-"),91Q &:&?0:"&11) 2-1", #&, GgTM!t3U! }! .(0+&5

1:"&UA099Q0&! 2,1&:10,!",&: -10-+)9*%&:&!1).11:6!] M2, (&D!) -%E&Q "%, )- &1F! @:B,"?!
9 (2-"), 91Q&&!?),2&,-:0 -&112, 1&8:1:&127&1#:&992: &R9" Al0I:)-0:6 |&H0¥) :0-) :1gP%"UF!
R(09%?)(2+,! 2%:)+ 0-) A0*%6! Q0 *&:.): +&1! 29" Al 0! $&(&16,&! 39?)! 3)+4".(09%!
02-)?)(2+,1):14  61%0,1F!'("20! &(Q09! 1&07?-"#0-&11",19)+&! 209886! Q09%" Al Q“%-Q)!
2)(2+ | #)(2 +&9!).| WCTC&ID,)(C+&-%0,)(C]Z-v .)(OQ &1! 48 W?) (2+,! # )(2+&9! ).!
1"&96(1&-9&10,111:6" A 12,1& :1#0?22+ FIII

I

H&OA&IR $9&! .)(() Q" Al 29&+"20(9! Q&:&! 29&1! 09! :&?&"#&1C! 0?2&?A! g<(D!
<&90:UingO((6(U/13¢l g;"A+0! <(1:"2%\p! 4&,7)*%8&.,), &"+" &!g3%& 5>+*& SPhTEH'9gBX
1™9)*:)*6(*  %&,6(1F"107 )(&IVB("1 &, &ig\B2%():)*6: "16(1J 0(01"2+ g>>U! 1"794(8.!
g"A+0!  <(1 :"?%U R BRUBMGEO"9h" g\ GV 2-6(3'5+&-%6) S6+06&., 6(U*96) 9*%" )5 G/H"5

TGM&,7)1")S)(& ! g-:&+ Up! RUgNEMGHAOgL" %68, 6(*%)9*%" ) BXGEK +& -%)SET Gk
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4"*%68&,6(1g;-:&+Up!"GWOG1"*96&, 6(*%)9*%" )5 G BL"+&-%6(S0,-%&, &b0,-/%)9U! g;-:& Up!
HUGNBIG\BMKRIGL " %B(*% )9*%" )US\GH'STGM&, 7)1")S)(&!  g;-:&+Ud  gHENBMGBAK
4"9g1"%&,6(*%)9*%",) BT GBK',0*%6-%0(&, &! g<(.0 <g90:Up!  gHIEgnBVGBNK
4"9g1"%&,6(*%)9*%",) B G/H"5T GM&, 7)1")S)(&! g;-:&+Up! gHGERAEMGY
4"90-8&:-42-6(+&-%6(*%)9*%" )JUK2" $Q(",& g-: &Up! ) +)0," 9)(& g<(.0! <&90:Up
4:)+)48&,78,&! g<(.0! <&90:Up! 289"2+! .(2):"1&! g;"A+0! <(1:"?%UpBr%):)0,"9)(&! g;"A+0 !
<(1:"?2%Up! PM1".(2):)0?&-"210?"11 g$3>Up! hg?",,0+6(U/13(il g;"A+OUp! ?)*&:g>>U.(2):"1&
g0&0,-)Q,Up 1"?62()%&S6(*%&,6(*%)9*%" & g"A+0! <(1:"2%Up!  5M
' 262J968.S6(*06)9%%" ) MKGKKI)*:)¥)S64"%&,6(!  gH2/%)9U! g;"A+0! <(1:"?%Up! 1
1"762()%&S606)9*%",) MY G BEHY*)*6(4 "*%&,6(! gb/%)9U! g;"A+0! <(1:"?%Up!5 M
9"262()%&S6(*%)9*%", ) UVEIX+&-%) SEEMKG BGYR*)*6( STGBK*%&,6(1  gO:&--/%OU!
g;"A+0! <(1:"2%Up! BVP 62()%&S6(*%)9*%", BVIK@KK &-%6)S64"%&,6(! g;/%)9U! g;"A+0!
<(1:"?2%UpH-%6(")1)4&,7&,&! g<(.0! <&90:Up! ")1" &! g;"A+B(1:"?%UGCBYL)0,"9)(&! g<(.0!
<&90:Up")1)4&,7&,&! g$3>Up! §)1)4&,7)-".(2):"1&! g;"A+0! <(1:"?2%Up! ~B)1)4"%&,6(!
g" A+0! <(1:"2%Up<(1:"?%Up!SY1),0+-%0(&,&! g;"A+0! <(1:"?%Up! F)1) 5'5"-1)4&,7&,&!
g<(.0! <&90:Up!Hy’S)1)*%8&,6( U+):*%6)(",& ! g;"A+0! <(1:"?%Up! 55)1)*%&,6(US6::)(&!
g<(.0!<&90:UpBYL)-)(2&,&! g$3>Up! 8)1)-)(2&,&! g$3>Up! 8)1)-%")0,"9)(& g@0=Q))1Up! 5
"1) B\52%:()))4&,78&,& g@0=Q))1Up! VB)1) MGE'%61:)4&,7).2:0,/ g80-"SUp! 5
")1)4&,7)*%&.,),&!g80-:"SUp! ("-%"2+14"9g-:*&-%6(A6(U0+"1&!g;"A+01<(1:" BUp!+&-% "

"1)4&,7)0-&  g<(.0!  <&90:Up!  ]G]EL"+&%6():+0+"1&  g<(.0!  <&90:UG!

XX



]G]1"+8&-%6(-:".(2):)0?&-0+"1&! g@0=Q))1Up! *)-099"2+! .(2):"1&! g<(.0! <&90:Up!:GREY1'5
-&:-42-6(*%)9*%" ) USTGBK',0%%-%6 (! g$:"S"&/%)9U! g;"A+OUp! 9"(#&)"1 &! gs\xU! g<(.a
<&90:Up! )@"2+!  %61:"1&  g:-&+Up!  gMHGMYHG\EWGMKGRIGEAE-%68T GBk
0)*%&,6(&,&U1"%6)9%%)(0,&! g;-:&+Up! -)(2& B\l g<?:)9Up! -)96(! 2%():"1&! g8"ff":&!
"A+OUP-"262()%&S6(*%)9*%",&! g<?:)9Up! MEEMBN&-%6(0+",&! %61:)2%():"1 &! g$3>)
-8, 6(*%6)9* %" &1g<(0!<&90:UF

[

D(#&.-OF! )(#&,-9! Q&:&! 9*0:A&1! Q"-%! 1:6! ] M 0,1! *2:"."&11 2,1&:! O *)9"-"#8& !
*:8992:&1).11:6!] M4610,!>, )H0 -"#&I$&?%,)()A"&O!/2:&:)(HEI)(#&,-1¥2:"."20-"),1969-&+C!
-&-:0%61:).2:0, g:"A+0 5(1:"2%UG! 1"?9%():)+&-%0,&! B+*0K(1 :"?%UG! 1"&-%6( &-%&:
g;"A+0 5(1:"?%UGI BG)S0,&!g;"A+0 5<(1:"2%UG!0,1!-)(2&,&!g;"A+B(1:"?%U! Q&:&1*099& 1
-96:)2A%! -Q)! ?),9&72-"#&! 0(2+",0! ?)(2+,9F! <,%61:)29! 4&,7&,&! g 2:&c;&0(~U! Q09
*2:20600&1! .))+! "A+0 5<(1:"2%! 0,1! 29&1! 09! :&?&"#&1F! 362()%&S0,&! QNO&1! J#&:!
20(?"2+! %61:"1&! 0,11 1"9-"((&1F! [&S0,&9! gR"9%&: UG! 1"&-%6(! &-%&: 5IABUG
-"&-9%6(0+",&! g;"A+05(1:"?%UG! +&-%0,)(! gOTUG! &-%0,JR"9%&:UG! 0,1! &-%6(! 0R&-0-
gR"99%&:UL.):| 9@61?)(2+,17%:)+0-)A:0*%6!Q&:&!298&1109!: & 2&"#&ILF

[

>,9-:12+&,-0-"),F IT 98H!9*&?-:01Q&:&!:&7?):1&1!), !'0lw0:"0,!>]@w<!g"NN!8[7UG

wO0:"0,!B,"-6!gWNN!8[7U!):!w0:"0,c<A"(&,-!w]8H;!gWNN!8[7U! 9*&?-:)+&-&:F! 3%&+"?0( !

9%".-9I &!:&*):-&1!" ¥+ ) +!1-& :0+&-%6(9"(0,&! Q'%!-%&!9)(#&,-1:&9),0,?7&!:&92(-",A
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) 2)44(&-8&!1 182-8:0-"),1 93" 3(VCle! _FMXUF!'0-0! 0:&! :&*):488! .)()QIC! ?2%&+"20(
9%".-G!" -&A:0-"),Gl+2(-"*("?"-6!g9!j!9" A(&-G!1!j!1)24(&-G!-jl-"*(&-GIK!j!K20:-&-G14:1]! 4:)01G
Hjl4+2(-"*(&UG! 2)2*(",A1?),9-0,-g9U! g[7TUF3 §8H! 9*&2-:0! Q&:&!:&?):1&1!),!0'w0:"0, !
B,"-6!g"NN!8[7UG!W0"0, c<A"(&,-!w]8H;! gWNN! 8[7UG!):1 0:2=&:1 <#0,?&! >>>1g_NN!8[2U
9*&?-1)+&-&:1Q"-%1?)+*(&-&1*:)-),11&2)2%(" Al42-1Q"-%.(2):" &1 ?)2*(" Al&S?&*-1Q%6&:& !

" 1"20-&1F13%&+"20(19%" -BO&Y):-&11" 1%+ 1.:)+1-&-:0+8&%6(9"(0,&! Q"-%!-%6&! 9) (#&!-
:&9),0,2&!1:892(-" Al.:)+ 129):).):+109!-%8&!" -&:,0(1:&.8:&,2&1g3'3( VC8!__FTXUF!'0-0!0:&
:&%):-&11091.)()Q9C! 2%8&+"20(19%".-G!",-&A:0-"),GI +2(-"*("?"-6199!j! 9" A(&-G! 11! 1)24(&-G!-1]
(&G K ! K20:-&-G! 4:1 j! 4:)0B! +! jl +2(-"+(&-UG! 2)2*(", Al ?),9-0,-g9U! g[7UFRY8H !
9%&7?-:0! Q&:&!:&7?):1&1!),10!W0:"0,c<A"(&,-!W]8H;!gV_XI8[7  UB*&?-)+&-&:F!'0-0!0:&!
:&*):-&11091.)(0Q9C! 2%8&+"20(19%".-G!",-&A:0-"), Gl +2(-"*("?"-6199!j! 9" A(&-G! 11! 1)24(&-G!-1]
~"%(&-G! K! jl K20:-&-G! 4:1 [D1G! +! jl +2(-"*(&UG! 2)2*(", Al ?),9-0,-g9U! g[7UFT 5§8H !
9*&?-:0! Q&:&! :&?):1&1!),! 0! w0:"0,c<A"(&,-! W8H;! gWNN ! 8 [7U! 9%&?-1)+&-&:F! |8H !
6"&(19! Q&:&! 1&-&:+",&1! 46! " -&:,0(! 9-0,10:1! gMGMGNR):) 5N, N5L"+&-%6(0?&-0+"1&
0,1!-)(2&,&UFTRY8HG! T §8HG!0,1! VT § 8H!&S*&:"+&,-91&S0+"," Al-06&!19-:27-2:&1).
0700((669"(#&:! >,-&:+&1"0-&! Q&:&! ?),12?-&1!),! 0! w0:"0,c<A"(&-'w]8 H;!gWNN! 8[7U
Q"-%! 2)2%(",Al 0,1! 1&?)2*(",Al 09! ", 1"20-&1F! ['A%5&9)(2-"),! +099! 9%&?-)+&-:6! Q09 !
*&:):+&11),10,1 <A"(&,-! g TMNN!;&:"&9U1J38; B@FB<H$!0- 1-%&!'2=&!B,"#&:9"-6!8099!
*87-:)+&-:6!R0?"("-61g[H8;!10-01#0(289!:8*):-&110910,|0#&:0A&!).1.)2:1:2,9UF!>,.: 0:&1!

g>HU!9%&?-:01Q&:&!1?)((&2-&11),10!]"?)(&-!X_NNBREO*&?-:)+&-&: G 1s!" 12+ TF100,19!0:&

X\l



2960:0?-&:"7&110914:)011g4:UG!9-:), AlgOUG+&1"2+)d @EGE gQUFI$&(&16,&!>T{S-AL, !
VNNN!969-&+1 Q09! 29&11.):102-)+0-&1! ?)(2+,1 29%:)+0-)A:0*%6F R):! 2960:0?-&:"70-") ).!
0700((669" (#&:!" -&:+&1"0-&109!Q&((109!hgh/%)9U<ARIKB9*&?-:0! Q&:&!)4-0",&11),10,!
<A"(&,-1 " &?-1""#& WNN! 8[7! |8H! 9%82-)+&-&  !&K2"**&11 Q"-%! -Q)! %"A%! 40,1! HR!
2%0,,&(9F ! <IW!++![R3]1*:)4&! Q"-%!%"A%H0,11?)"( 11)24(&52,&1!.): IWNN!8[7!0,1!" N!
8[7!1Q09 129&1!.):1T[GITRGIREL&?)2+(&1ITI0,1! T1&?)2*(&1! TRIBH!&S*&:"+&,-9FI$%&!
TNt *2(9&! Q09! FMI 0-1 WA! 1410, 1! -%&T RNt *2(98&! Q09T p9! 0-1W\! 14%)Q&:FI < W1
41" 1" &2-118-&?-1%)4&1Q"-%!-2,04(&!%"A%40,112)"(1Q09!29&11.):! TG!T 51&?)2*(&1!VIG!
TRGIREL&?)2%(&11VTG!0,1!1VT1&7)2%(&1 1T R!|8H! &S*&:"+&,-9F! $%&M! "Nt *2(9&! Q09! \!
HOI0-W\I14G!-95&! NN!*2(98Q09!« TVHII0-WAI 141%)Q&:10, 11-%&YVT1 Nt!*2(9&!Q09!sMA1L 9!

0-'W\I141*)Q&:F!1ZS*&:"+&,-91Q&:&!?0::"&1!)2-10-IMW!tBF

2.6.2 Preparation of Azadiene Substrates

Ph . Ph
NH . 0 O CH,Cl, )\ LiHMDS, THF /k
)k Cl HN™ SCFq N7 > Ph - NZ ~Ph
Ph Ph reflux, 12D18 h ) b78iC,1.5h .
Pz
FsC ﬁ)
n F !

NGMGIMN(2):)#",6(U 5TGHL"*%8&,6(+&-%0,"+",& g!A UF! <! .(0+&L:"&1! MWBN!
12,1 54)--)+1.(09=GI&K2"**&11Q"-%!9-":140:G!Q09!7%0:AZ1%6!4&,7)*%&.,),&!"+" &IG\FV/" !
+IG! WINI! ++)(G! TENN! &K2"#UG! 1"2%():)+&-%0,&! gWN! +JUG! (511 (2B)ESKB(0+ " &!
%61:)?9%():"1&! g\FTV! AG! XNFN! ++)(G! TFMN! &K2"#U10,1! ."--&1! Q"-%! 0! :&.(2S! ?),1&,9&:F! $%&!
+'S-2:&! Q09! 0(()Q&L! -)! 9-":1 0,11 %&0-1 2,1&:! :&.(2S! .):! T_1%F! B*),1 2))(", Al -)! 1))+!

-&+*&:0-2:&G -%&+"S-2:&! Q09! ."(-&:&13,1! -%&! ."(-:0-&! Q09! Q09%&1! Q"-%! ),&! &K20(!
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%): ="),1).190-2:0-&114:" &G!1:"&1)#&:1]0 v@-G."(-&:&110,11?),?&,-:0-&11-)!0..):1! MAT9!O!
Q%"-&!9)("LIgTNFWIAGIV'F_1++)(G!_FINIXIME! Ig"NN!IS[7GB'3( WF!s! FXWIgM[EG!XE\!
[7UG!_FAXFWX!gV[G!+UG!_FATIgT[{BEG! [7UG! _FVAgM[BI-GIVI[7UG! _FTW!gM[GI{1G!
MFTG!_F_I[7UGIVRW! gT[GYKBUF!;*&?-:0(! 10-0!+0-?%8&1!-%)9&! *:&#")29(6! :&*):-& IE!
<I%):-"),1).1-%&19)("1!gVF NIAGWFN!+X GI TENN!&K2"#U! Q09! 1"99) (#&1!" 1$[R! g"W!+JU!0, 1!
-06&1+"S-2:&17))(&1!1-) B \It3FI<I9)(2-"),1).13"[8";1g"W!+JGIAW!++)(GI TEN!8!" I$S[RG!VFN!
&K2"#U!1Q09!-:0,9.8::&1146!20,,2(0!-)!-%&! ?))(&1!9)(2-"),10,1!-%6&! :&0?-"),1 +"S-2:&! Q09!
0()Q&1L!-)19-":10-1a \It3!. ):I TFW!BB%E&! +"S-2:&! Q09! -%&.,!."(-&:&1!-%:)2A%! 2&("-&! g:",9&1!
Q"-%! &-%6(!0?78-0-&UF! $%&! ."(-:0-& Q09! ?),2&,-:0-&110,1!-%6&! :&92(-" Al)"(1*2:"."&11 46! .(09%!
2)(2+,12%:)+0-)A:0*%66! g TNNx! %&S0,89! )1 CT!%&S0,&9C&-%6(10?&-0-&U!-)!0..): 11-%6&! -"-(&
2)+4)2,1109101Q  %"-&19)("lgMFAWIAG! TNFT!++)(G!X_FNX'&E(IMFIgANN!S[7G!3'3( W

ol _FX_IgM[G! I@XF\I[7UG! F&/¥ V!IgV[G!+UG! aFfFM\IgN[G-UG! _FT\IgT[G! 1{5! FXG!MFN

[7UGIWF™_IgT[GMIG! FV![7UF!:*&?-:0(110-01+0-?9%6&1!-%)9&!*:&#")29(6!: &*):-&LF

Ph Ph

j\ 0 ® NEts, CH,Cly N)\H LiIHMDS, THF N)\H
* Cl HN” CF D
Ph” H s ¢ reflux, 15h J -78°C,1.5h F\%
FaC
F !

FUENGNESL". (2) 4", 6(U 515%&,6(+&-%0,"+",&! g!AIMUF! <! .(0+&L:"&1! MWAN!

02,1 54)--)+!.(09=G! &K2"**&11Q"-%! 9-":140:G! Q09! ?%60:A&1! Q"-%! 4&,70(1&%61&! gWFTN! +JG!
WNFN! ++)(G! TFNN! &K2"#UG! 1"29%()))+&%0,& gMW! +BJCR)HESIHEDH" &!
%61:)?7%():"1&! g\FTVIXBIFN! +}( G! TEMIK2"#UG! -:"&-%6(0+",&! g\FVX! +JG! XNFN! ++)(G! TEMN!
&K2"#U10,11."--&11Q"-%!10!:&.(2S!?),1&,98&:F1$%&!+"S-2:&!Q09!0(()Q&1!-)!%&0-12,1&:!:&.(2S!

N



):ET_LOFIB*),12))(" Al 1))+ -8+%&:0-2:&G! -%&! +"S-2:&! Q09! ."(-&:&1 &0,1!-%&! ."(-:0-&!

Q09! Q09%&1! Q"-%8! &K2Q(!*):-") ,1).190-2:0-&1!4:" &G!1:"&11)#8&:!]0 @-G!."(-&:&1!0,1!
2),28,-10-&11-)1 0..):1!  -%&!"™-(&! ?)+*)2,1 109! 0! 6&(()Q!)"(! gWF ! AG! M FT! ++)(G! W\FMXx!
6"&(1UR) 7M g NNI8[7G!3'3( WF!-\FVAIGT[G!9UG! F_ IgM[G!1G!E!lj!XFAfIGIg¥[G!
+UGIFTTIgT[GKET![7UF*&?-:0(110-0!+0-296&11-06)9&1*: &#")29(6!:&*):-&1F I<1¥):-") |

).l -%8&!?2)+%)2,1 1gTF NI AG! TNFN! ++)(G! TENN! &K2"#U! Q09! 1"99)(#&1!",! [R! gVN! +JU! 0,1!
2)(&11-)! a \It3F1<19)(2-"),1).1J"[8";1 gVN!+IG! VNI ++)(G! TEN!8!" I$[RG! V! &K2"#U! Q09!
-:0,9.&::&1146120,,2(01-) 1-%&!17))(&11H2-"),G!Q%"2%!Q09!0(()Q&1!-)!9-":1a! \It3L.):I TFW!

%F! $%&! +"S-2:&! Q09! ."(-&t&h:)2A%! 2&("-&! g:",9&1! Q"-%! &-%6(! 07&-0-&UF! $%8&! ."(-:0-&! Q09!
?),2&,-:0-&110,11*2:"."&1146 1#0?22+11"9-"((0-"),G!0..):1",Al MFND9!0!6&(()Q!)"(lg_VX!+AG!
AFANI++) (GIVEN! 6"&(LURM)g-%", 1" (+U VNXX! gQUG! M \[gQUG! M\_X!gQUG! T MRIJGUG! TXN
TW__!gQUIFE'C)_7M Ig"NMB[7G!3'3( WI\FT_IgT[G!OUG! F_ !gM[g! LERIG! MFV![7UG!
_F*ra FVWIgV[G!+UGIXFTMIgT[BIXEGGI TFM[7BE)_7M IgT_XI8[7G!3'3( WIITW FAIg11G!

JI' TMFAGIMF I [7UGI TW_FNIGRGET | [7UG! TVWR\G! TVTEMG! TM\F TENINENGEVIR G! TMFX!
[7UpMv#) 7M IgV_X!§7G!3'3( WI-B\WFM_!g11@M FVG!T_FNI[7UG! \FMNIQG [7Up!

CM7D ! @;>"U! h8n[i " 20(?YIL):! 3 [ _R]C! TX\FNXT'G! .)2,1C! TX\FNXMMF! ;{&20:D!

+0-?%&1!-%)9&!*:&#")29(6&*):-&1F™



2.6.3 Preparation of Aryl lodide Substrates

H 23iC,435h N

Ts |

VB)1) 515)96(5T[ 5,1)(&! g'AFQF! <! .(0+&8L:"&1! TNEFJ! 1)2,1  5)--)+! .(09=G!
&K2"*&11Q"-%!19-":140:G! Q09! 7%0:A&1! Q"SHWL)(&!g"_M!+AGIAFNN!++)(G! TENN! &K2"#U!
0,1 I'8R!I gTNFM! +JUF!O[! gXNx! ",! +",&:0(! )"(U! gM N+AG! XFNN# (ETFWN! &K2"#U! Q09!
011&1!0,1!-%8&!:&07-"),!+"S-2:&! Q09! 00Q&1L!-)! 9-":IAN!+",10-1 0+4"&, -1 -&+*&:0-2:&F! <!
9)(2-"),1).1-96(12%():"1&!g™ TI+AGIWFMN!++)(GI TFVNI&K2"#U!" I'SRIgWFM!+JU!Q09!011&1!46!
20,,2(0 10,1! -%&! +"S-2:&! Q09! O(()Q&L! -)! 9-":1 O-! 0+4"&,-! -&+*&:0-2: &1.):1 M1 %F! $%&!
:&07?-"),1Q091K28&,2%&11Q"-%!W!+J!).11&"):7&1!Q0-&0,1!1"(2-&1!Q"-%! &-%6(10?&-0-&! g TN!
+JUF!$%&!):A0,"?! (06&:! Q09! QO9%&1! Q"-9%! ."#&!*):-"),01).1 1&"),"7&1! Q0-&:G! 1:"&1! )#&:!
8A;@ ~G!."(&1!0,1!?),7&,-:0-&1!-)10..):1!  MF\09!0,1):0,A&!9)("L!gX W!+AGI TE_W!++)(G!
AVE_x16"&(1UE)_7M 1g"NNIS[7G!3'3( Wi! F\WgT[GOUG! F_MIgV[EWRBI[7UG! _FWAIGT[G!
1GUI\F_[7UG!_FWN!gT[GGN[7UG!_FMNIgM[G!1B![7UGIXFWW!gT[G! 11 [7UGIMFVM!

gV[GIOUF!;*&?-:0(110-01+0-2%&11-%)9&*:&#") 29(6!:&*): -BILF

2.6.4 Fluoroarylation of Difluoroazadienes

Ph
PR 2.597.5 mol % [(cinnamyl)PdCl}, Ph
N7 R [ 10930 mol % XPhos PY
F. = Rl N - R
+ 1.2 equiv AgF
E cyclohexane, 80D100 iC FsC .
15h R |

L&.&:0(18&-%) 11<F>10,!I] &"((&1!A(#&4)SG!0,!#&5L:"&1gTMN!t3U! +"2:)QO#E&!

#'0(G! &K2"™*&1! Q"-%! 9-":! 40:G! Q09! ?%0:A&1! Q"-%! REIYMA3( vG! b/%)9G! 0,1

M



26?2()%&S0,&! gMAMNIF! $%8&! +"S-2:&! Q09! 0(()Q&1!-)! 9-":I TW!+" 1 0-10+4"&, -1 -&+*&:0-2:&F!
<701"&,&!gNFMH+)(GITENNI&KRUGI0:6(!") 1" 1&IgNFTW!++)(GITENNI&K2"#UG!0, 119" (#&:1.(2):"1&!
gNFT\!++)(G! TEFMN! &K2"#U! Q&:&! 011&1! 9&K28&,-"0((6G! ) ABQBP()%&S0,&! gMAMN! -)!

" 9&1-96&19"189").1-%&#"O(FI$%&I#"0(1Q09!9&0(&1G!:&+)#&11.:)+1-%&IA()#84)S!0,11%&0-&110-!
01 "1"20-& 1! -&+*&: 0-2:&1.): TW! %! Q" (&! 2)#&:&1!",1 0(2+",2+1 )"(F! $%&! :8&0?-"),! Q09!

-%&,! 0(()Q&L! -)! 2))(G! ."(-&:&1! -%:)2A%! O! 2&("-&! *(2410",9&1! Q"-%! -%:&&! #)(2+&!
%):-"),01).1 &-9%6(! 02&-0-&F! $%&! 9)(2-"),! Q09! ?),?&,-:0-& 150, 1! -96&! :&9"12&! *2:"."&1! 46!
.(09%P)(2+,! 2%:)+0-)A:0%  %6! Q"-%! 1&0?-"#0-&1! 9"("20! A&(! ):! 46! ?)+4".(09%! ?)(2+,!

?%:)+0-)A:0*%6!Q"-%!9"("?0!A&(F

)I';h CFs
Ph \N)\©\
OMel!

TGHL"*%&,6(NGMGBGKR):) 5Hy/S+&-%)S6*%&, 6(U&-%6(U+8&%0,"+",&! | AFUF!  $"-(&!
2)+92,11  MFTX&*0:8&1107?):1" Al-)IA&, &:0(1+8-%)11<!g:&0?-"),10- TNN!t3 1Q"-96!MFW!+)(!
x1hg?",,0+6(U/13( vG! TN!+)(! X! b/%)9G! 1&07-"#0-&1! 9"("20! A&(! ?)(2+,! 2%:)+0-)A:0*%6C!
TNNX!%&S0,8&9U10,1!"9)(0-&11088JQ!9)("L!gMFMI+AGINFTMN!++)(G!_'F_x!6"&Y1gyH" !
S(+UIVNXT!gQUGIM NW!IgQUGIM\V_IgQUGIMTW\IgQUG! TXMTRIGHUBVIT M NJOWB[7 G!

33( W!_F ¥ FX'IgM[G!+UG! aFFWAIgV[G!+UG!_FVAIgM[EAEGG! XFX![7UGlaFMMAgV[G!
+UGIXF'_IgM[GJHGIF | [7TUG! XFAXF\M! gM[G! +UG!AF_ Al g T[G! KEW! [7UG! VF_\I gV[GF@)p!
_7M IgT_XI8[7G!3'3( Wb T_MFTG!ITWXFXG!TV FTGNF/ XFVENFFETMWIE TM\FWG! TM\FMG!

TM\FTG! TM_FWG! TNBAFMANRIE7UG! TMAEXG! TMNF_G! TTNFAG! W PMIGKG! WWEY p!



_7M 1gV_X!I8[7G!3'3( Wbla "FTT!gVRGEEG! _FW![7WBCM7D) gZ;»U!h8n[i " 20(?Y1!.):!

3w nRI@CIV_NFTATVGL.)2, 1CIVARRF
Ph CF,
Ph N
0

Ph |
0SB g1 %8, 6(+&%6(&,&U0+" ) AVIGNBGNR):)&-%6(U*%68., 6g*%&,6(U+8-%0,),&14*QF!
$'-(&12)+9)2,11  IA*Q*&*0:&1102?):1" Al-)IA&, &:0(I+8-%6)1!<!g:&0?-"),10-\NIt3!Q"-6IMFW!
#)(IxIhg?",,0+6(U/13(i  vGI TN!+)(1x! b/%)9G! ?)+4".(B%! ?)(2+,! 2%:)+0-)A:0*9%66C! TNNx!
%&50,89U10,11"9)(0L&D9! 0! Q%"-&!9)(" 11 g~ FXI+AG!NFTTM!++)(GlI 6"BXHURNIg-%6" " (+U!
VNXN!gQUG!IMVXT!gQUG! TXXN! g+UGFPTB)XTI8UGAN!8[7G!3'3( Wb!_F\R F_T!gX[G!
+UG!_FXNFWX!IgT[G!+UGh FVNG\[GI+UG!_BVIVAgM[G!+UG! NI gM[G! IEKFV![7UG!
AE'NIGT[GIKG!_FVI[TUPFG) _7M 1gTMX!8[7G! 3'3( WH! T'XFMG!T_MF'G! TV'F'GI TVF_G! TV_F\G!
TV_FVGITVWFG!ITVMFEXG!TVTFTG! TVNFTMG! TVNRGGIVIVF FEQININFFEAIVINEMG! TM_ FAG!I TMAF

gKGRIIM\TENI[7UGIX_RG&IIM\EXI[7UPH)_7M 1gV_XI8[7G!3'3( Wsla VFAVIgVRGHS!

_FVI[7WCM7D IgZ;=Uh8n[i "?0(?Y1L):134[ wR]@CIMFTW_NGL.)2,1CIAFTW_AF

Ph CF4
Ph N
N
i L9,
TGAL"*%&,6(NGMGBGKR):) 5T595+):*%)(",)*%&,6(U&-%6(U+&-%0,"+".&! glA*TUF! $"-(&!
?)+92,11  IA*T*&*0:&11077):1" Al-)I A&, &:0(1+&-%)1!<!g:&07?-"),10- TNN!t3! Q"-%! W!+)(!

x! hg?",,0+6(U/13(i vG! MN! +)(! X! b/%)9G! 2)+4".(09%! ?)(2+,! 2%:)+0-)A:0*%66C! TNN

%&S0,&9U! 0,1! ")&1! 09! 0! 6&(()Q! 9)("1! gM\FVAG! NFNX_N! ++)(G! MF\x! 6"&(MIEL%",!

Al



M(+UIVX_Ng4:UGIM_Tlg4:UGIMTXN!g4:UGIMNWX!g4: UG!I TXT\Ag@) GINWG NjUBI7G!

33( Wb!_F_¥ FXXIgM[G!+UGh M IgX[G!+UG! aFMM!gM[G!+UGIXFNTgM[G!+UG 4F\_
XP\TYM[G!+UGI"F_MIgT[GIKFW![7UGIVFW g GIRERI[7UGIVFTWIgW! [GIUABE GIVFA[7Up!
*G)_7M IgTMX!I8[7G!3'3( Wh!T_TF_G!TWTFVG! TV FNG! TVWF_G! TVNE! GVFMERGIAWEN
TM\FTG! TM_FXG! TMXF\G! BMMWRNEKGTUG! TTWFTG! X [FAHGET ! [7UG! XXF G AFRY!
J8H!gV_XI8[7G!3'3( W5la "FNV!IgVRGIG! FW![7PCM7D) gZ;»Uh8n[i "20(?Y1!.):!

3w nRIC*"MWFT\VWG!.)2,1CI"MWFT\VVF

Ph CF,

N
Ph N |\

A
Ny EyS8-%6(*0%6&, 6ANGNBGNR): ) &-%6(LBT GAL *%&, 6(+&-%60,"+" & gIAMUF!  $'-(&!
2+4)2,11  IAN*&*0:&110?27):1" Al -)IA&,&:0(!+&%)11<!g:&0?-"),10-\N!t3!1Q"-%! MFW! +)(!

x! hg?",,0+6(U/13(i vG! TN! +)(! X! b/%)9G! ?)+4".(09%! ?)(2+,! 2%:)+0-)A:0*%66C! TNNX!
%&S0,&9U!0,1!"9)(0-&1!09!0!Q%"-& 1B VWFMI+AGINFN"__1++)(GIXWFTXI6Ng 2B (+U!

VNW IgQUGIM XXIgQUG!T_TV!gQUIGHTE®IYS 'g"NN!S[7G!3'3( Ws!_F_VIgM[G! 115!
\FVGITFWI[7UGA_FAXIgNG!+UG! &\FVVIgM[G!+UG! FM' IgM[SBFYErUG! FTWIgM[@1G!
\FN!I[7UG!_FNN!gM![GLLBWGI TR\ [7UGIAF_ IgT[@!KGV![7UGIMFX N gM[B! SV [7UGI TEMV!
gV[G!-@§! _FW![7UPB)_7M IgTMXI8[7G!3'3 (W5!T_TF GITMF_G!TV'EFNG! TVWFXG! TVMF G! TVNF
TM'ENG! TM\F GI TM\F_G! TM\FWG! TM\FTG! TM_F GEIRVEXEXTIVIMETX gRGHKG M\FW!
[7UGIM\FXG! TWENTM 1gV_X!18[7G!3'3( Wisla VFNIgVRGIAG!_FW![7PCM7D 1gZ;>U

h8n[i "?20(?Y1L.):134 nRICIVX\FTXMWGL.)2,1CIVX\FTXMWF



Ph/k\N O
J,

TGAL"*%&,6(INGMGBGKR):) 5T5y,0%%-%0(85VB(U&-%6(U+8&-%0,"+",&! A4 UF!  $"-(&!

2)+4)2,11 A" 1%:8*0:&11077):1" Al-)I A&, &:0(! +&-%)1!<!g:&0?-"),!0- TNN!3! Q"-%! W!+)(!

x! hg?",,0+6(U/13(i vG! MN! +)(! X! b/%)9G! 2)+4".(09%! ?)(2+,! B6)+0-)A:0*%6C! TNNX!
%&S0,89U!0,1!"9)(0-&1!09!0!6&(()Q!)"(! gWTFNIFRAGIN+)(G!\_FVx!6"&(1WHIg-%",!."(+U!
VNW'1g4:UG!T_T\GHRWMW!gQUPIM g NN!8[7G!3'3( Wb!_FVa FX\IgW[G!+UG! aFRWAT!
gTN[G!+UG!XF"_IgM[BILEV![7UGIF XIgT[GIHGE I[7Up!FG)_7M !gT_XI8[7G!3'3( Wb!
T_MFAGITV\F GI TVWFXG! TVVFAG! TRNIGI TMVTE TM ENG! TM\EXG! TM\FWG! TM\FVG! TM\FMC
TM_F_G!TM_FXG!TMXFAG! TMX ARG ARG FIAUG! X\FTTg(@IR\I[7UpV#)_7M !

gV_X! 8[7G! 3'3( WIS! a VFWT! gVRGL d@!_FA! [7Up!ICM7D ! gZ;>U! h8n[i " 20(?Y1! .):!

3mp nRICIV' NFTAXAGL)PCIV' NFTAXNF

Ph CFs
PR N

TGAL"*%8., 6(NGMGBEGKR):) 5T5%6&.,6(8-%66(U+8-260,"+" &IGI* UF! $'-(&! 2)+%)2, 1! IAI*]
#&*0:&11 022):1"Al )l A&&:0( +&%)1! <! g:&0?-"),! 0-1 \N! 3! Q"-%! MFW! +)(! x!
hg?",,0+6(U/13(i vGITNI+)(Ixb/%)9G!2)+4".(09%!2)(2+,12%:)+0-)A:0*%6CI TNNX!%&S0,&9U!
0,11"9)(0-&1!09! 6&(()Q! 2:69-0(9! gV'F_! +AG!NFTT _!++)(G!_\FNx! 6'W{Igs%", " (+UI VNXV!
gQUBXMDG+U! 24pIC)_7M 1gANNIB[7G!3'3( Wb!_F\'a FXT!gM[G!+UGla NI gTT[G! +UG!
XF\IgM[G! 1[5 XFT! [TUGNT gT! [G! K@!_FA [7UPFFG) _7M !gT_X!8[7G!3'3( W5!'T_MFMG!

X



TV\F GITVWF_G!ITVWEXGITVNF GITM ENG!TM FNG!TM\F\G! TM\F_G!TM\FXG! TMIF "G! TM\FMGI!T!
M\NF_![7UG! X_F\IgKIGMFW! [7Up) _7M 1gV_X!8[7G!3'3( wbla VF__ !'gVRGIEQ! FI

[7UpCM7 DigZ;»Uh8n[i "20(?Y1L):!34 nRICIVANFTVN\GL)2,1ICIVANFTVTAF
Ph CF,
PR N
o

1 OMe |
+ 8-%6(1 ByEYgL %8, 6(+&-%6(8,8U0+" VIGNEGNR)))&-%6(U4&,7)0-8! ¢All UF!  $'-(&
2)+92,11 Al 15:8*0:&11022):1" A 1-)IA&,&:0(!+8-96)1!<1g:&07?-"),10-\N!t31Q"-%6! MFW!+)(!
X! hg?", 0+6(U/13(i vG! TN! +j! X! b/%)9G! 2)+4".(09%! 2)(2+,! 2%:)+0-)A:0*%6C! TNNx!
%850,89U10,11"9)(0-&1!109! 0! 6&(()Q!)"(|g"VENI +AGINF TN\ ++)(G! _ MEMUVBRIAUFI(+U!
MVATIg+UGIT MXIgORIc) 7M IgANNIG7GI3'3( Wbl F  IgM[GINFVI[7UG!_F_VIgM![G!1G!
JIIXFI[7UG!_FAWFVXIQ\G!+UGIXF WIgMBKIG! [7UGIAF\XIgT[GIKGF V! [7UGIVF TIgV[G!9Up!
FG)_7M 1gTMX!8[7G!3'3( WH'T_MF G! TXXF_G!TANFWG! TV\FXG! TVWFAG! TVTFTG! TVNFWG! TM
TM ENG! TM\F ' G! TM\F_GIMTMYN\FMG! TMAF AGIKGNF ! [7UG! X\F_ ! gKéG! M FW! [7TUG! WIMEMp!

_7M 1gV_X!I8[7G!3'3( Wbla VFW\IgVRG! 2@! FA [7UpCM7D) gZ;U!h8n[i " 20(?Y1!.):!

3vf nRI@ WCIV\FTVXMG!.)2,1CIV\FTVW\F

Ph  CF3
Ph)\\N)\©f>
o
NYHMGEN%61:)4&,7).2:0, 5/86(EGNBGNR):)&-%6(LbT GAL"*%&, 6(+&-%0,"+",&! g!AIFUF!
$"-(&1?)+%)2,1! IAIF*:&*0:&11027):1" Al-)I A&, &:0(!+&-%)1!<!g:&0?-"),10-\N!t3!Q"-%! MFW!

H( x! hg?", 0+6(U/13(i vG! TN! +)(I x! b/%)9G! 1&0?-"#0-&1! 9"("?0! A&(! ?)(2+,!



2%:)+0-)A:0%6C! TNNx! %&S0,&9UII09)(0-&1! 09! 0! Q%"-&! 9)("1! gVAFV! HNEINN! ++)(G!
XXF x! 6"&(LUM! g-9%",! ."(+U! VNXN! gQUG! M\'X! gQUG! TXMW! g+UG! TIMEX! gvMUI g4NN!
8[7G!3'3( Wb _F A FX\IgM[GUG! FaxFV'! gN[G! +UG! _&\FVM! gM[G! +UG! FM _+¢TES!

_FNAXF W!IgV[G!+UG!XFX IgT[{MEB! 7UGIAF_MIgT[GIKGM [7UGINFWX!IgM[GNG![7UG!

VET\IgM[G!J@ENF_![7Up!'FG) _7M IgTMX!8[7G!3'3( WBH! T_TF_G! TXNF G! TV FNG! TVBIFXG! TVNF\

TM ENG! TM\IME TG! TM\FWG! TM\FTG! TM_FXG! TM_FXG! TM_FY4& | TNUMRX GU MR By KG!

_TFAGIX_FWigHRIFX![7UGIM E¥! 7M IgV_XI8[7G!3'3( Wbla "FTNIgVRGIKGIFW![71g!

CM7D IgZ;>U!h8n[i M?0(?Y1L.):13 nRJ@CV\MFTATVGL.)2, 1CINI\MKE

Ph CF,

Ph” N OMe

TGHL"*%6&,6(INYMGBGKR):) 5TH\B&-%)S6*06&,6(U&-%6(U+8&-%0,"+" & IANUF!  $"-(&!
2+92,11  IAIN*:&*0:&11077) :1" Al-)IA&, &:0(!+&-%)11<1g:&0?-"),10- TNN!3!Q"-%! MFW!+)(!
x!hg?",,0+6(U/13(i vG!N!+)(!x! b/%)9G! 18&07-"#0-&1! 9"("20! A&(! ?)(2+,! 2%:)+0-)A:0°%6C!
TNNXx!%&S0,&9U10,1!"9)(0-&1!09!10!6&(()Q!9)("LIgMNFXI+AGINFTVT!++)(GI\_FXXIBIG(HAIF!
"(+U'VNXM! gQUG! MWGBIFRMX! g+UG! TMXN! gOUG! TTMG) GBI ¢ "NN! 8[7G!3'3( WUb!
_F_WF_T!gT[G!4&l_Fa FVM!g_[G!+UGlaFRM\IgT[G!+UG! & W!gV[G!+UGIXF T!gTs!1G!
_FXI[7UGIXF\_IgT[G!1IGVG!MF\G! TFEN![7UGIAF_\IGH[GFREIUG!VF_\IgV[G'8Gp!7M !
gTME[7G!3'3(  WH!IT_MFMG!ITW FWG!ITV\F GITV_FNG! TVWERG!I FRG! TBITRVESTIMI\FTG!

TM_FXG!TMAF IgKG!E3R!J'M\NF_![7UG!ITMTFTG! TT"FWHTTMFMG[ 73U G \yKYEM M !

\!



gV_X! 8[7G! 3'3( WIS! a VFXMN gVRGY&Gl! _FW! [7PICM7D ! gZ;»Wh8n[i ™ 20(?Y1! .):!

3w nRJ@CIV_NFTATVG!.)2,1CIV_NRTATXF

Ph CF,4
CF
LS
!

TGAL"*%&, 6(NHMGBEKR):) STHH\E-:".(2):)+&-%6(U*%&, 6(U&-%6(U+&-%0,"+" &! 1AGIUF!
$"-(&12)+9)2,11  1AIJI*:&*0:&11027):1" Al-)| A&, &:0(! +&-%)1!<!g:&0?-"),10-\N!t3! Q"-%! W!
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[7UGIWFN\IgT[GIKGIN[7UGITF_X!gV[®B) 7M IgT_X!8[7G!3'3( WB!IT_TF GITV\R\GITVXFVG!
TVXFVGITVAFWG! TVNR\GITVNFTGITM F_GITM\F G! TMRGETIME F'G NIVXFNGEMWEX ! g1G!
M\NF_![7UG! XVFMigRGIF | [7UGI T\F pl) _7M IgV_XI8[7GB'3( wWb'a VF_Gk /jl_FVp!

CM7D IgZ;=Un8n[i "M?0(?Y1L.):134f nRICIVWAFTAXAGL)2,1CIVWAFTA MF!!

CF3; Me

N\
h N

FBT5%E, 6(INGMGBGAR):) 5T5)5)(6(U&-%6(U+8&-%0,"+&! AJHUF! $'-(&! ?)+4)2,1! IAJH

*+&+0:&11 0?27):1" Al -)! A& & :0(! +&%)1! <! g:&0?-"),! 0-! TNN! t3! Q"-%! MFW! +)(! X!
hg?",,0+6(U/13(i vG! TN! +)(! X! b/%)9G! 1&0?-"#0-&1! 9"("?0! A&(! ?)(2+,! ?%:)+0-)A:0*%6C!
TNNXx!%&S0,&9U10,1!"9)(0-&1!0910!1Q%"-&!9)("1!gVVFX!+AG!NFTMT!++H Gl - %",
I(HUIMWAIGQUG!V._ WN!gQUG!M\MINGQIIBGETX X! g+UG! TTMSg@)! 7M  1g"NN!S[7G!

3'3( WBN\FVWIGT[GIOUG! R\TIgMIGILERIGITFVI[7UG! F_W!gT[G!a Ry |§0G!+UG! &M~
_FMT!gV[G!+UIWFTV! g TGB! [7UG! MFAW! gV[EBUPM | gTMXI8[7G3'3( W5 TXWFWG!
TVXFAGI TVWFAG! TVINERBGIYNFXG! TM FWG! TMIF_G! TM\FXG! TM\FVEGITMKIFETEIWFT! gKG!
_NFX! gFajl M\IFM! [7UGI T'FY8)_7M 1gV_XI8[7GB'3( Wbla VFAX! gVRGHG! FAI[7Up!

CM7D IgZ;>Un8n[i "?0(?Y1L.):134p nRICIM_\FTTWTG.)2,1CIM_\FTTAVF!!

Ph CF,
NS
Ph N N\

¥s |
TGAL"*%&,6(NYMGBEGNR):) 5MyH)96(5T[ 5,1)( BMB(U&-%6(U+&-%0,"+", &IAGIUIF! $"-(&!

A+9)2,11  IAJI*&*0:&11077):1" Al-)IA&,&:0(1+&-%)1!<!g:&07?-"),10-I TNN!t31Q"-%! FW!+)(!

\\ !



x! hg?",,0+6(U/13(i vG! VNI +)(! x! b/%)9U! 0,1!,)-1 "9)(0-&1! gT_x! ?),#&:9"),! 461" -&:,0(!

9-0,10:1UF

EBT5%E,6(INGMGBGAR):) 5T5yB)96(5T[ 5',1)( MBB(U&-%6(U+&%% ".&! JAJRIF! $"-(&!
A+92,11  IAIF&*0:&11077):1" Al-)IA&, &:0(1+8&-%)1!<!g:&07?-"),10-I TNN!t31Q"-%! FW!+)(!
x!hg?",,0+6(U/13(i vG! VNI +)(1x! b/%)9G! 1&07-"#0-&11 9"("20! A&(! ?)(2+,! 2%:)+0-)A:0*%6C!
TNNXx! %&S0,&9L10'9)(0-&1!09! 0! 2)():(&99! ."(+! gVTFN! +AG! NFNXE) (3! AWK 6" &(LURVI!
g-%",1."(+U! M"MA g4:UG! MVXM! g4:UG! TXAX! g+UG! TW"_! gQUBI TV QtyHIN! 8[7G!
3'3( WBN\FVXIgOGITIUG! F_IgT[BIER7UG! F\MIgM[G! [IGE\G! TFW![7UG!a FF XgV[G!
+UG!_FW_IgT[GYLEF ![7UG!_RWRW\IgNG!+UG! TRIWI[G!EN\FM! [7UG! XFXW! g T[BIUEX!
[7UGIF\MGTGIR{S! FW![7UGIMFVMIgVEGIPUM IgTMXI8[7G!3'3( WS TXWF\GITAWFTGITVWFVG!
TVWEMG!TVAF GITVTF_G!TVNR\G! TVNFTG! TVNFNG! TM\FVGVIWWRF GETMAFENIGITIWIXF\G
[7UGITMTF GITTWIG ! BM!IgHSS!M\F_I[7UGIXWF\_GIMBBWXp! lgV_X!8[7GB'3( wWhbla
_VF MIgVRG!#{B! FM[7UpCM7D IgZ;=Uh8n[i "?0(?Y1L):134 TR] v@iC"W_FTT MG!.)2,1C!

AW_FTTTTF



2.6.5 Hydrolysis of Imines in Products

H CF; Me CF3 Me
)\\ 1.0 M aq HCI o o
Ph” N CIH3N
THF, 22 iC, 2 h |

MGMNBGNR):) 5T5gn5)(6(U&-%ETR+" "2 +12%(): "1&! $AJQIF! <IB:0+1#"'0(G! &K2"*+&11Q"-%!

9-":140:G!Q09!?%0:A&1!Q"-%!"+" &IGVVFTI+AGINFTT 1++)(GI TENN!&K2"#UG!$[RIgNF_WN!+JUG!0,
TFN!8!0K![3('gNF_WN!+JUF!$%&!+"S-2:8!1Q09!0(()Q&1!-)!9-":1.):IM!%! 0-I MM!t3! Q¥6&:&2*),!"-!
Q09!1"(2-&1!1Q"-%1!0,1011"-"),0(NFWN!+J!) ITEN!8IOK![3(F!$%&!9)(2-"),!Q09!1"(2-&11Q"-%!

1"8-%6(! &-%&:1 gM! +JU! 0,1! -%8&! (06&:9! *0:-"-"), &1F! $%&! 0K2&)29! (06&:! Q09! Q09%&1! Q"-%!
011"-"),0(!1"&-%6(1&-%&:IgM! SIM!+JUF!$%&!0K2&)29! (06&:1Q09! ?)((&?-&110,11?),2&,)10-&1!-

0..):1! 1AJ@09!0!Q%"-&IMIGVTFV!I+AGINBI++)(G! "FVx!6"&(1UMIIg9)("LU'M XWIgQUGIMTN_!
g4:UGITA\Ig@R4 TpIC)_7M IgANNIS[7G!3' v@'U!s!_FW_IgT[GILE! FTI[7UG!_RV\F XIgV[G!
+UGIWFWWIgT[B!RB[7UGIMFNIGV[GR®)pYM gTMXI8[7G!3' v@ U TV\FTGITRVGI TVNFWG!
TMXF\G! IMBMXFWGETMKG j! M\TFA [7UN WTFA gt VMM [7UG! T\RKAD! 7M 1gV_X!

8[7G!3' v@'U!5la XFMX!gVRGHIG!FAI[7 UEEM7D !gZ;»Uh8n[i "?0(?Y1!.):13[ mR]C!

T NFN\W\G!.)2,1CIT' NFNW"F

Ph CFg CF4
“ 1.0MagHCI o ¢
Ph” °N ——————> ClHyN
o THR 22iC,2h 0
OMe OMel

MGMNGNR):) 5T5/5y+8&-%)S620:4),6(U*%&,6(U&-YEID+","2+12 %()"1&!dAJTUF!<!EH:0+!
#'0(G1&K2"*+&11Q"-%!9-":140:G1 Q09! 2%60:A&1! Q"-%!"+" & gW FX!+AG! NFTWN!++)(G! TFNN! &K2"#U

$[RIgNF_W!+JUG!0,1! TFN!8!0K![3(!gNF_WN!+JUF!$%&!+"S-2:&!1Q09!0(()Q&1!-)!9-"103t M!1%

NI



MM! t3! Q%&:&2*%),! "-1 Q09! 1"(2-&1! Q"-%! 0,1 011'}0(! NF_WNU! ).I TEN! 8! OK! [3(F! $%&!
9)(2-"),!Q09!1"(2-&1! Q"-%! 1"&-%6(! &-%&:! gM!+JU!0,1!-%8&! (06&:9!*0:-"-"),&1F! $%&! 0K2&)29!
(06&:! Q09! Q09%&1! Q"-%! 011"-"),0(! 1"&-%6(! &-%&:! gM! S! M! +JUF! $%&! 0K2&)29! (06&:! Q09!
2)((&?-&110,1!1?),2&,-:0-&11-)10..):1! IAJT09!0! Q%"-&! §)1! gVVENA G! NFTMM! ++)(GI\TFXx!
6"&(LURVI! g9)("1U! M_"\ g4:UG! T_MX! g+UG! TW_V! gQUGPFRTTY+IM ! g*NN! 8[7G!

3' v@'UISI\FTXIgM[G! JEAFA [7UG!_F_T!gM[GYLGET! [7UG! WFWM! g T[g! KBY [7UG! VE M!

gV[G! 9FG) _7M gTMX! 8[7G! 3'v@'U! 5! TXWF G! TVNIEMEAGNF&! TM\FXG! TMVFMIjGKG!
M\NFX![7UGIWAF\gBYVFN![7UGIWTEXGIM 1gV_XI8[7G!I3'3( Wsla "FXTIgVRGIEE! FA!
[7UpCM7D 1gZ;»Uh8n[i "?0(?Y1L):13 TR]@ vCIMVAFN_VXGL.)2,1CIMVAFN_VWF

2.6.6 Synthesis of HDACG6 Inhibitor

Ph 1. 2.5 mol % [(cinnamyl)PdCI], 10 mol % XPhos o CF3
NP H methyl 4-iodobenzoate, 1.2 equiv AgF CIH ﬁ
cyclohexane, 100 iC, 15 h 3
Fur O

2.1.0 M agHCI, THF, 22 iC, 2h

I F

OMe |

MGMENA2):) 5THy Sy+&-%6)S6200),6(U*%&,6 (U&-%BIH+","2+12%():"1&! g IAJTUF!> 10,6

(&L A(#&4)SG! 0,1 J#&EL:"&1! gTMN! t3U! +"2:)QO#&! #'0(G! &K2"**&11 Q"-%! 9-":1 40:G! Q09!
2%0:A&1! Q"-%! hg?",,0+6(U/13( gWTF\l +AG! NFTNN! ++)(G! NFNMWN! &K2"#UG! b/%)9! gT T! +AG!
NFANN!++)(GINRIK2"#UG!0, 1176 98.S0,&! gXFXIUFI$%&! +"S-2:&1Q09!0(()Q&1!-)!9-": I TW!
+10-10+4"&,,-1-&+*&:0-2:&F1<701"&,&! 1AVIgXX 1 +AG! AFNN!++)(G! TFNN! &K2"#UG! 4B.-%6 (1A
")1)4&.,7)0-& gTENW! AG! "FNN! ++)(G! TEFNN! &K2"#UG! 0,1! 9"(#&:! .(2):"1&! gXN'I +AG! AF\N! ++)(G!
TFMN! &K2"@84&! 011&1! 9&K2&,-"0((B! .)(()Q&1L! B! 262()%&S0,&! gXFX_! +JU! -)! " 9&! -%&!
9"1&9!).1-%&1#"0(F! $%&!#'0(! Q09! 9&0(&1G!:&+)H#& 1! .2)+1-%6&I A()#&4)S!0,1!%&0-&1! 0- TNN!3!

T!



DI TWI9%1 Q%" (&1 2)#&:&11",10(2+", 2+1.)"(F1$%&!:&07-"),!Q09!-%&, 10(()Q&1!-)! ?))(G!."(-&:&1!
-%6:)2A%D! B.("-&! *(2AG!0,1!:", &1 Q"-%! -%6 & *):-"),9! gV! SI TN! +JU!).! &-%6(! 0?&-0-&F! $%&!
9)(2-"),1Q09!?),2&,-:0-&1 @, 1!-%&!:89"12&!Q09!1"99)(#&1!",|$[RIgTNFN!+JU!0, 1! TFN!8IOK!
[3(gTNFN!+JUFI$%&!+"S-2:&1Q09!10(()Q&1!-)19-":1.):IMI%6!0-IMM!t3!Q%&:&2*),I"-1Q09! 1" (2-&1!
Q"-%!0,1011"-"),0( TNFN-J1).ITEN!8! OK![3(F!$%&!9)(2-"),!Q09!1"(2-&11Q"-%! 1"&-%6(!&-%&:!
gTN! +JU! 0,1! -%&! (06&:9! *0:-"-"),&1F! $%&! 0K2&)29! (06&:! Q09! Q09%&1! Q"-%! 011"-"),0(!
1"8&-%6(! &-%&:! gM! SI MN! +JUF! $%8&! 0K2&)29! (06&:! Q09! ?)((&?-&1!0,1! ?),?&,-:0-&1!-)10..):1!
MFWDO!0!6&(()Q!9)("1!g MI+AGIVFV\I+XG I\ FXxX!6"&(1UF

3.0 equiv NEt.
CIH N q 3
CHZCI2
22iC,12h
IIIH

+&-%6! "y EghTGETHY6&,6(i3'520:4)S0+"1)UMGNEGNR):)&-%6(U4&,7)0-8F! <! Y#&, 5
1:"&11gTMN!I3U+"?:) QO#&!#"0(G1&K 2" *&11Q"-%19-":140:G1Q09! 2%0:A&1!Q"-%!0++),"2+190(-!
MFW) TMI+AGIVEVAL++)[GRIN! &K 2"#UG 3 TAN! +JG! TNFM!++)(G! VENN!I &K 2"#UG ! BBUB[
gTTFVI+JUF!$)!-%"9!19)(2-"),1Q09!011&1!-%&!02"11?%():"1&!g_VM!+AGIVFW\I++)(G! TENN! &K 2"#U!
0,1! 3[ WB(MgTTFV!I+JUF!B*),12)+*(&-"),G!-%&! +"S-2:&! Q09! 1"99)(#&1!", Q0-&:! g TNFN! +JU!
0,111"2%():)+&-%0,&! gTRN!+JUF!$%&!):A0!(@6&:! Q09! Q09%&1! Q"-%! 90-2:0-&1! 0K2&)29!

0++ ),"2+12%():"1&!IgMISITNFN!+JUG!QO-&:IgMISITNFN!+JUG!O0,1!4:" &g TNFN!+JUF!$%&!):A0,"?!
(06&:1Q09! 1:"&11#&:18A;@-G!."(-&:&1G!0,1!?),2&,-:0-&11-)!0..):1-%&! (&! ?)+*) 2,1 109!

0,1).. 50%"-&!9)("IGTR IAGIMFXV!++)(G!_ FWNUBL%",!"(+UIMVXN! g+UG! TWVV!I gQpUG)! 2+

_7M 1gANNIS[ 7GI3'3(VnITIL)*).13'  v@'.):19)(24"("-6U! S\FN\IgM[G! JGNFMI[7UG!_F\ |

‘™M



gM[G!1GNFM![7UG!_FX !IgM[GIEENV![7UG!_FW IgM[GHLEM![7UG!_FWW!gM[GERY7U G!
_FAXIg-GIMIB! FA[7UG!_FVIgTIGRj!_FVI[7UGIXF_MIgT[@|TEW![7UG!XBMWF X!gT[G!+Up!
FG)_7M IgT_XI8[7G!3'3( vnITI1:)*).13'  v@'1.):19)(24"("-6U! SITX_F_GITXXF_GITAWFNG!TV'F_G!
TV_F GITVTF_GITVNF_G!TVNFNG! TM\F G! TM\FMG! TM\FTEINENGRTIWIHFBITRUGTG
WAFXIgHGIVTEXI[7UGIWNEBYEM gV_XI8[7G!I3'3( vnITI1)*).13'  v@'1.):19)(24"("-6U!
sl'a_VFTX!gVRG! 1G! E[R!j\FMEM7D !gZ;»Uh8n[i "?20(?Y1!.):!34 nR]@ \C!"TAFTVTMG!

)2, 1CINTAFTVTTF

O CFs O CFs
N aq NH,OH, 1.0 M ag NaOH N
H
O H OMe  MeOH, H,0, CH,Cl, O H N.
O 0iCto23%C, 35h O OH
1 o o !

NYMGBGKR):) 5T5y5%61:)F2040+)6(U*%E, 6(U&-% 6T GRITI%6&, 6(i5°520:4)S0+"1&!

JAIUF!<!.(0+&L:"&1I TNEHI!)2,1  54)--)+!.(09=G! &K2"**&11 Q"-%! 9-":1 40:G! Q09! 2%0:A&1!
Q"-%! &9-&gMN_! +AG! NFWNN! ++)(G! TENN! &K2"#UG! 1"?2%():)+&-%0,&! gWFN! +JUG! 0,1! +&-%0,)(!
gXFW! +JUF! $%8&! +"S-2:&! Q09! 0([)©&2))(!-)! N! 131 0,1! %61:)S6(0+",&' g MFN!+JGNNAN!

+)(GIXNF! &K2"#U10,119)1"2+1%61:)S"1&! gTARG! MFW! ++)(G! WEN! &K2"#U! Q&:&! 011&1F! $%8&/!
+'S-2:&! Q09! O(()Q&L! -)! 9-":1 TW! +",1 0-! NI t3! 0,1! -%&,! 0(()Q&L! -)! QO:+! -)! :))+!

-&+*8:0-2:&F! <.-&:! TFW! %G! -%&! +"S-2:&! QO9E?):0-&1G0,1! -%&! :&92(-" Al :&9"12&/!

* 0:-"0((6! 1'99) (#&1!",! &-%6(107&-0-&! g TNFN!+JU!0,1! 1"(2-&1! Q"-%! TEN!8! OK! [3(! g TNFN! +JUF!
$%&! (06&:9! Q&:&! 9&*0:0-&1F! $%&! ):A0,"?! (06&:! Q09! Q09%&1! Q"-%! 4:".&! 0,1! -%&,!
2),2&,-:0-&1F! $%&! 9)("1! Q09! :",9&1! Q"-%! 1"?2%():)+&-%0,&/1 'AIN Q09! ?)((&?-&1! 09! 0!
*0(&!*",=19) ("1!g" WFYAG! NFMM ! ++)(G! "WF WIgO) ("1U! VM\T! g4:UG! MAX\I gQUG! TXAT! g+UG!

VI



TXTN!g+UGITW_VIg+UGI TWVX!g+UG! TINTO) gTMU! RFNNIS[7G!'8:@ SL:US! TTFMV!gT[G!

9UG! FWXIgT[G!1G!E!j\F I [7UG! FN\IgT[G!9UG! FNEM[AUBS! F\M F_MNgX[G!+UG! & V
_FX\IgV[G!+G!_F* IgM[G! TLB{FX! [7TUG!_FV'IgT[G! 1IGEX! [7TUG! XFMXF \! g T[G! +UFE)

_7M 1gTMX! 8[7G!'8;@ 5LxGT!0,1! TR!1&?)2%(&1Ub! TXXF_G! TXGMANVFWG! TV ENG! TVXFTG!
TVVFWG!TVMFNGITM FTGITM\F\G! TM\F_G!TM\FMG!TM_FMG!TM_FNG! TMXFXGFWBF\G!WVF_(
V' EAGIV FMGHIVENTM 1gV_XI8[7G!'8;@ 5lxUsla TF_ WIgVREHEGE[[7 U@M7D !gZ;»U!

h8n[i M?0(?Y1L):134f T R] v@C"TWFTM}GCNTWFTMKNF

2.6.7 NMR Studies: Characterization of Azaallyl-Silver Intermediate

AgF  +  PCyAr > F—Ag—PCy,Ar
toluene-dg, 80 {C, 45 min ]

[)?&12:&!.):1 A&, &:0-"),1).1;"(#&: I R(2):"1&! 8),)*%)9* %", &! 3)+*(&S! IAUF>10,!1 b

(&1 A(#&4)SG! 0,1 J#&EL:"&1! gTMNI! t3U! +"2:)QO#&! #'0(G! &K2"*&1! Q"-%! 9-":1 40:G! Q09!
2%0:&11 Q"-%! <AR! gXFV! +AG! NFNWN! ++)(G! TEN! &K2"#UG! b/%)9! gMVF\! +AG! NFNWNN! ++)(G! T
&K2"#U10,1!-)(2&,&1\ [gWNNIUF! $%&!1#"0(! Q09! 9&0(&110, 11 ?)#&:&11" 10(2+",2+1.)"(FI $%&!
+'S-2:&1Q09!-%&,1%6&0-&11-)NIt31.):IMWI+" FI$%&!:&0?-"),1Q09!-%&, 10(()Q&1!-)12))(10,1!

-:0, 9.&::&1!-)!0,!18H!-24&G!Q%"?%!Q09!9&0(&1!.):10,0(69"9!0-IMWIt3F

XPhos
)P\h AgF, XPhos
X F Ph Ag
A
Ph N/\( toluene-dg, 80 iC, 45 min /k\ )\
F Ph”™ N7 “CF;]

[)?&12:&!.):'A&,&:0-"),1).1<700((6(_ 5"(#&:!>,-&:+&1"0-&!'AUT>10,!T W&"((&1!'A()#&4)SG!

0,1)#&, SL:"&1!gTMN!t3U!+"?:)QO0#&! #"0(G! &K&1! Q"-%!9-":140:G! Q09! ?%0:A&1! Q"-%! <AR!

gXFVI+AGINFNWNIGEFN!&K 2" #UG!b/%)9IgMVF\I+AGINFNWNN!++)(GI TENNI&K2"#E10, 11-) (2&,&

‘A



gMWNIUF! $%8&! +"S-2:81 Q09! 0(()Q&1L!-)19-":I TW!+",10-10+4"&, -1-&+*&:0-2:&F! <701"&\FAM
gTMFV! +AG! NEFNWN! ++)(G! TENN! &K2"#2E. @ ) GMWIU! Q&:&! 011&1F! $%&! #"0(! Q09!
980(&110,112)#&&1I"10(2+" 2+1.)"(FI1$%&! +"S-2:&! Q09!-%&.,196&0-&11-) \NI3L.): I AW! +", F!
$%8&! :&0?-"),! Q09! -%&.,! 0(()Q&1! -)! ?))(! 0,11 -:0,9.&::&1! -)! 0,! ]8H! -24&G! Q% "?%! Q09!

9&0(&1!.):10,0(69"9!0-IMWE3

)T 2.5 mol % [(cinnamyl)PdCl], jj
NZ > Ph . | OMe 10 mol % XPhos NP R
F% 1.2 equiv AgF FC OMe
toluene-dg, 100 {C, 1 h 3
F |

[)?2&12:&!):! in situ!]8H!+),"-):",AD.l:&0?-"),!*)A:&99 F>,10,'] WB"((&2A() #&4)SG!0,!

)#&, BL:"&1! gTMN! t3U! +"2:)Q0#&! #'0(G! &K2"**&1! Q"-%! 9-":! 40:G! Q09! 2%0:A&1! Q"-%!
hg?",,0+6(U/13(i MgTF 1+AG! NFNNAN!++)(G!NFNMW! &K2"#UG!b/%)9!g_FM!+AG!NFNTW! ++)(G! NF
&K2"#U1 0,11 -)(2&, &L ! gMWNIUF! $%8&! +"S-2:&! Q09! 0(()Q&1! -)! 9-":I TW! +",1 0-1 0+4"&
-&+*8:0-2:&F! <701"&,&NAI gVXFW! +AG! NFTWN! ++)(G! TEFNN! &XDB:USH& gVWFT! +AG!

NFTWN! ++)(G! TENN! &K2"#UG! 0,1! 9"(#&:! .(2):"1&! gMMF\! +AG! NFT\N! ++)(G! TEMN! &K2"#U! Q&:
011&1!9&K28&,-"0((6G!.)(()Q&1! 46! -)(2&. B\ gMWNIU! -)! :", 08! -%6&! 9"1&9! ). -%&! #"HUE&
#'0(1Q09!9&0(&110,11?7)#8&:& 11" 10(2+", 2+1.)"(FI$%&!+"S-2:81Q09!-%&, 196&0-&1!-) TNN!3L.):!
TI%F!1$%&!:8&07-"),!Q09!-%&,!0(()Q&1!-)!2))(10,1!-:0,9.8&::&11-)!0,1]8H! -24&G! Q%" ?%! Q09!
9&0(&1!.):10,0(69"910- I MWISFE&:+&1"0-&IAUIQ09!)-1)49&:#&1 !",10!1 &&?-04&K20, -"-6G!

0,110 ,2+4&: 1).12,"1&,-"."04(&1*)12?2-91Q&&L1):+&1!", 1-%"91&0?-"),F



3. Enantio- and Diastereoselective Synthesis of ! -
Trifluoromethyl Homoallylic Amines by Catalytic
Hydroalkylation of Dienes

1):"),00).]  -%"912%0%-&:13RI4&&, 1*24("9%&DI 1! 010*-&11Q"-%!*&:+"99"),1.))+C! |
@,6&0A29"GI3F9FR)G!bIR0(?)(+9),G!;FIEFZ,0,-") 50,11"09-8:&)9&(&?-"#&!;6,- Y&II).!
| 85", (2)) +&-%6(! )+)0((6("?! <+",&9! 46! 30-0(6 -"?! [61:)0(=6(0-"),! ).l "&,&9 FOrg

Lett." I" @2GIX\TaT X\VIA
I

é%"ng):leogll),&!", 12)((04):0- "),1Q"-%!b",S",1; %O)
A'l#. +*@4/,2*. #

3%":0(1%)+)0((6("?!0+",&9! 0:&! #0(204(&! 42" (1", Al 4()?=9!.):4") )A"20((6! :&(EHO, !
2)4%)2,19 FMWV $06&6! 0:&! 96,-%&-"20((6! 29&.2(! 09! *:&?2:9):9! .J:ED+")! 07"19 G"!
0688:)?672(8&I® 09! Q&((1 09! " -&:+&1"0-&9! " 1 -%&! 96,-%89"9! ).1 ?)+*(&S! ,0-2:0(! *:)12?-9F
19% "(&10**:)0?%&9 .): 1*:&*0 :" Al 206":0(! %)+)0((6("?! 0+",&9! 0:&! 042,10,-G! +&-9%)19!).!
02?2899 -%&!.(2):",0-&11#&:9"),91).1-%"0! +)"&-61:&*:& 9&.,-10,!2, 1&:&S*():&1!0:&0FBYE!
&&11 )1 4 1A&! %9 AD*! ", 96,-%&-"21):A0,"?! 2%&+"9-:6! "914)(9-&:&1l 4&?@9& -%E&/!
"19):-0 2 &1).1):A0,) .(2)"&12)+* )2,19 19%0H&SE,|&9-04("9%&T+&1"?" 0(1 PY6&+"9-: 6
VEITIR):1" 9-0,28G1-06&1",2):%):0-"),1).1-06&1-:".(2):)+&-%6(1A)2*!", .(2&, 2&9!-%&! 2%&+"20(!
0,114"()A"20(1*))*&:-"&91).12)+¥)2,19  1g9&&I9&P! *A P1<9101:&92(-G!(2) 1)+ &-%6%
2),-0"," Al 920..)(19! 4 &?)+&! %&O#"(6! 9)2A%-! 0.-&:1:)29&! " | +&1"?",0(! 0**("20-"),9F !
$96&:&.):&G! Q&I 0"+! )1 1&#&()*! ,&Q! +8&-%)1)()A"&9! .):1 *:&*0:" A 1019249&-!).1-96"9! 0+",&!

2(099C5::".(2):)+&-%6( 1%)+)0((6("?!10+",&9 F)



A=1B-129+*4.@ #

39%"0(%+)0((6 ("2 0+",&9!0:&!0,!"+* ):-0,- 19..)(1 !-%0-I'd Y&O#"(6! 9)2A%-!",!
+ &1"?",0(! 2%&+"96!10,1! %&,7&G! 0!, 2+4&:1).19-:0-&A"&9! %0#&! 488! 1&#&()*&1!-)! 0228&99!
~Qb&AF_GIV'GI T | <1 #0(204(&! 9249&-1).!-%6&9&! ?)+4)2,19" 1 5:".(2):)+&-%6(! %)+)0((6(" ?!
0+", 891 4&?0298).! -%&!2%6&+"20(1 *:)&:-"89 ). -%&! .(2):",&! A)2* FB%&I&H" &9! 4&0:10!
*8,10,-1 0( (6("?! A)2* Q%"?%! 20,! 4&2-"("7&1! 09! 0! %0,%! .):! 1)Q,9-:&0+ !
2,2-"),0( "70-"),F" IH&B,-(6GI0!,2+4&:1). 1:89&0:7%!A:)2*91%0#&! -"0-&L1&..):-91-)Q0: 19!
-06&196,-%&9"91).11&:& -1 5:.(2):)+&%6(1%)+) O0((6("20+",&IF!8)9 -1).1-96&9&!9-:0-&A"&9!
%O#&! &("&1! ),! O((6(0-")! 4&-Q&&,! O((6("?! 20:4),0-&9! 0,1! "+".&9 -%:)2A%! 6("?!
9249"-2-"),12 9"Al) : AD,) 20-0(69-9!0D&((!09!-:0,9"-"), 1+&-0(120-069-9F! >, MNTXGFeb&!
0,1!10,A 1(04):0-): "&99%)Q&1! -%&)2*(",Al). !%"A%(6{&?-])*%"("?! 0((6("?! 20:4),0&9!
-960-14&0:10,1 &9-&:! +)"&-6YF&B):"-0 a006("A["((+0 ,! 80 [ 120:4),0- &IGPY6&+&MV UFINN
$%&98&! 20:4),0-&92,1 &:A)! ?)2*(" Al Q"-%! 3RED249-"-2-&1! "+" &9! -)! A&,&0-&!5
9&?),10:610+" & $249-"-2-819-&:8A&,"?1?&,-& 9F!$%"91:807-"1910" 1&1!46101%60(10+ " &!
20-0(698 %)Q&H#&:G! -%&! &(&?-)(8h 9?)*&! "9! ("+"-&1! -)! -%&9&IGH! 20: 4),0-&9F! $%&9&!
20:4),0-&912)2%(& |Q"-%1%E&0701"&,)(0-8I A&, &:0-&11.:)+! -%&I1&*:)),0-"),1).1-%&!"+" & |
4&0:" Al012%():) B249-"-2-&11"90-", 5409&110?-"#0-" Al A:) 2*F$%&! "90-",| A:)2#1"9120:&.2((6!
2%)98&,109!-%8&10701"&.,)(0-& A&, &:0-&ilSitu!4&,&."-91:)+ 12),d 2A0") ! Q"-%!-%&120:4),6!
A:)2* E$%89 0701"&,)(0-&!)..8:9! -Q)! +)1&91).! 27 (&*%" (" 0--0?=C! D11"-"),10,1! %

011"-"),! gO11"-"),! .o )+l -%&! 3RED249-"-2-&1! 20:4),UG! %)Q&H#&:! ),(6! -%&m11"-"),!



*)127-1 91 )49&#&1A $US! :&0?-"),! "9 &.."?"&,-! 0,1! A&,&:0-&9! Yo) O((6(*?! 0+",&9!
?2),- 0", Al#'2" 0(1 -"9249-"-2-&11 9-&:8Y& "?! 7&-&9! 480:", Al Olsyn! :&(0-"),9%"*1 09! -%&!
+0d):1%:)122-F IR)(()Q",Al-%0-1Q):=G!e%0,Al0,11?)Q):=&:9!9%)Q&1!1-%&!1?)2*(" Al).13R5
9249-"-2-&1! =&-"+,&9! 4&0:" Al 0! para5"-))4&,76(! 0?2-"#0 -" Al A:)2 *I Q™% 0,1 0 ((6("?!
20:4),0-&! 1&:"#&1! )+ Ol *"+ 0:61 0(?)% (! -)! 1 &("#&:! -%&L&I™&1N 5:".(2):)+&-%6(!
%)+)0((6("?! 0+",&9! " &S?&((&-! 6"&L9! 0,1! &,0,-")9&(&?-"#"-"8&9 §?%&+&! NDOUFNF
Q&#&:G! 0--&+*-91-)| &+*()6 19&7?)10:6 |0(?)%)(5L&:"#&1! 20:4),0-8&9 (&01! -)! &S?(29'8!
0700(6(10,"), 1011"-"),1. 1)+1-%&! 0?-"#0-" Al A:)2% 19"1&!).1-98.1 0+4"1&.,-0-&! ,2?(&)*%"(&!
g M11"-"),UF!I$%&!*)122-91" 1-06"91:807-"),1),(614&0:1019" A(8-&:&)A&,"?12&.,-&: BY6&!;%"]

A2)2*1960910(9)1*2:92&11019"+"(0: 10* *:)0?9%1.):19%6)+)0((6("?!0 +",&9PNY

A. Yan and Wang (2016):

Cl Ar R
1.1 equiv
| NMe BocO O (Llequiv)
NZ 10 mol % L32
Fac)“ o MeCN, 22 iC, 3928 h

24 examples
up to 93% yield
up to 99:1 er

B. Zhang (2016):

Al Ph,P
( ’ i
Ar CO,t-Bu
§ 10 mol % L33 FsC, N 772 N CFs
Ny . CO,t-Bu Rl&/& H
J\ BocO Ar

toluene, 22 ¥4C, 8 h

RT CFs (1.5 equiv) Ar = 4-(0N)CgHy 25 examples L33 CRs
up to 91% yield Ar = 9-anthracenyl
T up to 99:1 er |

DI3(1() F!+)%:609:2:/42$9)7(230?<).0)D4623(<$<)0.)! ,-'$./&0'01(234/)C  010:// 4/$9)
51$6(< )

A\



! > 011"-"),!1 )l ):A0,)?0-0(67&1! +&%)1 9! ):I 022&99A! ! 5:".(2):)+&%6(!
%)+)0((6("?! 0+",8&9G!-:0,9™"), 5+ &0(10** :)0?%&! %BE! 48&.,! &+*()6&1! 460! 2 +4&:1).]
A)2*OF! $%&! D#&610! A1)2*1 %09! 9%)Q,! -%&!1?),9-:22-"),1 ).l g ZWP249-"-2-&1!1! 5
SM(2))+ &-9B(10+",&91-%:)2A%!-%&) 2% (", Al).13R \B249-"-2-&11]a] 1=&"+",&9!0, 1!gZ)5
1"9249-"-2-&1! 0((6(4):),! :&0A&,-9129" Al 0, 10+", ) * %&,)(! ? 0-0(69- g 2%&+E&MUIFNV$%&!
:&07?-"),1"019-&:8):&-& #EG1&("H#&:" AI&1)+",0,-(6! -%&ZI(=&,&0.-&:! D(=6(0-"),146!

-%80((6(14):),0-& M

Hoveyda (2019):
Me OMe
y-SiMes 5 mol % L34 FaC NH2 D
A 10 mol % Zn(OMe), H R1>\../\ N
R CF, 5 mol % (n-Bu)4N(Ph3SiF2)[ N R? o]
| (wazg M s
+ 3.5 equiv MeOH [Rl CFs T T t-Bu
(pin)B toluene, 22 iC, 3 h +
\"/\# F3C_ NH; up to 91% vyield
R? RP%%/\ up to 99:1 er
(1.3 equiv) ) up to >98:2 %:E
I R up to >98:2 " # ]

DI3(1() FFHEO;(4?: %)D4623(<$<)0)Zc D& <2$2&(?)C010://4/$9)51$6(< )

H&?&,-(65! %&! 10,Al A2+ 011& 1! 0,)-%&:! ?),-"42-"),! -)! -%"9! 0:&0! 46!
2),0-:2?-" A 1 K20-&:,0:6! | G5L"9249-"-2&11 0+"))1 0?"19! -%:)2A%! 0,! &,0,-")9&(&?-"#&!
0((6(0-"),! ) .11 5:".(2):)+&%6(! O(1"+",&! &9-&:9! .)()Q&1! 4610,! 2,*:&?&1&,-&1! =" ,&"?!
:&9)(2-"),FMN R2:-96&+):& GI0,Al 0 1! ?) Q):=&:9! %0#&I0(9)! 1"9?()9&1! 0,! "1"2+ 5
20-0(67&10((6(0-"),! ).! "90-", BL&:"#&1! 0701"&,)(0-&9! Q"-%! O((B{ 20:4),0-&9! g;?%&+&!
VA< UFIN 1-06"91 807-"),G1-%&10701"&,) (0-&, 1&:A)&9! ! B11"-"), 1-)1-%&!>a#H((6(G)..+", Al
0l 4:0,2%&1! !5:)12? -1 ="&"20((F! [)Q&H&E -%"9! 4:0,2%&1! *)12?2-1 "I

-%6&:+)16,0+"20((6!*)"9&1! -)12,1&:A)!0!9-&:&)9&(&?-"H#&IOTB)* &!:&0::0,A&+&,- 1-)L.):+]



06&!(",&:!, &-PA((6(0-"),!*: ) 12?2-FI$I9¥%&,)+&,) ,! "9112&!-)1-06&) A&9-"),!).I-%&!-:" 5
0,1!-&-:09249-"-2-8112&,-&:90,1 1:89664:"1"70-"),1).1 "+ " &120:4),1..)+19*  M-)IO* G Q%" (&!
)", AL, (&.",1-%0-1"91 2),d2£0-&1! Q'-9%! -%68): & &F<11 "-"),0((6Q-%&! "+" &! .):+&1!"9!

0(9)!?),d2A0-&11Q"-%!-%&!?0:4),6(10X, A

A. Wang (2019):

a NMe 2.5 mol %

)N i [Ir(cod)Cl],
(0]
/ \/ 2-aza-Cope
Foc” 5 mol % L26 IO MeN o N
+ NN
CHZCIZ 25 ¥4C 4 |
0CO,Me FiC7)
A A o and branch-selective
r allylation 18 examples
(1.1 equiv) up to 99% yield

up to >99:1 er

B. Zhang & Niu (2019):

Wang: 5 mol % Ir/L26, DBU, toluene; NH,OH¥AcOH workup
Zhang & Niu: 3 mol % [Ir(cod)Cl],, 6 mol % L35, DABCO, THF; 2.0 M aq HCI workup

O , 506 mol % FsC «NH2 OO o Ar Me
OCOzR®  |rbphosphoramidit ’ NEVA

) ’ /\) rbphosphoramidite /P—N
N7 Q * R? 1.0 equiv base, solvent XN o >—Me

P (1.1 equiv) 50 ¥4C, 12D24 h; R2 Ar

FsC~ "R? then + workup
L26 Ar=Ph
Wang Zhang & Niu | L35Ar=2-(MeO)CeH, |
39 examples 33 examples

up to 97% yield  up to 98% vyield
T up to 99:1 er up to 99:1 er |

DI3(1 ()FNH ,G:2:/4H(? )7 (2307<).0)D4623(<%)0)ECDE& <2$28&2(C010:// 4/$9)
51$6(< )

@%&:18):-912 9" Al":"1"2+120-0(69-9P60#&! 48&.,! &0:&1146 1-9&!10,Al A)2%  MNK
0,11-%&!-&0+1).1e %0,AD,11]"2  MNQU)12981"+" | &91Q"-%40!.(2):&,6( F?-"#0-" AA:)2* )1
2)2%(" Al Q "-% 0((6("?! 204),0-&9! g2%&+&!\V'OF! | "-%%! -%4&"1! ).! 0! *96)9*%):0+ "1"-&

("A0,1G-%&! D11"-"),1 *)12?2-9 1 g,) -1 9%)Q U 0:&! .):+&1! ! -%&! :&07-"),! .":9-1 42-]
TNN



92498K2&,-19-8&: 8% E2-"#&I07E8)*&!1:80::0,A& +&,-10-! &(&HO-&-&+*&:0-2:&9!1&("H#& -%&!
&-19B)((6(0-"),1 *:) 122-910-1-%&1&,11).1-%6&10R-"), F1$%&!11&9":&1JN0((6 ("20+", &9!4&0:!
)& 19-&:8A&,"?178& -&:10, 110,!gEWBT GBI'9249"-2-&110(=&, &F!
@P2:1A:)2*19%091+01&!7),9"1&:04(&!&..) -OI" I"+" &I2+¥)(2,A  TXTGTX'GMN(Q 111"& &)
%61:).2,2-"),0("70-"),! 9- :0-&A"&FTMTG! 01! Q&! &#'9), &1! -%&+ &A"Al).! -%&9&! -Q)!
+&-%)19! ) -%&! &,0,-") 55! 1"09-&)58 0, 1! :&A")9&(&?-"#&! ?),9-:22-"),! ).! | BRY
%)+)0((6("?10+",&9! -960H4&0: 1-Q)1#"?" 0(19-&:&)A&,"?1 2&,-&:910L10, IGEUD(=&,&Q;?%&+8&!
VWES!011"-"),G | A%&, ! -%0-! -96&I&B RA%)+)0((6 (“?!0+", &9IVBHE! 4&& *:&#")29(6 1), (6!
* &*0:&11 Q"-% -%&byn! 9&(-"#'-8 P&&L 2%& &! Wk BN Q&! %)*&1! -%0-! QE?)2(1!

%) -&,-"0((6!18#&(*10!:)2-&!-)!1-%&! anti5l"09-8:&)+&:F)

[Pd(L)] MeN !
N!/ NMe + i\ , Sy
direct "coupling 0 : R
)” o & anti-diastereomer FsC™" X
nnnf© ’ /ﬁw:\/ I

DB(1() FI})B6:/$6%P2":2(%4).0' )D4623(<$<)0]),-' $./&0'01 (234/)C 010://4/$9)
51 %(9

AAB&TA3T# . @#HC2/ATT2*. #

1& 14&A0,146!880+" " Al-%&!2)2*(" Al 48-Q&&,! NHA&, 76(1-:".(2): )&-%6("90-"|FAl
0,1! *%&,6(42-01"&,& ! FAl g$04(&XBIBY", Al )21 *:&#")29(6! 1"9?()9&1L(2): ) 0:6(0-"),!
:&0?-"),12) ,1"-"), MTEQA!","-"0((6! 2981 MFW! +)(x! lg?",,0+ 6(WL 3(i M 09! -%EE0((01"2+!
9)2:2&10,1! TN+)( x! b/ %)9109%&"AQL F$:"&-%€0+ ", &GMEK2#0(&,-9UDON 9&& 281! 09
-%&! 409KKBI! +)(x!).! 32g@$.W09/01] &Q"9!0?"1?) 520-0(696!0,1! 1"2%()+&-%0,&! 09! -%&!

TNT



9)(#&,-! gNFABU! B,1&: 1-969 2),1"-"), G! Q&! )49&:#&1! T X! ?)#8:9"),1 ).! -%&! 90:-" Al
+0-8:"0(9!-)12)2%( &11%:)12 240-1))+! -&+*8&:0-2:&Ik 16! TH] )QE&HE BQ&)4- 0",&11-%&!
2,189"&1! | D(=6(0-"),! "9)+&:! FAF:0-%&:! -%0, -%&M(=6(0-"),! *)12?- | FAR 1&!
066*)-%89"7&1%0-10!1"..8:&,-1(A0, 11+"A%-14&104(&!-)!.04) 1-%&M(E=6(0-"), 1* 1)122- H

MK (O UHES2$:M(: 9Z06)[> 2$1$H: 306

NBn 2.5 mol % [(cinnamyl)PdCl],
)N i 10 mol % ligand MeN
O 0 e
Fgc 10 mol % CU(OTf)Z BN N + MeN NvCF:;
31 2.0 equiv EtgN (0] H . _Ph
. 3 T
+ CH,Cl,, 22 %C, 16 h e ovd \ g
Me
P N
3.2 3.3 3.4
(1.2 equiv)
entry ligand yield of 3.3/3.4 (%)
1 XPhos <2/14 <O O
2 DPEPhos 4/23 o PAr,
3 (S,S)-Ph-BPE 4/9 o) PAr,
4 PHOX <2/8 <o O
5 (S)-(+)-DTBM-SEGPHOS 57/<2 Ar = -3,5-di-tert-butyl-4-methoxyphenyl
@Reaction concentration of 0.15 M under N, atmosphere. (S)-(+)-DTBM-SEGPHOS

bYield was determined by 376 MHz 1°F NMR spectroscopy
with 2,2,2-trifluoro-N,N-dimethyl acetamide as an internal
standard.

O Ph
PCy, Ph
i-Pr i-Pr P, o
O Y \/\P </IN L
N I
PPh,  PPh, Ph 2
t-Bu

Ph

i-Pr
Ar = 3,5'(CF3)2C6H3
i XPhos DPEPhos (S,5)-Ph-BPE PHOX I

>,0%": &11 461)2:1 *") :1 %61:).2,2 -"),0 ("70-"),! -&?%,))A6E™ Q& &S ():&1!)2:!
/ [@b!( "AD,11969-&+1-) *:)+)-&! .0#):04(&12)2* ("AFI)Q&#&:G/[@b!("A 0,19!109!Q&({0Y
YZI%)9 10,11 / %EO/Z! (&01! -)! " &.."2"&,-! 20-0(699 -960-10-"({ 1&("#&:! -%&!P(=6(0-"),!

TNM



"9)+&: 1"! -96"9:807-"), | g&,~"&9! MAFI@Q" Al -)! -%&P),A&9-&1l K20-&:,0:6 ! 9-&:QA&,"?!
28,-&1A8, &0-8&1112:" Al-%&): + 0-"),1). 1-%&ID(=6(0-"),1*:)12?2-G |Q&!%6*)-9%89"7&1%0!
9Q"-2%A! -)! 0! 42(=6! 4"%5%)9*%" &! ?2)+*:"9&1! ). | VCEM Fert512-6(5\5+&-%)S6! g'$O8U!
A2)2%9 12)2(1196,1&:1-%8&!1):+0-"),1).1-%"9 1*)12?- 10,1!(&01!-)! YP&(&?-"#&! 0GL0-"), FS$)!
) 2:1 1&("AYS! Y4B $OB 5§ &A %)91* 1) #1811 -%&EBS?(BH&! ):+0 -"), 1).1 -%&! 189":&19%
0(=6(0-"),1"9)+& :I",] W_xI6&(IG!_CT!1:G!0,1NMICgH04(&! @&l-:6! TUN

MMM IQHPO/; (62 @522$23;():6?)D& <28262)B..(9 2<96)C4?'0 : /K4/:2306)S$23)
0-8 7 "D(%:30<)

NR 2.5 mol % [(cinnamyl)PdCl],
N* 10 mol % (S)-(+)-DTBM-SEGPHOS
sci . 32 + additive (}0 mol %) ) Sy )
+ sozl\.lz:t(,q;l; 15:(33,,\‘16 h F3C/!\'\‘/:\/
PN 3.30r3.6
3.2
entry R solvent  additive  yield (%)° dre erd
1ef Bn  CHCl, - 57 7.1:1 92:8
2 Bn  CH.Cl, - 81 8:1 92.5:7.5
3¢ Bn  CHCl, - 71 6:1 89:11
4 Bn  CH,Cl, NaBArF, 73 7:1 93.5:6.5
5 Bn Et,0 NaBArF, 86 11:1 92575
6 Bn Et,0 NaBF, 69 7.6:1 85:15
79 Bn Et,O - <2 n.a. n.a.
gen Bn  CH.Cl, - 34 751 90:10
9 Bn  CH,Cl, - 71 6:1 88:12
10 Me  Et0 NaBArF, 96 11:1 94.5:5.5
1 Me Et,0 NaBArF, <2 n.a. n.a.

aReaction run at 0.3 M unless otherwise noted with 1.5 equiv isatin and 1.0 equiv

diene. PYield determined by 376 MHz 1°F NMR spectroscopy in comparison to an

internal standard. “Enantiomeric ratios determined using an authenthic racemic

standard.9Diastereomeric ratios determined from 376 MHz 1°F NMR spectroscopy of

the unpurified mixture. 1.0 equiv isatin and 1.2 equiv diene. f10 mol % Cu(OTf), used.
I 9No NEt; used. "Reaction run at 0 *€. Reaction run at 0.75 M. JReaction run for 2 h. |

TNV



1&! )?29&1)2:1&.. ):-9129" AI'SO8  5&A/%)9!1090!("A0, 11g$0H(&_E249&K28&.,-(6G!
Q&! 1"9?)#&&1! -%0-0"-%)2-! -%6&! 32! P520-0(696! -%&! :80?-"),! *:)288&19! Q"-9RIA(A"4(&!
"15072-1 )1 6"&(11): | 9-&&)9&(&PH"6! (-"& O TAVE R2 -%&+ ) : &G! Q§UO&:#&1! -%0-Do&!
"2(29"),1 ). 1]0 O<:Rl 09! 0, O11"-"#&!"+*)# &1 -%&&: g&-:6! "UFIQ" -296A! 1)+ |
1"96):)+&%0,&! -)! &-%E&RD(! 9)(#&,-! QO "+¥):-0,- | )il "R )AL ¥)127- | 6"&(1G!
Q"-%2 -19"A,"."20,-(6!&) 1", A1&0,-") T): 11"09-&:&)F(&?-"#" W&, 6! WLEF6&! 29&!).1409&!
):1-9%6"91:8&07-"),1"910(9)12:22"0(109)! *)1 27-1"9)40&:#&11Q"-%)2-1-"&%GO0+" & 1g&,-:6! U
| & 1"97)#&:&1! -%09Q"-2%" Al:)+ | -%&NHA&, 76(! 1& "#&1! "90-",! FAF-)! -%&IN5& -%6(!
0,00A2&! FAD&,%0,2&1118H! 6"&(1! ..)+1\X xI-)I"Xx 16"&(20,1! &!.))+I MFWC_FW! &:!-)!
AFWEWR! g&,-:6! TNBI&! -%&,10--&*-&11-) 19%)-&,!:&0?-"),! -"+& 10,1!) 49&#&1!-%0-!
29" Altg?",,0+6(U1 3(1u0,1 '$O 8 5&A%)9!-) | A8, &0-&20-0(691in situ!(&1!-)!01(),A &
" 127-"),1%&: )1 @D.-&:IMI%)DGIQEH9&:#&11,)1*)122- 1g&,-:6!TTEl

1&! -9&,! %6%)-%&9"7&1!-%0-129" AID)(0-&11/1! ?)+*(&S 1.) :I-%&!1:87-"),! + "A%
(&QL!-)!.0 9-&:10?240-"), 1).120-0(69-GEOL" A!-)! 4&-&!6"&(19! 0-! Bb): -& ! -"+&9! gSO4(&! \UF!
'Q "6 Al-)! -%&19)(0-&11 /11 ? }+*(&S 1g/15$08 5&A/%)9U!) I -%&! :&2-"), | 0-|NF_\&G!
0(()Q&L!1-%&!.):+0-"),1).1 AMxI*) 122-1I" IMI96)2:9g&, 6! T@)+* 0:&11-) 1)2:1"," -"00:&92(-!
Q"-%!-%&Isity .):+&11?0-0(69-FI& 10(9)!&S0+"&1 1-%&&..&?-1)11"..& &,-1011"-"#&9gD?%!
09!J"ORGAORG!e,g@%G!):1Z+[O<  :RU",1-%8&P66.)0(=6(0-"),1:&07-" ) , 1g,)-19%)Q,! " |
-%6&04(&01+)9-1011""#E&IVOH&IDEA("A"A(&H+02- 1), 1-981:&07-"),10 ,1! 1)1,)- 1%)9 ""#&(6!

0..8&21?) #8:9"),1:0-&9):! (&#(9!).1&:10,111: FDQ &H&G!-B29&1).1]0 O<:RIO()QI!.):1.2 (!

TNA



?) #&: 9", 1).19-0:-" Al+0-&:"0(!-)!*:)12?- 10,1 !0,! ", ?:&09&",1&:!.:)+!" TFWC\FW)I& W&

Q"-%TGAL") SO,8109+ 68! NHE, - FI<(- %)2A%J00< :*v"94&&. "2"0(.):! %"AVESEH&(9!)1&1" !

-%6"91209R!"1:09-"20((6:8-0:19&07?-"), : 0-&IgWXR),#8:9 "),1)49& #&1!",| X1%!?)+*0:&11-)!

2((17),#8:9"),1Q  "-92- 1-%&129&1)]! 00< : RUREHE -%&(&99GD&?'1&11)129&]00<: RI09!

2((17),#&:9"),120,! 9-"((#&10-0"&1! " I TM%g&.-:"&O! MXIFS%&!:Q?-"),1* :) 28&1D+))-%(6 !

0-11))+ -&+*&:0-2:  8G! %) @& EGL&?:&09A! -%&:&07-"),! -&+* &:0-2:&!",!0,! 0--&+*-!-)!

& %0,2&180, ") 9&(&P#'-61: ) #8112,.:2"-.2( 1g&,-:6! B

210 THM(92$06)[> 2$1$H:2$06

NMe
)N ~ X 5 mol % Pd-DTBM-SESPHOS MeN
FsC a5 10 mol % NaBAr",
2.0 equiv Et3N, 1,4-dioxane (0.75 M)
+ 22 %4C, time
P A
3.2
entry time (h) conv to 3.6 (%)° dre erd
1¢ 2h 42 8:1 n.d
2 6h 56 8:1 95:5
3f 6h >98 9:1 91.5:8.5
4 12h >98 8:1 95:5
5 16h >98 8:1 95:5
6f 16 h >98 8:1 94:6
789 16h 93 8:1 94:6

2Reaction run at 0.75 M under N, atmosphere with 1.5 equiv isatin and 1.0

equiv diene. PConversion was determined by 376 MHz 1°FNMR spectroscopy

with 2,2,2-trifluoro-N,N-dimethylacetamide as internal standard. °Determined

by 376 MHz 19F NMR spectroscopy of the unpurified mixture. 9Determined by

HPLC analysis of purified 3a. ®Et,0 used as solvent. No NaBAr", used.
HITHHI 9Reaction run at 4 ¥%C. n.d. = not determined. n.a. = not applicable.

(O O Ph
Ar,
O R_@® §
i)
o P
SO P
o BArF,

Ar = 3,5-(t-Bu),-4-(MeO)(CgHs)
Pd-DTBM-SEGPHOS

\ J

1&!1&? "1&1!-)! " #&9-"A0-&)-%&:!/1 1*:& 520-0(®-9! 92**): -" Al O(-&:,0-"#& ("A0, 1!

0:79%-872:890 %) Q&H#&B-%&6! *) #'1&101 +" S2: &LO#):" A 1-%&1):+ 0-"), 1).! | (=6(0-"),!

TNW



*)12?- F)-04(6G! -%&! 1"09-&+ &:'?!:0-")! )4-0",&1! .): | -%&! *:)12?-1"9! ?),9"1&:04(6!
0Q&:!Q"-%!-%&9&! ,)DE&?-"#&! 20-0(69-IB{-"+0-&(6G! 29"AIW! +)(!1x I/1 5 $O8 5&A/%)9!
0, LITN+)(x! ] 00<:R"! TGA")SO, &\NF W!8I0(()Q&1!-%&R2((1?),#&:9"),! ).! FAD) IFAL),!
"WCW!;1!I\CT! 1:! g&,-:6! "UF! $%"9!) 122-1"9!0(9)! .2:,"9%&1! Q"-%! -%&)! 9-&:&)A&,"?!
2&,-8&:914&0:",A10,!anti!:&(0-"),9%"*10,110, !",-&:,0( 'gFI(=&,&F
3.3.1 Substrate Scope

B*),! 1&-&:+",0-"),1).02 :1)*-"+0(! :&0?-"),!?),1"-") ,91.):1-%"91+&-%)1)()A6 GQ&!
&S*():&1!0!9249-:0-&!9?)*&!1)14)-%!0:6(30,1!0( =6(P249-2-&1 !-&:+",0 (11"&,&9-) 10?7?2&99!
,&Q! %)+)0((6("?! 0+",&! 920..)(1 F! >,1-%&! 2094 0:6 (! 1"&,&9G! -%&! %)+)B((?! 0+",&!
*1) 127-9IFAEAFANO:&!.2:,"9%&1!",12% I-) \Xx! 6"&(1G!TIN'!11:G!0,1"WC\HR: %&(&?-2), 5
1),0-",A !g): 1*:)12?2-9 IFAUGEA* G!0,1FA!IUO,1! &&?-1), 3"-94:0Q",Al g) :1*:)12? -9FA*Q
0,1 ! FATU0:6(! 1'&,&9 2,1&: A) | 222892(! ?) 2*(", Al Q"-%! -%&! 0701"&,J0-89! 01 :))+!
-8&+*8:0-2:&!Q"-%!+)1&:0-&!-)!A))11&,0,-")  9&(&?-"#"fA[&-&:)?6?(&9!0:&!0(9)(&:0-&1!",!
-%&! :&07?-") aal 4) -%.2:6(3 0,1! *6:"16( P249-:2-&1! 1"&,&9FAF! 0, 1! FAN! 1&("#&1 -%&!
1&9'&1!*:)12 ?2-91Q"-%A) ) 1!6"&(1!01!9-&:&)9&(&?-"#"6F<(-%) 2A%! +)9-11"&,&9!.0#): 1-%&!
9D (=6(0-,!*:)12?- 1&S?(29"#& (6! ortho! 9249"-2&.,-1),! -%&! 0:&,&! (819! -)! )-1),( 6!0!
9()Q&! :&0?-"),! g™Mx! ?),#&:9"),! "l TM! %U! 42-10(9! -%& .):+ 0-"),1) .!I -%&! FD(=6(0-"), !
*)12?2-1 gDF! TRUE $) | "+*)) #& :&0?-"),! &."?'&,?6G]00< :R! Q09! &3(21&1! ..)+! -% &!
:8&0?-"), F1$%&! :&+)#0(!).1011""#&! () Q&:&1! -%&I"09-&:&)9&(&?-"#"182-1 9-'((10()Q&1! .):!

:&09), 04(8&,0,-")9&(&?-"#"-8", IFA!''g" MFWWIR faF

TNX



-1 )\WP& <2':2()D90>().0')5'4 /,D& <2$28(?)*LFO$(6(<")

NMe

) 0 5 mol % Pd-DTBM-SEGPHOS
10 mol % NaBArF,

2.0 equiv Et3N, 1,4-dioxane (0.75 M)

=N

k. C/?\‘/\/R

Me

3.16D3.24

CF3

3.16 3.17 3.18
68% yield 75% yield 74% yield
94:6 er, 10:1 dr 90:10 er, 8:1 dr 90:10 er, 8:1 dr

é:

FsC Me
Me
3.19 3.20d,e 3.21
72% yield 599% vi 62% vyield
. . yield . .
93:7 er,6:1dr 92.5:75er, 2:1 dr 94:6 er, 8:1 dr

O
NG
3.22 3.23 3.24
86% yield 59% vyield 82% yield
91.5:8.5er, 10:1 dr 93:7 er, 8:1dr

94:6 er, 7:1dr

aReaction run under N, with 0.15 mmol of diene (0.75 M). "Diastereomeric ratio determined by
376 MHz 1°F NMR or 400 MHz *H NMR spectroscopy of the unpurified mixture. °Enantiomeric
ratios (er) determined by HPLC in comparison with an authentic racemic standard. 9Reaction run
without NaBArF,. élsolated yield is a mixture of regioisomers. |

8) & ?%0((& AA! 0(=6(P249"-2-&1! 1"& &3! 0:&!0+&,04(&! 9249-:0-&9! "I -%"9!
:&07-"), F18)1&:0-&!-)!A))116 "&(19!).!-%&!7?)::&9%),1",Al*:)12?-910:&! )4-0", &146!:0"9" Al

-%&!:&07)" 1-&+*&:0-2 :&!gWNBU!0,1! &S?(21",A]00< :RF! Pl (*,&0:10,1! ! 54:0,7%& 1

TN!



0(=6@0249-"-2-&1!1"&,&80 :-"?"*0-&!" |-%&!:&07-"),9G!0..):1",A0%)+)0((6("?! 0+",&9! FAlld
FAR" WV aXIB"&(1!", 12*1-) CT!1:10,11' TC 1&:F!

MMMNNO ** HP&™ <2:2()DB0>().0" )5 /K4/, D& <2$2&(?)*LFO$(6(<1))

NMe
N ’
MeN
Fgc) o 5 mol % Pd-DTBM-SEGPHOS N
35 >
2.0 equiv Et;N, 1,4-dioxane (0.75 M) o ; R
+ 22YC, 12 h F3C/\M(\/
e
RM
3.25P3.29 3.30b3.34
’&E‘ Ph ’Q'é‘ n-Bu AN EtO,C
FsC X FsC X FsC N
Me Me Me
3.30¢ 3.31 3.32
69% yield 60% yield 83% vyield
88:12 er, 4:1 dr 81.5:18.5 er, 4:1 dr 91:9er, 3:1dr
fé'}‘ Al;l NBn
F3C X F3C X
Me Me
3.33 3.34¢
43% yield 83% yield
90:10 er, 3:1 dr 86.5:13.5er, 3:1dr

aReaction run under N, with 0.15 mmol of diene (0.75 M). PDiastereomeric ratio determined by
376 MHz °F NMR or 400 MHz H NMR spectroscopy of the unpurified mixture. cEnantiomeric
ratios (er) determined by HPLC in comparison with an authentic racemic standard. €Isolated

[111111 yield is a mixture of regioisomers. |

H&0?-"),9! Q"-%! 0(=@D249-"-2&1! 1'&,&9! (&01!&S7?(29"#&(6})! -%& 1&9":&1! 5
0(=6(0"), ! *))12?-! 0(0)2A% -%&¥%&,&- %R &:"#&1! 1"&,& 0..):1 &1! 0! :&A")"9)+&:"?!
+"S-2:&1). 1*)12?-9 | FAREAR' g$04(&! TRU/)12?-! FAF{!14&0:9!01"..&:&,-! ?),,&?-"#"-6 |

Q"-%! :&9*&-! -)! -%&! 1&,881&:"#&1! ..0A+&,-G! 0,1! Q&! Q&:&!04(&! -)! 09?&:-0",! -%:)2A%!

TNV



011"-"),0( ! &S*&:"+&,- 0-"), | g$04&! TTU-%0-IFAR! "9l .):+ &1! .)+! -%& 070E3)*&!
:80::0,A&+&,-1).! FAFG!" |0A88&+&,-1Q"-%K&0:("&19-21"&9!4610, AFNY

H) A7 (93:6$5<2$D)22$(J06)M(%$0$<0L(<)W(B(:2(?).'01)C4?2'0:/K4/:2$06)S$23)
G('2:$6)5/K4/)O$(6(< ¢

NMe MeN
N= /&N
J oo A M © N
FsC Table 10 conditions N FsC x-Me Me \\\
(1.5 equiv) Fsc/Y\/\/
Me Ph
+
“ Ph
PR N 3.30 3.300 3.300
3.25
entry temp (%C) conv to 3.30:3.30C8.3000 (%)
1 50 82:<2:8
2 35 52:14:4

aReaction run at [0.75 M] under N, atmosphere. PConversion
was determined by 376 MHz 1°F NMR spectroscopy with
2,2,2-trifluoro-N,N-dimethyl acetamide as internal standard.

MeN
SN
MeN Na _CF
MeN NS 3
SN NBn ~ Orc NMe
o : e
FsC O mé \ NBn
Me
N
Bn
3.34 3.340 3.340

~ -di 1
nin 11:1 mixture of 3.34:3.340 L4 dloxan(;, 0C 11:1 mixture of 3.34:3.3400 "
12 I

<11"-"),0((6G! **&:"1",&P249-"-2&1! 1"&,&! &019! -)! -9& .) :+0-"),! ).! O,! TTCT !
+"S-2:&!"). 19D(=6(0"),!- ) I D(=6(0-"),!*:)1 2?-9FAFRBAFKRE !%0#&!9%)Q !-%0-!1-%&9&!

?2M0&90Q%&:&!0!+"S-2:8).1:&A")"9)+& :9!"9.):+&1G!FARD,1 |FAFY!0:&!.):+&1!","-"0((6!",!
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-%&&072"),1+"S-2:8G10,1 1-%&,!0! 249&K28&.,-| FOB)*&! :80::0,A&+&,-1).! FAFY!A4&9!:"8!
) FAR'FI%&,10 || TTCT!+"Q:&1).| FAFBAFK"9!%&0-&1!" I B3YS0,&10-!_Nt3G!@)4 9&#8&!
“06&11'9+*& 0:0,2&!).! FAPKI",1-06&1+"S-2:8),117),2)+"-0,-1.):+0-"),1).! FARNO.-& ITVI6H

! [)122-911&:"#&1). 1)+1"9)+&:"70-"),1).]  -%&1"&,&JF&2?%0",Q0(=",A{! 0(),Al-%&!
0(E6(17%0"*:"):1-)1&,)(0-&10 11"-"),! Q&:&!,)- 11&-&?-&IQ"-%40,6!9249-: 0-&FB) #8:9&( 6G!
Q&! )498#811-%0-! %&S) 0-&IFAE! 2,1& :A)&9! 1'&,&! "9)+ &:"70-"),1",-)! ?), d220-"),!
Q"-%! -%8&! &9-8212-"),0(" -6!*:") :1-)1 2)2%( " Al Q"-%IFAGO..):1",Al 0,! & %660249-"-2-&1
9-&:&)A&,"?! 2&,-&1 "IFAR "] M X! 6"&(1G! TMCT! 1:G! 0,1IFWCMFRB)&* 0:0-"#&(6G!9t
" -&:,0(11"&, &0,00A2&! FAB?0,12,1 &:A)!-%&! 908! ?)2*(" Al Q"-%IFAK42-1 .2:  "P/&IO!

(Q&: 16"&(1!).IFAHQ"-%)2-10..8?-" AO-8&&)9&(&?-"H#61g; 2% &+& WU

Ay
5 mol % Pd-DTBM-SEGPHOS H
. NMe MeO,C. A~ 0 = x_CO,Me
) 0 2.0 equiv Et3N, 1,4-dioxane (0.75 M) F3C/Y\/
FoC 22%C,12h Et
35 . 3.35 3.36
(1.5 equiv) 48% conv, 48% yield
12:1dr, 97.5:25 er
same condtions ‘,&’;‘
> NMe | MeOZCW\Me F3C/:\K\/C02Me
J 0 Et
F3C
3.5 3.37 3.36
(1.5 equiv) 18% conv, 18% yield
12:1dr, 97:3 er |

DB(L() FUKOL('$S H:2$06@5/K4/:2$06)0.)FCIZ:7$(60:2():67)G 01> :'$ <06)20)$2<)
162('6 :/)O $(6()I<01(" )

| &&+40:=&1!),!96,-%&9"7",Al 0+",&! 9?0..)(19! - %0-! 0&! ?2::&,-(6! ?7":?2"-)29! -)!

0??&9¥'01&S"95A!-&P0,) )AGF1&! &#0(20-&1!?) 2*(",Al * 0:-,&:9!'FAFD,1! FARR"A2:4\ G

TTN



Q%"?%Q)2(1! .2: , "9%! Bl".(2):)+&%6(! 0+",&9! 0,1! 0+ " &9 4&0:" Al -&:09249-"-2-&1!
9-&:8)A&,"?! 2&,-8:B:89*&2-"H#&(E2%),! :&0?-"),! Q"-%! -&:+", O(! 1"&,&F! B,.): -2,0-&(6G!
-%6898249-:0-891?)2(1!,) -1*0:-"2"+0-&1" 1-%&!:&0-"),9 |0A FAT2, 1& A)&IN1&?)+* )9"-"), |
QUB(&IFARVOI?)+*(&-&(6! 2, :&0P-"#& Q"-%! -%&! 1"&,&! &(&F*%"(&FI&! -%&,! &SO+" &1!
&(&72-:)*%"(&9! -UPR)2(1! & 04(&! -%&! .):+0-"),1 ). .(2):",0-&1 10+" )1 0(?)%)(! *:)127-9F
DQ&#&:G! 0(?)%)(! 0,1! $O; H:%&:R),-0"," Al 0("*%0-" 2! 1"&,89 FAN'D,1! FAH Q&&! 0(9)!
2, *) 127-"#&1(&01" Al-)101+6:"01 1).1¥:)122-910:"9 ", Al.1)+1-% &189":&1P8(=6(0-"),G!-%&!
2,1& 9"&1! | B(=6(0-"),G! 09! Q&! 09! %& 07CRB)*&! : &0::0,A&+&, -! *)12 2-G! O((!,!
1"09-8:&)+&:"?1 +"S-2:80F12:%:"9" A (6G!)! ?%0",! QO(=",Al*:)127-9 | Q&:&!)49&:#&! Q"-%!

-%&9&!2)( ", A9H

HF,C
3.38 3.39

TBSO/\/\/\ HO/\/\/\
TR EREE e 3.40 3.41 |

#$9%'() T+)16901>:2$/() D& <2":2(<)$6)C4?'0:/K4 /:2$06) 7(230?70/0%4)
3.3.2 Hydrolysis of Product Imines to Deliver Primary Amines

$URIL"&P-1%:) 127-91)4 -0", &1 1)+ -%&Y%661:)0(=6(0-"), !:&0?-"), 10:&! *:&9&, 09!
"90-" 5 )- &2&11.):+91).1%"+0:6  10+",& F$%6&I"90-1A:)2+1"9 I: &01"(BP(&HE&L2, 18&:1+"(1 !
2),1"-"),9 IGTENI8IOK![3(10-1:))+!-&+*&:0  -2:&!",|M!%)2:9G! - 0B S?2&IFJU I-)! ("4&0-&

*"+0: 6!0+ " &IFAI"I_ x16"&(11Q"-%)2-19'A,"."?0,-! &:)9"), !).1&:!): 11:1g;?%&+&Y WH

TTT



MeN

SN i.) 1.0 M ag. HCI NH,
o H —_— 5
FsC X THF,223C.2h o X
Me ii.) EtaN Me
3.6 3.42
8:1dr, 95:5 er 77% yield

8:1dr,94.555er |

DI3(1() FGIL$6() CA?'0/4<$<$6)="078923)
A'DB*.[3472%. TH#H-.@#IA,3**? #

1&! 1&#&()*&10I+&-991!.):!- %&1"09-&&) 50, 1!&,0,-")9&(&?-#&!1%61:)0(=6(0-"),!
)l 0%2("?! -&+",0(! TG\AL"&&IE >00-"5L&:"#&1! N5:".(2))) &% "+".&9! 2,1&A)!
18*)-),0-"),1 46! - :"&%6(0+",&! -)! ):+1 070 1"&,)(0- &IFB%E&&! 0701"&,)(0-89-%&,!-0=&!
*0:-1", 19&(&?-"HEB(=6(0"), 1Q"-%0:6(30,1!0 (=6(D249-"2-&111"&,&9!-)L):+19%)+)0((6("?!
_5:".(2):)+& %6 (I 0+",&9! 480:" Al #'2" 0(! 9-&:&)A&,"?1?2&,-&:9!", 1 0,! anti5&(0-"),9%"*F!
3:2 2"0(1-)!-%82?2899!).1-%"91:80?74"0! -%&42(=6!('A0,1'$O8  5&A/%)9@9!"&..."?"&, (8
2),-)( 9! -%&IEA")9&(&?-"H#"-6! QU! BI*&?-! -)I4) -%! -%4&90-",! 0,1! 1"&,&! ?)+*),&,-9G!
1&("#&:" ADD(=6(0-"),1%:)127-9 1&S?(D"#&(6!", |%AUL,0, -")9&(&?-"#"-6F

>-1992(114&!,)-&1!-%0-1-%&:&!10:&!),(6!0!%0,1.7!).| &SO*( &9! QUR:&!-%&! :&(0-"#&!
0,11049)(2-&!?),."A2:0-"), 1).1#"2",0(! 9-&:&)A&?! ?&,-&9! 20,1 4&1?) -:)((&1!", 109" A(&!
20-0(6-"?! 9-&*1#"01 0,1 )(&,1%61:).2,2-"),0("70-"),  10%*:)0?% Fxne!MmiNe] 1"-") 0( (6G1%"9!
-:0,9.): +0-"), 1"9! -06&1:9-1 ",9-0,2&! ).1 0, ! &,0,-")9&(&?-"#&661)0 (=6(0-"),! 29" Al 0,!
2+%(2,A 120:4),! ,22(8&) %" (&F1<??899" A1 BRy[ : 0+",&9! ) ! | BRY 0+",&9! 4&0:" Al

-&:09249"-2-&1! 9-&&)A&,"?! ?&,-&:9129" Al -%"9! -&?%),)()A6! *:)#&1! &(29%&F!I"-%! -%"9!

TT™M



?%0((&,A&! "I +",1G! Q&! 0,-"?"*0-&! -%0-! -%&! +)1"."?0-"),! ).! -%&! ?0-0(69-! 969-&*A%-!

011:&99-%&8"992&9IF

AT HM) &+2(&,-3 H&,-23 7
<11""), 0(192%%):- "Al".): +0-"),G!",2(21" Al]8H!I9*&?- :01.):1,&Q! ?)+*) 2,19!
20,14&1.)2,11" 1-%6&192%%):-" Al " ):+0-"), I 24("90&11),(",&!.):C! !

@,6&0A29"G!3/960) AF!80(?)(+9),GLFIERZ,0,-") HO, 1!' "09-&:&)9&(&?-"#&!;6%48.99!).!
| 85" .(2): ) +&-%6(! [)+)0((6("?! <+",&9! 46! 30 -0(6-"?! [ 61:)0(=6(0-"), !).! "&,&9 FOrg
Lett." I" G2GIX\TaT X\

!

3.5.1 General Information

L &.&:0(1/:)?&12:&9A <((! :&0?-"), 9! Q&:&! 20:°&11)2-1 ", 1) #&, G gTMN! t3U! ):(0+&5

1:"€11AQ99Q0:&!2,18:10,1",&:-10-+)9 *%&:&). 11:6!] M2,(&991)-%&:Q"9&! )-&1F! @:A0,"?!
9)(2-"),9 1Q&:&!?),7&,-: 0-&112, 1&:1:81228&11*:8992:&!29" Al0!:)-0:6!&#0*):0-):! gOU?%"UF!
R(09%! ?)(2+,! 26:)+0-)A:0%066! Q09! *&:.):+& 1! 29" Al 0! $&(&6,&! >P)! 3)+4".(09%!
02-)?)(2+,1):1461%0 , 1129" AL;"("362(&!;"("OR(096yYX NI;"(?0IL&(FE

I

HEOA&,-IR:"&-%6(0+",&! g;"AH0! <(1:"?%LD09! 1"9-"@1!.))+ 130[ M*:") :1-)! 29&F!

) 1"2+1  -&-:0="9hVEWOg-".(2):)+& %6(U*%&,6(i4).0-& g]0O<:RU! Q09! *:&*0:&1
07?):1",Al -)! O1*:&#")2 9(61:8*):-&11*))? &12:4EMN

$%8&.)(()Q" Al 2%&+"20(9! Q&&! 29&1! 0! :&?&"&1C! hgO((6(U/18(@;-:&+Up! 4&,76(1 4:)+"18&/!
g<(.0! <&90:|} RUNEVIEEA"9g1"*%&, 6(*90*%",)USTGBK',0%%-%0(&,&! g<(.0! <&90:UIRIG
O¥/U!g; -:&+Up! RUEgnBVIGEIIOg1"*%&. 6(*%)9*%" ) BXG B +&-%) ST G BK*%6&,6(G! 845
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8&@50>/[Z/U!g;-:&+Up!RUgnBVGARY1"*%&, 6(*%)9*%",) B G/54"5T GM&, 7)1")S)(&!ggR b
ZL[@;U ! g-&+Up! §UgiBNGARhIgVGING&:-512-6(3\5+&-%)S6*%6&,6(U*%)9*%")i5
AGH'STGM&,7)1")S)(&! gSUENBS08 5ZL/[@;! g;-:&+Up! g RUgrBNGWRh1"gVEE 8.5
42-6(5'5+&-%)S6*%&,6(U*%)9*%", )i5\G/H"5T GM&, 7)1")S)(&! gRB8 5ZL/[@;U !
g;-:&+Up! 4"9nGIVK %&,6(*%6)9*96,)U* %&.6(i! &-%&y'/Z/%)9U! g;-:&+Up! gniWGINR%()))5
XGEK+8& -%) SETG B %&, 6V GBII6 (31"9g 1968, 6(*%)9*%", &U!  RIB(B&@Z0>/[Z/U!
g;-:&+Up! RUNXCBEk+&-%)S6gT K Y6&, 6(\AVIGEHNG (i4"9g4" 9nVEBRG TGIN +&-%66(&-% 65
+&-%)S6*%&,6(i* %)9*0%6&U! RUB $08 5@8&50>/[ Z/U! g;-:&+Up! hg?",,0+6(U/13(i
g"A+0! <(1:"?2%Up!1)+& %0,&! g:"A+0! <(1:"?%Up! "90-"! g<(.0! <&90:Up! ("-%"2+!
-8&-:0.(2:)4):0-&! gR"9%&: Up! +):*06)(",&! g:"A+0! <(1:"?%Up! *0((01"2+ 07&-0-&! g;-:&+Up! 9" (#&:!
-&-:0.(2:)4):0-&! g;-:&+Up! 9)1"2+! %61:"1&! g;:&+Up-&-:0="9g0R-),"-:"(&U*0((01"2+g>>U!
-&-:0.(2):)4):0-&1g;-:& +Up!-:9g*&,-0.(2):)*%&,6(U4):0,&!g$3>Up! MGBAG(R):)&-%6(0+",&!
%61:)?9%():"1&!g80-:"SUp! 7", ?!-:".(2):)+&%0,&92(.),0-&!g; "A+01<(1:"2%WF

[

D(#&.-OF! )(#&,-9! Q&:&! 9*0:A&1L! Q"-%! 1:8] W 0, 1! *2: ""&1! 2,1&:1 0! %)9 "-"#&!
*:8992:81).11:6!] M4610,!>, )H#0-"#&I$&?%,) ()A"&9/2:&;)(#&I0)(#&,-1*2:"."20-"),1969-&+C!
-&-:0%61:).2:0, g:"A+0 K(1:"?%UG! 1"?9%()))+&%0,& g:"ABIL:"?%UG! 1"&-%6(! &-%&:!
g;"A+05(1:"?%UGI BG)S0,&!g;"A+0 5<(1:"?%UG!0,1!-)(&,&!g:" A+0 5 (1:" 2% U1 Q& &I *08.1!
-96:)2A%! -Q)! ?),9&72-"#&! 0(2+",0! ?)(2+,9F! 8& %0,)(! g;"A+05(1:"?%U! 0,1! N,N5

1"+&-%6(.):+0+"1&! g;"A+0 5<(1:"?%U! Q&:&! 29&1! 09! :&?&"#&1F! [/38:01&! %&S0,&9!
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g;"A+05<(1:"?2%U! 0,1! +&-%0,)(! g;"A+05<(1:"2%U! .):1 :&0?-"),9! Q&:&! 1"9-"((&)#&:! 3 O[ W
*:"):1 )1 29&F! [&S08&9! gR"9%8&:U! 0,1! &-%6(! 07&-0-&! gR"9%&:U! Q&:RI 29E0%! ?)(2+,!
2%:)+0-)A:0*%6! 09! :&?2&"#&1F! [/J3 5A:01&! %&S0,&9! g;"AB(1:"2%U! 0,1! "9)*:)*0,)(!
g;"A+05<(1:"2%U1.):12%:)+0-)A:0*%661Q&:&!29&1109!:&2& " #&1F

I

>,9-:12+&,-0-"),F IMTN8H  19*&7?:0!Q& &!:&):1&1!),!0! w0:"0,!>]@w<!g"NN!8[7U!

)l 0:2=&:1 gWNN! 8[7U! 9*&P+& & F! 3%&+"20(! 9%".-9! 0:&! :&*):-&1! "I **+I .)+!
-&-:0+&-%6(9"(0,&! Q"-%! -%&! 9)(#&,-! :&9),0,2&! :&92(-"Al ..)+! " ?)+*(&-&! 18&2-&:0-"),!
g3'3(VC!8!_FMXU!09!-%8&!" -&:,0(! :&.8:&, 2&FOI0:& :&*):-&11 09! .)(()QIC! 2%&+"20(! 9%".-G!
" -&A0-"),GIH2(-"*("?"-6!g9!j! 9" A(&-GI[11)24(&-G!-1jl-*(&-G! KIjI K20:-&- G 4:1j!14:)01G! +1j!
+2(-"(&-UG! ?)2*(",Al ?),9-0,-g9U! g[7WF"3! J8H! 9*&?-:0! Q&:&! :&?):1&1! ),! O!
WO:"0,c<A"(&,-! W]8H;! gWNN! 8[7U!):1 0:2=&:! g WNN! 8[7U! 9*&72-:)+&-&:! Q"-%! ?)+*(&-&!
%)-),1 1&2)2%(" Al 42-1Q"-%! .(2):",&! ?)2*(" Al &S?&  *-1Q%&:&!" 1"?0-&1F! 3%&+"20(! 9%".-9!
0:&1:&%):-&11 " I**+1 1) +1 -&-:0+&-%6(9"(0,&! Q"-%! -%&! 9)(#&,-1:&9),0,2&! :&92(-" Al .:)+!
2%()}).):+1 0 9 -%8&! "-&:,0(! :&.8:&,?&! g3'3(\Cb! __FTXUF!'0-0! 0:&! :&*):-&1! 09! .)(()QIC!
2%8&+"20(19%".-G!",-&A:0-"),GI+2(-"*("2"-6!g9!jM&- G 11j! 1) 24(&-G!-1j!-"*(&-GIK!jIK20:-&-G14:!
j14:)01G!+j1+2(-"*(&-UG1?)2*(", Al ?),9-0,-g9U! g[7UFTR!]8H! 9*&2-:0! Q&:&!:&?):1&11),10!
wO0:"0,! >]@w<! g"NN! 8[7U! ):! 0:2=& :! gWNN! 8[7U! 9*&?-)+&-&:F! 3%&+"20(! 9%".-9! 0:&!
:&%):-&11" 1¥+129" AlgMGMGM".(2):) TN, NBL"+&-%6(0?&-0+"18&8BX FWXU!09!-%&!" -&:,0(!

&.8&:&,7&! '0-0! 0:&! :&*):-&1! 09! .)()QIC! 2%&+"20(! 9%".-G! " -&A:0-"),G! +2(-"*("?"-6! g9! j!
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9" A(&-G! 1! j! 1)24(&-G! -1 jl -"*(&-&! j! K20:-&-G! 4:1 jl 4:)01G! +! jl +2(-"*(&-UG! ?)2*(" Al
2),9-0,-g9U! g[7UFY!]8H! 9*&2-:0! Q&:&! :&?):1&11),10!0:2=&:! gWNN! 8[7U! 9*&?-1)+&-&:!
Q"-%! ?)+*(&-&! *)-),! 1&?)2*(",AF! 3)#8:9"),9! Q&:&! 1&-&+"&1! 46!  TR! |8H! 46!
*)127-1 :0-")l ) 0, "-&,0( 9-0,10:1! gMGMGM:".(2):) 5V,NBL"+&%6(0?&-0+"1&UF!
Z,0,-")+&:1:0-")9! g&:U! Q&:&! 1&-&:+",&1! 46! [/J3 g/%&,)+&,&S  $8!J2Sy! 3&((2()9&! >G!
38&((2()9&!>>G13&((2()9&!>>>G!<+6()9&!>G!):| 396%=O[TR:D/!2)(2+,9U!", 12)+*0:"9),1Q"-%!
02-%8&,-"?! :02&+"?! +0-&"0(9! ),! O! :%"+0172! /:)+".&,?&! 8)12  (0:! [/I3F! ['A% 5
:&9)(2-"),! +099! 9*&?-:)+&-:6! Q09! *&:.):+&11),10,! <A"(&,-! g TMNN! ;&:"&9U1 J38 ; B@FS
'<H$!0-1-%8&!'2=8! B,"#&:9"-618099! :*&7?-:)+&-:61RO?"("-6! g[H8;! 10-0! #0(289! :&*):-&1!
09!10,!0#&:0A&!).1.)2:1:2,9UF!>,.:0:&11g>HU!9*&?-:0! Q&:&! ?)((&?-&11),101]"?)(&-INN! RS H!
9*&?-1)+&-&:Gl€os!" 17+ 5p!40,1910:&179%0:0?-&:"7&1109!4:)01!g4:UG!9-:), Ag@UG+ g+ UG!
): Q&0=! gQUF! <((!'B06! 2:69-0(()A:0%%6! +&092:&+&,-9! Q&:&! +01&! ",! -%&! 8)(&22(0:!
71220-"),G! $&2%,))A6G! 0,1! H&9&0:?%! >,)#0-"),! 3&,-&:! g8Z$H>3U! O-! ]3! ;-0-&!
B,"#8&:9"-6F11606!?:69-0(()A:0*966!10-0120,14&!.)2,11),!1-%&! 30+4:"1A&! 3:69-0(()A:0*%"?!

'0- 0!3&,-:&!0:&.C!33'3!IT"_\_MNUF

3.5.2 Preparation of H-Trifluoroethyl Imine Substrate

i) 1.1 equiv NaH, DMF, 22 ¥%C
NH NBn
19) i) 1.1 equiv BnBr, 15 min 0

(0] o |

TH&, 76(",1)(",& TMGV"),& F!<!.(0+&EL:"&1IMWANI!)2,1  54)--)+! .(09=G! &R"**&1! Q"- %!

9-":1 40:G! Q09! ?%0:A&1! Q"-%! "90-",! g"FAT! AG! VNFN! ++)(G! TFNN! &KER/AG! 0,1!
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1"+&-%6(.):+0+"1&! gWN! +JUF!JO[! gXNx! ", +",&:0(1)"(U | gTFVM! AG! VVFN! ++)(G! TFTN! &K 2"#U!
Q09!011&1!",1),&!1%):-"),1-)!1-%8&!.(09=10,1!-%&!:&92(-" Al+ "S-2:&!Q09!0(()Q&1!-)!9-":1.)!
TNI+",2- &IF10&,76(14:)+"1&! gVF VI +JGI VVFN! ++)(G! TFTN! &K2"#U! Q09! 9()Q(6! 011&1!-)! -%6&!
.(09=10,11-%&1:807-"),1+"S-2:&1Q09!0(()Q&1!-)19-"0-1:)) +1-&+*&:0-2:&1.):10,1011"-"),0(!
TWI+",2-&OFI$%&!1+"S-2:&1Q00!%)2:&11" -)1"2&1?) (119¢Y", A190-2:0-&114:" &IgMNN!+UF!$%&!

):0 A& *:&2"*"-0-&! Q09! -%&,!."(-&:&1! 461 #0222+1 "(-:0-"),!0,1! Q09%&1! Q"-%! Q0-&:! g TNN!
+JU10,11%&S0,89! g TWN!+JU!-)10..):11-%&!-"2&¥)2,1109!0,!):0,A&! 9)("1! gWFVTI AGIMTFT!
++)(G!_NFXI6"&(1UR)_7M g NN!8[7G!3'3( Wb!_KXN!gT[G!JG!_FN[7UG! FT[G!-!
_RI[7UG!_F¥FM_IgW[G!+UG! FN_!gTIGR\®![7UG!XF_X!gT[@JLE!! [7UG!AF M! gM[G! QUF!

;*&?-:0(110-0!1+0-?%&1!-%)9&!*: &#")29(6!: &*):-& FMN

® MeOH, 3+ MS NBn
NBn + N —_—_—
. cf’ HN"crs 22 Y,C, 18924 h )N i
. o}
o) (1.2 equiv) FsC I

ZBTH&, 76(5gMGMGHR):)&-%6(U"+" U™, 1)(", 5VH,&!gFALFI<!. (0+8&5L:"&1 MWEN
+31)2,1  54)--)+1.(0 9=GI&K2"**&11Q"-%!9-":140:G!Q09!?%0:A&1TH&H6(",1)(".& MEB/
1"),& 'gTFMXAG! WFENN! ++)(G! TENN! &K B#UBEESHBEDA " &! %61:)?%():"1&! g\TV! +/G!
XFENN!++)(G! TEMN! &K2"#UG! 0,11 Vq! +)(&?2(0:! 9"&#&9F! 8&-%0,)(! gWN! +JU! Q09! 011&1!-)! -%&!
:&07?"),1.(09=10,1!-%8&!:&92(-" Al+"S-2:&1Q090(()Q&1!-)19-":10-1:)) +!-&+*&:0-2:&1.):IT\  a
MAl %6F! $%8&! +'S-2:&! Q09! ."(-&:&1! -%:)2A%! 2&("-&! g:",981! 08-%66(! &%&:U! 0,1!
2),2& ,-10-&1F! $%&! 6&(()Q! :&9"12&! Q09! *2:"."&11 46! .(09%! ?2)(2+,! 2%:)+0-)A:0%6! g"CT!

%8&S0,&9C&-%08E-0-&U!-)!0..):11-%&!-"-(&1?)+*)2,110910!6&(()Q!9)("1! g TFNM!AG! VFNX! ++)(G!
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XTEVxXI6"&(1UEL 7M Ig"NNIS[7G!3'3( Wi!_F_MIgT[GIEGIFX![7US!_FEXEM\IgX[GI+UG! ! FN\
gT[G!-@)_FXI[7UGIXF_VIgT[@LE! [TUGIF I F\VIgNGI+PTRISH IgV_XI8[7G!3'3( Ws!

a TF TIgQVRGRGF_I[7TUF!:*&?-:0(110-01+0-?96&1!-%)9&*:&#")29(6!:&*):-&EM

i) 1.2 equiv NaH, DMF, 0 %C

NH = ) NMe
i) 1.2 equiv Mel, 0 ¥%C to 22 %C o

o} o |1

T5+&-%6(",1) (",&MGE"),& F! <! .(0+85L:"&1I TNEH!I1)2,1  54)--)+1.(09=G! &K2"**&1! Q"-%!

9-"1 40:G! Q09! ?%0:A&1! Q"-%! "90-",! gWFNN! AG! VAFN! ++)(G! TFENN! &K2\8U! 0,1!
1"+&-966(.):+0+"1&! gVW! +JU! 0,1!-%&,! ?))(&1!-)! Nt 3F1JO[ gXNx!" 1 +",&:0(1)"(G! TEX_! AG!
ANF_! ++)(G TEMN! &K2"#U! QODI&1! ",! -%:&&! *):-"),9G! 0,1! -%&! :&92(-" Al +"S-2:&! Q09!
0(()Q&L!-)!19-":1.):IVNI+" F18&-%6(1")1"1&! gMFWV!+JGIANF_I++)(GI TFMN!&K2"#U!Q09!011&1!-)!
-%6&1:807-"),1.(09=10-1NBG!0,1!-96&!:807-"),1+"S-2:&!Q09!0(()Q&1!-)19-":1.):IM1%!0-11910, 1!

): 10,1011"-"),0(IT! %!10-1:))+1-8&+*&:0-2:&F1$%&!:&072-"), Q09K 2&, 2%6&1!Q"-%!90-2:0-QKF!
0++),"2+129%():"1&!gTNN!+JU!0,111"(2-&11Q"-%!&-%6(10?&-0g8INN!+JUF!$%&!):A0,"?! (06&:!
Q09!Q09%&11Q"-%!-%:&&!*):-"),91).11&"),"7&11Q0-&: |gWNI+JUG! 1:"& 1) #&u(@G."(-&:&1G!
0,1!?),7&,-:0- &1F!$%&!):0,A&! :&9"12&! Q09! *2:"."&1! 46! .(09%! ?)(2+,! 2%:)+0-)A:0%56!
gVCT!%&S0,89C&-%6(!07&-0-&U!-)10..):11-%8&! -"-(&! ?)+*¥)2,110910,!):0, AR G)E V! AG! VNFX!
+4)(GI'NFMx!6"&(1C)_7M g NNI8[7G!3'3( Wb!_FXT FW_!gM[G!+BET! gT[G!FB! FW!
[7UG! XF\! gT[G! 1/B)! \FN! [7UG! VFMA! gV[G! QUF! ;*&2-:0(! 10-0! +0-?%8&1! -%) 932 (8
:&*):-&1 MM

[

TT\!



MeOH, 3+ MS NMe
— e

22 YC, 18024 h )N i
0 (1.2 equiv) FsC I

®
NMe + P HaN"CF,

FZBI5+&-%66vgMGMG(E):)&-%6(U"+" ) )U",1)(", 9V§,&! gFADF! <! .(0+&L:"&1! MVEN!
)2,1 54)--)+!.(09=G! &K2"**&1! Q"-%! 9-":1 40:G! Q09! ?%0:A&1PEIE+&-%6(",1)(",& MEBV
1"),& | gTFMTAG! _FWN! ++)(G! TFNN! &K25U@) HEMERH",&! %61:)?%():"1&! gTFMM! AG!
FNN! ++)(G! TFMN! &K2"#UGHD+)(&?2(0:! 9"&#&9F! 8&-%0,)(! gWN! +JU! Q09! 011&1!-)! -%&!
:&0?-"),1.(09=10,1!-%&!:&92(-", Al+"S-2:&!Q09!0(()Q&1!-)!9-":10-1:)) +!-&+*&:0-2:&!.):IT\ a
MAL %F! $%&! +"S-2:&! Q09! ."(-&:&1! -%:)2A%-&2&g:",9&1! Q"-%! 1"&-%6(! &-%&:U! 0,1!
?),2&,- :0-&1F! $%&! 6&(()Q! :&9"12R09! *2:"."&1! 46! .(09%! ?)(2+,! ?%:)+0-)A:0*%6! g"CT!
%&S0,89C&-%6(10?&-0-&U!-)!0..):1!-%&!-"-(&! ?)+*)2,1!109!0!6&(()Q! 9)("1!gTFTTIAG!AFW\l ++)(G!
XTFT6"&(1UR)_7M !g"NN!8[7G!3'3( W' F_N!§E!1GN! FW![7UG! FAWIgT[@!HB![7UG
_FTTIgT[G!F@! FX![7UG! XF\M!gT[GJIiGF\![7UG!"F\M!gM[GIKGF_![7UG!VFMT!gV[GTRUp!
J8H! gV_X!8[7G! 3'3( Wd!a TF V! gVRGIrG} "F\l [7UF! ;*&?-:0(! 10-0! +0-?%&1! -%)9&!
*:&#")29(6!:&*):-&1 FMN
3.5.3 Preparation of Diene Substrates

$%&!.)()Q", Al TGHL"&,&9!9249-:0-89! Q&:&! *:8&*0:&1! 09! *:&#")29(6! 1&97?:"4GMT"C!
MVEMMC | BUB42-05T GBL"& , 3 TH(4&,7&,&! GFAUGEWT42-BT GAL"&, 5TH (B 5+ &-%)S64&,7&,&!
FAQG! Egpga2-GTGAI"&, STH(B'52%())4&, 7&,&8 FAUG FBIg42-GBT GRS, STH(B'5
g-".(2):)+&-%6(U4&,7&,&! FAMGE42-BT GAL"& , 5TH (IBVE+&-%6(4&,7&,&! FA*UGERHTS

g42-CBT GBL"&., 5T (BVG+&-%66(4&, 78, & §AXU GEYIMIg42- (BT GBL"&, 5T5H(U, 0%%-%0 (&, &Fd*UG!
T



OF Bg42-GT GAL"&, 5TH(U4&, T hLihTGVilS)(&! FA*DIG! EGE g42-GBTGAL"&, 5T5(U.2:0,!
FA*NGEP/42-0T GRL"&, 5TH(U*6:"1",&! FA* U GELR/6& SB/ GBIV &, 5THH(4&, 78, &! FALUGELD
18?2BTCA"&,&! FAIUG! & %6(EUB6&*-BGE"S,)0-& FAIQG! Ep2-05TGA"&, 5T5
6(?62()%&S0,& FAITIG EWPTHAE, 76(5° 5942-GT GAL"&, STH(U*"*&:"1",&! FANJG! +&-%6EE
%&65/ GBI &.,)0-&! FARIG&-%6(! gEGE B6& SBMGE"&.,)0-&! gF ARG B &:-542-6(g%& TV G

1"&,5T%5()S6UL"+&-%6(9"(0,8FANIGL 'gE P& SB/ GBI &, 55 ('gF ANSF
3.5.4 Preparation of Pd-DTBM-SEGPHOS Catalyst

O
<O O i) 0.5 equiv [Pd(cinnamyl)Cl], < O R "

CH,Cl,, 22 ¥4C, 30 min Pd—
/
o) PAr, i) 1.05 equiv NaBArF,, 18 h o) P
< O < Ar, 5
@) o BArF,
Ar = 3,5-(t-Bu),-4-(MeO)(CgHy,) Ar = 3,5-(t-Bu)z-4-(MeO)(CeHa) |

he?70-87 ,DBW=CD iFE)!0,!)#&, SL"&1IMBEII2,1  54)-)+!. (09=G!&K2"**&11Q"-%!0!
+0A,&-"219-"::" Al)1G!",9"1&10,!] &"((&1!A()#&4)S!Q09!011&1!/1g?",,0+6(U3(IMgTNA+AG!
NFMNN! ++)(G! NFWNN! &KBdB8Q8 5ZL/[@;! g* M! +AG! NFANN! ++)(G! TENSKR"#UG!

0,1! 3[ 3(M g7 +JUF! $%&! :&92(A! 6&(()Q! 9)(2-"),! Q09! O(()Q&L! -)! 9 -":1 O-1 0+4"&,-!
-&+*8&:0-2:&1.):120FIVNI+" 14&.):&!]00<: RlIgV_MI+AG!NFAMN!++)(G! TFNW!I&K2"#U!Q09!011&1!
0,1! -%8&! .(09=! Q09! :&+)#&1! .))+! -%&! A(#&4)SF! $%&! :&0?-"),! Q09! 0(()Q&L! -)! 9-":1
#'A):) 29(6!.): T\ %F! $%68807-"),! +"S-2:& 1 Q09! ."(-&:&1!-%:)2A%! 0! *011).1 2&("+4:",9" Al

Q"-%! V! bl W! +J! 3[\8(MJG! ?),2&,-:0-&1! ",! #072)! 0,1! *2:"."&1! 46! .(09%! ?)(2+,!
29%:)+0-)A:0*%6! gTNNX!3[ 3(1J!-)!0..):11-%&!-"-(&12)+*)2,110910!6&(()Q!9)("1!g\__!+AG!
NFV\M+4)(G! W x!6"&(LUF!$%8&! ?)+§S!Q09!"9)(0-&D9!0! 20FIAC T! 1"09-8:&)+&:"?1+"S-2:&F
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IM)g-%",1."(+UIM XW!g4:UG! TXTNIgQUG!I TMN!IgQUG!I TVWV!gOUG! TT Xg) TG TIGIVNTG OU! 2+
8[7G!3'3( Wb!_FXMIgTNI[G!9G!+0d):In!+" ):UG!_FAMIgW![G!9G!+0d):!n!+" X URBIXFV[G!
+G!1+0d):In!+",):UG! FNAKF\gV[G!+G!1+0d):In!+",):UGIXRKF_IgV[G!+G!!+0d):In!+",):U!G!

XFVEXFW _1gN[G!+G!1+0d):In!+",):UGHEXRV [ gM[G! +G!1+0d):! n! +",):UGI WF X! g T[@!]-
TVFAGIXF_I[7G1+0d):In!+",):UGIWFW_!gT[G!9G!+0d):In!+" ):UG! 'WEN I GIMNEIG!+0d):!n!

+' ):UGIWFAVIGT[G!9G!+0d):In!+"):UGIAFT I g | [7G1+0d):Inl+",):UGIVF_~gV[G!9G!
+0d):UG!IVFX\IgV[G!9G!+0d):UG!VFXM!gV[G!9G!+0d): UG! VWS HFS NGB HEEV! [7G!
+0d):In!+",):UG!I TEVM!gVX[G!9G!+0d):UG! TEM\!gVX[G! 93} OayUpy TMX!8[7G! 3'3( WUb!

TXVFWG! TXVFAGI TXMFAG!I TXMENG! TXTF GI TXTF GI TXTEXG! TXTFMG! TWNFTG! TWNFTG! TA'F
TA FXGITAWFVG! TAWFMG! TAWFTGI TAWFTGI TMEVGI TMEVGI TVAR GITVMFVGI TVTRGI TVTF_G
TM FVG!TM FTG! TM\F\G! TM\FX G GVRFMWVBI GV EXER G TIMXFXG! TMXFWG! TMXFAGI TMXFTGI TV
TMWF_G!TMAF_G! TMAFVG! TMVFWG! TMVFNG! TMMFXG! TMMFAG! TMMFNG! TMTFAG! TMTFMG!
TT_FAGITN\FVGITN\FMG!TN\FNG!TN_F'GITNTFTGITNTFTG! VFTG!'VENG! MFA\G! TW¥GG! _FVG!_
XAFVGIVXFMGIVXENGIVWF GIVWR\GIVTE GIVTRGIVTE_g,)-&Cl9*&?-:2+1"912)+*(&S112&1-)1+"S-
).1 1"09-&:&)+&:"?! 9*&?"&9! 0,171 9*("--" Al 0,1! 02?):1",A(6! O((! )49&:#04(&! *&0=9! 0:&!
9"+%(6!1("9-&1109!".1-9686!Q&:&!9" A(&-H)pTM gV_XI8[7G!3'3( WlaXME IgM RG!9G!+0d):!

ni+"):U p¥=)_7M IgTXMIS[7G!3'3( WEIMMF_X!GLGIW FW![7G!+",):UGIMTF Wig{&TFM!
[7G!+0d):UG! T'FMN! 1@ X TEW! [7G! +0d):UG! TXF\NH diLBNFN! [7G! +",):()CM7D !gZ;>U!

h8in!?0(?Y11.):13w[ @/ MICITANTFXXM_G!.)2,1QTMFXXF
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3.5.5 Hydroalkylation of Dienes
5 mol %

<O O Ph
Ary
O R_®
[Pd]

Pd—
/

o) P
oL
o eBArF4 ,&N

N N le Ar = 3,5-(t-Bu),-4-(MeO)(CgH>) . C;Y\/R
3

1

Fsc) © 2.0 equiv EtzN Me
(#) 10 mol % NaBAr",
1,4-dioxane, 22 {C or 50 |C
1 12h I

(1.5 equiv)

L&.&:0(! 8&-%)11<F!>,10,'] &"((&1! AQ#&4)SG! 0,1 #&5L:"&1! gTMN! t3U! +"2:)QO#&! #"0(G!

&K2"*&11 Q"-%! 9-":1 40:G! Q09! 2%60:A&1! Q=21 gT_FT!+AG! RWNG! NFNWNN! &K2WBUG!
- (2))&-%6(!"+", &I TIgWAFWI+AGINFMGVTFWNI&K2"#UG g TU BRIV VI+AGI TMWHNG!

NFTNN! &K2"#UG!0,1! 1")S0,&! gNIIRI!"'&, &IgNFTWN! ++)(G! TEFNN! &K2"#U10,1! -:"&-%6(0+",&!

g "TF\LIG! NFVNN! ++)(G! MFNN! &K2"#U! Q&:&! 011&1!-)!-%&! :&0?-"),1 #"0(F! $%&! #"0(! Q09! 9&0(&1G!
[&A)HE&LL.)H-%&IA()HES)SIO, 110(()Q&1!-)19-":10-IMNIB!):IWNL3!",101%6&0-" Al4§?=1.):I TM!

%F! $%&! :&072-"),1 +"S-2:&! Q09! -%68&.,! ."(-&:&1! -%:)2A%! 0! 2&("-&! *(2A1 0,1! :",9&1! Q"-%! &-%6(!
07&-0-&! gV! b! TN! +JUF! $%&! 9)(2-"),! Q09! ?),?&,-:0-&1G! 0,1! -%&! :8&9"12&! *2:"."&11 46! .(09%!

2)(2+,!] ?%:)+0-)A:0%6!  Q"-%! 9"("20! A&(! ):! 46! ?)+4".(09%! 02-)+0-&1! ?)(2+,!
26:)+0-)A:0*%66F!

_02(H >9)(0-&1! 6"&(19! :&*):-&1! 0:&! 0,! 0#&:0A&! ). M! :2,9F! @,(6! *&0=9! .):! -%8&! +0d):!
%)127-11"09-8:&)+&:10:81:8*):-&11.):12(0:"-6FIR):19)+&!%:)122-9G!-%6&!:&A")"9)+&:91?)2(1!
)-148198*0:0-& 1FIf"&(91.):10((1*:)127-91:&*:&9&.,-1"9) (0-&1!6"&(19!).1 019" A(&!:&A")"9) +&:!

2,(899!)-%8&:Q"9&! )-&1F!;)+&! 90+*(&9!7?),-0" | 1 Wx!).10146*)122-1).120-0(69-1","-"0-"),!

TMM



-%0-!1?)2(1!,)-14&!9&*0:0-&1F!>,! &,-:"&9! Q"-%! (0:A&! 1"9?:&*0,?6!",1 ?),#&:9"),!-)1 1&9":&1!
*)127?-! 0,1 1"9)(0-&1!6"&(1!g09!9&&,!",1+0,29?:"*-UG!-%"2P4&!-)!11".."?2(-6!",19&*0:0-"),!
).11&9"&1!1*:)12?-! 0,11 2,:&07-&1 ! 9-0:-" Al +0-&:"0(! "+",& 146! 9"("?0! A&(! .(09%! ?)(2+,!
?%:)+0-)A:0*%6F!<2-%&,-"?!:0?&+"?19-0,10:19!Q&:&!*:&*0:&1!129", AIOI TCTI+"S-2:&!).1HC;!

&,0,-" )+&:9 1).1-%&!"Y0-&1!/ 11?0-0(69+

MeN
SN

0 - Ph
FoC T

Ocatalyst initiation
byproductO |

MeN
=N
o] H
F3C X

Me !
ZBI5+&-%66/ygBBT GTET.(2):) 5/6+&-%68/8%E&,6(*&,- 5'5&, MB(U"+",)U",1)(", ND,&!
gFAUF! $"-(&! ?7)+*)2,1! FALRO9! *:&*0:&1! 077?):1", Al -)! A&,&:0(! +&-%)1! <! 0-! MMk 3F! $%&!
+0-&:"0(! Q09! *2:"."&1! 46! .(09%! ?)(2+,! ?%:)+0-) A:0*%6! gTNN! %&0&9! -)! MWCT!
%&S0,&9CZ-@<JWM-0",! FAID9!0!6&(()Q!9)("LIgMFW!+AGINFTT ++)(G!_"FXx!6"&(1UF!])-&C!
?),-0",9IMx!?0-0(69-1","-"0-"),146*:)12?-F! IM)g-%",!."(+UIM"V\IgQUG!T_TM!g9UGITXXT!gQUGITXTT!
gOUG!TA TIgQUG!TA_TIgOUG! TVVAg+UGITMRVIFRIG)_7M  1g"NNI8[7G!3'3( vUb!_FXI
gT[G!1@f!_FM![7UG!_FAN!gT[GNEV![7UG!_Fil FTX!gW[G!+UG!_FN\IgI[GFA[7UG!XFX'!
gT[G!1G!_F_[7UGIXRRFTW!gM[G!+UGAXFNW!gT[G! +UG! VFN" gV[GENMIGN/GING! +UG!
TEM\IgV[G! TRIXFVI7Up!'V#) _7M gV XB[7G!3'3( wWIsla NFNV!gVRGR1{E! FMI[7)HIFG)

™MV



_7M 1gTMXI8[7G!3'3( WS TW FNGITWXFMGITAWF_GITV_FVG!TVVFXGITVTFAGITVTFTG! TM\FAG!
TMWFV! gKEMMFN![7UG! TMVFVG! TMMF\G! TMNF G! TMFWIBEX LRI ' GIMWFXG! T_FVp

CM7D) gZ;*Uh8n[i "?0(?Y1L.):134 wR] v@C!VETWMMG!.)2,1C!V_VETWM'F

C=EGC!3)(2+,C! 3&((2()9&5T! gMi+G! AFX! ++! b! MWN! ++UF! 8)4"(&! *%09&C! CT! %&350,&9C"

[:@[GITEN!+Jc+", FI'&-&?-"),!Q0#&(&,A-%CIMWAL +FIZ: )" WCWF

<Chromatogram> <Chromatogram>
mAU mAU
1000-] 5 g UVVis Channel 2254nm { §VNVis Channel 2 254nm}
o > ]
2000
750 1
1500-{
5001
| 1000-{
250 500
0 ot N -
50 55 6.0 65 7.0 75 80 85 90 95 100 105 50 55 60 65 7.0 75 80 85 20 95 100 105
min min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UV/Vis Channel 2 254nm
Peak# Ret. Time  Area Area% Peak# Ret. Time  Area Area%
1 8.187 10126582 48.350 1 8.389 1370825 4.964
2 9009 10817553 51.650 2 9159 26242390 95.036
Total 20944135 100.000 Total 27613215 100.000
MeN

N OMe
F3C X

Me !
Z\BI5+&-%66/ggBBT GTET.(2):) 5M)"5+&-%)S6*%68,6 (BVot&-%6(*&,- 558, IVb
6(U"+")u",1)(", 9VD,&! gFA*UF! $"-(&! ?)+*)2,1! FA*UQO9! *:&*0:&1!0?7?):1",Al -)! A&,&:0(!
+&-%)1!<!0-| MMI3F! $%&! +0-&:"0(! Q09! *2:"."&1146!.(09%! ?)(2+,! ?%:)+0-)A:0*%6! gTNNX!
%&S0,&9! -) MWCT! %&S0,&9CZ-@<?U! -) IHAX@0D! 06&(()Q! )"(! g"TN! +AG! NNM! ++)(G!

X_Fx! 6"&(1URI! g-%" 1" (+U' M'VAI gQUG! T_T_! g+UG! TXTV! g+UG! TMVT) gt 24 NN!

T™M®



8[7G!3'3(  Wb!_FX_!gT[G!IBXF I[7UG!_F NIgT[GIHIGF\GI TFVI[7UG! aEFT T!gM[G!I{5!
\F_I[7UG!_FN_!gT[GEGM[TUGIXF_XIgBLGNF I[7 UGE NEG!1G!j!_F\[7UGIXFT\IgT[GI1G
T TWE I[7UGIXENR VIgM[G!+UGIVF_X!gV[G!OUG!VFNWaWFEIRITEMIEIBI TFMW! gY[G!1G!
_FNI[7UPH)_7M 1gV_X!8[7G!3'3( Wbla NFNM!gVRE IGIFI[7UP*FG) _7M !gTMX!8[7G!
3'3( WOITW FNGH W TWXFNGTBVWFSWTVNFWGI TVNFTG!I TM FMGNKBIMGTAW! [7UG!
TMVFVGITMMRA\G! TMNF GI TTVR\G! TRMWIXVF UB@IWFVG! V' F G! MBNFKIS 1§ ZE!
h8n[i M?0(?Y1L):134f wR] M@C"NVFTXM\G!.)2,1CI"NVATXMNF!

I

C=EGC! 3)(2+,C! 3&((2()985T! gMi+ G! B! ++! b! MWN! ++UF! 8)4"(&! *%09&C! *CT! %8SD

[:@[G!ITEN!+Jc+",F!'&-&?-"),!Q0#&(&,A-%CIMWAL +FIZ: [T XF

<Chromatogram> <Chromatogram>
mAU mAU
2 UVAVis Channel 2 254nm { ] UVNVis Channel 2254nm
; 7
| 1500
500 {
{ 1000
250-{
| 500
o+ — - ot AN y —
8 9 10 11 12 13 4 15 8 9 10 1" 12 13 14 15
min min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UV/Vis Channel 2 254nm
Peak# Ret. Time  Area Area% Peak# Ret. Time Area Area%
1 10533 8312748 48.626 110579 1710693 5.834
2 11783 8782701 51.374 2 11755 27610707 94.166
Total 17095449 100.000 Total 29321400 100.000
MeN

Sy cl
o) H
F3C X

Me |
. B/1oBBMg52%():)*%&,6(LBTGTET.(2):) 55+&-%6(*&,-5'58, MB(U"+",)UBTH
+&-%6(",1)(", 9VD,&! gFA*QF! $"-(&! ?)+*)2,1! FA*QQ09 *:&*0:&1! 0?7?): 1",Al -) I A&,&:0(!

TMW



+&-%)1!<10- | MMBF! $%&! +0-&:"0(! Q09! *2:"."&11461.(09%! ?)(2+,! 2%:)+0-)A:0*%6! g TNNX!
%&S0,89!-) MWCBUEICZ-@<?U!-)!)4-0"BA*@9! 0! 6&(()Q! 9)("1! g"WFW! +AG! NFTTM! ++)(G!
_AEXX!6"&(1URIg-%",1."(+UIM M IgQUG!T_TW!goUG GRMMGQOUG! FOUG! M g@ITM_N!
g+UGITTWTIG®EpIC) 7M !g"NNIS[7G!3'3( Wb!_FX_IgT[G!IB! FN[7UG! FATIgT[GYG!
_RI[7UG!_PMFTT!gNG!+UG!_FN\gT[G!-BX![7UGIXF_M!gT[@|LEN[7UG! XFERFTW!gM[G!
+UGIXFARFNT!gT[G!+UGIVFN_!gV[G! aMEYMG! +UG! TEMW! gV[[BXEQ[7UpM4) _7M !
gV_X!8[7G!3'3( Whla NFTYVRG! I@!j! FX![7TU!*FG) _7M IgTMX!8[7G!3'3( W5 TW\FIG
TWXFMGITAWF_G!TVWR\GITVVF_GITVMF_G!TVMFNG! TM" F\GKGNAFE QUM UBIBVIEAGIM! gK G!
TMMR\G! TMNF GI TN\FXGEXYF IENGTUG!V F\G! MWFMEMTDRNZ; Uh8n[i " 20(?Y11.):!

3uf 73(R M@C! *N_FTTVVG! .)2,1C! \N_FTT RER:BQIVFWE)! b 506! 2:69-0(()A:0*%6!

10-0): IFA*®

C=EGC!3)(2+,C! 3&((2()9&5T! gMi+G! AFX! ++! b! MWN! ++UF! 8)4"(&! *%09&C! CT! %&350,&9C"

[:@[G!ITEN!+Jc+",F!'&-&?-"),!Q0#&(&,A-%CIMWAL +FIZ: )" NFWC FWF

<Chromatogram> <Chromatogram>
mAU mAU
f 2 UVAVis Channel 2 254nm| ~UV/Vis Channel 2254nm
| & 5
1250 P g 7501
1000
| 500
750
500 I
| 250
250
o { - — 4 o1 . - -
6.0 65 70 75 80 85 90 95 10.0 60 65 7.0 75 80 85 20 95 10.0
min min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UV/Vis Channel 2 254nm
Peak# Ret. Tim Area Area% Peak# Ret. Time Area rea%
1 8235 14007186 46.924 1. 8267 1128722 9.488
2 8950 15843868 53.076 2 8977 10767598 90.512
Total 29851054 100.000 Total 11896320 100.000

TMX



CF3

ZBT5+&-%66vgBBTGTET.(2):) BVo+&-%666/My 5y-:".(2):)+&-%6(U*%&, 6(U*&, B\58., Vb
B(U"+")UL)(", 9VB,&! gFATUF! $"-(&! 2)+*)2,1! FATI Q09! *:8*0:&1! 0?7?):1" Al -)! A&, &:0(!

+&-%)1! <10-! MMI3F! $%&! +0-&:"0(1 Q09! *2:"&1146!.(099@)(2+,!  2%:)+0-)A:0*%6!gTNNX!
%8&S0,89!-)! MWCT! %&S0,&9CZ-@<?U! -) BATIO! 0! 6&(()Q! 9)("1! g\FM! +AG! NFTTN! ++)(G!
_VFXX!6"&(1URIg %", "(+UIMANIgQUG! T_TX!g+UG! TXTA g+UG! TA MALEIMES TV _N! gQUG!
TVMAIgOUGITTXW!g+UGI TTRRI@OLAMHGANNIS[7G!3' 3 (Ws! FX\IgT[G!1BI_FW![7UG!_FA\!
gM[G!1BNFN![7UG!_FAMIgT[GI:GR\[7UG!_FVTIgM[GHIGIT![7UG!_FN'IgT[GIHGIFX![7 UG!
XF_MIgT[G!AB!F\[7TUG! XFEXFVT!IgM[G! +UGBXFIW! g T[G!+UG! VFN_! g T[G! aMENWFNING!
+UGITEMX!gV[@)DGT [7UpM#)_7M IgV_XI8[7G!3'3(VU!s!aXMFWN!gVRGMNENM!gVRG11G!
jl_F_I[7UdFGd¥#e_7M IgTMXI8[7G!3'3( Wb TW\F GI TWXFVG! TAWIGIGVMNG! TVVF\GI TM'F_G!
TM FNG! TMXFMG! TMWAWGYFVIS!FMESF GTMIISGTN\FXG! XVFXG! V'F_GI ®MIEXG! T_FMp
gZ;>Unsn[ imM?20(?Y1L.):134 TRy W@CNTFTV XGL)2,1CITFTAN_F

I

C=EGC! 3)(2+,C! 3&((2()98M gV1+G! *FX! ++! bl MWN! ++UF! 8)4"(&%09&C! CT! %&S0689C"

[:@[G!ITEN!+Jc+",F!'&-&?-"),!Q0#&(&,A-%CIMWAL ZE1j1" NI NF

™!



1
<Chromatogram> <Chromatogram>

mAU mAU
f ~ UVAVis Channel 2 254nm| \@V/Vis Channel 2 254nm|
2000 = 5 @
3000
1500
2000
1000
500 1000 3
[ — ol S— —
300 325 350 375 400 425 450 475 500 525 550 300 325 350 375 400 425 450 475 500 525 550
min min

<Peak Table> <Peak Table>
UV/Vis Channel 2 264nm UV/Vis Channel 2 254nm
Peak# Ret. Time  Area rea% Peak# Ret. Time  Area Area%

1 4712 13028679 52.397 1 4706 2722753 9.959

2 5147 11836453 47.603 2 5139 24616208 90.041

Total 24865132 100.000 Total 27338962 100.000
Me
MeN
N
F3C
Il Me !

ZBT5+&-%66/5gBBTGTET.(2)) BVE+&-%66/My+5)(6(U*&,-3'5, VB(U"+",)U" 1)(", N6
),&!IgFAVUF!$"-(&!2)+*)2,1! FAY1QO9!*:8&*0:&1!107?):1" Al -)| A&,&:0(! +&-%)1! <! 0-l MM 3F!
$96&! +0-&:"0(! Q09! *2:"."&1! B! .(09%! ?)(2+,! ?%:)+0-)A: 0*%6! gTNNx! %&S0,&9! -)! MWCT!
%8&S0,89CZ-@<?U!-))4-FAY09!10!6&(()Q!)"(Ig"MFTI+ABTN 1 ++)(G!_MF x!6"&(1UF!])-&C!
2),-0",9! Vx120-0(69-!","-"0-"),146*:)122-F! IMlg-%",."(+UIM VAIg4:UGIT_TX!gOUG! TA'N!gOUGITTW._!
gouU!?%pIC) _7M g NNB[7G!3 '3( WH!_FX'IgT[G! J§! _FAI[7UG! FAN!gT[GHGEW! [7UG!
_FT¥_FNX!gV[G!+UG!XF " IgV[G!+UG! X EXGIGT B! [7UG! XFRXFT IgT[G!+ UG ¥XFTVIgT[G!
+UG!XFAXFNM!g+G! T[UGIVFNAIg9G AWIS NG TYG ! +UG!MFM_g9G!V[U@| e[ TGIGIUp!
) 7M 1gV_8[7G!3'3(  Wbla NFNMIgVRBGF\I[7UpFG)_7M IgTMX!8[7G!3'3( W8!

TW ENG!TWXFTG! TNHTS! FMG! TVVFWXGITVTFVG! TV I BEIVMMFEGGIVIVERMIEX!
[7UGITMVFVGITMVFMG! TMMFA\G! TMNF VG [T ARMMRIGIZOEAG REAIFMTG G FVPM7D !

gZ;>Uh8n[i M20(?Y1L.):134 wiR] vW@CIV\_FTX_"Gl)2,1CIV\_FTX NF!

™\



C=EGC! 3)(2+,C! 3&((2()9&5T! gMi+G! AFX! ++! bt MWN! ++UF! 8)4"(&%09&C! *CT! %&S0689C"

[:@[G!TEN!+Jc+" F!'&-&?-"),!Q0#&(&,A-%CIMWAL +FIZ:1I'VC_F

<Chromatogram> <Chromatogram>
mAU mAU
UVAVis Channel 2 254nm 1500 2 ] UViVis Channel 2 254nm
2000 r~ 1 ~ ~
1500 1000]
1000
500-{
500 |
o4 — o . I -
50 5 6.0 65 7.0 75 80 85 9.0 50 “ss 60 65 70 75 80 85 90
min min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UV/Vis Channel 2 254nm
Peak# Ret. Time Area A Peak# Ret. Time  Area Area%
1. 7470 1508911 1 7.089 14365571 50.038
2 7635 20221469 2 7549 14343532 49.962
Total 21730381 Total 28709103 100.000
|
MeN
SN
o X A
F3C
i Me Me |
5 . * n,n n (1]
W BT5+&-%66/90BBT GTET.(2) :) B/5+&-%66/M805)(6(U*&,-5'5, SMB(U"+" )U", 1)(", IV

),&IgFAI'UF!$"-(&12)+*)2,1! FATIQO9!*: &*0:&11027):1" Al-)! A&,&:0(! +&-%)1! <! 0-! MMI3F!

$%&! +0-&:"0(! QO9! *2:"."&1! 46! .(09%! ?)(2+,! ?%:)+0-)A:0*%6! gTNNx! %&S0,&9! -)! MWCT!

%&S0,8FA@<?U!-)1)4-0" IFAT 10910 &(()Q!)" ({gV\FN +AG! NFTNN!++)(G! XXFMx! 6"&(1UF!])-&C!

?),-0",9I'CTI+"S-2:&!).1:&A")"9)+&:9! FAT CA!I'Y!Q"-WFMNW FXx!6"&(1!0,1FA"Y!" IXFXMx!

6"&(1AM! g-%",! ."(+Up! M'VW! gQUG! T_TW! g9UG! TXXM! gQUGHTE)X Ty WiNN! 8[7G!

3'3( Wisl FX_TG!1Gl!_FWI[7TUGEANIgTEGEj!_FMI[7UG!_RVEM IgT[G!+UG! FNX!gNG!+UG!

XF_T!gT[G! 1! F_I[7UGIXFAW!gT[@|IVF_![7UG! X8 N gM[G!+UG!VENXIgV[G!9UGIMFTN!gV[G!

9UGI TFM\IgV[@®ILET![7Up¥#) _7M gV_X!8[7G!3'3( Wsla NFNW!gVRB!IJGFW7U pIFG)

_7M 1IgTMXIZG!3'3( WIITW ENG!ITWXFTG!TA"WF_GI!TVXFVG!ITVWFEMG!TVVFEXG!TVMFEXG!TVNF
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TMWF G!TMWFEXG! TMVFVG! TMMR\G! TMNF: & MRFWBUSFNBRGIMWEXG! T[R%/G! T_FWp

gZ;>U!h8n[i M?20(?Y1L.):134h miR] v@CIV\_FTXL)B,1CIV\ FTX\E!

C=EGC!3)@+,C! 3&((2()985V! gi+G! AFX! ++! b! MWN! ++UF! 8)4"(&! *%09&C! CT! %&350,&9C"

[:@[G!ITEN!+Jc+",F!'&-&?-"),!Q0#&(&,A-%CIMWAL +FIZ: 1] MFWIC_FWF

<Chromatogram> <Chromatogram>
mAU mAU
UViVis Channel 2 254nm 2 UVIVis Channel 2 264nm|
750-{ g
300
] 500-{
200 ]
| 250-{
100
o ~ — ot — —
50 55 6.0 65 70 75 8.0 85 9.0 95 100 50 55 6.0 65 70 75 80 85 90 95 100
min min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UV/Vis Channel 2 254nm
Peaki## Ret. Time Area Area% Peak# Ret. Time Area Area%
1 7439 7225918 48.460 1. 7.686 17716617 92.312
2 8.737 7685268 51.540 2 9.055 1475529 7.688
Total 14911186 100.000 Total 19192147 100.000
MeN
N g ‘
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ZBT5+&-%66vgBBTGTET.(2):) 5v5+&-%66/My,0%%-%0(8AVE(U*&, 558, Vb

BU"+")U"L)(", BB ,&! gFAPUF!$"-(&! 2)+%)21! FA 1Q09!*:&*0:&1!02?):1" Al -)! A&, &:0(!
+&-%)1!<10-! MMI3F! $%&! +08:"0(! Q09! *2:"."&1146!.(09%! ?)(2+,! 2%:)+0-)A:0*%6! g TNNX!
%8&S0,89!-)! MWCT!%&S0,89CZ-@<?U!-)BA009! 0! 6&(()Q! 9)("1! gV FNI+AG!NFN MN! ++)(G!
XTEWx! 6"&(@\)-&C! 2)-0",9! Vx! 20-0(69-1","-"0-"),1 46* :)12 ?-FIM!g-%",! ."(+U! VNW_! gQUG!
M WVAIgQUG!T_TAg9UG! TKIBTTYCN! g+UG! TV_N!g+UG! TMX\! g+UG! TTMERITNR+g NN!

TVN



8[7G!3'3( Wb _F_VIgNG!+UG! sWMMIgW[G!+UG!_FN\IGT[GRBI7TUGIXFXNIgT[GILE! !
[7UGIXRYGT[G!1G!I TWR\[7UG! XBXFMYT[ G!+UGIXEREN_gT[G!+UGRMN._IgT[G!+UGIMF X!
gV[G!IBITEVAgV[GIIGFVI[7UPH)_7M IgV_XI8[7G!3'3( WblaX F MIgVRGHG! FM![7(p
*G)_7M IgTMX!I8[7G!3'3( Wb! TW FTG! TWXFMG! TAWF_G! TVAF_GTINREGIVGVFXTG-VG!
TM\FNG!TM_F GIXGANEG! TMWE_G! TMWF_GERMMAFE gKBUG! TMVEXGIGNWIMF\G! TMNF G!

TN\FXGIXVF JgKiGIXF 1[7UG"NFNG!MWBBIEID_1§Z;>Uh8n[i "?0(?Y1L):!13:f miR] v@C!

AMVFTX_"G!.)2,1CI"MVFTX\'F!

C=EGC!3)(2+, C!<+6()9&5T!g\i+GINFX!++ b MWN!++BF4"(& 1*%00&C! " F CNFT!%&SB,&9C"

[:@[G!ITEN!+Jc+",FI'&-&?-"),!Q0#&(&, A-%CIMWAL +FIZ:I'NCXF

<Chromatogram> <Chromatogram>
mv mv
I UVAVis Channel 1 254nm| = UVAVis Channel 1 254nm|
5001 { H
1 1500-{
400 g
300 1000
200
| 500-{
100 | 8
o} . - o+
00 25 50 75 10.0 125 150 0.0 25 50 75 10.0 125 150
min min

<Peak Table> <Peak Table>

UV/Vis Channel 1 254nm
Peak# Ret. Time Area rea%
1 9.774 10077595 50.089 1

UVNis Channel 1 254nm
Peak# Ret. Time Area Area%
9.607 33332704 94.114

2 12.835 10041870 49911 2 12.702 2084751 5.886
Total 20119465 100.000 Total 35417455 100.000
|
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Z\ByggBMg4&,7)hLihTGVIil")SHB(BTGTET.(2):) 5/6+&-%6(*&,-5'58, SVEB(U"+",)UST5
+&-%6(",1)(", ID,&! gFA! UF! $"-(&)#)2,1!  FAI'! Q09! *:&*0:&1! 0??):1",Al -)! A& ,&:0(!
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%8&S0,89!-) MWCT! %&S0,8&9CZ-@<?U! -) BALD0Y! 0! 6&(()Q! 9)("1! gWTFM! +AG! NFTMV! ++)(G!
\MFNX!6"&(1UM)g-%",!."(+UIM VV!g4:UBMyOUGM gOUG TMWT! GBI+ 7M 1g’NN!8[7 G!

3' 3(Wb!_FX_IgT[G!IH! FA[7UG! FATIgFEAL FI[7UG!_FNVgT[GHG!FXI[7UG!XRXF_\!
gT[G!+UGIXF_MIgT[GILBI[7UGIXFEXFW\IgM[G!+UGIXFT_IgMGWEY[7UG! X BXRNM!gM[G!
+UG!WF N!g9G! M[UG! VFN I g9G! V[UG!MF T! g T[GI*GIGIXFVTIgME) 7M !gV_X!8[7G!

3'3( Whla NFNIRG! 1]l _FXI[7TUFG)_7M !gTMX!8[7G!3'3( W5 TW FNG! TWXFTG! TA_F'G!
TAXF\G! TAWF_GITVVFXGI TVTR\G! TVNFXG! TMIFMGIFMWBIGHRGYFVG! TMMA\G! TMNF G! TMNF)
TN\FWG! TN\FTG! TNWEXG! TNNHG}! KMFX K®EIG F\G! MWFXGIEMPR) gZ;>U! henfi !

20(?Y1L):13uh mR] M@CIT_FTAMTGL)2,1C"T_FTAVMF!

C=EGC!3)(2+,C!3&((2()9&T! gMli+ G AFX! ++! bl MWN! ++UF!8)4"(&! *9609&C! "F CT! %&50,&9C"
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<Chromatogram> <Chromatogram>
mAU mAU
500 3 2 UViVis Channel 2 254nmy | 3 UViVis Channel 2 254nm
{ e e
4004 7501
300 1
1 500-{
200
| 250
100 ] &
1 1 e
o - I o}
100 125 150 175 200 100 125 150 175 200
min min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UV/Vis Channel 2 254nm
Peak# Ret. Time Area Area% Peak# Ret. Time | Area Area%
1 15644 10276817 46.760 1. 16000 1904133 8.369
2| 16588 11700917 53.240 2| 16.692 20848082 91.631
Total 21977734 100.000 Total 22752216 100.000
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ZBI5+&-%66/ggBBT GTET.(2):) 5/My.2:0, VB(BVoH&-%6(*&,- 3 58, VB (U"+",)U", 1)(", 5
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%&S@EICZ-@<?Y!) 4-0",! FAH09!0!6&(()Q!)"('gVTFW!+AG! NFN\X_!++)(G!W_F\x! \{(1UF!
g-%",!."(+U'M'VN! gQUG! MTXN g9UG! T_TN g+UG! TXTV! g+UGPTE) NNj4!IgMRIN! 8[7G!
3'3( wWib!_FX\IgT[GIIGNFMI[7UG!_FAM!IgT[@J-GNI[7UG!_FM\IgT[GAIFX![7UG!_RYT[G!
-GN _PWI[7UGIXF_W!gT[E! 1B [7UG! XFeXFM IgT[G!+UG! XKNIN |gM[G!+UG 2¥HN_IgM[G!
+UGIVFTNgV[GlouaWrRM!IgT[G!+UG!I TEMMIgYDXFIEFUpME) _7M IgV_XI8[7G!3'3( Widla
_NFMN!gVR&GGFW![7gFG)_7M !gTMX!8[7G!3'3( WUb! TW\F\GIXF G I\BMWF\G! TATFXG!
TVVF_G!TM R\G! TMWRIMIKAEX! [7UG! TMVFAG! TMMF G!ITMNF G!TT FXG!TTTFTGITN\FWG! TN_FN
JerIMXR\ [7TUG! V' EXG! MWF_GMIZO-MgZ;>U! h8n[i " ?0(?Y1!.):!3[ nR] M@C! VXVFTVTWG!
)2,1CI VXVFTVNXF!
!
C=EGC!3)(2+,C!3&((2()9&T! gVjui+A "FX++! b! MWN! ++UF! 8)4"(&! *%09&C! "CT! %&SHB&9IC"
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<Chromatogram>

mAU <Chromatogram>
mAU
{gy/Vis Channei 2 254nm
12501 @ViVis Channel 2 254nm
500 2 1 ¢
1 b
1000
400 ]
300 7504
200 500
100 250
ot — ]
. . — ol _ —
8.00 825 850 875 9.00 9.25 950 975 N —
min 800 825 8.50 875 2.00 9.25 950 975
min
<Peak Table>
UVNVis Channel 2 254nm <Peak Table>
Peak# Ret. Time | Area Area% UV/Vis Channel 2 254nm
1 8765 5400134 44.901 Peak# Ret. Time  Area Area%
2 9343 6626624 55.099 1 8761 1030326 7.179
Total 12026758 100.000 2| 9339 13322397 92.821
Total 14352722 100.000
MeN
N N | AN
F3C
T Me |

ZBT5+&-%66vggRGRE BTG TET.(2)) B/5+&-%608/My*6:"1", VE(U*&, B'5.., V6

B(U"+")U",1)(", 9VB,&! gFANUF! $"-(&! 2)+*)2,1! FAN QO9!*:&* 0:81107?):1",A I-)I A&,&:0(!

+&-%)1! <10-! MMI3F! $%&! +0-&:"0(! Q09! *2:"."&11461.(09%! ?)(2+,! 2%:)+0-)A:0*%6! g TNNX!
%&S0,89!-)!_NCVNCT!%&S0,8&9CZ-@<?C-:"&-%6(0+", &UFANBOIN 6&(()Q!)"(|g"XFT!+AG!
NFTMAL++)(G\MFAX! 6"&(IVFg-%" ! ."(+U! MW\l gQUG! TgBUBIX ! gQUG! TXJIG! TA T! g9UG!
TV_N!g+UGITTA Ig9UGITTMEga)! 7™M [g*NN!8[7G!3'3( WSNFAMIFWIgM[GI+UG!_FXXIgT[G!
1GRj!_FVI[7GIT[UG! FWXIgT[GIENI[7UG! _FANIgT[G!FIGF\GI TFA[7UG!_FTW!gT[@J11G!
_F'GI"RI[7UG!_FN_!gT[@!-BN![7UREM!gT[G! 1! _F ![7UG! XFAKFM\IgM[G!+UG IFANX!

gT[G! +UG! VFN\! gV[G! QUBIZRNGG! +UG! TEMW! gV[{B)!2GA! [7UpIV#) _7M IgV_X!8[7G!

3'3( Whla NFMVIgVRE LGIF_I[7UplFG)_7M !gTMX!8[7G!3'3( Wb TW FNG! TWXFAG! TMFVG!

TMNENG! TAWF_G! TVVR\ANM&EH TSMFMSAWG! TMWEMIGKRESE' | [7UG! TMVFAG! TMVFVG! TMMF G!

TVA



TMNR\G! TN\FXG! K@EXIjgM_FT! [7UG! V'F\G! MWFpGEN7BY gZ;>U! h8n]i " 20(?Y1! .):!

3vf TR] v@CIV_"FT*_WG!.)2,1CIV_"FTMNF
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<Chromatogram> <Chromatogram>
mAU mAU
g UV/Vis Channel 2 254nm| 500 UViVis ghanne\ 2254nm
400 = - 0
400
300 |
300
200 200
100 100 2
0 - — — o} S
8 9 10 " 12 13 14 15 16 17 8 9 10 " 12 13 14 15 16 17
min min
<Peak Table> <Peak Table>
UVNVis Channel 2 254nm UV/Vis Channel 2 254nm
Peak# Ret. Time  Area Area% Peak# Ret. Time | Area Area%
1 11926 7530559 50.645 1 11.958 720325 6.056
2 15519 7338726 49.355 2 15442 11174293 93.944
Total 14869284 100.000 Total 11894618 100.000
MeN
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O7)5T5+&-%6OVgBBTGTET.(2):) BV5+&-%66 5%&,6(%&*5\58, MB(U"+",)U", 1)(", 3V,&!
FA"UF!$"-(&1?)+%)2,1! FARQO9!*:&*0:&11079:1",Al-)! A&,&:0(! +&-%)1! <! 0-| WN!t 3F! $%&!

+0-&:"0(! Q09! *2:""&1! 46! .(0P%! ?Y2+,! ?%:)+0-)A:0*%6! gTNNx! %&S0,&9! -)! MWCT!
%&S0&ICZ-@<?U!-)!)4-0'FARD9!0!6&(()Q!)" (g " TFW! +AG!NFTNAI++)(G! X FTx!6"&(1UF!])-&C!
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TIUG! XFAWEF ! gT[G!+UG! WEMA! gM[G! +UG! VFMN! g V[G8UIB I'WRT[G! +UGEMFWYM[G!
+UGFMMFTYM[G!+UGI TFTWIgVBXES[7UpM#)_7M IgV XI8[7G!3'3( Wdla NFNT!gVRG!1G!
Jrjl_F_![7UpFG)_7M IgTMX!I8[7G!3'3( W5 TW\F GITWWF_GITAWF_GITATF GI TVIFBG! TVTFWG!"
TM\FVG! TMVAMMEFE_G! TMWEN|QWEIF\! [7UG! TMVFAG! TMMF G! TMTPKGHRGRYGAXF_!

[7UG! V' FAG! VWF G! VAFMG! MBWFIG! TgZExpJ! han[i " 20(?Y1!.):1 3 wR] v@C! "NTFT\WVWG!
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<Chromatogram> <Chromatogram>
mAU mAU
SUVNVis Channel 2 254nm { % UVIVis Channel 2 254nm|
| 8 500 3
i | o f o
100 1
| 400
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| 300
50 200
2 100 =
o} — ot
6.0 6.5 70 75 80 85 9.0 95 100 105 6.0 65 7.0 75 80 85 9.0 95 100 105
min min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UVNVis Channel 2 254nm
Peak# Ret. Time | Area Area% Peak# Ret. Time  Area Area%
1 8876 1244967 46.696 1. 8874 820910 12.016
2 9352 1421147 53.304 2 9341 6010665 87.984
Total 2666114 100.000 Total 6831575 100.000
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1G!_FI[7UGIXFBINF MIgT!+UG VAR VIgM[G !+ UGIVFT\IgV[G ENIS MG TG !+ UGHTF N
TRNIgM[G!+UG!ZFFIT!gTT[G!+UGINR\TIgY[GIFI[7IUpk)_7M IgV_8[7G!3'3( Wsla
_NFNW!g1G)MBEEN!I[7UpFG)_7M lgTMX!8[7G!3' 3(WUSITWAF GITWWFXGITAWF_GITVVFWGITVMFV
TVNF\G! TMYKIBRS!IM\TEV[7UGI TMVFVGITMMFP\G! TMTENG ! TNIFMIGIXVE\GING G IVMFVG!
VTF_GIM'FVGIM\F_GBWBT GIMGOMFDplgZ;=Uthsn[i "?0(?Y11.):13f mR] v@C!

V\TEMTMNG!.)2,10IMFMTWAF
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<Chromatogram> <Chromatogram>
mAU mAU
1500-{ 8 2 UVivis Channel 2 254nm 1250 2 UVAVis Channel 2 254nm
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ot . 1 ol
00 25 50 75 100 00 25 50 75 100
min
<Peak Table> <Peak Table>
UVVis Channel 2 264nm UV/Vis Channel 2 254nm
Peak# Ret. Time  Area Area% Peak# Ret. Time  Area Area%
1 5.360 12515234 55.292 1 5390 2123396 18.443
2 5969 10119490 44.708 2 5965 9390056 81.557
Total 22634723 100.000 | Total 11513452 100.000
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gQUG!TV_T!g+UGI TTW | §pUTP+7M g ANN!IS[7G!3'3( Wb!_FXX!gT[G! ! FW![7TUG!_FAV!
gT[G!; Jlit_FM[7UG!_FN'IgT[GIGIFX![7UGIXFgT[G!1 Jijl_F\[7UG!XFEWF WIgT[G!+UBRIVF
WFAXI[ +U!l WFAWFVX[GT+UG! AFNA gM[GEK G\ [7UG! VFT 1 gV[G! QUGIMIF\M/! g T[G! +UG!
MFMT!g[G!OUG!I TEMNIGVIEGIGI TETTIgV[GIIGF I[7UpM#)_7M 1gV_XI8[7G!3'3( Ub!
a NFTIGIVRG!!_F\[7Up!FG)_7M IgTMXI8[7G!3'3( Wi!T VFNG! TEBAFWWFGIF\G! TVVFXG!
TVMIGITM F_GI TMRMMRGN! [7UGI TMVFAGI TMMF\G! TMNF G ! TR EXGXRVBUGIBNFMG!
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<Chromatogram> <Chromatogram>
g
mAU mAU

2 3 UVIVis Channel 2 254nm I 3 UViVis Channel 2 254nm|
c b 750 o
400
300 500
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250-{
100 |
o} ot LN
8 9 10 1" 12 13 14 15 8 9 10 " 12 13 14 15
min min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UV/Vis Channel 2 254nm
Peak# Ret. Time  Area Area% Peak# Ret. Time  Area Area%
1 11706 6365415 47.287 1 11573 1215780 9.239
2 12739 7095891 52.713 2| 12556 11943436 90.761
Total 13461305 100.000 Total 13159215 100.000
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+&-96)1! <! 0- 'WNBF! $%&! +0-&:"0(! Q09! *2:"."&11 461 2)+4".(09%! ?)(2+,! 2%:)+0-)A:0*%6!
gTNNXx! %&S0,&9MWCT! %&S0,&9CZ-@<?U! -)! )FARI09! 0! 6&(()Q!)"(! gMAF_! +AG! NFNXWT!
++ )(GVFWxIGILURNG-%."(+UIM M g+UGIM\WT!g+UG! T I TXIgOG8E G TA TIgOUGATTBAW! g
TTMVIgOUFPBEC)_7M Ig"NNIS[7G!3'3( Wb _FXWIgT[GIIGFW![7GIT[UG! FAMIgT[RB!-B!
[7UG!_FN\IgT[GHB! FXI[7UGIXF \IgT[@! F_![7UG! WBWF T!gT[G! €UWRMIFMU[G! +UG!
VFTgV[G!OUG! TETRX I gT[G! +U! TR MgX[G! +U! G! TRWPMM! g T[G! +UG! TFTW! gy [BFLG!
[7UGINFaNF__!gNIGUpM#) _7M 1gV_XI8[7G!3'3( Wb'a NFNT!g1G!VRG!! F\![7Up!FG)

_7M 1gTMXI8[7G!3'3( W6 TW FNGITWWFWG!ITAWF G MY GIMTWERES!! M\TFV![7UG!

TMVFVGITMMRG! TMTERG TORERIEMXF_[7TUGI"NFMG!V FWG!VMF G!VMFXG!MXEBG!MWF G!M

TV



T_FX!g@,&! 9*V!?20:4),! &S-:0! 12&! -)1 1"..8&:&,-1 ?)):+0-"),9! ). 262()%&S6(! 9249-"-2&,-Up!

CM7D IgZ;>U!h8n[i M?20(?Y1L.):134 wR] v@CIVFT MGL)2,CIV_"FT WF

C=EGC!3)(2+,C!3&((2()98&5T !/ u+GINFX!1++1bI MWN!++UF!8)4"(&1*%609&C! " F CNFT!%&S0,&9C"

[:@[G!ITFN+Ic+", F!I'&-&?-"),!QO#&(&,A-%CIMWAL +FIZ:JI'NCTNF

<Chromatogram> <Chromatogram>
mAU mAU
1250 2 UV/Vis Channel 2 254nml 1250 K] UVNVis Channel 2 254nml
1000 2 1000
750 750
500-{ 500
2501 250 8
o4 ot
00 25 50 75 100 00 25 50 75 10.0
min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UVVis Channel 2 254nm
Peak# Ret. Time  Area rea% Peak# Ret. Time  Area rea%
1 5839 9622171 55.370 1. 5853 1191390 10.086
2 7163 7755820 44.630 2 7.092 10621505 89.914
Total 17377990 100.000 Total 11812894 100.000
MeN
SN NBn
F3C
Me !

ZBEggRCREBMY B, 76(**&:"1", BB(BTGTET.(2):) B/5+&-%6(*&- 558, Vb
B6(U"+",)UST5H& -%6(", 1)(", IVD,&! g FARUB"-(&!?)+%)2,1! FARQO9!*:&*0:&1!0?7?):1" Al-)!
A&,&:0(1+&-%)1!<10-1WNBF!$%&! +0-&0(1Q09!*2:" "&11461.(09%! ?)(2+,12%:)+0-)A:0*%%66!
g TNNX! %&S0,&9! -)! "NCTNCT! %&S0,8&9CZ-@<?C-:"&M6J0M-0",! FAR 09! 0! 6&(()Q! )'(!
gWEV! +AG! NFTMA +4M@F_x! 6"&(1UF!])-&C! ?),-0",91 TTCT! +"S-2:&!).! :&A")"9)+&PART
FARY!Q"-9MPM",] WF\x!6"&(1!0, 1IFANY!", IXF\'x!6"&(1AM!g-%",!."(+UIVNM\IgQUG! i G!

M\NN!gQUG!M_WX!gQUG!T_TX!gOUG! TXTV!g9UGIIUBATRIQUGIUG! TTAFGOT) 2#M |

TN



g"NNI8[7G!3'3( Wk!_FW IgT[G!TB! FNI[7UG! FVWIGT[BIFSA[7UG!_FENFTXIgW[G!+UG!_FNM!

gT[G!-@)!_FW![7TUGIXF_T!gT[BILE![7UGIWRWF\_!gT[G!+UG ARFMT!gM[G!+UG!VFVW!IgM[G!

9UGIVFTMIgV[G!OaNHGWG!+UGI TEVF_X!gV[G!HTBVAaTFVT!gM[G!+UGHTFM!IgM[G!+UG!

TFN'IgV[G! JGIXF | [7Up!¥#) 7M IgV_X!8[7G!3'3( Wbla NFNT!g1G!¢R@! F\I[7Up!FG)

_7M 1gTMXI8[7G!3'3( WO TW FNG!ITWWEXG!IT"WF_G!TV\F_GITVXF_G!TVVFWGITM FMG!TM FTC

TMWFVIGKREM\TFV! [7TUG! TMVF*GIBEWM FNG! TN\FWG! XMHIGKE! | [7TUG!WVFWG!V FAGIVFAG!

VMFNG! VTR\G! MWF@VITDRGZ;>U! h8n[i " 20(?Y1! .):! 3u] viR] v@C! * NFMATAG! .)2,1C!

A_NFMANIAF

C=EGC!3)(2+,C!3%":0(*0=! VI gVii+GIAF X! ++1 b TWN! ++UF!8)4" (& *%09&CINNE®]!

gQ"-%!NFTX!d[U C88@[! gQ"-%! NFTx! Z{UG! NI/! +Jc+",F!'&-&?-"),! QO#&(&, A-%C! MWAI

FFIZIINXFWCTUWFW

<Chromatogram>
mAU

| Q
750 . UVVis Channel 2 254nm

500

<Peak Table>
UV/Vis Channel 2 254nm
Peak# Ret. Time  Area ea%
1 8436 12082158 53612
2| 10415 10453931 46.388
Total 22536089 100.000

<Chromatogram>
mAU

1000-{
750

500

5 6 7
<Peak Table>
UV/Vis Channel 2 254nm
Peak# Ret. Time  Area Area%
1 8404 2369642 13.315
2| 10383 15427589 86.685
Total 17797231 100.000

TAT

g UVIVis Channel 2254nm
o



MeN
SN (¢}

o H
F3CWOM9

Et !
8 &-%6( JRGRG B R-%EXGXBX(2):) ByggBIo&-%6EHS)",1)(", 55
6("1&,&U0+",)U%EBAR,)0-&! gFABUF! $"-(&! ?)+*)2,1! FARUQO9! *&*0:&1! ..)+! FAH
0?79:1" Al ) A&, &0 (! +&-%)1! <! 0-! WNE3F! $%&! 0-&:"0€ Q09! *2:"."&1! 46! .(09%! ?)(2+,!
?%:)+0-)A:0*%6! gTNNX! %&S0,&9!-)! 'NCTNCT!%&S0,&9CZ-@<?C-:"&-%6(0+",&UFNFUO",!
09!0!6&(()Q!)"(! gMXFW! +AG! NFN_T\! ++)(G!*_F'x! 6"&(LUF! ;" 4=&EQBD! 0(9)! *:&*0:&1!
2+ FARQ?9:1" AL 1A&,&:0(1+&-%)11< 10-1WNB 1-))4- 0",! FAB09!0!6&(()Q!)"(!g’ F\I+AG!
NFNM_1++)(GIT_F_x!6"&(INUGL%",! ."(+U!M "WM! gQUG! T_T\Ig9UG! TXXN!gQUG!I TXTV!gOUG! TA'Tlg
TA MIgOUGITM_N!g+UGITTXPOUIM g NNI8[7G!3'3( Wb!_FXVIgT[GINB!IFTI[7UG!_ RV
gTIG!-@|!_F\[7UG! MaxF  IgM[G!+UG!XF [AgTlj!_F\I[7UGIXFEXFMAIGT[GI+UGIWFWGT[G!
1GIj TWF_[7TUGIVFXX!gV[G! 9UG! VFTA! g VESIRXIA MG M UG ETFRXTV! g T[G! +UG HTTFWIV!
gTIG!+UGINF_IgV[Bj-GW[7UpV#)_7M IgV_XI8[7G!3'3( Wbla NFVIg1GIVRG]_FX![7Up
FGEV#G _TM 1gTMX!I 8[7GB'3( WD TXXFXG! TW\F_G! TW_FVG! T FTG! T"WF G! TVAFNG! TMMFXC
TMVFTG! TMVFTG! TMNR\G! TN\FXG!XMFTG!WTF G! "GR! NHAFCHBHF TG2O(TFY 16!):!
3n[ viR] M@CVETAMTG!.)2,1CIVX FTMMXF!
!
C=EGC3)(2+,C!3&((2()9& 5T g\i+GI FX!++ b MWN!++UF!8)4&!*%09&C! ' F CNFT!%&3S0,&9C"

[:@[G!ITFN!+Jc+",FI'&-&?-"),!Q0#&(&,A-%CIMWAL +FIZ:1jI” FWEMFW
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|
<Chromatogram> : <Chromatogram>
mAU mAU
300 5 3§ UVVis Channel 2 254nm 500 2 UVIVis Channel 2 254nm
1 b4 IS 1 N
| L1
. 20845
200+
300
. HIR)+! *)122-1 FAJ
100] ryed . . = .
! 100 -
| 2
€
ot — — | o ) —
12 13 14 15 16 17 18 19 20 - 12 13 14 15 16 17 18 19 20
min min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UV/Vis Channel 2 254nm
Peak# Ret. Time | Area Area% Peaki Ret. Time  Area Area%
1 16497 6722714 50.778 | 1 16480 292166 2550
2 17584 6516609 49.222 - 2| 17.433 11167374 97.450
Total 13239323 100.000 Total 11459540 100.000
!
<Chromatogram>
mAU
<Chromatogram>
mAY 750 ] UViVis Channel 2 254nm
3 g UV/Vis Channel 2 254nm| ' ]
{ | =
500: so0]
‘ HIR)+1*)12?-1  FARQ
250-{ 756
! | e
| ol —
ot — — - . 12 13 14 15 16 17 18 19 20
S — min
12 13 14 15 16 17 18 19 K <Peak Table>
<Peak Table> Beoks RotTime - Aea | Areath
UV/Vis Channel 2 254nm 1. 15816 512704 2.968
Peaki Ret. Time | Area Area% 2 16735 16763281 97.032
1 16.097 14569830 53.232 Total 17275985 100.000
2 17.296 12800780 46.768
Total 27370610 100.000
.
3.5.7 Reaction Scale Up
5 mol %
O
Ph
Ary
(6] @
/Pd )
0 p
< Ary o
0 BAr%,
NMe e YN
NZ + Ph A
J o .
FsC 2.0 equiv EtzN
(1.3 equiv) 10 mol % NaBAr",
.o equiv .
q 1,4-dioxane, 22 iC,12 h |

FZ\BI5+&-%6 6V gEBT GTET.(2):) 5v6+& -%68/8%&,6(*&,- 3\5&, SVB(U"+",)U",1)(", 9VH,&!
FAUF!> 10,1\6"((&1!A)#&4)SGIOINBWI1:)2,1  $4)--)+!.(09=G!&K2"**&11Q"-%!9-":!140:G! Q09!
2%0:A&11Q"-9612g g TTA+AG!NFNWN! ++){BG(2):)&-%6(!"+",&! FAIgVTW!+AG! TFVN!++)(G!

TFVN! &K2"#UG! J0®Kg\\FX! +AG! NANIN-+)(G! NFTNN! &K2"#1G1'0S0,&! gTFVV! +JUFEG
T



42-05TGBL"&, 5T5H(4&, 7&,& FAI gNFTW! ++)(G! TENN! &K2"#U! 0,1! -"&-%6/(0+",&i1d®! MFNN!
+4)(G'MFNN! &K2"#U! Q&:&!011&1!-)!-%&! .(09=F! $%&! .(OL=4H1FBAN .:)+!-%&! A()#&4)S!
0,1!10(()Q&1!-)!9-":10-IMMI3!.): TM! %Ri%&! :&07-"),1+"S-2:8! QD! ."(-&:&11-%:) 2A%! 0! 2&("-&!
*(2A10,11:",9811Q"-%!&-%6(102&-0-&! gV!b! WN! +JUF!$%&!9)(2-"),! Q09! ?), ?&, -BH&1-%&!
:&9"12&1%2:"."&11 461 .(09%! ?)(2+,! 2%:)+0-)A:0%%6!-)1 0. .):1! FALDI! 0! 6&(()Q! 9)("1! gVNA!

+AGINR\TX!++)(GN\TFXx!6"&(1UF!

3.5.8 Hydrolysis of Imines in Product

MeN i) 1.0 M aq HCI, THF NH,
SN 22YC,2h S
OF3C SN ii) EtsN FsC r
Me [

FEBTGTET.(2):) 5/5+&-%66/B%8,6(*&,- 55, MD+",&! gFAIUF! <! Bll:0+! #'0(G! &K2"**&1!
Q"-%19-":140:G!Q09!2%0:A&1!Q"-%! "+ Y XFNI+AG!INFTMV!I+FHBN! &K IG[R!g T!+JUG!

0,1! TEN! 8! OK! [3(! gNFWNN! +JUF! $%&! +'S-2:831@(()Q&1! -)! 9-":1 .):l M1%! 0-! MM! t3!
QU%&:&2*),1 "1 Q09! 1"(2-&1! Q"-%! -"&-%6{0&! gT! +JG! _FT_! ++)(G! WAFV! ++)(UF! $%&!
9)(2-"),!Q009!?),2&,-:0-&110,11*2:" "&11461.(09%! ?)(2+,17%:)+0-)A:0*%6!Q"-%!  9"("2014(!
OVNCT! %&S0,89CZ-@<?! -)! MWCT! %&S0,&9C! Z-@<?U!8)-0:(R1P)%4)2,1! 09! 0! .0" -!
6&(()Q")"('gMTFUI+AGINFNA_1++)(G! __FNx! 6"8igrs",! ."(+U!VAN\! g4:UG! VNM_!gQUG!M"_T!
gQUG!ITW IgQUGITMXV!IgOUG! FPMIY! O R NNIS[7G!3'3( Wb!_FM M[GI1@|!_ FVI[7UG!
_FMAIgM[GIHGIFX![TUG!_FTXIgT[BJ-GIV[7UG! XFATIgT[GIGIWR[7UG!XFN g T[G! 1]1{B!

TWF GI\FN![7UGAVFINIT[G!+UG! MEMWX_!gT[G!+UG! TFMN!gY[RELGIUpM#) 7M IgV_X!

™



8[7G!3'3( Wbla "F_\IgVRGIIG|! _F\I[7UP*FG)_7M IgTM8[ 7G!3'3(W5'TV_FNG! TVMFTG!
TM FTG!ITM\FXGITM_FWGERIMFAENK7UG! TMXFVS |gKG!IM_FMI[7UG!V_FNGCMFDp!

gZ;>Umsn[i "M?0(?Y1L.):!13nf nR]CIMVNFTTWTG!.)2,1CIMVNFTTXWF!

C=EGC!3)(2+,C!<+6()9& STIg\I+G"FX!++bIMWN!++UF!8)4" (@609&CIC TV &S0, & I

[:@[GMITEN!+Jc+" FI'&-&?-"),!Q0#&(&,A-%CIMWF 1 Z: ' " FWCWFWF

<Chromatogram> <Chromatogram>
mAU mAU
2000 GVIVis Chanvg! 2 254n 2500 UVIVis Channg 2 254nm
2000
1500
1500
1000
1000
500 s00]
ot LN o
00 25 50 75 100 0.0 25 50 75 100
min
<Peak Table> <Peak Table>
UV/Vis Channel 2 254nm UV/Vis Channel 2 254nm
Peak# Ret. Time Area Area% Peak# Ret. Time  Area rea%
1 8316 21604846 49.162 1 8489 1728714 5.550
2| 9698 22341105 50.838 2 9783 29421033 94.450
Total 43945951 100.000 Total 31149747 100.000

3.5.9 X-ray crystallographic data for 3.17

| MeN

N cl
| FSC/Y\Q/

Me
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5201$9)900'7$6:2(<):6?)(j&$::/(62)$<02'0>$9):201$9) ?$<>/:9(1(62)>:"1(2('<)bm!c).0")

"2<VNFh)

|
3(T!
RT
RM
RV
@T
IT !
M!
3T!
3M
3V!
31|
3W
3X!
3!
3\ !
3!
3TN
3TT!
3TM
3TV
3TA!

NFW T\'gkU NFANMX\dVU NFVVXXVgMWFNMXVAGTNU

NFT TXgTVINFTWN'g\U - NFAVAVVGWU NFNMEMU
NFMTT TgTAMFNXNVAGTNNFVXVTXg U NFNMgMU
NFTVWM_BTNBNTTX ¢\U NFAW\TAgWU NFNMWNgMU
NFAXXXgMU NF\WMMTNg U NFAXTMgWUNFNVNTGVU
NFWWIVgTTUNFWV AVgTTU NFXNN\WXU NFNMN_gVU
NFAXWTMTWEN\MWAGTNNFWN__ \gXU NENT_NpVU
NFA\_gMU  NE\ AgTVU  NFWAMXWg_BIFNMNWgVU
NFAgMU NFNN_MMID NFWAW g UNFNTXWgVU
NFWM\_MUNFNM\_AgTVINFXTX\My_U NENTX §VU
NFWVXTgMUNFTMX NgTVIIFXWVg U  NFNT\XgVU
NFWWgMU NFTMTMXyTANF_TWN'g_U NFNMVNIgVU
NFXMATMUNFNTWgTWUNE_AVNN¢G_U NFNMtU
NFXTXT§MUNF T'NMgTAUNF_N\'Vg! U NFNMM4gVU
NFWX\NGMUNF MXTMJTVMFXAWWTg_INFNT \g\VU
NFAVIVGMU NFNWTNMgTIMBMTN\G! U NENTXA§VU
NFWWaMU NFTTVTMJTMNFV' "Tg! U NFNT_WgVU
NFWW\TgMUNFMW\X_gTMBIFV " TXg! U NFNT\WgVU
NFWW XgMUNFVRMgTVU NFVA N\g U NFNT\_gVU
NFWXTNXgTNFAMA\GAIU  NFVAWM g UNFNT__¢VU
NFXT'NdMU NF~_“X'gTVU NFM'NTMg_UNFNT NdgVU

3TW NFXM\gMU NFW WVVHTMUM\_MVg! U NFENT WpVU

3TX
37!
3T\!
37!

NFWAN'gMU NFXWX\XdTMNFVANV\J_U NFNT\\gVU
NFWMT\GMUNFXNXNVAT NFV'W_\d_U N-NMNWgVU
NFWTTWgMWFMNM\gTVUNFV'_ANd_U NFNT Nt
NFWW"N¢VU NF_MT\VgTVINFXTVWV\G\U NFNM\Vy U

3MN NFM”_NgMUNFN_\MNgTAINF*MWMTg_WNFNT "gVvU

3M1
!

)

NF_XTNMUNFN_\NMgTWNFAT__Vd\U NFNMVWgVU
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DM BIRN6%23<)bmc).0')?<VNFh

Cl1-C16 1.7479(15)  F1-C20 1.3338(9)

F2-C20 1.3480(18) F3-C20 1.3478(18)
01-C1 1.214(3 N1-C1 1.369(2)
N1-C8 1.405(2) N1-C19 1.4522(19)
N2-C2 1.271(2) N2-C9 1.4661(18)
C1-C2 1.546(2) C2-C3 1.466(2)
C3-C4 1.379(2) C3-C8 1.399(2)
C4-C5 1.395(2) C4-H4 0.95
C5-C6 1.390(2) C5-H5 0.95
C6-C7 1.394(2) C6-H6 0.95
C7-C8 1.384(2) C7-H7 0.95
C9-C20 1.511(2) C9-C10 1.546(2)
C9-H9 1.0 C10C11 1.506(2)
c10C21 1.535(2) C10H10 1.0
C11-C12 1.3312) C11-H11 0.95
C12C13 1.473(2) C12H12 0.95
C13C18 1.396(2) C13C14 1.401(2)
C14C15 1.387Q) C14H14 0.95
C15C16 1.387(2) C15H15 0.95
C16C17 1.387(2) C17-C18 1.388(2)
C17-H17 0.95 C18H18 0.95
C19H19A  0.98 C19H19B  0.98
C19H19C  0.98 C21-H21A  0.98
C21-H21B  0.98 C21-H21C  0.98

)
)
MMMMMIMIMMN)))
)

™I



MMMMMMMNMMN))BIE?):6%/(<)bnc).0)?<VNFh

3THT 3\ !

3\ 5T BT'!
@BBTHT !
IT BTEM
M BVBT!
3BV |

3\ BVBM
VAN |
3XBWEB" !
3NBW W
3VWBXHX !

3\ B_BX!
3X3_§ !

3 B\ gT!
M3 BMN
3MNB" BTN
3B § !
3TTRTNBMT
3MTRTNS' !
3MBBTNGTN !
3TMBTTRTN
3TNBTTHTT !
3TTBTMITM!
3T\ BTVRTA!
3T BTVERTM
3TVRTATA |
3TABTVEBTX
3TXBTVETW!
3T_BTXR(T!
3TXBT_BT\!
3T\®BT _§T_!

TTTF_TyU 3THT T'!
TMWFVWgTV 3VEM 33" !
TMWRWETAL @ BBTSM
TNWFXXdTVI]M BVBV!
TVNFMNGTAL 3VBMET!
TMNR\XgTVU 3" BVSM
TN_F_NgTVU 3V BW
TMNE 3B A |
TMNFVAWID  3XBWHW!
TTF 3VNBXS_!
TTFN 3 BXHX !
TTXF\gTWU 3\ 8_§ !
TMTEW 3 3\ BV
TM\FNGTAU  3VE\ 5T !
TNXFXAgTMU]M B° BTN
TTV \gTMU M3 § !

TN'FN 3TN !

TN FWAGTVU 3TTSBTNS' !

TN\FTNgTMU 3TTSBTNTN !
TN\FN 3 BTNETN!

TMPWNgTAU 3TMBTTHTT !
TT\FM 3TTBTMBT
TTXR 3TVBTMITM!
TTWFTTgTMU 3T\ BTVSBTM
TTFVgTVU 3TVWBT BTV
TTFV 3TVRBTAHTA |
TTFWEHU  3TABTVETW!
TMNF_ 3T _BTXBTW

TT FVWgTMU 3TV TXSB(T!
TT\FANgTWU 3TX®BT_HT_ !

TMNF\

3T_BT\ BTV

TWN

TMMF WG
TTFVgTan
TM\FAgTAU
TMARGTVL
TNAR\WgTM
TVTEANGTA
TT\FMWgTTA
TMNE
TTF

TMTFE AgTL
TTFN
TMTEW
TMTEXMdT/
TN FTgTVU
TTNFV' gTM
TN'FN
TN'FN

TTAF XgTVL
TN\FN
TN\FN
TT\FM
TMXR/gTU
TTXRE
TMMFA_gTV
TMTEVAGTA
TTFV
TMNE_
TMTF MyT
TT\E MgTMU
TMNE\
TMTEXVgT?



3T BN\ ! TTFM
ITBTHT< | TNFW
[T< BT HTO ! TN FW
[T< BT HT3 ! TNFW

3TVBT\ET\ | TTFM
] TRT'HTO ! TN'FW
ITBTHT3 | TNW
[TO BT T3 ! TNFW

RTBMNRV TNXFVAgTMU RTSMNRM TN_FMW¢TVU
R\BBMNRM TNXFV_gTVURTBMMNB" ! TT"FV'gTVU
R\BMNB" ! TTNFXTgTVURMBMNS ! TTTF*VgTVU
STN\BMHEMT<! TN'FW ST\MHEM TA TN'FW

[MT< BMEHMTO! TN'FW
[MT< BMEMT3 ! TN'FW

STNBMHEMT3! TN FW
[MTOBMHEHMT3 ! TN'FW

TWIT
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3\ §T BTH@T

3\ §T BTRM

3’ §M BVRBV!
Q@BTBVEM !
QBTBVBV!

M BVBVSA !

M BVBVSR\ !

3\ BV BW
3VE" BWBX!
3VBXS_ 3\ !
3X8_5\ §T !
3VEBVR\ B_!
3VBVSR\ 5T !
3T 5T B\ B_!
3T 5T B\ BV!
3VEM 8" BTN
3MNB" BTNBTT!
3MNB" BTNBMT
3 BTNBTTRTM
3TTB TMBTVRT\!
3T\ BTVBTABTW
3TVRTABTVETX
3T ABTVETXS(T!
3(TBTXRT_BT\!
3TABTVST\ BT _!
] MB' BMNRT
M B BMNRV

M B BMNRM
!

5T_XFX'gT U 3T 9T BT@T

VFM_gT\U 3T §T BTSM
T _XFTAgTAU - 3 §M BVET!
5 F\gMU IT BTBVEM !
T WF_gT U T BTBVBV!
AR\gVIU 3TBVBVRA!
5T VFNAGTWU3TSBVBVS) |
NFAgMU VBV BW
NFN 3" BWBXSB_|!
NFVgVU 3X5_5B\ BV
T "FWTgTXU 3"RBV3\ 5_!
T _F\gTWU 3 BVR\ §T !
STANGTIU  3THT B\ B_!
NFRYWU 3THT B\ BV!

T_"FTWgTXU 3vgM 83" 3MN
STMWFE MdTW ] MB" BTNRBTT!
W\FNVGT_U M 33" BTNSBMT
5T "FM_gTVU 3MTBTNBTTRBTM
STVAFVWET  3TNSBTTITMBTMU

SI\F VU STTBTMBTVIBTA!
NFgMU STMBTVITABTW
NFvgMU ST"BTWBTXI3T_!

5T_"FVTgTMU 3TWBTXT_ST\!
T _'FNAgTVU  3TXT_\VT\ BTV
STFMgMU STMBTVIT\ 3T _!
WWFAgTXU 3TNR" BMNRT
XXFX'gTWU 3TNS3" BMNRV
T_WFMNGTMUL3TNS3" BMNRM

TWM

VFTgVU
5T Y AgTWU
NFAgVU
T_NFMTgQTXU
BFT_gT!LU

5T \FW_gTXU
VEW gTXU
5T FMMgTXU
NFTgVU
NFTgMU
NFMgMU

5T F'TgTAU

T "FM'gTXU
5TENXgT U
TTTFMWGTXU
XTFTAGTXU
XTEWXgTWU
TNVF_Vgnu
5T AFWAGTAU
TW FXVgTXU
5T FMWJTAU
NFTgMU
NFTgMU
NF\g\YU
T_XFMgT U
5X_F\gTXU

T _TF\gTMU
WVF\gT! U



N))N)FBS<020>$9):201$9)?$<>/:9(1(62)>::1(2('<)bm 'c)0")'?<VNFh!

! R+) Ru) RrF) R) R+) R«)

3(T! NFNVX\gMNFNTX "gTNFNMWT ¢NFNNNXX(NFNN_MN{NFNNV~Xg
RT NFNMV\g'NFNMM gy NFMVTgWUNFNNVNg’ SNFNNN"¢” NFNNXAGA
RM NFNMWWN NFNA\AgKL NFNIVXgMU SNFNNNXg SNFNNAMg SNFNNMN
RV NFNMM !(NFNM\T$WNFNMMGWNENNT g~ NFNNV_gA SNFNNA g
@T NFNWAMy NFNT__¢\WNFNTWJWENFNNM\y SNFNNN §\NFNNNAGX
]T ! NFNM_\g NFNTYKU NFNT\'gKUNFNNT_bV NFNNNXg\NFNNMXg)
JM! NENT"_g> NFNTX X NFNTWNg:NFNNIRU SNFNNNA) NFNNNWg
3T! NFNM_M(NFNTXVg_NFNT_'d_UNFNNT ¢gX NFNNVAGXNFNNT_bX
3M NFNT_T4 NFNTEWU NFNTXTH_ SNFNNTVlg NENNN'gX SNFNNNTg
3V! NFNTXThNFRVg_U NFNTWNg NFNNMNg NFNNN\G\WNFNNNTg>
371 NFNMNN(NFNTg U NFNT_Vi_ NFNNTgKUNFNNNWg SNFNNN' )
3W NFNMX\4' NFNMVNg NENT Wh_ SNFNNM\g; SNFNNTWcBNFNNAG
3X! NFNM\gMNFNVTVl INFNTXXg_ NFNNMMg SNFNNAgXENFNNAG_
3 | NFNMAUg NFNMVMg NFNT Xd_INFNNXVgy NFNNVTG SNFNNTMg
3\ | NFNT_Nf NFNT\VJ_INFN®g_U NFNNTWg NFNNTMg>SNFNNNVg
3" I NFNMTW NFNTMgXUNFNTVNgXNFNNNAGV SNFNNTTE NFNNTVigX
3TNNFNVg_LNFNT__¢_'NFNTWAgXSNFNNNTg SNFNNNMcNFNNN §X
3TTINFNMNX(NFNT__¢_INFNTXXgXSNFNNTMg NFNNNVg SNFNNN\¢g>
3 TNNFNMN\y NFNTg U NFNTX_g_ SNFNNMAg SNFNNNAG: SNFNNT Vg,
3TVINFNT ¢ NFNT_\g UNFNT_Xg_ NFNNTNg\ SNFNNM !g SNFNIN gWL
3TAINFNMNNM NFNMMVg NENTAX$X SNFNNN' ¢\ SNFNNNAG: NFNNNTig>
3TWNFNMNX(NFNMMVg NEFNTW !g_ NFNNMXg: NEFNNNXg> SNFNNMXg
3TXNFRWg ILNFNTX'd_INFNMTTg_NFNNNAgx SNFNNTTE. SNFNNMNC
3T_INFNMVM¢NFNMTMg NFNTX\g_USNFNNT b NFNINgXU SNFNNTNg
3T\ INFNMTMcNFNMNXg NFNTWNg NFNNVNg\ NENNN\gXUSNFNNMTg
3T INFNAVTg NFNTWXg NFNMXVg\NFNNV_g» NFNNNAGWNFNNAXY_
3MNNFNMMT(NFNMMMNg NFNTW !g_ NFNNNXg> NENNNAXSNFNNN_g;
3MTNFNT g\ NFNMWNg NFNMXNg\SNFNIVMg [L NFNNNTg> NFNNTA§X

TWV
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DM MMIMIN)NI)) ?<VNFh!

Z@: 4@  H@9 Rb(c)

[* 1 NFWN\_NFTXW NFXVT_NFNMNV
[W!  NFWTNNFT\}  NF_V1 NFNM\
[X!  NFXW_INFNTX\ NF_\XX NFNVT
[ NFX?MIXSNFTWN_NF_MWV NFNM_
[ ! NFAW!L TSNFNVTA NFAVXWNFNM

[TN!  NFWWNNEN\ | NFVWVINFNMT
[TT! NFWALVNM_ X NFAV'V NFNMNV
[TM!  NFWW NFMX  NFVN! VNFNMN
[TA 1 NFXWT NFAVX_ NFMWAINFNMV
[TW!  NFXX)\ NFXVTX NFMAL NFNMV
[T_ ! NFAT NFXYW NFAVTL NFNMW
[T\ ! NFAXY NFAWAW NFAVA NFNMV
[T< | NFW_MSNFVMNYNFW_NV_NFNAM
[TO! NFYX! BNFVNWANFXAMM NFNAM
[T3 | NFN! SNFM\IWNFXVN\ NFNAM
[MT<! NF X! SNFNNV_NFAT NFNVW
[MTO! NF_\ W NFTNYT NFAXNNNFNVW
[MT3! NPV V NFTNA  NFVA_N NFNVW
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4. Enantioselective Synthesis of Amines with Remote
Stereogenic Centers through Co-Catalyzed
Hydroalkynylation of 2-Azatrienes

N):"),00)  1-%"9%0*-&:1Q"(#&!924+"--&11.) :1¥24("20-"),F! !
D"I#.,+*@4/,2*. #

3%":0(! O(=6(! 0+",&9!0:&! "+*):-0,-1 920..)(19! "! +& 1"20(! ?)+%)2,19 FI$%&!
0("*960-"?! 9249-"-2&,19%:&9&,-! "1 -%&! 0+".&! 9-:2?-2:& *(06! 0! 9"A"."20,-1 :)(&! !
18&-&+"" Al *%69"20(! *)*&:-"&9! ).1 -%6&! 0+" & "1 4")()A"20(! 969-&+9™ (&01" Al -)! -%6&"!

*:&9&,7&!0+),A9-1*%0:+0?&2-"?0(1?0,1"10-&9!gR"A2: &UF

/ S
= NHMe
Me :
Ph HO,, _Me
y \5 QH ; . (\ (@)
Me N N N \ CO,H
>\<\/W/\/\( NHCbz <\N NH, O
M N (0]
© Ph
HIV-1 inhibi thrombin-activatable duloxetine
-1 protease inhibitor fibrinolysis inhibitor (antidepressant)

@WN(i—Pr)z
CO,H
" - /\)lvli/(/
\@\ Me NHZ
Me

aspidospermidine tolterodine /2 "ligand
(common motif in natural products) (urinary disorders) |

M) BBY%E (V) G3$':)5 1$6(<)S$23)M(102()D2('(0%(6$915(62(<)
R2:-968:+):&G!-0@H&(!).190-2:0-"),1):19% M9%664:"1"7&1120:4),9!-%&6!*)99&99!0(()Q!
“0h&+1-)I%0H&IA:&O-&: - Y% B&H&,9"),0("-6!2)+40:&11-)1-06&"12,90-2:0-&117)2,-&*0:-OF !

$96&":104"("-6! <)l O1)*-1 + 2(-"%(&! ?),.):+0-") , 9 0()Q9! .):! ",2:8&09&1! :&?&*-):c("A0,1!

TWW



2)+*(&+&,-0:"-6!12&1-)1 1&9"A,! ). 1)2- 5. 5(0,&!9249-"-2&,-9G! ?)+*0:&1!-)!.(0-10:)+0-"?!
" AOG!",1-%&":1+)(&22(0:19-:27-2: &M

Z.):-91-)Q0:19!-%& 1&H#&()*+&,-1).] +&%)19.):1072&99" A&0,- ")&, :"?2%&11 29!
0+",&9! %0#&F)9-( 6! 48&,1.)229&11),! -%6)9&! 4&0:", Al 9-&:&)A&,"?P&,-&:9! O-! -%&!1):! $5
$9""),1 ). 1-%&! ,"-)A&,! 0+ F!$%E&N&-%)19! ) &,0,-")9&(&?-"#8196,-%&%! ).l 2%":0(!
0+",&9! Q"-% :&) -&! 9-&:&N&,"?! 2&,-8:9G%)Q&H&:Q:&! (&99! ?)++), | Q"-%!&S"9;A!l
9-:0-&ABIT# )(#" A 1+2(-" D-&H96 - %&RIK(-%)2A%I%82-"("70%),1).! 3a]!4), 15):+" Al
1&07?-"),9.):1 022&99'A\! 2%":0(1€",& 9! Q"-%1"9-0(9-8:&)A&,"?! ?&,-&:9%0M&E.,1:&0("7&1G!
-%68:&10:&!),(64&:6!.&Q&S0+*(8&90,1!1-%&6!0:&1,), 58,0,-")9&(&?-"HEM @, (6!:&?&,-(6!%60D
022%Q0(10,11?2)Q):=&:9! :&*): -&11011":&?10* *:)0?%!-)10+",&9! Q"-%!:&+)-&!19-&:&)A&,"?!
28,-8:9 g ?2%8&+&M < UML $9898&! :8&07-")9 *)2&&1! -%:)2A%0,! &,0,-")98&(&?-"#&! 32[ 5
20-067811:8127-"#8&1:&(61%61:)0+", 0-"),1:&0?-"), F>,1-0491Q):= Q+",&9! 4&0:" Al%F): 1&8
9-&&)A&,"?! 7&,-8&:9 Q"-%!1"..&:&,-"0-&1! O(=6(! 9249-"-2&,-9! ?P(1! 4&! *:&*0:&1! ", | %"A%!
6"&(9"", 1019" A(&!9-&*BS?&((&,-180,-") 5G!:&ATG!0,117%68+DE&(&?-"#"-61Q09!1)49&:#&1!.):!
014:)01!:0,A&!) .19249-:0-81Q"-%!%"A%!.2,2-" O('A)2*1-)(&:0,?&F I$%EA&,&:0"), 1).1,&Q !
)13 a3!4),19! .):1-%&I1072&99" A"-)A&, 52),-0"", Al+) (&?22(&D"-%!&+) -&!9-&:&)A&,"?
28,-8:9"90,)-%&:! *)Q&:. 2(19-:0-&ABE22%! Q! 0*+)0?% !%D9!4&&,! &S*():&1!46!J"1 0,1!
2)Q):=&:9 V>, 1-0&"1%6L:)0(=6,6 (0-"), 1&..): -1Q"-%! $52,90-2:0-&110+ "18&9CGHE&!,&Q!%
314),11"91. ) :+&11 &SA29HEE! 0-1-%&YF)9"-"),! -)! 1&("#&:L%&&, 0,-")&, "?%&1! 0+"1&9!

9;?%&+&M OUF e%0,A! 0,1! ] 0A"4! %0#&R’.2&,-(6! 1&+),9- :0-&1! -06&P),9-:22-"),1 ).!
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&,0,-")&,:"2%&1! 0(=6(0+",&9! ?),-0", " Al &D-&:&)A&,"?1?7&,-8&:9!-%:)2ARH1"20G+& 1"0-&1!
3a[1760,0-"), !g?%&+&! V3URT$06&! A8&:0-"),! ). 0+",&9! Q"-%! UD-&:&)A&,"?! ?&,-&:9!
%0#&I0(INES, 18.9-04("9%&1129" FB1:)4):0-"), MBIV :1:8127-"#&I0+",0-") , 19-:0-&A"&BVY
MVK<(-96)2A%! ,)-! A&,&0-", Al0+",&911": 82-BE) -%&:18.980:7%! &..):-Wo0#8&)?29&1!),! -%8&!

A&,&:0-),1).10( 1&%61&9,1! =&-),&9!Q"-%!19-0(19-&:&)A&,?!?&,-& 9FVMVII

A. Buchwald (2016):

2.0 mol % Cu(OAc), 35 |
examples

1 3 4 0 - - 1 3R4
RWLG . R\N/R 2.2 mol % (R)-DTBM-SEGPHOS RY\/NR R up to 9% yield
R? OBz 3.595.0 equiv Me(EtO)SiH R? up to 99:1 er

THF, 4050 %C, up to 36 h

R = aryl, alkyl

R2 - alkyl R3, R4: alkyl
(1.2 equiv)
B. Li (2016):
o)
o 5.0 mol % Ir(COD),OTf n -
o 6 mol % (R)-DM-SEGPHOS N 31 examples

F{1\/\)J\N/RZ + =Si(Pr)s ® H up to 949% yield

R3 (3.0 equiv) THF, 40 %C, 12 h | up to 97.5:2.5 er

Si(iPn);

C. Zhang and Nagib (2019):

E 3 mol % Cu(OTf), CN 17 examples

H .
lll\/\/\ TMSCN 7.5 mol % bisoxazoline ligand I{I\/\/L uptt09975°5/c»2yfld
s~ R 7 T~ R Upto97.5:25er
111 (1.8 equiv) MeCN:DMAC, 23 %C, 16D20 h I

NMNMMPP3(L() FTH0'1:2 $06)0.)M(102( )D2('(0%(6$9)G(62('9)

|88 -%8&(&98!-%8&! 1 &H#E&ME. -!).! +&-%)191Q"-%!0+",&99-"((1:&+0",919%0: 9&H%"9!
"9I0I*0:-"22(0:(61"+*):- 0,-1%)4(& +1-)19)( #&! 092%":0(! 0+",&9! Q"-%&+)-&! 9-&:&A&,"?!
28.,-8:9! §%)98-%040:&! -%6:88):! +):&!14),1910Q06! . :)+!-% &3a]!4),1U!0 :&"+*):-0,-!
+)-".01" 1%060: +028&2-"20(! 0%*("20-"),9F[& ,7&G! Q&!.)?29&11)2:1&..):-9!), | L&H&Y*" Al O!

O"H¥(&16&-K..."?"&; 1+ &-%)11.):1-%6&17),9-:22-"),1).] -%"GR(099!).D+",&9 FI
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D=48- [79+*4.@ #
! > MNT\G! Q&! 189?:"4&1! &,0,-")9&(&?-"#&! :&1273-H&( ",A9! ).! R49"-2-&1! B
0701"&,&9! Q"-%! =&&9! 0,1! "+",&9! 29" Al 32 a[l 20-0(67&1! &O?-"),9FX™XY > | -YRI&
9-21"8&EMD701"&,8010:&! 04(&! -) 2,18:A)! 0,1 &,0,-")9  &(&"#&! +"A:0-):6! ",9&:-"),1 ", -)!
32 af10(( )Q",Al-%&!): + 0-"),1). 10,11 B+")0(=6( a32!,2?(&)*%"(&F!$YBin situlA&,&0-&1!
0(=6(132! 9*&?"&9! "F)"9&1! .):1 0--02=1 ). -%&! &(&?-1)*%"("P=&-),&! ):1 "+" & G! .2;"9%" Al
0+",&1*)1 22-914&0: Al | D-&&)A&,"?12&,-8&:9 g?%&+&NV <UER()Q".A !-%"9! Q):=GQ&!
1&7"1&11Y1&S*0,11) 2:19-21"&9Y,! 295:0(10+",& 196,-%89"P9", AlD!, J#&(1A(099!).!:&0A&,-9C!
ME70-"&,&9M)!-%"9! &, 1G2:1 (041 %09! 1&#&()*&1101%"A%(6! ?%&3): &ATG! 1"09-&) &G0, 1
&,0,"") 9&(&?-"#&! :&12%&! 2)2*(" Al). MDT70-:"&,&9! Q"-%N5%)9*%",)6("+",& 9!.):! -%&!
96,-%&9"91Y TGHI'0+", &OP3:22"0(1-)1-%6&19227899!).1-%&B&P-"),91"91-%&I'E -"-61).1-%&!
("A0,1! 09! 3 28/%50/ZG!Q%"2%! %09! 4&&,! &99&,-"0(! . 2t1))-%&:! :&1272-"#&!?)2*(" ,A9G!
*)4)  -&91-%6&1.):+0%),1).1 antiSl"0+ ", &FI[)Q &#&:G!-%&&!).150250'//GI0,12,?)++),!
("A0,11" 1 32 ! 20-0(69"9G!0..):19!-%FI51"0+" & 1g?%&+&IV OBY

] &#8:%&(&H5!%E&! 298&! ).! BI70-"&&9! ", 32 a! ?%&+"9-:6! *: &9&,9 0! ,&Q!
 A")9&(82-"#"-61 2%{08., AGC!-%&10(FBR! A&, &:0-&110.-&:132a[!",9&:-"),1?)2(1!(&01!-)!-Q)!
1".&:8&- 1-6*891).1 :&A")"9)+&:9! gX@ #9! XAD11"-"), WO0.-&: ?)2*(", AF!I )Q&#&:G!",! - %"9!
9-216G!Q&!)49& #E&DO&L&L)+",0,-  1):+0-" ),1).l -06&GW11"™"), 1"9)+&: F%"(&!-%&!XG
011"-"), 1*)12?-1 "9I#0(204(&10,11*:)#"1&9!0272&9910((6("?D+" ,&9G!&9-04("9%" AlO-0E)1!

Q%&:&XEA1"-"),! "IMN&("#&:&1&S?(29"#&(4&0:9! 2-"("-6! 09! Q& -%&! HGWL27?-1"9D,!

TWA



&,0,-")& ,"? %&10701"&,8301.2,2-"),0( 1%0,1(&.)! 1)Q, 9-:8&0+!96,- %&"IWQ%"?%!?0,!48&!
?)#&:-&11-)10,! O(=6(10+",&! 4&0:" Al 0!:&+) -&! 9-&&)A&,"?1&,-&:!-%:)2A%! 0! :&127-")
*1))?) (F $%8:8.):&G! -%8&! 18#&()*+&,- ).1I0)# &(1 +&-%)11.):! -%&! .):+0-"),! ).! -%&!

0701"&,&!*:)1 2?-1Q)2(1!4&!4&,&."?"OFH

A. Our Coupling with Azadienes (2018):

ICl) 5 mol % Cu(OAc), NCPh
NCPh, o _PPh, 6 mol % (S,S)-Ph-BPE NCPh, 2
e o X rR A o RO R
R R Me(MeO)zslH K> N
R Ph,P(O)HN" “R!
& RIOR2 + LBUOH HO TR 2P(0) R
then workup up to 87% yield up to 96% yield
>99:1 erand >20:1dr  >99:1 er and >20:1 dr
B. Our Coupling with Azatrienes (2021):
2NCPh, 5B10 mol % Cu(OAc),
3 1o 6010 mol % Ligand NCPh; NCPh,
4 ~PPh; RL . 2 Rl : 2
. * ﬂN Me(MeO),SiH < e R or \6/\/3\:./R
Ul R? t-BUOH NHP(O)Ph, NHP(O)Ph,
R .
6,3-Addition o . - .
( ftion) anti-diamine (with Ph-BPE) syn-diamine (with t-Bu-BDPP)
up to 91% vyield up to 76% vyield
1l >20:1 rr, >20:1 dr and >99:1 er >20:1rr, 1:>20 drand 97:3 er |

DB(1() FWRE) ='(; $®&<)i0 'K)S$23! ,5H:?$(6(<):6?)! ,5H:2'$(6(<)

[0609%"! 0,1! ?)Q): =&9! %0#&!1"9?2()9&1! 0,! &,0,-")9&(&?-"#&! 011"-"),! ).!
SmYRY* 6(9'(6(0786(8,&! ! !, 8,9482,90-2:0-&1! &9-&:9! 0,11 0+"1&9! §;?%&+&NMNUIFT <!
2 40(a'2 | %)9!?20-0§9-1 9®-&+ 1&("#&IATGHL1"-"),1*;) 127-91Q"-%! 0HE:&)A&,"?P&,-&:!
0-1-%&&)9"-"),1",|  &S?28&((&!6"&(19G%"A%! :&ABF0, 1!&,0,-" )9&(&-"#"-6F>-'0! Q):-%6! -)!
)-&1-960-1" 1-%"91Q):=G%&:&!"BI6!),& 1&S0+*(&19%)Q" Al-%&)2*(" Al).10, 12,0?-"#0-&1!
1"8,&1Q"-9%!:"9)*:)*6(9"(6( 07&-6(&, &D&I"1&9!-%"9! :&02Q"-%! ?) 40(109!-%&!-:0,9"-"),!
+&-0(120-0(69-G!)-%&:1%61:)0(=6(8-"),1:&07?-"), 1%0#848&,1 1848&()*&1129" Al:%6)1"2+ M8
MG "P=&(MNGI0, 111" 2+ MA120-069-OF!

TW!



Hayashi (2012):

5 mol % Co(OAC),¥4H,0 0 R

o i
W + (-PrsSi—==  5mol % (S,S)-DuPhos X)v\/\
X R 10 mol % Zn Si(i-Pr)s
X = ORO, NRO (2.0 equiv) DMSO : t-amyl alcohol 10 examples
80 ¥%C, 20 h up to 99% yield
up to >99:1 er |

M)DI3(L() N"+B6:62$0<((92$;()C4?2'0:/ K464/:2506) 4)C:4:<3$)

1&! -%&,! & #'9"),&1! 0! 9-0-&A6! QU%&:&46MD70-:"&,&9! ?)A1! 2,1&:A)! 0,!
&,0,") 9&(&PH&MW@X61:)0(=6,6(0-"),!-)!.2:,"9%!&,0,-")  &,:"?%&10701"&,&9!4&0:" AlQ!
0(=6, 8D249-"-2-819-8&:&)A&,"?! ?&,-8A 88&2%0,"9-"20((6 @&! & #'9"),&1! -%0-! -%&&0?-"),!
Q) 2(11%:)?&&11", 1019'+"(0:1.0 9%"),109!&(2?"10-&46![0 609%4R"A2:&TNF$,|-%&&98&,?&
).17", 2109 0t&1272", Al 0A&,-GA0(-g>0P&-0-&®! :&122&1! -} ?) 40(-g>URQ" A ! -96&! 2%"0(
4"%B*%)9* %" &("A0,1! -)! A&,&:0-&! -%&! 0H&!1?)40(-! 20-0(69F $Y&! 0B.-0-&!"(R0, 1!) ,!-%&
2)40(4 2) 2(1! *0:-"2"+0-&!1",1 ("A0,1 B99"9-&11&*:) -),0-"),1).!-%&! O(= 6,&! -)!.2:,"9%! -%&!
0(=6,6(! 2)4 O(-! ):! 3) a028-6("18&! Q¥8%! 9&:#&9! 09b&O?-"H#&127? (&)*%"('?19%&?"&B $%&
070-:"&,880%"2%! 2001)*- 10,! s52"97),."A2:0-"),G! 4",191-%:)2 A%! 4?)):1",0-" ), 1-) 1-%&
3) a0?&-6("1&!>,9&:-")1).1-%&! 3)a0?&-6(1&"" -) 1-U&I070-:"8,&! (&019!-}-%&!.):+0-"),1).!
-%8! R:&)A&"?! 2&:-&! 0,11 0! *&10,-1 3) a#D((60 969-8&+G! Q%"2% 2,1&:A) &9
*:)-) 1&+ &-00-"),! g*:&92+04( 6! Q"-%Kk? @[! A& ,&:0-&1lin situ) -)! .2:"9%! -%&! 189"&1

*)127- 10,1 &A&,&:0-&1%&!0-"#&P)40(-19* &" & &

TXN



/
product [L*Co'lPOAC H
protodemetallation ~ HOAc HOAc ligand-assisted
deprotonation
[*LCo']

Ph,CN /*-\
\/\;\“R [Co™L]

4
insertion of alkynyl
cobalt coordination of alkynyl
gicw
*L

cobalt to azatriene

Ph,CN
HS%& (F" +)='0>0<(?)7(93 :6$<1).0") C4?'0:/ KA464/:2$06)0.)!,5H:2'$(6 (<)
>-0%6)2(114&!)- &11-9%60-1",1-%&E. 2960,"9+1)2-(",& 1104)#&ED%"2%!"9192++):-&11 46!
0681 :&A")"9)+&:! )+ &1 12:" Al -%8&! %61:)0(=6,60-"), ! &#&,-GP0:4)+&-0(0-"), 1).! -%&!
070-:"&,8146!-%&!3)a0?&-6("18P22: 91.":9-0"-969249&K28&1*:)-)1&+  &0(0-"), I-)! .2:,"9%!
“06&1%)122-FI$%"@I" 17), -:09-1-)1 :807-"),91:8*):-&1146 1:2A" )+& OIA)2* " 1-%&","2=&(!
9-21"8&G"340,1 10(9)1461J"10,11?) Q):=&:0!" 1-06&":196)1"2+ MO, 1! +):&1:828&, -I":"1"2+ WY
9-21"&F b, -%&IE&O?-"), IG¥661:)+&-0((0-"), 1).1-%&!)(&.",1)222:9!.":9-G)( () Q&1!46!3 a3!
[&127-%&1 &(E",0-"),] ) 1&("#&! -%&)**)9"-&! : &A")"9)+&: G7?),9"9-&, -! Q"-%! 0! 3%0(x

[0:) 11+&72%0,"9+F

DAB&TA3,7T#-. @QBZZ | 4T72*. #

& "9-1 &SO+",&1! -%&! 2)2%(" Al ).! *%&,&-%6249"-2-&1! 070-:"&,& NA¥0,1!
-"Q)*1)*6(9"(6(0?8-6(8,& FI & &+40:=&11), 1-%"9&0?-"), | 1&#&()*+&, -129", Al0I?) 40(-a
2 [ %9120-069-1969-&+19"+"(0:1-)1[060 9%Y9!?),1"-"),91 g$04(&TNIEZ+*()6", Al IV )(x!
(001" Al). 1 3)g@<?WA[ v@! 0,1! R, RUB& 52/ %)d Q"-%ITN! +)(x! 7", ? *)Q1&: GQ&!

TXT



)4-0",&1 10! :80?-"), 1 -%0-! A"#&BS?(2HE&(6! -YN@H61:)0(=6,6(0-"),! *)122-1", 1 W
6"&(110,1!"CT! & g&,-:6! MFD6!",2:&09", Al-%&20-0(69-1 ()01",Al-)I TN!+)( x!0,1! MN!+)(x!
7" ABE&NA9&HEINA)" ! X\X16"&(1! Q"-%!-BI0+ &(&H&(1) & FI&I0--&+*-&1! -)! :&127&!-%8!
2),28,-:0-"),1).1-% &!1:&0?-"),1-)INFVV!I8G!%)Q&#&:! Q&!)49&#Q10-"), 1). INAI" 1) (6!
VAXI6 "&(1g&,-:6INESY&I011"-"),1).14):&17" ,21-)! &,04(&.09-&:1:&122-"),1).1-%&3)g>>U190(-!
)1 -06&1 0?2-"#&! 3)g>U! 9*& TR | %&,2&1 0! +):&! &.."?"&,-1 :&0?7-")G1"1! )1 9"A."."20,-(6!
"R )HE! - %&) 6"&(1g?P0F! Mx! 6"&(1! ", 2:8&08&,-:6! WUF! 3%0,A" Al 46 12:0-"),! ).! -%&!
%61:)0(=6,6(0-"), 1:8&0?-"),1-)ITMI%!):IM1%10..):1&11-%&I1&9":&11*)1272-1" IAXx!6"&( 110, 1!
WNX!6"&(E &9*&?-"#&(6!9&,-"&9!X10, 11| RIE%&:+):&GPY%0,A" Al-%&!9-)"2068-:6!). -V
0(=6,&! 1"1! )- | %0#&! OF)9"-"#&! "++02-1 ) , 1 6"&(1 g&,-"&I\! 0,1! * UFI3?:&09" Al -%6&!
-&+*8:0- 2:&1) 1-%&&0?-"),1-)I TNNE310(9)!11"1!,)- 1(801!-) 1%"A%&:1?) #&:9"),}) 1¥:)127- |

0&,-:6! TN
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SN0 *HEA2'0:/KA 64/:2306)M(:92$06] >ZH$H:2$065$23) $$<0>'0>4/<$/4/:9(24/(6( )

NCPh, 10 mol % Co(OAC),¥4H,0 NCPh,
_ 10 mol % (R,R)-Me-DuPhos ) ) P
+ =P, 20 mol % Zn (iPr)sSi
2 (2.0 equiv) DMSO:t-amyl alcohol (2:1)
Ph temp, 20 h Ph
4.1 4.2
entry temperature ( %C)  yield(%)° unreacte((ojﬁ)?zatnene er
1° 60 <2 90 n.a.
2¢ 80 45 27 99:1
3 80 68 32 99:1
4d 80 38 62 99:1
5e 80 70 30 99:1
6f 80 46 22 99:1
79 80 50 22 99:1
gn 80 44 32 99:1
9 80 60 38 n.d.
10 100 42 22 n.d.

aReaction run under N, with 0.15 mmol azatriene 0.67 M. °Yield of 4.2
determined by *H NMR using dibromomethane as an internal standard.
Reaction run with 5 mol % catalyst and 10 mol % Zn. 9Reaction run at
[0.33 M]. Reaction run with 50 mol % Zn. Reaction for 12 h. 9Reaction
for 48 h. "Reaction with 1 equiv. of alkyne. 'Reaction with 3 equiv. of
1111 alkyne. n.a = not applicable. n.d. = not determined. | 1

@*-"+"9-"2104)2-1 -%8&&! ","*0(! :802(-9R & -%)2A%-%D-1 2960,A" Al-%&! "1&,-"-6!).!
) (H&, -1", 1-%&I&0?), 1+ "A%A)+H)-  &I2)2+(",A FI&I%)* &11-%04)(0:!):A0,"?!9)(#&,-9 !
92729%109!]8/10,11'8/17)  2(11(&01!-)1%"A%&:1?) #&:9"),B12-1)11&9":&11*:) 12?2-NAQOY!
):+&112,18:1922%! ?),1"-"),91g $04(&T\GE, -"&9T0,1IMBF &Q&:&DA(&!-)!1&-&:+",&!1-%60-1
0IMT:0-)1) .1'8:@ @D+6(10(?)%)(1Q09 )*-" +0( G! 0B(-&" A !-9%6&10-")1).1-%&9&! -Q)! 25
Y(#&, -9(&11-)1:&127&116"&(19!).1%:)1272- Ig&. - : "8ANVaX BI$V4&S 29", 1):1:  &*(0?8&&,-1).! 15

0+6(10(?)%)(1Q"-%!")-%&0(?)% (! 9)(#&,-9'Q090(9)!1 &(&-&:")29)!-%&:&0?-"), 1091?)2* (",A!l

TXV



*)7& &1&11-)I A"#& ()Q&:! 6"&(19)).1*: )127-1g&,="89! a UFb,1011"-"),Gl,),*)(0 :1):A0,"?!
9)(#8&,-91922%!109"2%():)+&-%0&!(&11-)!,)! )49&:#04(&!*:)127- 1g&:6! TN UE

M) *F+B::/&:2$0 6)0.)D0/;(62) B..(9 2306)C4?'0:/K46 4/:23067)

NCPh, 10 mol % Co(OAc),¥4H,0 NCPh,
_ 10 mol % (R,R)-Me-DuPhos ) _ _
& =—Si(Pr)s 20 mol % Zn (iP)sSi
= (2.0 equiv) solvent
Ph temp, 20 h Ph
4.1 4.2
entry solvent yield(%)P azat?;)')‘e left o
1 NMP <2 >95 n.a.
2 DMF <5 >95 n.a.
3¢ DMSO:t-amyl alcohol 58 22 99:1
4d DMSO:t-amyl alcohol 34 59 99:1
5¢ DMSO:t-amyl alcohol 52 24 99:1
6f DMSO:t-amyl alcohol 68 32 99:1
7 DMSO:t-BuOH 52 20 n.d.
8f DMSO:HFIP 16 72 n.d.
9 DMSO <2 >95 n.a.
10 CH,Cl, <2 >95 n.a.

aReaction run under N, with 0.15 mmol azatriene 0.66 M. PYield
determined by 'H NMR using dibromomethane as an internal standard.
CReaction run with a 1:1 mixture of DMSO:t-amyl alcohol at 1.33 M.
dReaction run with a 1:20 mixture. eReaction run with a 1:1 mixture.
fReaction run with a 2:1 mixture. n.a = not applicable.
1 n.d. = not determined. !

4.3.1 Substrate Scope

B*),! 1&-&+",0-"),1).N2 :)*"+0(! :&0?-"),!?),1"-"),9 QD&!&S*():&1+-%&!9?)*&!)!
+)) D249-"-2-&1!"-&,0(!070-:"&,&9 -)! .2:,"9%! &,0,-")&,:"?%&1! 0701"&,&9! g$S04& T UF
$%&!1&9":8%61:) 0(=6, 6(0-"),! *:)12?-9!1?20 ,14&!A&,&:0-&1"", 12*1-) IX x 16"&(1!0,1!"CT!&F!
8&-%6(! 0,1! nI&S6(! 9249-"-&1! 070-:"& 89! 2,1&:A)! -%&! %61:)0(=6,6(0-"), ! 9+))-%(6G!

2:,"9%",Al-%8&&,0,-")&,: "?%&0701"&,&9NA*0,1! NA*F,IX_x!0,1!WXx!6 "&1!Q"-% \CM!

X%



&10,11"CT! & G 89*82-"#&6! g&:"&9! M! 0,1VUBD:40+0- &NA*ND, 1 !*%-%0("+"18&1 & "#81!
NA*D:&14-0", &1I",1()Q&:16"&(19!g VxI0,1IW_x16"&(1U142-1" |&SAE&,-1&,0,-") 9&(&?-"#"-6G
Q"-%!"CID, 1I'_FWCNEUEO*& 2 #&(6!g&,-*&I0, 1IWUF!

Z-%8&5249-"-2-&1D701"&,&9MNFUI 0, 1! NAG 0:& 1&("#&:&111X\x! 0,11 WXx! 6"&1G
:89*82-"#&(6G! Q"-98Y W (&H#&(9! ).! &,0,-")9&(&?-"#6F O&,76E249-"-2&1! 0701"&,&NA*T
2)2(1! 09! 4&!)4-0",&1! ", WWx! B&(1! 0,11 "WFWRVE: [ 1 Z(&?-:),! 1), 0-",Al0,1! &(&?-:),!
Q"-%1:0Q"A19249-"-2&,-9104-%&15)9"-"),! ),!1-% &!14&,76(!:", AlO(-&!-%&1&0?-"),19 ("A%-(6C!
&E?-1), 5" 2%para-+ &-%)SED249-"-2-8114&,76(1*:)12?- INA*NOI1&("#&:&1IMWWE"&(1D,1 !
\CMI&:1Q%" (&1 &(&7F) &."2"& -para5(2):) BR4A9-"-2-&114&76(! 1&:"#O-"#&NAIT"91)4-0" &1!
" 1),(61"Wx 16"&(110,1 "FWEW!BS$%"9!:807-"),1D,1),( 6!4&!29&!.):1-%&!2)2*(" Al ).1-%&!
070-"&,89 -) | -""9)*:)*6(9"(6(0?&-6(&,& 09! )-%&:! 0(=6,&9G! 82! 09! *%6&,6(0?78-6(&G!
-"+&-%60"6(0786(&,&G! Q! tertHA2-6(1"+&-%6(9"(6(! 0?&-&@&! .0"(! -)! *)122&! 0,6!
)A9&:HOA(&* )127- 1Q%E&, 1 &+*() 68112,1&:!-%&!190+&!:8?-"), 12),1"-") ,9 F1$%"9!1"9!+)9-(6!
1281 )l 1"+ &"70-"),c*)(6+&:"70-"), 1).! -%&! 0£6,&9! 2,1&:! :&0?-"),! ?),1" -"),9 G9!
&(27"10-&1! 6! [0609%" 09! Q&E'T | & 0(9)! 0--"42-& -%&! 92?27&99). !
~MOY* 1)*6(9"(6(0?&-6(8,& )1 "-91 2,"K 281 O-& " *: Y*&:-" &F B! 01 1"-"),G! Q&! 0--&+*-&1! -)!
&S*():&1"-9?2)2%(", AIQ"-%!F0-:"&,&9) .1#0:6" Al9249-"-2-") 1X0--& :,9 1-) 1.2:," 9%!0!1"#&:98&/!

10,A&1) .1¥)12? -OFI)Q&#8&:G!-%&9&1?)2*(" AD&:&12,922289(F!

TXW



/() *NH)D& <2'2()DB0>().0") B6:62$0<(/(925;() C4?'0:/ KA6B4/: 2$08

NCPh; 10 mol % Co(OAc),¥4H,0 NCPh
_ 10 mol % (R,R)-Me-DuPhos 2
+  (i-Pr)sSi—= 20 mol % Zn (i-Pr)sSi \ =
Z DMSO:t-amyl alcohol (2:1) N
R (2.0 equiv) 80%C,20h R
4.3b4.11 4.12D20
NCPh, NCPh, NCPh;
(i-P)sSi = (i-P)sSi = (i-Pr)sSi Z
A A A
Me n-Bu NHBoc
4.12 4.13 4.14
67% yield 56% yield 43% yield
98:2 er 99:1er 99:1 er
NCPh, NCPh, NCPh,
(i-Pn)3Si = (i-Pr)3Si Z (i-Pr)3Si Z
N 0 A A
N
m OTBS OBn
(0]
4.15 4.16 4.17
57% yield 55% yield 68% yield
97.5:25er 98.5:1.5er 98.5:1.5er
NCPh, NCPh, NCPh,
(i-Pr)3Si = (i-Pr)5Si = (i-Pr)5Si =
A A ™
Ph
OMe F
4.18 4.19 4.20
55% yield 55% yield 55% yield
94.5:5.5 er 98:2 er 94.5:55 er

aReaction run under N, with 0.15 mmol of azatriene [0.67 M]. PEnantiomeric ratios (er) determined by

<70-:"&,&9INK 10,11 NAIA&D:" Al +), ) B249-"-2-8&14:0,7%8&1!9249-"-2&,-90-1 %&/!
X5)9"-"),1.0"(1-)! 1&("#&10,! )49&:#04(&10+)2,-1).1* :)12?-F1>,1011"-"), G!\\EDR! Q&((! 0!

X@&B1"9249-"-2-&11070-:"SEOINAIFO, 1 INANI!0:&!,)-!-)(&:0-&1 IgR"ARITTUF

TXX



NCPh, NCPh, NCPh, NCPh,

2 Z 2 Z
2 =z Me~# Z “Me
Cy Ph Ph Ph
4.22 4.23 4.24 |

TR 4,21

YHS%E&'(3* +)16901>:2$/()5H:2 '$(6()D& < 2:2(<) .0' )C4?'0: /K464/:2$06)
4.3.2 Reaction Scale Up and Product Functionalization

$%8&3&07?-"), 1970(&!720,14&,2:&09&11 2+ ) TFNk+)( 1Q"-%)2-19"A,""20,-! 1&7?:&09&
"1 6"&(1! gXTx!6"&(1!),! NFTW! ++)(1 920(&! #9! WX6"&1! ),! T M ++)(! 9?0(& U 0,1 !
&0,-72),-)(112:" A 1-%&!%61:)0(8,6(0-"),! &#&,- 1g?%E&+&! T<UE$%&L": &24* 1) 127-9
1&:"#8&1! 1)+ 1 -%&P0-0(6"?!&0,-")9&(&?-"#&! :8?-"),1?), -0",10,! 0701"&,&! .2,7-"),0(!
A2)2* F$%&701"&,&9P0, 148&: &01"(6%61:)(67 &112,1&:1+"(1102"1"?1?), 1"-") ,91-)L.):+!
-%6&! 18"&1! 0(18618 Q"-%! 0VED-&:&)A&!?! 2&,-&G! 0,1-%8 .2 :-%&:t&127&11 -)! .):+]
0(? %)(NANQ"-%! 08ED-8&:QA&, "?12&, & !", IWWE"&(1!)#&:1-Q)!9-8*0! Q"-%)2-19"A,"."D,-!
(099!).1&0,-" )*2:"-6 10:?%&+&! TOER2-%8&:+):&G! QE&S*():&1! :&127-"),1).! -%&! 3 a3!
1)24(&! 4), 1!). ! -9%&! 070"&, &!-)! .):+! -%&! O(=6(! 0+", &! *:)127- 1 4&0:" Al 0! :&+ ) -&!
9&:&)AL,"?! 28, -&: B, 1&: 1H%P),1 "-"),9 1Q"-980,! 0- + )9*%&:&!).! %61:)A&, GI%E1 89" &1!
*)-87-&110+" &%)  122-1"91)4-0" &11"! " xI6"&(110, 1" XC&:1g?%&+&!"T3 UF

TX!



A. Reaction Scale Up:

NCPh, 10 mol % Co(OAc),¥4H,0 NCPh,
0, - -
P 10 mol % (R,R)-Me-DuPhos (o P
+ =—Si(iPr); 20 mol % Zn 3 %
4 (2.0 equiv) DMSO: t-amyl alcohol (2:1)
Ph 80 %C, 20 h Ph
4.1 4.2
1 mmol 56% vyield, 98.5:1.5 er

B. Hydrolysis of Enantioenriched Azadiene Product:

NCPh, i. 1.0 M aq. HCI oH
(i-Pr)3Si = THF, 22 Y4C, 2 h (i-Pr)SSi
XN x
ii. 2.0 equiv NaBH,
Ph EtOH, 22 %C, 2 h Ph
4.2 4.25
98.5:1.5 er 55% yield, 97.5:2.5 er
C. Rh-Catalyzed Reduction:
NCPh, NCPh,
(-P)sSi 10 mol % Rh(COD:BFs i ppy g
N 10 mol % PCys x
oh H, (1 atm)
MeOH, 60 %C, 19 h Ph
4.2 4.26
TECEEEEEERREEree 98.5:1.5 er 79% vyield, 96:4 er |

DI3(1() N*)#&6%806:/$H:306)0.)=' 02&9X)

DDib* | [3472*.7T#-.@#J4,3**? #

>172),2(29"),G! Q&1 %048 1&#8& ()& 1I01+&- % 11.):1-%6&1?),9-:2 2,1 ) .10(=6(10+",&9!
480:" Al1"9-0(198:8) A&, "?1?&, -&: T, 04(811461-%&!&,0,-")9&(&?-"#&\BBHL:)0(=6,6(0 -"),!
).l 9249+-2-&1! MD70-"&,&FY: "):! -)l -969 9:0-&ABB),(6! 2%'0(! 0+" ,&9! Q"% ! 1):l $5
98:&)A&,"?! 2&, -89 Y%oOHEALE.| A&, &:0-&1! 29" AIMD701"&,&9!0,1!MD70-:"&,&F "-%! -l
Q) :=CQ&!%0#&!48&,104(81 1&+), 9-0-&!9%&P)2*(" ,Al).] 9249-"-2-&11KD70-:"&,&9!29" Al
-:™M9) *:)*6(9 "(6(07&-6(8,&Q"-% 0! 3) a2 / % U 20-0(69+.):! -%&! )+0-"), 1)1 *) -&?-&1!

0+",&9!1Q"-%!:&+)-&!9-&:& A&,"?P&,-&9F$%I! &0?¥),! 0119!-)!)2 :122::&,-I" #& 9-"A-"),9!

X\



" -)1070-"&,&942-1 Q"-%! 01"..&:&,- ! +&-0(! 20-0(®+FK! 9249-:0-&D?)*&!).1 9-&:"20((68 0, 1!
&(&?),"20((6! 1"..&:&,-! +)) 9249-"-2-&1 MD70-"&,&9 0:&! -)(&0-&1GF )#"1" Al -%&!
&,0,"") &:"?2%&1! 070"&,&9 ",! A))1! 6"&(19 0,1! &S?&((&-! &,0,-")9&(&?-"#"BI" :&?-!
%61)(69"d ). -%&1:)127- | 1&("#&9!-%&! 1&9":&D(1&%61&G! Q%"2%! 20,! 4&! QRAR-( 6!
:&127811)!1-%&0(?)%)(G! Q"-%¥684:)1 27-04&0:" AlOL:&+) -&108):! & 9-& &) A&,"A2&,-&G!
:&9*8&2-"#&(B$Y6) 2A%! BK28&.,-"0(1D-0(69"9GQK:%0#&10(9)!9%)Q, IBIVE20-067&11:&127-") !
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4.5.1 Preparation of Azatriene Substrates

NCPh,
NCPh, 1.0 equiv nBuLi =
+ R/Mo
(EtO),(0O)P THF, B78D22 %C, 18 h
. =z
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%8&S0,89@86(10?7&-0k&-)1)4-0", INA*09D!6&(()QY)" (! MMTEMG! NEMW+)(G! VXFx 16"&(1UF!

IM)g-%",1."(+UIVNWAIgQUG!VNMT!gQUG!M\VV!gQUG! TXXN!gQUG! TXMVH QYR TS g+ UG!

T X



_7M IgWNN!8[7G!3'3(W!_F_NIG! 1GIj! XF'I[7UG! _FaV/FM\! gV[G! +UG! & FVW! gVEIG!
_FMVIgM[G!TIGF)GITRIFUG!_FgMIG! LHNFW![7UGIXF T!gT[G TMF\[7UGIXF\WIgM[G!1G!
JINFWI[7UGIXF_ANgT[G!HIJEMF_GITNF |[7UNSRFMYT[G!+UG! XBMWW# XgT[G!+UG!VR\TIgV[G!
9UG!VFANIgM[GIXEN[7UpFG) _7M IgTMXI8[7G!3'3( WA TXWES!TW_F GNM PENG!IVXFMG!
TVWB! TMIG! TVEETVNFNG! TM FAGTIMVER G3 TRBFTM\E! TWING! TTVE! WRBEV\FOCM7D |

gZ;>Uh8n[i M?0(?Y1L.):134F v} @OYWA\WIB!.)2, 1CYWAFT\XT

F
PhZCN\/\/\/Q/ |

NygEGHB/MY'S (2):)*%&,6(U*&,-0 5TGRL"&, STH (BT GAL"*%& 6(+&-%0"+",& | gNA*HIFS"-(&!
2)+* )2,1 INA*QO9! *:&* 0:&1!102?):1", Al -)| A&, &:0(! +&-9%6)1 ! <!),| MEMW! ++)(! 920 (B$%&!
+0-&:"0(! Q09! *2:"."&1! 46! 02-)+0-&1! ?)(2+,! 2%:)+0-)A:0*%6! gTNNX! %&S0,&9! -)! \CM!
%&S0,89C&-%6(1028-H%-0", INA*09!0!6&(()Q!)"(V_N+AGTFENW+)(G NFM!6"&(1UIRM!
g-9%",!."(+UNW\! gQUG! VNMBBHTXXN! gQUG! TXV\! gQUG! TRV g BJG! TWNAHGRLIT)
_7M IgWNN!8[7G!3'3(W!_F_NIgM[GIJGFN![7UG! RMMI gV[G!+UG! & FVW!gV[G!+UG!
_FMVIgM[G!TIGFWGITF I[7UG!_FTAgMJGNEVES WRWEXF IgM[G!HGAF_I[7UGIXFIYT[G!
1G] ' TMR[7UG!XF_NgT[G! 1 IETMF_GIFN![7UG! XEXRN\IgT[G!+UG LM g T[G!+UGIVFAM!
gT[G! 1GIjI XF\ [7UpIFG) _7M !gTMX! 8[7G! 3'3( Wb TXXFS! TREVELGH ! MMIN[7 (B! TVXES!
TV EG! TVXENM VWFXG! TVARVEGT VMR FNFGTVNFNG F B TM\F G TIBF M gV3AIGTj!| WH

[7 GITMBITMIFWG! TVERRIG! NBHRAM3QGH! MTR? GIV\FEM7D IgZ;>Uhsn[i

20(?Y11):13+] mR] QYMFTXGN2, 1CVAMFTXRVX



4.5.2 Hydroalkynylation of Azatrienes

NCPh, 10 mol % Co(OAc),¥4H,0 NCPh,
_ 10 mol % (R,R)-Me-DuPhos _ ) P
+ =Si(iPr); 20 mol % Zn (IPr)sSi N
=z DMSO: t-amyl alcohol (2:1)
R 80 %C, 20 h R
I11111(0.67 M) (2.0 equiv) |

L &.&:0(18&-%) 11 OF>,10,!1] &"((&1!AQO#&ISG!Q)#E&, 5L:"&1!gTMN!3U!+"?:)Q0HE

#'0(1&K2"+*&11Q'-%!+0A, &-"?19-":140:1Q09!?%0: AQ"-%!?)40(-g>>U0?&-0-819861:0-&!g TF !
+AG!_FW!,+)(G!NFW&K 2" #UGRYBE 52/%)9!gMFV!+AG V!, +)(GINFNWNARI&UG! 7", 21g TEN!
+AGTNFN!,+)(G!NRRI&K2"#UG!'8; @!gTWN!,JUGH 1B +6(10(?)%)('g_W!,JUF®B&!I+"S-2:&!
Q09! Q()Q&L!-)!9-":10-10+4"&,-1-&+*&: 0-2:&1.):I TWI+",2-&9F!$)!-9&!#"0(! Q09! -%&,!011&1!
070-:"&,& NFTWNI! ++)(G! TENN! &K2"#U10, 1! -:""9)8 (8" (6(0?&-6(& X_FM! JG!NFVNN! ++)(G
MRN! &K2"#U! Q%6&:&2%),!-%&! :&07?-"),1 #"0(9! Q&:&! 20**&1G!-0=&,!)2-1).| A)&R4)SG! 0,1!
9::&110-1\N!t3!.):! MN! %F! $%&! &0),! +"S-2:&! Q09! -%8&,! ?))( &1!-)! 1)) +! -&+*&:0-2:&!
K2&,7%8&1! Q%! Q0-&:gT!+JU!0,1! &-%6(! 07&-0-&tgMIF! $%&!):A0,"! 1! 0K2&)29! (06&:9)!
Q&:&!198*0:0-&1G! 0,1! -%8&! 0K2&)29! (06&:! Q09! &S-:0?-&1! Q"-%! &-%6(! 0?&+HIELHMNOE!
2)+4" & 11):A0,"?! &S-:07-9! Q&:&! 1:"&1! }#&:!]0 N@"G!."(-&:&1G! 0,1! P&,-:0-&1! 2,18&:!
18127811 *:8992:815%&! :89"128! Q09! -%6&,! *2:"."&11 46! Q2+0-&1! :&#&:9&! *009&! ?)(2+,!
2%:)+0-)A: 0*%6!Q"-9%6!19"("20! AGTNNX!0?4,- "-"(&B

_02( C!>9)(0-&1! 6"&(19! :&*):-&Q:&! 0,! 0#&:0A&).! M! :2,9F! <2-9%&.,-"2! :028&+"?1 9-10:19!

Q&:&!*:&*0:&1129", AlI0ITCT!+"S-2:&!)4)-%1&,0,-")+&:9 !).18& 52/%)9F !

T\



(iPr)3Si

S E NG5 %8&, &-Y%ofHEg-:""9)*:)*6(9"(6(U%&SI58., 5/85, STH (BT GAL"*%&, 6(+&-%0,"+" &!
NAUB"-(&12)+%)2,1  INAIQO9!:&*0:&11027):1" Al-)IA&,&:0(1+& -%)1!b FI$%&!1+0-&:"0(!Q09!

*0:" "8 11 46! :&#8:98! *%09&! 02-)+ER1! ?)(2+,! 2%:)+0-)A:0%%6! gTNN X! 07 &),"-:"(& U! -)!

)4-0", INA09!0!6&(()Q) "(g*_FA+AGINFN-+)(GIXNFX!6"&(1URIG-%" " (+ UYNXT!IgQUGIVNMW!
g+UGIM ATIg9UG!M\'NIg+UGIM\XV!gOUG!IMRIX¢IgO USSRV WIgQUFBC) 7M  IgMNN
8[7G!3'3( Ws!_FW\IgMIBS] j\FV![7UG! _F¥ FVW!gV[G!+UGh F¥M! gV[G! +UG! aFRTT!
gM[G!+UG!_ETRN'! gW[G!+UG! XFX\IgT[GIMEEN! [7UG! XFT_!gT[G! FTIF G!_F_![7UG!MF\N!
gT[G!111G)jI TAFVG! FENY7UGIMFXVGITL1E) TVFWG! F'G!_FT!FUGHT[G! 1G] | FWG!
XF_GME[7UG! MRVMFTM! gM[G! +UGATIPAV! gM[G! +UG AT gMT[GIpFEG) _7M 1 gTMX!
8[7G!3'3( Wb TXWFAG! MMFV'F_G! TV FWG! TVXB'GNNAIGA BITHV\FXG! TM\FXG! TM\FAG!
TM\EGTM\FTG! TMWHSIGIMERY XFXG!VXFWG XGFXG NIEEM 7D 1gZ;Unh8n[i "?0(?Y1!

)13 v A" CWMNFV@)2, 1ICWMNFVERA: MYl nAFVMigj! TENG! 3[3¢U!.):1 01 90+*(&!).!

TCTI&:F!

C=EG+})(2+,C'3&((2()9& 5TIg\{l+G I FXI++bIMWN!++UF!8)4"(&!*%609801%& S0, &85
/@[ GUTFNI+Jc+" FI'&-&2-"),IQ0#&&,A-%CIMW-F1Z:1j! CTH!



<Chromatogram> <Chromatogram>

mV mAU
250 EF] Detector A Channel 1 254nm % UViVis Channel 2 254nm
| b | |3
1 |
200
1 1000
150 |
1004
] 500
50
]
J i
ot — - ot ———
0.0 25 50 75 100 125 00 25 50 75 10.0 125
min min
<Peak Table> <Peak Table>
Detector A Channel 1 254nm UV/Vis Channel 2 254nm
Peak# Ret. Time Area Area% Peak# Ret. Time Area Area%
1 4122 1604860 49.640 1 4004 108904 1.172
2 4482 1628158 50.360 2 4461 9187041 98.828
Total 3233018 100.000 Total 9295945 100.000
NCPh,
(i-Pr)sSi =
Me !

S E EN5Y/5+&-%66-:""9)*:)*6(9"(6(U%&ST5S., 585, STH (BT GAL"*%&, 6(+&-%0,"+" & !
NAES"-(&1?2)+%)2,1  INA*QO9!*:&*0:&1107?):1",Al-)| A&,&:0(! +&-%)1! OF!$%&!+0-&:"0(
QO09!*2:"." &1146!:8#8&:9&1*BD&I02-)+0-&117)(2+,17%:)+0-)A:0  *%6!gTNN 02&),"-:"(&UL)!
)4-0", INA*I09!0!6&(()Q!)"(I9'VFN-AGNFTNNH)(G! XXFx! 6"&(LUAM)g-%",! ."(+UYNXN! gQUG!
VNMW!gQUG!M "MYFayaIGIMIXAgOUGIMTXM!gQUG! TRST® OTNP4g NN!8[7G!3'3( W

5! _FWgM[G! 1@]!_FN![7UG! FYWVT! gV[G! +UG! aFMWglG! + UGFNa_FNDM[G! +UG! XFXW!
gT[G! 1@ TMF | [TUGI XFTVIgT[GMFBMF G!_F_|[7UGIARX | g T[G! +UG! BRI g T[G! +UG!
MFEMFENW! gT[G! +UG! TENYWIQHGI7UG! NF'M! gMT[GHISG) _7M 1gTMX! 8[7G!3'3 (W5
TXWFVGH\G! TRG! TVIFVG! TVXFAG IMYNFTBEE GTM\FG!\FXG! THGETM\E! TM\FTGIX®!_F
TN\F_G!\KB VKG! _MFAG! VVF_G! VMGINGETRN7D) gZ;»Whsn[i "?20(?Y1!.):Bu{ v];" C!

AVNFM@.)2, 1ICAVNFM K oo lj! aMNFWAIGENG!3[3(U!.Y10190+*(&1).! "\ GA&:F!

T\N!



C=EG+})(2+,C!3&((2()9& MoV pi+GB++b!MWN++UF!8)4"(&1*%09&CF GIF 76850, &9

[:@[G! NFVWAJc+" FI'&-&?-"),!Q0#&(&,A-%CIMWAL +FIZ:IINCNH

<Chromatogram> <Chromatogram>
mv mv
3 2 Deteclor A Channel 2 220nm 2 Detector A Channel 2 220nm|
& 1000 P
750
750-
500
500-
250
250
3
0 | o —— -
80 85 920 95 10.0 10.5 1.0 15 120 80 85 9.0 95 10.0 105 110 15 12,0
min min
<Peak Table> <Peak Table>
Detector A Channel 2 220nm Detector A Channel 2 220nm
Peak# Ret. Time  Area Area% Peak# Ret. Time  Area Area%
1) 9581 10150704 48.319 1 9417 265017 1.860
2/ 9920 10857123 51.681 2| 9700 13983243 98.140
Total 21007827 100.000 Total 14248260 100.000
NCPh,

(i-Pr)Si \ =

m nBu
S GBI GaL"*%&,6(aNY9g-:""9)*:)*6(9"(6(U&-%6,6(ULBIBL, STH(U+&-%0,+",& ! ONA*BF
$'-(&7?2)+)2,1 INA*FQO09! *:&*0:&1!0?7?):1",Al-) | A&&: O(! +&-%)1! OF! $%! +0-&:"0(! Q09!
*2:"."&11 46! :&#&:9&! *%09&! 02-)+0-&1! ?)(2+,! ?%:)+0-)A:0*%6! gTNNx! 0?&-),"-:"(&U! -)!
)4-0", INA*D9!0!6&()Q")"(P*'MPNMAGNFN\"N+)(G! WXEKEN"&(LURM)g-%",!."(+UMNXNQUG!
VNMAgQUG!IM QUGN g9UG! MM UGWWERURP+ T3*C) _7M 'g"NN!8[7GB'3( wWo! FW'!
gM[G!1@! FTI[7UG!_RANFVX!gV[G!+UGlaBsIMNgV[GI+UG!_FTMIgMIG! BEMBG! TF_I[7TUG!XFX'!
gT[GI1IEITMF I [TUG!XFT IgT[GT!GVFENG! _F_![7UGHMIFANV!g HGIMFT\!gM[GIK{G"FNG!
_FMI[7UGT&TM\N!gMG! +UG! TEMPM\IG[G! +UG! TRIVFTIgX[G! +UG!NBNF \IgMT[G!+UG! NF\N!
gV[G!-@IXF ! [7UpIFG) _7M !gTMX!8[7G!3'3( Wb TXWFMG! TV F_ \BEBTWRE! TVTFVGITBINF

TM\R\G!TMB M\FXG! TM\FAG! T MNFAEB VG IXFW G VAFW I VRIENIBG M_F T GBITEG TFTIG

T\T!



TTFNCM7D) ¢Z;>"Uh8n[i M?0(¥1.):13v{ ~];" OWNNFVGN,)2,1ICWNNFVF gFlj! aT_FAX!

g JITFNGI3[3(U!.):10190+*(&!1).1 - q&:F!

C=EG+J)(2+,C!3&((2()9& Mg+ G FX!++1bIMWNI!++UF!8)4"(&!*9008C BIFF6& S0, &9

I: @[ANFVWIc+" FI'&-&?-"),!Q0#&( &,A-%CIMWAL+HIZ:CTH

<Chromatogram> | <Chromatogram>
mv mv
1000 F] ° Detector A Channel 2 220nm| Bl Detector A Channel 2 220nm)
2 g 1500 s
750
1000
500
500
250
2
5
o — _—— o — —
70 75 8.0 85 9.0 95 100 105 1.0 ns 120 70 75 8.0 85 9.0 95 10.0 105 1.0 1ns 120
min min
<Peak Table> <Peak Table>
Detector AChannel 1 254nm Detector A Channel 2 220nm
Peak# Ret. Time  Area Area% Peak# Ret. Time  Area Area%
1 9131 6714903 50.580 1 9145 192236 0.981
2 9613 6560870 49.420 2 9612 19400972 99.019
Total 13275773 100.000 Total 19593208 100.000
NCPh,
(i-Pr)3Si =
NHBoc

tert542-6(! GREEEYGL"*96&, 6(+&-%6(& &UO+" IEyg-:""9)*:)*6(9"(6(U&-%6,6(UYGRIE., 5T5
6(U?0:40+0-8gNANES"-(&12)+%)2,1  INA*NDO9!*:8*0:&1!0?7):1" Al-)I A&, &:0(! +&-%)1! OF!
$96&!+0-&:"(1 Q09! *2:" "& 11 46! :8#&:9&!1*0609&! 02-)+0-&1! 2)(2+,17%:)+0-)A:0* %6!gTNNXx!
0?&-),"-"(&U!-))4-0", INA*NDO! 0! 6&(()Q!)"(VWEFAGNFNXMA)(G! "MFX! 6"&(1URM)g-%",!
M(+FUVVWVI g4:UG! VNW I gQUG! M AT 9UG! MIXA gOUG! MTXW! g+UG! T_TpIGRUBATWNX! g+U! 2+
g"NN!8[7 GI3'3( W5!_FWOM[G!1B] FT![7UG! RV EVMKG!+UG! RMFMN!g\@! +UGINR
_RIXIgIB!+UGIXFXWIgT[GITGIF [7UGIXFTTIgT[GTMENG!_F_I[7UGI"F_MIgT[G!IOUGIVFT_IgM[G!

+ UG! MEMFW\ g T[G! +UG! BVIFT gM[G! +UG HITFWM gM[G! +U! TFVT! g [G! +UGINIF@! +{!

™™



*G)_7M IgTMXI7G!3'3( Wb TXWFAGIINTV BTV FG! TVXG! TRIS! TNEGTM\F\G! TM&?
TM\RG! TM\FAG! TBINFM\FTG! TMWR\G! TREFVEFNG! VX PEBMER GENFTFEM7D) gZ;>U
h8n[i M?20(?Y1L.):!13nf wh @i" CWW FV G1)2,1CWW FV B! oo lj! aWFTMGTENG!3[3(U!

):10190+*(&1).! \FWI FE:F!

C=EG43)(2 + ,Ck+ 6()9&5TIgViu+GINFX!++! b MWN!++UF!8)4" (& *%09&E BIF!%& S0, &8C

[:@[G!TEN!+Jc+",FI'&-&?-"),!Q0#&(&,A-%CIMN+F!Z:1jI" \FWCHFW

<Chromatogram> <Chromatogram>
mv mv
Detecior A Channel 2 220nm 2 Detector A Channel 2 220nm
200 2 ) o
2 300-{
150
200-{
100
100
50- ]
3
0 — — ot — — |
100 125 150 17.5 200 100 125 15.0 175 200
min min
<Peak Table> <Peak Table>
Detector A Channel 2 220nm Detector A Channel 2 220nm
Peak# Ret. Time  Area Area% Peak# Ret. Time  Area Area%
1 11.873 4833078 48.438 1 12.256 8292846 98.783
2 16549 5144726 51.562 2 17.342 102173 1.217
Total 9977805 100.000 Total 8395019 100.000
NCPh,
(i-Pr)3Si =

RE Mg %8, 6(+&-%6(&,&UO+" WISg-:""9)*)*6(9"( 6(U&-%6,6(UYBEER., 5T5
6(U"9)",1) (" &5TGAL"),& INAIIES"-(&2)+%)2 1 INA*IQ09!*:&*0:&1107?):1" Al-)IA&,&:0(!
+&-%)1! OF! $%&! +0-&"0(! Q09! *2:"."&11 46! :&#&9& *%09&! 02-)+0-&1! ?)(2+)!

2%:)+0-)A:0*%6!gTNNx!0?&-),"-:"(&U!-))4-0"INAXDI!0!6&(()Q!) " (GVNESAGNFN\WA-+)(G!

T\V!



W_Ri6"&(1URM)g-%" 1" (+ UM MIg+UBIX A g+ @BMTXNgQUG VQU!T_TyBUGI TWWAIgGh!! 2+
‘C)_7M 1g"NN!8[7G!3'3( W5!_FW IgM[G!{B! FT![7UG! _FANFVX!gV[G!+UG!aFsNI gV[G!
+UG!_FTMIgV[GILLEFWG!TF_I[TUGIXFX gTGTME | [7UG!XFT[@ 1-GYjI TVENG!_F_I[7UG!
MFaMFVIG!+UMFT\IgMIGGI TAENG!_ FMI[7UGTFAMIgM[G!+UGEFRM\IgM[G!+UGIZFMA
TFTIg_[G!+UG!NBNF \|gMT[G!+UG!NF\N! gV XB! [7UpIFG)_7M IgTMX!8[7G!3'3( Wb
TX\FMG! TXGVRV ' F_G! T@IFVXE! TVVA\G! TVRMAFGIG! TVNFTG! TMBGININGF NG T NIt
TMVRAVKN BN ! VYE!VVFMGGITRST TRRCM7D) gZ;Uh8n[i M?20(?YN):13 w[ ~] v@j" C!

W\ FVM@A)2, IOW\ FVM g ljt aMAFXA@ETENG!3[3(UL.):10190+*(&1).] " FWCMERY

C=EG+})(2+,C! <+6 ()985NgVii+GINFXI++bIMWN!++UF!8)480*%608.CI'F BIF! %&S®I5

[:@[G!ITEN!+Jc+",FI'&-&?-"),!Q0#&(&,A-%CIMN+F!Z:1j)I"  _FWEW

<Chromatogram> <Chromatogram>
mv mv
g Detector A Channel 2 220nm 2500 5 Detector A Channel 2 2201 m
500 M a 5
! 2000
100-
i 1500
300
100
200 000
100 o 2
8
ol — _ _ ——
13 14 15 16 17 18 19 20 21 2 13 14 15 16 17 18 19 20 21 22
min min
<Peak Table> <Peak Table>
Detector A Channel 2 220nm Detector A Channel 2 220nm
Peakit Ret. Time  Area Area% Peakit Ret. Time Area rea%
1) 14436 14583390 50.420 1 15174 64093747 97.516
2 20623 14340406 49.580 2| 19.998 1632416 2.484
Total 28923796 100.000 | Total 65726163 100.000
NCPh,

(i-Pr)3Si =
N\

otBs !
SEWNDgggrtHA2-6(1"+&-%6(9"(6(U)S6U+&-Y@RY-:"9)*:)*6(9"(6 (U &I, 5/, STH (B

TCAL"*%&,6(+&-%Q"+",& | dNA*WF $"-(&! ?)+*)2,1 | NA*UQO9! *:&*0:&1! 0??).1",Al -)!
T\



A&,&:0(! +8&%)1! OF! $%&! +0-&:"0(! Q09! *2:"."&1! 46! :&#&:9&! *%09&! 02-)+0-&1! ?)(2+,!
h:)+ 0-)A:0*%6!gTNNXI0?&-),"-:(&U!-)1)4-0" INAX09!0!6&(()Q)"(f*_FF-AGNFNWE-+)(G!
WXEN"&(LURM)g-%",."(+ UM A THOUG!I M\ T! g+UGMO UG MTXV! gQUEDIDGITWQUG! TWWX!
gQUIP TpIC) 7M g NNIS[7G!3'3( Wb!_FXMgM[G! 1! FNI[7UG! _ROEAMUG!+UG FVa
_FVNIgV[G!+UG!_FT_IgM[G!1EGH! TR\I[7U!XF \IgT[GI #GMF I[7UG!XFM_!gT[G]LTBAF G!
_RI[7UG!VFXWG! 11G1j! FXG! WFV! [7UG! VFWM! g [(BIEMG! _FX! [7UG! BIFXA ! g T[G! +UG!
MFAMFV\IGT[G!+UG! BVFMN!gHGG! TENMIgMT[GISIGGIEBUG!NFNN!gX[BMEX![7 PFG)
_7M 1gTMXI8[7G!3'3( Wb TXWBITV'F_G!TV FAGEIVYFFTGMMNM\E! TM\E! TIAXG! TM\FAG!
TM\FG! TTTEMGI\TFXG! T NG RENNE! MXFNGGIRFG! TYEBAVRCM7D) gZ;>Whsn[i
20(?Y1!.):13 wWj@;" WCW_"RWG!.)2,1CW_"FV IR ! j! aVTFMA ¢ TENG! 3[3¢U!.):1 0!
0+*(&!).! \FWIF&.:F!

[

C=EG+})(2+,C! 3&((2()9&5T!g\i+G ! Rl++bIMWN!++UB)4"(&1*%09&C! " F CNFT!%&58,&9C

[:@[ GITEN!+Jc+F!'&-&?-"),!Q0#&(&,A-%CMIN+F!Z:1)! \FWCTFWF

<Chromatogram> ] <Chromatogram>
mv mv
Soo 2 Detector A Channel 2 220nm| ] Detector A Channel 2 220nm
400 | 500
300
200 250
100 :
ol JAWAS ol e ) L
00 25 50 75 100 125 00 25 50 75 100 125 15.0
min m
<Peak Table> <Peak Table>
Detector A Channel 2 220nm Detector A Channel 2 220nm
Peak# Ret. Time  Area Area% Peak# Ret. Time  Area a%
1 6519 4521554 51.610 1 6640 87813 1.306
2 7457 4239483 48.390 2 7532 6638298 98.694
Total 8761038 100.000 ' Total 6726111 100.000

W



NCPh,

(i-Pr)3Si 4
TN

OBn 1!
SEENYP4&,76()S6U+&-%65KEg-:""9)*:)*6(9" (6 (U% &5, 5/%5, S5TH (BT T
1"%&,6(+&-%0,"+",& | NA*FS$"-(&! ?)+*)2,1 INA*PO9! *:&*0:&1!0?7?):1",Al -)! A&,& :0(!
+&-%)1! OF! $%&! +0-&"0(! @! *2:"."&1! 46! :&#&:9&! *%09&! 02-)+0-&1! ?)(2+,!
?%:)+0-)A:0*%6!gTNNx!0?&-),"-:"(&U!-)1)40", INA*DO!0!6&(()Q!)"(AN"BXAGNFTNM ) (G!
X_Fx16"&(1LUFMP9%",!."(+UVNXT!gQUG!VNM IgQUGIM " T!gBUGIMXNg AU |gQUG! TWWA!
QUI?+PIC)_7M g"NNI8[7GI33( wWo!_FWAWG1G] jI_FT![7UG!_RVMVN!gV[G!+UGla FMW
_FTMNg_[GI+UG!_&RNW!gMGG! XFX I gT[GJIiGMF ! [TUGIXFT_!gT[GJJ'BVFENG! _F_IB3!
"MIgM[GIIGIMFV![7UGIVFXIgT[GIIEBUGIWEX![7TUBINFIGH/@! FI[7TUGIMFXIgT[G!111G!
I TVEFTGWGIWBG! MRAKIEVT! gM[G! +UGAMFIW! g T[G! +UGANF M! gMT[G!piEG) _7M |
grMx18[7G!3'3( Wb TXWFVGITV F_G!TV F_GITV\FVG!TVXFTGMWASAVIBET VYM\FXG NB\F
TM\FG! TM\FTG! X&1 TIN\F_GXMIE WB! _ MF*GI MM VVENTGETIRECM7D ) gZ;>Uh8n[i M
?20?Y1L.):13v] M@;" CWVXFVBYV)2,1CWVXFVWIG'F!jI aT\F_T!gj! TENG! 3[3U!.):!0!
90+*(&!).! "\ FOUFVE:F!

!
C=EG+B)(2+,C! 3&( (2()98&6I gVu+G! *FX! ++! b MWN! ++UF! 8)4"(&! *%09&C! ""CT! %&B80,&9C
[ @[G!TEN!+Jc+",F&-&?-"),!Q0#&(& A-%UMN-F!IZ:1j! "\ FUFW

T\X!



<Chromatogram> <Chromatogram>
mv mVv

& Degector A Channel 2 220n 3000 3 Detector A Channel 2 220nm|
500
2000
250 1000
g
o - — — 0 — —
30 35 4.0 45 5.0 55 6.0 6.5 7.0 30 35 4.0 45 5.0 55 6.0 6.5 7.0
min min
<Peak Table> <Peak Table>
Detector A Channel 2 220nm Detector A Channel 2 220nm
Peak# Ret. Time  Area Area% Peak# Ret. Time  Area Area%
1 5451 4861996 49.605 1 5375 23596960 98.518
2 5.995 4939398 50.395 2 5.931 355080 1.482
Total 9801394 100.000 Total 23952040 100.000
NCPh,
(i-Pr)3Si =

QRGN S4&, 76(5Fg-:""9)*:)*6(9" (6 (U% &SR, 5/85, STH(BTGHEL"*%6&, 6(+&-%0,"+" & !
NATES"-(&1?2)+%)2,1  INA*RQO09!*:&*0:&11077):1" ,Al-)| A&,&:0(! +&-%)1! OF!$%&! +0-&:"0(!
Q091*2:" "&1146!:8#8&:9&%09&!102-)+0-&11?)(2+,12%:)+0-)A:0*%6!  gTNNxX!0?8,"-:"( &U!-)!
)4-0", INA*D9!0!6&(()Q)"(! ¢ TFR-AGNFN\MF+)(G! WAR! 6"&(1UFIM)g-%",!."(+WNM_!gQUG!
M ATIgHUGIMIXV!IgMIB!_|gQUG MBRUEBXNNQIU! ?+pIC)_7M g NNI8[7G!3'3( W5! FW'!
gM[G!1G! FN7UG FVa FVXIgV[&IG! F¥YNFMMNG!+UG! FEXENg [GHUGIXF_T!gT[GILG!
TMR[7UG! XFRREMT! gT[G! I-{BTVFNG! [FUGMF aMFXV! gV[G! +UGHMFVINGM[EUG! NF A
gMT[G! +pIFG) _7M !gTK! 8[7G!3'3( W TXWFAG! TV'F_GGIN\AGWVNF\G! TBNRV'E!
TM\FS! TM\IG! TMABTM\RG ! TM\FT G TEIXFMGETGNIAX G ANFXGEVWYF G THT VBCM7D)
gZ;*Uh8n[i " 20(?Y1!.):! 3af ;" CWNXFVIBYY2,1CWNXFVEXpF! ! aTTFT lgj! TENG!

3[3( WL.):10190+*(&!).! "WFENFVE.:F!

T\ !



C=EG+B) (2+,C! 3&((2()9&M gV 1+G! "F%-+! b! MWN! ++UF! §4"(&! *%609&C! N

%&S0,&F@[G! TENI+Jc+" FI'&-&?-"),|Q0#&(&,A-%CMN+FIZ:jl “WFBFW

<Chromatogram> <Chromatogram>
mv mv
2 3 Detector A Channel 2 220nm| 1 g Detector A Channel 2 220nm
= b 2500
1000 2000
1500
500 1000
500
o — — o}
20 25 30 35 40 45 50 55 6.0 20 25 30 35 40 45 50 55 6.0
min min
<Peak Table> <Peak Table>
Detector A Channel 2 220nm Detector A Channel 2 220nm
Peak# Ret. Time  Area Area% Peak# Ret. Tme  Area Area%
1 3.738 8445804 47.544 1 3.716 825672 4.244
2 4135 9318224 52.456 2 4086 18630838 95.756
Total 17764028 100.000 Total 19456510 100.000
NCPh,

(i-Pr)3Si =
N

OMe!
REUENY " YS+&-%)S64&,76(Eg-:""9)*:)*6(9"(6( U%&BE, 5/%, STH (BTG
1"%&,6(+&-%0,"+",& | ]NA*WF$"-(&! ?)+*)2 ,1 INA*MQO9! *:&*0:&1! 0?7):1" Al -)! A&,&:0(!
+&-%)1! OF! $%&! +0-&0(! Q09! *2:"."&1! 46! :&#&:9&!' *%09&! 02-)+0-&1! ?)(2+,!
?%:)+0-)A:0*%6!gTNNxX!0?&-),"-:"(&UM)4- 0", INA¥D9!0!16&(()Q!)" (K FWHAGNFN\Mt +)(G!
WWEE"&(LUFM)g-%",!."(+UN A TIg9UG!M\XV!g9UGIITBKVXXM! gQUEHFXI! TW\GRQU! ?+Fp!
"C)_7M 1g"NN!8[7G!3'3( Wo!_FXMNgM[GIIG\FW! [7UG!_F¥F"M!gV[G!+UG!aBMW!gV[G!
+UG!_Fa\FT_!gM[G!HU& N!gM[GLGFW![7UG!XBXF_"gM[G!+UG!XFM\IgTJGRMWENG!_F_!
[7UGIVF_MgV[G!+UGHENFEXY/ IgV[G!+UGHMIFAMW ! gM[G5 ! TFEANRIgMT[G !+ BFG)_7M IgTMX!

8[7G!3 ' 3(WDb TXWBTWFTG! TVE! TVXFWG! TVTIRBGT VMFVGMYNM\E! TM\E! TM\FXG!

T\ !



TM\RG! TM\FTG! TTVFIGEVFRGWVE_G!VWFTE&NESETYECM7D) gZ;Uh8n[i "?0(?Y1!
)13 v M@;" OVVXFV\BN2,1 OWVXFVVE goFljl aTTEVY§ TENGI3[3(A).):10190+*(&!). !

TCT&H

C=EG+B)(2+,C! 3&((2()9& 5T! gVii+G! AFX! ++! bt MWN! ++UF! 8)4&0 *%609&C! * CT! %&S@6&9C

[:@[G!ITEN!+Jc+" FI'&-&?-"),!QO#&(&,A-%CIMN+F!Z:1j! * TF

<Chromatogram> <Chromatogram>
mv mv
| S Detector A Channel 2 220nm 2 Detector A Channel 2 220nm
1250 5 8
1 *' o 2500 N
1 2
4 ©
000 2000
750 1500
500 1000
250 500
b
1 <
of o —
30 35 4.0 45 5.0 55 6.0 65 7.0 75 80 30 35 4.0 45 50 55 6.0 65 70 75 80
min min
<Peak Table> <Peak Table>
Detector A Channel 2 220nm Detector A Channel 2 220nm
Peak# Ret. Time Area Area% Peak# Ret. Time Area Area%
1 4.877 8411859 46.482 1 4.835 18636476 98.114
2 6.608 9685322 53.518 2 6.543 358265 1.886
Total 18097181 100.000 Total 18994740 100.000
NCPh,

i-Pr)5Si =
(i-Pr)s g

Fl
REENDY5(2):)4&,76(U 5Xg-:""9*:)*6(9"(6( U%&HBa, 5/%, 5T%H (BT GT
1"%&,6(+&-90," +",& | NA'UB"-(&! ?)+*)2,1 INA Q09! *:&*0:&1! 0?7?):1", Al -)] A&,&:0(!
+&-%)1! OF! $0&! +0-&"0(! QO9! *2:"."&1! 46! :&#&:9&! *%09&! 02-)+0-&1! ?)(2+,!
?%:)+0-)A:0*%6!gTNNxX!0?&-),"-:"(&U!-)1)4-0, INA )09!0!6&(()Q)"(' v WFHHAGNFNX!+ +)(G!

AMEXI6"&(1FIM)g-%"1."(+ UM ATIQUEIN Ng+UGIM\XMgOUGIMTXX!gQUGI TXXM!gQUG! TXNN!gQUG! T

T\ !



gQUI?FpIC) _ 7M IgANNI8[7G!3'3( Wb! FWWIgM[GILEN![7UG! _FYVIEVAgV[G!+UG! aFMX
_FMNIgV[G!+UG!_FN\igM[Q!IAEE!I TF I[7UG!_FIGIHMG! j\FAGIEX![7UGHXF_[@MG\ F !

[ 7WGIXFYX[GLG I TMF [TUGIXFT_IgT[GHTMFNG!_F_I[7UGIMFXN!gV[G 'VEHETXE |
[7UG! NFENF\ gMT[G-Up!FG) _7M !gTK! 8[7G!3'3( W TXWS! TREXg1G! j! MAVF! [7LG!
TV EG! TV FXG! WBXRYFB TVNBV3AGH]! F I G!TVNE TVMB! TM\M3QAIGH]! XFI[7 W
TM\FG! TNRGIMFTG! TRIgM3AGH!MTFT7 6! TTNFWG\MEGRABIW DI T\FXGVETM7D )
gZ;*Uh8n[i " ?20(?Y1!.):! 3 wR];" CWMAFVTEN)2,1CWMAFV Y ol jl a FTXEg! TENG!

3[3( WL.):10190+*(&!).! “AFVEVREYA!

C=EG+}) (2+,C!3&((2()98MgV11+GI"FX!++bINVN!++UF!8)4(&1*9D9&C) F BFTVES0,89(5

[:@[G!TEN!+Jc+" F!'&-&?-"),! QO#&(&,A-%CIMIN+F!IZ:1jI"'  REOVIRV

<Chromatogram> <Chromatogram>
mv
mv

Detector A Channel 2 220nm

3,855,

Detegtor A Channel 2 220nm
750
500-{

500

250

............................ [
min 20 25 30 35 40 45 5.0

<Peak Table>

Detector A Channel 2 220nm
Peak# Ret. Time  Area

<Peak Table>
Area% Detector A Channel 2 220nm
1 3855 4549788 47.922 Peak# Ret. Time  Area

rea%
2 4.240 4944444 52.078 1 3.914 409048 5.387
Total 9494233 100.000 2 4.315 7183501 94613
Total 7592549 100.000

4.5.3 Reaction Scale Up and Product Functionalization

NCPh, 10 mol % Co(OAc),¥4H,0 NCPh,
_ 10 mol % (R,R)-Me-DuPhos ] ) _
+  =—Si(iPr)s 20 mol % Zn (iPr)sSi
= (2.0 equiv) DMSO: t-amyl alcohol (2:1)
MIs__Ph 80%C, 20 h Pho |

TN



S E N5 %8&, &-Y%ofHEg-:""9)*:)*6(9"(6(U%&SIT8., 5/85, STH (BT GAL"*%&, 6(+&-%Q"+",&!
NAWE> 10,1] WB"((81! A(#&4)SG! 0,! #&, 51:"&1! gTMN! t3U! +"2:)QO#&! #'0(! &K2"+*&11 Q"-%!
+0A,&-"?19-":140:1Q09 2%0:A&1! Q"-92)40(-g>>U0?&-0-&! -&-:0%6 1 DVEIg AGNFTNN! ++)G!
NFFNN! &K2"#UBIRUB& 52/9%)9! g VNP +)( GNFTNN! ++)G! NRN&K2"#UG! 7", T\GR +AG!
NFMNN! +4G! NRN&KR"#UG!S;@! gTFNNU UG!1! tD+6(10(?)%)(! VNN UF! $%8&! +"S-2:&!
Q09!0(()Q&1!-)!9-"10-0+4"&, -1-&+*&:0-2:&1.):I TWI+", 2-&IF!$)! -%&!#"0(! Q09!-%&.,1011&1!
070-:"& & FTQVV I+AGTENM+)(GI TENNI&K2"#U!0, 11-:""9)*:)*6 ({6 (0?&-6(& &M |,JGIMFNIN
+4)(G'MFNN! &K2'H968:&2%),1-%6&! :872-"),1#"0(1Q09 20**&1G! -08, 1)2-1).!-%&! A()#&4)SG!
0,119-":&110-\N1t 31.):IMN!%F!$%&!:&0?-"), 1+"S-2:&1Q09!-%8&,12)) (&1!-)!:))+!-&+*&:0-2:&!
K2&,?%&1!Q"-%!Q0-&: MFJU!0,11&-%6(10?&-0-&I+IUF!$6&1):A0,"210,110K 28)29! (06&.:9!
Q&:819&*0:0-& 10, 11-%&!0K2&)2906&! Q09! &S-:07-&1!Q"- %65 (10?2&-0-&TdN+J ISIUFI$%E&!
2)+4" &11):A 0,'?21&S-:07-91Q&:&!1:"&1)#&:!]0i@-G!."(-&:&1G!0,1!?),2&,-:0-&E!0,1!-%8&. !
“06&1:&9"12&1+2:" "&1146!:&#8&:F&609&! 02-)+0-&11 )@+, 2%:)+0-)A:0%%6 1-)10..):1 1-%&!

189"&11*)1 2?2-1090!6&(()Q) "('gM TI+AGINFWY) (G!\VFEXX!6"&(1UF!

NCPh, |o
(i-Pr)3Si S = 1.0 M ag. HCl (i-Pr)sSi
THF, 22%C, 2 h S

Ph Phy

S B\ 5%&, &% 6Eg-:""9)*:)*6(9"(6(U%&S%,0( H <! MEL:0+! #'0(G! &K2"*&1! Q"-%! 9-":! 40:G!
Q09!?7%0:A&1!Q"-%!0701"&NAJJWMFN!+AG!NFTNN!++)(G! TENN! &K2"#UG! ${RIGNE, INN!
TEN!8!0K![3('gNF_NN!+JUH&! +"S-2& Q09! 0(()Q&1!-)!19-":1.):IM! %! MM t3F! $%6&TS$-2:&!

Q09! 1"(2-&1! Q"-%! 1"&-%6(! &-%ERIy! +JU! 0,1! -%&! 0K2&)29! 0,1!):A0,"?! (06&:9! Q&:&!

™



98&*0:0-&1F! $%&! 0K2&)29! (0-&:! Q09! -%8&,! Q09%&1! Q"-%! 1"8&-%6(! &-%&:! gWFNSH6EN S! VUF!
2)+4" &11):A0," ?1&S-:0?-91Q&:&%&,!1:"8L)#&:!]0 v@+G!(:8:&1510,11-%87),2&,-:0-& 1!

in vacuoF! $%&! :89"12&! Q09! -%8&.,! 2811 46! :&#&:9&! *%609&! 02-)+0-&1! 2%:)+0-)A:0*%%6!

gTNNX! 07&-),":"(&U!-)! 0..):11 -%&! -"-(&! ?)+*)2,11 09! 0! .0" - 6&(()Q! )"(! gT'FV! +AGVMH!
+4)(GIWAFTXI6" @ URV)-%", L. (+UNVNMADUGIM ATIGIRRV! g@IMTXVIGHT_TT!gINSYV!gQUG!
TAXIgQUP+5pIC)_7M Ig"NNI8[7G3'3( Ws!' FX IgT[GIOUG! aFFTVIgM[G!+UGha FNWIgV[G!
+UG! MRIMF_W!gT[G! +UGEMFXXgV[G! +UG! MZXN! g T[G! +UGTIFE T! g T[G! +UG! TRTRW!

gV[G! +UG! NRIMT[G! +/FG) _7M !gTMX!8[7G!3'3( W5 MNNIG! TATF G! Fa TM\FWG! TM\FAG!
TMWFFSIV_FVG!IG\FB/ TFGIVTE!M F GIM_FAGITWBCM7D !gZ;>Uh8n[i "?20(?Y1L.):!

3uf w@"CVW_FMXaW)2, ICVWIMXTIF gl jl nM¥ g j! TENG! 3[3¢U!):! 0! 90+%(&! ).!

 FWCIRW

OH

(i-P1)sSi 2.0equivNaBH;  (i-Pr)sSi

N EtOH, 22 %4C, 2 h

Ph Ph |

S B 5%E&,&%66Eg-:""9)*:)*6(9"(6(U%&IH, S5TH(!gNAIUKIMEL:0+!#"0(!Q09!7%0:A&!Q"-%!
?:21&!10(1&%61&!']00[ ~!lg_ FWX!+AG!NFMNN!++)(G!IMFNN!&K2"#UG! §1It(F) Bep@g0?-"),!
+"S-2:&! Q09! -%&,! 0()Q&1!-)! 9-":1 0-1))+! -&+*&:0-2:&!.): I M!%)2:9!0.-&:! @6"?%)! "-! (!
K2&,7%&1! Q"-%Nx! 0K2&)29! J0@['gTFNN!+JU! Q1! .2:-%8&:!9-"::&1!0-!:))+! -&+*&:0-2:&!
) TN+ 2-&9F1$%&1+"S-2:&1Q09!1"99) (#&1!",!Q0-&:!IgMFNN!+JU!0,1!1"?%§:960,&!gWFNN!
+JUF! $%&! 0K2&)29! 0,1! ):A0,"?! (06&:9! Q&:&K*0:0-&1F$%&! OK2R9! (0-&:! Q09! -98,!

Q09%&10Q"-%!1"?%():)+&%00,&! FYFNN! +J! SIVUF! $%&! 781 ):A0,"?! &S-:0?-9! Q&:&!-%&,!

™M



1:"€11 J#&! 0 v@+G! "(-&:&1G! 0,1! -%&,! ?),?&,-:0-&bh vacuoF! $%&! :8&9"12&! Q09! -%&,

*0:1 "8 11 461 :8&#8&:9&! *%609&! 02-)+0-&1! 2%:)+0-)A:0*%6! gTNX! 02&-),"-:"(8UIY 0..): 1! -%&!

(&12)+%)2 , 1109101?)():(&99)"(!gT F_1+AG!INFWA'l ++)(BEN! 6"&(1!0.-&:!-Q)! 9-&*9URN)
g-%",|.t+UNVVVAG4:UG! VNMX! gQUG! M AN! g9UG! M\ N! g+UG! M\XV! g9UG! MEKTTY ¢ GUIXN ! gQU
2+5pIC)_7M 19MNIS[7G!3'3( Wo!_FTHY FTYM[G!+UG!_BEN-NGV[G!+UG!VFWGH§HI] !
XFM[7UGIMF_@!§T1 GYj! T"FMGHFVG XA MEXN! g T[BIPEEXGN\FT! [7UG I FIG ! --@)!
\F\GIWFN[7G! TUBATFWT!gNG!+UG AV WIgM[G!+UG! TEMN!g T[GINEGIYF NG [pEG)

_7M IGTMXI8[7G!3'3( Wb TAMFG! TM\FWEEG! TMWR\GYGIVIBXMIG!V_FAG ! GWAMEVTFWG!
VNFXG! T\F_BFTM7D ! gZ;»Wh8n[i " 20(?Y1!.):! 34 w@"CNWFM_X.)2,1CVW' FM_ KN

fl @il NVTEXG jITENG!3[3(UL.):10190+*(&!).] " FWCMERV

C=EG+3)(2+,C! 0+6 ()985TgVii+G!/FX!++!b! MWN! ++UF! 8)"(&! *%609&CF BIFP6&S08.915

[:@[G!ITEN!HJc+"FI'&-&?-"),!Q0#&(&,A-% NN, +F!Z:1j)I"  _FWFW

<Chromatogram>
mv 9 <Chromatogram>
mv
= 3 Detector A Channel 1 200nm|
750 ] = 1 = Detector A Channel 1200nm
e 3
r r 1250 B
1000
500 |
750
250 500
250 °
| 3
[ i g
o} . -
80 85 9.0 95 10.0 105 1.0 1ns 120 25 B30 0000000 P
min 80 85 20 95 0.0 105 1.0 15 120 25 130
min
<Peak Table>
<Peak Table>
Detector A Channel 1 200nm
Peak# Ret. Time  Area Area% Detector A Channel 1.200nm
110581 11710983 49.519 Peﬁkf Re|wT22 A;:gz‘m AreZ/GOE)
2 11104 11938546 50.481
Total 23649520 100.000 2 11017 27821719 97.391
Total 28566962 100.000

™V



NCPh; NCPh,

(i-Pr)3Si =z 10 mol % Rh(COD),BF, (i-PP)3Si
% 10 mol % PCys %
H, (1 atm)
i Ph MeOH, 60 %4C, 19 h Ph

RUNTY'S5%&, &-%BXg-:""9)*:)*6(9"(6(U%&SB, 5T5H(BTGAL"*%&.,6(+&-%0,"+",& | NAIUF
>10,1] vB"((&1! A()#&4)SIE! MEL:0+! #'0(! &K2"*&1! Q"-%! 0! 9-":40:009! 2%0:A&1! Q"-%!
H%g3@'WOR! gMFN! +AG! NFNNW! ++)(G! NFNWN! &K2"#UG! -:"262()%&S6(*%6)9*%",&! g TFM +AG! NF
+4)(G! NRWN!&K2"#UG!0,1!+&-%0,)(! gMNMNE%& ! :&0?-"),1+"S-2:&!Q09!0(()Q&1!-)!9-":10-!
0+4"&,-1-&+*8&:0-2:&! .):IVNI+",2-8910.-&:1Q%"?%!0701"&,&!) gMXFN!+AG!NFNWN!++)(G! TENN!
&K2"#U! 0,1! +&-%0,)(IgMNMIIU Q09! 011&1! -)! -%&! #'0(F! $%&! #"0(! Q09! -0=&.,1)2-1).! -%8&!
A()#8&4) SE$%E&! #'0(! Q09! &#0220-&1! 0,1! 4076&1! Q"-%! %61:)A&,! A09! g.:)+! %61:)A&,!
40(()),UF1$%&1#"0(1Q09!-%8&.,10(()Q&1!1-)19-":10- 1032, 1&:10,10-+ )9*06&:&1).1%661:)A&,1.):!
T'19%F!$%&!:&07-"),1 #&99&(1 Q09! -%&,! ?))(&1!-)!:))+1-&+*&:0-2:&G10,1!-%&! ?:21&! +0-&:"0(!
Q09! *0998.1!-%:)2A%! 0! 9%):-1*011).19"("20! A&(G!0,1! &(2-&1! Q"-%! Z-@<?! g\l +JUG! 0, 1! -%&,!
2),28,-:0-&1! in vacuo. $%&! :&9"12&! Q09! -%&,! *2:"."&1! 46! :&#R! *%09&! 02-)+0-&1!
29%:)+0-)A:0*%6! gTNNx! 02&-),"-:"(&U! -)! 0..):1! -%&! -"-(&! ?)+*)2,1! 09! 0!16&(()Q!)"(! MNIF_
+AGINEV X+ + )(G! FM 6"&(1URM)g-%",! {+UMNXTQ UG! VNMX! gQUGIMIB\X V! gOUGNUTX
g+UGI MRYQGIT_1gQU2+ Tp!IC)_7M I9/MNIS[7G!I3'3( Wo!_RVNM[GLGYj! _FN7 UGN
_FMgV[G!+UGFMa MTGMG!+UG!_F& FRgM[G!+G!_FATFN\G!+UG! FNW!gM[GYj! FG!

TFI[7 GIVFM IgM[GGB XFY[7 UG!IMEMF_X!gT[G'@URXAMRNG T[G !+ BIEMMRYG T[G!+&
TFVATF_IgT[G! +BTFEMITEXIMG! +UGTFAaTFATGMG! +UGTENN! gMG[ +PIFG) _7M | gTMX!

8[7G!3'3( WB TX_FS! TAKE! TANGNTV_GNTM'E! TM\G! TM\SWI MIVG! TMGE! TWIG! TM\EN
T
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mv <Chromatogram>
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<Peak Table>
Detector A Channel 1 254nm <Peak Table>
Peak# Ret. Time Area Area% Detector A Channel 1 254nm
1 9.952 7163735 46.176 Peak# Ret. Time  Area Area%
2 10204 8350391 53.824 1 9.709 5748626 96.026
Total 15514126 100.000 2 9.996 237880 3.974
Total 5986506 100.000
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T A XgTU AWMU \MVVgTU ML
IT! TN\NgMU __AVgNIU XT\NgTU MV
3T! M A"gVU AWMVAVU  \NTVgTU MV
3M T_~VgMU AMV g\TU _"NXgTU M4
3V! MXVgMU  W\'\gVU _ \'gTu MW
311 M \gVU AAMGVU _NNXgMU MX
3W 5TTgNIU W\'MgVU X\WAgMU MW
3X! __AgMU XM\ gVU XM T MV
3! WNMTGVU X Xg U \N"MgMU AN
3\ ! ATMVgRU _W_Vghu _W\TgMU XN
31 XWM U _V'NgWU _WTgVU X\!
3TN WAXMgVU VAMVgHU _XWAgMU AN
3TT! WXMXg™U  MMTVA™U  _\NAgVU XV
3T™M WXWTHNU  ATWVGWU  X\MWgMU XT
3TV WTWNGVU ~ AWANgMU "MAMIU Al
3T XX_WgrU AWAMgXU “AWgVU A
3TW AMX gWU WV_gXU " ANgMU !
3TX Mg\U MMWJVU  _VWgTU ML
3T ! AXNGVU TWTgVU \_MVgMU VX
3T\! MXTgVU MWAGVU  \\ XgTu VA
3T ! 5N gVU 5Xg"U "M'VgMU M
3MN 5°\gU! 5TXAWgNU AgMU WK
3MT STVAGWU  BMXXM@MU T\gMU W1
3MM “MMghU MMAWEU  \__NgMU W1
3MV TTMYVU 5 \Ng\U \XTTgMU AW
3MA T XMgMU  \TTXg\U WXMT4TU MT
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3M_! MWW gMU  TT_ MgVU NTTgTU MX
3M\! MXV_gMU  TMXV\gVU WAVXgMU MV
3M! MA AgMU  TMNMgVU  XTMV@MU MX
3VN MMN_GM  TNWXMgVU  XT\XgTU MV
3VT MT\gMU _TTMgVU WNWyTU MN
3VM TMTVgMU X TTg\VWU AWXWGTU MW
3V\ TXNTgVU WA AgvU ANT\gMU M1
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3TTWTgMU!  WTgMU  \gvU! MMgMU  T_gMU! WgMU
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3VAVXgTU!  MNgTU VVgTU! SMgTU TWgTU!  5/gTU
3VWMWgTU!  M_gTU AMgMU! NgTU TVgTU! TgTU
3VXT gTU! MXgTU V_gMU! 5TgTU MgTU! BgTU
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MMF E"0,AG!EFp!J2G!IF!bFp! J#G![Fp! e%0, AEUWHS! Z.."?"&,-1;6,-%8&9"9!).1 396:0(!! 5
3RV <+",&9! via HYEB0-0(67&1! <96++&-:"?! [61:)A&,0-"),F!  Org. Lett. MNTW@G! TTWA
TTWXF

!

MVF  3%&,GleF!/Fp![2G!;FIOFp!e%)2G! EFp!e%)2G!fFILF!:6,-%&9"9!).13%":0(!1$:".(25)+&%6(
:249-"-2-&11 [61:07",8&9! via! /1 S30-0(67&1! <96++&:"? [61:)A&,0- "),! 0,11 H&127-" #&!
<+".0-"),F1  ACS Catal. MNTWGIXNSKN\'F

!

MM <4&G! [Fp! <+"G! [Fp! B,&60+0G! PF! B0-0(67&1k 96+ +&-:"?! [ 61:)A&,0-"),1).!

< (*%CER?2):",0-&1! >")&9-&9! "! R2):",0-&ll <(?)%)(C! <!'] &Q! 0,1! 30-0(6-"?!
Z,0,-")9&(&2-"H#&E 6,-%&9"91).R2):)! | 5x+")l <?"1I' &:"#O-"#&FOrg. Lett. MNNBG! VEY
VTWF

!

MWF  3%&,G! 8F! IFp! '20,G! fFp! 36&,G! IF! <Fp! 10,AG! 'F! ;Fp! 2G! 3FF® e%)2G! fF! LF!
Z,0,-")9&(&?-"#&! /1 B0-0(67&1! [61:)A&,0-"),! ).l R(2):",0-&1! >+",&9C! RO?"(&! <?2&99! -)!
3%":0(IR(2):",0-&11<+" &9F10rg. Lett. MNTNGANN AWN_! F

!

MXF '0"G!IFp! f0,AG! IF! HFp! e%0,AG! bF! 8EI'Z'&,-! H%)1"2+ 53 0-0(67&1!< 96++&-:"?!

[ 61)A&,0-"),1.):1- %&16,-%&9"9!).10] &Q!3(099!).INS:6(! $+",)10?7"1! ' & "H#O-"#&IF!
Org. Lett. MNNWAGIW\VAWVANWF

!

M_F  [&9&(&G!<Fp!P0-)G!8Fp!8):"G! PFp!<="60-+0GUFEE]! /%)9*%):"?! <?"1130-0(67&1!
$:0,9.8:! [61:)A&,0-"),C! RO?"(&! :6,-%&"?! <??&99! -)I ['A%(6! @*"20((6! <?-"#&!
$:".(2):)+8&-%6(0-&11<+" &9F! Angew. Chem., Int. Ed. MNTBBGNT\M\T\VA

!

M\E  3%&,G! 8F! IFp! f0,AG! IFp! &,AG! eF! [Fp! e%)2G! fF! HFp! ", AG! IF! /Fp! /& AGEKF!
@:A0,)20-0(6-"?1<96++&-:"?1H&122-"),1).IR(2):",0-&11<(=6,6(IP&"+" &9F! ]. Org. Chem.
MNTYEGNX\a\X APl

!

ME  PO,AG!IFp! e%0)G! eF! <Fp! f)2G! ;F! JF! <96++&$'9,9.&:! [ 61)A&,0-"),!).! $,9%
<(=6,6(1 B+")! Z9-&9146100:7,9-&1!< ?"1FDrg. Lett. MNNWBGIMNAMNVAF

!
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30-0(69-9F! Am. Chem. Soc. MNTKGSG! "Tal 'T_[F
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VTF  3%&,G! 8F! IFp! 12G! OFp! 8%s! eF! IFp%"GFp! €%)2G! fF! LF! ;6,-%&9"9! ).! 3%":0(!
R(2):",0-&1!/:)*0:A6(0+" ,&9!via! 3%&+)9&(&?-"#&! O")+"+&-"161:)A&,0-"),F!  Org. Lett.
MNTXGGI"X\&NKWVF
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WE 12G! 8Fp! 3%&,AG! $F! fFp! E"G! 8Fp! J"2G! HRBPP-0(67&1! <96++&-:"?! $:0,9.&:!
[61:)A&,0-"),).10(*  %@5:".(2):) +&-%6("+",&9H! Org. Chem. MNTWI@S!V_MNHV_TVF

!

WE  '0"G! bF! fp! 30%0:1G! 'F! Z,0,-")9&(&?-"#&! ;6%&9"9! ).!! 85:".(2):)+&-%6(!
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Synth. Catal. MNTA856G!TVETVMIF
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30:4),! 3&,-&9'R&0-2:",Al0!1$:".(2):)+&-%6(! L:)2*1.))+! [ :)?%":0('$:".(2):)+&%6(0-&1!

: 249-:0-&9Ehem. Rev. MNTTIG1IGI"VAWMIF
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VWF 8):"90="G!PFp!8):"+)-)G![Fp! @%9%"+0G! $FR&& /)A:&99!) ,130-0(6-"?!<11"-"),!
H&0?-"),9!-)!] 8B,9249-"-2-&1!>+",&9FACS Catal. MNMNEGS !X MXWTF

!

VXE  ZA))#HG!>F!Fp!;0,-:0G!;Fp! P)*?%2=G!'F!;Fp! P)#0(&#G! >F!;Fp!e6:60,)#G! LFIwFp! 80d&&G!
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>+",&9FAdv. Synth. Catal. MNMBI&2G!"M &MV MAF
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VFE 10,A G![Fp!E"0,AG!$Fp!b2G!8F![F!;"#(&,7%&1!;2(.2: 5@ (&.",9!'09!3%":0(!J"A0,19!
):TH%330-0(67&1! <96++&-:"?! <:6(0-"),!).1 36?2("?! P&-"+",&9C! ['A%(6! Z,0,-")9&(&?-"#&!
3),9-:27-"),1).1$&-:0 9249-"-2-&1!304),!;-&:&)?&,-&:9F! . Am. Chem. Soc. MNTUIG5G!"_&
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!

WE R&,AG! 3F! LFp! b2G! 8F! [Fp! J",ARUIFR&#&()*+&,-! ).! 0"?6?()hVFVFNIi)?-01"&,8):!
"?6?(0*&,-01"&,& 85009&1! 3%":0(! "&&! J'A0,19! ) $:0,9"-"), B&-0(30-0(67&1!
H&07?-"),9R8ynlett MNTG!VNETVWXF

!

VF ;%",-0,"G! HFp! [0609%"G! $F! 3%":.0(! "&,&! J'A0,19! .):! <96++&-:1230-0(69"9F!
Aldrichim Acta MNNI®2GI\VaV\F
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P0+0=2:0G!PFp!P2:0+)?%"G!<Fp!P2:"-0G!;Fp!807%"10G 1B \@p0;0Q090%!<Fp!B?%",)G!
$FIH&?&, 4 1#0,7&9!).1 < ?%".0(10,18%":0( "&,&J"A0,19!",! $:0,9"-"), B &-0(B 0-0(69&9F!
Tetrahedron Lett. MNTI&F

!
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ATE  e%0,AG! LF! IFp! 10,AG! JFp! ]"&G! EFp! 80G! EF! <F! G%'®BE1! < ?"18B &1"0-&1!
Z,0,-")9&(&?-"#& @A0,)20-0(6-"?! $%:&&B)+*),&,-!  H&D?-"),! .):! -%8&!3),9-:22-"),1 ).1
$:".(2))+&-%6( 3),-0"" Al 8 )(&?2(&9Bkv. Synth. Catal. MNNB50GI TANETAXVIF

!

AME  [29+0,,G! HFp! ;2A"),)G! ZFp! 8&:9+0,,G! ;Fp! HO04&G! LFp! H2&*" AG! 8Fp! O)(+G! 3F!
Z,0,-")9&(&?-"#8& @:A0,)20-0(6-"2!;6,-%&9"9!).1120-&,0:6! ! 5+")I< ?"1910&0:",Al0!3R
8)"&-6F10rg. Lett. MNTTIGGITNATNA F
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AVE  f),&90="G! HFp! P),1)G! fFp! <==I1G! IFp! ;0Q0G! 8Fp! 8):"98'G! PFp! 8):"+)-)G! [Fp!
@%9%"+0GISEBHINV 5249-"-2-&110>]@J!/%)9*%):"21<2"191091Z..&?-"#8&! @:A0,)?0-0(69-9!
"1ER-1 Z,0,-9  &(&?-"#&! R:"&ER:0.-9F6*&! <(=6(0-"),! ).! NB,*)-&?-&1! 0(*%0 5
P&-"+")&9-&: FChem-Eur | MNTVGGI TWNTWME

!

AME - 8"60A0QOG! 8Fp!J9%"10G! 8Fp! P"6)-0G! fFp! <="60+0G! $F! Z,0,-")9&(&?-"#&! FE"&1&(
3:0.-9! <(=6(0-"),! H&0?-"),! ).! [&-&)0:&,&9! Q"-%! | 5B,*)-&?-&1! $ :".(2):)+&%6(!
P&-"+" &9146!8&0,91).13%":0(1/%)9*%%):"21<?"1F! Chem.- Eur. . MNTIGGIWXaWX\TF
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AN J'G! BFEFp! 3%8&,G! 'Fp! L2G! [F! HFp! J".G! bF! RF! Z,0,-")9&(86-%&9"9! ).!
08,707&*")",1)(&9! 08&0:",Al $:".(2):)+&%6(0-&1! | 20-&:,0:6! ; -&:&)?&,-&:9!3 0-0(67&!
4613 %":0(1 *":)?62("?Y %)9*%):"?k ?"19FThem. Commun. MNTMBG! WHAWATE
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08, 707&*" )" 1)(&! ' &"#O-"#&9! Q"-%t" (2):)+&%6(0-&1! | 20-&:,0:6! ; -&:&)?&,-&:9! 46!
3%":0(1 %)9*%):"?k 2"1830-0(69-9B)rg. Biomol. Chem. MNTAGGITVETV_AF
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3),-0"" Al $&-:0%61:)3520:4)(",&9! via! 3%":0(% *')262("?! | %)9*%):"?1< ?"153 0-0(67&1!
< 70RR:"&18%3:0.-91 H&0?-"),FDrg. Chem. Front. MNT 4GS I TANATATNIF
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NE  J)2G! [F! IFp! 10,AG! fF! $Fp! EG! ZF! eFp! J", G IRF! @:A0,)?0-0(6-"?! <96++&-:"?!
16,-%8&9"9! ).! "%61:)4&,7)S07",),&9! O&0:" Al $:".(2))+&%6(0-&1! 120-&:,0:6!
-8:&)?8,-8&:9F). Org. Chem. MNTXGG!MNIMNMXF
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NE O J027),G! 3Fp! 3%0:8&G! <F! OF! 30-0@ <96++&"?! ;6,-%&9"! )11l 5
$:".(2))+&%6(0+",&9! 46! % & 3)**& 50-0(67&1! ] 22(&)*%"("?! <11"-"),! ).
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[ )49)0( (6("?K +",89!-%:)2A%H&0?-"),91).1g*",0?)(0-)U < ((6(4):),9!Q"- %<k :6(5G!
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[ &-&:)0:6(8x (=6(85"):k (=&,85 249-"-2-&1k (1"+",&9!30-0(67&1!468 %":0(!35 6++&-:"?!
I3 532!3)+*(&S&9F. Am. Chem. Soc. MNTTG3G!VVYEWVRE/
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WTF 10,AG!'EFp!J"2G!bFIRR, AG!bF!8F!€3-+&-:"?!;-:&?=&:H&0?-"),9F Chem. Rev. MNTTG
111G X "aX \VR
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WEF  10,AG![Fp!e%0)G!bF!8Fp! IB[Fp!J2G!IF!;)(#&,83),-)((&1! <96++&-:"?!; -:&?=&:!
H&0?-"),C!;-&:&)9&(&?-"#86,-%&9"9! .1 85:".(2):)+&-%6(0-&1! | 5 +",) 0?"19F! Org. Lett.
MNNXG!TV aTV\TF
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WEF [2A2&,)-G!RFp! O:"A021G! $F! 3),7"9&!-%&9"9!).Z,0,-")*2:& ! 55:".(2):)+&-%6(!
<(0,",&9G! "0+",&9G!0,1k +" )1 0(?)%)(9! via!-%&!;-:&?=&6*&! H&0?-"),FY. Org. Chem.
MNNXGG! N aAN_\F

!

WF  Z,1&9G! 'Fp!L)--.."&1G! PFp! HO04&G! LF! @:A0,)?200(@®,0,-")9&(&?-"#&! ;-:&?=&:!
;6,-%8&9"9!).I! §20-&:,0:6! ! 55:".(2):)+&-%6(!<+ ")I<?"19F!Adv. Synth. Catal. MNNB52G!
VT aVTWMF

!

WWF b"&G![F!bFp!;),AG!<FILFp!;),AG!bF!bFp!e%0,AG!bF!;Fp!lIQ@GITF) ?0-0(6-"?!
Z,0,-")9&(&?-"#&!;-:&?=&:H&0?-"),!).! 3672("?%:".(2):)+&-%6( P &-)"+ ",&9FTetrahedron

Lett. MNTBGG! T"NTATTF

!

WXF b"&GF! bFp! e%0,AG! fF! <Fp! e%0,AG! ##'3%&,G! bF! OFp! I10,AGF D".2,?2-"),0(!
3",2%),0! <(=0()"1! $%")2:&0! 30-0(67&1! ['A%(6! Z.."?"&,-G! Z,0,-")9&(&?-"#&! <7§&,:6!
H&O0?-"),1).! 362("?! $:".(2):) +&-%6(! P&-"+",89C! ;6,%&9"9!).! <,-'H>w! :2A! /3! N\VF!
Angew. Chem., Int. Ed. MNTEBG!TT_aVT__XF

!

WIF  0%0-0G! BFp! P0O--0+2:"G! /F! wFp! ;"-),&,G! EF! [Fp! <(&+0,6G! JF! OFp! P2:-"G! JF
Z,0,-")9&(&?-"#&!30-0(6-"?!<((6(0-"),1).1<?6?("?'P&-"+",)&9-&:9C!;6,-%&9"9"A(*%ER2((6b
;24 9-"-2-&11<+")1Z29-&:9F!Org. Lett. MNTIGE G MMIMTTIF

!

W\F | "-&G!8Fp! P"+G! [Fp! 109&:G! BA 330-0(67&1! <((6(0-"),!).! >+",&9! -)! <??&99!
0(*% @R 5249-"-2-&110(*%E<+",)I<?"1I'&:"#0-"#&9F! Eur. J. Org. Chem. MNTG TMB TM_IF
!

WF  e%0,AG! ;Fp! 36! JF! 'Fp! "G IpF[2G! fF! OFp! J'G! fF! <Fp! e%0G! eF! LFp! I0,AB! eF! f
<96++&-:" ?' R):+0(! <70 5"&(9 < (1&:! H&O?-"), 1).! $:".(2):)+&-%6(! [&+"0+",0(9! Q"-%)!
Z,),&9!30-0(67&1!46!/:"+0:6!<+",&9F! ]. Org. Chem. MNTXGG!VT avT\_F

!

XNF  '20,G! [F! bFp! €%0,AG! fF! |Fp! €%0,A€F! eFp! 10,AG! fFIF! C56++&-:"?! TGND
"*06&,6(&-%0,&5TGBI'0+",& 5&:"#&1!/:"+0 :65p&:-"0:6!"'0 +",& 330-0(67&1! <96++&-:"?!
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80,,"2%! <11"-"),1).1362("?!  N52(.),6(! $:".(2):)+&%6(0-&1! P&"+" &9F! ]. Org. Chem.
MNMBES TTVRTTVV IF

[

XTF  :0Q0G!8Fp!8):"90="G! PFp! P)JG! fFp!8):"+)-) G![Fp! @%9%"+0Gt&R-1<?228&99!-)!

] B,*)-&?-&1! 0(*%0 8 0,1c) :! 4&-(Bp&-:09249-"-2-&1! <+")! <?" 11 Z9-&9! #"0! ":&?-!
30-0(6-"?! 80,,"?% F6*&! H&0?-"),9! B9" Al NB,*)-&?-&1! $:".(2):)+&%6(! P&"+" &9F!
Chem.- Eur. ]. MNTIZ3G!T_NETMMNMIF

[

XMF  f)2G ! fF! ZFp! J2)G!tEF 30-0(6-"?! <96++&-:"?1 80,,"2%! $6*&! H&0?-"),! Q"-%! $:" 5
c".(2)) 9):1$:"29%():)02&-0(1"+" &!/: &?2:9):9FDrg. Lett. MNTEDG!_T\A_TANF

!

XVF  e%0)G! 8F! bFp! O"G! [F! JFp! E"0,AG! HF! [Fp! b2G! bF! IFpBY8Y6), BF<(=0()"1!
'K20:0+"1&C<A@<?! 3))*&0- "#&(6! 30-0(67&L "09-&&)F 0,1! Z,0,-")9&(&?-"#&!
80,,"29%C362("70-"),! 309?701& | H&0?-"),1).1 >9)?60,)0?7&-0-&9! 0,1!362("?1 $:".(2):)+&-%6(!
P&-"+",&9FOrg. Lett. MNTAGGGINWAXVX I

[

XAF  R29-&)G!;Fp! E"+&,&7G! 'Fp! B&:#&:0G! EF! RFp! ;0, BAWE(()G! 8Fp! Z9-&405p!
"4), HR2&,-&9IG! <FI['A%BI0,-")9&(&?-"H#&), 6,-%&9"91).R(2):",0-&1! %<+ ")l <(?)%)(O!
-%:)2A%f )(",& 53 0-0(67&1B :)99580,,"2%! H&O0?-"),FOrg. Lett. MNNWKGIVNAYAVXF

[

XW  $:)9- G!OF!8Fp![2,AG! 3F!>Fp!;2%0:.G! 8F! EF! ":&7-1 30-0(6-"?! <96++&-"?!w",6()A)29!
<11""),91).1 1,$ 90,11 $,9802-&,)("1&9! -)! /)(6.(2):",0-&1! <(=6,6(! P&"+",&9F! Angew.
Chem., Int. Ed. MNT\& GITAN\aT TATMF

!

XOE  e%0,AG! EFp! 10,AG! fF! ;6,-%&-"?! '&H#&()*+&- ).! 1), §2?2(&)9"1&! H&#&:9&!
$:0,97:"*-09&! >,%"4"-):9! g]]H$>9U! 09! <,-"F>w! :2A9C! Z.0#":&,7 10,1! "-91 '&:"#0 -"#&IF!
Curr. Org. Chem. MNTIXBGIMTaKMMNIXF

[

X 80A,29G!F!<Fp!3),.0(),&G!/F!]Fp!;-):0?&GJF/0-&(G!8Fp!1)) 1GI3FI3Fp!'0#"9G! IF!/Fp!
/0:9),9G! HF! JF! L&&:0(!; ?)*&! ). | TGB "09-8&:&)9&(&?-"#&11"-"),9! -)! 0! MgV[U5
| 2",07)(",),&C1/:02-"20(! / :&*0:0-"),1).I[>W! $U&:0%&2-"29F! Org. Chem. MNNMBG! _\&A
_XTF

[

XE  80A,29G!|F! <Fp! 3),.0),&G! /F! JFp! ;-):02&G! JR! | &Q!< 96++&-:"21 TGH11"-"),!

+ &%) 1G1*("20-"),1-)1-%8&! ; 6,-06&9"91).1-%&I[>vi]! ), § 2?(&)9"18H&#&:988:0,97:"*-09&!
>9%"4"-):'/3"XTF! Tetrahedron Lett. MNNMGB/NTHWNT F

!

XF  [2.+40,G! 8F! <Fp! f09210G! |Fp! '&?0+*G! <F! ZFp! :04)Q9="G! ZF! EF! EF! J*-9"2+!
<(=)S"1&9!).! 3",2%),0! <(=0()"19! 09! 3%":0(! 3),-1)((&:9! .):! Z,0,-")9&(&?-"#&! <?&-6("1&!
<11"-"),1-)1362("?1]  5<?6(IP&-"+" &9F]. Org. Chem. T WBE0GI TWANWF
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!
_NE E"0,ABOFp! ;"G! fFILF A%(6Z,0,-")9&(&?-"#&13),9-:2?-"),1).1 0!  3%"0(! $&:-"0:6!
30:4),! 38&,-&146!<(=6,6(0-"),1).10! 362("?!] D?6(P&-"+"&C!<,1Z.."?"& -1/ :&*0:0-"),1).!
[>W! $%&:0*&2-"?fhgew. Chem., Int. Ed. MNNRMGGIMEMT\F

!

TR e%0,AG! fFp! '"&&Fp! €%0,AG! RFP!ILB0G! EF! €EP B &1"0-&11Z,0,-")9&(&?-"#&!
<11 1) $&:+",0(1V58, 5T%5,89!-)! 362("28:".(2) 1)+&%6(! P&"+",&9IFL. Fluorine Chem.
MNT\EDSG!A F

!

_ME [20,AG! LF! 3Fp! f0,AG! EFp! e%0,AG! bF! LF! ["ARA6)9&(&?-"#&!e",2cO>]@J5
30-0(67&1!< (=6,6 (0-"),! ).! ! 5=&)"+" & Z9-&Ck!] &Q!Z,-:6! -)! @-"20((6! < ?-"#&!
| 20-&:,0:6! | BRI B+")I0?"19F!Chem. Commun. MNTG7GIWVEWW\IF

!

_\VE  [20,AG! LFp! f",G! eFp! €%0,AG! bF! 3),9-:27-"),1 ).I @*-"20((6! <?-"#&! 120-&:,0:6!
1:)*0:AB(! <+",&9! 46! ['A%(6! Z,0,-")9&(&?-"#&! e",2c  O>]@J530-0(67&1 <(=6,6( 0-"),!).!
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Z,0, -M9&(&?-"#& ?-"#0-"),!1).! ; &?),10:6!9*M1 35! O),1! <1d0?&,-!-)!] "-)A&,! <-)+F!
Tetrahedron MNTME&G!" NN NTWF

!

T™VE /0,G!FILFp!Z,1)G!PFp!;%"40-0G!$FBagX67&1!Z,0,-")9&(&?-#&!;&7),10:6!9* I35
[10),11<?-"#0-"),1).IM  5<(=6(0+",)U*6:"1",& 9!Q"-%!<(=&,&B0rg. Lett. MNTTBG!"X"M
AXCWIF

!

TV.F e2)G! eF! IFp! L),AG! [Fp! J"G! IFp! 3%)"G! EFp! R2G! LF! 3Fp! 80?78"((0,G! 'F! IF! 3F!
Z,0,-")9&(&?-"#&! '&?0:4)S6(0-"#&! <:6(0-"),! ).! 0(*%0 5+")! <?"19! via! -%&! 8&:A&:!).!
1%)-):&1)S!0,1!1"?=&('30-0(69"9F!]. Am. Chem. Soc. MNTXG8G'WMaT\VWF

!

T™F  HO,1G!<F!IFp!f",G[FIRFH®2G! JFp!L"0?)4),"G! EFp! 803),-&:)G! HFp! H)+0,)G! 3Fp!
8),-A)+&:6G!EFp!80:-",G!HF!"20(130-0(6-"?!/(0-.):+1.):1Z,04(",A!9*  MO(*%0!3!<:6(0- "),!
0,1!<(=6(0- "),1).!10&,70+"1&9F! ACS Catal. MNMNEGS!I"X_a'X XF

!

TVE 3%)"'G! EFp! R2G! LF! 3F! $:0,9'8"®-08 0-0(6&1!< (=6(< (=6(! O),1! R):+0-"),C!
<)-%&:!" "+&,9"),!",! 3:)9983)2*(",A! 3%&+"9-:6Fciennce MNT 356 F

!

T"NF /0:"10G!;F! PFp!80,10G! $Fp!'09G! ;FpOEB! ;F! PFp!'&0;=0:G! ;Fp! 82:0:=0G! ;F!;" A(&!
Z(&?-),!$:0,9.&: 5,12?&1! H&1)S /:)?&99&9! > #)(#", Al Ng<?6()S6U%6-%0("+"1&9RLCS
Catal. MNMTGSIT XN X\VF

!

T™TF fO,AG! eF! /Fp! R:&09G! 'F! EFp! R2G! LF! 3F! $%&! <96++&-:"?!"®, Y%&9",&9! #"0!
1"?=&(330-0(67&1!Z,0,-")?) #& A&,-! ;249-"-2-"),'H&0?-"),9F!]. Am. Chem. Soc. MNMT&G!
MVIEM'V F

!

T™MF  [0,G! OF! IFp! J"G! fF! EFEA fFp! L),AG! JF%)-)?0-0(6-"?! Z,0,-")9&(&?-"#&!! 5
<+")0(=6(0-"),! ).!  <?26?2("?>+",&! ' &:"#0-"#&9! 46! 0B%":0(!3)* *&:! 30-0(69-FNat.
Commun. MNTI@HF

|

MMW



TVE  1&"G!bF!Rp!:%2G! IFp!LO: BB, A2&7G! <Fp!8&:")G! ZFp!|&#01)G! 3F! <96+8&-:"?!

]" 530-0(67&1!HO1"20(! H&(@8L! H&127-"#&! 3)2*(" AFJ. Am. Chem. Soc. MNMN@&G! TVWWTW
TVWMMF

!

TVE  e%0,AG! LF! fFp! €%)2G! ;Fp! R2G! JFp! 3%&,G! /F! [Fp! J'G! fF! OFp! €)2G! EFFYFp! J"2G! LF!
<96++&-"?1 3 )2*%(", Al ).1 30:4), 5B&,-&:&1! HO1"20(9! <1d0?&,-! )]"-)A&,C! 3)* *&:5
30-0(67&1!360,0-"),1 0,11 Z-%&: "."?0-"),!1).1 Z,0+"1&9F! Angew. Chem., Int. Ed. MNMNGG!
MNAVAMNAME

!

TVE  e%2G! fFp! 02?7%Q0(1G! ;F! JF! JBY,1)((&1! < 96++&-:"?! <:6(0-"),!).] < ("*%0-"?!

I 5+") <, "),1 ZK2"#O(&,-9F! Am. Chem. Soc. MNTAB6GWNMWNVF

!

TAXE  '20,Gl:FleFp!'&,AGILFILFp!efBEFp!12G!bFI8Fp!$"0,G!bFp!J"2GleFIRFp!J"GI8FIfFp!e%0,AG!
[F!OFp!f0,AG! bF!'Fp! 10(9%G! /F! EF! "B8:0(67&1F,0,-")9&(&?-"#&W",6(0-"),1).! < :6(!N5

< 700((6(k ,"),9F IChem. Sci. MNMIBGIXANXATMF

!

™ F J'2G! BRO)G! 3F! LFpR,G! [F! OFp! €%0,AG! bFp! ]'2G! 'FI3BLO(6-"?! <96++8&-"?!
B+*)(2,Al<((6(0-"),!).1>+" &9F!  ]. Am. Chem. Soc. MNTKGSG!ITVTRIWTNXF

!

T\F  1'0,G!bF!fFp!E"G!/FIRFp![&G!3Fple":"+QO40EGHENFp! <: 2961 @EF! 8Fp! f&OA(&6G! <F!
<Fp! 3%:2+0G! EF! EF! /OR@E30-0(67&1! ' &?0:4)S6(0-"#&! L&,&:0-"),! 0,1! <96 ++&=:"?!
<((6(0-"),).10(*%0 5>+")I<,"),9F! Org. Lett. MNTAGGIWMMMVTF

!

TVE  <1:")G! EFp! 30::&-&)G! EF! 3F! H&2&#0,2&9! ",! -%&B 0-0(6-"?!< 96++& -"?! TG/

' )0 :1362()011"-"),1). < 7)+&-%" &If ("1&9IF hem. Commun. MNTABETMAVATMAXF

!

TWE  10:060,G!HFpY)-)Q9="G! 8Fp! E"0G! eF! EFp!<,-),?%"?=G! <F!/Fp!101+0,,G! [F! 30-0(6-"?!
Z,0,-")9&(&?-"#& TG)(0:1362()011"-"),01).1<7)+&-%" &!f("1&9!.):10"))A6  5@:'&,-&1!
6,-%&9"FAcc. Chem. Res. MNTAMGGITMATVTNF

!

TWE [0 9%"+)-)G! $Fp! 8:2)=0G! PF! H&?&,-! <#0,2&9! ).! 30-0(6-"?! <96++&-:"?! TGY
")(0:1362()011"-"),9  FChem. Rev. MNTWGG! XVEKW\IF

!

TWE 1&'G! JFp! 3%0,AG! bFp! 10,AG! 3F! EF! 30-0(6-"?! <96++&-:"?! H&ORC):D6!N5
88&-0((0-&1!<7)+& %" &If("1&9FAcc. Chem. Res. MNMBIEES I TNUT TNNF

!

TWE [2)G! bF! [Fp! [&G HFp! R2G! BEFp!Re%0,AG! EF! 3Fp! f0,AG! LF! IFp! €%0,AG! IF! OF
- 8:8)98(8?-"#&10,11;"-&*&?" "2 <((6("?1 <(=6(0-"),!).! <+")! <?"1910, 1! :+0((!/&*-"1&9!
0ial0!/1c321'20(!  30-0(69"9F! Am. Chem. Soc. MNT!IBIG!N\T'a\MMF

!
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TWE  [2)G! bF![Fp!e%0,AGF! 3Fp! R2G! EF! PFp! [&G! HFgR®@B!AGB2! '20(! 30-0(69"9C!
Z,0,-") 30,1!"09-&:&)1"#&:A&,-! <??&99! -)! I 5"9249-"-2-&1! | &+")I <?"19! O&0:" Al
w"?",0();-&:&)?&,-&:9F. Am. Chem. Soc. MNTGLOGYVIN\IEMN\NF-

!

TW¥  [2)G!bF! [Fp! R2G! EF! PFBIREFp! 3%&,G! Ep!&"&G! RFp! €%0,AG! IF! OF! /128R!
30-0(69"9CI"A%(&2,0,-")9&(&?-"#&K ??&99!-)1 5 249-"-2-&1! & +"))I <?"19!10,1!! &< +")!
<+"1&9FChem. Commun. MNTI&GIWaXNNF

!

TWE  1&"G! JFp! b8! JFp! 10,AG! IFEF! ;6,&:A"9-"?! 32¢/1! 30-0(69"9! .):! Z,0,-")9&(&-"#&!
<((6(0-"),N.IP&-"+",&!Z79-&:9C!$%&!":&?4;6,-%&9"9!).Il 5249-"-2-&1!0(*%EB<+",)!<?"19!
0,1!'M[ 56::)( &FAdv. Synth. Catal. MNT\GOG!"_TaV_ T F

!

TWFE  1&"G!IFp!b2G!;FI8Fp!e%2G! IFp! 3USAGHBF! EF!;6&:A"9-"?!132¢/1!30-0(69"9! .):!
Z,0,-")9&(&?-"#&!<((6("?! <(=6(0-"),!).! <(1"+",&! Z9-&:9C! <??&99! ! ! | 5"9249-"-2-&1! 5
<+")I<?"19F! Angew. Chem., Int. Ed. MNT!86G!TMVANWVTXF

!

TWE  1&"G!IFp!e%2G! IFp! bZ&8Fp! 3%0,AG! bFp!10,AG! IFER)1" #&:A&,-!;6,-%&9'9!).!
I15"9249-"-2-&1!"! 5+")I<?"19! via!;6,&: A"9-"?132¢>:!1B-0(69"9F! Am. Chem. Soc. MNT\G
140G TWARWTVF

!

TWE  1&"G! JFp! €%2G! IFp! b"0)G! JFp! $0)G! [F! fFp! I0,AG! 3F! EF! ;6,&3}0MD(69"9! .):!
309?701&!<((6(0-"),! 0,1! M 7083)*&! H&0::0,A&+&, -! ).! <7)+&-%",&' f ("1&9FNat.
Commun. MNTI@®HF

!

TXANF  e%0,AG!IFIFp!f2G![F!8PB!;%&,G!IF!JFp!$0,AG!$F! [Fp!'YABFp!3%0"G!IF!IFp!e"G!IF!
IF!;-&:&)1"#&:A&,-13)2*(",A.ITGV 5"&,&9!Q"-%!<(1"+",&!Z9-&:9!Z,04(&1!46!;6,&:A"9-"?!
/10,1!32!130-0(69"9F!]. Am. Chem. Soc. MNTIGL1G!I T "WaVAWW' F

!

TXTF  80(?)(+9),G! ;F! Ep! J'G! PF¥p! ;%0)G! bF!5%01"&,&9! 09! Z,0+",&! B+*)(2,A!

16 ,-%0),9!.):1-%8&!/:&*0:0-"),!).13%":0(I<+",&9F!  Synlett MNTIGG!TMETWIXF

!

TXMF  J"G! PFp! ;%0)G! bFp! $9&,AG! JFp! 80(?)(+9),G! H7BF'&/E9! 09! H&OAS! .):!
[:&*0:" JAl3%":.0(! <+",&9C! ;6,-%&9"9! ).! TG" ,)! $&:-"0 :6! <(?)%)(9! 46! 32 330-0(67&1!
Z,0,-")9&(&?-"#& ' H&2?-"#&! 3)2*(",A9! Q"-%! P&-),&9F]. Am. Chem. Soc. MNT\G40G!'Wa
XNTF

!

XM ;%0)G!bFp!J"G!PFp!80(?)(+9),GIEIGF)9&(&?-"#&!;6,-%&9"9!).hnti5T GBAO+",&9!
46!32 330-0(67&1! H&12?-"#&! 3)2*(",A9!).1 <701"&,&9 Q"-%! <(1"+",&9!0,1! P&-"+",&9FY.
Am. Chem. Soc. MNTGLOG!_NW N\ _F

!
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™XE ;%0)G! bFp! 80(?)(+9),G! ;F! EF! 30-0(6-"?! Z,0,8) 0,1! "09-&:&)9&(&?-"#&!
36?()*:)*0,0-"),! ).IM  5701"&,&9! .):! -%&! ;6,-%&99! ).! <+",)?26?( )*:)*0,&9! O&0:" Al
120-&:,0:6!30:4),!;-&:&)A&,"?  13&,-&9FOrg. Lett. MNTIGEG!_V\&l VIWF

!

XV L"(("9G! ZF! /Fp! Z09-+0,G! AF![EEG! 8F! 'Fp! "),,&((6G! 'F! EFp! 8&0,Q&((G! JF! <F!
<t*("20-"),91).1R(2):",&!",18&1"?",0(13%&+"9-:6F!  ]. Med. Chem. MNTWWES\VTAW W' F

!

™XE E)%,9),G! $Fp! J02-&,9G! 8F! /0((01"2+gBA0(67&1! Z,0,-" )9&(&?-"#&! ;6,-%&9"9!).!
0(*%Cg$:".(2):)+&-%6(U0:6(+&-%6(0+",&FOrg. Lett. MNTUGG!"N’8ANWF

!

T™XF E)%,9),G! $Fp! J2)G! OFp! J02-&,9G! 8F! /0((01"2R>6(67&1! Z,0,-")9&(&?-"#&!
16 ,-%8&9"9!).I H&".(2):)+&-%6(U0:6(+&-%6(0+",&9F. Org. Chem. MNTIEG!N VA VNF

!

TXF  e%2G!EF!OFp![20,A8KRp!"),AG!IFp!J"'G!|F!PFp!f2GF!bFp!'& AG!IF!/Fp!$0,AG!IFIEF
Z,0,-")9&(&?-"#&! H%)1"2+330-0(67&1! <11"-"),! ).! <:6(4):)S",&9! -)!  N3B,*:)-&?-&1!
P&-"+",&9C! Z.."?"&,-16,-%&9"9! ). 3"*0:A0+",F! Angew. Chem., Int. Ed. MNTIGSG! TXTa
TXTMVF

!

TXF POQO"G! [Fp! P2921@! <Fp! ]0=0+2:0G! ;Fp! ;%")G! 8Fp! ;%"40-0G! ]JF! 30-0(6-"?!
Z,0,-")9&(&?-"#&! $:".(2):)+&-%6(0-"),! )-! <7)+&-%",&! >+",&9! Q"-%!
$:"+&-%6(g-:".(2):)+&-%6(U9"(&FAngew. Chem., Int. Ed. MNNM4BG!IXVERVM! F

!

TNF @=292G! Ep! POQO"G! [FpR2G! bF! [Fp! $)=2DA0G! ZFp! ;%"4D-0K3 ] 56
01)4&,76(?",7%),","2+! O)+"1&! "9l Z.&?-"#&! .):!! 30-0(6-"?! Z,0,-")9&(&?-"#&!
$:".(2):)+&-%6(0-"),!1).!  <T7)+&-%",&!>",&9!",1})(=0,& y 'VXW+.?F!Fluorine Chem. MNTMG
143GIMEMIT F

!

T_TF f0,AG!JFp!RO,G!IF!IpR)",G!ZFp!$G!'F![Fp!J"G!FIEFp!I0,AG![F!LE;26&9"9!).! B3RV
0,1! I BRY! <+",&9! via!-%&k +",).(2):",0-"),!).! R(2):",0-&1! < (=&,&9RThem. Commun.
MNT&£G!W ldW TNF

!

T M J'G!8Fp!f2?&(G!OFRIER7G!EFp!BJ(0G!8Fp!R2G!fFp!I0(9%G!/FIEF!B+*)(2,Al;6,"98&9
)1"0:6(+& -%6(0+",&9%"01/0((01"2+ 530-0(67&L!<:6(0-"),!).! NBHO&,76('<(1"+",&9F!Adv
Synth Catal MNTXGSG!T T&I TWF

!

T W ]"QOG!$Fp!f):"+"-92G! [Fp! @9%"+0G! PF!/0((01526-0(67&110&,76("?!< :6 (0-"),!).!
NEO&, 76(S0,-%),&!>+",&F10rg. Lett. MNNIW®GI"X\a*X TH

!

T "F $0,AG!;Fp!e%0,AG!bFp!;2,G!EFp! p28I6R2+0G! EFME00((6(!<,"),9G! MB<700((6(!
30-"),9G!NK700((6(!H01"?0(9G!0,1!<7)+&-%",&!f("1&Ehkem. Rev. MNTGLSGINV ETN W! F
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!

TV )()9%) ,)=G! wF! <Fp! @G! $F! $%&R!.&?-!1 ).l ; 249-"-2&,-9! ),! -%&! R&09"4"(6! ).!

<) +& %", &K 7)+&%",&! 0)+&:"70-"),C! 1&Q !'; 6,-%&-"?\@*):-2,"-"&9! .):!  O)+"+&-"?!
$:0,90+",0-"),F! Tetrahedron T X@2G!T"_NT"_TMF

!

T XF e%0,AG! 'F! [Fp! J"2G! [F! [B! e%2G! /F! 3Fp! 8&,AG! IFI'R0,AG! fF! LF! @&5 )-!

; 6,-%&9&9! ).INg TR(2):)#",6(U <7)(&" &"#0-"#&9! ..)+! N "*%&,6(+& %6(&,&BIGNEGM
$:".(2):)&-%0,0+",&F! RSC Advances MNTHG!_VX&/ VX TF

!

T _F $0,AG!FEFpJ",GlIFleFp!R&, AG!3Fp!))%G!$F!/FIBEeN(EA& 1!R(2):)0:6(0-"),!).!
gem5" .(2):)0(=& &9FAngew. Chem., Int. Ed. MNT136G!"\_M"\_XH

!

T\F $'0,G!/Fp!10,AG! 3F! IFp! 30"G! ;F! [Fp! ;),AG! fE! JFp! R&,AG! 3Fp! J)%G! $FJF! Rg
12?2(&)*%"("?511"-"), 5>,12?2&1!<((6("?'<(=6(0-"),F!]. Am. Chem. Soc. MNTXGB8G! TW\X
TW\_MF

!

T F LO)G! OFp! e%®) fFp! [2G!EARB &1"0-&1R(2):",0-"#&! 3:)9933)2*(",Al).l $Q)!
@&.",90R0?" (&< ??&99! -}l BRVI< (=&,&9!0,1!$BRU=&-),&9FAngew. Chem., Int. Ed. MNTWG
54GIX\AX"MF

!

TNF  LO)G! OFp! e%0)G! fFp! "G! 3Fp! [2G! EB! &AR-&1R(2):",0-"#&! [ )+)?)2*(",Al).!
gem5 ".(2):) 0(=& &9Erg. Lett. MNTMBG! TNIVINWF

!

T\TE 1))G !IFIEFp!P),1)G!EFp!'H)1:"AZ30,-0+0:"0G! EF!<Fp!]A26&,G! SFFWFp! P)40609%"G!
H Z."?2"&,-1 16,-9%&9"9! ).! B5:".(2):)+&%6(! 30:4)S6("?! <?"19! 0,1! Z9-&:9! -%:)2A%!
R(2):)?0:4)S6(0-"),!).1A&+ 5".(2):)0(=&,&9F! Angew. Chem., Int. Ed. MNTI&BG!X_aM__ WF

!

T\MF [I'G!;F! $p! LO)G! ;F! IFp! b"&G! bR iGAG! EF! RFp! €%0,AG!/BF{O0IF2+ 530-0(67&1!
R(2):)0:6(0-"),! ).! A&+ B5".(2))&, 6,&9! -)! <??&99! $:"9249-"-2-&1! $:".(2):)+&-%6(!
<((&,&9FDrg. Lett. MNMIRZES 'WMIWMWF

!

T\WE 10)1)# "?G!8Fp!f0-0+)- )G![F!<96++&-:"?! ; "(#&33 0-0(67&1H&0?-"),9FChem. Rev.
MNN\®SG!IVTEMTMNEF

!

TWE  /&(("99"&G![FZ,0,-")9&(&?-"#&!;"(#&330-0(67&1!$:0,9.):+0-"),9F! Chem. Rev. MNTXG
116GITNX&TNT_F

!

TWE  3)(1%0+G! >Fp! [2.-),G! HF! >,-:0+)(&?2(0:! "*)(0:! 36?2)011"-"),! H&0?"),9!).!
<7)+&-%",&!f ("1&9Ehem. Rev. MNNMWIGBG!M_AMIN'F

!
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TXF  L)&(G'HFILFp!/G!/F!$:"Fert802-6(*%)9*%",&!3)+*(&S&9!).!;" (#&:g>8/:&*0:0-"),G!
3%0:0?-&:"70-"),G!0,1!;*&?-:0(};-21"&9Rhorg. Chem. T"_\G17G!M\ aM\_'F

!

TN F  J'G!'$F!B!/0,G!eFHP!BC!fF!;Fp!e%2G!;Fp! I2G![F![Fp!J"2G!fFp!J"'G!eF!8Fp!e%d®,AG! EF!J
'‘&9"A,! 0,1 ;6,-%&9"9! ). $f §%)9! 0,1! <**("?0-"),! ")! /0((01"2+  330-0(67&1!
Z,0,-")9&(&?-"#&!R(2):)0:6(0-"),!). !gem5".(2):)0(=&,&9F! Angew. Chem., Int. Ed. MNMNG5!
MM VEMM XMF

|

T\ F 0O"((0:1G $Fp!J0,A()"9G! OF! HFG! H&0?-"#"-6!;J04(&! $:".(2):)0?&-0(1&%61&!
[ &+"0+",0(9F!MF!L&,&:0-"),10,1!; 6, -%&-"P)-&,-"0("-"&9!).IR(2):",0-&1! >+","2+9F! ]. Org.
Chem. MNNMIGS! ™ aTNNNF

!

™ F  12G!{F!8Fp!;2,G!IFIHFp!'& AG!EFp!$"0,G!IF!;F!;6,-%&9"RR) :",0-&1! >+" & 9!0,1!
30:4)1"+"1&9!.:)+! < 7"1&9'#"0k 709"--"Al H&O0?-"),FI. Fluorine. Chem. MNNXG/G! TTWM
TW_IF

!

TNEF  @,)G!$Fp! P2=%0:G! wF!/Fp!;)()9%),)=G! wF! <F! O")+"H8&T2?-"#&k +",0-"),!).!
R(2):)0(1&%61&9!0,1!' P&-),&9'#"'0'hTQ&/i)-),! ; %".-H&0?-"),Ft?)*&!0,1! J"+"-0-"),9F!].
Org. Chem. T X@1GIXWeSMVXIF

!

TTE PO0%):G! 8Fp! J"2G! 'Fp! f)2,AG! 8F! 3F! 30:4),! ")S "1&B&1"0-&1! 3g9*qUH}
<:6(0-"),N.I<+",&!1;249-:0-&9F! ]. Am. Chem. Soc. MNTGLOG! X\T&X\MMF

!

TME " AG![Fp!'R:"&9-01G!LF!PF!<96++&-:"211"-"),! ). 1< ((6("?] 2?(&)*%"(&9!-)b+")!
3)+*)2,19F! Synthesis MNNSWI\TaM\M"F

|

TVE R:"&9-01G!LF! PFp! 80-%"&9G! #RAP&E!" &#&()*+&,-9!",! <96++&-:"?! 30-0(6-"?!
<11"-"),1)13 a)! O),19F!Tetrahedron MNN!6GG!MVWMWX' F

!
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