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Mes chers parents, je pars... Je vous aime, mais je pars... Non, mais ne vous inquiétez pas,
je reviens | Merci a vous deux, car sans vous je ne serais pas la ou j’en suis. Votre soutien depuis
le debut de mes études jusqu’a maintenant n’a pas de prix. Les vrais héros des temps modernes
sont nos parents et j'en suis fier ! Je vous aime !
Ma &'&#%lsta, sisi pour les intimes (non maman, pas ['impératrice... quoi que...), je suis sur que
nous sommes jumeaux mais j’ai juste profité du forfait « .00"',60(&";% un peu plus longtemps.
Nous sommes tellement pareils et différents par la méme occasion. Juste merci, ma sceur, nos
souvenirs sont de l'or, 8&"&"82(/"$%.H"
Mes grands-parents chéris. Les souvenirs chaleureux de mon enfance jusqu’a maintenant. Vous
faites partie intégrante de mon éducation. Je vous remercie de tous ces moments : des jeux de
societes, des poulets-purée-compote, des balades en forét. Tout est grave dans la roche. Je vous
aime !
Merci a tous mes amis, ma belle-famille choisie. Timothée, ma moule, on se connait depuis
nos deux ans et maintenant, regarde nous... Au secours ! Non, je plaisante | Merci, mon mollusque
préféré. Tu es un véritable ami .,+"G".*"&2"-[2(+"21"82("'9$%") % &#"+26#2/"%; %/
Merci a toi, Nath ! On ne s’est plus vu pendant un moment, mais les retrouvailles étaient comme
la suite d’un livre, *.I''4"  Ou plutot devrais-je dire une trilogie : TNK ou ENFP pour les intimes.
Tellement merci de faire partie de mes amis.
J’enchaine maintenant avec Louise, ma miss préférée | Un coeur d’or dans une veste en jean !
X2*%D.+%C"21"62(/&P"es une amie comme on les rencontre rarement. La droiture artistique
ou un modele contemporain ou bien les deux ? Merci, miss !
Mon cher guillaume, tu es un vrai rock ! Base solide sur qui on peut compter et dont [’amitié ne
change pas avec le temps. Sans toi, je ne saurais pas assumer completement la folie de ma
quatrieme personnalité. Tu geres, merci, 20+"1/'%,Ben siir, je remercie également tous les autres
qui font partie intégrante de ma vie et de mes souvenirs.



Alexandre, mon mister lova lova | L’amitié qui se déclenche a retardement mais, mon pere, ce que

tu me fais rire | Merci, mon grand brun des neiges !

Guy, mon bel estomac. Malcolm, mon faquin des bois. Pablo, mon faquin des champs. Pauline,

4'/0" 82(" B,2A" '#]&" #l(@thorégraphie a la Rihanna sans vomir). Gael et mimi, mes cousins

d’ ammmouuuuur (c’est sexyyyyy).
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K9%"$.:9%" 1%6%,#0821%B #06/%&H#Y%+"" "#$'&" B’ +"21"1%.6#'2," 12/"#$%" *0+". +"/%4'262,#/200%:
&8 HSY0&'&"21"$YHY/2. /2% #'6"62%-2(,+&") 8"+ [%6#Y%+"68602.++#2,&E"G, "#$'&"&H #%A8"A%" (&
0B8,%" )%./' 4" " [UA'&" .6'+" #$.#" A2(0+" -/2*2HYDGIARE' #2," AHS" " +%,%" )%./' 4" "
62%-0%*06,#./8"[%A'&").&%"N="4(/%"dOE

Alkyne-substituted
/ Lewis acid

Lewis basic

N
d =0 0 XQ/—D =R
onor group —
-X A
—d + || —_— 72777 > )q —
X . ("
= \\ v,
R
N R "
Diene Embedded

leaving group Lewis acid-base coordination:
B promotes cycloaddition rates
B controls reaction regiochemistry

J?=#IXB'%6#%+"68602.++#'2,";"."[YA'&'DB&%"622/+', . #'2E

<%6:9%/.0"%H . *-0%&" 21" #$'&" #8-%6" 21" [%. 642, "SHA"Y4Y%,."2(I" 412(-C" $'4$0'4$# 4" 60%./"

1 B A%8 21" HS & &t #6048  12/" #$Y" &8 HEY&'&" 21" 2% #'6" ., +" $YotVo/2./2* #'6"62%-2(,+&E"=2
06H.*-0%C" #06#/.I' YR H&" ., +" &8+,2,%8&"$.;:%" .00")%%, " 12(,+" #2" (,+%/42" 68602.++#2,&"
(490" ¥O+" 62, +#2,8" (& 4" #$'&2,6%-FE |1#%/" #$'&C" 2U&Y./6$" 4/2(126(8&%+" 2,"
%&#.)0'&$' 4" HSY"I%. 64 HE DB #Yo+"#]'.I' Yo&"A'HS". 0B, Yo&E"1"62*- ./ #',%"&H(+8"8&$2A%+"
HSH" #D%" 1%.6#2," 21" .," .0B8,80)2/2,'6" %&H%/" 1%3(/%+" $./1&$" 62,+#2,&" . +" -I2;'+%+" #$%
62//%8&-2,+ 4" -[2+BH"" " 02A" 8'%0FEB2, #.&H#C" #$%" (&%" 21".," .0B8,%")%./' 4" " [JA'&" .6'+"
211%/%+")%otH%/" 62, : %6/ RIABS?"* " #'*2+0b] H%' " HY%*-Yol #(/%" ASHSMTH".&"."10(2/'+%"

&6.:%, 498N="4(/%"jE



/ /
\ N o \ N
Ph————-=2Bpin
N= N=
N BPin
$\,N’ 1,2-Cl,CgH, W/
PH 180°C,48 h PH Ph
sealed tube
1%
via Lewis acid- base
— complex
\ |\f | \
Ph—=——Bpin N. ©
N= 7 @ BF,
\ N
N’ BF3'OEt2, CHzclz N/ N ||
1
Ph 40 ¥4C, 10 min N
! X" ph
84%

JI?=#1[91G,;%/&%"5' W0EA/'68602.++'#'2, "1, %E"9$%", &% /#'2,"21" "[YoA'&".6'+"-/2*2#%/"
4%,%/ #%&"#$%".6#"; #%"&-%6'%&","&'#(E

B(/', 4" "8 (+8"2, " HEY0"1%.64'2,"&62-%"H" A.&" 2HYo+"#S H ASY, " (,&() 8 HHYo+"H#]'.I' Y&"AY6/%" (&Y
H$%0"62/1%8&-2,+ A"-12+(6HE" AY/%" 2)4.! Yo+" AHS" "+ 2+00/ OB RRREA. &" 12(,+"#2") %"

M I%BH" BYHBOHYb" ++H 2, " H2" HBV" SUGHIG/2.I2% 6" [ A" 0%.+ A" H2" " 2" & BRI (GHE"
6.89%"ASY6/%") 245" PF". +"Pi"A%/%"(, & () &H# H(HY+C"."+2()0%" ++H#2,"-[2+(6#"A.&"2)#.' Yo+"0%.+' 4"
#2" "02A%/"8'%0+" 21" H$%" +%6& | Yo+"-/2+(GDE<6$%*%"



\ i i
N Ph—=——BFK N N
- N ! N=
N _ BF, ' Ph—— NH
&N' BF3.0Et,, CH,Cl, } 7 i =N
or 40 ¥C, 10 min PH  Ph : Ph 12%
84% R EEEEE R R

0 Ph——=—=—=Bpin =0 ©
N= N= : ' N=
_— > BF2 E e

N
N\ BF3.OEt, CH,Cl, \_7 ; —N
40 %C, 30 min Ph 5 y

G2'#%#![95'/%6#%+"68602.++'#2,"A'#$"@C>CIB/ .I'%&

DODIO(7/*(Y%o#,[*% |
!
#12-'&2*%/'&*"/% & (0#&" " 1/12*" /% &#'64#%0+"2#.#'2," ) 2(#"."&',40%") 2,+"+(%"#2"&#%/'6"%11%6#&C"
#$%"%,%/48")./1'%/"'&"$'4%5" %, 2(4$"#2"'&20.#%"#$%" +'11%/%, #"' & Z*RE R Bo-V0B, WER.C"
A%"6.,"60.&&'18"#$/%%" +' HBB/BR1P'1" #/2-'&2*%MRP0.&&"2,%"62,6%/,&"*20%6(0%&"A$ 63"
+2" 2#"$.;%" #/2-'&2*%/'6" -/2-%/#' % &" )%6.(&%" #$%8" &$2A";%/8" 1.&#" .H'.0" /2#.#'2," N="4(/%" I
PO.&&"#$/%%"%,62*-.&&%&"60.&&'6.0" #/2-' & PHA(BL&2BS'6%"./%"B',%#'6.008™,%/#"*%.,', 4"
#.H#",2" #%/62,;%/&'2,"2/"[.6%*'& #'2,"' &"%H-%6#%+E"S%#A%%, "#$%&%"60.&&% & & " #$%" &%
AHS" " #%/62,,%/&'2," %,%/48" 21" )%#A%%," >?" .,+" e?" B6.0g*20C" #$%&%" *20%6(0%&" $.;%
-2#%,#'.Q"H#2"12/*" #/2-' &2* V&' # S %" &H# Y/ %26 $%*'6.0™ , #%4/'#8"6.,")% "6 2*-/2*' &% +"2;%0/"#* U E
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a) b)

nsec msec min - hours - days years

Class 1 Class 2 Class 3

O \ i Atropisomers | Atropisomers
R2 —_— R2 Rl Free rotation p p

> ; | )
R (Interconversion)| (no interconversion)

Torsion Rotation Energy Barrier (kcal/mol)

c) \ Y 4< >/
O N~ (0] N\( O _N
E otation Darrier 14.2 25.1 30
(kcal/mol)
rotation ty,, 0.002 s 75h > 10 years

J12=#1U0"GHY/62,,%/&'221" #/2-'&2*VokB! SO" 1#/2-' & 2+%6/&" +'; +%+" #2"+'11%/% #"60.88%&"
2,"#39%6").& &" 21" HS%"" #96/62,;9%/8'2," %, %6/ MBPIITiA. *-0%" 21" +'11%/% #' 6 2*-2(,+&" 1/2*"
60.8EDE"., +"€"1%-1%&Y% HYo+" AHS HSY' "%, Yo/ 48"21" . H'.0"[24.#2,")./Y%/". B S 801

I#/2-'&2*%['&*"'&"  2#" F(&#" .," .6.+%*'6"-$%,2*%,2,C" A%"6.," 1" +" #$'&" -/2-%/#8""," , #(/.0"
-12+(6#&C"-$./*.6%(#'6.0&".,+".4/26$%*'6.CG&&E%/.0" %H.*-0%&" $.;%") %%, " %-2/#%+" &(6$" .&"
<#%,.4.6',C".", . #(/.0"-12+(6#"A$'6$"-2&&%&&%&"&'4,'1'6. #" .6#';'#8" .4 KXHYGYB0G" 1/2*"
$(*.,"6./6',2%."21"#$%",.&2-$./8, HC" 2/"<#/%-#2,'4/',C" (&Yo+" 12/" #/% #*% #" 2 11\&=, 80/8/0"
@?OE2*%"-$./*.6%(#'6.008"*-2/#. #"-12+(6#&"S$.;%") %%, " &8, # Y& &A&#/8"& (6$". & "#$%"
S6@"0'4.,+")8":PS"6%00#98R/"#$%"/%4(0.4#'2,"20"6%G$C"2/"."PPgf",$')'#2/")8"k< &"

#1% 4%, #"12/"XGm™,1%8%'2, E
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OMe Steganacin

CONPh,
I\ oH cl o
N o ‘Bu(H)NO,S N
N ol OrR
Ar
Bcl-2 ligand CCRS inhibitor
(UCB Celltech) (GSK)

J/?=#D\9TH.*-0%&"21" #/2-'&2*%p} .#(/.0 "-/2+(6#& ,+"-$./*.6%(#'6.0"62*-2(,+&E"
!

DOIg%!(+! A'17&#,'H

|

G," #$'&" -I2F%6HC" A%" -0.," #2" +%6:&%" .," Y1 1'6'% #" *Ue#$2+" 12/" #$%" &H#Y%6/%28%60%6# %"
1(,6#2,.0'8%+" #/2-'&2*%/&E" 9$'&" *Uo#t$2+" A'00" 62*-/'&%" #S/%0%" *-2/#. #' &#%-&C" .&" &$2A,"
<6$%*%"IEI&HC" " |."5' Y MR+%/"68602. ++# 22+(6%&™+10(2/2)2/2," H%/* Yo+ #IPHYo"

&()&H (% HE&"2, HEY" *20%66(0%" -/ 2;+%" #/2-'&2* V[ &*" . +" H"H$ &" &t AY" #" &"-2&8') 0% " #2" [%6¢

OHI& [YA'&".6'+/2*2#" 4 "H#E%".&&26'#'2,"21"#$%".0B8, %" A'#S " #$% " H2YRCH W& ."
&HN"12/"#E%N" ++'H#'2,"21"#$%"6$/.0"0'4.,+".,+".0&2".&"."$.,+0%" "#2" L(1#$%/"%0.) 2/ #%"#$%"-1 2+
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DOMGH=68*11.))/*2="*/(. |
DOHIBO.& #4/*!, (=8#*1&(12-26(1))/&/(.!

!
9%'&"-12F%6#" &#./#%+" A'#HS$"#$%" &8, #$%&'&" 21" #$%" /%3 ('/%+"+'%,%&" 12/"#$%" 68602.++'#'2,

62,+9%,&.#2," )YoHAY%%," ., " ¥ +1.12,%" AHS" " @6H)2,80" +9%/ #;%" &" " AUBDBH.)0'&$%o+"
A.8"#2" &8 HSY6& &Y HHEIEL "9$' 8" - HBA.8" $.8")%%," %H-02/%+")8" 2(/" 4/2(-" ., +" .002A&"
.024(%&" )%.I' 4" 3(,20',%" 2/" -8/'+ %" 1/.4*% #&" #2" Y%" %.8'08" -/%-./%+" N<6$%*%" @?0E
1662/+',408C"#$%" &8, #$%6&'&" 21" #SY6&Y6" &() &t #I6&" A.&"-%6/ 12/*%+E"9$'&"-/126%+(1%") %4.," A
1%.6#2,"21" "68.,23(', 20", %" +9%/"; #:%" . +"$8+1.I' V6" H2 "2)H." "HS%"62//%&-2,+ 4" *+.12, %E"
9$%6"62,+96,8.#'2,"A.&"#$%, "-%6/ 1 2/*%o+" AHS "+ 1 1 T/B Y2 @TEH/ (6#(/N&E
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N N N

1a 1b CN 1c

b)

Reflux 16h Reflux 16h
[ () B
N/ ‘ NH, Z ‘ NH, N/ ‘ NH,
N N. N.
N NH NH
2a NH, 2b 2 2¢ 2
® B B
N. — N.
N/ ‘N°N = ‘ N N ‘ ~N
N N
N%R %R %R
R R R

4aa: R = Me (80%) 4ba : R = Me (40%) 4ca: R = Me (78%)

4ab : R = Ph (85%) 4bb : R = Ph (57%)
G2'#%#!D\QI0"<#./#,4"* #%/'.0" (&%0+" 12/"#$%" &8, #$% & B/ A1 YEBLOCR /* #'2," 21" #$%"
F+12,%")8"/%.6#'2," A'#P" $8+/.I'%".,+"62,+%,& #'2," A'#$" @X3B>/)2,80"62*-2(,+&"#2"
12/*"#$%"62//%&-2,+" 4 "#/'.I''%E

I
R \rae N2H4 H20 -7 R 3 R
- ‘ —
- N CN EtOH EtOH I

9$9%"12/* #2,"21"#$%"3(, 20", %" ., +"-8/'+ %" *+1.12, %R, +" | 2-[26%%+%o+" "3(. HH#.H# %"
8'%60+".,+"-/2+(6%+"820+"- A& #S.#'62(0+")%"%.& 08" &20 #%+")8"1'0#/ #2,E""&'*0./"2(#62*%"
A.&"2)&%1;%+"+(I' 4" HS%"62,+9%,& #2,"%.642," A'HS BB TBDS62%-2(,+&C"., +"#$Y%&%"
-126%&8Y%& " #22B"-0.6%",":%/8"422+"8'%0+&"N26$%*%" @ ?0E"

Q2#.)08C"#$%"&23(', 20", %" & () &H H(HIAR MM "1%3(1%+"."02, A%h.6H 21 +0%". +"#'A.&"
2H"-288")0%" #2" 820 H#Y%6" #$%" - 2+ (BIEALEY6; YolES %" 6/ (+ %" A.&" (&%6+"+[%6H#08" 12/" #$%" Yo HA"
BHYH2" 112/+"#$%"62*-2(, MELL,+" M;; E

9$%" &8, #$%&'&"21"#$%" 0B8,804/'10(2/2) 2/ #96" B DHEZ LRI HH & 2" #$ #'#$%"68602. ++#2,"
1%.64#2,&" 62(0+")%" &H(+'%+" AHS" #$%" .;.'0.) DU @REC T 2+2)%, 1%, %" 62%-2(,+&" A%/%"
6$2&%," &"-1%6(/82/&")%6.(&%"21"#$%'/"62**%6/6'.0".;.'0.) 048", +"#$%'"$'4$"/%. 64 #8" ".0B8,%"
6/28&852(-0',4"1%.6#2,&E
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SiMe, BF3K

| 2 mol% (Ph3P),PdCl, l I 1) n-BuLi, THF, -78 ¥iC l
4'mol% Cul, Et;N K,COs 2) (MeO)3B, -78 %4C

f R Me3Si — 5 R MeOH R 3) sat. KHF2 (aq), -20 vuC R
THF, 50 ¥.C rt, 16 h

6h

5a R = OCHs 7a R = OCH, (68%) 8a R = OCHj (80%) 9a R = OCHs (20 - 40%)
5b R = CH,CHs 7b R = CH,CHs (70%) 8b R = CH,CH, (80%) 9b R = CH,CH (20 - 50%) »

G2'#%#1DDB #3%E&'&"[2(#Y% & "#2A./+"#3$%".0B8,80#/'10(2/2) 2/ #%"&.0#&

9$%" &8 #SYBEMY0, 6%+ AHS"<2,24.8$'."62(-0', 4" A'H$" %#$8,80#/*%#$8080.,%" 12002A%-+"
)8" 196*2;.0" 21" #$%" #/*%6#$808 080" 4/2(-" 0%.+ 4" #2" #$%" %6#$8,80)%, 194 A" 4YB(1&.2/&."
N<6$Y*B@E™,6/%.&%" "6 .#.088#"02.+' 4" 0%-+"#2" " Y##%/"S 6.6:22 "#4BH0%" @ C"%, #/8"
SUx"f @ KSYBHY#S80.% %" A.&" .08I6+" .&" &20: U@ 11%6H" 2," #$%" [%.6#'2 ARI60+"
2)&%/;%M9.)0%" @ C"%e @S

@1;6HID'M-#+&#2,"21"#$%"<2,24.8$."62(-0" 4

SiMe;
(PhsP),PdCl, l
I Cul, EtgN
©/R MesSi—= 6 R
solvent, temperature
time
5 7
T.&,-! % (6! 3 5! JA=N G(6B#.& X!_‘a)!
N**200 ! %(6a! ~%(6'a"
@ @dE> S;" > J 9X=" f2"
> >Q@E S;" J" i" oaxX=" da?'
e’ @JIE> S;" J " DD if
J" @IE@ S > J™ oaxX=" ff "
f" >@E S J" " oaxX=" ij"

O4%.6#2,"62,+#2,8ON9B(;EQTANI"%3(; EOX=C"I$C"?"yPEY Q608 D/ %#$80.* %
(&%+".8&"&20;% H#E

K" QoH#" 40 - #Yo+"H2" 2 i BBORI2) 2] #%6" & OH&")8" 1'/&H"+%-I242, #' A" HSUL (BEY"N
AHSH-)(HBOOHS (*". +" ++ 4", "% HE%E&& 21" #*%H#$80)2/2, HHBY&E" 21" sX=8820;%+"

' A HY/C O+ H2" HSY6 " FRHIBHO, " 2+ 9%/ #%"8'% 0% &E

9$%"'8.8, #$%& R RRB2(-0", 4" J#,%/&"A.&"12002A%+")8"#$%"1 | &#"68602.++H#2, "AHS H$Y"H#/' I %"
M1IAHS"#$%".0B8,80)2/2, #%" &IEBES"/%.6#2,"A.&"&(66%&&1(0".,+"&2" A%" 62 #' (%+"H#$'&"
&H(+8")8" (&', 4"+ 11%/%, #"#/'.I' %&"N<EBSEY"
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\\| Xy KFsB—=—R?
1
. N/ IN\:[R 9
N P Rt BF; OEt,

DCM, 1 h, 45 ¥4C

10aa:R=0OCH; (77%)  10ba: R = OCHs (50%) 10ca : R = OCHj (70%) 10da: R = OCH; (60%)  10ea: R = OCH; (40%)
10ab : R = CH,CH; (67%) 10bb : R = CH,CH, (46%)  10cb : R = CH,CH5 (40%)  10db : R = CH,CH; (46%) "

G2'#%#! DIOP8602.++'#'2," 21" #$%" #/'. 'NMA'#S" #$%0B8,80)2/2, . #%" &.0kR'G%.6#'2,"
62,+'#2,&"@0O"#/'10(2/2)2/ #8086#63(;EOCNIBFANe " %3(;EOCHBC"J?"yPC"e?"" E

65/2* #24/.-$8"2:%/"8'0'6." 4%0" #2" . 112/+" "BON9.)0%" >C" % BE0@ 9$%"'&23(', 20", %"
D\21!,+" D\2; 193 ('/%+"#$%"(&%"21"102/'&'0"6 20(*, "#2". 112/+"."I%&-%6#.)0%"8'%0+"21"1?2". +"d?
1%&-%6#': 9EB)0%">C" %, BSEF"

@1L;6HIE"7(/'1'6.42, "%t $2+

\‘| X KFsB—=—R?
— N R 9

X
N P gt BF; OEt,

DCM, 1 h, 45 %C

' 4
T.&,-! A(%7(=.) ! b/{#6)! 5=,/+121&/(.1%#&'()"
a"
@ D\1;" _id " <'0'6."4%0"620(*,"NSPL " T#M!6a@Nj"">0
>" D\11" dd" <'0'6."4%0"620(*,"NX%H " T#ENO"JO
e" D\; " Ji" <02A"6/8&#.00'&.#'2,","5PL
J" D\1" @f <02A"6/8&#.00'&.#'2,","5PL
f" D\2;" J?" =02/'&'0"620(*,"NX%H """ T#NIO™ >0
[ D\21" d? =02/'&'0"620(*Nk/.+'%,#"P8602%$%H.,%C"%,+',4"5P1




5(/', 4"#$'&" &H#(+8C"A%" 24 %+"#S "I (B &"2)#.' %o+™":%/8"02A"8'9008-) 0%">C "%, #/8"
JE"G," 2/+%/" #2" *-12;%" #$%" 8'%60+C" A%": ./'Vo+" %.6#2," 62, +#2,&" . +"-('1'6.#2,"-126%+(/%&
N9.)0%" EO=",.008C//%6/8&#.00'.#2," 21" #$%" .B8,80) 22 HYA.&" 12(,+" #2" +%60";%/" #$%"
12+(6#" " .66%-1#.)0%" 8'%0+" N9.)0%" eOE" 9$'&" [%&(0#" $' 450" 4$H%+" #$%" *-2/#.,6%" 21" (&', 4"
(0B8,%"&()&H! #%"12/"2-#'*.0"-/2+(6#"8'%0+&E

@L;6#6M-#*& #'2,"21"68602.++'#'2,"/%.6#'2,

| BF3K
_N | | BF;.0OEt,
solvent 1 h, temperature
N~ |l}l + O
Ph)ﬁ/N
Ph
4ab 9a
T.&,-! ULINB(EO QIH<T&! G(6B#.& @ dAa b/#6)!_"a‘!
_#c=/B9%
@ >Ef >Ef 5PL " Jf" @¢
>" >Ef fr PXPQ" i?" @t
e" >Ef f" 920(%,% e 9/.6%
J" >Ef f" oXx=" Jf" 9/.6%
f o e" e" 5PL " Jf" f?"

.0"g%.6#2,"62,+#'2 JJINSEf'%3( B3/ MTAN>EF%3('EX-PAC"@"$" #HED OB.20.#%-+"
8'%0B0Y %6/8&#.00'&.# 21741 "$ 24" 6%#2 % E

DOHIMH(B=8/(N(+11&, (7/*(Yo#,*
I
9$%"0.&#"-./#"21"6%$.84%62,6%/,&"#$%"/%&20(#'2," 24/ 22 %0/'6-8/'+',%&" &8 #$% &' & %0 +"

)8"'68602. ++#2, E"&"+%6&6/")%+" "H#$%" #/2+(6#'2,C H#$%E&Y%" 2096800 L IZR A VIBROHE."
12%" "$' +].,6%" 21" [2#.#2," )2 (#"H#$%") ./80")2, +E" G, +%%6+C"%; +%,6%" 12/" #/2-'82* %/ &*"A.&"
- 1% H"1/2 HSYR="QL G 8- Y6 6#]. "2 DOHP6"68602.++(BHE{ #A2"S "+2()0%HE& "6 2(0+") %"+ &6%/, %o+"
ASES"A.&" +'6.4%" 21"+ &HYo/ Yo 2 H DHREE"KYo"#$%, "%, & A%+ HS # HSY" & () &H H(H#'2,"21 " H$%"
10(2/'+%&"12/" "6$'/.0"0'4.,+"62(0+"-/2;'+%"&Y%-.1.)0%"+' &#Y%0/% 2 &2* Yo | &E"=2/"#$' &"- JHC"H#$%")
-0.8%+"., 2H$.F2/"120%")%6. (896" #"-12;'+Vo+"."62,:%, % #'$. +0%"#2" #/2+(6%"6$'1.0"4/2(-&E
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NRATB', 20"A.&" (&%+".&"#$%"6$'1.0"0'4. +"21"6$2'6%" 121" #$%" 1% SBRNG"22 RHABHTL/" A &"
4%, %] #%o+" 1I2%" #$%" 62//%8-2,+ 4" )2/2,'6" .6'+C" AS6S" A.&""," #(/," 12/*%+")8" ++#2," 21"
&2+ (*"$8+/2H'+90"H2 " HSUBBE02 . ++(6#8& "N<6SBWEOE

!

B @%B&K B
L X 1. L X

7
I BF3.0Et, CH,Cl, 40 ¥%C
NN 3 2, LML, - N B(BINOL)
1
JI\FN 2. NaOH, THF, reflux ! o
R 3. (R)-BINOL, toluene, reflux R
R R

B)
NaoH (R)-BINOL
16 h, reflux Toluene
reflux, 1 h
10ab 12ab
67%? 20%?2 (1:1)
NaOH L
R)-BINOL .
THF ® B(BINOL)
16 h, reflux Toluene
reflux, 1 h ‘ u
| [ ? 19 19
10ea 11ea 12ea F of compound F of compound
12ab 12ea
40%2 90%2 30%?2 (1:4) |

|
G2'#%# DH@D!P8602.++#2,".,+"[%&20(#'2,"21"#$%" #/2-'&2*%/&") 8" ,&%I#'2,"21"6$'/.0"#%#$%/"
NRATBGQME" S@L" QLg" &-%6#/." 21" #$%" 68602. +B(@#8.,+" DI! #1' &$2A" 4" #A2" |S"
+2()0%ERg%.64#'2,"62,+# &' @O"#/'10(2/2) 2/ #YIN& 043 (;E®=-!MT#'Ne"%3(';ERX-PQC"
J?"yPC"e?"*{'>0"" Q.MMNf" %3(";FED9X=C"/%10(HT" €' BISGQMIN@" %3(CEE20(%,%C"
%10(HC" @$R20.#%+"8'%0+E

10#$2(4$"#$%"6$'/.0")2/2, 6" % &H#Y6/&"A%/%"12/*%+" "02 AL B VG4 TBEHE. 0 2B, A%/ %"

&(/-1'&', 408" +'11%/%xHE6'1'6. 008CL; "A. &' 12/*06+".&" "+ HH (/%" 22"+ &#%6/%2'&2*%0/&" "
0%63(.0"/.#28&C" . &"%H-%6H#%+E"G,"62,#/ . &#OIBZHDL, 96/ #%+"."*%.&(/.)0%" Y HB YR "

2,%" +'.&H%I%2'&2*%lB P, .0%" 12/" #$'&" 0. ##%/" 1%&(0#" 62(0+")%" N'O" #$%" 1%.64'2," -/26% Yo+
|@7222"62,:%/&'2," ., +"#$.#" " B %#'6" 1%&20(#2," #22H N GVHSY%" 1%.6#'2," -126%%+%o+" A'HS"
$A$"62,:96/8'2,". +"HE.HYB, X" #$Y6/*2+8, ¥6"/%&20(# N2/'5% C.&"#.B%,"-0.6%"N.0)%#"
AHS"."02A"8'%0+"21"-/2+(BHOE"

K'#S" #$%" A2/B" +0686/)%+"" " #$'&" 63. WIHAB0N0; %" #359'" #.B%&" -0.6%" A$%/%)8" #$%"
*OHS2HB" A/2(-"6.,"622/+, HY6"H2")2/2, " H#2" 12/%" "-0., " #Y%6/*Yo+' #%" [2(,+"#$%")'./80")2, +E"

@)



9$'&™%69$.,'&*"-12;'+%&"."12(#%"#2"%3('0") #'2,"21"#$Y% "HA2"+'.&#%/%2' & 2* %/ & B'HS$" #$%"2, %"
#$9%"02A%/"%,%/48"A'00")%"#$%"*.F2/"2,%"N="4(/%"@ @OE

[ C&L&, (TI+(%6, 1% " ] !

JI?=#DDJR&H" #/2-'&2* %' &*P22/+', #2," 21" #$%")2/2," #2" #$%" $%#%/2 #2*C" 0%.+', 4" #2" "
-0.,.I" #%/[*%+' #UE

I1H%/"#$'&"" # 0" 1%&(0#C" A%" ., 08&%6+"#$%" 6$.,4%"" "+ &HBITDTLVS|" HBHYo 6#2,"

MHHE(1%" 2;%/" # B/ 12/% #2," 21" #3%" 62//%8&-2,+' 4")2/2,'6" BB, +%/" #$%" &.*%"
62,+#2,8".&")%12/%C" A% REBBQMH2"12/*") 24$" 8H%/%2'&2*%/&E"QLY".,.08&'&"A.&" (&% +"
H2®D 2 "HSY" S H2," 21" HSYEHY Y 2 YAl 2" 2: %/ U6 N<6SYEIHOE" Q2" 6$.,4%" 21" #$%"
1#2"A.&"2)8Y0/:%o+") (#". 1#%6/" 0%t A" HS%" HH#(1%"6220"+2A, C"A%"2) &%/ Y%o+"-1%6'-#.#2," " "1
21" @ DL HSYE2/" +' &tt%/%2' &2 CHAS'6S" A.&"62,1'*%o+" YEOH#2,"QLy EK %" +%66'+06+"#2"
+'8&20;%"H#$%"8&20+" "$24"#20(%, %" . 0B " ERYLB " SE"|, 2#$%/"QLy".,.088'&"&$2A%+"

HE H U0 "+ &HY/Y%2*%/'6" # 2"+ 1VH(/, Yo+ "#2" @ JC"&(SAYEH A"HS #H$Y/%"&" "+8, ¥ 6"%3('0
' HE%" 1%, 64 RI<6$%*%" @F)O

a) b)

(R)-BINOL
toluene
toluene reflux
reflux
12aa 12aa
dr1:4 dr1:4
Time (h) dr ratio ‘ Time (h) dr ratio
T0 0 1:4 3 0 0 1:20
T1 1 1:4 ; 1 16 1.4
T2 a8 L4 T2 48 14
T3 72 14
!

@)



G2'#%#'DMO08&'&"21"#$%"6$.,4',4"+' . &#%/%2*%/'6"] #'2"+(I' 4"#*WE".O"G,&%/#'2,"21"#$%"6$'/.0
4/2(-"2,"#$%")2/2,'6".6'+" 1/2*0 11"4.;%" " #'2" @ J"21")2#$" +'".&#%/%2'&2*%/&" A'#$2(#".,8"
6$.,4%".1#%/"e"+.8&E")O0"9$%"*.F2/"+'.&#%/%2'&2*%/" -/%6'-'#%+" . L#Y HELBBHIH2 A"
#2"49%"."[#'2"21"@ >?E"9$'&", YoA"[ #'2"A.&"$% . #%+".4."," "#20(%,%'"2;%/,'4AS#HC"[%#(/,' 4" #$%"] 4
#2"@"JE

=(H#$%/*2/%C" A%" #'Vo+" #2" ++" OHY!, %" 651.0" +20&" '," 2/+%/" #2" *-12;%" #$%" |.#2" 2
+ &HYI%2* Y RIBIENRD)/2*2 TEGQM["A.&" (&%6+")(#" (, L2/#(, #%08" #5%" [%.642," 211%/%+" "
-22/%/1.#2" 21" >E["@L'D 11€E5.8%+" 2," #$.#C" A%" 6$28%" ., 24$%/ RABNIQWC" )(#"

(,12/#(, #9608 #$'&"211%/%+"."&*0./" #2"21"-/2+(64#&"21"e’ @I NRSEHBYIDL2/%" +%6'+%o+"
#2"-[26%+"#2"#$9%" % H-02/ #2,"21"#$%" S BTHGMSE

1. NaOH, THF, reflux

2. toluene, reflux

! l Br
OH
] l wOH
Br

\_ 1. NaOH, THF, reflux

2. toluene, reflux

G2'#%#!DSB’'/.0"0'4.,+"",&%/#'2," 12" #$%" [%&20(#'2," 21" #$%" *20%6(0%E" X',+%/%+"0'4.,+" A.
(&%+"#2"&% % "#$%"*-.6#"2,"#P%" #'2"21"#$%"+' . &H GlAQ. &5V ER0+E

9$%" 1%8&20(#'2," A.&" YoHHYb, +%6+"#2" 24#$%/")2/2,'6" .6'+" +00/" #': %6 &" #2" 4%, %ol #Y%6" #$%" 62//%8&-
)2/2,'6"%&HI/&E","%HBY00%, #"8'%60+"A.&" 2)#. %+"12/"#$%" &23(', ADI 28" HYoD L2 %"

AHS" 1%8&-%64# THOB" +" jj ZE"9$%" 24$%/"62*- 2@ 112/+!"8'%0+" A7 #2"If 2" 12/"#$%"
3(,20',%DI;1!.,+ IDI;; ")%./' 4"#$%"-$%,80"4/2(-". +"fdz"12/"#$%"-/ 2 EHIIN<6$%* b @E"
G,"H#$%8&%"+'11%/% #"6.896&C " #$%"+' . &H#%/%2'&2* %0/ &" A%/%" 24" &Y%6-./. ) 0%E"

>7'



r=" r="

X X

~ N~ 2
1. NaOH, THF, reflux
N| - BF2 N~ B(BINOL)
2. (R)-BINOL, toluene, reflux
R Dar R Dar

12aa R = OCHj;3 12ba R = OCHj3 12ca R = OCHj4 12da R = OCHj3 12ea R = OCHs
57% (4:1) 50% (4:1) 79% (4:1) 87% (4:1) 57% (4:1)
12bb R = CH,CHs 12cb R = CH,CH, 12db R = CH,CH,
45% (1:1) 88% (1:1) 56% (1:1)

G2H%H#DOB2-%"21"#$%")2/2,'6"%&HY/" SR SV "62,+# & @D'N @"%3(";DACX"
N@?"%3(;EOC"9X=C"/%10(HiCND' &30 EES BOM["N@"'%3(;EOC"#20(%,%C"1%10(HC" @"$E
I1H%/" &2*06" 2-#% & #'2,C" A%" A%/%" )0%" #2"'&20 H%" ) 24$" &HYIVAD 8D VRS 219"
XT[PE"M,%" 21" #$%*" A.&" YoH#" +'&820:%+"" " #20 (Y96 +H$Y10(H" 12/=A G9! GOE"

G, H%/%&H 408C","H$'&"6.8%6" A%"+'+" 2#"2)&%/: %", 8"6$.,4%" 21" #$%" #2C" AS'6$" &(44%EHE'
&()&H] #%6"6., 24" (,+%/BED g E"

12cb
4:1 1:1
fmg ; Separation by ;
Crystallisation reflux in toluene : reflux in toluene
h 1h preparative 1h
in cold toluene < > HPLC
20:1 1:0

JP=#1D . 1,.088'&" 21" #$%" + &HY0/%2* %/ G2 MY H " Yo 1 HC" #SY%o" HERMYH/%62'&2* Yo"
%6 - HHYo+" 1H96/"6220" 4" +2A, HSHHVBH2" 4" %" "] #2"21" @ ORE" YoA" #2"A.&"$% HY%+"
A0 H20(%,%" 12/ @"$C 1%t (], A" HSY%" | H 2P ASEBIS . 8HY6I%02' &2 BAN6IBYo- | HYo+"
)8"-1%- ./ 4% XT[P"., +"2,9%" 21" #$%*" A &$%63$Y6t06+"" "#20(%, %" 1 ZL1A2B+ 4'H$%" &.*%

+ &HY6/%2' &2 2

>@



=',.008C" D.8" 6/8&H.0" &#/(6HEOR"2)#. Y%+2162*-2(,+" DI11".1#%/"6/8&#.00'.#2," "620+"
#20(%!N="4(/%" @AD" -/2#2," QLg" 21" #$%" /%&(O# 4" > @" * HH# (/%" 62(0+" 62, 1'/*" #$ #" #$%"
* F2/"+ &HY%I%2'&2* " #$%" | #'2" @ "#$%" 2, %" &20.4%" . 1#%/" 6/8&#.00'| #2,")8" 62*- /' 4"
HSUDH2, "2 1 HSBBHS2HBI2(-" 21"H$Y6 HA2"&-%664#] E"0& DI IER8E:E . 0 8/ (6HY B0 4%/0+"

28&")0YRHY H#'.0"1AIRH. 6B, 4") YHAYEN". '&2096'2,%"21 " #$%")' /80" R&"#$%"S G @[
K9%'62(0+&-%6(0.4#%" #5.#" #39%" ¥ 2/" +'.&H%/%2+%/"" " #$06RWLS. 68, 1.;2(/.)0%"

BHYOI'GHYL) 6#2," 21" #S$%" TBYRHH#(% H" ., +" #$%" S',20" %&HY6/" 2HBAY0: 2 HR* 2, %"

+ &HYoI%2*%0/"2; Yo/ HSYE2HS Yo/

Y
LI\; g("\/‘\/“

J1?=#IDHT D). 8"6/8&#.0"&#/(6#(/%"21"62*-2DHRI"'NO0%1#0O".,+"/%-/%&%, # #'2,"21"#$%"
62//%&-2,+',4"* . F2/"+' . &#%/%2'&2*%/"NI'4$#0O

DOM®.26=*/(.11.)I(=&6((> | !
!
K%" $.;%" &$2A," #$.#" #$%D.200R0+%/" 68602.++'#'2," /%.6#'2,&" 21" [@H'TBE" A'#$"

.0B8,80#/'10(2/2)2/ #%" & .0#&"211%/"."[.-'+"*%#$2+" 1 2/" #BYP R BHIIEL*%0/'6" -8/'+', % &"
)%0./',4".")2/2,'6"%&H#%/E"9$%" - (/'#8"21"#$%". 0B SQOEE 2/ #S%dBF#-0.8%+".,"*-2/#. #"

21"."6$'7.0"0'4.,+".,+&-%6(0.#98.#"#$%" #%/.6#'2,"2¥F,'6%,2H84%," #2*" A'#$"#$%")2/2,"
-12*2#%&03('0")/ . #'2,"21"#$%"+'. &#HY/ VE2*IBI&"VoH-%/* % #&"& (4 4% & HP . IRHGIMO SDH"

2148,.*'6" #3$%/*2+8,.*'6"/%&20(#' N2/"5% E"
1&"%H-%6#%+C"A$%,".,"%#$80"4/2(-"/%-0.6%+"."*%#$2H8"4/2(-C"."+'.&#%/%2*%/'6"/ #'2"21"@

$%.4#%+" #" [%10(H" 12/" @" SE" G, #%/%&# 408C""," #$'&" 6.8%I- 90" 8" 65 249R2)21" #$%"
+ &HYI%2*06/'6" | H2C"AS'6S" &(AAVEHE HS 1 HS &" & () &H] HYo" BIBHE(, +%6/42"

18" +'&6/(8&Y+C HEY%" 120" 21 " H#$%")2/2, H2" BHHRD OB A& 6'+ HS.#"- 12+ 2H%&" &&26' #2,"
21"#$%" 0BS, %" AHS #$Y"#]'.I' %C"#" 082"-12; +PHEBYE HWHILD 21" "6$'.0"0'4., +". +" 0&2"

1%.6#2,8C" &(6$" .&" <(I(B" 62(-0',4" #2" .112/+" " %A" -.,%0" 21" $'4$08" &()8HH(#%+" /2% #6"
62*-2(,+&E" "

>3



191 AL 7 &, IFFB- & H#/*1(+1/%] #*1"#$88<] (R1&16-*#(K/)1&/B#
2()HFL&I(N(+11%/.# *!

19DB.&,()=28/(. !

!
G,"#$'&" &%BF R 8 #$%&'&" 21" */00R")%" +%&6/BYE*,%&" /%" .,.0242(&" #2" B%#2,%&" .,+"

0+%$8+%&")(#"'62,#.","."PsQ")2,+"" ,&#%.+"21"."PsM")2,+E"G*,%&" ./%" .0&&" BG#AL1"
)-&%N&C" ., +" /%" 62**2," &8, #$%#'6"" #%/* %+ #%&"" " #$%" -1Y%-./ #'2," 21" $%#%/26860%&" ., +" 2#9
SH#I24%[B2 4., 4"2/4.,'6"*20%6(0%&E

I9DODG-. & #4/*(+1/%/ #*!

I9D9IDIDIAGL*/2161%6#8&. ()
|

G*, 68" 6.,")06" -1%- /%+")8" 62,+%6,&'4" 6./)2,80" 62*-2(,+&" N.O+U6SB+U6&" ., +" BIGH2, %&O" AH#S"
[*18"21" sec-* 68" (+%6!".6+'6"62,+#2, QBT %, #$2(4$ HP &" & HY6"*28H"&#]. ASH12/A[+"
SOLHS2H"H2"-%-1%" * Yo&C"H" 4", %&" 221" 8 Y0 +&" A$%, HBOY62:$0'6" *',%&"2/".6B

&%, 8H%"6.1)2,80" 62*-2(,+&E" <Y6;%/.0" .OHI0!, #%8&" $.,%")%6%, " +96;%02-%0+" #2" 2;%/6 2* %" #$
+11'6(0# YREYoH. *-0%C [2OR22B7 +"62A2/BY6/&" 12(,+"#$ # #Y6#]. Yo#$80"2/#$28 0'6. #%"6.,"
%" (&Y0+"#2" &8 HEVELBRS, " #E%&Y6"+11'6(0#'6.8%&C #II2(AS #SW " ) O'HB #2" 6#" &"+%& 66, #
19%¥2;%" #$96" A HI6!". +" &S L#" HE% "% 3(0') (" #2A.[+&"#$%"* It EHBHUDE

0 s
) Si(OEt), )'N
R rt, 1-2h R

Ts-NH, +
R = Alkyl, Aryl

G2'#%#DE"7/%-./ . #2,"21'®2&80.0+™*", %&E

<%;%/.0" +'11%/%,#" *%#$2+&" $.,%" )%%," ' #/2+(6%+" #2" -[2*2#%" AS.#" '&" &#'00" %&&%,#'
62,+%,&.#'2,"21".," ¥ %".,+".0+%$8+%E"SHS' &"/%-2/#C"G"A'00"126(&"2," .0#%/,.#;%" 12 (#%&C"
.- *%08"#$28&%™,;20;",4"2H'+.#'2,"21".062$20&"2/"21" *' % &E

>¢'



1I9D9D9I9 A1&1682!1%#&'()* !

19D9DIIODY  AO' L()(KN1&/(. !
!
G* %&"6.,")%"-/%-.[%+"#$/2(4$"2H'+ #2,"21"6)B24%, "&' ,40%")2, + &E"=2/"%H . *-0%C"g ##%/"

+"62DN2/BY%/&" %2/ #Y0+"#$ %" +%6$8+/24%, #'2,"21"&2)2/,80.,'0", /ENDAG BBYRE/ %6 &%, 6%"
21"&(010AE

S

O] —~ o)

.H2

G2'#%#!D[B%$8+/24%,.#'2,"21"&2)2/,80.,'0",%"#2"2)#.","#$%"6.*-$2/".,'OE

G, 1%6% 4" +9%6.+96&C"#'$.8") %%, "&S2A,"#S.#"H#$%" (&% 21 T DHH QY61 & OBEHL2 (4% 1 2/"
HE90" &8 HS%E& &" 21" M Yo @EN%0/" 4" YoH.*-0%" A.&" 1%-2/#%+""," @lji")8"Q'&S',.4." ., +' B2
A2/BYI&C" AS2" +96*2, &/ #Y%+" #5%" (8%" 21" P2N&.0%, 0" 62*-0%HY%& " #2" +HSBMILAY%, %" *'9
0/2)'6" 62,42, FE M HE&" #*YC" #E%" +96$8+/24%,.#2," A.&" 24" A%00" +26(*% #%6+" . +" #P &
- HSAB'AL -I2-28%0+" &"." YA [2(HU H2A I+ & HEY" 8B HEV&'& 21" Y&E

18" %%, #2,%+C" & 6.,") %" -/2+(6%Wia"#E%" %6/2) 6" 2H"+.#2," 21" ¥ %&" (+%/"#].,&#2,"

*06#.0" 6.#.08&'&C""," AT'6$" #5%" *96#.0" ES(HHO%E" )YHA%Yb," 1" 2AHoH (BOAY!, L 2ME"

622, 6$.00%,4%" $%6/%" &" #SIVEPABIB" )./ Yol #E. 4" *(&#" %" 2,%6/6 2 WEBA"+1%" #$%"

*96#.0" (,+%/" %6/2)'6" 62,+'#2,8E" 9 &" $.8")%%," &20;%+""," &2*%"", &#.,6%&")8" (8D4" %0%6#12,
#1.,81%/" *%o+ #2/&E" =2/" %H.*-0%C" S}6B;.OAHBERE" +96&6/)%+" " ¥0+" ., +" %11'6'%6,#"

)2X 966" I(#9%, (* [B.#.088%0+" - HSA.8"H#2" 4% Y0/ #9%" .0+ YBRH* SO &"+%& 4,"

A&, & 1%+")8" H#$%"[20%" 21°QHB ()'3(',2,%"","#$%") 2024'6.0"2H"+.#2,"21". 06 2$ BE"
1%-0.6',4", 624, < +9%")8"."/(#$%, ('62*-0%H". +"68#26$/2*%"P")8"."*%6i.0".6/26860%C #$%8"
12,0+ [2(HY6 H2 " 2H' + &Y' RY662 MG (8, A 2HBAY, " & #$%"L',.0"2H +. #'N < CEIDRL"

>J"



OH

MeO OMe
.R®
HN
J\ [RU] (M Lm)ox Hzo

RY R? OH
.R3 Q
N MeO OMe
J|\ [Ru]-H \¢/ mL™ 1/2 O,
Rl "R2?
+
mn @ O n

H

G2'#%#D\91%/2)'6"2H'+.#2,"21" *' % &E"*%#.0"*.6/26860%"NLOC"."rP2N&.0%,0th#8-%"
62*-0%HC"A.&"(&%+"12/"#E%, M 2, E

19D9DYIOI9  R#-)(?#.1&/B#!12(=76/.?!(+!1%/ #*!
|

"+ 11%/% #" .--/2.68" #2" -[2+(6%" ¥ U628 &HE&" 21" #$%" +%6$8+/24%, #'%" 62(-0' 4" 21" #A2"
+'119%/% #" * %&E" G,&H#0b.+" 21" 2H+W@" )2PrC" #A2" ¥ %6&" /%" 1%.64#%+" (,+%/" 6.#.08#6"
B2, +'#2,&" 12/% 4" "% 0" +" 0%/ # 4" *+2," E"Q(*%/2(&"%H.*-0%8&" %H'&#C" (&' 4" ) 24#S$"

q"9TL7M"6.#.08#'6"&8&#%*"A.& (&% +E
SN Fe(NO3)3/TEMPO (5/5 mol%)

R NH, R N R
air, toluene, 80 ¥%C, 24 h

G2'#%#!1\919%/2)'6"2H'+.#'2,"6.#.08&%+")8""2,

k2-.0.".$".,+" 62 DA2/B%/&" $.;%" .0&2" (&%+""'/2," 6.#.08&#&" (,+%/" .%/2)'6" 62,+'#2,&" 12/" #$%"
+%$8+/24%, #:%" 62(-0',4" 21" *' %&C" A$'6$" 62(0+" 0%.+" #D 2HG 28BAH %o, & #'2,"
N<6$%*%">@OE

R1-NH,
FeBr, (5 mol%) EeBr, (5 mol%
x .R! 2 eBr, (5 mol%) ~
R/\N R/\NH2 R/\N/\R
0,, 110 ¥.C 0,, 110 ¥4C

G2'#%#IDIG/2[B.#.08&%+"2H'+.#',%"62,+%,&.#'2,"21"-/*.18" *', % &"#2"™*' % &

1,2#3%/"%H.*-0%"$.&")%%,"[%-2/#%+")8"L.+ &Y% A B/RASY0/%"62).0#",.,2-.1#'60%&"./%"
12/%%+" "&'#("12/"#$%"62(-0',4"21" *' % &" #2"*' %&" N < 6STEY"

3 mol% Co,(CO)g, TOPO
N NH 2 8 X _R2
R”NH, + R2 2 ) RT N
mesitylene, 164 °C, 24 h

G2'#%#1195%$8+/24%, #',%"62(-0',4"21"-/*./8" . *' % &" #2"*' %&E"Q.,2-./#'60% &2 D}"
12/*%+" " &'#(".,+"&#.)'0'&%+")8"#/'26#80-$2&-$',%"2H'+%"NOM7MOE

>f"



I9DODYIOHY  R#'-),(?#.1&/B#12(=76/.21(+1162('(6*!1.)11%/ #* |
|

M, 06" 21" #$%" 4/% #" .+ GHE &" 1'060&" )/2(4$# )2(#")8" X./(#.]&" (&YR1" PMNG./)2,"

*2 2H+%O2H'+ #2,". +" .0B%,%" %-2H'+ K2, 6.#.08&%+" )8" &(--2/#%+" 420+" ,. 26(&H#Y%/&E
=2002A", 4"#$'&"A2/BC"#$%"(&%"21"420+"$.8"&",6%6") %6206 2/%"*-2/#. #" "#$%"6 #.08#'6"2H'+ 1
21" .062$2082" )(#" .0&2" '" #$%" &8 HS&'&" 21" ¥ %6&" ., +" 2H %&" ;" &(--2/#%+" 420+"

. 2-JH#B0%&E 9$%" %11%66#" 21" #$%" 420+" "*2)DHP+$S+2HS.- #H#%" NXI7C"

P. @N7TMONMXD" -/2;'+%+" " %11'6'06,#" A.8" #2" &8 H$%E&'&%" *' %&" )8" " #. +%*TRH'+ #2,
62,+9%,&.#2,"1%.64'2,"NRE*%">EOE'$.8") %%, " +%6*2, &# #Yo+"HS SIS I Yo #"-24% #'.0"
&"."6.#.0888H--2/Hi 1

OH =

@ @) | . NH» AUu/HAP N \N \\|R2
N * ~ |/ =
R' R? O,, toluene, 60 °C R
75-99%2
oH AU/HAP
u
X, -OH
©) + NH>OH.HCI | b N
4 Z = O, toluene, 60 °C 4 =
R R
90-95% 2

G2'#9%#11HOIg %.6#2,8" 6.4#.08&%+" )8" 420+q$8+/2HS.- ##%" 12/" #$%" &EHSYELE" 21"
NI(gX!7" @" *20zQC" .,+') O2H™*98 NI(q" X!7C" >" *20z&"P2,;%/&'2," NzO}.&%+" 2," #$%"
62,,%/&'2,"21".062$20&" #2" "YU &E

9$%".66%-#2/0%&&. +%$8+/24%, #2,"NISO"&". 2#$%/"- #$A.8"(8&Y6+"12/"HSY" ¥, #2,"2/"* #2."
21" .062$20&E" 9$%" +9%6;%602-*06 #" 21" $2*24%,%2(&" 6.#.08&H&" 12/" #$'&" *Uo#$2+" $.8" )%%
+26(*%, HU") (H HSU D EEI&E" &Y6;%/.0" +&.+:. #.4%&" &(6$" .&" YoHH%, &' %" (8%" 21" 0'4.,+&C"
8%, &' H#HE" 21" -22/" 6.4.088#" %62 WIFL6;%6/E2+ 1'%0+" $8-+/2#.06'H%&" NX9&O" $.:%" )%%.,"

&8 HSU&'&Yo+" &" " W11'6'%, #C" 6$%.-" ., +" [%6860.)0%" $Yo#%0/ 240X TRIRY: 6 BHEBBHE

B2%-2 (,+&" .J%"* %6/.0" $8+/2H +9%6" ). &Yo+" AHS " #$%" 4%,%/.0" 1 2P0k PRNMXDIN! O

QuEXM" 62*-28%+" 21#9%," 21" *.4,%&'(*" ., +" .O(*,'(*B "m2(#6$B2;D 2&#.0" .,+" 6

A2/B%I&" [%-2/#%+" 422+" 6.#.08#'6" .6H#' #B-IRIXO&" *-/%4, #%+" AHS" 7" .062$20"
wHD%.6#2,&C"-126%%+ A" #S/2(4$".66%-#2/0%&&.".062$20" +%$BE/24%, #2,E

| #0" 2AC" 1%A" *06HE2+&"" ;:20:%+" 1%(&.)0%" $%6#%6/24%, %2(&" 6.#.08&HED) RYH" 2," %./#$
066PL/'%, +08" *U6#. 08" 12/" #$%" +'/%6H" *' %" &8 #SY&'&E" " G,&-'/%+")8" #$%D-20%#2," 21" Q

>| n



4/.-$%,%C#$%"4/2(-"21"g.*.," +%&6/") Yo +" 12/"#S%" 1'/&#"#*%0" #$%" +%$8+/24%, .#;%"62(-0',4" 21

n-octane 120 ¥4aC

COxidant free E 93%3

J@/\OH NH, Cat Fe-Phen@C (0.8 mol%) /@N
Cl * t-BuOK (10 mol%), Ar, atm cl

G2'#%#! INVESI2[B . #.080H'/%6#"*', %" 12/* #'2,")8".66%-#2/0%&&" +%$8+/24%, #';%"62(-0',4"
21".062%$20&"A'#$".*' %0&E&20.#%+"8"%0+E

9%$%&%"%H.*-0%&"$'4$0'4S#" " #$%" 4% #" ##% #'2,"#$.#"$.&") %%, "-.'+"#2"$%6#%/24%,%2(&"6 . #.
1%."A$'6$"'&"," -%/-%#(.0"*-/2;%*%,#E"0./08C" *%.M2/4.,'6" 1/.*%A2/B&"NLM=&0"$.;%"
&$2A,"#%0*%,+2(&"-2#% #' .0"#2".6#".&"$Yo#Y0/24%,%2(&"6.#.08&#&"12/"&8 #$Yo#' G '2/4.,'6 "6 $%*'&
L' %H . *-0% (&', 4" " LM="6.#.08&#" 12/" #$%" &8,#$%&'&" 21980 &, )Y 02R," <%6#'2,"

>EGHE

I9DOIBHELE,?21./2! +,1%HS(,>*1+(,121&16-&/211776/21&1(.*

!
L%#.@2/4.,'6" 1/.*%A2/B&" NLM=&0" ./%" -2/2(&" 62*-2(,+&" ',;20;',4" &#/2,4" *UdBtD,+"

' HY%!.6H2,&E 8" 21" #$Y* - 28 8Y0&E" " - J#6(0.1"12) (&H,Y08&" +(%" #2" H$U'[" &#12,4")2,+' 4C" . +"
#$968"6.,")%"%.8' 08"+ 2+ 1'%+")8" 1 2/ VLG 2/RAH2,"21 1 (,6#2,.0"4/2(-&"2/" 6# ;%" & HIBKE

< 6%" #3%" 128.C" LM=8" $.:%" )%%," &#(+'%-+" 12/" #$%'/" 2:0$3EBIE ., +" 6.4#.084#6"
-4 Y

9$%6"-2/%"&'1%" 21" #$%" 6/8&#.00", %" &#/ (64#(1%"6.,")%" 62, #200%+")8"#$%"6$2'6%"21"+06#.0"., +"
0',BY/&"., +"$2A"#$%8" 1%"62, Y6HYo+E"1662/+ 4" #2 TSV HG2ED, #2,C#"&"-28&")0%"

H2"2)H.' "' 11%/% 1 &t (GHBIBRTE.00%+"-208*2/-$ & EoH. *-0%"21 "#$'&"- /' 6'-0%"&"4";%,"

)8"9".,". +"62 DA\2/BY%/&EI$%8" &8 #EY& &Y+ "+ :%6/&Y%" I' 6" +.120 #%&")8"*2+'18' 4"/%.642,"

-] *%HY%/&" N&(BS" .&" &20;% #O" 2/" 18" ' 62/-2/ # 4" &*.00" &()&H #(% #&" #$.#" -0.8" #$%" /20%"
&HI(6H(/%"+'1%6# 4" 4% #&"N<5I&OE"

5' 1108k, #".--/2.6$%& #2 " #$%" (8%"21 " LM=&" &"B. HOPEGHE," &#(+TE%+ Q. *%08C" (&' 4" #$%"
&H#/(6#(/.0"%6#.0". & " #$%"6.#.08#6"6%,#%/"N'OC" (&%"21"#$%"LM=".&" "$28&#"12/"**2) 0'l' 4"6 4.
N"OC".,+"1',.008" (&' 4" #$%"-2/2(&" &#/(6#(/%" 21" #$%" LM=&" #2" $28#" +'11%/%, #" *%o#.0" ., 2- J#'
N"OE"9$%" 1'/&#"6.8&%" %1%/ &" #2" (298 BBUGHY6/" *%,.)0%"#2" #$%"" #/2+(6#2,"21"0.)'0%"
0'4.,+&C"A$'6$"6.,")%"%.&'08" %HES.,4%+"+(/' 4"6.#.08& &E"9$%" (LTAP1&X "L 48="12/"

HSY"8H 2/ A%"Z&RXA22+"YoH . *-0%"+ (Yo" #2"HEYRK. 0" & HY6&.". 66%&8.)0%") 8" #$%6/*.0".6#'; #'2,E"

>d"



1,"%H.*-0%"A$%8b"#$%"6.#.08&'&"#.B%E&"-0.6%#'2,.0"*%#.0"6%,#%/"'&"&$2A,","<6$%*%"
>TE"G,"#$'&"6.&%C"."*%#.020',B%/"62,#.",',4" ."LNGGGO" 6%, ,#%/" A.&" (&%+" 12/" #$%" &#%0/%2
%-2H'+.#2,"21".0B%,%8&".,+"12/"%-2H'ERYH,, /4" /%.6#'2, &E

— i N= Zn(NQO3),.6H,0O
Ho,e— Y\ CHMA Zn40(L)s (DBF)4o (EtOH)s (H20)
O { Q DBF, EtOH
N O COH 80
t

O O
Bu tBu

L-H,

G2'#%#! |E" <8 #W&"21"PLMEE"5%&'4,")('0#" 1/2*" riRlsDMONRQOL"<S:&".,+"."L, D
<.0%,"+%/";%+"+'6./)2H80.#%E"

G, "#$%"0.8#"6.896C " #3%"-2/2(&" 1/ *%A2/B"-12:'+%&".,"%11'6'% #'&-.6%"#2 " #$%" 6 #.08#'6" 64"
H$%" *Uo#.0" ., 2- H'B0%&E" 1" %oH . *-00/%RIHIYB" X./(#." Yott" OEC" A$Y%/%" #$%" (&%" 21" 420+"
1 2- [#'60%&" &'+ %" #$%" LM=".002A"#$%". %/2)'6"2H'+ #2,"2 1" Q62 R E(#%&]"4/2(-"
19%21#%%082" #$%6HP)2,+ CL2/* #2,"NL'I2/2B' X%6B" %.64# 2@+ #%+")8" 7+NGGOE.G[
@AWX-E"G,"#$'&"0.&#"%H. *-0%C"#$%"+2,2,(60%./"T+NGGO"&-%66'%&" A%/%"622/+, #Yo+"H#2"#
21"H$%"LM=". +"4/.+(.008"62,;%/#%+"HDBOEHI, + %6/ #$%"1%. 642, "62, +HEZ\ & HH(/%"

21"#$%" ) 2#$" &-UETARIG GO" 62*-0%HY%E&" ., +" T+" ., ROBERARBRO+" ., +")%66.* %" #$%" .64, %"
&-966'06&"21"#$%"-/DB%&&E

LM=&"$.;%".082") %%, "(&%+".&"6.#.088#& " #2"6 DY R/ (6" FS/2(48(I(B' IL'8.(/."6/2&& D
62(-0',4&"2/":00*., B¥8-%"62(-0', 4&E"9$%6&%"1%.64#2,&" /%" A%00"B, 2A, 12/ #$%" &&%*)08"21")" /¢
&HI(6H(/%&E" P$%," ., BABIBY6/&" 62%-./1%+" #$%" -06/12/*.,6%" 21" $2*24%,%2(&" 6.#.08&#&" A'H#S$"
-.00.+'(* D.&%+"LM=&C"&(6$".&"LIMe"62,#.'" 4")-8] '+ %"0" BY%/&"1(,6#2,.0'%+" AH#S$"
7+POE7 9$%8" &#(+'Yo+" #3%" BF8-06" [%.64#'2," . +" 2)8%/: %o+" #$.#" #$%" 6.#.08#'6" .64 #8" A.&"
&()&H. #.008"*-/2;%+"AS%, "(& 4" H$Y"$Y6HY6/24%, %2 (&."6.#.088H# " N<6$%*%%6">IOE"

>j"



KOAc 3eq
DMSO/EtOH (20:1)
120 °C, 10 h
Catalyst conversion (%) Yield(%)?
MOF-253.0.05PdCl , >99 >99
Pd(bpy)Cl 56 50
PACI,(CH4CN), 12 10

G2'#%#!110900*.,,"62(-0',4"21"'2+2)%,1%,%"2;%/" LMB¥es?E?f7+PCE'S.&%+"2,") 8"k
L<".,.08&'&E

0$%6" (H$2/8."&(A4%&HYo+"HS HH$ & %1 1%6#" A & T (B HPHOYBHATIL "H$%" LM="6 #.08&#"

' 61%.&Y68 HEY Yo0%66H#/2,"+0b, &'H#8"2, " T+". +"1.6'0'H# HY& " #SYo" 2H + #%" ++#2,"21"#$%" /80"S$.
HEY"T+". 69" & HIDE"L2/%2;%/C H#$'&"+11%/%, 6V UGS #8062 (8" &BE&HI*"62(0+") %"
HS9%" (%8 (04" 21" #$%" %60%6#12," 62, 1'4(/ 2, RIVHEHE" #$%" LM=""+(%"#2"#$%" -/%&%,6%" 21"
65./4%" #1.,81%/" )Yo#AY%," )21+ %/ 4" 0'4.,+&" . +" *%#.08" ' " LM=&E" 9$'&" /%&(0#%+""," " $'4$%
6.4#.08#6" .6H# #8" AHS" #$%" LM="#S."HBS? $2*24%,%2(&" &8EHY*&C" &(6$" .&" 7+N)-80P0
N-288%&&' 4"."&' 40%")-8"*20%6(0%O NP RFRIOH" . /#Z, I #(#%,8"4/2(-"$.&".0&2" (8% +"
7+NAD(,6#'2,.0'1%+" LM=&C" '," - [#'6(0./C" 7+ELER?@C" 12/" #$%" R(RR." 6/2&& D

62(-0',4" 21" $'4$08" 1(,6#2,.0'1%+" 0'85.0'+%6&" ., +")2/2,'6" .6'+&" (,+%/" ;%/8" *0+" [%.64#2,"

LM=&"./%"21#%,"+%&6/")%+".&" "-2/2(&"6/8&#.00", %" &#/(6H(/%") (#","1.6# H#$%8"6.,") %" 12(, +", "2#
-$88'6.0" &# HYSQES2(&" *%6#.0 [2/4.,'6" 1/.*%A2/B&" BLM=&0" B%%-" #$%" & *%" - ##%/," 21"
)(0+,4")026B".,+"62, Vo6 #8"21"#$%'/"6/8&#.00' YoZBIHR" 2#"-28&8%&&" 8" D2Mb"

06/ 2+'6" 2/+ AP YV HS 81 alEV6$./.6H%/'&Yo+" " 1%20'# 6" 6/8&#.00", %" &/ (GHOYAG FHE=
(,+96/42%8&" "*2/-$20248"6$.,4%"2,"$%. # 4"H2"2:%/"e??" fP"#2". " *2/-$2(&" SPROUTES"

A2/B" [%;%.0%+" #$9%" /127 &' 4" ) O'H%&" 21" *2/-$2(&" RG=&" #2" #].-" H(%&H#" *20%6(0%&C" &$2A
422+"%20%6/(0./"(:B%"6.-. 6 HBEGH" 082" --%./1&" #$ H'HS &'B' +'21"62%-2(,+&"&$2A") ' 2*%+'6.0"
~-0'6.#2,&" &"+H(4"&H2].4%"6.- 6'H Y&". ,+"+/(4"+%0';:%/8"; 4% 60%&E

LM=&"$.;%")%%.," (&%0+" A'H$"4/% #" & (66%8&™ "." ()%/"21" &8 #SYott'6"#]., &12/* #'2,&C" A$Y6/%"#
LM="62*-2&'#2,"-0.8&"."-';2#.0"120%" 2, "#$%" 2(#62*%" 21" #$%" [%.64# 2, E" =2/" BWH*-0%C" =%
P/DLG[[®?7?".,+"LGI@?@"$.:%")%%," (&%+",".0080'6"2H'+.#2,&"21" .0B%, %&" " #$%"-/%&%, 69
*20%6(0./" 2HBAK' BH" A.&" 1%;%.0%+"#S 4" #$%" -/2+(6H#" &Y0%6H' #8"+%-%,+&" 21" #$%" . #(/%"

>| n



*/o#. OE"K$'O8H #$Y%6" =9%"). &Yo+"LM="-/2-+(6%+"(, & #(/ #%-+" .06 2P ZGE LA "PI2(/%+"

HEU"12/* #2,"21" (& H#(] #%o+"BYH2 Yo &E ™"
M#$%/"60.8&'6.0"2/4.,'6"1%.64#'2,8"6.,"#.B%"-0.6%" AHS #$%"(8%"21"LM=&C"., +"#$%"/20%"21"#$
&HI(BH#(/%"2, HEWDBE'&"2(H62*%"$.&") %%, "+ &B(8&Yo+"#2" & S* G4 Yo H#Yb HE

[9ODIHD-. &'#*/*1(+1/%/ . #*121&16-*#)!;-18<J* !
!
G,"#$'&" &%6#'2," %H.*-0%&" (&',4" LM="6.#.08&#&" #2" &8 ,# Y86 %58, 60 =N SOPO"

NSOP™" @RS 1%, %#/'6./)2H80.#%0" A.&" (&%-+" 12/" #$%" & SVERHEBE* 218" 1/2+" #$%"
62//%&-2,+,4")%,180.*' %&" (,+%/" %6/2)'6" 62,+# 298 ES%" . (H$2/&" 62*-[Yo+"#E'&" /2426 20"
#2"-1%:'2(&" 1% &(OUR/" #$%"2H '+ #2,"21")%, 180'6" 62*-2(,+ &$HY6 &Y%, 6%" 2 1"-%6/ 2ZH# Y% C

HE &6, &YC AHS HYo" 62/-2/ HIZTEBII2H8-$45.0™'+9%6" NQX 7 GOS%8"%o-2/4%+"" (*)%/"

21+ #.4%&" 21" #$%" LM=" &8E&H%* """ #$%" 2,08" 2H"+. #" &2(/6%"'&" *20%6(0./" 2H84%,C" . +"#
1%.642,"6.,")%"-%/12/*%+" AH4$2(#" " &20:% HE" 1++#2, 008C"#$'8"* #%/'.0"+2%&" , 24" 1%3('1%" ¢
YDBH'; #2,"&#%-C" 00% AHYo-/2+(6") 048" &&(%&E"P$%, C'52, ATARIBR6/&"+%;%02-%0+"."
Y6A"-2/2(&" TB(EL,NGGORM="12/" #$%" TIR#" #.,+%6*" &8 #$%&'&" 21" '* %&" 1/2*")%,180"
.062$20&".,+".,'0" YGB+"1/2*")%,180".062$20&.".,+")%,180.* V" 9$'&"6 . #.0BM*2, &H/ #%+"
9%H6%00%,#" /Y BEEDI<6$%*%" EHO

a)

o —
©/\NH2 NHPI/Fe(BTC) 7 mol% ©/\N/\©
0y 24h

89%

b)
| xr oH | Xy ONH, Pd-Au@Mn(l1)-MOF 0.75 mol% @A,{&@
+
<
Rl/ Z R? toluene, 110 %C, 24 h Ri RZ/ Z

48-99%

G2'#%#!I1X9 <8 #P%&'&" 21" ™', %" ;'." .%/2)'6" 2H'+.#'2,8" MH'+.#2," 62,+%,&.#2," 21"
)%0,180.*,9%") O"M, B2#H#,+%*" 8, #$%&'&"21%&"1/2*". 062$20&".,#',% &E

" &20:%/%%" &8&HY*EXNMPKONPMMOEYo+" LM=" 1/2*" P'&8**%#/'6" 0'4.,+&"NLM=@0"
A& (&Y%+"" ™ &20;%[H/%%" &8EADH* #$%" THD4" &8 #$%E&'&" 21"+ HBSP*06%) GE'9$%"
1%.6#2,"1%3(1%&".64#;.#2,")8").&%E

e?



J

©/\OH ©/NH2 MOF1 (0.2 mol%) ©ﬂ\N

KOH, Air
100 °C, 12 h

G2'#%#! [ E"M, BR#" &20; YEE%%" &8, #$% &I HIIB0'+%,%.,'0', %" 1/2*")%,180".062$20" ., +"
0", %

9%6%,#08C"U". 4" . IABY/&" 1%-2/#%+" " O#Yo], #: %" +%H#$2+")8" AS'6$" " +:%6/&%" ./ Yo#8" 21"
)%,180.% 06&" 2H'+.#:%08" 62(-0%""," ." -/26%&&" *%o+' #%o+" BSPPQ+%/*&)0%" 0'4$H"

I+ 2, N<6$% %" SIOETPQD>>" '&" " *%6&2-2/2(&" LM=" A$'6$" -2& 80 &8lHT BED
6./)2H8-$%,800-2/-$8/"NOP770&" " $%*T'B%" 2/4.,'6" 0',BY%/" ., +" ."FEO(&H%/&" .&" ,2+%6&"

NE&H/ (GH(/%"+%6#%/* %&") 8" &IMBUICL /. 642, DB #.4#2,"A'HS H#$ & " &BEHI*" & " H#$ #'&' 6%"
HEU" [%.64#2," 266(/&" #$/2(4$" .(H2" 62,+%6,&.#2," 21" #A2" ' +% #'6.0")%,180.% %&C" #$%" ./2* #6"

/©/\NH2 PCN-222, air /@ANA@
X A>420 nm X X
X = OCHS, F, Cl, CF3

G2'#%#IU9P2,+%,&.#'2,"21")%,180.*,%"(,+%/";'&") 0%$H#4. . +"."/"
!

096" L HZIL H(HY"4I2(-" #'<H2OBS20"., "1 %0/ & #8"$.& +90,9602-Y0+"."&#]. ASHL2/ A+t $2+"12/"
HE%" 8.8 H$U&'8" 2 IR, +"21"%%H08%+"7TPR>>NLANASY/%"L"s"Q'C"P(C'R,C"P2C" 7+0"
HEH" 2,9/62*%6" #3%6" 0 'H.#2,&" 21" #$%%" &8 #IYo#'6" -/24#2620" [%-2 {82 B ATFR(E:

N<6$9%*%" @JOE" <',6%" #$%" YoA" &B #SYoH 6" *96#S2+"'&" ;%/8" &' ASH12IA.I+C" #" %,.)0%&:"
&8 #3Y%&'&"21" TP 1(,6#2,.0'1%+" AH$ " WAlVo # %t 0& NLOC"1.6'0'#.#,4"6.4.0884' &6/%6%, 4
N<6$%*%"&0

COOH Step 1
F .
Z10Cl, + _MW.smin - Z4eorpA
2 custer Step 3
DMF, 140 %C
MW, 5 min
Step 2 DMF, 150 ¥C
MW, 5 min
TCPP(H,) *+ MCl, ——————> TCPP(M)

DMF, 175 ¥4C

/
zr PCN-222(M)
M = Co, Ni, Cu, Zn, Pd

e@



o000 O0O
WE o = b ok

. -+ et o+ o SR o+ I o SR o S &

G2'#%#H\E" <8,#$%&'&" 21"BRQNLAL" s" P2C" Q'C" P(C" R,C" 7+t" .,+" /EbI98/&'2,.0"
1%-1%8&%,#.#'2,"21"DPL>NLOE

1919/%! (+!&'[*12'17&+#, !
!
9$%"&%62,+"-./#"21"#$'&"#$%&'&"A.&"/%.0'&%+" #"'<#26B$20*":,";%/&#BE"9$%"42.0"21"#$'&"-

A& U2 &H(+8"HS%"-$2#26.#.08H#6 "2 S YoHYB2(-0' 4" 21 "#A2" * %&" (&', APQD>>NLO"rL"
s"P2C"Q'C"P(C"R,CNEBS%*@E"G,"-./#'6(0./C"AVSLE"#2% #1863 *0o#.0"NLO"2, "#$%"
TPQD>>A2(0+" 4" 94$%" ) Y08 - %6/ 12"EBGL" ++'# TAY%" A #Y0+"#2"+%b: Q#2620 #$ #"
4.:9%"$'4$" &Y60%6# 1286/28852,+%,& #'2,bs &YIBR, +%,&.#'2,E" 9$'&" A2(0+" +/.* #6.008"

' 6/%.896"H$%"&62-%"21 " H#$%"/%.6#'2,C".& " A%00". &"#$%" (#' 0H8"21"#$%"-126%&&E"K%".0&2"A.
HE%" +:. #.A%&"21" (&' 4" HSY6"6(//% H Yot $2+"ASY, "62%- [%+"H2"H28 %" +U0&6/") Yo+ "HSY"0'HYo/

OX|dant light

NS
PCN- 222(M) |\ SN . I\ N |\_R1
L %
Rl

!
G2'#%#HOY$2#26.#.08#'6"2H"+.#",%"62(-0',4"21"#A2"+'11%/%,#".*' . %&E

IOHBH*=6&*11.)1)/*2=**/(. |

9$%" 7TP@>>". +"7TPQD>>NLO" (&Y%+","#$'&"-I2F%6#" A.&" &8 #$%& &Yo+")8" 24$%6/"*%*)%/" 21" 2,
M2(-" via "HSIVTEHY-C" BRA +6I2A.:% DE& GHEDGY" 1'/8H" &#%-" 002A&" #$%" &8, #$Y&'&" 21" #$0
R/"-1%60(&H#%6/&"#$/2(4$" #$%"1%.64#'2," SRMNEID (2/2)%,12'6".6'+"N:SIOE"9$%" &%662, +"

e



&HY%-" ' 60(+%&" #$%" *06#.0.4#2," 21" HBHBI&ISY6,800-2/-$8/," (,+%/" *6/2A.;%"
Y]+ 2, E"9$%"-1%- [ #2,"21" 2D%#.0 #%+"TBE>>C" &#%-"6 2 (OLAYo+", " #$%" )&%, 6%"
21"0#.0"&. O#&E"=", 008C #$%"0. 84" &#0b-"2 W BT/ IB-HEYHR)B6 2, #'2,"2 1" HHH 2"
MHH(/%& LI2%" &HY-&" @"., +">". +"#]% #Y%o+" A'HS"#/'10(2/216%EE8E Gt 62 OE

71%0™ 18" :%6&H 4. #2,&" -/ 12/*%+"" "H#$%" 4/2(-" (&',4")%,180.* [HL". +".,'0",%" DNI".&"

*2+060" &()&HI HY&" +%6+2 &t #Yo+" HEHTR@" TPQD>>NT+0" /%" )0%" #2" *%o+ #%" #$%"
2H'+ #%"6/ 2880, +%, &.#'2%.64 2N9.) 09O E"5%&-#%"#$' &C"62,,96/&'2,&" A%/%" | #$%6/"0'* #%6+'
S 0A%" F2(HE" 21" HE%" (LA HY+" .(H2" 62,+%, &.#'2," -2 B@HAY%/%" 12/*%6+" NO . JIVA"

%, #Ppo8e". +"JOE

@1;6#MEG,10(%,6%"21"#3$%"LM=",+"#$%"/%.6#'2,"#*%"2,"#$%" -$2#26.#.08#'6" PH'+.#",%" 6/2¢
62,+%,&.#'2,"21"* %&E

NH,
MOF 2 mol% x> X
gNHZ air, MeCN @AN . gN©
+
hv, rt
13a 14a

15aa 16a

T&-" DHODN 8<d " @/%#_a 8<J_%(6'a " DS1DA"  DS1ifiDal
e
@ @t 7PQD>> 7" @> Qo> RE
> @@  7PQD>¥ 7" > @@ >
e’ @'t 7PQD> 7" > @>" ed'
J" @f 7PQD->> >J" > @i @%
fr @1  7PQD>SN7+0  >J' > @z @r

Og%.64#2," 62,+#28")%,180.* %" DHINEe" *20C" @" %3(;EOC" . INII@EF" **20C"
%3(;EQMM="N>"*20z0C" L%PQ" Ne" [ 00@B@" K" $2(8%6$20+" 0'4BHNOEL" #$%" #+%"
B HY R Y0+ +%6H06/ %+ BBOLY" &-%6#/2862-8"" " 62*-./'&2," #2" #$%" )%, 180.E %

1"6028%"022B" #"#$%8%" % & (OH&" 1%;%.08&" #$ #")8"+%66/%.&' 4" H$%"#*%" 2 1"#$%" %.64'2, C"#
' 6/%.&%8&","1.;2(/"21"#$%" (,+%6& % +"-DABH?"S";&">J"${"9.)0%" @ C"% | HE IR K$%, "
7PQD>>N7+0"A.&" (&%6+" &#%.+" TESHOD.") Yo%/ DBA"qDQAA.&"2)#. %+C" . 0#$2(4$"

K'#$"#$%&%"-/%0,./8"/%&(0#&C"G" 1'/&#"" ;%0 &#'4 #%+"#$%" %1 1%6#" 21" "#$%" &20;%,#"2,"#3$°
#$9%"%.6#'2,"N9 HMEB602-%,#80"%#$80"%#$%/" NP7LTO")/2(4$#"."-22/"62,,%/&'2,". ,.+"."-22/"

ee"



8%0%6#; BSNDQ'S"@ >?C"9.)0&%, #/8@BS%6/% . 8$02/2%6., % "NSPTRL. * /4',.008 "
VUoHHY"HS., " 6%6#2, #I'0%" NG JAIS" J": 8" @" . +">OE"M, "#$%" 245%/"$.,+C™ 6/%.8' 4" #$%" %, 642
HY0*-00/ #(/%" H#2IHP £ PN)8" &Yo/# 4" H$Y" %, 642, "#() %™ ".,"2'0") #$"$% . #Yo+" £ IR FPOO"

106/8" 422+" 8'060+" 21" dfz" . +" .'3886/" &%60%6DIBDA"S" > @C" 9.)0%" %, #/8"ICGE"'&"

D4 HHD" 246U HS H U0 Y064 2, S BEHY*" & "6 2: Yol Yo+ A HS". ") DN A EHEB6HY0+"
2,"H$%" 1%.6#'2, " #()%E

eJ"



@L;648E"P2,+'#'2,"2-#*'.#'2,"12/"-$2#26 .#.08#'6"2H"+.#'3,10(%,6%"21" & 28;% #

NH,
PCN-222(Pd) 2 mol% N X
©/\NH2 air, solvent @N + ©AN/\©
+
hv, rt, time
13a 14a "

15aa 16a

T.&,-! 1! #c=/B9a &! 4 G(6B#.& DS1DQ! DS1!f DQ!
@ @f >J" 5/8"L%PQ" @ @%
>" @f >J" L%PQ"g"M" @i" @t
N>q@O

e" @f >J" P7LT " @>?" e"
@f >J" 5PT" @>Ee @t

f o @f >J" L%PQ @>EJ e?'

i® @f j?" L%PQ' >"@ df"

Og%.6#2," 62,+#28")%,180.*,%" DHINEe" *20C" @" %3(:EOC" .M @EF" *+20fC"
%3(; EQEQD->>N7HD>"*2020&20;% Ke"[OCIEND @"K"$2(&%6$20+"0' 4ABH@YOL '%60+"
+ObH6/* Yo+"}B2#2,"QLY" &-%6#/2862-8","62*-./'€2,"#2"#$%")%,180.* YIABA? ~if"
FPN2'0").#50

QUbHH"."&O2A" ++'#'2,"21")%, 180. DEIHE2 " #$%"%. 642, " H#(/%"A.& "% H-02/%+ \C?EB M [q$

21'DS1IN9.)0%T" %, #/8" @OE" S8" (&', 4" #$%" ) %6&H" 62,+'#2, & "l IRYOHBIHO-" (&',4"."
02,4%"1%.64#2,"#EW" #DSTDQA"21"e? @"A.&"2)#. %+C" " "3(. ##.#,%" 8'%0+ND.)0%"

0o, #/8">OE":, 12/#(, #%08C"#$%&%" [%&(0#&"62(0+", 2#")%" [%-/2+(6%+"A$%, "HBY"/%.64#'2,"A.&'
0./4%/"&6.0%" N 9L YOS, #/ VIBOE

K$%,",2, D%#.0 H%APQD->>" A.&" (&Y %/ #$%" 62,+#2,&" &$2A,"" JOUF'CYo, #/8"C."
02A%/"62,:%/&'2,". . +"."$' 4$%/"/ #2" "1.:2(/"DILIA.&"2)#.' %+N9.)0%C "%, #/8"IOE"g%+(6' 4"
HSY"HYo*-%/ HUZE" f P"ND.) 0% TP, #/8"d0"4.;%"$'4$"62,:%/&'2," "1 2(/"21"#$ %" -T2#Gs"

@>73C" )(#" #HSUP0%6H  H" A.&" +966/%.8%+""," 62%-./'QB,HE">E" 1, +%/" 2HSERRL%"

62, +#2,&C"."*2+%/ #%"8'%0+"A.&"2)#9,§OYINTb, #/8 | OL#Y4/] "SE

ef"



@L;64TIM-#*' | #'2," via"&02A" . ++'#'2," 1Y

NH,
PCN-222(Pd) 2 mol% X
@NHZ air, MeCN @N
+
hv, 60-65 ¥4C, time
13a 14a

15aa 16a
" [
T.&,-" CHL! %% (6 &l 'a :))/?L;%.! :))/?L;%..! DS1DQ" DS]Z!; ;?Q!
+6($! %Cg's  &/%#! 'a -
@ 7Eé >?' ?EJ i @E& @t
> ?E" @?? ?EJ i e?'@ in"
e" ?E" d>' ?EJ i e"'@ j?"
J* ?ElI @JJ ?E" e" @"@EQ@! f?"
f" ?ElI T ?EEé >J' @Ej"@ df"
i % ?E" d>' ?EJ i @ "@E] Jf"
d* ?E" @>? ?EJ i @f' @ "
i ?E" ij" ?EJ i QOOE@ fi "

O"G6.6#2,"62,+# R""&20(#2,"21)%,180.* %" DHIN?Ee"**20C" @" YSIHD>"0," >EJ"

*['21" LY%PQCE" ++%0+"#2" " &(&-%,&'2,"@1% " DMN@Ef"**2G%3(;EC"., +TPQD>>>N7+0"
N>"*20zOC"L%PQ" N[O E" 9OSWHH(/%8"&" &#1/%+" (+ /"I + #2," ND@" K" $2(&%$20+"
0'4$#)(0)" **2)'0'1%+""," " 6./4)2./+" )2H OCH"i f "yPE") G a'%0++%#%/* %-+" )&" QLg"
&-%6H/2862-8"""62*-./'&2,"#2"#$%" )%, 180.*BBF22*" #%*-%/ #(/W{ODHIN?EI"*+20C" @"
%3(;EC"?Eedfilto@PQD->>" &"6.4#.08&E" f P{"4Q"+%/"M-E

9$9%" YoH#"+%."A REHR HS%"& *Vo"- 226 AVYHBE6¥$%"; &) 0%"0' 44 DB-@ "K"$2(&%6$20+"
0'4$#)(0)08"."*2/%" -2A%/1(0" [TB&H#/"“NNorth light, 12 W, 1.5 A)E"9$'&" Y%A" 0'4$#" &2(/6%"
[2:+%0+"62*-0%H#%" 62,;%/8&22."62*-2(,+" DHIN?E@>F"RO2A" ++#2 ?EJ"*[q$0™,"[?"€"

9B(&C" #$%" &62-%" A.&" #$%," ", :%&H 4 #%+" @NPDC" >" *20zQ'YPQ"(,+%/".."

H28-$%/1%" 2T AHS HS%" A" 0" ERIE T "9$%8%"62,+#2,&".112/+%+"."1(00" 62 14E/E"2,"
HSI%09%"+ BRI"HSYo"+ 11%6/%, #" & () RHH(HYo+"™ Vo8 INOESPRD(+8D A 1" +" DIHAY/%"

2. %+" " 80608 21" 22" .,+" JizC" /%&-%6# ;%08E" G*-2/#. #08C" '," #$%&%" ', &#D,6%&C" &%0
62,+%,8.#'2,"2DQ"A.&" 28+ %H%64#%+ E DI A &" 2)#. Yo+".&" " HH# (/%" DI +,+" DQ"

VU221 @7 @M, L 2(/" 21 H Y% 12/4%6/E" 9$%" & 406" [ #'2" A.&" YD P E Q)% H" " "
$'4$%/"8'%0+"21"ifZE"9$%  DRZA.&"12/* %+ "#$% 02 A%E&H"8' %0+ Ne?ZOC AHS". * 2+ % &#" #2
21" @E@E%/%E&H ,408C" )%, I'+.IDOA"A.&" 2)#. %+")8" 62,+%,&.#2," 21")%,180.* %"
DH"A#$5D$%,80%,%"+' . *' HDMCE"

e"



NH,
PCN-222(Pd) 2 mol%
(jﬁNH2 | X air, MeCN @
Y
R

LED, 55 °C, 3 days

@@

13a 14 15aa

CF
g o8 o
NS NS N
@ N ©/\ N @ N
15aa 15ac 17ab
yield = 50% ratio 15ac/16a = 1.55/1 yield = 67% (50%)?
yield = 30%

@mﬁj

15ad 15ae 15af
ratio 15ad/16a = 10/1 yield = 46% (25%)2 ratio 15af/16a = 10/1
yield = 65% (51%)? yield = 56%( 41%)?

!
G2'#%#HIK62-%"21"#$%"/%.6#'2,").&%+"2,"#$%"&() &#'#(% ,#& 20 B BH 2B 202, &"
DHIN@"%3(;EC"?Ee'C*2E6@>DIC">EJ"*["'21"L%PQC"'&".++%+"""i"$"#2"." &(&-%,&'2," 21"
.'0",%"DMN@Ef"**20C"f"%3(;EOC". 7PN 7+0"N>"*20z0C"',"L%PQ"N @ "*fGEB/@%0"
'&" &#11%+" (,+%8" .+ #'2," N[TS" &#/'-" NNorth light, 12 W, 1.5 A@12/"e" +.8&E'%0+"
+00#%/*',%+"&K"QLg" &-%6#/2& 62 8E060+"+%#%/*',%+HBOLg"&-%6#/2862-8".4." &#".,"
L#%/,.0"&H#. + . [+EDG&20.#%+"E%0+

|

<()&H#H'#(#%+")%,180.*,%&" A%/%" #$%," &()FY%6#%+"#2"#$%"/%.6#'2," 62, +eED K" N2B$%0*%0"
%0%6HIR#S+[ A',4".,+"%0%6#/1%2, #',4"4/2(-&"A%/%"A%00"#20%/ .#%+"2,"#$%".180"/',4"21"#$%"
)%,1 80".*',%&"N<6$%EEOE" G*' BRL'A.&" 2)#." % +"#24%#$% /" A'#S" #$%" 62//%&-2B",4" &%01
62,+%,&.#'2,"-12+(6#C".0#$2(4$"2,08"."&*.00" . *2(,#"21"#$%"0.##%/"A.&"12/*%+E"

ed'



NH,
PCN-222(Pd) 2 mol% N /© N
X NH, air, MeCN | = N A N A
. p
R

N = A
R Z LED, 55 %C, 3 days \R R
13 14a 15 16b-e
13b R =Br
13cR=F
13d R=CF,
13e R = OMe

@ . /@ANQ . @N@

15ba 15ca 15da 15ea
yield = 62% ratio 15ca/16c = 10/1 yield = 60% yield = 60%
yield = 57% -

G2'#%#HID%.6#'2,"21")%,180.*,%&H MHHA#$".,'0", % DMEY%.6#'2,"62,+#2, DHN@"
%3(;EC"?Ee"*2@MIN{"%3(;EC"@Ef"**200TFERQ7+0"N>"*20[AGRA/-"NNorth light,
12 W, 1.5 AOC"L%PQC"(,+%/".'/C"e"a' BRE"+%#%/*' ,%+BQLg "&-%6#/2&6FE8

92"1(/#$%/"%H-.,+"#$%"&62-%"21"#$%"/%.6#'2,C"A%"#$%,"[%.6#%+") VRJI8R-BIB"A'#$ ">
DN".,+"A'#3$">D*,2)%,1%,%#$'20DMC"-/2;'+', 4"#$%" 2H'+ #';%" 6 [BRE0%+"-/2+(6H3I. 7"
L+ DY " ejz".,+"fdz"8'%0+C"/%&-%6#';%08E"K$%,")%, I8RO ,+ |DHA%/%"/%. 6#%+"

idz".,+"djzC"/%&-%6#';%08<6$%*%"eE0G, "#$%&%"0.&#"6.&%&C "#$%"/%.6#'2," &" , 2#"0"*'#%+"#2
2H'+.#,%"62,+%,&.#'2,E6B60'.#'2," 266 (/&*2,",(60%2-$'0'6"##.6B" 21"#$%" , #/ 242 #$%"
* 00" 12/*%+" "#E%"1'&H QIR+, 4" H#$%") %, I +.120% " N <6 5% IBE

H,N
NH, PCN-222(Pd) 2 mol % ]@ \
air, MeCN N N
LED (13,5 W, 155 mA) ”
55 iC "

G2'#%# HNE'MH'+ #:%" 62,+%,& #212002A%+" B+ #:%'6860'.#2," .112/+ 4" #$%"
62//%&-2,+',4")%, "+ 1209

ej"



9%$%"2H'+.#',%"6/BBK-0',4"21")%,180".062$20&"A'#$".,'0",%&"A.&".0&2" ##Y%o*-#%+"N<6$%*%"ef"
YOE12/#(,. #%08C",2"-/2+(6#"A.&"2)&%/;%+".,+"2,08"#$%"&# ./#' 4" NI ", Yo +". 1#%/"
1%.6#'2)E

a)
NH, X
« PCN-222(Pd) 2 molo6 N
| XY NH, air, MeCN | NN
+ .
¥Z X
4 LED, 55 %C, 3 days Rl

13 14 17
13aR=H 14b X = NH,
13e R = OMe 14g X = OH

14h X = SH

O 04 O oY

17ab 17eb 15ag 15ah
yield = 67% yield = 78% yield = 38% yield = 57%

NH,
PCN-222(Pd) 2 mol% S
b) ©/\OH air, MeCN g N
+

LED, 55 ¥C, 3 days

13f 14a 15aa

G2H%HHS " 0" g%.6#'2,"21")%,180.* YaGBALh! BHA'#$brthoB.()&H# #(#%+".,'0', DEMIDNAN!
DME")O"MH'+.#:%"6IBRE0', 4"21")%, 180" .062$20&"A#S$" ., DMEYY%.64#'2,"62,+#'2, DH!
N@"%3(;EC"?Ee"*DI®s3(;EC" @Ef**200 ¥ ERQ 7+0"N>"* 2B @BH/"-"NNorth light,

12 W, 1.5 AOC"L%PQC" (,+%/"./C"e" &' BDE&" 6.06(0.#%-BY8DLg" &-%6#/2862-8" 4. &#"
AHS"." #9%],.0"&H. +.J4E

K%"#$9%,"%H-02/%+"#$%"&62-%"21"#$%" 2 BB2H0Y4"6/ BB&O'|. #2,"%.64 2, &E"9$%"/%& (0#&."
J%" &S2A," " <BSY*BI'E" G," " 4%,%/.0" A.8C" #$%" 1%, I +.120%" 2)#. %o+" 1/2%" #BE"'11%/
&) &HHHYo+")%, 180 *FBH211%/%+"#$%" & *%" ., 4%" BE'DEBOH IR0 +8.E2" . +" djzC"
1%8&-%6#';%08C" A%/%" 2)#."Dog" 12 1DX ; EKS$%, " #$%D$%,80%, %"+ % 962 #.' Uo+"."

6302/ %" #2*NDM;; 0" 2/" #A2" *06#$80" 4/ THND 8'%60+&"8l" 12/" DXL;; ".,+" 21522"12/"

DXL;1 1A%/%"2)4." 0+

el"



\/ RZ
PCN-222(Pd) 2 mol% >

©/\NH2 | N VHe air, MeCN | N N
_ + - P
R/l / Z LED, 55 %C, 3 days R1

13 R 14 17
R!=H 13a
R! = p-methoxy 13e R2=H 14b
R! = p-methyl 13g R2 = 4-Chloro 14bb

2-Pyridinemethanamine 13f ~ R? = 4,5-dimethyl 14ba

OO OO 40

H
17eb 17bb ~17aba
yield = 67% yield = 78% yield = 20%

O o oo

H
17abb - 17fb - 17gb
yield = 39% yield = 46% yield = 45% m

G2'#%H#HOY%.64'2,"21")%,180.* %&HLh B h! DA #$ b7 tho B () &# H(#%+".'0' TEH!
DNMLhIDN] E"™G&20.#%+"SSaTAE:"+06#06/* %+BB0OLg "&-%6#/2862-8E

S.8%+"2,"#$%" *0%6$., &#P628. 08" 1%-2/H%+"" " #$%" O'# Yol ABYBTA A% 8H Yo Y80, &*"

&$2A,""" <6$%*%" edE" 9$%" 1'/8#,:28%6& #$%" -$2#2%HE'# #2," 21" #$%" 2/4.,'6" 0',B%/&C"
12002A%+")8" %0%6#/2," #].,8&1%]" #2" #$%" *%#.0" CBEBRYBLAMI"B$t 4%" #].,81%/C" [PPIOE"
9%'&" 12(H%" 4%,%/ #%&" Y%0%6#/2,8" SSTHOOVRA+#:%" . +" [Yo+(6# %" -/ 1H86&"TH%

8%-./ #2,0E"9$%"-$2# 24 BAL1"%0%6#/2,8"., +"$20%&"&" . "*2+%60"+%6&6/') Yo+" " B$%"0'#Y%/ #(/9
SH12-28%+ H2") Y0 2-%] %" 12/ Yo" 12/ #'2,") S S/ 2(-Ee ™

12" -S2HPBIGHH 20 HEY%" TBO>" 4" 98/ &% #2" & Yo-.| #2,C"%+(6', 4" #S9AMA .+
2H'+'1',4")%,180.% %" DHL"#2" 7$PXQX-YE"1"-12#2," #].,&1%/" 1/2*" #$%" 790X 2" #2" MP

4%, %/ H%" #$%")%,180.* %" /.+'6.0&" NQBRX,+" 7$PX -QXiO" .,+" $8+/2-%/2H80" /.+'6.0&"

NXMi O"A$'6$"09842")%, 180'+%,%.*,%"., + WLN<6$%*¢d. OE"9$'&" #%/*Vo+' &%t 6B%o+"

)8" )%,180.% %" NDHLO#2" .112/+" #$%" ' D" /%&(O#' A& " #SY&'+ T 2+(6#' 1/2*" .(#2"

62,+%,&.#2,E"=",.0086%" ## BB "#$%0', %" "DMU.; %0 #$% % &' Y5+ %" DI 1IN<6$%0*&el) O
!

J?"



a)

NH, -
hv ©/\NH2
; LceT é ©/\
—»

0, 0, proton transfer

H20,

©ANH

b)

oo™

G2 HIHHYITI2-28%+ 0063, & H2 HEU" 2H + #:%"62,+9%,&.#2, 21" #$%" ) Y IAD A 195"

.'0",%" DME" .O" ['4.,B-IBO(&H#%/" 6$./4%" #1.,&1%/" N[PPOOE" 9$'&" /2(#%" 4% %/ #%+" " $20
288Y6&E A" IYoH2HYLIH VEBO2A 4" H2" 1%+(6%" #SHR D +"2H'+'196"#$%") %, 180.* TL"

#2" T$PXQX-YE" ) Q#.6B'21" #$%" )%, 180.* BH12," #$%%, 180+, %.* V62" 4% %/ #Y6" #$%
&'+%6"-/2+(BBQ'AS'6$C")8" ##.6B"21"#$%".,'0', % C"0%. +"#2"HBR W + (64"

e

J@



I9MI(.26=*/(.11.)/(=&6((> !
|
GH'$.8")06%, " &S2A,"#$ # H#$%6"2H'+ BB BIRESE 2,"21")%, 180" Y%&"AHS". 0" %&"6.,") %"
65'%6;%+" (,+%/" -$2#26 #.08#'6" 62, +#2,&" (&, 4" #$%" LVMBSERT +O" .&" #$%" 6.#.088H#E" 9$%"
)08 1% &(0H&" A%I%" 2)#." Yo+")8" &O2A" ++#2," 21" #$%" )%, 180.*  Z"B2 HE2A{HH#S$Y"
LM="6.#.08&#". 1" %H6%&&"21"#$%".,'0', YoE"G*-2/#. #OBC "#$%" #%,& #8"21"#$%"0'A$H"&2(/6%'
2R H120%"2, " HSY" % . 642, "2 (#6 2+ E"9$%"&62-%6". +"0F H.#'2,&"21"H$E%"1%.64#'2,"$.;%") %%
' &M A HYo+E" 9$%8Y" [%&(0HE" Yo%+" TIMBYHD - 112,%" #$%" 8'%0+&" 21" &2*%" 21" #$%"
&()&H HYBEY 2, %" H$%"1%6860.)'0H8" 21" #$%"LM="6.#.088H#" %6%-+&"#2")%" ;. Yo&#'4 H#Y%+E"

3>



HOA'17&#, |FFRIG- &'#*/*|(+H&H#, (2-26/212(%7(=.)*1B/11"/ O
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o}

O o Metal/ L (10 mol%) o

)E/I/ + |

Phi Ph Toluene, 16 h Ph Ph
18 19 20 "

T.&,-! I C/?1.)! "8V!I  -/#6)!

_a!

@ ' GTl jz "

> ' 5--0%" fz "

e" ' bS] " fz "

J" 'S8+, %"  #/.6%

f " qg #/.6%

.0g%.6#2,"62,+'# 28 T[1 "N?E>"**20C" @"%3QBEMCE>"**20C" @" %3&EIMI I 4., +"
Ne?"*20zOC"#20(%,%C" @I'$C/PE

5 12/#(,. #%08C." /%6%,#08" /%-2/#%+" .,+" [%0.#%+" NR@HEL" JiA2;'+%+" "
%,.,# 28%00%6#";%"/2(#%"#2"#$%"&8 #$%& &"21"#$%"&.*%"#8-%"21"0.6#2,%"A'BE""*(6$"$'4$%!

0 o Y(OTHy/L-RaPr, o : { ‘\
(1:1, 10 mol%) f6) 1 @ @
+ | E S NM\“;N
al Ph CHCl3, 50 ¥4C Ph 5 0—\N %o eOH o
19b 18a 20b i
1

N-H -N
A ‘
d LRaPr, Ar

Yield : 91%
ee: 78%

G2HUHME"T,. #'28%0%6#,%"<8 #$%&'&"21"[.6#2,%";."P.#.08#'6"y', 4" MU, 4¢R'2,"
21"P8602)(#%,2,%8&

f2"



0}

SN Y(OThg/ IPr (10 mol%) /i(/NL,Ph
| + | - |
kPh Ph Ph

Ph Toluene, 60 %C, 24 h
18 21 22

15%
G2'#%# MK'<8,#$%&'&"21"0.6#P#.08#'6"g',4"M-%,',4qP8602.++'#'2,"21"P8602)(#%,2,%&
AHE" YE

18" H$%"-I2FYBH" A &" #$Y6/%12/%" &H#2--%+"12/" 2AC" A% " A%I%" #%6/%EHYo+"#2"%-0.6%"#$%"
)8, 0b"#2" HS%" &8, HP%& &" 21" 0.64.*E" 9$%" 62**06/6'.008" NIIH)BD'+%6,%.,'0' 4D

A& (&Y%+" & %" 12/ HS%" &8, HDY&' & "21"0. 6% * AHS #$Y%" 686 UR)PALDEH, R UBY6"-/2+(6H"

" @F2" 8'%0+C" &S2A', 4" #$%" -24#06 #.0" 21" #$'&" &BEHY™ #2" Y% (&Y%o+" 2," 2#$%/" 1(,6#2,.0
*20%6(0%&E

HOMAQ.26=>/(. !
!
9%5%" B.#.08&%+" 68602.++'#'2," 21" 68602)(#%,2,%&" A'#$" .0+%$8+%&" 211%/%+" ." /.-'+" A.8"

&8, #$%8& ' &Y%6" $Y6#%/26860'6" 62*-2(,+&E" X2A%: %6/C"#$'&" *Uo#$2+""&" 0+ HY%b+"+(%" #2"#$%"" &
HEY6" -12+(6H" (,+%0/" #S%" /%.6H#2," 62,+ H DR #%608C" /9%6%,#" &H#(+ W8 IS0 4$Ho+"
8H##/"(*"NGG GO "#ALQ"B% 08&H" 12/ UBUW2 8% 0% CBAH Y08 & 21" #$%" & . %" #8-%"21"0.6#2,%E"
9$%/%12/%C " #$'&" 6% &#/8"6.," &# 00") %" *-12; Yo +"#2"H$%" &8, #$%&'&"21"0.6#. ¥ #8-94"62*-2 -
1%.6#2,"21"68602)(#.,2 PEIAHS"1(,64#'2,.0'1%-+ 068" #2" HS8B, #$Y 828 NTSYoHY%/2./2* #'6"

)212, HY6&" &" HYoI Yo+ HY&"12/"1(1#$%/"62(-0',4"I%.6#'2,&E

| |

f@



MOA'17&H#, IANOIG-. & #*/*(+5-,/%/)/. 0D6!@,/+6=(,(;(,1&#!G16&*!
1¥IP#&H,(2-26/21Q(,(./21:2/)IR#,/B1&/B#*

MOB®X,()=2&/(. !
!
78/™'+' %&" /%" .*2,4&#" #SIRE&H" A'+%08" /%-/%&% #%+" 60.&&" 21" $%#%/26860%&" '," )'2024'

&BEHY*&C" ., +" #EYB" /%" 62,&H# #(%,#&" 21" ,(60%'6" .6+&" .&" A%00" .&" *.,8" -$./.6%(#6.0&" .,
A4126$%+'6.08BF8/*+' %&"6.,")%" &8 H$%& W68 Y0, 8.4 2% 6% 2, & (65" &'+ %6&"

AHS™ @GD,& H(# %+ BYHDEIBRI"%;%62,+%,8.#2," 21" 68.,6" .6+ +96/.#%&" A#Y' Q
,800./80" *+%0&I%-2/#%+")8%.+ "Y1 R<6$%6*%" Iy

©
OH
fe) \N/\/OH Ph
a) NH.HCI Ao
Ph PN A N
| Ph” “NH, Iy
Ph 60 ¥4C, 30 min ph SN Ph
90%
b anX-Ph SMe Tf,0, 2-CIPyr NP
) // |
Ph” S0 N CH,Cl, 23 %C, 1h Ph/kN/ SMe
82% "

G2'#YHMR<8 #$%&'&"21"-8/*'+',%&";"."62,+%,&.#'2,"21" . O(RCH(/ #%+"B%#2,%&" " A'#$"
F'+,%"&.0#&")OOR80" . *'+%&" ., +","#/' 0% &

9/.,&'#2,"*%#.0"6.#.08&%.;%0".0&2%%, " (&%0+"#2"-12* 2" &8, #$%&'&" 21" -8/ *8ERS. "

., +"'62DA2/BYES.; %01%-2/#%+"#$%"#. 1908H# 2,"21/2-./480'6".062$20&".,+".*'+',%&" (&' ,4"
P(NMI10&"6.#.0884H_2/%" /%6%,#08€"94".,+" 62 A 2/B%/& %;%602-%+" " -/26 %0 {&Y4"
T+ BA#.0&'&" 12/ #300#'62%-2,% ,#" &8 #SN&'&" 21" -8/*'+', %&" 1/2*" *'+', D& 6$%* %"
3

a,
) OH NH Cu(OTf), 20 mol% rN
©/\TMS ph)J\NH2 Toluene, 24 h, reflux Ph N/)\Ph

b Ph
) [Ir] (2 mol %)
NH KOH (0.7 equiv.) SN
OH OH tert-amyl alcohol | )\
PW J Ph)kNH PR N Ph
Ph Ph 2 reflux 24 h

88%

G2'HYHM[I<8 #$%& & "21"-8/*+ %&" O"1/2*"-[2- /480'6".062$20&" ., +" *'+' %&" (&' 4"
P(NMO1OO"1/2*" *'+' %&" . +".062$20& E

X2A%;%/€8 " %#$2+&"&(11%/"1/2*" #$%" (&M6YR K", %" 2/" # 21¥@Bt. 06 .#.08&LC " * (0#' &#%-"
&8, #$%8&2&"-1%6 (/& 2R Y% H-%,& ;%46&%,&'#'; ¥6.4% HRI'&#/2,08) .&'6"62,+'#'2,&

>



K';%," #$%" &'4,'1'6.,6%%" #$YE8.8, #SVoHE.00%, &6-2&%-+"¥B/*'+' %& "' " #$%" 6$%*'6.0"
&6'%6,6%&C HSY"X /I #8"M2(-"&YoH"2 (#'Vo&#.)0'&S"."I2) (&H" &#] #%6A8 12/"#$%"&8,#H)%&'&"Zl“-S/"
)2/2,6" 6"+l H068&": " HY"62, +%60, & H2,"21" X+ U6&".,+"8,2,%" #/'10(2/2) 2] %" & OH&C" . +"
#2"%H-02/%"#$%'/"(# 0] #2," "2/4.,'6" &8 #$%& &E

0B%" -1%;'2(&" &H(+'U&" ', %&HAHY+" HI%" 62,496,842, [%.6#2," 21" ¥+ %&" . +" 8,2,%"
#1'10(2/2)2/ H%" & OH&" . +"#S$Y6& Yo" I UB(OHEYOITE," <65%*0%6"JAE" S%, 1.+ %" A.&"12(,+"

HO" (+Y0/42" &*22HS" 62,496, &.4#2," AHS" " [, 4%" 21" 8,2,%" #'10(2/2)2/ #%" & OH#&" #2" 4'%" #$%
62//%&-2,+' A" -8/*'+ %" )2/ H%&"" " 422+" 8'%0+E" 9$%" &62-%" 21" #$%" 62,+%,&.#2," ,60(+%+"
1., 4%"21" J2% #'6C"$UH/2./2* #'6". +".0-$.#'6"& () (A H#E"N<6SIBHBE

R? R2
[¢]
NS A
Rlﬂ\ I
ek R~
Toluene, 110 %C, 24 h
Ynone scope
Ph Ph
2
hi x Ay A
N™SN
| / Z BF;K tg )\%\
3 BF3K
/©)\%BF3K BF3K 3
R 84% 0 70%
R=H 85% ) i:ﬁs?c/“el% )
R=CI 90%
R=CF3 90%
R=0OMe 73%

Amidine scope
, Xt b
O
©)\% BF3K BF3 @A/LB% ©)\%BF3K

Ar=4-FC¢H, 68% 53% 81% 70%
Ar=4-CICgHy. 77%

Ar= 4-F4CCgH,. 77%

Ar= 4-pyridine 81%

Ar= cyclopropyl 49%

G2'#%#MP<62-%"21"62,+%,&.#'2,"21"8,2,%&"#/'10(2/2)2/ #%".,+")%,1.*'+',%

fe"



MOI%! (+1&'/*12'17&+#, !

1" &4, 1'6. #"-2-2/#2," 21" * [BYHYo+" -8/ %+ 06&" 62 #. " "BF 2" 42(-C" . +" &2" H#" A.&"

D H HH2" 0% 2, &t HY HSY"62%- #) 0HA'22" 868" "HS & "6$%* &HISE"=2002A", 4"#$'&C"A%"

' &M A HYo+ HSY"862-%"21".,"8,2,%"N-2# B EITDEY6, 80-/2-088, CABOOH/'10(2/2)2/ #%0"

62,49, &.H#'2," AHS" ./ 2(QNTE() &H H(#Yo+" 4(.,+ Y&E" G," - [#6(0./C" A%" A. #Y%+"#2" %H-02/%" #$%
2HY% #.0" 21" #HE'&" *HHED" 002A" .66%8&" HIT"/$06#%/TIB0.,+" .OBED&()&H H(HYo+"
 2-8/%+ %&"N<6$%*%6? OE"G," ++#2,C #H$%" &&(%"21"/%4'28%60%64' #8"A.&™ 082" 21" #%/

R
HN
-R NH
H,N" NH HN NH U
(0] 24 (1.2-24eq) N)§N N N'R RNN |N
> | I
Ph)& Ph)\)\ BF.K Ph Z BF3K Ph)\/kBFSK
BF4K toluene, 110 ¥%C, 16 h s
23 25 26 27 "

G2'HYHS\I<8 #S%0& & 21" &() &H H(HYo+" ¥ 2-8*+ %6&":" "62,+%,& #2,"21"-2# & & Ne
eD$%,80-/2-088, CABOOH/'10(2/2)2/ %" ABBOBH H(#%+"4(., + I&E

MOME*=68*11.))/*2=*¥(. |
I
9%5%" 1'/&#" &#%-" A.&" #2" &8 #$%&'&%" #$%" +'11%/% #" 4(., HOUN FR&BH& R/ Xk, +EDA

-8/.1209@@B./)2H. ¥ +' %" $8+/26$02/'+%6" A.&" [%.64%+" A'H$" #$%" )%,180.* %" #2" .112/+" #$%"
62//%8&-2,+',4" 4(.,+,%" | M N<6$%*%@OE" 9$%" &.*%" /%.6#2," A.&" (&%+" AHS$" #$%"
68602-/2-80.* %6'H\"., +"#$%"B/2-%, TABO.*, %" | UC" $2A%:%/" 2" 62,;%/&'2," #2" #$%" -/2+(6#"

A&" 2)&%/:%+" N<GSU@OE" =2/#(,. #%08C" )8" /%-0.6',4" #$%" &20:% #" 1/2*" .6%#2, #/'0%" #2
HHOLHSBOL2/* *+96C" #$%" 4(., '+ %" 62(0+" )%" 2. %+" 1#%/" Ji" $" 21" [%.6#2," #" [22*"
HY%6*-%] H(IWE"9$%"&. *%"-12)0%*"A.&"2) &Yo !, YDVABE HEY0 8 & " 21" #$%"-1VOBYEIL. 4"

0o H$Y0l" . 6%6H2, H'0%" 21"+ *UHSB012/* ¥ +06" &"&20;% #E"92"2:%6/62* %" #$'&"-12)0%*C"., 24#$%/" 2
A.&"62,&+%/%+")8" (&' ,4" #$%" 68.,.+%6" .&" %0%6#/2-$'0%C" 0%.+' 4" " #$'&" 6.8%6" #2" #$%" +0
4(.,+.%" | MEN<6$%*4@BOE"

fa"



® (P
Q ey

NP
+ HZNXNH.HCI 24h H,N”SNH.HCI
13a 28 242 90%
DIPEA
MeCN
(§| 24h R.
AN N NH
2 NH A
+ /g HoN™ T NH.HCI
[>_NH H,N" > NH.HCI
3 NEt; 24b R = allyl (60%)
0 28 RN DMF 24c R = cyclopropyl (68%)
48h
o
\Y
~N.
© e
HZN’g NH.HCI
28
S DIPEA c
NH
2 MeCN \©\
24h r
H,N"NH
Cl ~~_ HN-CN 24d 45%
14f reflux
EtOH 70%
24 h

G2'HUHSI<8 #$%& & 21" H$%" 4(., '+ ,%"-1%6(/&2/&

G,"-.1.00%0"#2" #$%" &8, #$%&'&" 21" #$%" 4(.,'+',%" -/1%6 (/& 2/ €I AR/OEB, 2t $80& | %o+" 1/2*"
)%0,1.0+%$8+%E" OPLEH1 &H#Y-" A.&" #3%" /%.6#'2," 21" #$%" )%,1.0%$8+%" A'H#$" ." &20(#'2," 2
% $8,80*.4,%&'(*")/2*'+%"#R". 112/+#$%"-/2-./480'6".06 2N 1'4 (/%I @E$%" & %62, +" &#%-"
A.&"#$%")2/80.#'2,"21"#$%"#%/*',.0".QBEHR6,%/&'2,"#2"#$%".0B8,80"#/'10(2/2) 2/ #PH"&.0#"
1200241 ")8"2H'+.#'2," (&', 4" L,M>"#2"1',.008";96'#$%" 8,2,%" #/'10(2/2) 2/ H%6," ." 4 22+"
2;%/.00"8'%0+E

1) n-BuLi, THF, -78 %C

MgBr 2) iPrOBPiIn -78 v.C OH @)
j = oH 3) sat KHF, (@a) 20 %C - )\ MnG, Ph” NS
— Ph)\\ A Acet A
Ph - 78 YuC - o cetone
782/?:: rt R 71% BFsK  s0vc 4h BFK
19 88% 3 32 75% 23

JI?=#IDCE"<8,#$%&'&8'21%'l H1/2*")%,1.0+%%$8+%

11#9%/"#$'&C "#$%"62//%&-2,+ 4"-8/"'+' Y RBUDUEE, CPRYo+"2,"HS%"-1%;'2(&"62,+%,& #2,"
1%.6#'2,&"21"#$%" ¥+ YEHSY%"8,2,%" #/'10(2/2)2/ #%" & O#&" NEBSTYL2/#(, #%08C"#$%"

62,+9%,&.H#'2, 21 " #$%"4(., + %" $8+/26$02/+%6"&. O#&"A.&" Y% 11'6'% #'(, +%/"#$%"-1%;'2(&08"/%-2/#
62,+#'2,&"N#20(%,%C"1%10(HOE"92"2;%/6 2*%"#$'&"+'11'6 (0#8C"-2#.&& (*"6./) 2, BYE'A.&"(&%o+"
2% 2H%/E" <-%6'1'6.008C".," YoHEY&&" -2#.8&' (" 6./)2, HY%" A.&" &H I/%+" AHS #$%" 4(.,'+ %" &.O#

ff "



#20(%,%" . #"/%10(H"12/">"$")%12/%" . ++',4"#$%"8,2,%"#/'10(2/2) 2/ #%" & .O#&E":,+%/"#$%&%" 62
#$9%"+'11%/%,#"-8/*'+',%&"A%/%"&(66%&&1(008"2)#." 9&tH 2,808 <65%* 4O E"

R.
§  KCO NH
R. Toluene, )\
/’i" 100 %C, 2 h NI SN
Ty
24 25
©)\
23 BFK
reflux, 16 h
Ph
~
NH, NH NH
NJ§N NI’I§N NI’I§N
[
Ph” NZ  BEK Ph)\%BFSK Ph)\%BFgK
25f 91% 25e 25% 25a 72%
cl
ﬁ\
NJ§N NI SN NI N
[
Ph)\)\ BF4K Ph)\yl\BFgK Ph)\yk BFsK
25b 58% 25¢ 70% 25d 62% L

G2'#%#S 9<8,#$%&'&"21"-8/*'+',%&";"."62,+%,&.#'2,"21"4(.,'+" %&
L0 #P%&Y" 62,+H2, 8% -12+(6#H&" A%/%" '&20.#%+" A'#HS$" $'4%" [9%04'2&%0%6#";'#' %&" .
1%6/8&#.00'.#'2,C".,+"#$%"/%4'26$%* &#/8"A.&".&&'4,%+"2,"HEVQLLY & 2H6#/2862-8C"
.,1+")8"c [.8"6/8&#.0024/.-$8"","#$%"6.&%"21"#$%" 6 &1L +H+ "ISHN'4(/%" @GE"L",2/"

JI1?=#1DXIP/8&#.0"&#/(6#(/%"21"-/ ZABENOYUBI N/ 4$H#6R, 1'/*', 4"#$%"/%4'26$%* &#/8E

=2002A",4" #3$%&%" /%&(0#&C" A%" +%6'+%+" #2" 1(,6#'2,.0'&%" 1 8$W2"H2,1'[%'H$%"
1%4'28%0%6#';'#8"21"#$%"62,+%,&.#'2,E"1&"#$%".0B80.#'2,"62(0+"0%.+"#2"#$/%%"-2&&") 0%""
A2(0+")%"" #%/%E&H" 4" #2" &YU 2 1(@E6'2)#." % +" A2(0+") %" #$%" &.*%" 2/" +'11%/% #" .&" #$%0"
62,+%,& #2E

fi "



9$96".0B8O.#2,"-/26%6%+%+"8&*224#$08"#2". 112/+"2,96"I%4'2' &2*%I" 21" #$%"62/%8&-2,+',4"-8/*'+',
N<B$U YSOE" P2*-./' 4" #5%" QLU Y06H/ 21 HE% &Y 62*-2(,+&" AHS #3Y" -/ %or @121

62%-2(, +&I1S; " +" ISH &S2AWHS.H" #$%6" .0BBOH2," 0%+" #2" +11%/%8, B2IDHEBHS"
62%-./9%+"H2HS%"62,+%6,8.H1%.6H 2E"

NH,
A RX i e
N SN i NJLN,R Ry
or
ph)vk BF;K acetone, 55 ¥%C )I\/\ &~ l
16 h Ph BF3K Ph BF3K
25¢
26 27
R= «.z‘z/CH3 or «.,N

25a0r27a00% 26 or 27b 40%
G2'HYHBHI0BS0.#2," 21" #$%" -8/ + 98

9$%6/%12/%C #$'&"1%.64#2,"0%-+"#2"#A2"-2 8 & YN NIXHBHET 2)#. " 2/%™ 12/* #2."

)2(HHY" &H (GH(/%" 21" HS% &Y™ &2+ &C" "], 4%" 21" QLY" Yo H-%6/ U6 #&" A%IYE'SBE/12/*%+E" ="/

QMT<a"/%:%.0%+"#$.#" 2" 62//%0.#2," A.&" 2)&%/:%+" ) Y%HA%%, " #EHTE HMPBSO" 2/"

IX; "NPX-DPXSPX -0" A'H#S$" #3%" -$%,80" 4/2(-C" &(44%8H A" #$.#" #$%" [%4'2' &24BI" 62(0+" %"

N<6$%*4IOE"<%62,+08C"."62*)", #2,"21"PM<aC"X<bP".,+"XLSP"QLg"%H-%/*% #8"A%/%"

(8Y0+"#2"62, 1'/*"#$%" 62, Yo6H#'; #B" 21" H#$%" -/2+ (64" A'HS" 1% &OTUBY 2 (HEY'62//%0.#2,"

)%HAYY%, H$%". 008T'GHRX "21"#$%" /" 4"6./)2,"A.&"2) 8%/ %o+ E"X2A%;%/C" 2"62//%0 .#2, " AHS"

PWA.&"2)8%/;%+C"&(--2/# 4" #$%"1%&(0#&"21"#$%"QMT<a".,.0SRIETE <6$%*%%"

G,"&(**./SC"H#$%" .,.08&'&" [%:;%.0%+" #Y2HABP*-2(,+&C #$%" & -Fh"," &$2(0+")%6A.8"

1/2%" #$%$9%,80"4/2(-C"&(A4%8H' A"H#$ H"#S%" Yo M DILEYAH." Yo+E"=2/#(, #%08C"A%"A%/%"

)0%" #2" 2)#."," 6/88#.08" 21" 62*-2(EL" AS'6S" -/2;+%6+" " 2--2/H(,'H#8" #2" 62,1'/*" #$%"

19%4' 26396+ &#18" 21" #$%"-/2+(64)8"6/8&#.0024/.-$'6".,.08& &C'A$'6$'62,1'/*06+10".&"

H$OB'08/%4'2' & 2+UIE

N M \tkH NH NH
CH la,jJ\ZNl Hk’ NJLN |:‘> N N/\/
H | Lo I
8 6 C P4
s NN BRK Q)\BFE,K ©)\)\BF3K
10 o 26b
11
NOESY MBC
(J-3 correlation)
7
H NH H y NH NH
H4 2 H |::>
( %ﬁJLNl NJLN N” N7
P &

NOESY HMBC
(J-3 correlation)
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G2'#%# VBXIX".,+" X P"62//%0.#'2,E" Q2" 62//%0.#2," 21" #$%" $8+/24%," 21" #$%" &'+%" 63$.,"N',
)O(%O"AH#S " #$%"$8+/24%,"21"#$%"-$%,80"4/2(-"N',"4/%%,0"2/"#$%"6./)2,"N',"1%+0"A.&"2) &%,
6/8&#.0"&#/(6#(/%"21"62*-AQL"A.&"2)#.",\%+C"62,1'/*' 4" #$%"/%4'26$%*'&#/8E

&

MO 26=*/(.!

G," 62,60(&'2,C" #$%" 8,2;242. 88 (*" NEHI2D$%,80-/2-0d8, TABOOH/'10(2/2)2/ #%&"

12(,+" #2" (+9%/42" 62,4%,&.#2," AHS" &OE&HHHY+" A(.,'+ %&" #2" 112/+" " [..4%" 21" ,2:%0"
8%+, DIBO"#'10(2/2)2/ #%" & OBBUE &#/(6#(/%HBVO&YS" 62%-2(,+&" A.&" 6ET+")8" "

62%), #2,"21 & 40%" 6/88#. 08" .,.088'&". +" QMT<a".,+"XLSP" QLg" &-%6#/286L3

AS'6$" 62,1 06+" HSHSYE2,+%,&.H#2," . +" OBSO.#2," [%.6#2,8" -/26%%+%6+" AHS" +'11%/% #"
1%4'26$%* &HBE
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SOA'17&#,INOITKT7#,/%#.&16!71,&
SOMmSH.#,1612(*/)#,1&/(. !

100" /%.6#2,&" A%/%" 6.//'%+" 2(#""," DI'9B4" 40.&&A.1%" (,+981" Yol#" #*2&-$%IY0%E&E"
2H$%6/A'8Y%"&-%6"1'Yo+E"
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' 4 mol% Cul, Et3 K,COj3
©/O\ Me;Si MeOH
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(&,4"  $%H.,%qUH$80" .6%H#H#%" Nj>0" #2" INENHT0(242)2/.,8(BTIB-"*%#$SDIND
06#$80-$%,800-8DHB00'&23(',20',%" . &" "-.0%"8%002A" *2/-$2(&NG2BAE" 22 EPI"8V/!
_M\IS8PLh!ARAGAN"@ ?EI@?Ef)"N@XC"*OC"|E>I"NEEC¥TIC "dBIEle"N>XC"*OC RIEjd"
N@XC"*OC"dEjJ" N@XEHKIOC dRBed N>XC"*O (et "N @ XC"*OC"dEX N @REXIOC"
>Edi"NeXC"&0C">E@>"NeXC" SORTS FENGRC" @ E Q@EEYET XIORAI"8V!_DW\9O!
8PLhIARAGEN@TIE|C' @ffE>C"@TIEIC"@F>E@C"@I@E>C"@elEiC"@ejE>C"@eJE?C"@e>EJ(
@>|EdC"@>|E?C"@>dEIC"@>dE?C"@>fEfC"@>fE>C"@>eE RII? EXDSHEFTHARAR @E @ E
I@i>EXT@IJEI"N*C">S@QE_DO\9S!SPLhARAB'dECBYSG! TGR@<Jdn/zTLX °"6.06+"12/"
P-1X>:28=.Q. "ejdE@]JIC"12(,+"ejdE @NEEV! _#18&ak 46 B5li@C">I>fC">jdIC" @fldC"@JJIdC"
@>iIC"@?jdC"lfeC"jJiC"j?IE"
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Chemical Formula: C,3H1gBF5N,O

=2002A",4" #3%" [%-/%8&% #.#' ;%" -1 2GR SSRIN£& 23 (", 2080 CHEAI', %" M; 1IN@??"
*AC"?EJ>d"*+*20C" @"B®&2#.& &' (*" NNDo#$2H8-$%,800%#%$8,800#/'10(2/2) 2/ #ACNE = 70"
**Q0C">SEf"YWEQ.,+" )2/2,"#/'10(2/'+%" +'%#$80" %6#$%/ #%"N?E@e"*[C" @ E?(:EQRU/HET" %3
62*)',%+"#2"4";.%"6/(+%"-/2+(BH2IE"9$%"1%&'+(%"A.&"-1%6'-'# #%+"&02A08"1/2*"+'6$02/2*%#$. C
#2".112/>INEN+'10(2/2)2/.,8ABLi -"*%#$8D N B%#$2H8-$%,800-8/B{B800'&23(',20',%".&"."
-.0%")/2A," *2/-$2(&"&20'"MN@e?"*4C"dEP!"8V! NJI??"LXIC"P5P® "n"@?Ei?MHE?"XIC"
@XOC"[Ee2/NHE?"XIC"@XOC " N*C">X O C"eHell]j"N*C" @ X O C"dE"dliE?" XIC"@XOC"
dEJi~'dEei"N*C">XOC"dE @&"NEAT @ E?"XIC"@XOCJEEEF"NHT@XOC"eEj?"N&C"eXOC">Edf"N
eXOC">E@d"N&REBDE N@??Ei"LXIC"P5D"n" @fdEJC" @fiEeC" @FFE>C" @fJEIC" @JIEJC"
@eJE?C" @eeEJC" @e>E?C" @e?EiC"dESE@EIEU@EBIC" @>fE>C" @>>EjC" @>?EdC" @
>eEdC" @iHeBHX09S!8PLh! ARAB'IRfE|~"TDijEe"N*C">®@E DO\9S!8PLh! ARA"dEEE"
PV8G! TGR@<Jdm/z"rLX °t"6.06+" 12/"BX>:28=-Q-M™" gjIE@iedC" 12(,+" e]|EQicXBF V!

_ #1880 "q"6*B2dIC">IfeC">jeiC"@i??C" @ffeC"@JIIC" @efeC"@>JeC"@7jIC"If>C"je>E"™"
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! Chemical Formula: Cp4H,1BF,N,

=2002A", 4" #$%" 1%-1%8% # 4 %" -/ 26T Bt/ HE S SRINEB (', 208008 CHE/A1', %" M1IN@??"*4C"
2EJ>d"**20C" @ UEED2#.8&' ("' NNBo#$80-$%,800%#$8,8004#/'10(2/2)2/ #%" " N>12"+4C" @E>d"**2(
%B:EQ., +" )2/2,"#'10(2/'+%" +%H#$80" %#$%/ #%" N?E>i"*[C">E @ ("EQABIPIER*) Yo+ #2"

4-%" #$%" 6/(+BAL; E" 9$%" /%&'+(%" A.&" -(I'L'%+" 6$/2* #24/.-$'6.008" 2;%/" &'0'6." 4%0" (&',4'
PX-POQU#$80"  .6%#4%" N@ @O" #2" DNERA0(2/2)2/. 8UBCiD"*%#$8DIND
06#$80-$%,800-8DHB003(',20',%" .&" " )%'4%" *2/-$2(&" &PEH@?" *AQZOEP! "8V M\!
8PLh!ARAGAN"JEIJ"N+L4"JEf"XIC" @XOC"Efe/NHE?"XIC" @XOC"|EJ"$HEE"XIC" @XOC"dEIl"
N+Z8"dEf"XIC"@XOC &) "N*C" @XOC "dHIe"8&ETX|C" @ X O CHER;"™N*C">X O C "dEEe @"
N*C"@XOC"dEF@HECKIC" @XOC">Ed?"N&C e XBUIEENI3XOC">E@ @"N&C"'eXSC" @E?I"N
dEf"XIC"eXO®!"8V! _D\D!8PLh!ARAG #n" @fiEIC" @fJE@C" @fJEIC" @f>EeC" @JIE>C" @J@E
@e|E@C"@eaHeC @ |IE?C"@>EIC"@>|EfC"@>E?C"@>dEJC"@>fEIC"@>>EjC"@ @IEiC"@ @
@JERY! NediEf"LXIC" PSP W IBFE 2 IBfIE?"N>=CPRQESV! N@>j"LXIC"P5ROY"JEJE
PV8G!_TGR@<Jdm/z'TLX °t'6.06+"12/45X>-28=.Q."ejdE@}JIC"12(,+"ejdE@P@EV!_.#1&a!

% "0"6 B> [i@C">I>fC">jdIC" @fldC"@JIdC"@>iIC" @7?{dC"IfeC"jJiC"j?IE

d?'
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Chemical Formula: C34Ho5BF,N,
=2002A",4" #$%" /%-1%8&% # #'; %" - 26T /%@, 8RIN £3(', 208000 CHEI', %" M1;INjf" *4C"
?2E>ei"**20C" @'(/B@2#.&&' (*" NNBo#$80-$%,800%#%$8,800#/'10(2/2) 2/ #%"N@el"*4C" 2Efl2"+*2(
SEf'%BE Q!+ ")2/2,"#'10(2/'+%"+'%#$80"%#$%/ #%"N?E@f"*[C" @ E @F CXRuYF'6=3)', Yo+"
H2"A % " HES+UD\;; E"9$%"/%&'+(%"A.&"8&02A08"-/%6'-'#.#%+"1/2*"+'6$02/2*%#S$. DIER". 112/+">
N+'10(2/2)2/.,8(BLTiD-'-$%, 8 IN:Bo6#$80-$%,800-8DHB003(',20',%" .&" ." )%'4%" .*2/-$2(&"
&20"Nff"*4C"JizOEP!"8V " MWISPLh!ARAGAN"JEi"N+Z"[Ef"XIC"@XOC"|Ei ' N4EMXIC"
>XOC"JE?>"Ks'GE?"XIC" @XOC"dENS'INEXIC" @ XOC" dEUS"HEACXIC" @ XOC"dHEI@"N*C"
>XOC"dEed/$HE?"XIC"@XOC"dHES@"N*C"fX O CHE@) ?"N*C" @ X OCSIHR *C"fXOC">Ef@"
~'>Eef'N*C" @XOCSH2"N*C" @XOC" QES € BH#KIC" eXB&! "8V " D\D!8PLh!ARAGIN"
@fIE@C"@fiIEfC" @fIE>C" @feEJC"@JIIJEIC" @JI?E|C" @I?EAC" @I?E>C" @edEI"NH>"PO" @ed
@>IEIC" @>IEJC" @>|EiC" @>E@C" @>dEjC" @>dEd"NH>"PO" @>dEeC" @>dE>SIRISEIC" @>
@JERE _HXO09S!8PLh! ARAB TR feEe"IDFIE@"N*C"PRWEBV! DI[!8PLh!ARA6 &n"jEJE
PV8G! TGR@<Jdm/Z'rLX °t"6.06+"12/'EX> @8=Q.'f@ @E>@fdC"12(,+"f@ QRN IE#1&a!
% ""6*Pe>deC">>IC"@i>jC"@ffeC"@JI>C"@>JeC"@?jIC"If>C"je>E"

d@
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Chemical Formula: C33H,3BF,N,O

=2002A",4" #$%" [%-1%&% # #',%" -| 28R/ @, SE®INE3(', 208000 CHEII', %" M 1;INjf" *4C"
?2E>ei"**20C" @'/ 2#.&&' (*" NNBo#$80-$%,800%#%$8,800#/'10(2/2) 2/ #%"N@el"*4C" 2Ef|2"+*2(
SEf'"UBE Q!+ ")2/2,"#'10(2/'+%"+'%#$80"%#$%/ #%"N?E@f"*[C" @ E @F CXRUYF'6=3)', Yo+"

#2" A" %" HBI+Y%D\; 1 E"9$%" /%8&'+(%" A.&" &02A08" -/%6'-'# #%+" 1/2*" +'6$02/2*%#S$.,%" ., +" A.&$°
AHS" +'%#$80" %%/ #2" INEMH"T0(2/2)2/.,8(BTi +'-$%, SWINB%#$2H8-$%,800-8/BD
8003(,20',%".&"."0'4$#"4/%8" *2/-$2(& "RV +4C"F2zE@P!"8V " MW\I8PLhIARAGHAN"JEId"
N+Z¥"JEf"XIC"@XOC"[Ei@NETXIC">XOC"E?d" NE?"XIC"@XOC"dErs"MEACXIC"@XOC"dEd@"
N#CSJE?"XIC"@XOC"dBHJe"N*C"@XOC 'dE4F'N*C">XOC"dBEE>e"N*C"fX O C"dH=iE"N*C"
fXOC"IEl"N¥G"Ef"XIC"@XOC"eEJ=XBRAI"8V " D\D!ISPLh!ARAGIN" @fiEjC" @fIEfC" @ffEjC"
@fIEJC" @F?EJC" @JJE|C" @I@E?C" @J?E@C" @€jEiC" @ejEC" @eeEJC" @e@E@C" @e?EIC
@>jEIC" @>E@C" @>dEfC" @>dEJC" @>EjC" @>IEJC" @>>EiC" @ BHECHEMESPLE @ ?Ee(
ARAG AN TA@Ef'NFE"@?>E?"XERGE?"'NFE"@?>E?"XRIE"8V! N@>j"LXIC"P5ROW"IESE

PV8G! TGR@<Jdm/zTLX °t"6.06+"12/%RX>,88=-Q-M"f@eE@If?C"12(,+"f@eE@AIREY/! _#1&al!

% "q"6*BS>IC"@FIdC" @>J?C" @ @?eC"@7??iC"|@JC"jHfC"de@C"llE

o>
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Chemical Formula: C4gH17BF,N,0
=2002A', 4" #3%" 1%-1%8% #.#%" -| 2GCGHEH RS ARIN DS/ +8008 CHE/II', %" M2IN@?7?" *4C"
2EJ>J" #20C" @'(UBBT 2#.&& (" NNBY6#$2HS-$%,800%#$8,800#/'10(2/2)2/.#%" N@Id" *4C" @!
#20C">Ef" T O!+" )2/2,"#'10(2/'+%" +'%#$80" %#$%/ #%" N?E@e"*[C" @ E (" ELRVHET" %3
B2%)' Yo" #2" 4" %" #$%" 6/@VAIE" 9$%" /%& +(%" A.&"-(I'L'Y+" 6$/2* #24/.-$'6.008" 2;%/" &'0'6." 4%0"
AHS" VoHSIRIH. HY%" #2" 11 TNEH+'10(2/2)2/., 8UBLI B *%o#$ D N BY#$2HS-$%,800-8/BD
800-8'+',%6".&"."-.0%"8%002A" . *2/-$2(&"RP0*C"e?zEPPI"8V " MW\ISPLh!IARAGAN"|EJf"
N+C8"FEFXIC" @XOC" | ERNELXIC" @XOC"|E @ JERCKIC" @XOC dHEIN*C" @XOC"dEI>"
dEei"N*C"@XOC"dEES EFCXIC" @ XOC"dEANECXIC" @XOC "dEPR NEEXIC" @XOC "eEdi"N&C"
eXOC">Eie"N&C"eXOC">E@AMNSC e XUESPLNARAGN" @fiEeC"@fIEJC"@fIE?C" @f@EIC"@JIE
@JeEjC" @J@EeC" @eeEIC" @e?EiC" @IHECTED EICAMIEIC" @ @ @E?C" M)C HXBIS! @IETE
8PLh!IARAGAN TR fIE>"NFET?E?"XIO@ieE>"NACI?E?"XICRRD!"8V!_DI[I8PLhIARAG +&n"
dEIEPVEG!_TGR@<Jdm/z'rLX °t"6.06+"12/dX 028=-Q-M"eelE@Jj?C"12(,+"eelE @I@F V!
#1886 "q"6*B5>eC" @i>IC" @fi?C" @JjiC"@>JIC" @?ddC JiC @jC"dfiE

de'
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Chemical Formula: C33H,3BF,N,0

=2002A",4" #3%" /%-/%&% #.#';%" -/ 267GHEY5%0, STRIN & 23 (", 2080 CHELI', %" N@>@" *4C"
?Eeei™*20C" @ UBW@2#.&&' (*"NNBYo#$2H8-$%,800%#$8,800#/'10(2/2) 2/ #%"N>J?"*4C" @E?"**2
e"%@EQ+" #/'10(2/'+%"+'%#$80"%#3$%/.#%"N?E@e"*[C" @ EXR2IT S 2B %+ "#2"4";%"#$%"
6/(+%D\)1 E"9$%"/%&'+(%"A.&"-(/'1'%+"6$/2* #24/.-$'6.008"2;%/"&'0'6."4%0"A'#$"+'6$02/2*%#$., %
112/+" SNEN+'10(2/2)2/.,80BLI -'-$%, SN B%#$2H8-$%,800-8/BB00'&23(’,20', %" " .&" ."
0'4$#"8%002A" *2/-$2(&"&RIB?J"*AC"I?EP!"8V " M\IBPLh!IARAGAN"@REN+ZY"jEf"XIC"
@XOC"EJ2HE?"XIC"@XOCHBHE|"N*C"IXOC"dEABI>"N*C"eXOC*di#e>® " "N*C"IXOC"dE?I"
~iEle"N*C"iXOC"Eid" N8JE?"XIC" @XOC"eEJ@"RAC'BWHOB\D! SPLh! ARAG rdn" @f[E?C"
@fdEeC"@ffEdC"@feEIC"@f?EfC"@J@E>C"@elEiC"@eEfC"@edEjC"@eJE>C"@e>E@C"@eC
@>E@C"@>|E?C"@>dEiC"@>dEJC"@>dE?C"@>EIC"@>IEJC"@>fEeC"@*FiCIHEIEQ@C"@
8PLhIARAGANTRE]"Nt®"@ @JE?" IDEEN+TS" @ @JE?"IQESV! DI[I8PLhIARAG &'
n"dEJBV8G! TGR@<Jdm/z'YLX °t"6.06+"12/E8X>,28=-Q-M"f@eE@If?C"12(,+"f@eEGTHBE

_ #1880 "q"6*Pe2fdC">jejC"@fJdC"@>JeC"@@7?IC"@7??IC"I@JC"j>>C"dfeC"d??E
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Chemical Formula: C34H25BF5N5

=2002A' 4" #$%" 1%-1%8% # .4 %" -|268GHR Y30, SRIN SR 23(', 2080 CHEI', %" Njf* *4C"
2E>ei"+*20C" @' (YB3 2#. & &' (" NNB6#$80-$%,800%#$8,800#/'10(2/2) 2/ #%"N@el"*4C" 2Efl 2" +2(
SEf'U3E Q!+ ")2/2,"#'10(2/'+%"+%#$80" %#$%/ #%"N?E@f"*[C" @ E GF ORUIYE"883)', Yo+

H2" 4 %" #$%"6/ DY E"9$%"1%6&'+(%"A.&"&02A08"-1%6'- # #Y%o+" 1/2"+'6$02/2+ 0o #S. IIER". 1 12/+">
N-10(2/2)2/.,800CiB-'-$%, SWINB6#$80-$%,800-8DHB00'&23(, 20, %" .&" ." 0'4$#" 8%002A"
*2/-$2(&"&20+NFf*4C"JizOEPI"8V!  NJ??"LXIO"n"@?Ei?RHET"XIC" @XOC"|EIFWIET”
XIC"@XOC"jEa&]j"N*C"IXOC "dEHBIfN*C">XOC " dBE®|"N*C"iXOC "dHE"N*C"@XOC"dE?i"
~IEjI"N*C"fXOC">EJ¥E] " N*C"@XOC"EBIN*C" @ XOC" 'l XIC e XOBI"8V  "N@?@"
LXIC"P5P0.0"n"@f[EJC"@fJE?C"@feEdC"@feE>C @@ E@Q@FRE@edEfC" @edE@C" @eJE:
@e?E>"NH>"POC"@e?E>C"@e?E@C" @>IEjC" @>dEd"NH>"POC" @>dEfC" @>dE>"NH>"POC"
@>eEdC">IEjCTIIB@E" HXX!SPLhIARABN TRI@E 2" M08 @ @ Ef KEDEE]I"N+&" @ @ ?Ef"
XIOEPR! "8V " DI[! 8 PLh! ARAG! n" dEe?EPV8G! TGR@<Jd m/s" rLX °t" 6.06+" 12/
PeiX>©8=.Q.1@ @E>@f>C"12(,+"f@ OBIIE1 &4k 'g"6*Be>d>C">>fC"@i>/C"@ff>C"@JleC"
@>JeC"@7jIC"If>C"je>E"

df"



S5 HTL1&/(N(+'QF"<CI#*&# *YIVHT #*#.&1&IB#17,(2#)=,#

'gF, 1.NaOH, THF, reflux

2. (R)-BINOL, toluene, reflux

|

92"."&20(#'2," 2 1INEN+'10(2/2)2/.,8UBLi B-'-$%, SWIN H%%#$2H8-$%,800-8/BB0O3(',20',%"

D\; I'N?E@J"4C"?E>de"*2(qCE@"VBX="N|"[0"A.&" ++%+"Q.MX"N@EJ*["'21"."@E?"L".3(%2(&"
&20(#2,C" @EJ"*20C( TRGE"9$%"/%.64#'2,"A.&"&#' |%+"12/" QA-BRUBH" . +"#$%" &20:% #'A.&"
06;.-2/ #%+"(,+%0/"[%-+(6%+"-/%E&& (/U E"S/ %" &20(#2, "N>?"[O"A.&" ++%+". +"#$%"2/4.,'6"-$.&%
VoH#/.6HYo+" A'HS" +6502/2+%#S.,%" NIH" >2" H[OC" +/'%+" 2o/l QHNVo+" . +" #$%" &20;%,#"
%;.-2/ #%+E"9$%"6/(+%"* #%/'.0"A.&"+ &A% "NJE?"*[O". RABGQM["'N?E?jJ"4C"2E>If"
#20C" @" EO" A.&" ++%+E" 9$%" /%.6#2," A.&" &' /%" A2AN@OG" ., +" #$%" &20;% #" A.&"
Vo:.-21 H%+" (,+%/" 1%-+(6%+"-1%8& (% E"9$%" [%& +(%6" A.&"-(/'L'V+"6$/2* #24/.-$'6.008"2;%/"&'0'6
(&, 4" +6$02/2*0#S$. %" #2" 1 12/+"#$%" 62+ H".&" " @" * H#(/%" 21" +' . &#%/%2*%/&" N@ @ @" *2
f220E

A(%7(=)D |; 1!

| Chemical Formula: Cs3H35BN,03

Dpi*gV!I_MW\I8BPLh!ARA6 raYh"jEdi~Ed@"N*C"@XOC"Efd"N*C" @XOC"|E2@"Ne-CXIC"
?EJIXOC"dEle/NHEMXIC"?EIXOC"dHEj]>"N*C"@EiIXOC*aiH @D "N*C">XOC"dEE" fECXIC"
?EjXOC"dEftEfe"N*C" @EJXOC"dEFH"IRPCXIC" ?E>XOC"dEE|"N*C" @ XOC-t&He€ @" N*C"
JEIXOC"dEAME@f'N*C"IEIXOC*HH|T"N*C"JEIXO"IEFEd>"N*C"@EIXOEIEd'N*C"?EjXOC"
IEi>"~"Efe"N*C"@XOC"IEIESNEC"XIC"?E>XOC"iEEe"N*C"?E>XOCHE@?"N*C" @ XOC"fEI?"
N+ZS"|E?"XIC"?EjXOC"fEdMNEEMXIC"?EjXOC"fEId'BIHET"XIC"?E>XOC"eEe?"N&C"?EiXOC"eE>J'
>EJXOGR!"8V!_D\DIBPLh!ARAG L. F2/"+'.&#%/%2*%/"2,08 "n"@fiEeC"@fdEfC"@fIEIC"@fIEjC"(C
@f?EfC"@JeEdC"@J@EeC"@J@QE@C"@elE>C"@ejE|C" @eeEdC" @eeEeC" @e @EIC" @e @ET

di"



@>IEJC"@>IE>C"@>|E?C" @>EJC" @>E@C" @>dEjC" @>dEJC" @>dEf'NH>"POC" @>dE>"NH
@>fEIC" @>fE>C" @>JEfC" @>JEeC" @>€eE|C" @>eEfC" @>eEeC" @>>EjC" @>>EdC" @>>EeC"
fIE@ED! "8V! _DI[! 8PLh! ARA6 & n" @eEfBV8G! TGR@<Jd m/z" rLX °t" 6.06+" 12/"

Pre Xei @8Q-MUAIE>|@IC"12(, +"dfIE>dj@@FV!_#1&8ak ' "6*Ba2fiC"e??>6lfiC">1>JC"@flIC"

@RiC" @eefC"@>f@C"@?IIC" @??fE

A(%7(=)D I; ;!

Chemical Formula: Cs4H37BN,0,

=2002A", 4" #$%" [%-1%&% # # ;%" -[26%+(/%C" +'10[/2) MNfP*4C" 2E@" +R0@" %3E" ., +"
NROBGQM['N>j"*4C"?E@"*€2@"%3ID!B%/%"62*)',%+"#2"4";%"6/(+%"-/ BX: (6" 9$%"/%& ' +(%"
A.&"-(I'1'%+"6$/2* #24/.-$'6.008"2;%/"&'0'6."4%0" (&' ,4"-%#/20q!6MT#"NdgeD!#2" &1 @"
*H#(1%"21"+' . &#%/%2*%/&"NeJ *ACRFAYE M\ISPLh!IARAG raYh"|Ede"NAETE?"XIC"@XOC"
JEfd"N#CS"|E?"XIC" @XOC"dEJ"$HE?" XIC">XOC"dEI"8IHE?" XIC">X O C" dEgHEil"N*C" IXOC"
dEf@"NACIE"XIC"@XOC"dBHII"N*C" @ ?XOC"#HkEj?"N*C"fXOC"IEAEIJ"N*C"eXOC"iEfi"N+C"
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Chemical Formula: C43H34BN,O;
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Chemical Formula: C44H33BN>0,
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Chemical Formula: C53H35BN,O3
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Chemical Formula: C54H37BN5,0O,
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Chemical Formula: C43H31BN,O3
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Chemical Formula: C3gH9BN504
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Chemical Formula: C13Hq{N
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Chemical Formula: C14H,3NO
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Chemical Formula: C13H1oBrN«
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Chemical Formula: C13H1gCIN »
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Chemical Formula: Ci5H 4N "
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Chemical Formula: C;,HgNg »
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Chemical Formula: C14H15Ny »
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Chemical Formula: C13HgBIN, »
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Chemical Formula: C13HgCIN, »
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Chemical Formula: C14H{,N,O
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92"."&(8-%,8'2,"21"I' B2--%/"62(-0%"NIEi?"4C"@Jd"**200".,+"-$%,80.6%6#80%, % NfE?2"4C"JI"**Z
|HH$B0"YHSY N@ 22 O A& ++0%0+"."&20(#2,"21"#/'6$02/2.6%#80"6$02/'+%"N@ ?EI"™[C"l}"
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| B(2"H2" A Y H %6 6 (+ TR H H(HTIEB'6$02/268602) (#96,2, Y0E"9$%6"/%& +(%6"A. & +/%6#08" (&2
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964$.,20'N@?"*[O"A.&" ++%+"2,%/"@ 2™ E"9$%"1%. 642, HH#(/%"A. & &8 /¥ HER "3 H Y6/ Yo+"
LA ESYoH AHS" " HH(/%" 21" VeS80 YU/, +"-% #.,.%"N@ @C">f?"[OE"9$%" 1'0#/.#%" A.
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Chemical Formula: C,7H140, |
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Chemical Formula: C;7H140;
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A HSY6"8:20:%, #"'-$. 8968, " &Y6-.ISHHITID2(&"-$.8%" A.&" Yo HH#] . 64#%6+" A'HS THMIE " NeH" @274[0". -
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Chemical Formula: CgH;BF3KO «
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Chemical Formula: CoHsBF3KO |
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#'10(2/2)2/ #%"&.0#".&"."6202(/0%&@REDH NEBI795" @il'D@d?" f B1"8V!_M\I8PLh!
R8G< 0 Ganx"--*"dEfe" ~"dEi?"N*C">XOC"dEEI@"N*C" @ XOCTERP"N*C" > 8V/!
_HXO'8PLh!IR8GH Ghh="-*" D@e>Efm@ecEe"NEW)I"8V!_ DI[I8PLhIR8G<  Gahg™--*"

DREI'N3C"U"s"eeERPKIGY! D\DISPLhIR8G< 0 Ghhp-*jiEiC"@>IE>C"@>IEJC" @eJEeC"@edE>
@djEdE"



E#.#,1617,(28)=# 1 Y\ #HE1X. L) 2( )4 18I+ | QL6>-612=1./)/#1"),(2'6(,/)#!

*16&*BS/&'H !

!

92" " &#'I'\4" &(&-%,&'2," 21" .0B804(.,'+',%" $8+/26$02/'+IFEf>HBO" '," #20(%,%" A.&" .++%+"
-2#.8&'(*"6./)2, #%"N>EXEf"%30E"9$%"*' H#(/%" A.&" $%. . #%+ 1 2" 2" $C"#$REN @ E ?"%30"A.&"
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Chemical Formula: C47H{4BF3KNg
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