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Me methyl

MS Molecular sieves
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MS mass spectrometry

MTBE methyl tert-butyl ether
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Ts p-toluenesulfonyl



ER/S

H R
FE R wevveeveesee e e e s ettt s ettt r e 3
F1E  C-HHRERSUSZ M L7 kL Yy 7RI OFE G & B 6
FHE Yy T HE MBS DT R o 6
B2l BBEAEARNRRY Ry THIEBINL T OFEG e 10
FI3HT O EARAARFY Ry THIEL T DB oo 12
1. AVTRF Y READGIFEIEIL oo 12
2. ANVITRF Y R EDEBAFEDZET oo 14
3. 2 THEFEET T LI-L20 DOFHEL oo 15
4. TNAT b RN EICEBIEZ R OB T L2123 e 17
5. T VB L24-L31 DRI oo 18
FAfi  ERARAAKRIY RYy THEIEBL SO BIBODE A e 19
2w MYy ZHEEMEOT U AL C-H B REIEALSE A~ DB oo 21
o W T I 2 (VA O & = =B (] i = SO 21
Fofi KAV T DT VAL CH T X JALBIESDTE oo 26
1. =" A—=REREAIE LT UL C—H T X A oo, 26
2. UL T HRBAIE LTeT UL CH T X /B o 32
BIET WAL T DT VAL CH T X JALBIE DT oo 35
1. 7V NVENEB LA L T 4 DT UNMLEC—H T X A e 35
2. TIVXIVENERR LT=A L7 4 DT VAL CH T 2 A oo, 42
FAf  ZOMEREERE TS ASDIEI oo 45
1. 7 U AL C—H FESRALEUG D TE I oo 45
2. T UL C—H 7 IV T AL DTG oo 47
F3FE T UNMLCHT I EBUSIZRT 2 BOSHEED B LZE e 49
B LHET HEEMRREIE oo 49
Lo T B Il 3B ettt 49
2. IR D BEEL oot 50
B 2HT AETEIUSTHERE oo 52
Lo STARTERIUIIE oottt 52
2. FETE A TT K 2N e 53
3. EBERNODOBL  C-HIEMALE vs T /8T T —2 3 VB 56
4, EBRFERDND DFBEEL  TRFFTTEEEIE oo 59
5. Z DRUEHERERIETE ..ot 62
HAT  Cp*Co fIIEIZ KD CoH 7 U JUABIUIR oo 63
B LBl 0 B oot 63



H &k

F2f TV UHBEERERE L L2 CH T U JALSUS s 69
FIHET  NUXT I RFFER, Weinreb 72 REEE L L7 C-H 7 U MBS oo 73
HAET UG IT BT D 3B e 77

Lo AETE SR oot 77

2. BT BT IV JVERBED T oo 77

3. RIRIE & D EEEE .o 78

4. T U NACD SEFEREIZ DUN T oot 79

5. ERHEDURMIZNIR oo 80

B BT evveeeressesessesssssssssss s s s ssssas s R R R AR RS R R A AR SRR AR oA R AR R R R R R R 81
BEZE IR oottt 82
FEBRIE .ot ettt 88



£

Frim

ORI, X0 ENLHMRICEDLE T, B LT IBHICFICAIWE 2 MIEDH D b DO~
EEWA D] L Thole, WROAXIZ, BHICFICALIAELZ FZHOREEMEAGE~E
LT 0 N & AR T T ARG 7 SN L 720 L TR L T &7z, 19 A Ic AL &
FMPEZICAFTEDL LR AlMEFEE LCTEELST 7 AF v 7 78 8O @i
BEAEERT D FIENR SN TE 2, ZOAMBROEMZRFREEW) bEMTMED & 51k
BMEART DL, AHAEIEFEE W HI I TER L L THNYL S, KRERESEZZHTTVD
INETEL DILAW OB RRIENHESL S, Tox OETRICEBILAM Z L W R S DHITE -T2,
Z DOEHE AT OFRRIITABE OB N R E SHBIRL TWD, fillizFHT 22 &Ickv | (ke
W% BT DERO =R X —[EREL /NS < LTGRO Z M S, B 72 51X LRV E 9
IRIRIE 7 L G a RS D 2 LR TE D, FME A IS RICHAET S 2 E TRV IRLEM

X, BIEOFBAEBLFICBW TR ZEDTERWFEEL 2o T D, AEERILFOR 5
FEZ HIE L, BUEDZ < O EEDSHHRMBEOB, 8L OZNEMHEH Lo (bE ko %
WZHUD AHA TV D,

L LN BT, BHICFIADL EBZX LN TWCAHEIRICHIRY 355 Z LR L
T T2AMED & LGB AR TE DT TIEIAT A THDH EBZLNDH LD IToTE I, WinT
FLILRE T, WINCEERZ: < VRN S &2 ST 2 D DSEFE O ARG LIRS b HiRE L
E. £ OB PMEA Y ORI EBIEOMNTIZE Y LA TV D, T, SkomE TERILD
Bl b, RIEMHER CHEASZEE CCHA. CX A ~EERT 5 CHBEREMLKISAER S
NTWD, FEME 7 C-H A IXEFE ARAIEETH Y | 1ERIT O LT W0 CXFEA~E AL
THRICERET D FER B ThoT, LALARRL CH FBAUNoE o x X —%F
T ORI NI LICRY  CHEENEREEE TE 5 X912/ o7c, C-H A % T OGN
bT 2 TEPEIRTE 272N TH Y | BUELERA 72 C-H BREEALIIR D 72 8 D F Bl A3
A I TS

& AT, EIMIEIE A ORER & HIESREEIRGOGRITIL, REGIEA K DE20,
REF R RN RMERIT, RSB ER EOWHENMEEIZR U Th o, ERelks 573/
RS NETEMEAL A TH D721, ERNTIXR 2507 L L TR EN D, 204Ky
£ BRI DI BN OFNNT, FHCERZREWEM 25 & 29720, W2 L TOEFRMEED
— G EHREILARTIPNBETH- 72, FIAMBARCF T LREEZH VL REAK. T&
SRBEWN S =S T A~ —E T D E R ENE. T IRREWEE O ) T
F~ — I T 2 B R E e SRk A e FIES S L ST E T, BT, Al
g@ﬁ%ﬁ%%wfﬁ—ify?ﬁV%%ﬁéﬁﬁmﬁﬁAm%iﬁ¢®ﬁw&m&LT&E
SHTEY, 2001 FIZEK, Sharpless 72 5 ONZ Knowles H 23 TARFFlEEIZ K 5 /KFE b L OWL
FOB T ZRT A58 T/ —~VEEZZE L2 0L L ZOEEEEFHL N TH D2 D DO#H
HTIH, RFERA A 22 T ERS BRI REZ RAMEL S U CTHEHLTERY . REBALF DB

3



I

£

52

p=1{{

AFERBEORZED, FIZIEX.  —WVEZHOXMR L o ol R FKRFE ISR S D
BINAP [3FEF BN IZARFENL - TH Y, BI/ETH Rh° Ru 2 EOBEBERE LHAAGDE TR
JRWEUSE D ARFHFNC AN SN TN D, ZDOL I, ZERRKISICB O TE WG, &R
ZIEBLT 5 RE MY Tprivileged chiral catalyst] * & FEIZAL, 2405 1Z#E < PLHAPED @O HT LA F
fill i ARFFEUNL T OBHFE D RD TN D,

BRI A RIETH 5 C-H BRREASUG & IS A A~ IR 2 72 01 1E AR RS 2 fill Y
ICAFHIET 2 0ER’H 5, C-HEAOUNNIIESSBMENGELTH70, ZLOEBEE
(ZRE 2 I N H BN 1 2 BN SH D 2 & CTREFIEISER S TE 4 RERNFIZRD B b %
i, 1 B L7 BE B AR C-H AU L TRWIEMEEZ R T 2 & 2. BV R HIEGE
FFoZ &, 2L T3 WAEREWI L THS, BINAP 2L U, BEFORFENL 7% C-H EHE
FACSOSMZRIH L2 0  BrBENL F 3B SN2 0 L TEWENE L muWEsiRME A2 C-H BReZ b
JRTRBELC& 7, LLAand, K2 fillE T AEIc Lo TR Z ENEL WIho
FISICH A TE 2O E S 2 EHT 572010, B FOFEREALETH -, Bl 21E,
BINAP IR R 7 ¢ o EOEHIL AT Lok 2 2R AERHB I TEBY , E 8T 7 FVEHK
D3, 4,5, 6, T M~OEBIE AN X DG « BIREOHIEIC, JEXTFR BINAP LB I TE
D, BAZNZ2VIEEOBRPENRNONTERS, TOERMIEIZOWNTHEZEL < ORI T
N, BREOEFICIIERTRZETLILONEL, 2O TR L ICKEREZIT O BLEN
& % (Figure 1), W 2T, SUG Z & A Feiil 72 A i & R BREE A Fr Ol 2 PSR- 2 72 12T,
£ DHFHEARIBENTONTE ],
<R, R?Introduction>
e

Br
Br

)Ar,

OO o \
\ o

Li 3 RS R3
SO
7 / 2
P(O)Phy —» (OPh, —» R P—R
P(O)Ph, P(O)Ph, RZ PR!
99 v

3 R® R3

Li R
RS R*

<R3 Introduction >

R
P(O)Phy _ P

P(O)Ph, O

<R Introduction >

Br. R6 OO /
] OH ] ] OH ] ! OH
Br R®

Figure 1. Preparation of BINAP Derivatives

EEHOFET AR THRIRNIMbAY AR E B e L. CH BRERALSG O ARF HIEIZ L Y 41
ATWDG, EEHIT, 1. &V C-H #EAUIMHEME. 2. B AREHIFEEE, 3. LA ZPFEHi>, C-H
4



=

o
Dy

BREEACSIGE DT DF 7o I R F AR O 2 HHE L C. EDF 2 —= 0 FREFIZT
XL RFEAL T, BEGAEARANLKRXY Ny ZHERAL - L-M! (Figure 2, /£) %, EB4
B LA A DT Y 7 A L-MYM? (Figure 2, £7) OBHIFRIZEY A 720D TLLUTF T
HT 5,

o e iy

C H activation

L-M' O L.mim? R
Metal-containing Dinuclear
bissulfoxide Schiff base catalysts
Schiff base ligands for C—H functionalization

Figure 2. Metal-Containing Bissulfoxide Schiff Base Ligands and Dinuclear Schiff Base Catalysts

%1 mTIE, C-H BERRALSIS ZFam L7 BikZ s » 7 A ORGT & A RIZ DWW TR 5%,
B 1HEITCIE, By TR O SOV TR B,

F2HITIE, B EAEARNKRX Y Ry RN T OF%FHI OV TR 5,
HIMTIE. BERARLKRFY Ry TN OERITEIC OV TR D,
FAFITIL, EARARVKRX Y Ry THEENL - ~D4& R OB AR R %2 ik

55 EITCIR. LYy 7 AR A T T WIS R A b

2T, Yy THEMEO T U AL C-H B RER LG ~DHEHIZ W TIR R B,
1 §iClX, 7 U AL C-H BRSSO ST DWW TR 5,

2HITIE, KimA L7 4> D7 YV NNL C-H 7 X LS ~D 5 Ak R 2k~ 5,
H3HITIE, WA L7 4 D7 UL C-H 7 X LIS ~O5E HfE R &2k~ 2%,
B4 H#iTIL. & OfsREAZ T RS~ #5522 b

& B

N

FI3ETIE. TUNMLCH T I ALK kT D AR D B LI DWW Tk 5,
%1 HITTIE, HEEMEAS IOV TE T S,
B2 HiTIE, AAEMCEBIZONWTELRT S,

FEFIT. TR EDBA%E L7 Cp*Co il 2 v 7= C-H 7 U /WAL 0 FE5 5 F &6 P K
Z IR L72AFZEIC B RIRE D #HA T2 DT, ZONREILF 4 TR~ 5,

EBROETIZ, FHMARFZRFIEAEWD AT MT = F Zit#lid %,



o1 EH 1A

EIE CHERBMURGEZER LEEY v 7REMBEOHRE L SR
BIF By VHEEMBREOE R

YHFSEEE Tl privileged chiral catalyst OF%E %2 HARIZ, ¥ L U85 RONZ S 5 — R O&E %
ALYy 7SR 1 OB 21T > T 7= (Figure 3) 7, W L 85RO FHERICENIEE
REA L L TR 2B AL N0 BN, 0.0, BN FHIZENENRIELEAT L2 L TUELT,
KaEAE MY, M2 EES) . —ODfiilt B2 —>DO&B2H T 5 EEMEENIEETE D,

*

R

Dlnuclear Schiff base
Salen complex
catalyst

Figure 3. Dinuclear Schiff Base Catalysts
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Scheme 1. Preparation of Dinuclear Schiff Base Catalysts
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Scheme 2. Dinuclear Schiff Base Catalysts for Proton Transfer Reactions
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(b) Matsunaga, Shibasaki (2009); Heterobimetallic Ga-Yb Schiff Base Complex O
—N._

Che

5

(c) Matsunaga, Shibasaki (2008); Homobimetallic Ni-Ni Schiff Base Complex
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Scheme 3. Dual Activation of Nucleophile and Electrophile by the Cu-Sm Schiff Base Catalyst 1a
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Scheme 4. Other Types of Dinuclear Schiff Base Catalysts
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Figure 4. Three Types of Bimetallic Interaction
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Scheme 5. Bimetallic Pd(I1I) Catalysis
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BAINTZ 2 DO4 8 MY, M2 I3 Lewis £33 & OY Brensted ik & L COFIFITR S, REEHIRK
B A 2 B S POGIT & VISP 2 e ROSIC L ST 2o To, A C-H
BHREHALSG 72 E DG ALY EA M2 @ E R OROAF A L UCTRIATEIT, &y 7
BOPLURAMEEZ KIBICILRTE 2 £ EABND, £ I CEET, vy 7HERM T LICM &R
BALHAKR LM Z2&BE AR & LTELX M ERIC C-HIEREEZ AT 28R 2 EA
L7z L-MYM? R 2 fiSE. AR v 7SS FT C-H B R L SUG O AR Fr il &
LCHRIHTE 2D TIE7Z2Wint & 272 (Scheme 6), UICABEEDOF|H % KA C-H BREMALEEL
IR CE AU, BB EARNL T LML, OT7 I VEKE M EBOMAARDEEET T D L
TR ARG L T = —=2 7 TE RO C-H BRI D ARFBNLF N FFOME D F =
—= 7 OWEESZRRTE 5 LWFF Lz, ARz BIEd Y 7HIEME L-MY/M? (3, M?
&R OIHD C-H #EE U OfBEME A2 > L BE L TRV | F1gure4 I LT SRR O 43 BT A
5L M' @RGSR E L RET 247 (b) OEEITiEVy, 22 L. o0 BRI
WZ &G, BEEOE TR () 0 M'E&EA Lewis IREDOM < 2 A L THAHE LA
M 2AREELHHEL TS (o),

Scheme 6. Metal-Containing Schiff Base Ligand

= = _N N_ = =
H /\ N N
OH HO ! source source

C H activation

L- M1 Ilgand L M1/Mm? catalyst
Met.al-conta_ining Dinuclear
Schiff base ligand Schiff base catalysts
for C—H functionalization

C-H BEHEFL R IE Pd, Rhy, Ru72 ED Y 7 M &gz V- N
BIBZ . Lin LA, BEFOWIE » 7HUERE T 10 M &R o
(% 4 SOBBIRT ORI AT B 1b, BATES Mo RAEEE qg/omi?
FEDE A= RASBIZRONATE Y, V7 FBEEERE A !

Previously developed

ARSIV SN T oo To, 21T AEEADOF 4 C—H EhE  |dinuclear Schiff base catalysts
FACRIE~ EYEIET 272 DITiE, MO HR FOMBERELZET L, BATEL M2 SED
RTINS B D MER H -T2,
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51 EG 2 H

HEIT, VT NREBEREOBRMENESVEREEL LT, FTLAARFY RIZER LT,
AR F Y R ER 7 EOANLE 73t Y 7 M &R ICEAL T 2B 7 & L CORHA N
ENTRVY, AAT 4 VEM 0, 7 2 VBN ISR DR R 2 Ffo, Bl 21E, BALd
LRI F A AMEERH RN CND ST ANVEF Y RN OR -8B Th 5, MEE T &
BREIR T OREGIIREL ML, HEE T EOMSIE Xt OB T GRMET T 5720, nifift
HREAICE VM LR OE 2R LEFARRERTLEE TS (Figure 5a), F 72 Hii 5
CERO2 M TENENRRDEBITEANLT DR AVEF v RN 7RG OMEE TH 5 (Figure
5b) V7 MREBICITMER 2, N— FRE&RICITMBRIR F 28R T 208 H 0 . WS
IZE D ZOBRNAEDFEDLZE BB TWDY, R&IS, REAERNL & LTORHAER T
X ANVEF Y ROFFHIL, MERE T EICAF T LEET 58 THDH (Figure 5¢), &BICEANLT D
Wi EORF RIS EFEONERREZ RESEZIDL T ENTE LN, il EORE
L EFIH L AFMBEOREFNIIZ LY, BRORMPAEIN TN D

(0]

é ,,,,, \:/M < Ru,Rh, Pd
R/+\R. (soft metals)
Sulfoxide

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

?/ Cl) : ? i'M rad
S M S M A \ ’-‘--ll\ M
R/+\R' R/+\R R/S\R, R/JF\R-
Soft transition metals Hard transition metals !
i (second & third row) (first row)

(Low oxidation state) (High oxidation state)

Figure 5. Unique Properties of Sulfoxide Ligands

LD EFIT Yy THREMBEOME R+ 2 AVRdx v NICEE#]A5Z L TY 7 b
REBEHENLTHRF 7V EARZVERF U Ry y TR 2350 L A C-H B Re LS
~Ouw M2 B L7z (Figure 6), ¥ v ZHIMIEN R ORGSR L | F TV 2L F 2 RONES

D= — R AETEIN L, REMSEE L TR AR R T L2 AIELE LT,

*

—N__N= —N__N=
M! M!
o 0 chiral o o
\M2 sulfoxide M2

1 O Lmm2 R
M2 = Hard Metals M2 = Soft Metals
Previously developed Dinuclear chiral bissulfoxide
dinuclear Schiff base catalysts Schiff base catalysts

Figure 6. New Catalyst Design for C—H Functionalization Reactions: Dinuclear Chiral Bissulfoxide

Schiff Base Catalysts
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1= 3

B3 ERXRARFY RV THERN T OB

1. AVRF v READ LML

£ BEARNVRFY Yy TR F OB KIEZ N LTz, AVRF Y Fa28ALYY
FIT T b ROEEE LTz AR % Scheme 7 12783, U F AT AT E R 11 % HFEE &
L. B RaxviEo MOM i, RALVINVEODAFLT v — ML#EO%, REBHICEIYE
IR TR 12 215 7=, e\ CTEEFE O FIERHE » THHHL L 72 (R)A ® t-butanethiosulfinate (TBTS,
14) ZHw, AV b FA L E TSk SEE R Z £ D T VA VRF Y FOBEANCLY | b
BW15 2 93% ee TR, 7 MLz BRI S Z LT TE R o7h, Bifki#E L TRHONL DM
TRk 16 Z~FV VMR TF AN HME T2 LICLY, B—DxF v FA~—%H(52 L
WTE T, ALEW 16 © HPLC JIEICBWT, E—=ZIZENH D HFEMEZIRET H 2 L TE
inololo, KFEARTFEST R TAICIO AV INEEZT Va— VB LTALEY 17 %
DTSRI 2 R E LTz,
Scheme 7. Preparation of Salicylic Aldehyde Derivative Containing Chiral Sulfoxide

O (1.0 equiv.)

1.
2Cly, 1t _TMEDA_ OMOM 14 OMOM
OH 2. CH(OMe); OMOM g °c 1h 0 °C, 10 min .
PPTS Li S
11 MeOH, rt. 12 13 2.H0 tBuy- 15
32 .
209 9390 239 (2.1 equiv.) 93%, 93% ee
CH(OMe), » v Hel CHO CHO OH
<:j}_OMOM THF <:j}_OH recryst. <:j}_OH NaBH, <::§:OH
N 0°Ctort. . from hexane + MeOH .
tBujS tButS / AcOEt tButS tButS
o) o) 0] )
15 16 16 17
15¢g 86%, 2 steps >99% ee

ANRF Y ROBEANTE (From 12 to 15) 1IN GRBOMF2E L 7= T, FOEEZLITIC
WD, M) BEFEOA N b U FALDLEMAESPB 2 BB ANVERF Y ROBALRARIZE Z A,
H—xF o FF~—0D(R)-TBTS 14 ZH N TWHICHEDO LT, LM 15 DT F 4~ —iEg
FIL 57% ee ARVMETH o7 (Table 1, entry 1), FUGKEREIZ 30 43206 2 HREIZIER L7z & 24
BONTZABITEIERTHY  ISEE T CTERM 1513781952 L bo 7z (entry 2)
Be, Floo RUSEIZ TBTS AU LEFHEZHE L& 2 A, TBTS 2 TT7EIfLLTW
5 Z LMo 7- (entries 1 and 2; recovered TBTS), Z#vik. TBTS 28U F A4 bk 13 L T 5
£V 51T t-butylthiolate 72 & DREEFE & SO U SRR Z o 7o 72072 L HERI S 5, TBTS
D NI FAE 3 ERUET DL 5, HIRTTBTS 24 FL7zE A, BRMEIL 78% ee
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3 Hi

Gl

1 %

Gl

£ T L7 (entry 3), TBTS D&% FiFf, TBTS (2T 2 U F ALK 13 DEIGZHELCLIZE Z
AHS HITIEPRPEILA B L, 84% ee THRMZ1ST- (entry 4),

Table 1. Optimization of Sulfoxide Introduction

1. n-BuLi (1.5 equiv.)

CH(OMe),

CH(OMe),

TMEDA (1.5 equiv.) CH(OMe), CH(OMe),
CHOMe):  THF 0°C, 1h QOMOM QOMOM
+ + OMOM + OMOM
OMOM 2 (R)-TBTS (x equiv.)
. THF, y "Ctort. tBu,S“'O D tBu,S“'O H D
100 mg 3. Dzzg'n 15 15-d 12 12-d
reaction time temperature SM TBTS . 1A, b 15 15+15-d recovered
entry (z min) (y °0)*  (equiv.) (x equiv.) 15:15-d:12:12-d (% vyield) (% ee)  TBTS
1 30 —78 1.0 1.5 50:0:50:0 48 57 —5% ee
2 2 days =78 1.0 1.5 51:0:49:0 46 0 0% ee
3 30 r.t. 1.0 1.5 37:15:48:0 42 78 0% ee
4 30 r.t. 1.0 0.8 29:23:48:0 59 (74)° 84 N.D.

“The temperature during the addition of TBTS to ortho lithiated intermediate 13 solution. *The ratio was determined by 'H NMR
analysis of crude mixture. “Isolated yield calculated with TBTS as 1 equiv. after silica gel column chromatography.

LU S, IERIZWTNORICEBNTOFREICE EE o, ZORRZRHL720, K
JEZIZ DO TR L, B L7250 12 ROAERW) 15 @ D ALK DOEFIE Zii~7-, B L7z Bk A
U M e< DAEETE 57 (entries 3 and 4; see the ratio of 12 : 12-d) . Ak D ALK F T KD
AV MDY DAL S IV AR 15-d BRI S 7z, AVARF T RiIA LV Y FA ORI AL LT
< ZENMBN TRV, FEHRD U FAMAK 3 LAY 15 DT v R AZHMBAERZ D |
U F AR 13 23K L7z EHERI L 7=, (Figure 7).

CH(OMe), CH(OMe),
OMOM OMOM
N proton
(L transfer H
13 >_< 12
CH(OMe), CH(OMe),
OMOM OMOM
H /S"'O ":Li/,' /S"'O
tBu T tBu
15 18

Figure 7. Proton Transfer from 15 to 13
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%1 3

Tu hOBENEZ > THEREBY T3 BT L LD, U FAAK 13 D& TBTS IZxf
L CEFEE (2.1 equiv.) 12722 X 9 FE ., n-BuLi, TMEDA O &AM IE7- & 2 A, IURIL 86%F
TH kL7 (Table 2,entry 1), ZAVE CRISIREZ R E LTV, BEMZHEART 572D RIG
BEZ0°CICAT L, WK ATIZ LTS I LA — BV THRITE 72 (entry 2), X
SO 2 REAE T D SRR T3 2528, 7% B IA 6D oo REIEm L L7 (entry 3),
FN U FAADIREL 0 CHLEIRIZ B SEE ZAIERM EL, INE 3%, 93% ee DT
FUFAETHIME ST (entry 4), ZOFERN D Table 1 1Z/R L7z 2k TOMETIX
Figure 7 Tt L7271 b U AZHUTINZ T, JREID U FAARHITEITL TV o 72 2 & B K
IWRDFR T~ 7o LHERIL TV D,
Table 2. Optimization of Sulfoxide Introduction to Improve the Reaction Yield

1. n-BuLi (v equiv.)
CHOMe),  TMEDA (v equiv) CH(OMe), CH(OMe)  chome), CH(OMe),
2 THF,w°C,1h Q,OMOM . oMo, - oo
OMOM 2 (R)-TBTS (x equiv.)
.2 THF, y *Cto . tBu/S”'O D tBu/S”'O
u mmol 3 ZHm(I)rL 15 15-d 12 12-d
VvV equiv. 2
scale SM TBTS Ist step 2nd step time ) 1A, a 15 15
CNIY|\ mmol) (v equiv.) (x equiv.) temp. (w °C)° temp. (y °C) %z min)| D 13412120 o/ o1 e (94 ce)
0 0.47 1.0 0.8 0 r.t. 30 13:38:48:0° 74 84
1 0.47 2.1 1.0 0 r.t. 30 0:91:119:0° 86 87
2 4.7 2.1 1.0 0 0 30 - 78 92
3 10.8 2.1 1.0 0 0 10 - 66 95
4 10.8 2.1 1.0 r.t. 0 10 - 93 93

“The ratio was determined by 'H NMR analysis of crude mixture. “The reaction was quenched with D>O. ‘Isolated yield calculated with
TBTS as 1 equiv. after silica gel column chromatography. “The temperature during ortho lithiation. The temperature during the addition
of TBTS to ortho lithiated intermediate 13 solution.

2. AKXV R EOBEBLEDOLE T

(R)-TBTS % H\ CThitifb L 7= S5 (Scheme 7) #5312, A/LARF Y K EIZ p-Tolyl & A
T AHEN ORI EIT -7, (R)-TBTS O & L T(1S,2R,55)-(+)-menthyl-(R)-p-toluenesulfinate 21
WD & AV MEIT p-tolylsulfoxide 2AEA SN2 HIUM 19 IZIZ T, AARF T RN A HZAL
(BN SRR 20 2381 417 (Scheme 8),

Scheme 8. Introduction of p-Tolyl Sulfoxide

1. n-BuLi (2.1 equiv.) e .

CH(OMey,  TMEDA (2.1 equiv) CH(OMe), CH(OMe); |
2 THF, -78°Ctort., 1h QOMOM . QOMOM E 0
OMOM 2 (1S,2R,5S)-(+)-Menthyl 5 SioP
(R

S0 p-Tol—S

-toluenesulfinate 21 , ' :
12 (1 )eguiv.) p-Tol’ G : 21 N
2.1 equiv. THF, 0 °C to rit. 19 20 | (15,2R 5S)-(+)-Menthyl- |
239 10 min . 129 500 mg ' (R)-p-toluenesulfinate
3. NH,Cl aq (impure) (impure) ~ seotemmmmeomeomomeooeooees
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1 EE3H

ZNTRF Y ROA N MUIKGRFP TR 1 h oAb S5 & Figure 7 Tl <7273, 2 D OE A
WCHHENTT =4 U BRESZICEETH D Z ENBRENIZ 720 LAWY 22 1IJMEAEW 23 ~EHh S
iz EHERI L T 5 (Figure 8),

CH(OMe), CH(OMe),
OMOM OMOM
Li,S=p-Tol p-Tol=S, Y
o o
22 23

Figure 8. Plausible Isomerization Mechanism

Scheme 8 T LA 19 1, VA F VT X — )VIERPHRE SN A EIRE L Tz
7o, WifRi & fe< TV a— A ~DOEHOBHICFHELE ZME L7z (Scheme 9), Mifri D% s
Ba AT O & BRRAE S & RDIREE R OIREME O, TN O RELZED L TR O —EBIZE T
ZIMA, 7= 28 ~FERL L OFMELZRIE L72E 2AH, ~17% ee LIRVETH o 72, §f
Wikdn & RORFE S 2 TN ENIE L2 & 2A, BRROF P E—2F o F A~ =05 KDROAG b
MI7EIENORDERTH T, TEIERDOREFHDITZO DL VSRR, Rk D BH—
TFUTF AT —%1GH L IIREETH 72l RENLFOFRITZ ZTHET L TV 5,

Scheme 9. Determination of Optical Purity

CHOME) 4 5 M He cHo o
oMoM ___THF. 0°Ctort. on NaBH, OH
. 2. recryst. from + MeOH +
S hexane / AcOEt P-TOI=S"  0°Ctort P-TOI—=S
p-Tol“ &5~ o) o
19 24 25
-17% ee

3. vy ZHIEELF L1-1L20 O FH %l

R=mBu & LTHBLEZT VT E F16 &, a7V T I v it S, B+ L1-L20 % i #
L7z (Scheme 10 I3 L10 OFERAFCH) , B+ L15%, BAZ 7 L16%, BiA71 L17%, Blfir
L19%, B 7 L2082 WZU T 2 0%, CROBE > TREL L=, 7T kb REOREEIC
BT, 33N ERIL & B R T L19, L20 (3% ONAKREEE D 2 DEOSAET L& 3, #HE
RIREME G 2T,
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Scheme 10. Condensation with Diamines

CHO HzN
on__ diamine dlamlne
. EtOH, rit. OH HO
Bu—=s tBu—S + +§=0
o o 'tBu
16 L
500 mg 724 mg
L10< ol >
tBu-ﬁ+ +S—O IBU—‘S"' +S—O tBu—S+ +S—O
o Bu 0 n=1L2 u o Bu
L1 N L4
Ph, Ph Ph  Ph O“

C% HO%D
+S—O

tBu — S+ -
o L6 0] L7 tBu 0) L8 tBu

\
\
N

—N" Y N=
Chron oD

—N “N=

OH HO
Bu=—S§+ +S—O Bu==S+ +Sm=0 Bu==S+ +8=0
o L10 Bu 0) L11 tBu 0) R = Me, L12 tBu
R=H, L13

Figure 9. Bissulfoxide Schiff Base Ligands (L1-L14)

R = Br, L17

L1s L16 R = Ph, L18

OH HO

(¢) L9 tBu

L14

R = Br, L19, complex mixture
R = Ph, L20, complex mixture

Figure 10. Bissulfoxide Schiff Base Ligands with Substituted Diamine (L15-L20)
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4. 7T b R EIE#EZ ORI L21-1.23

BERDE LB - RN REOREEZHE L, 7=/ T2 ROXRTLICEBREZEAN LYY F
T IVT B ReFEK 28 OFl AT - 72 (Scheme 11), HEEHOENL T & FAEIC A LA XY ROE
A& WiRGE, RSSO RRAIT), Bu 2, OMe &, CFRENEHRLI-V Y F LT LT NiE
HK28 A H T o F A ~v—L LT L7, £D%, Scheme 10 DZAFIZHEN, VT 2 v & O
AI2X 0, B L21-123 08 L7= (Figure 11),

Scheme 11. Preparation of Substituted Salicylic Aldehyde with Chiral Sulfoxide

I,

1. 1.5 M nBuLi in hex.

(2.1 equiv.)
X CH(OMe),  TMEDA (2.1 equiv.) X CH(OMe), X CHO X
THF, 0 °C to r.t., 60 min 2 M HCl aq. NaBH, OH
0707 2. (R)-TBTS (1 equiv.) 007 JEtOH (1:1) OH MeOH OH
26 THF, 0 °C, 5 min SOtBu SOtBu SOtBu
(2.1 eq) 3. NH4Cl aq. 27 28 29
0.37 mmol X = tBu 54 mg crude (oil) (96% ee)
: (82%, @% ee)?
_ 53 mg 11 mg
0.37 mmol X =0OMe (86%, 95% ee) (86%, >99% ee)®
- 68 mg 40 mg
X = CF
0.36 mmol CFs (quant. 97% ee) (92%, >95% ee)?

@ The enantiomer could not be separated by HPLC.
b Purified by recrystallization from Hexane/AcOEt (40 °C to -20 °C).

CF3

L21 L22 L23

Figure 11. Bissulfoxide Schiff Base Ligands with Substituted Aryl Fragment L21-L23
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1 255 3 Hfi

#

5. % T R L24-1L31 O

BT, oy 7RSI L1, L2, L4, LS, L8-L11 O A I Uiz BT LI U H R
L24-L31 Z7i% L 7= (Scheme 12, Figure 12),

Scheme 12. Preparation of Bissulfoxide Salan Ligands

— — NH HN
NN NaBH,
OH HO MeOH OH HO
tBu=—S + *S=0 tBu=—S + +S=0
o) Bu o) 7
L1, L2, L4, L5 L24-L31
L8-L11 L30:(97%)
NH NH NH NH
tBu—S+ +S—O tBUf:S+ +S__—O_
L24 Bu O 25 fBu
! ! AN
NH HN N N
H H
OH HO OH HO
tBu—S + +S—0  tBu=—S-+ +S§=0
o tBu o tBu
L28 L29

Figure 12. Bissulfoxide Salan Ligands (L24-1L31)
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H
11
H
N
o

BAET T RAVEXYV RV 7HEEBNF~OERBDEA

FNT, R LA VARFY R R BuEE2 AT 5 EAZANVKRF Y Ny ZHER T L1, L2,
L4, L5, L10, L11 @ N,O, Blfi2 35~ M & J& 038 A % 787 72 (Scheme 13) . B/~ & Mn, Fe, Co, Ni,
Cu, Zn, Rh, Pd, Pt ® 2 fli&: @i % = % / — /L TIRA L, ESI-MS A7 VRN 21T - 72,
Scheme 13. Introduction of M! Metals

~~ N
=N N= —N._ N=
M! source? M1
OH HO EtOH or MeOH, r.t. o o0
{Bu=—S + +S==0  thenremoving solvent {Bu—S + +S=0
o _  tBu [M'=Mn,Fe, Co O _m u

b b b
Ni, Cu, Rh", Pd®, Pt Detected by ESI-MS

aligands L were mixed with the M" source (Mn(OAc),-4H,0, Fe(OAc),, Co(OAC), 4H,0, Ni(OAC),-4H,0,
Cu(OAc), H,0, ZnEt, 1.0 M solution in hexane, Rhy(OAc),, Pd(OAc),, PtCl,) in EtOH at room temperature
under Ar atmosphere. °NaOMe was added.

ESI-MS A7 hVEEHT DFERIT Table 3 D X 5 1T > 7, HIKE O~ AIBALF L D FED
= ohpBllEnTz, b LTRETERWEMRBEEM 2 52T 2R L TEBY, 7L
— D7 AIBBEPBEN AT LTI ODBEASN S FEOE = PBHIENT-Z L2, BRI L
— O~ AFENL IR L T2 DEASINT D FEROE =7 BNBllsN-Z L EZRLTWD, filx
X, L4 & Fe ZIRA LIZBRICIEL, Fe N — 208 ASNTSEKDO B — 7 L | Fe 28 OB A S 7K
DE—I7 NENEND Z EERLTWAD, Rh Pt&EITEANIINICSVMEAIZA B > 7225, Z Ofth
DEBETIIEIRTHESIZ 1 DFLIEL 2 DOBEPEA SN, FRZ M BB & L THIRTOE A%
RATe & ZANTHORNLFIZB N T HEFE T2 —2E A I 4L, BEEROIREEIZI VD T2 TRAE
LT o 3BL S veho 7z,

Table 3. Results of Introduction of M! Metals

Fe | Co| Ni|Cul| Zn | Rh* | Pd | Pt*

L1

L2

L4
LS
L10

L11

2L, and M were mixed at 50 °C.

oomn E-1-%n  E-2-%A
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51 FH 4 f

BOAL 7 L11-Cu  (#EEAS1E %2 Scheme 14 127 F) ICM*&JBE LTV 7 he& g TH 5 Rh, Pd i
FOBANZHA I T, =F ) — VIEBEH T PA(OAc),, Rhy(OAc) EiRA L, ESI-MS A7 I LT %
1To7=278, RaR°Pd NEANINT-EED ' — 7 1L ESI-MS ALY RV TCTHER TE o iz,

Scheme 14. Introduction of M?* Metals

M2 source =

Pd(OAc), - \\Cu/ -
or Rhy(OACc), o o

2
EtOH, r.t. B 3
L11-Cu? . @ plausible structure © L11-C /MzatBu
u u

Could not be detected.

AR F T R OER~OENLIIITFT T2 M? 48 1% ESI-MS BLAIRFICES AR DL T L £ 9
DTIERRWEHERI LTz, £ 2T, A/VARF T FEALFIZ X D IRE SN D RS IR T L-Cu %,
WAL, JUSPMREES DN E I DERRDZ LT, ALEFY RO M EBE~ORNLOMER L |
ER ATV Ry TSRO MBEYEOFHE 2178 0 L& X7,

EAZNRF T Ry TR ~O M & J& OB AN FEERIZ B\ T Pd @8 DB A 27 7o B
(2. XTIV LN 2 OBAINTZ L) REFAEPBIIS N Z L5 (Table3), M*42J& & LT Pd
ZEAL, L-MYPd it & U CRISICEHA TE 2D TERWNEZ X T, RETIZ, EEVED
ET D C-HEREBEEIGETH D, ALRF T R-Pd itz X 0 #7956, AR5 T U AL C-H
BRSSO A b 2 58 ] LIS & 5R Al L 72 D TEORERE RS,
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X
\]
1
X
z

2R Yy THREMEDT ) VAL C-H B REEILKIS~DHE

BIF T YN C-H BREELEEOE R

7 VAL C-H BHREFMLSUSIE, Pd 72 £ OB GRS T U WALD sp’C-H #i & 2 Gl L T4
CTosREFIEDORT U VIS, HRa I RERI 2SS E5 2 L TY VML 2 BEREMET 5 /ETH
2%, MR e R RO BRI T o 7 U V24 C 5 ROSTE30, BRI O T U AALIZ a7
YREAT IV, A=A MR EDBMEDBEABLETH D, I LT UL C-H BHE
fEEOGIE, —BPET CHFEZERHETE 2RPFRTH D,

2004 4212 White 51, B A Z/LAR S o R 32-Pd fil#ie (32/Pd" cat.) 787 U AL C-H K56
ZRNRANCYIWTT 5 Z L 2 A L7z (Scheme 15) *', ZH LI, Afildlz 727 U VAL C-H'E
RERALSUG D S < | S AL, BRR(L?, HEHRD, RIFMHZIZ LD, 7 v FES, 7 U —/b*,
TUIMET, LT 4 AR ERRE SN TE T,

Scheme 15. Bissulfoxide-Pd Catalyst for Allylic C—H Functionalization Reactions

White (2004-) 0
0, /\
Ph—S . S-Ph
Pd(OAc), o 0
H 32/Pd" cat. [ PdL,| NuH Ph—8  S$-Ph
. or p XN
R)\/ oxidant [ A~ )\/ R Nu 32
A Oxidation i Z Amination z Alkylation : A Others F
OR' | X NR' | | e VN
L RIN\R RN EWG | R A K~
)\/ P o 2 _ :R/\/Y : R
R R OR" r=EWG ! EWG | R "siMe,

OR'= OAc, OR, OH

ARSI, L 7 VAL C-H #5E O8I, 1L A U7enT U b Pd ~OREZHIOFIN, 1L 0 fii Pd &
B bIC L0 iy o 7 VA3 5EfE T 5 (Figure 13), B A AL7R 3 REUML 7 321X L 7 U VAL C-H
A O OB EZEHET D5, 1L REMMOBEMEOEMALIRIT/ NS N ERmbE TV D
@2K\@%%ﬁ?&g\X&HM@mzw%—&%ﬁk%mﬁmzﬁwfm\xw$%vkmu
FDOHTIEInT UL Pd DFEAKE T LIS DELT L7gy 32033033 &l - UCmL Tnad Ry
VX AT, REAIOM B BT 20BN H Y . R F 7 OB LY 1L KA
DEMENEITT D L1078 D, ANVAKRXT RO Pd ~OENLIZFHL . ZOEMNLITARF TR T
D720, 1 C-H #ES UK OB MEIT B A 2 VR o RENLT- 32 23, 1L SREEAHINO BRI~ %
J B MIEE U, R 7 Vi CREAAL 23 A3 5 . Serial Ligand Catalysis 14 2 White ©
TRV LT B 3239,
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2 EE 1

o, /0

OH Ph-S §-pPh H
/©/ Pd(OAC), P>
HO

R
(0] AcOH
Kj 1. |.C-H
(e} oxidation activation

II. Nu 0]
Nu addition ﬁ
)\/ o O
S

Figure 13. Serial Ligand Catalysis

AU DOAF R, 2008 4£12 White 573, B X Z/LARF 2 F-Pd fillfif (32/Pd" cat.) (2 X
BDINZF TV 7e 7 v B L B 33 LA AL L CIRINIT % 2 & TiEpk L 72 (Scheme 16) 0,
KREAHMOBEEIC BT X T LR A RPN F ) AR L AT T 5 E2x 60T
W5, LOLNG, = U FAERMEIIPREICE EE-oTEY, TNLREIEX, AFENLFI2X
DA DRFHIEH I ANCRABE SN TE T,

Scheme 16. First Enantioselective Allylic C—H Functionalization

White (2008) Enantioselective Allylic C-H Acetoxylation

32/Pd" cat. 9 0\
/ _ca (10 mol %) pho¢ . $ph
33 (X =F) (10 mol %) OAc Pd(OAc),
N BQ (2 equiv.) . A 32/Pd" cat.
AcOEt (2 M), r.t., o
MS4A., 48 h up to 63 % ee Q
0 O---LA =N_ N=
/Cr\
\Pd/OAc aa— \Pd,OAc tBu ¢ | o) tBu
> X
© : © | tBu tBu

7 UL C-H BREEALSISDOARFHIE T d K< WO DBENLFI1F, ARAFBT I XA M
NATdH D, Trost, Shi HITIFIZFEEFIC, FAFET XA ML ZHWNTEAEFTT VAN C-H T
VX ARG 2T L7- (Scheme 17a) 442, Scheme 16 \Z/R L7ZARE T & X AUKISTiEr 7V
IV OTEFHNT KO ARF B LTV D OISRt U, AR TISREZAI & SREFAI DO 7 ONARD 7 1
FTINTHY | MERSLRBLE & A SLARBLE O W7 OSARZ T 20BN H, RAKRRT IF
A FEALFIEL A USREEAIN A J1 = X 5 % 8 19 2 ik-Trost B SOSIZ B W TEEMICRET A 72 Sh
TWDH7eH, TNO DR ZIEN LEERAFHEZET 5 ORCEMTE L LW OFERH 5,
Gong HD 7 N—T"HLFI DR AR T I XA MENAIZ KD AEFET VAL C-H 7 Ak & K /)
FIZHFFEL TH 0, C-HE2F{t (Scheme 17b) “. 7 X /LIt (Scheme 17¢) “DAFFHilHH & G
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o5 2 T 1 H

HTEMRLTWND, LOLERDL, ZTNUOHHRAFET I XA ML -2 AW, BIFrEhd
TV NAL C-HAERZT Y — /R C=C ZHHES CIEMHLT 20BN H > 72, 7272 L Z < fixilt Gong
BIX. 7T — FTEARIAR Y F ) KD CHFEE D51 E kS TRISHEIT T 5722 613,
RAFRBT IXA ML CHHMA LT 0 O C-HIEMALDRAEETH D Z L & fLH L T 5%,
Scheme 17. Asymmetric Allylic C—H Functionalization Reactions using Phosphoramidite Ligands

(a) Trost (2013), Shi (2013) Enantioselective Allylic C-H Alkylation

Ligand (7.5 = 10 mol %)
O O Pd(OAc), (5 mol %) (0] A

e ™
c o 7
2,6-DMBQ (1 equiv.) -“\\/\Ar P-N
AN o Q
Et3N (1 equiv.), THF up to OO o Q
89% ee O
(b) Gong (2015) Enantioselective Allylic C-H Oxidation

R1

OH H Ligand (10 mol %) OO i
X\ Pd(dba), (5 mol %) offfse e
X -
=
OFBA (10 mol %) ©/\j t o
2,6-DMBQ (1.2 equiv.) 935 Ze

(o]

MTBE, 45 °C, 12 h
(c) Gong (2017) Enantioselective Allylic C-H Amination

= Pd(dba), = Ar
Ligand x OO
H iSO g ©\/\/N§ozAr o,
2Al acid, 2,5-DMBQ P-N
N MTBE N"~0 o )/:>
Bn O Bn Me
up to 89% ee Ar

— S HIE, Wacker MO SIZHWH I TWDH ERA AL Y AFXH VY VRN 34 AR EFT Vv
AL C—H BEFALSNITH#H LTV D23, RENLF DT Y UL C-H BREEALRIS ~D5E H X Z o4
I F > T 5 (Scheme 18a) 4, F 7=, Yang H1XF 7 /L NHC BN 1 35 2 W2 ARF T /L1
fbZ#HE L TWDHD, 50% ee EARVVEIRPEIZE E > T % (Scheme 18b) ¥,

Scheme 18. Asymmetric Allylic C—H Functionalizations using SPRIX Ligand and Chiral NHC Ligand

(a) Sasai (2011)

- PA(OAC), (10mol %) g _H., H
R . iPr-SPRIX (15 mol %) R~ Pr 0 Y N\Pr
Pr NN Neg iPr

BQ (4 equiv.) o O

0”7 OH . Pr-SPRIX 34
CH2Cly, 0°C, 60 h up to 82% ee Ll
(b) Yang (2017) Ph
Ph Pd(OAc), (10 mol %) Ph Ph L OTMS
H NHC (10 mol %) PR X"\ : BF,
pr P+ O : ° N N-Mes
N 2,5-DMBQ (1.2 equiv.) N <~
/ K,CO3 (1.0 equiv.) /
H,0, cyclohexane up to 50% ee 35
60 °C, 18 h
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o2 T 1A

ZHUTHF LANVER XY RENL I, RAFR BT I XA ML 704 Y A3 U UELT-, NHC
BONL I 7 WS &2 Ff>  (Figure 14 (Figure 5 K W HBY)), nififit 5ESICE D AU D E R L
72 Pd&RBIL. MW T U AL C-HIEM(LREZ R L, £ ANV T o RRNLFROB AT ¢ VBT &
WL TRILICZE T DT, T VL C-H BREEACEUS D X 9 el b & s B & 9~ 5 SOSIZ#
LTW5% (Figure 14a), B, White 513 B & Z /LR F 2 FEZF 32 25 C-H #& AU O | B
TTND 2 & Z2HAxDRISIZEWTRLTE T (Scheme 15), & HIZA/LARF T NIIE#HEF - B2
AEFLEAT D (Figure 14c), AVARF v ROi#E EORFHLEFATIVUE, Pd O IKER
BICRERPEE G2, ARRRFENM T L7002 EBRMRFESND, LOLARBL, ALKEFU R
AL FIFBLAL 23558 < . FREIZRANFERIEZ 2T 20 & W ) BUED B o T,

(a) n=-Back-bonding : (c) Chiral center near metals

Figure 14. Unique Properties of Sulfoxide Ligand (See Figure 5 for details)

R 5IE, CH/ICB 71y 7 ) U T RISICBWTHW O N TE L ANVRF Y R-A X4 U URL
+ (sox ligand 36) 7237 U /LA C-H EREFALSISICFIATE 5 2 & A RLH L 725 (Scheme 19a) , A<
Bl F-1%. m-acceptor YEAH T HANKF Y RE| o- NI —MWE2FGT 54XV U D 2 JETHAL
THONAT Yy RN TH D, D IE, ARG F %27 VAL C-H 7% b IALRISIZE N
THy IR AR Y 2 BRI AR 5 T2 OIZFIHT L TS 23, White H13 2 OFUL A & A F S~ & FIH]
L7ce o- R —MHENFTHLAFY Y Y X TNVANRXY REMBLEDEDH T LT, AR
FURORNMADOFH S 24TV U A A D Z L2 R L, AAHNE AR L7 2

(Scheme 19b) , AL T 36 13 A Z /LR F 3 RELF- 32 TR SIS A 7 L i) 5 Pd
PHOTFHIEZ b3, FZOIEFFMEED 21T 3 C-H FEA OB OmfEZ T T < R
MOBEHELRETE D LR E HFLETH D 2,

Scheme 19. Allylic C—H Functionalizations using SOX Ligands

(a) Itami (2014) SOX Ligand in Racemic Reaction
Pd(OAc), (10 mol %)

. (@]
ligand 36 (10 mol % ”
g ( ) OCOR' “ \} Ph
~~  BQ20equiv) N R
R ACOH (4.0 equiv.) R 7 /S@Me
1,4-dioxane, 45 °C branch-selective (0] 36

(b) White (2016) Enantioselective Allylic C-H Oxidation

_ If’d(OAc)z (10 mol %) = o
ligand 36 (10 mol %) B />"'Ph
H O SN
2,6-DMBQ (1.1 equiv.)
OH 0 S
Ph,PO,H (10 mol %) p R

o up to (0]
toluene, 45 °C 95% ee 36
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52 54 1

ZOMDIERXDOARFHIEL LT, FT7 0700 V% WD REFHRE GBS ST 5%,

ZDXHT, EEOIN—TNAREFT VAL C-H BREFRALEUE D 7= D ARFENL 1 D BR%E % i
DTWDEN, REBNL 7 OFEIZ L TR DO TTRTTHY, N —v a2z Ly,
ZAZ, PA AR X5 7 U AL C—H B HEFHUAOSI IX FEE o A P IS IR S & 5, Pd filliE 2 F -
T UL C-H BREEEISIE, RifiA L 7 4 v 2 WE L LERERZOKRESE LD TEY, N
WALV T 4 B E LRGSO EFITEZ D1 E LOMEE LW, AFUSIZRE TR
WTHORE—HOHRTHSH (Scheme 18a) ¥, 7 U /AL C—H B HEHALLSUGIE Pd Al CRAFE 23 FFIC
HEATNWAS, ReRIr 2 8, OEBEREZ AWK L, NEA V7 ¢ >~ 5 23 iRt
e B EDOIEFICREREIFKIE o TV D,

I THERT, SRFEF LB EEDF I ANE XY FELF L-MUC M2 &R & LT Pd &
HA Uil (L-M'/Pd cat.) %7 /WAL C-H BRERALSUSORFMBEL L THND Z & T, A
JEDFEEEAFFILRICHEEBR L2 e B R T2, VT IVERE M EROMAGDEEZE T L
b L, EEESAFRIE A T 2 —=0 27925 2 & T, 7 UL C-H BREHALSUE O Fr#fih
BEZ A7) =P TE, ZRNE TEAFNZ Lol WNEA LT 4 D7 UL C-H Bhek
EDERTE 2O TIHRWINEE R, WFFEIZETF L7z (Scheme 20),

Scheme 20. Research Purpose: Broaden the Substrate Scope of Asymmetric Allylic C-H
Functionalization Reactions

A Tunable

tBu—=S s*o0
H O L-M"ligand 1Bu Nu
A ~ug K g
R M2 = Pd(OAc), R

——> Broaden the substrate scope to internal olefins.
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0 EE 2
2 O KWFI LTI DOT YL C-H 7 2 bR~ DE
1. h—=R" A= FZREANE LT UL C-H T 2 /bt
7 2 LS DO ARFHIE OHEF X, Scheme 17¢ D Gong & DWE 1 FlOHTHDH ¥, &I TE

FlE, BB Loy 7 L 57 UL C-H 7 X BRSO RFREZ B L=, 1%
Coid7 VAL C-H BREEALSUSITIRS HNb D KA L 7 4 2T VIE & LT, g

MA A L7,
White DR 2 22 30333k -7 U AL C-H 7 X/ ALEUG! _fﬁfﬁﬁau%% EH L7, B
A7 L11 (10 mol %). Pd(OAc) (20 mol %) ZfthdFkdk & HIZRA LT, = Pd DA

L11-Pd/Pd>¥ % 2 & 2 A RIERR LT VAL C-H 7 X ZALSUSHHEFT L. BSR4
40 2315 H4L7 (Scheme 21a) , L2 L7203 b\ AF R AT 2 53RO 39 135 b1z,
White R 2 FIVN 72 BRIC & ISR O AR 40 L7315 517 (Scheme 21b) , £7218ED T U UL C-
H7 I /ERISDOWEIZB W TS EEMO LM EIRNIGE NS Z LD ¥ RIS TR
AFREFFOR R 39 2155 Z L NEETH 5 &l LT,

Scheme 21. Intermolecular Allylic C—H Amination Reaction Using L11-Pd/Pd catalyst

L112 (10 mol %)
Ts COOMe
Ts. _COOMe Pd(OAc), (20 mol %) N7 _.COOMe
(@ pp ™7 + ) P PN
H BQ (1.3 equiv.), O (1 atm) py, = Ts
(1.4 equiv) toluene (0.2 M) Branch Linear
° b
45°C,25h N.D. 17% oh 1o
37 38 39 40°
32/Pd" cat. (10 mol %) Ts ., -COOMe e "o
Ts . .COOMe N .COOMe S -
(b) ph™F + N : )\/ + Ph/\/\N °© n B
H BQ (1.3 equiv.), Oy (1 atm) pp~F Ts 5
(14 equiv)  toluene (0.2 M) N.D. 8%> oy, o
37 38 45°C,25h 39 40 Pd(OAc)
@ L11-Pd/Pd catalyst was prepared in situ by mixing L and Pd(OAc), (20 mol %) with other reagents. ® The yield 32/Pd" cat.

were calculated from the ratio of starting materials and products which were determined by "H NMR analysis.

RF B EAT 20 A W) % S RS D728, White DT T A7 LA R0 FNT
ARG % BB P KA V7 4 BT D RV — S A— K 4l Oy FNT VUL C-H 7 2
JACBOG BB F 2 L7z (Table 4), £7, Sl RBNFAEEOYIIA 7 ) —=0 78 L
T, L10 Z W T M' @ J8 DRt 217 o 7o, SEREREIL, FOSERTIC THF HCTHIAZF- L (10 mol %)
EM &R (10 mol %) ZIRA L., WEAZHEL THONEEREZRAL T L-M' & LT, M*&J8T
& % PA(OAc), (10 mol %) CMLDOFRIE LIRA L, MISIZHW TS (Table 5, ESMR), L&, &
BEZOLRVWEGAIZZOFET L-MY/M? 2l LT og, (EREICE T2 B80E, 3 &
B 1HESR,) M'4JE & LT, 2o Mn, Fe, Co, Ni, Cu, Zn 25 L7 & 2 A, M' = Cu DFEEMN
KOLBIHTHY, 73 7{bK 42 28 92%IU=R, 81:19 OFIRVETHE LIz (entry 5) %, g{k~D
M' & J& DE A% EIS-MS THI L - BN EAISN - — 7 BBl S N2> M =Fe B X
O, “oOEASNZE—7 Bl S 7z M =Ni TIXRINER & 72> 7= (Table 3 2/),
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Table 4. Optimization of M' metals

o L10-M" (10 mol %) 0
O)J\NHTS Pd(dba), (10 mol %) o)LN—Ts
2,6-DMBQ (1.5 equiv.)
41\—= (PhO),PO,H (4 mol %) 42—
(0.1 mmol)  dioxane (0.3 M), 45 °C
entry L-M' ligand “ yield or
L M! source (%)
1 L10 Mn(OAc), 13 62/38
2 L10 Fe(OAc), 16 52/48
3 L10 Co(OAc), 48 75/25
4 L10 Ni(OAc), 29 62/38
5 L10 Cu(OAc), 92 81/19
6 L10 Zn(OAc), 44 79/21

“Ligand L10 was mixed with the M' source (Mn(OAc)2-4H20, Fe(OAc)2, Co(OAc)2-4H20,
Ni(OAc)2-4H20, Cu(OAc)2-H20, ZnEt2 1.0 M solution in hexane) in THF at 40 °C. After
removing the solvent, Pd(OAc)2 and other reagents were added to the mixture. *Determined

by 'H NMR analysis of the crude mixture using dimethylsulfone as the internal standard.

EHPEDO A& B L SR ORG 21T - 7= (Table 5) , PA JROMiET 24T - 7= & Z A, Pd(dba),,
Pd(OAc),, Pd(OPiv),, PA(TFA), (2B W TIRIFREE DI, BRI CTHMMIME b 7= (entries 1-4),
Pd(acac), TIZULRED KIEIZAR T L7z (entry 5), IR, BRMN & HIZRAF T, HEHMEOMR LT
VW PA(OAc), i & L, ISINAIORGET 21T > 70, WNANL, 7 U AL C-H BREREALSIZIB N T
UL LIZERIN & 41 % Bronsted i, Lewis i 2 iR 5t L 7= (entries 6-10) 323351 A& & L C B(CoFs)s
% 15 mol %IRRT 5 523 C, JIRED 86:14 £ Tl L L7z (entry 8), & 512, MS3A Z ¥/
T 5 LIRPUEN 89:11 ETH L7 (entry 10),

Table 5. Optimization of Pd source and additives

o L10-Cu (10 mol %) O
O)J\NHTs Pd source (10 mol %) O)J\N—Ts
o zgommaee gl s
(0.1 mmol)  dioxane (0.3 M), 45 °C o
entry Pd source Additive desiccant | yield (%)” er
1 Pd(dba), (PhO),PO-H - 92 81/19
2 Pd(OAc), (PhO),PO.H - 93 82/18
3 Pd(OPiv), (PhO),PO.H - 85 81/19
4 Pd(TFA)» (PhO),PO-H - 87 78/22
5 Pd(acac), (PhO),PO-H - <5 68/32
6 Pd(OAc):; AgOTf - 21 82/18
7 Pd(OAc), AcOH? - 95 80/20
8 Pd(OAc), B(CsFs)3 - 67 85/15
9 Pd(OAc), B(C4Fs)s” - 45 86/14
10 Pd(OAc), B(CeFs)s” MS3A 66 89/11

7110 and Cu(OAc)2-H20 were mixed in THF at 40 °C and removed solvent to prepare L10-Cu. *Determined
by 'H NMR analysis of the crude mixture using dimethylsulfone as the internal standard. €15 mol %.
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#

0

AREEC R bl Lo TS 2 RRT 2720, M= CulCEE LTV T I U EROBT Z1T-
7z (Table 6, BN FHEIEITIRAZ ), TORIK, 7 7B EZA7T 5 L8, L9 (entries 8,9)
(R)-EF 7 F)LEHs L10 36 X O OFRLIE R 243 2 L12 (entries 10, 12) 23V TERMENTHE S
AT, L10 72 EEIDERVEIIR 62 hoTc, (R)-ET 7 FILEDO~A F—F a2 —=0 T %47
ST, L10 B T D . M= Co, Zn & W5 & BCEN T3 A3 HAv7c (entries 14-25),
HRIZ, ZVARF L RPEHR L7 AEFER LI Bu tk, OMe M, CREZEALTSHALZMEILIZL Z
A, BAHEMED Bu £, OMe 2B W CERRMEN DT 2 E L (entries 28, 29) , & K5 [14ED
CF; & TIIRIEIZERMEDME T L7z (entry 30),

Table 6. Optimization of Ligand Structures for Intramolecular Allylic C—H Amination Reaction

o) L-M" ligand (10 mol %) )OL
PR Pd(OAc), (10 mol %) 0~ “N-Ts

\—\‘ 2,6-DMBQ (1.5 equiv.) \—<§
41 \— B(CgFs); (15 mol %) 42\—

(0.1 mmol) MS3A (10 mg), dioxane (0.33 M)

45°C,21h
entry L-M! ligand* yield or
L M! source (%)"

1 L1 Cu(OAc) 15 52/48

2 L2 Cu(OAc), 56 44/56

3 L3 Cu(OAc), 55 57/43

4 L4 Cu(OAc), 13 52/48

5 L5 Cu(OAc), 22 52/48

6 L6 Cu(OAc), 25 45/55

7 L7 Cu(OAc), 18 52/48

8 LS Cu(OAc), 27 28/72

9 L9 Cu(OAc) 18 37/63

10 L10 Cu(OAc), 66 89/11

11 L11 Cu(OAc), 13 50/50

12 L12 Cu(OAc), 15 72/28

13 L14 Cu(OAc), 9 52/48

14 L15 Cu(OAc), 44 79/21

15 L15 Co(OAc):, 7 82/18

16 L15 ZnEt; 10 80/20

17 L16 Cu(OAc), 17 57/43

18 L16 Co(OAc):, 18 51/49

19 L16 ZnEt; 5 50/50
20 L17 Cu(OAc), 16 72/28
21 L17 Co(OAc):, 8 77/23
22 L17 ZnEt; 5 80/20
23 L18 Cu(OAc), 39 87/13
24 L18 Co(OAc):, 8 86/14 ]
25 L18 7nEt 7 84/16 “Ligand L10 was mixed with the M
26 L CuOAoy | 32 sy e oMo Cuoror i
27 1.20 Cu(OAc), 9 54/46 at 40 °C. After removing the solvent,
BT DN GuOAg | 22 oy FAOM): i o mam v i
29 L22 Cu(OAc) 27 90/10 analysis of the crude mixture using
30 L23 Cu(OAc), 36 61/39 dimethylsulfone as the internal standard.
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L1

e
—N N=—
Q:OH HO
Bu=—=S§+ +8=0
0 n=112 1Bu
n=2,L3
Ph Ph
—N N=
OH HO
Bu=—S + +S==0
(0] L7 tBu

N N=

OH HO

L8

Gl
\]
i
Gl

—N ’/N_

OH HO

(6) L9 tBu

L15

L21

L16

MeO

R =Br, L17
R =Ph, L18

L22

R = Br, L19, complex mixture
R = Ph, L20, complex mixture

CF3

=
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WIZ, ¥ 7 VB RO EAT>Te, TORMER, WITNORM A2 AN THIERIES, £
ERPE G I T & 727>~ 72 (Table 7, entries 1-8), £72, B2 42 THARILER, RNERIEICHE
£ o7 (entries 9-12),

Table 7. Intramolecular Allylic C—H Amination using Schiff Base Catalysts

0 L-M"2 (10 mol % Q
o TS Pd(OA(c)2 (10 v %) -
2,6-DMBQ (1.5 equiv.)
41 \—  B(CgFs)3 (15 mol %) 42\—
(0.1 mmol) MS3A (10 mg), dioxane (0.33 M)
45°C,21h
entry L-M' ligand* yield or
L M source (%)"
1 124 Cu(OAc), 8 51/49
2 L25 Cu(OAc), 4 49/51
3 126 Cu(OAc), 5 53/47
4 127 Cu(OAc), 7 51/49
5 128 Cu(OAc), 6 55/45
6 L.29 Cu(OAc), 15 50/50
7 L30 Cu(OAc), 9 51/49
8 L31 Cu(OAc), 8 48/52
9 L30 Mn(OAc), 4 51/49
10 L30 Fe(OAc), 4 54/46
1 L30 Co(OAc), 6 57/43
12 L30 Ni(OAc), 11 57/43

aLigand L10 was mixed with the M! source (Mn(OAc)2'4H20, Fe(OAc)2, Co(OAc)2-4H20,
Ni(OAc)2-4H20, Cu(OAc)2-H20, ZnEt2 1.0 M solution in hexane) in THF at 40 °C. After removing
the solvent, Pd(OAc)2 and other reagents were added to the mixture. *Determined by 'H NMR
analysis of the crude mixture using dimethylsulfone as the internal standard.
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I &S REN & HIZ B TH - 2B 1 L10-Cu DA (Table 7, entry 10) & Fidi & L
T, WCEm E&2 B U CRE & ROSRFMORBE 21T o 72, IREAZ 1L.OM ~, RISHF#Z 72 h ~Z "
L7t ZA, BRMETDO TR T L7, INEIT 81%% TH L7z (Table 8, entry 1), MS3A @
NREFEMR LT- L A, BIRERLMEICE O TIE MS3A [SERIRPEN_ EORIIMR ST, FEER
INTH 93%ILEE, 91:9 OERMTHBIM Z 1572 (entry 2), FZIEFNIIIER T DK ESS T F A2 -
T =AD&, BIEEEOME I NT L APEE L TWAD TV EHERI L Tl Y | Bk
FNZDOWTIIREMEI T E TR, MS3A Z RN L 72 WSAET, 0.3 mmol A7 — /L "C B %
BHLEZEZA, 90% IR, 91:9 OFERMETH MW A HEEL 7= (entry 3)

Table 8. Optimization of Reaction Conditions for Intramolecular Allylic C—H Amination

o L10-Cu? (10 mol %) Q
O)J\NHTS Pd(OAC)2 (10 mol %) O)J\N_TS
2,6-DMBQ (1.5 equiv.)
41\— B(CgFs); (15 mol %) 42\—
(0.1 mmol) MS3A (10 mg), dioxane (x M)
45°C, y h
entry |conc. (x M)| time (y h) desiccant yield (%) er on o
0 0.33 21 MS3A 66 89/11 Bu—s* *8—0
1 1.0 72 MS3A 81 87/13 ° Lo ®
2 1.0 72 - 93 91/9
3? 1.0 48 - 90 91/9

“L10 and Cu(OAc)2-H20 were mixed in THF at 40 °C and removed solvent to prepare L10-Cu.
0.3 mmol scale. Isolated yield was given.

VT, 6 BIRIEIEUG~DmH 2 B8 L7z, LREFEE OZEFE3 T o lofat L 0 . AE 43
(R D RUNFB AN LR WSREDR FE CTh 5 Z E BB 6T Sz (Scheme 22) Y, F72, ¥
= I TN TTIOVFILDOEANIZ LD Thorpe-Ingold Effect (2L D IUEN M L3252 Eb@ELTEBD,
AT VN EHL L 72 FVE 43b, T T VLN EHL U7 RV 43¢ OV 7 s UOVIRN E L U T2 HE 43e
IZRWT, 7T EFEEDOILER, 84:16 5 87:13 OERINMET 6 BERERILIISAHEIT LT,

Scheme 22. 6-Membered Ring Formation Reactions

o) L10-Cu? (10 mol %) o
)J\ _Ts Pd(OA 0, )J\ _Ts
0" °N (OAc), (10 mol %) O N
H ,
RW 2.,6-DMBQ (2.0 eqU|Y.) RW
R 43 dioxane (0.1 M), 45 °C, 48 h R 44
________________________________________________________________________________________ OH HO
i L 43aR=H31% 88:12er )OL o 430 0 42% 8644 Bu—S+ -
P ~ yn=4, s : r - g
0" N"'° 43b;R=Me, 71%,87:13er 0" "N7° wsorn 1 100 B4 166 0 L, @
e;n=1, , 84:
A~ 43¢; R=Et, 76%, 85:15 er ~ : ° er
R

n
4L10 and Cu(OAc),'H,0 were mixed in THF at 40 °C and removed solvent to prepare L10-Cu.
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2. VT HREAIE LT UL C-H 7 X /ARG

X 5705 HE A O A BEE L, Gong 503 #E L= ARET VAL C-H T 2 LRIGE S
BB, T LT A5 ~DOUGEEE B L7- (Table 9), 7233, AKE T F 1T 5 Feii 72 Bhr 1-Hd 1%
LH T % 2% L OYIIIREHZ LV | L10-Cu 2R E L 7=, Table 9 (27~ L7254 C, Pd I,
WA O 21T o728 2 A, Pd(OAc),. Pd(dba), DWW 311D Pd i & FIVVZERIC E . B(CeFs): 38 &
TNPhO),POH DEINZ L DU, SBR[ BN RS540 (entries 2, 4, 6, 7). Pd(dba), & (PhO),PO,H
DFLAE DTN T TB%ILFE, 95/5 DEWTF > T ARINETHIWZ 1572 (entry 7), Z Dfh
@ Pd IR bR L7225, Pd(dba), 2 W TZEROBEIRMEDN B b BAFTdH o 72 (entries 8-10),

Table 9. Optimization of Reaction Conditions for Allylic C—H Amination Reaction using Urea

o L10-Cu? (20 mol %) )OL
N Pd source (20 mol %) HN” N-Ts

\—\‘ 2,6-DMBQ (1.5 equiv.) \_L
45 \—  additive (8 mol %) 46 \—

(0.1 mmol) dioxane (0.33 M)

45°C, 21 h oH HoO
entry Pd source Additives yield (%)” er tBu—S$+ +§=0
G Pd(OAc) - 48 66/34 O Ly B
2 Pd(OAc): B(CeFs)s 58 82/18
3¢ Pd(OAc): PhCO,H 43 66/34
4¢ Pd(OAc): (PhO),POH 61 82/18
5 Pd(dba), - 46 67/33
6 Pd(dba), B(CeFs)s 61 84/16
7 Pd(dba), (PhO),POH 73 95/5
8 Pd(OPiv), (PhO),POH 76 79/21
9 Pd(TFA), (PhO),POH 43 68/32
10 Pd(acac), (PhO),PO-H 48 75/25

“L.10 and Cu(OAc)2-H20 were mixed in THF at 40 °C and removed solvent to prepare L10-Cu.
*Determined by 'H NMR analysis of the crude mixture using dimethylsulfone as the internal
standard. “/BuBQ (= 2-fert-butyl-1,4-benzoquinone) was used which afford almost the same result
as 2,6-DMBQ. The product 46 was obtained in 65%, 83:17 er with 2,6-DMBQ (1.24 equiv.),
49%, 82:18 er with rfBuBQ (1.24 equiv.).

LI Tid, AREICBT 2 BIRMEFE O OW TR L L EBRE R LD B9 5,

ZAVE T, AIEE 45 TITARE R 2 20 mol% MV THEET 21T - TW 7228, S 10 mol% (A%
5 & RIBIZEIRPEDME N L7= (Table 10, entry 1), 7235, U o & Al &2 HH] L T S8 C
W5 B, Fio, RUSKMAZRETT 5 &0 14 BRE Tl 9 B WAR G b2 ROSKHH O

FEEAZfFE - TULEDME T L (entries 2—4) . SRR IZRFERGEICE-> TR ET 5 Z ERbo Tz,
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Table 10. Relationship between Enantioselectivity and Amount of Catalyst / Reaction Time

0 L10-Cu (x mol %) Q Q
HNJLNHTS Pd(dba), (x mol %) HN)J\N—TS HN)J\_[\J—TS
2,6-DMBQ (1.5 equiv.), (PhO),PO,H (y mol %) )
\4_5\: dioxane (0.33 M), 45°C,zh a \4_6<: \4_6'\:
(0.1 mmol)
L10-Cu*, Pd(dba), (PhO),POH . . b
entry (x mol %) (y mol %) Time (zh) | yield (%) er
0 20 8 21 73 95/5
1 10 4 21 59 70/30
2 20 8 2 - 79/21
3 20 8 14 89 80/20
4 20 8 44 64 96/4

“L10 and Cu(OAc)2-H20 were mixed in THF at 40 °C and removed solvent to prepare L10-Cu. *Determined by 'H
NMR analysis of the crude mixture using dimethylsulfone as the internal standard.

LB DR E . FIVEDFRERFREICLE O AN OWT X VMR TEREZ 55720, RefiEIZ
££ 5 45 (SM) ., major enantiomer “Ef%#) 46 (major) . minor enantiomer A=f%4) 46 (minor) D%
A 2 il e = LT (Figure 15, M7 — ZIXFEREZZ/H) 5, WO &z
Th. K 20 B THBIDHA L TERMEN R R ERY | £ ORITIRZ AR DN 5L TW
AR STz, £ 14 BEETR ~20 FEFIR 0T T, il 20 mol %ICH T 5~ A F—=
FUFA~—BORANEETHY | BPMEORRIRBIE S B B~ A S T A —D
SIECHRT 2 Z Enbhol,

AR E10 mol % b E20 mol %

100 100

80 80

60 60 —k
40 40

20 20

0 = ° 0 ]

0 10 20 30 40 5C 0 10 20 30 40 50

Figure 15. Changing of Amounts of Products over Time

—8—SM —&—major —E—minor

Minor enantiomer “Ef{%4) 46° D 3 fif 2 52 1 F T ME R RIO A LTI D720, T & IIRO ALY
46/46* & FUS SN L7z (Table 11), ZORE, U Y BRIFE T COHRIFEMED ERBH LR
7c (entry 1,2), 7B IMRESM DO REAHFARPREHETH Y | AT — A DP/NENWTZOBBZFRRED
T2 ThDHN, U ROWMT IV EHEFRDEIDE Z 2 TRt R S,
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Table 11. Kinetic Resolution of Urea Compounds

0 L10-Cu? (20 mol %) 0o
HN)J\N—TS Pd source (20 mol %) HN)J\N—TS
2,6-DMBQ (1.5 equiv.) -
— (PhO),POLH (x mol %) —
4?;‘l6' dioxane (0.33 M) 46/46°
(0.0053 mmol) 4% °C.15h

entry Pd source (PhO),;PO-H (x mol %) er
1 Pd(dba), - 50/50
2 Pd(dba), 8 69/31
3 Pd(OAc), 8 77/23

“L10 and Cu(OAc)2'H20 were mixed in THF at 40 °C and removed solvent to
prepare L10-Cu.

Minor enantiomer “Ef%#) 46> D3 fiEi%. Pd IE(FAE FCILE Z 53, I L D RIZERMIIEEE
CDHZEDRDNoTNDN, AT = X LLEVER DFRIEIZILE - TR0,
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B3I ONEF LT 4 DT YL C-H T X bR ~DE

1.7V = VENRER LA L7 0 DOT7 UNALC-H 7 2 /AL

B 1EI TR Y . Pd fEEC X 5T U L C-H B RERLEUSIINESA L 7 ¢ o~ B
DTN, 22T, RKRISOWNEA L7 4 o ~OIEREZ B Lz, KIsll 7 ==V EEZHT 5
BE 47a 2V BB RIS A RR T K M BB L CulCBEE L TYT I VB OB %
fTo7= (Table 12, BN T EITIRE A S H), 7% 7 /L CEmEMEO B OENL T L1 TIEHMPIIE
E7 8 IEED (entry 1), =F L B A R ORI 1 L2 (IZ3B\W TIXNZAERIUNIZ H ) 48a 35
b (entry 2), ANAKRFY ROFT VT 4 —DOHTIYEREFIHNAIRETH 72, X575 &ERED
mEZHEL, STLOTIVEKRERGNLIZEZA, (R)-ET 7 F VB EGT DB L10 %
FHUZBEIZ 90:10 OERIETHMM G 572 (entry 10), (S)-EF 7 F LB &2 A9 HEANL T L1
TIHEHMIIXFZE T IR THL D, VT IV EALKRF YV ROFT T 4 —Dv v F IR
v v FREETHLZLRNDND (entry 11), (R)-EF 7 FNEHO~A F—F 2—=1 7T,
L10 % LA BRI H5i7e o7 (entries 15-17), ALK F T ROVEHR LIZ 5 HER EOBELILE
BEtLize 2 A, BIGHETH D OMe ZHEA LT HE I T, 76%IXE, 90/10 DR TH
HI 35 BT (entry 18),

Table 12. Optimization of Diamine Structures

o L-M" ligand (10 mol %) 0o
O)LNHE Pd(OAC), (10 mol %) O)LN—E
2,6-DMBQ (1.1 equiv.)
47\ — Ph (PhO),PO,H (15 mol %) 480 =
©1mmol)  gxang Q1M Ph
ot L-M' ligand yield .
entry L M! source (%)" ¢

1 L1 Cu(OAc), 18 52/48

2 L2 Cu(OAc), 55 76/24

3 L3 Cu(OAc), 68 66/34

4 L4 Cu(OAc), 15 62/38

5 L5 Cu(OAc), 35 63/37

6 L6 Cu(OAc), 42 70/30

7 L7 Cu(OAc), 32 64/36

8 L8 Cu(OAc), 39 58/42

9 L9 Cu(OAc), 1 49/51

10 L10 Cu(OAc), 56" 90/10

11 L11 Cu(OAc), 41 56/44

12 L12 Cu(OAc), 34 81/19

13 L13 Cu(OAc), 59 72/28 116 and CalOAD RO .

@ an u ¢)2-H20 were mixed in
14 L14 Cu(OAC)Z 21 44/56 THF at 40 °C and removed solvent to
15 L15 Cu(OAc), 52 84/16 prepare L10-Cu. “Determined by '"H NMR
16 L18 CU(OAC)Z 62 71/29 analysis of the crude mixture using
17 1.20 Cu(OAc), 51 53/47 dimethylsulfone as the internal standard.
18 122 Cu(OAc), 76 90/10 bTsolated yield after purification by column
hromatography.
19 L23 Cu(OAc), 37 62/38 ¢
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/N
—N N= —N N= —N N=
tBu=—S$ + +§=0  Bu=—S+ +§=0  Bu=—S+ +S§=0
o |4 Bu 9 = ;: tg Bu O |4 Bu
Ph Ph Ph Ph O“O

—N  N=

OH HO

(0] L9 tBu

L15 L18 L20, complex mixture

NT “N= N” “N=
—C§:OH HO%}*OMe ch‘CéioH HO
+S=—0

+§=0 u—S
O tBu O Bu
L22 L23
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HE R DR STARERE (X, TR Garner’s aldehyde 7> 5 SCHk O H 15 20E - TR L 72L& 49
. A=A —Mb FIUHE L THEE(R)-48a 2B L, AR D HPLC v — b & T 5 2
& T, BUSDEARY) 48a 18 SIKTH H Z & s L7 (Scheme 23),

Scheme 23. Determination of Absolute Configuration of 48a

O (@)
HO  NHBoc SOCl, OAN*H NaH OAN*TS
\—'\:\ \—\\\ TsCl \—\\\
49 Ph 50 ph (R)-48a Ph
(quant.) (72 %, 97:3 er)

AR DTN 55 72 110 Z2 VT M B8 OFiat 21T > 72 (Table 13), 2 ffio> Cr, Mn, Fe (231>
TRIMTIE E A EHEITHET (entries 1-3), Co, Ni TITIRILZR 723 5 BRI CRURAHEIT L72
(entries 4,5), Zn, Pd [ZB W TITHRRE ORIIETH - 7203, Pd TIINCRN BAFTH > 7= (entries
6,7)
Table 13. Optimization of M' Metal

1) L10-M" ligand (10 mol %) )
o e _PA(OAC), (10 mol %) P N
Ph 2,6-DMBQ (1.1 equiv.)
47a\— (PhO),POLH (15 mol %) 48a —
(0.1 mmol) dioxane (0.1 M) Ph OH HO
50 °C,48h -
L-M' ligand ield R A
- yie o ‘tBu
entry L M’ source” (%)” er L10
0 L10 Cu(OAc), 56 90/10
1 L10 CrCl, N.D. -
2 L10 Mn(OAc): trace 76/24
3 L10 Fe(OAc), trace 78/22
4 L10 Co(OAc) 15 87/13
5 L10 Ni(OAc), 7 82/18
6 L10 ZnEt 22 70/30
7 L10 Pd(OAc), 70 70/30

“Ligands L10 were mixed with the M' source (Mn(OAc):-4H20, Fe(OAc)a,
Co(OAc)2:4H20, Ni(OAc)2:4H20, Cu(OAc)2'H20, ZnEt> 1.0 M solution in
hexane) in THF at 40 °C. After removing the solvent, Pd(OAc)> and other
reagents were added to the mixture. “Isolated yield after purification by column
chromatography.

BPENRIFCTh o7, L10 & Cu OMAGHOHIZEB W T, USSR ORFH 21T > 7= (Table 14),
Pd JRZ MG L72 & 2 A, PA(OPiv), TIToRNEED M ET 2 00, EREME T L, hoxT
U APRTIR, IR BIRMED & BITIR T Lie, IRINFIORGEHZ LD, VR, INR R EDT
Ly ATy REBRERINT A &, MU TINERNR ET5Z L3 o>7= (entries 5 vs 0, 6-8), —F,
B(CeFs)s RCHE DTN R TH U | IR, BPPENME T L7- (entries 9, 10), Pd(OAc), & H >,
(PhO),POH Z ifsIN L 72 B2 e & B RIEDN BAF CTH U | I 72 PAJR, WINAIE L7z (entry 0),
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Table 14. Optimization of Pd Source and Additives

o L10-Cu? (10 mol %) o
O)J\NHTs Pd source (10 mol %) O)J\N—Ts
ph 2.6-DMBAQ (1.1 equiv.)
47a\— additive (15 mol %) 483 T
(0.1 mmol) dioxane (0.1 M) Ph
50 °C, 48 h
entry Pd source Additives yield (%)" er 5 L1 “Bu
0 Pd(OAc), (PhO),POH 56 90/10
1 Pd(OPiv), (PhO),POH 66 87/13
2 Pd(TFA), (PhO),POH 8 88/12
3 Pd(dba), (PhO),POH 5 78/22
4 Pd(acac), (PhO),PO,H 5 76/24
5 Pd(OAc), - 39 66/34
6 Pd(OAc), ("Bu0),PO,H 69 52/48
7 Pd(OAc). PhoPO.H 72 78/22
8 Pd(OAc). PhCO;H 58 63/37
9 Pd(OAc), B(CeFs)3 26 54/46
10 Pd(OAc), DIPEA 22 59/41

“L10 and Cu(OAc)2H20 were mixed in THF at 40 °C and removed solvent to prepare L10-Cu.
’Determined by "H NMR analysis of the crude mixture using dimethylsulfone as the internal standard.

White 2375 L72 B2 ALK %3 R-Pd filt e (32/Pd" cat.) TlE, C-H A UK OWERILA LA F
¥ RENLFDS, SR OB IT~R % ) VB MEES D &8 L7 (Figure 13), 2O
VX ) vl ORI TR O A IS EMIC L > TEDY | HFRT 2 ERISICB W T
Lewis BETF1E T CIIREZHI OB V' ) ORI MEETH Y | Bronsted HHEAFIE F T
RN RETH D EHE L TWD (Table 15, A1) ¥, 2 b D2 FFIZBNT, Th T~
VR VOBBBEERFIT DL XUV xR OB & U CHERET DRSS N TIE R Y R
¥ DNLARFEE OBEANZ A > TUERD KRIEIZAK 523 (Table 15, entry 1), X2 Y % ) B34
H R TN EICB D DTN —E LD &0 ) EBRERBE LN TV D (entry 2),
Table 15. Proof of BQ Coordination

White (2009) o e
0 F’d"(OAC)z 0 0-Cr(salen) I
32/Pd" cat

H :
%= +TS\NJ\OMe ST nC7H15/\/\NJ\OMe ! Q _OAc |
H additive®” (6 mol %) Ts o) Pd !
BQ (2 equiv.) : [ 7 R1TN"Ny |
TBME (0.66 M) R M :
45°C,72h i :

nCzH1s

Sterically hindered with Lewis acid

(Coordinating)

0 o) o o o)
. L. _OAc 5
; Pd NN !
7—' 1 !
R‘l/\/ R Nu !
o) o) o) o) o)

entry conditions

Nu DIPEAH" :

1 Acidic® 50%  35%  39% 119% 7% 5
(coordinating) ° ° 0 ° ° with Brgnsted base :
Basic? (Non-coordinating) '

2 asic 66%  71% 60% 60% 75%  teeeeeeeesmmmmmmommmmemoomeeeeeoos ;

(non-coordinating)
aCr(salen) 33 (X = Cl, see Scheme 17) was added. ’DIPEA was added.
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AEIOHBERIZIBNTH RN Y X ) VORI ENE I DEFTRDT2D, XY ) O
AR LTz (Table 16), TORER, & o & RN DR Y 7 o Tld RIBIZIGERDME T
L7z (entry 1), ZHUZ, X V¥ OB AR, L10-Cu ALK ¥ REUL 1 & BUALHEE %
B LD EHERI LTV D, IR 2-AF AR YR ) o TRbEL ., mmEmlRblzonT
RAAZUCEME T T 2R A DT (entries 2-5), REMTMOEEFE TR % ) o OFLH M EE
RDD FHE BEUL T L10-Cu I White D B2 Z /LR 3 RENLT-32 & bl U CanfRiic g @ < .
PA(0)D FHER{L DIFRE TR V' % ) ONAREE DT D00 KD E OBty %
¥ DONLRBEENEET 2 ONIIAIEN, WTNNOBEBHI B W TR Y ¥ ) o ONLARREE O 8
O TWDZ Enbnrol,
Table 16. Optimization of BQ Derivatives

1) L10-Cu ligand (10 mol %) )(13\
0,
o )LNHTS Pd(OAC), (10 mol %) o0 “N-Ts
pPh Quinone (1.1 equiv.) NN
47a\— (PhO),PO5H (15 mol %) 48a ™ o o
dioxane (0.1 M) Ph
0.1 I OH HO
(0-1mmol) 5o°c, 48 h . .
Sterically hindered BuU—S + v §—o
O (0] (0] (0] (0] =
o L10 tBu
O (0] (0] (0] (0]
entry ‘ 1 2 3 4 5
yield (%)| 12% 75% 66% 56% 33%
er 71:29 er 87:13 er 89:11 er 90:10 er 88:12 er
Pd black + + + +

4L10 and Cu(OAc),-H,0 were mixed in THF at 40 °C and removed solvent to prepare L10-Cu.

—HEPWEIL, RNV % ) TR BIEL 2,6-DMBQ THck & 72> 72 (Table 16, entry 4), X2/
¥/ Ui, PAO)DERLA, REZEAHNZ R T 2B & L To®REIZ T T/, CH Ao
Bic7re7r—hoffbicrme b7 7872 —L LTHE ZERMmb TS (Figure 16) 4
0, HOELET, RHFREEMET CHEAYIBOBBRETHD I ENTho TnDZ) (3E2HiS
). RU X CONREEIDS U CERMENZ T 2B BRI, B2 DRy % ) v
WD ERY X NG LT C-H RS AU OBREN B AT 5720 TIER WM EHERI L T D,

Gong (2019)

1 o %
o
S\ (J
. o~ o)
: O\ /,O \\ \\\ ' \ Me
Ho Rdb | L= Py ¥opn H o Pd| L= PN
RN 32 RN\ O o Me

base-assisted
proton abstraction

concerted proton and two-
electron transfer process

Figure 16. Two Possible C—H Activation Mechanisms
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Mtz U T, 2 < OFRMFIZE W TRISHE T2 Pd black DL LIZ LIZA HALD A3,
@@Nyf%/y%%mk@ﬁTmPﬂmw@%%ﬁﬁwén@ﬂot(nwﬂaﬂiMbmkﬁ
B INTZ Lz, FBHISNR DT e 2RT), ZhuE, XV F 2 0 PA0)DEUL T &
LT X, PA0)&ZZE(L LIz 72 & HERI L7z,

ZZ T, PAOYOZEEHHFL CTdba ZIIM LT E Z A, L10-Cu ZHWMIGIHB T, @&
P22 ) Z &7 IR 75% £ Tk L7= (Table 17), £7-. Pd % 15 mol % & @FElE A5 &
IWRIT L0 BIFAE L 72 o 7203, T NSBRIRMEDME T Lz,

Table 17. Stabilization of Pd(0) or Excess Amount of Pd Source Gave Good Yields.

1) L10-Cu? (10 mol %)
0,
O)LNHTS Pd(OAC), (x mol %)

e
\—\_/Ph 2,6-DMBQ (1.1 equiv.) \_Q_\
=/ (PhO),PO,H (15 mol %)

47a (E,E)-dba (y mol %)
dioxane (0.1 M), 50 °C, 48 h

entry |(E,E)-dba (y mol %)| Pd(OAc): (x mol %) | yield (%) er
0 - 10 56 90/10
1 10 10 75 91/9 = Condition A
2 - 15 84 89/11 = Condition B

“L10 and Cu(OAc)2-H20 were mixed in THF at 40 °C and removed solvent to prepare L10-Cu. “Tsolated yield.

Pl b, AREICIIENL GRS X OSRHERFHZ L - T, L10 2V 2 st (Table 17 entry 1:
Condition A, entry 2: Condition B) &, L22 Z % ks (Table 12, entry 18) % R L7225, Ad
MFOFR LT I 6| L10 & H TV H#IPH 2 A L7 (Scheme 24), A /L M, A Z AT,
INTALNTIVONEIZ A F VAT AL THERMIL 90:10 L ETH Y (48b, 48d, 48g) . 3,5 (7l
VAFNHEBANL TS 86:14 OB T HIIY) 48f 315G DALz, RIT, /STNLITER~ I E it %
EALT, BREFAREEZRNZ, ATNVESLBuEREOT AT AHESOA MU, T U — LK
Wz, ~arsy, mZ27)b, "N 7t AF LR EOEFRII L 84:16 7°5 90:10 DEFEIR
PETHPIDGE DLz (48g—48n), b R B CIEORUERIRINMEN L D ODOKISIZHNWS Z
EMARETH -T2 (480), 2-F 7T NEAEHT HHE 48p THEUILE, 91:9 O BAF /28 ETHM
MR ESNT, 1-F 7 FNVEEE T DT 48q TIXORULER, SBIMERL Y . F4 7 = N EH L
7o FLE 48r, 48s CTIIENIMEEREIRR WD 22>, WERIT 20% BRI E EEV o7,
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Scheme 24. Substrate Scope of Aryl Substituted Olefine

o L10-Cu ligand (10 mol %) O

0,
o )LNHTS Pd(OAc); (x mol %) o “N-Ts

\—\_/Ar 2,6-DMBQ (1.1 equiv.) \—Q:\
=/ (PhO),PO,H (15 mol %)
47 dioxane (0.1 M), 50 °C, 48 h 48 AT

[conditions A] Pd(OAc), (10 mol %), dba (10 mol %)
[conditions B] Pd(OAc), (15 mol %)

o 48g; R = Me (A), 60%, 90:10 er

0 0 0 0
JLN . O)J\N TS O)J\N . O)LN . OJL 48h;R = Bu (B), 74%, 85:15 er

(@] S S S
48i;R = OMe (A), 62%, 89:11 er
— —  Me — — — 48j;R =Ph (B), 84%, 87:13 er
48k;R=F  (B), 80%, 90:10 er
48a Me ,qf Me 48;R=Cl (A), 91%, 89:11 er

R 48m;R = OPiYB), 67%, 85:15 er

48b; R = Me (B 48d; R = Me (B P = .
5% () e lD) 45 R Me ) 74% (B) 48n;R = CF; (B), 75%, 84:16 er
Qer PY U : r ‘R = :
€ 48c; R =OMe (B) 48e; R = OMe (B) © 480;R = OH (B), 65%, 79:21 er
71%, 84:16 er 80%, 90:10 er
i his his his
O)J\N—Ts 0~ "N-Ts 0~ "N-Ts 0~ "N-Ts
48r ) S 48s —
& P s
79% (A) 58% (B) 23% (B) 27% (B)
91:9 er 81:19 er 87:13 er 84:16 er

410 and Cu(OAc), H,0 were mixed in THF at 40 °C and removed solvent to prepare L10-Cu.

e T, 6 BERIEER UG ~DM % B8 L 72 (Scheme 25) , F:[RIAFZEE D225 ORFHT XL 0 |
TV I FINY AT IVILDE AT LD Thorpe-Ingold Effect (2 & VUK MN [ L9252 ERbnoiz Y,
EHLOILE 52a TIER)-EF 7 FVEREAT LA F L10 T, = I T AT ATFVEE RO
B 52b TETFINRETF LB EAT HENA L2 TEY BER2ERMENSG LT,

Scheme 25. 6-Membered Ring Formation Reactions

0 L-Cu? (10 mol %) 0

B Pd(OAc), (10 mol %) g

o)Lﬁ Tpn 2,6-DMBQ (2.0 equiv.) OJLN "
R/W (PhO),POLH (4 mol %) RWPh
dioxane (0.1 M), 60 °C, 48 h
0 0 /
OJ\N/TS OJ\N/TS —N N=— —
th Mewph OH HO OH HO
52a 52b tBu:‘S+ +S::—-O_ tBu:S+ +S__:—O_

L2: 21%, 73:27 er? L2: 86%, 83:17 er® °© 2 B © Lo B
L10: 34%, 76:24 er® L10: 91%, 76:24 er®

4L10 or L2 and Cu(OAc), H,0 were mixed in THF at 40 °C and removed solvent to
prepare L10-Cu or L2-Cu. °0.1 mmol scale. The yield was determined by 'H NMR
analysis using dimethylsulfone as internal standard. °0.3 mmol scale. Isolated yield.
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2. TIIVKNENER LT AL 7 4 DT UM C-H T I b

7 2 SR A RPHILIE & BAR L. A A TV ERL LT JE 53 ~ il &7 7z, 525
FENBNLF L E M EBROMAEDEEZREILILEZA, = F LUK EZAT DA L2 & Cu
DR EDFNZIBN T, 64%IEE, 90/10 DIERMET E RO HAIWYI(E)-54 7315 HAL7- (Table 18, entry
2, BN FHEI TR E 22 )

Table 18. Optimization of Ligand Structure

/N
0 L-M" (10 mol %) o] 0 =N N=
O)J\NHTS Pd(dba), (10 mol %) /”\N Ts . O)J\ OH HO
Me 2,6-DMBQ (1.5 equiv.) \—L Me Bu—S + +§=—0
— dioxane (0.3 M), (PhO),PO,H (4 mol %) o L2 “Bu
53 45°C,21h Me
(0.1 mmol) (E)-54 (2)-54
entry L-M! ligand yield(%)” er

L M! source “ (E)-54 (2)-54 (E)- 54 (2)-54
1 L1 Cu(OAc), 4 1 63/37 58/42
2 L2 Cu(OAc), 64 6 90/10 57/43
3 L3 Cu(OAc), 34 5 83/17 76/24
4 L4 Cu(OAc), 9 1 76/24 77/23
5 L5 Cu(OAc), 15 2 67/33 57/43
6 L6 Cu(OAc) 13 trace 82/18 62/38
7 L7 Cu(OAc), 6 trace 67/33 -
8 L8 Cu(OAc), 12 1 69/31 62/38
9 L9 Cu(OAc), 3 trace - -
10 L10 Cu(OAc), 27 4 74/26 76/24
11 L11 Cu(OAc), 2 trace 67/33 66/34
12 L12 Cu(OAc), 12 1 66/34 49/51
13 L14 Cu(OAc), 5 trace 69/31 64/36
14 L2 CrCl, N.D. N.D. - -
15 L2 Mn(OAc), trace N.D. - -
16 L2 Fe(OAc), 18 4 59/41 59/41
17 L2 Co(OAc): 4 1 75/25 42/58
18 L2 Ni(OAc)> 16 2 68/32 56/44
19 L2 Zn(OAc), 3 Trace 67/33 49/51
20 L2 Pd(OAc), 20 2 71/29 14/86

@Ligand L was mixed with the M! source (Mn(OAc)2:4H20, Fe(OAc)2, Co(OAc)2-4H20, Ni(OAc)2-4H-0,
Cu(OAc)2-H20, ZnEt2 1.0 M solution in hexane) in THF at 40 °C. After removing the solvent, Pd(OAc)2 and
other reagents were added to the mixture. *Determined by '"H NMR analysis of the crude mixture using
dimethylsulfone as the internal standard.

Fp roe Fp ¢

5 n—1 L2 :'tBu
L1 > (3 L4 L5
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IEOT L AEMES L, BRI ZHERT 5720, SUSHR% 48 BEEICAER L. Pd % Pd(OAc)
(SR LT 2 fdi gt & L7c (Table 19), HEBREZFH L2 L 25, 73%I0, 91:9 DER
PECERDT I UKD, 5%I0HE, 56:44 DFERNET Z KO T I /LIERF G (entry 2),
Table 19. Optimization of Reaction Conditions for Methyl Substituted Olefin

0 L2-Cu? (10 mol %) o o
o)J\NHTS Pd source (10 mol %) O)J\N_TS + O)J\N_TS
Me 2.6-DMBQ (1.5 eq) N\ Me
\_\ﬁ ® dioxane (0.3 M), (PhO),PO,H (4 mol %) \_Q:\ \_\ﬁ
53 45°C, x h Me
(0.1 mmol) (2)-54 (2)-54
. yield(%)° er
entry | time (h) Pd source (E)54 (254 (E)-54 (2)-54
0 21 Pd(dba), 64 6 90/10  57/43
1 48 Pds(dba),” 71 7 90/10  57/43
2¢ 48 Pd(OAc), 73 5 91/9 56/44

“L2 and Cu(OAc)2-H20 were mixed in THF at 40 °C and removed solvent to prepare L2-Cu.
b5 mol %. €0.3 mmol scale. Isolated yield. 50 °C.
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2 3

HE R DR STARERE (X, T Garner’s aldehyde 7> 5 SCHk O S 1ENIHE - TR L 72L& 55
NoH, WAIT I F— b, = A—Mb, FUARIZE VIR 54 AR L. AR D HPLC
Fr— T D 2 8T, SO FEERD ORI SLIARRLE 2R E L7 (Scheme 26), ERE Z 1K
DIREYOFERHEL, 7 I MEIETH LD EAREAERYI(E)-54 13 SR, Z IKEAEY(Z2)-54
IZRIKEWRE LT,

Scheme 26. Determination of Absolute Configuration of 54

o] o]
O><NBoc TOH 4o NHBoc SOCL O)KNfH NaH OAN*TS
54a

B s

55@ 562 Me 572 Me Me
(48%) (50%) (97%) (53 %)
Z,97:3 er
@ E/Z =1 :10 mixture. E; 97:3 er

R DT VF NV TF VIR LT 58 2 iz & 2 A sl IR AME T L7z (Scheme
27) e SHIETNAFNEEMET D LB ISRET LR R 2 E0E TFVEWEEO LK
FEFICHI EHERI L T D,

Scheme 27. Allylic C—H Amination Reaction of Ethyl Substituted Olefin

0 L2-Cu ligand (10 mol %) e}
PR Pd(OAc); (10 mol %) P§
0~ "NHTs 0~ "N-Ts
\_\_/Et 2,6-DMBQ (1.5 equiv.)
58 \—= (PhO),PO,H (4 mol %) 59 \—
dioxane (0.1 M) 4% Et
50 °C, 48 h 76:24 er

4L2 and Cu(OAc),-H,0O were mixed in THF at 40 °C and removed solvent to prepare L2-Cu.

44



BAE  ZOMRERE VKIS ~DE H

1. 7 U VAL C-H BEFEAL G~ DI

I AFHT VWAL C-H 78 b3 SALBOSE~D ] 2 B8 L 72, White 5723 2008 £t L7z,
XTI A ABRIZ XD ARFIEZ 2% (55 1 i, Scheme 16) . 1-decene 60 D7 U /AL C-H 7 &
b AERIEZAT 72 (Table20), £ M'@JEZ PAICEHEL T, U7 I U BROBRTE1TV K
T 7R R IS 2 PRER L2 & 2 A LI-Pd BT 12800 T 39%IER TP O 7 & b & AU 61 73
oM, PRI 5545 I -7 (entry 6), M'&BY L U3 LA AfigE LTEI< Z &
2L T, M @R ORI EZIT T2, WTNOSRBIZENTH ARWITIEL A EHBENRD -
7= (entries 7-12),

Table 20. Allylic C—H Acetoxylation using Sciff Base Catalysts

1. L-M" (10 mol %)
ML, (10 mol %)

. dioxane, 10 min OAc
C7H4s ; _
2. Pd(OAc), (10 mol %), 10 min CsHq5
60 3. BQ°(1 equiv.), AcOH (1 equiv.) 61
45°C, 48 h
entry L-M' ligand % yield (GC)“ er’
L M! source?

1 L1 Pd(OAc), N.D. -

2 L2 Pd(OAc), N.D. -

3 L4 Pd(OAc), N.D. -

4 L5 Pd(OAc), 7 -

5 L10 Pd(OAc). N.D. -

6 L1l Pd(OAc), 39 55/45

7¢ L11 CrCl, N.D. -

8¢ L1 Mn(OAc), N.D. -

9 L11 Fe(OAc), N.D. -

10 L11 Co(OAc), trace 50/50

11 L11 Ni(OAc), trace 51/49

12 L11 Cu(OAc), N.D. - o
“Detected by GCMS analysis using nonane as an internal standard. "Determined CéiOH HO
by GC analysis on a chiral stationary phase. “Reaction time was 10 h. “Ligands L

were mixed with the M! source (Pd(OAc)2, CrClz, Mn(OAc)2-4H20, Fe(OAc)., 3 3
Co(OAc)2-4H20, Ni(OAc)24H20, Cu(OAc)2-H20) in dioxane at r.t.. After stirring 0 L11 tBu
for 10 min, Pd(OAc)z and other reagents were added to the mixture.

Q

tBu—S$ + s—o tBu—S * s—o tBu—S+ +S=0 tBu=—=S$ + +S=0
L1 L2 L4 Bu 0 L5 Bu
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2 AN

EOTEHEDERNT U B 62 ZHH L LICNZ S ¥y 7 M2 A L, i+ L &
M! BB DR 2T 2 723, WT N OFNL 2BV T HEIRIEITFE R Sh7znyo 72 (Table 21),
Table 21. Optimization of Catalysts using Allylbenzene

1. L-M" (10 mol %)
Pd(OAc), (20 mol %)

_ dioxane, 10 min OAc

P 2.BQ (2 equiv.) Ph)\/ « P N"ope

SM 4A§(°)£| (144er<]:|uiv.) Braegch Liggar
L-M! ligand % yield (GC)
entry - er
L M source Branch Liner

1 L1 Pd(OAC),* 1 N.D. 51:49
2 L2 Pd(OAc)* 2 N.D. 51:49
3 L4 Pd(OAC),* 3 N.D. 51:49
4 L5 Pd(OAc)* 3 1 51:49
5 L6 Pd(OAc)," 2 N.D. 52:48
6 L7 Pd(OAc)* 6 3 51:49
7 | L10 Pd(OAc),* ’ 4 )
8 L11 Pd(OAc),! 3 trace 49:51
9 L4 Cu(OAc)y 2 0 53:47
10 L5 Cu(OAc),’ 4 2 52:48
11 L10 Cu(OAc)y’ 5 1 _
12 | Ln Cu(OAc),’ 4 0 -

“L-Pd/Pd was prepared by mixing L and Pd(OAc); (20 mol %) in dioxane for 10
min before the addition of other reagents. L and Cu(OAc).-H20 were mixed in THF at
40 °C and removed solvent to prepare L-M! ligand. Pd(OAc): (10 mol %) and other reagents
were added to the vial filled with L-M! ligand and prepared L-Cu/Pd in situ.

Ph, Ph Ph Ph

dw Hob C% @3

tBu—S+ +§=0 tBu—S+ +§=0
L6 Bu L7 Bu
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2. T UL C-H T IVX AL it ~D 3 A

Shi 5773 2008 TS L7 B F AT & b 65 KAl L L7eT U AL C-H 7 b F WAL BOE %
5EIC, M@ JBIZ Pd A B LTZEAL 1 L11-Pd 2 ARBOGICH A Uiz, LA L7223 5, White filiff
(32/Pd" cat.) TIISUSHEITT LM FIZEWTS &y 7 M CIIORITa < EIT L h o
7z (Scheme 28), 7 VAL C-H 7 F /LIS TIE, RICT VRSB ZHEE L THWT,
DTN BE b7 (Table 21) . C-H f& GBI FE Tid7e < SREZASIN D B 73 1
FTL TR EHERI L T2,
Scheme 28. Allylic C—H Alkylation of Allylbenzene using Acetylacetone

L11 (10 mol %)?
j\j\ Pd(OAC), (20 mol %) P X 0
BQ (1.3 equiv.), O, (1 atm) O

Ph/\/ +
(0.1 mmol) (1.4 equiv.) toluene (0.2 M) N.D. o1 Ho
62 65 45°C, ca. 24 h 66

O O 32/Pd" cat. (10 mol %)?

o o o L11 e
ph +)J\/U\ o /0
BQ (1.3 equiv.), O, (1 atm) o) Y . §-pn

(0.1 mmol) (1.4 equiv.) toluene (0.2 M) 24% Pd(OAc),
62 65 45 °C, ca. 24 h 66 32/Pd" cat.

a L-M"/M? catalyst was prepared in situ by mixing L and Pd(OAc), (20 mol %) with other reagents.

REATMOBE AR ET 5720, REFZHFI L, V7 e b vfpshedvn=Frnr
rhre1 EMneE A AR 68 MBI S L7 (Table22), AR 68 1ZRFAREHFT DM, o
o7 v b OBEERELS . 7' eI EIIRETH D EHER Sz 7o o, BRPEIRHE
LTV, £72, BQ Zm @ 2,6-DMBQ IZE K32 LIEME T L, BQ 23 Pd IZESL L T C-
H #5 G OOz 2 (Rt L T\ 5 ATEEMEDS RIZ S 4172 (entry 1 vs 2),

Table 22. Allylic C—H Alkylation using Nitroketone as a Nucleophile

Ph
O catalyst (10 mol %)
= AN
PN + N Phwo
Ph)J\/ . 02 idant (1.3 equiv.), O, NO
(1.4 equiv.)  toluene (0.2 M) 2
62 67 50 °C, ca. 22 h 68 =N"
catalyst?
entry Y Oxidant | % yield® <:§:OH "o
L M', M? source’ Bu—S + im0
1 L11 Pd(OAc), BQ 19 o » “Bu
2 L11 Pd(OAc), 2,6-DMBQ 7
o\\ / \Z
3 White’s cat. (32/Pd" cat.) BQ 22 Ph=S ( g;l;h
(o}
4 White’s cat. (32/Pd" cat.) 2,6-DMBQ 14 32/Pdl cat.

@ L-M!/M? catalyst was prepared in situ by mixing L and Pd(OAc): (20
mol %) with other reagents. ? These yields were calculated from the ratio of
starting materials and products.
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52 T 4 f

KRB DARF I Z B L, White 5723 2014 R LIC KOG 3 2 BF2, afifiZ A FLVEEEE
ALlz=Fmr hr69a, = b X7 /L 69b, = b 1 Z/L7s 2 69¢ 2 REZAI & L THVZ (Table 23)
LR S, WINOREANZIBW TS BAYY 70 138 S 407 (entries 1,3,5), ofidfii~7 = k
NMeE IR L T A A SR L CTH R RIX 20 o 7= (entries 2,4, 6)

Table 23. Allylic C—H Alkylation using a-Methyl Nitro Compounds

L11 (10 mol %)?
Pd(OAc), (20 mol %) Me
NN EWGYNOQ 2,6-DMBQ (1.5 equiv.) phWEWG
Me base (10 mol %), Ar NO,
62 69 dioxane, 45 °C to 60 °C 70
(2 equiV.) >24 h OH HO
entry EWG base % yield Bu—S+ +§=0
1 COPh 49a - N.D. O 4 B
2 COPh 49a DIPEA N.D.
3 CO,Et 49b - N.D.
4 COEt 49b DIPEA N.D.
5 SO,Ph 49¢ - N.D.
6 SO,Ph 49¢ DIPEA N.D.

“L-M'/M? catalyst was prepared in situ by mixing L and Pd(OAc)2 (20 mol %)
with other reagents. °The product was detected by '"H NMR and GCMS analysis.

WIT, Trost b DWEEZSHEZ N TEF AT T v 71 ZREZAlE LTHWE (Table 24), B
NADTVT BRI L7=28, L1, L2, L4-L7, L10, L11 {28\ T H BUNTET Lo o 72,
L7, L11Z W2 ER SO TR0 6 BB BB S 223 EBME TH 0 . & 2 THRETZ il L7z,
Table 24. Allylic C—H Alkylation using Acetylacetone as Nucleophile

O O (0] Ac
catalyst (10 mol %)?
e T COnS
2,6-DMBQ (1.3 equiv.)
(1.4 equiv.) toluene (0.2 M) R
62 71 45 °C, ca. 25 h 72
entry catalyst % yield?
L ‘ M!, M? source?
0 White’s cat. (32/Pd" cat.) 38
1 L1 Pd(OAc), N.D.
2 L2 Pd(OAc), N.D.
3 L4 Pd(OAc), N.D.
4 LS Pd(OAc), N.D.
5 L6 Pd(OAc), N.D.
6 L7 Pd(OAc), trace
7 L10 Pd(OAc), N.D.
8 L11 Pd(OAc), 5

@ L-M!/M? catalyst was prepared in situ by mixing L and Pd(OAc)2 (20 mol %)
with other reagents. ® The product was detected by GCMS analysis.
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B HEEAREE

1. 2> ba—/LEER

R & B 52 D72 ALIR ¥ Y K& RZ 72 WO B - L32-Cu & PA(OAc), & W= & 2 A,
AL ISIFEITET, A VAR F > RENL O REEMEDRE I 472 (Table 25, entry 1), £72, L32-Cu
& White 235 L7277 % Z 072 B A 2L F 3 R-Pd filtli (32/Pd" cat.) ZHAA 8 T H A B3
HTE7WZ Lnn, vy 7RIS EICHARAENTZOF T A ANVEXY RPEETHL EH
265 (entry 2), EAARNLKRF T R-Pd DA THIRUNEETH Y (entry 3), Cu(OAc), = Z
THICRITLE L2~ 72 (entry 4), Pd(OAc),, Pd(dba), D& Tld4< HHIMIIE ST, ALK
XV RBNL 7 OENIIZ L0 SUOSIMEE S TWD Z R bo72 (entries 5,6), F72. T /LA
R Y MEEEZ RO ZHIEANL - L10 Z AW TH, /NT7 U7 AFEGFIE T Tl E T8

(entry 7). £7-M'@JE L LTPd ZEALTSEKRIZBWNTHUGHEIT LR o7 (entry 8), =
NEDRERMNS, ¥y THIEME EDF T 0 20K F 2 RS P AZEAL L 7= RS AR O Rk s B
ThdHZENHERIIND, 72720, M*EEE LT CuOAcL ZMx b &, RRBIEITHLLOD
entry 0 & [FIFREE DYLHE CRISDEIT L2 (entry 9), M'EJ@ & L CTHA I L Pd 3% H TH L,
M' = Cu, M2 = Pd DEERNRAE T THDDTIERWMNEHERI L TS, Z OifEfeE T L-Pd/Pd &AL
U, BPPENME T L7z EHEJI L Cuvd  (Table 13, entry 7 22 H)

Table 25. Control Experiments
o L-M" ligand (10 mol %) 0 O o /0
M2 10 mol % Ph—S . S—Ph
O)J\NHTS source (19 mol %) O)LN-TS = = Pd(OAc),
2,6-DMBQ (1.1 equiv.) 32/Pd" cat.
\;a\:/Ph (PhO),PO,H (15 mol %) \4;5:\ OH HO =
(0.1 mmol) dioxane (0.1 M), 50 °C, 48 h Ph L32
L-M! ligand ield ee
MZ y
entry L M! source souree (%) (%)
0 L10 Cu(OAc), Pd(OAc), 56 80
1 L32 Cu(OAc), Pd(OAc), ND -
2 L32 Cu(OAc), 32/Pd" cat. 7 -1
3 - - 32/Pd" cat. 14 0
4 - Cu(OAc),  32/Pd" cat. 9 0
5 - - Pd(OAc), ND
6 - - Pd(dba), ND -
7 L10 Cu(OAc), - ND -
8 L10 Pd(OAc); - ND
9 L10 Pd(OAc), Cu(OAc), 51 55

7L and M! source were mixed in THF at 40 °C and removed solvent to prepare L-M!.
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2. i E DR

ANKEFY RN ED XL HTRT VT AMIENL L TV DN EHRL T2, BT L10-Cu/Pd(OAc)
RO EREE DFT SHRICEVFE Lz, K o787 — e —0FL LIcE /) DF 4%
PR A VBRI, 2 E THE SN2 B R R LR F S RELT 32 R0 SOX B T 36, & DAL
TEDF 7 )V AR F Y REAL T 2 58 Pd ~ZJE TR T 5 E B Z LN TEY . 22 C-H iAW
EROMPESEVEREIZ, Pd D 4 ODOBMIBD I H 1 D& T BT — FRED, —OZEN DS
ThHhHEHR LD THD, B, ZNE TORGFHIEBWTY VEEOTWIMA RN E KT
TR ADOD > TEY (Table 14), C-HEZHEOBERCT BT — Tt UV VBT =4 B E
LTV D AHEMED 8 B 720 . AFHRAERITK E D& OHeE O 7= OFAICE £ 5., Grimme
HIZ XV #HE S 7z crest 2.9 program® & xtb 6.2.3 program® & T, FIHABLEER R 1TV, 69 D%
ExfFie, 055, 1. Cu B3 NN,0,0 BN Z321 ., 2. PAICENL T BJR - E72 5 10 OFfiE %
L. ZHZE1 MO6L/def2SVP FHHE L~V TX 7 A A= L F—% JFES o 7o, £ DR % Figure
17 12777, BAEED FICIE, #iEE S, Pd ~OENMEX (7= /%2 REH#E =0, ALEFT R
fef =0, A/VARFL REiE =S, 787 — MgFE =0a) &, OLERME (Figure 17a) &L
W LTBROXF T AT XN F =L L TVD, BRI, — D7 =/ X2 FOBERF & X
LR Y ROREF 232 A CTHUAL L 7= (Figure 17a) OREN i b 22 E TH D Z &3 H Y . White
DA LI AV F ¥ RORHIFE 23 TR T 5 E XA A VAT RS 32 T b, A%
YU DERFA L F TV ANVERF T ROFEEF O _JETRALS 2 SOX BUAZLF 36 10T\ G
2D Z Lo Tz (Figure 17a vs 17e, 17) . #x ® % E T & o T2 fillfiEAEE Figure 17a (X, Pd ~Ad
AL L7ZRWVNE D DAVRF L RISSARHIC Pd FFEOEE A 7 7 v 735 X9 a2 - T D,
Flo. BT T TFEO T T FOUEEDREEER BEICBEAAE - TRV | Pd JE PHOSTARAY RS 2 18 L
TWDOTIEHRWEHERI S D,

.\

(a) 0,S0aOne; AG = 0 keal/mol, F2e E Hiik (b) 0,S0AO0A:; AG=5.060241 keal/mol
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(1) SO04c0ac; AG=17.02372 kcal/mol () 0pSOs0ac; AG=17.63115 kcal/mol

Figure 17. Calculation of the Plausible Structures of L10-Cu/Pd(OAc) Complex
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Fof  ARERISHEE

1. ST S IRME

AECIEOCEREICR T 2B 8% S a2 RTZ LN TERENE AL 7 0 o DOFVE 47a,53

(2 B 3 ) OFEREZS LI T, NEA L7 4 U EEIT, &0 RISHED BT ZEDFEE %
FANTINE TN EITo C& 7z, R 7 ==V 26T 2E 47a TlE. Z ADJEENZ)-47a
Z OSSR &7 2 UIR(E, $)-48a 2315 H AL D & BIEIZ I TR~ 72 (Scheme 29a, 55 2 T
3 fifi, Table 12, entry 10 &[] U), —J5 E (RDJFUEHE)-4Ta 2 HFEJFELE U, Rl —BUGSRAFICAT9 &
=) o FA~—B ZIRDJFEENZ)-4Ta 7> 5 E U D ERWY) & 130D RARDERKPI(E, S)-48a 73
TAERME LTELND Z ED3 D> 72 (Scheme 29b),

Scheme 29. Allylic C—H Amination of Phenyl Substituted (Z)- and (E£)-Alkenes

0 L9-Cu ligand (10 mol %) o
(@) O)J\NHTS Pd(OAc), (10 mol %) O)J\N—Ts
\—\_/Ph 2,6-DMBQ (1.1 equiv.) \_«_\ (= Table 12, entry 10)
= (PhO),PO,H (15 mol %) —
dioxane (0.1 M) (E,S)-48a by,
(2-47a  50°C,48h 56%
90:10 er
0 L9-Cu ligand (10 mol %) o]
PR Pd(OAc), (10 mol %)
(b) (0] NHTs 07 "N-Ts
2,6-DMBQ (1.1 equiv.) S
— (PhO),PO,H (15 mol %) —
Ph  dioxane (0.1 M) (E,R)-48a py,
(E)-47a  50°C,48h 6%
22:78 er

[RIRE 2 R

IATFNEEETHREE S % ZIRE ERTHERT 5 &, ZKDOJFENZ)-53 75134

FXH(E,S)-54, (Z,R)-54 73, ERDJFED B ITAEKA(E,R)-54, (Z,5)-54 D& DAL, SLABIRIYIZ AR
WniFs o7z (Scheme 30), & B2, ERD FAEMM & Z KD AR THE ARBLE 23853 5
M7 & L7z, ATl ZONKERMEZE & S ITART I IS DRISHERBIZ DWW TELRT 5,
Scheme 30. Allylic C—H Amination of Methyl Substituted (Z)- and (E)-Alkenes

0 L2-Cu ligand (10 mol %) e} 0 le)
PR Pd(OAc), (10 mol %) P] Py
(@) O~ "NHTs : 0" N-Ts , O N-Ts O)J\NHTS (= Table 19 entry 2)
\—\_/Me 2,6-DMBQ (1.5 equiv.) \—:\_/Me
— (PhO),PO,H (4 mol %) — — \
(2)-53 dio>°<ane (0.1 M) (E,S)-54 Me (Z,R)-54 (E)-73Me
50 °C, 48 h 73% 5% ND
919 er 56:44 er
o L2-Cu ligand (10 mol %) 0 o )OL
Pd(OAc), (10 mol %)
(b) o)L NHTs o)L N-Ts , o)L N-Ts Q NHTs
2,6-DMBQ (1.5 equiv.) N LLMe \
— (PhO),PO5H (4 mol %) — —
Me dioxane (0.1 M M
(E)-53 © o ( ) (E,R)-54 © (Z,S)-54 Me
50 °C, 48 h 73
15% 3% (2)-
40:60 er 12:88 er ND
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2. ABEA T = X L

2 fli> Pd filfitds JOMMEAFE T, T A0 ALBEW~ORBEAIOMBONE, [F—RISGET
TODKENHEAET H, —DHOMER, ZHETHEEL CW=T U AL C-H GO
(Figure 18, pathA) Th 5, AHHETIZ, 2D Pd i+ 17 ¢ Azl L (I-1), 7 U IVALD
C-H #E& UM S CREFI -7 VAT VT AR 12 ZELC D, VT, ACTrn-7 Y
IV DA K O DN IO SR RAZAN DN L L RIS 2% & BB O AL (TM-4)
2. NEBIZATINT 5 & IR DA pky TM-5 84T %, o H OEREAY . Nucleopalladation & ¢ <
B-KFEWLBEIZ X 2 REEHN O IEERETH D (Figure 18, path B), A TIX, #1HIZ 2 fid Pd 235D
PELT=A L 7 4 v 1-1 ~REEHINFIN L. Markovnikov 112 X 0 A 1-3 73, anti-Markovnikov
M & 0 iR -4 340 5, ZOPBKIZIEN T, Pd 2SPAEAE & BEE L, PRA 13 225X
TM-1 BEL O TM2 23, FRA T4 2251 TM-3 BLONTME 34T 5, Z ORI H0 & KEEH &
L 72 B8 D Wacker B LG BV Ty < 2y BAFSE S 4, IEHE TIEE B SR &2 HV 72 Aza-Wacker [
72 B IINCHFE ST 5%,

HX  NuH HX
Nucleo- Allylic C-H
/
. R/\/\\ . .
palladation 11 [PdX, Activation

R/\/\ [Pd]X
Nu

R/\/J
or [Pd]X

14 R7OY Ny PdX, R/\\_!//

[Pd]X ZH, -2
B-H Nucleophile
elimination 2HX. 2 addition NuH
[Pd(0)]
H-[Pd]-X /<\
HX

Nu
R R™™
/\’f /I R R R)\/ RNy
T™-1 T™-2 TM-3 T™M-4 TM-5 T™M-4

Figure 18. Possible Paths for the Oxidative Pd"-Catalyzed Addition of Nuclepohiles to Alkenes**"

White 513 2004 4=, KA L7 ¢ 2%t L, AcOH &ML 2 o> Pd filii 2 V2% & Wacker Fi#
EBLDSIENEIT LT R F AR va 5L OV b mk 23ERKT 5723 (Table 26, entry 1), DMSO
R B A AL R Y Rig ED AKX RiZ Pd il OFAr - & L CIHRINT % & Wacker E2{b
DRI LTT UL C-H 7 b IACEISPESE U, B8R AERY L & R AR B 73
mEonsdZ EaRE L (entries2,3) 3y 2O LI, BAET D ODORKEIL, BN bR
LS CTERRINRENREDLD Z ENMbN TG, —IIZ, LVE AR PdE&EEHNWD
& C-HFEA O OMENEIET 2 Z ENMBNTEY ¥ LR % REN ISk 55541
£V Pd @ROEBEFHEELINT S, BIWEZVIRT 2R RS0 TIERV O EHERISN D, F
7o, BRREAOLEIZT, BEREANVKFARGEOBETRIETHREL, REMEZIKT 725
126 C-HSAUIM ORI VELE LT RD 2 ENMBATIND 30 6,
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Table 26. Effect of DMSO and Bis-sulfoxide Ligand on the Pd(II)-Catalyzed Allylic C—H Oxidation’!

White (2004)
[Pd"] (10 mol %) OAc o} O
= R R Ph—S S—Ph
R BQ (2equiv) R OAT A 2 /«?;;+ 0 Pd(OAC),
R=rFCﬁh5ACOH’4O c | L B | va mk 32/Pd" cat.
|
C-H oxidation Wacker oxidation
products products
% yield (GC)
I
entry [Pd] L B va mk
1 Pd(OAc), 3 5 17 14
Pd(OAc),, DMSO (as solvent) 40 2 3 6
3 | 32/Pd" cat. (10 mol %), CH2Cl; (as solvent) | 8 66 <l <l

Table 26 DFERTIX, CH FEA YN OMEHE & Wacker BRLRL O T DD RN IR 0 |
FOCHERED X BN RETH 5, L L7225, Figure 18 DM TM-4 D X 512, FBEIZL > Tk
EHLOBIEND LR—DERDNAELHLEERH D, ZETT UL C-H #EATEMELRIST
B BESNTELN, TOERRIERENEDL L OB TH DN E 4 i#Eim il o TE T,

%< DA, C-H HEUIW O SE972, n7 VL Pd PRAZ BN E 7213 HEBEL T, -7
UL Pd HREMRICHK U CRERIZMINESE S Z L2k, 7T VML C-H BRI OBEN G END
ZEMFEHENTE S, 17 UL Pd @O 'H NMR (2 L 28I L OHEEL, £ 0%OREM MO
BEZHIT 5 2 L CERIND, B, S FEOGICE W TR, REAZ R L2 WEEIZBy
Trn-7 UV Pd A HEET 2 2 N TE S5, Fio, BQ¥ 330 Yo7 — NEQHEIL 7 Y R
FIMZEREST 2L RN L 2 WEREIZBWTha-T UL Pd TRILZ LD DH Z LN TESH, L
L2 5, n7 UL Pd FRMAOLEMITEE Z L ICi e | X TOREITHATE 2 LTI
VY,

-7 VL Pd FRMAOBLRILISMNT & EBRACSOSHEOR ED R B TE 72, White 513
KA L7 42 14 Z N2 FHT X 7AEBORIZEB N T, WEICA V7 ¢ & B b S &7 58
75,76 % [Al— D FUSSRMAT LIERPEIRE 2 el L7z & 2 A ORI L 7 1 o T4 13RS RF#] % Sk
ELTHLHMMO DT AT LA BRIRMENZEL LW DIk L (Table 27, entry 1), FEEALIK 75 (385
R > TERINEDME T35 2 & Z7/Rr L7z (entries 2,3) 32, ZAULT 2 /8T 57— a M

TIZEW, PA-H RN E L2727 VT VIR TR L TWATED e L BB L
TWb, —H., KA L7 12 76 ORISHFHP CREMLIRIIHR ST, £V T A7 LA RRME

IZH RN EnD, PA-HFERNAERT 27 2 /877 —v a3 U CIE7R <, 7 VL C-H
Ao TH D LimmaH L TWD, ZoECh., DALFEE W72 OSSO R E b
BTN D 47,512.6667.68
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Table 27. Testing for a Possible Aminopalladation Mechanism**

White (2007)

Q /9
S W S - S T
Q" NHTs o Q7 'NHTs of Q 'NHTs (OA), ~ Q N-Ts

)1 )—\\‘ PhBQ? (1.05 equiv.) \—Q;
Pl \— Pr pr N Pro \=

THF (0.66 M), 48 °C

74 75 76 @ 2-phenyl-1,4-benzoquinone 77
. . Shdr 72 hdr
0,
entry olefin isomer Isolate yield (%) (antilsyn) (antilsyn)
1 a-olefin 74 20 9:1 8:1
2 E-olefin 75 9 13:1 11:1
3 Z-olefin 76 72 6:1 6:1

SEIOGFNT I AEUSDOWERA L 7 ¢ VHE 47, 53 1280 TUE, 7 U UL C-H #EATEMEAL
D% (Figure 18, Path A) CTHULDEITT 25 &, 220 C-HFEENUIWT &b & 20D m#EH L <
X ANLZERNMINL 725 BB, 7 BB, R=Me OHHE 53 IZBWTL S LD C-HAFE N
UWrsiud & 3MLDORFD LILSALICERZBfTIN L7 6 BER. 8 BERAMM A4 U5 (Scheme 31,
pathA), —JF5. 7 I /X775 =T a Ok (Figure 18, Path B) THEITT 5 & 3MLORFIZESR
DTN U7z 6 BERAMMIF L O 4O RFITERDAAINUTZ 7 BERAERMDFOND, BEHIBW
TIFEALEDEETS BRAEBD LG ONTE LT, HE 47,3 O OEENT X /T T7—
VaUBEIIEESND, LIPLERL, AL T 4 ONEASORMALBNETL D L T I RTT
— 3 UHEIC K D 2 (D EFR O FREIZ /2 0 | C-H S S UK OE CE 5N b 5 BERAK
Wy & [al— DAk 48, 54 734 U % (Scheme 31, path B), AL 7 4 > OEME(LIX, Pd 7T » 7 < Pd
T R=F 4 7, PAFH ICK VT TH2ZERMONTEYD, A=A LOFMINA LGNS
TWRNHDD .7 UL C-H BREREALSUGE DRIFIZIRBNTH BMALT 5 R BTN D 3k6B8.69,
DRI, REEBEIZHB W TERIE(IK 78,79 ZRHE LAWEE, 7 /77— a UHEEICE Y B#Y
MIDELCIR N ENRFEHTE D, 7272 L, & 2 B EEZRE L TEITL TV T, 7/ XF
T — g UHEREIC L VST A LIER S 720y (Scheme 32, SSARED)

Scheme 31. Plausible Mechanisms of Allylic Amination

(0]
C-H activation O)J\NHTS amination

\_pane

X
E C-H activation N®
R=Ph 47 path B o)J\NHTS / Ezmg‘ )

\_Pd aminopalladation
\ | /5-H elimination

isomerization

"R=Ph78 R
R = Me 79
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3. EBRFE RN D DB L

AEBARE LI iER 2B N T H
'H NMR (2 & Dn-7 U /b Pd R DBLIR 2 7k A 72 8
2T BYEHEERORBE OF A TS White HDOFEBR (Table 26) 2252, AKIGIC
BMAUBROFIRNE S T 5720, LUT OEBRITARIMIZ A
53 B L OEOEMALK 79 2 Az,

PALIR Z R 208 9 a2 iE LT,
FNIEHTHILE

FFHIDIZ
(Scheme 32), R¥lZ
SORDISFAECA Lz s 2 A,

Soniz,

B3 41%H0 5

F7-.

Virae

53 O H 1% Scheme 30 2 /8)

AFNIEEGTDHEED

BIAIR@Z)-79 06

 C-HIEMEAMERE vs 7 2 ) T F—3 9 U HkE

INLZO0EDO L L THITL TWADONERRSL=D
B — 7 ZRIETHIENTE ol F+

. BPEIR 79 2FEROSSISAT LT R OERMBE L D00 E D RS
FNEIR(E)-T9. (2)-719 ZFnEhd L, 7 /b
FEE(Z)-53 O/ LD ERY & Rl—0
A FRPI(E,S)-54 73 28% %, 82:18 DRI THF DAL, FI(ZR)-54 13 14%ILHE, 62:38 DEPUHET

1%, FE(E)-53 O 05 EY & FRl—OARYI(E,R)-54
24:76 ORPFWETHE LI, £72(Z2,5)-54 73 3%ILFR, 22:78 OFERMETEH LN (E

FMALIR(E)-T9 7251

Scheme 32. Amination Reactions from Alken Isomers

0O

L2-Cu ligand (10 mol %) 0 0
OJLNHE Pd(OAc), (10 mol %) )L )LN
k—“Lﬁ\ 2,6-DMBQ (1.5 equiv.) L_\_J
(PhO),PO,H (4 mol %)
Me :
(E)-79 dioxane (0.1 M) (E,S)-54 Me (Z,R)-54
50°C, 48 h 28% 14%
82:18 er 62:38 er
0 L2-Cu ligand (10 mol %) 0 0
Pd(OA 10 mol %
Ay POAC), (10 mol %) )L A
2,6-DMBQ (1.5 equiv.) L_Q_J
\ (PhO),PO5H (4 mol %)
dioxane (0.1 M) Me
Me 50 °C, 48 h (E,R)-54 (Z,S)-54
(2)-79 41% 3%
24:76 er 22:78 er

AhEH % . Scheme 30 OFEHE L H#RT 5 &,
MHRF LI D EAEKRMDOSIARNE—TH Y |

BWTHE

(2)-53 P35I D EAEMRY DONAR & BAEKE)-T9

(E)-53 7> B 45 BV D FAERM) ONIAR & SRR (2Z2)-79 )
HIRFOND EAERMONARNRE—Th o7z, Pz, Scheme 30 DILE 53 DA FMEALK 79 %
T D56, (2)-53 BE)-T9 ~. (E)-53 D3(2)-79 ~IHERMICEMEEL T D LB BND
(Scheme 33), Z DRFLZFIHEIC, LT ZOOHEENLRAMIZHE L, B EEZREBET 20 E
IMEEET D,
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Scheme 33. Plausible Stereoselective Isomerization

_ o _
C-H activation O)J\NHTS amination

I R

O)J\N—Ts ) . 07 °N-Ts 07 "N-Ts

M
(2)-53 path (b) 0" “NHTs (E,S)54 ©  (ZR)-54

isomerization \_\\/Pd aminopalladation
L \ | /p-H elimination
(E)79 e
- o _
C-H activation )J\ amination

O)J\N—Ts ) . 07 N-Ts 07 "N-Ts
H \_\_\ \_Q_/Me
— — O —_ _M —

e
(E)-53 Me '\ path (b) O)J\NHTS / (E,R)-54 (Z,5)-54
isomerization \—\/pd aminopalladation
\ /5H elimination
B (2)-719 ~
Me

EFT—2HIF. 7 I MERISICE W TREGENBIH SRV EICONWTEET 5, B bR
(E)-19 LD T 2 JALIROIRD 28%IC- £ 5 2 L b, BRI LIRE)-T9 06 B E 4 T
HRISHEE TR anEEzZ b5, WA, b L Scheme 30 O SUG2S BMEALAR 2R 3 DS T
HEATT 2722 61F, BUSRHIERFT 2 B LAEDIBII SN D &L TSN DD, RIS THRICRMEL
IR(E)-79 132 < B S 915 B ChUG & 1O T H R 53 OARNEIFE LTZ, Z DFER D (E)-79
ORI 7 BMITE & TORWATERERE W EB X BD, 7272 L, BEIRE)-T9 O
L7 4 U8 Pd ~EALT DI HGE CTh 5 AIREMED B U . BVELARD & O RS EE AN R & 187
BTE2W,

ToRE, B BRE)-T E OGS L EOAMYOBIRE 82:18 £ EBKZT 2 LKIGT
HONDERPDD 91:9 OBRMENRRIR D GNP DBELET L, K7 I JERUEA, C-H IEMEL O
& BNAIR AR T 2O W 5 THETT 256 50D AR O S E RIKD A (91:9) 1%,
C-H iEMAL DA R GRIRMEIZAREE) Xpath A TEITT 258G + BMHLENS D4R Ot
F (82:18) Xpath B THEITT HEIAIZ L W HH &35 (Scheme 34), I —DH DB EZEZE T,
path A OFEHE T 50%, path B OFAE T 50%ET3 256, SUERDIN 91:9 OB TH LD T2
DIZIE, C-HIEMEALAY 100:0 DOFEREZLRINIE CHAT T 2 MR H D, S HIT, ZIREED E RO
PRI R T 2B, DT MICTH ZEROBMEMENAET D & Z RO BRI ONLIKRD
R E A C D72, path B 22D HN LAY OBRFIEL S HITR T 5, PRI, RIS
C-HIGFHALD RAND72 &b, AV —RNRETH D EHEHI L T 5,
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Scheme 34. Enantioselectivity of Path A and Path B

_ 0 _
C-H activation )J\ amination

o |  path A L\\EMe x:100-x er \ j\
0 H—Ts 07 "N-Ts
\_\4'\/'8 ‘
p— — )OJ\ —_ \_\:\
54 Me
N path B 82:18 er
(2)-53 \— 0~ "NHTs 7 91:9 er

isomerization \—\\/pd aminopalladation
_|/p-H elimination

BRI, BIEEAKIERFTEDLS HNEIDRT WA TEL LTz, ERALIC C=C &
A GEEZ AT HY 80 ZF KM FITM Lizd 24, RUSITEITE P, 2B bl LA
235 7- (Scheme 35), FUSHD LEEIT L7V & C=C " HEiEA O BMAL 224 Pd FENE U, %
FOWHIZ C=C ZHHEAMPMFHE LRV E R LRV EOFREM 2 B E TE 0, Bi(kiX
IV DSHWNEHERI L TWD,

Scheme 35. Isomerization from Remote Olefin

0 L2-Cu ligand (10 mol %) (0]
Pd(OA 10 19
O)J\NHTS (OAc), (10 mol %) O)J\N—Ts
2,6-DMBQ (1.5 equiv.)
(PhO),PO,H (4 mol %) —
80 \ dioxane (0.1 M), 50 °C, 48 h 81
ND

U E=2>Di 6, BMAEZREH 2wt < | ISR bR B L2 LTHT 2
JNT T = a TR T UL C-H #5 S Y OB THEIT L TV 5 SHERIL TV 5,
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4. EERAERDN D OB - REPTEBRE

FT.AREA LT 0 L OEEEANET I MERISIZRB N TR RN EZ 602 L AR L
Too 71 IRDARN) 48 36 LN 54 Z SUSSAEITAT L, Zrfifds KON EE w59 & @ﬁﬁ%%ﬁﬂ«“f:& z
A, KT T == VAT LAY 48 ICB W THRITR NS, =) v F A ~—iBEIR|C
ITR 6nehole, £lol Rl A FNVIEZHT 5L 54 I2BOTH THNMR 7> b 55X
Rohnd, =7 FA~—l@RRICb 2T R b2 o 7o, BIRERDEE 79% EARWDix, 27—
VNS ERFHIC L DRAEL L EZ TN D

Scheme 36. Kinetic Resolution

(0] L10-Cu ligand (10 mol %) O
0,
O)kaTS Pd(OAc), (10 mol %) o)kaTS
2,6-DMBQ (2.0 equiv.)
48— (Ph0),PO,H (15 mol %) 48 =
0.1 mmol Ph Na,SO, (20 mg) 94%  Ph
5% ee dioxane (0.1 M), 50 °C, 48 h 4% ee
)OL i L2-Cu ligand (10 mol %) )OL ji
0" N-Ts o "N-Ts _Pd(OAc), (10 mol %) 0" N-Ts o
Me 2,6-DMBQ (1.5 equiv.) \—Qﬂ
— = (Ph0),PO,H (4 mol %) = =
(E)-54 Me (2)-54 dioxane (0.1 M), 50 °C, 15 h  (E)-54 Me (Z)-54
0.063 mmol  0.0068 mmol 71% 8%
2% ee 0% ee 2% ee 2% ee

PLEOF R Z 562, ARG DS C-H G OFRE CHETT 3% L{RET 5 & Scheme 30 T H 7=

SEARERIRM: (Scheme 37 ICFHE) ITIRD L D I A = AL THIELL TWDH Z L 03bh 5 (Figure 19),
Scheme 37. Allylic C—H Amination of Methyl Substituted (£)- and (£)-Alkenes
0 L2-Cu ligand (10 mol %) e) 0) o
Pd(OA 10 mol %
(a) o s FAOAk (10 mol %) o O o N-Ts o NHTs
2,6-DMBQ (1.5 equiv.)
M
\_\=/ ® (Ph0),PO,H (4 mol %) \_Q_\ \_\4 \
dioxane (0.1 M) Me Me
-53 E,S)-54 Z,R)-54 -73
(2) 50 °C, 48 h ( 73‘))/ ( 50/) (E)
(4 (4 ND
91:9 er 56:44 er Stereoselective
o L2-Cu ligand (10 mol %) o o ji
Pd(OA 10 mol %
()0 NHTs  — X C)zQ(( me )) o NHTs
2,6-DMBQ (1.5 equiv.
—  (PhO),PO,H (4 mol %) \_\_\ \_L \
Me dioxane (0.1 M) Me
(E)53 " 554 ash (E,R)-54 (Z,5)-54 Me
’ 15% 3% (2)-73
40:60 er 12:88 er ND
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F 9. Scheme 30 OFERIZEBNT, EWRAERY & Z IKERRM) OB STAREN Y THDH Z &
DD, ERDAERYIE)-54 13 Z KOERD(Z)-54 DEMEICE VAL TS DI TIERNnZ &30
5, Flo. ZIRIFEENZ)-53 725 b, E ERFEHE)-53 7 b b E ROARMI(E)-54 S4B & LT
BoNTND ZEND ZEKFEEE)-53 1 bAELD a7 VN7 Uy Afffr-1 & E (REEHE)-53
MHAETD o 7 UART T AHEER2 1T & HIZ non B LA +oIcH<BI L, LV ESF
WINCRER EERD g TV ARG T g2 NHT I EBEITL TV D EHEI S NS, 77 U s
F 0 LAFREICENT, Pd OTEEERL 2 7 VLD 2 Bt EERRDOSAKD R 7 5 7)) o 7 hNj
TN & C-NFEAEROBREIZEB VT, Inner-sphere B OAHIN (=Pd BICERENFINL, Eoo
PIBEEEDSHETT 3 D FME) & Outer-sphere DA NN (=2 FREZAIN n 7 VU /L Pd RE 1 FNZREZ AN
I 5HHEHE, Figure 19 TIXZ H L OE CTRR#i L TV D) DNHFELARAVWERET D L, a7 U AsRT
V7 A RAR-1 5 D IESLARRE A RR(R,Z)-54 1346 UL i D SLIR D A (S, E)-54 1385 5 7
W2 ENHMAZRE e X MRIGDIEFIZB N TH B TNDY, [k, 1 7T U AT T LH
B Am-2 70 S XS EAREE BN A S (S,E)-54 73, n 7 U o3 2w AHRR-3 7 5 I3 EARER R I
RS, 2)-54 75, m 7 U V8T D KhiElin-4 7> 5 ISR A AR YR, E)-54 75 SEARE: B
AT D, EOa TYVART Dy AR EZRB T 500%, OIS d C-H BEICIKFET 5, Z
ROFENG X, CHAEANUWTEND & EEDO 1 7 VA RT7 V0 Adifiike-1 8L Or-2 23, C-
Hy 3 S % & TED o 7 VN RT Uy AfifilfAn-3 8L Un-4 23ELC D, E KRKDIFED B,
C-Hy MBI SND & EBED n 7 VR T V0 AfiEr-1 5 L U0n-2 23, C-H. 23U s s & T
DOn 7 VNIRRT Ty LHER-3 B L 04 AL D, KIZ, CHEA & C-Hy i S O YW= r /L%
—PEEEN A — T, ZDOHO N-C fiARMERE CEBIRELSHE SN TWDH T2 L, Z EVTHhO
JEEFN S B ILED 7 7 VAT D0 LAHRREHRNRAE T, FEO SR D 53R U CTARM A5
LADIETTHD, LOLRR S, EBEIT ZIEROEED B EEOERM N, EROFEEN ST T
BeDAERSMR EER L L TR BN, ZOFEERERIE, AR OEPIEREBME S, C-H #E5Y]
WromfECthsZ EaRBELTN5D,

EEEOFERZ LB TIOTEZD & ZIROFED B, (R,Z)-54 1 2.8%, (S,E)-54 3 66.4%, (S,Z)-54
23 2.2%, (RE)-54 7% 6.6%ELTW5, ¥zl C-HAEEZUIK L TEONZa T U LRT VT A
1% 69%, C-Hy i A2 L CHEONTZa T UNANRT T AT 9% THY . n-1 Ln2 OFMHEERIE
Kz=24, n-3 Ln-4 OVHERILI K =3 EROONDH, —F, ERDFEEDNHIX, (R,Z)-54 73 0.36%,
(S,E)-54 7 6%, (S,2)-54 % 2.6%, (R,E)-54 75 9% E U CW\W5, ¥z IZ, C-Hy A28l L T bz
T VART VT AL 6%, C-Ha i A Z I L TR LN a 7 U AT VT AT 12%THY | n-l &
-2 OVHTESIE K= 17, 7-3 En-4 OFHEHIL Kp =3 RO BAL, ZIROFERD 6RO 7= oAl
ERE ERORERD O RD T EHEEITFRZDOHIPA TH U | AFER DR LT BUSHERE T JE D3 720
L HERBLTNAD,
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0
PN

Z(2.8%)| O° 'N-Ts O)J\N*Ts Z(66.4%)

E(0.36%) (R,\ZTLMG (S\’;)LMe E(6%)
r N

Kz = 24

O,
NHTs Kegp =17 NHTs
g LaTiT J

NHTS / ﬁ¢ Me F\ \ NHTS
>L Z(69%) E(6%) >L
\—QEMe (9%) w2 Me E(12% Hb

\ KZb =3
(2)-53 O%NHTS Kg, = 3 >¥NHTs (553 Me

W Me
n-3 -4  Me
X his
Z(2.2%)| O N-Ts O N-Ts | 7(6.6%)
Me \
E(2.6%) (8.2 = (R’E)iMe E(9%)

Figure 19. Plausible Mechanism of Allylic C—H Activation from (Z)-53 and (E)-53

kB, BMLLHLS T I/ NTT =2 a UORKIGHEIT L TV D56 AR Ok LR E
X7 X/ RT T = a CORR T, AR O R RIS KEBBEORFE TIRES D, AAAEX
FBHFRIZBNTENENNLEEZGIF L, 7 I /3T F7 — a3 o Omke TR B2 5 ZER NI
ToBRI E KRR DS MR TR D ERDMIIN LI BRIE Z IR D3 A C D &9 IS AR Z il4# L C
W5 Z L7 % (Scheme 38)

Scheme 38. Stereoselective Amination via Aminopalladation

(0]
C-H activation L)J\NHTS —‘ amination
o [ s Yl \o %

g N-Ts o
- C-H activation

1 O 7
4 Me
O)LN_TS /‘ (ER)-54 Me  (2,5)-5
amino- N\ Hn S-H
palladation 5 elimination
(anti or syn) | (Pd] H R
83
_ j)\ -
(0] N—Ts
amino- Hy S-H
palladation elimination
(anti or syn) | (Pd] H R |
83
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5. Z O ERERFZE

FSHEIZ DWW T X 0 EEMZR I R 2455 72, KIE EBROPdid & LT, RIS ORI ok
IR B A Uiz, TV 53 % 0.3 mmol A7 — /L CRUSSIEICAT L, —ERRI#% (3,5,7,9,
12, 16, 20, 24, 48 B¢f1%) ORI OIFEZEH LT, T ORER ARLUS I 9IHEEE 233 < | Induction
perido N F1ET 5 Z &3 bnro 72 (Scheme 39, 77 71X SBAAEREA B 16 FEfE# £ T 20 DULE
7y hLTC), ZO/RENS A A AW TIEMEZ knko EZ RO D DITEH LW Z L3z,

Scheme 39. Time Course Experiment

o L2-Cu ligand (10 mol %) )oj\ =N N=
Pd(OAc), (10 mol %)
O)J\NHTS 2 O N—-Ts OH HO
\_\_/Me 2,6-DMBQ (1.5 equiv.)
53 \— (PhO),PO,H (4 mol %) 54 Bu=s* s=0
(0.3 mmol) 1,4-dioxane (0.1 M), 50 °C, x h Me o- ‘iR
L2
time NMR
(xh) | yield (%)
0 0 40
3 2 35 "
5 6 20
7 10 s
9 14 2 2 n
12 22 =
15 ]
16 37 10 -
20 41 - =
24 51 om L
48 69 0 5 10 15
time (h)

B D R PE 2 AL S 2 723D BOG KR % 48 IFf] & LT DRI Z SUGSMFIZ S L 72 (Scheme 40)
'HNMR fATIZ L0 HD DR 27 Z 07 ) o 73 RETE LT, d-54 WHE—ARmE LTELS Z
Eidbmote (EREZMR), Lcii> T, PA-HARTTELUTAH LT 4 U NERMAGT 2 ROSHEME
O REMEITRWN EHERI SN D, £, ERPINT D KFE LOFAKFINKFICEHRE I LT RNT
&G C-HfEE YR OWIEN RN AR fE Th 5 L BEZX b D,
Scheme 40. H/D Scrambling Experiment Using d»-53

0 =N N=
)J\ L2-Cu ligand (10 mol %) 0
0" 'NHTs  Pd(OAc), (10 mol %) L OH HO
D
D O N-Ts _
2,6-DMBQ (1.5 equiv.) D Bu=s* ‘s=0
~Me  (PhO),PO,H (4 mol %) — o- “tBy
d,-53 1,4-dioxane (0.1 M), 50 °C,48 h d-54 Me L2
(0.1 mmol) 44%
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FA4E  Cp*Co iz X 5 C-H 7V VLK)

B ER

T UNIEEGT HEEFACEDLIS  OEYTEEESC KA AL, ET INEZOHD
I3RE % RSB ICE W ATRE CTH D7, BHEET ) LS ORI H S hoiThbh T& T, 7

g ANy TV T ROSEE OREFZN, HEBKEO C-H S EEHEREET 22 13T,
TOT VIVHE AT CHEY) e ERE R A S AT A M E N H o7 (Figure 20a) 7', £ TR O & &
DBFEFMNAE L DAREL Y SR IEORmNTIEE LT, REWREER C-H faxE#ET UL
T2 HIEDOBRENEFE LT D, Friedel-Crafts 7 U MU NI FIRALEWICERET U V2
AT 5 E M 22 R RN, @R T U vk, RE OB IR TH -7 (Figure 20b) 2, T
By THUCRDDEHERNT U kiE s LT, ERaEiiiz vz C-H B btz i 57V
PACSR DS AN ZE STV TN 2D (Figure 20¢) P, ARSI EIERAYRE 2 7 U /AL FTHE T d
HEWIREZA L, ZHE TR, P, Re™, Ir”7, Mn"8, Ni”%, Fe®0, Cu®!, Rh8283848586.87.88. 89 it 2 F\
=7 Vb sdE S T&E 7,

| (b) Friedel—Crafts allylation

X
EDG+/\>L+ /\/LG
Z H

« Over-allylation >\ .
: ivity Lewis

* Low regioselectivit )
« Limited scope acid

Ru Pd Re I |(c) C—H activation
Mn, Ni, Fe, Cu,

DG
Metal cat. Rh, C t.
©+ /\/LG etal ca @/\ oca @ +/\/LG
M < * Multi-step synthesis> X H

M = Mg, Zn, Alm B etc. \ * Low atom-economy

| (a) Cross coupling reaction | <

Figure 20. Aromatic C—H Allylation Reactions

2 e BRIZE DT UV IALRIS A S TE 20, B CH Cp*Rh(IIDAMEE 2 27 U LAk
JEIRIRFNZR S B CRUSAEITT 5 RICB W TEI TV S, 2013 4RI Glorius H 237 U L J1— 7R %
— MZE DT UV IMEE &8RS L CLSE (Scheme 41) 3% %< O 7 )L— 7 HBEIFICED #A T
%o ARRETIE, =i Rh k35 F RO C-H & 2 EEIE L L, AU —4 1 7 L
W:Tmem@K%ﬁ:EFAﬁﬁﬂ,ﬁ<&o%% L7 VBRGNS, Heck DT
N = IALROGE TR 7 ) MERIS BB SE 5 7201213, B4 % B-H BBEZ 5 L TBR-X ik
DEARICHEE Z 2 M ERH D 8 Glorius HII A —HR R — FEBEELE L THWD Z & T 6 BERER
RHEZ R 2B-0 B2 FEH L T\ D
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Scheme 41. Aromatic C—H Allylation with Cp*Rh(III) Catalyst

Glorius (2013)
[Cp*RhCly],

NiPr, NiPr;
AgSbFg, PivOH
o) o M Me
/\/OCC)zMe MeﬁMe
H X .
Me Rh Me
~
CMD-type p-oxygen CIel Gl
C-H activation elimination \Ré/
Me: I Me
NiPr; olefin NP2 Me Me e
X0 insertion =Q Cp* [Cp*RhCly],
/ 1 T \Rh“l
Rh"™Cp \B\
o OMe

Z D%, 2017 FFIZE S £ TIZ Cp*RhIIDAEIC £ 2 7 U bOSIFEZ < wESh, 7 Ul —
RE— KB T IALTET— K% FTUAKRZATZ2— k8 T UANT A KRB fEaerp
AT 57 UV UALFIDEH CT& 5 X 91272 572 (Scheme 42) ¥, £7-, Li 5% 2-vinyloxiranes
% % Wang, Kim & (% 4-vinyl-1,3-dioxolane-2-ones % 7 U /L LHI & L THW L BABR & £ 9 B-O Miff
HEISDOBREN ) L 722 Z L &R Uiz, ZROORRIZE Y | KEIRIEA » F— AV HigRERo~T v 7
L= AbEW, RUXT I FFEENLT 7 VLT X FIZEDRIEOVEEICE Sh TE T,
Scheme 42. Allylic Sources Used in C—H Allylations

Saa’', Wang, Li, Loh, Kim, Yan, Lu, Wei, Maji ' 2
~>~DG  cat [Cp*Rh(II)] ,-7~.-DG X M /\(\O/V/O o)
I . e H/\/\ X = OCO,Me, OAC o A

Sve Ny allylic sources S~ X ! 27 N™~0
| OPO(OEY),, Ts

OCNHCCI3,
Br, Si(OAr); allylic sources

D& DIZ, Cp*RhIINAREEE C-—H 7 U MERSIZ B W TR AR BETEE 2 759723 RAHb 241
BRI ANUTZBRITIE Rh DS mili Ch 5 2 & | B L OMBEESCEREE A1 DM b 7
T U AEAIZ NN DB o H T &N L o7z,

2013 2 S AFFE5R1E Rh & R CTH > Rh LV & %22{fi7% Co ZF|H L. Cp*Co(IIfiffiEAs C-H
BRI TE 5 Z L2 @5 L (Figure 21) %, 1T Cp*Co(CO)L $E{A X Cox(CO)s M5 2
TR THESICHIATEET (Scheme 43) °®, ZERHFTHLLREICIY PNWTE L7280, BUEICED E

T Rh O & U ThR % 72 C-H BREREAVBUSIZEH ST & 72,
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B4 R 1 HD
M Me
Me ! e ! Me\@Me
M Me
Meﬁ—Me ! eﬁ © Me™ | “Me
Me” o Me Mo Me 19O L (SbFe)
@' (PFes)2 E i i ~co E L 672
5 ' L = CH4CN
[Cp*Co(CgHe)I(PFg)2  : Cp*Co(CO)l; i [Cp*Co(CH3CN);](SbFg),

Figure 21. Cp*Co(III) Catalysts Used in C—H Activation Reactions

Scheme 43. Preparation of Cp*Co(IlI) Catalyst

Me
MeﬁMe
1. CH,Cly, reflux Me C Me

I~

CO2(CO)8 +
2. l,, Et,0, r.t. N
(5.0 g) 2, Elp | CO
86% (12 g)

Cp*Co(IDfi i 2 FH 72 C-H 77 U WAL BUGIE 2014 4RI Glorius H T K 0 #16d T S 47z

(Scheme 42a) %, 7 U NT—Rx— a7 VULAIE LTHWY, B U I DVEAEZ oA o R
— DT VAL ZEZER LTV, Cp*Co(IINfRMEITEE 2 7o E#iA » R— U3\ T i O il al s 5L
R L TWD, BERZ N —TIREEATGAZ N X7 I RRT7 7 VAT X FICETIER L

(Scheme 42b) %, M HITEHELAT L7 VIALANZ DWW T HMET L TRV | ofiICEHREZ A
TH5T VLRI ZM D & E R Z IKOREMBGE LI, yLIZEBREEZGT 57 U ALAlZ v
% EYSL TR U 72 AR O BRI Hivd Z & 2o LTz, £72 2015 4512 Ackermann 512 &
D.TINTET— a7 VbHIE LTHWER A e~T a7 L—ALEHD T U bl &
#17= (Scheme 42¢) °%,
Scheme 44. Cp*Co(IlI)-Catalyzed C—H Allylation Reactions

(a) Glorius (2014)

Cp*Co(CO)l, (0.5 mol %) R"
RmH AgSbFs (1.25 mol %) N
H 0, _
l\i\ + R'e_~__OCO,Me PIVOH (5 mol %) RT _ Nans
N Y DCE, rt., 4 h \
N\\) R" Pym
= up to 97%
(b) Glorius (2015) Cp*Co(CO)l, (2.5 mol %)
(0] AgBF,4 (40 mol %) (0]
NHR HOAC (40 mol %) NHR
_ + _~_0CO,Me )
R# \z\ - TFE, 60 °C, 16 h RZ™N
(c) Ackermann (2015) up to 81%
R Cp*Co(CO)l, (5 mol %) RW
Z >N AgSbFg (10 mol %) PN
Pym KOAc (10 mol %) Pym
- OAc 2-P y
2Py ot I DCE, 80 °C, 16 h b
X H ] X
R R
=
up to 95%
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Z D% b Cp*Co(IINEAFIE T, 7 U NI —HRFx— &7 U ALAlE LTHWET U ABRIG D
WA, 2016 #121F Sundararaju H723% / U V-N-AF 3 KO 7T U Lft% (Scheme 43a) 4, 2017
2L Anbarasan H3 N-7 == VBTV —)L b 2.7 2=V VDT Vb ERE LTV D

(Scheme 43b) °%,
Scheme 45. Following Reports of Cp*Co(IlI)-Catalyzed C—H Allylation Reactions

(a) Sundararaju (2016)
[Cp*Cols], (5 mol %)

X AgOTf (20 mol %) I N
KOPiv (30 mol %) N
N OCO,Et z
N A TFE, 100 °C, 24 h N
H o ©
(b) Anbarasan (2017) |
R Cp*Co(CO)lp (10 mol %) p_—
k N AgSbFg (20 mol %) T N

N
KOAc (10 mol %)
H o+ OCO,Et _
RIS A PhCI, 100 °C, 48 h R
= =

L L, ZAVE THAE 41T & 72 Cp*Rh(IIDAREE, Cp*Co(IINARMEIZ L 5 7 U Ak, Wi fih
A AW GAIC BIEE L SN2 T VU EFI 2 W2 L8083 5 0 | TREESC A i F 5P o i Tk
FORMZFE L TNz,

2015 45, YHFZEEIL Cp*Co(IINMBEFEIE N, A > F— b 84 (X L TIEME b ST n7 U b
Ta— 85 ZAEH ST T UV ILRIG T2 Z & 2 A L7z (Scheme 44) %, AU
Cp*Co(IINAIEAEAE I CITE EANT SIS EITT D DIt L, Cp*Rh(IIAfE 2 FW 72 355 12 13RI
RIZEEED, ZOHEIT Co MDY Rh BT WA OA ML L2 —pITHY . BTH
THAIT L7z & 9 72 Rh DA & L COFRIM OHiPH 4 H % 7= Co AR A DS E VR D,
Scheme 46. Cp*Co(IlI)-Catalyzed C—H Allylation Reaction using Unactivated Free Allyl Alcohols

Matsunaga, Kanai (2015)
catalyst (5 mol %) Me

mH AgOTf (10 mol %) Me Me
N AgOAc (10 mol %)

oH Me~ - "Me
+
— A DCE, 60 °C, 8 h

N,

Co
CO

-
|

P4

N

|

|
catalyst yield (%) Cp*Co(CO)l,
85  Cp*Co(CO)l, 99

[Cp*RhCly], 31

3 @ZZY%
|

L

8
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B4 EE
AREJNZIBNT, A I = X AFHTAITOITE Y RO X5 e EE ST % (Figure 22)
o fIBEHTERARCToH D Cp*Co(CO)L il D AgOTFIC L A I UVEDSI ZHhENBI Y, FHTT &

7 — M EUL L7z Cp*Co(OAc) 85N E L D, Z 277 — MEAL 25 1 DIl L7z 3 flioE

JAF AT ME (A) BARROSOBIEMFETS & B2 BT D%, Z ZIZHEE 1 O

FEMEUL L (B). concerted metalation-deprotonation #4% (CMD #4#%) 12 X 5 C-H #5& OIEMHE(L %

BB LTRAZ T A 7 VHRE C 2R T 5, £D%k, 7 U AT/La—/L (85) @ C=C _EiEH

ﬁﬁlb(m\ﬁ<wtPn#yFm%&Uﬁykﬁﬁmiwcwmwmo@)ﬁﬁiﬁé&mT

HORBELY, B-t Fexy FUEEIR-t NY RBBEL Y & 2.4 keal/mol 72T HFITH 5720
B-t Rr s REEEMESLE L CTEITT D b T 5,

AgOTf

AgOAc

cp*co''(co)l, [Co"(OAC),

U]

1 AcOH

AcOHy c"0R) sy
) \\g

[Co"(OH)

(V1) [Co'] = Cp*Co

N
product N .
JERCRCS
74
)

AcOH
[Co'”] OAc)
N

W)k) HOL -~

[COm]Jr

Y=y

(v)

Figure 22. Plausible Catalytic Cycle of Dehydrative Direct C—H Allylation with Unactivated Free Allyl
Alcohols via B-Hydroxide Elimination

KEJAET VI Z T 27— b —AR 32— b & L THEHLT 2L E R 720720, TEEOH|
WICEHEE L, TTISHBEL DS DITAERM & KRS T DI &\ 9 BREEA~DOEATRF O/ WMENLT- KOG
THAHN, REISHHEHATEAREITIA v =B8R E -7 2=V T — VDR TH -7,

2015 40 Glorius DHEFIZENT, {FHELIN TN T U AT L a— Lz WX X7 I R
DTV MEDFERD =IO H R ST TN DD 20% & RINERTH S (Scheme 45) O,
Scheme 47. Cp*Co(IIT)-Catalyzed C—H Allylation of Benzamide Using Unactivated Allyl Alcohol

Glorius (2015) [Cp*Col,], (2.5 mol %) o
0 AgBF, (40 mol %) M
W Me o ACOH (40 mol %) N
] H * Z TFE, 60 °C, 16 h
20% A
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FRIL, Ru MBEFE T, EHE SN T RWT VLT L a— iz k57 VLR A fETH 5
T EDNE SN AR B O THEE A v R VR E EF 5 TS (Scheme 46) ™4,
Scheme 48. Ru(Il) Catalyzed C—H Allylation of Indole Derivatives Using Unactivated Allyl Alcohol

Kapur (2016)

R2 [RuCly(p-cym)], (5 mol %) R? R4
BN Cu(OAc), (2 equiv.) P —
R'I_r ]l\/\giH o R1_~ | \ R5
oo Ay X R oH AgSbFg (20 mol %) Seg Ay -
N 4\,s DCE,85°C,8-12h N
7\ R*R 7\
— 41-88% —

F I TEZT. EH SN T RWT U AT L a— L2 L 57 Vb d L0 —ii7e Tk~ & 58
BEED LA BT, RGOS AREOILKZ B LFERIZE T LT,

68



Gl
EEN
i
Gl
v

2 Y UBEAKREELE Lz C-H 7V VR

W, 7V BRI E LCRIATE D 2 EBNRAWE S, CHBEREMMUIGOIEE L LT
HANSND XIS EFT. 7V — AT UHFEEDL S NEMIEI AR Z EIEH LY,
TV UHERETT VT E L CGRIR L. (Table 28), 7 U U a5E(K 87a % LIRTSAFZER S L
7oA v R=DT VIALKIE (Scheme 44) * &L [FAERORIEGMFICAT LIzE 2 A, C-H 7 U ARIE
88a | % 13% L IKINRIZ L EE o7 (entry 1), & Z T4 OIRIEAZ AW TR 21T -7- & Z A, HFIP
RTFE R EDE T v FT /b a— L& W T BITIER S RIE I m E L, i 81% 0 NMR IUHE, 78%
DHBENFETHIM 21572 (entry 6), AV MIE ) T U MUIKD B 28RN, BIEERTH DN
TN o EET D E 7R B 88a 1572,

Table 28. Optimization of Solvents

. Cp*Co(CO)l, (5 mol %) —_— —
N N,/Pr AgOTF (10 mol %) entry | solvent | SM? yield (%)
D AgOAc (10 mol %) 1 DCE | 71 13
NN+ _~_OH 2 THF 67 trace
solvent (0.1 M) 3 MeOH 86 3
85  60°C,8h
87a (1.5 equiv.) 4 toluene 64 6
(0.1 mmol) 5 HFIP | 13 72
o/ \b
a@ Determined by 'H NMR analysis using dibenzyl ether as an internal standard. 6 TFE 0 81(78%)

0.3 mmol scale, isolated yield.

BV THEORF 21T o T2, BT v H—T =4 DRIE~DEBI I/ S o 72, (Table 29),
FURZ RN L 720 EICRIIRIEICIR T T2 2 005 (entry 6) . SUEIIZSUSDIEDN R B2 &
E2bND,

Table 29. Optimization of Ag Salts

iPr ip*Cc|>t(<(3100)lz (f OT)ol %) iPr entry | Agsalt |SM (%)% yield (%)
NN g salt {1+ mol % 1 | AgOTf 0 81(78%)P
W /> AgOAc (10 mol %) ML =4 R S 4 (----?2--
NZ~N + _~_OH 2 | AgSbFg 0 78
TFE (0.1 M) 3 AgNTf, 0 79
8  g0°c,8h
g7a  (1.5equiv.) ' 4 AgBF, 0 80
(0.1 mmol) 5 AgPFg 0 73
a H 1 f i f i
i Determined by H NMR ar.1alys|s using dibenzyl ether as an internal standard. 6 none 41 42
0.3 mmol scale, isolated yield.

IR DT 24T > 72 (Table 30), ZD#EHR, AgOAc Z Mk L U TN L7z BRICEEE IR
23 < (entry 1), Na, K, Cs Hid KO Ag,COs TIHEILERIT & EF o7 (entries 2-5), F 7oA U
MU 72 W TIR AL SUSHHEIT Lsyo 72 (entry 6), ZAUTH NV ARFT T — MEEFTEZ S
CMD B4 5 ¢ C-HIFMHALDEIT L T D Z 2R 2R TH 5,
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Table 30. Optimization of Bases

(0.1 mmol)

iPr Cp*Co(CO)l3 (5 mol %) iPr entry | base SM@ yield (%)?
7SN AgOTT (10 mol %) 1 | AgOAc | 0 81(78%)
' ; base (10mol %) [ [ ) ceeeeecpoitlilip ST
NN+ _~_OH 2 | NaOAc | 67 8
85 TFE (0.1 M) 3 KOAc 48 29
60 °C, 8h
87a (1.5 equiv.) 4 CsOAc 70 12
5
6

@ Determined by "H NMR analysis using dibenzy! ether as an internal standard.
b 0.3 mmol scale, isolated yield.

none 77 trace

ZOML, REEO Y B R & RUSSKRAEOREHT X DR a7 (Table31), 7 VAT
=)L DY EE 3 HEIIHIN S THIERITMA BT (entry 1), B EZEO LIEEAZ 1M
2T 2 EURDBPCME T L7 (entries 2,3), SUGHFRE] 2 24 BRFRNCAER L, 1B % 80 °CiZ_E&H &+
TEMIERITEAL L dyo> 72 (entry 4,5), fillii &% 2.5 mol % TR S5 & IERITRIEITIK T L,
fil 8 1 mol % CTITIHE 8%ICE T F L= Z & h | fllEITRKTH Smol %IIMETHD Z &N
Mz %,

Table 31. Optimization of Reaction Conditions

iPr Cp*Co(CO)I (5 mol %) iPr
N N AgOTf (10 mol %) N N
M > AgOAc (10 mol %) M >
NN + _~_OH NZ~N
TFE (0.1 M),
85 60°C, 8 h \
87a (1.5 equiv.) (previous condition) 88a
(0.1 mmol)
entry reaction conditions SM?  yield (%)?
0 previous condition 0 81 (78%)°
1 allyl alcohol (3 equiv.) trace 74
2 TFE (1 M) trace 62
3 allyl alcohol (3 equiv.), TFE (1 M) trace 63
4 24 h trace 78
5 80 °C,24h trace 71
6 Cp*Co (2.5 mol %) 12 54
7 Cp*Co (1 mol %) 73 8

@ Determined by 'H NMR analysis using dibenzyl ether as an internal standard.
0.3 mmol scale, isolated yield.

VL EDRISSAEORBTHRE R L D . Cp*Co(CO), (5 mol %) . AgOTf (10 mol %). Ag(OAc) (10
mol %), 7 VYL 7 /Lz—/L (1.5equiv.), TFE (0.1 M), 60°C. 8h TU&H%EAT D WIHIDSA: (Table
28, entry 6) 23 i T V) | fie i 81% D TH NMR U 78% D HAHEIN 4 C H iJ¥) % 157 (Table32, 88a)
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EREAE LS T . ARSOG 0 F B 6 l%%&k(BMﬁmONVVw%\%vw%f%%b
727 CHER LR  T U BB HETT L, 7 U LK 88b, 88¢ 45T, ASGNIIA T —L &K
&< LTH MR S SUSHET L, %%@W4I%vxuw%®¢%b%%toL#Lﬁ% ED 7
VR 8Td TV~ DEMREE RO TS | JREZ B 255K & o7z, UARY MEEZ A
THHBEIZBNTHEIEETT VK 88e NG DI it TR B U B EOBEHIL A R L7,
BRI, G HEOEE 525 A LTEGA I bIERA~OREIT DR Wi BRIFRINRTH
)% 88f~88h 73453 HALT-, N B U BRD B B FHERERITK LT HARLUSH M I RE T d - 72 (88i)
WFNOEEIZBNTH T VVEMBRINGEA SN E AT VAL EWEBII S 3, (LEERT
IZEIERTT U VOB AT LTz,

Table 32. Substrate Scope of C—H Allylation of Purine Derivatives”

R1
N N [Cp*Co(CO)ly] (5 mol %) _N
1 P AgOTf (10 mol %) i1
N Z~N on AgOAc (10 mol %)
+ AN
= 85 TFE (0.1 M)
X— : i
N | 87 60°C,8h X
(0.3 mmol)
R H AcO—. IPr
N N’ N\ [\j - OAc N\ N
M 1 ) o} 1 >
/> N/ N/
NN N T NoAc N
_ ~ N =

88i
59%°

8888; 88f : X = OMe, 83%
o 88g: X = F, 70%
88h: X = Ac, 93%

88a: R' = iPr, 78%
88b: R"' = Bn, 89% (95%)”
88c: R' = Ts, 64%

aThe indicated yields are isolated yields after silica gel column chromatography. 1.0 g (3.5 mmol) of
87b was used, and 1.08 g of 88b was isolated. °The reaction time was 24 h.
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BT, BRx REMEEET DT VATV a— Lz RN CEZ{T>7- (Table 33), Entries 1-3
TIINEAESEDE D7 2 V> 7 MERT UV T V3 —)LDZh &N OIR &2 IEfICE T
HZEWTERDSTER, WTFHOT VLT L a— &2 AW EAI S UGB EIT L, BN L
Lize affICBWILA AT LT VAT La—)L 85a,85b 25 &, EfRE ZIEDIREWE LTH
HI%) 88aa-1, 88aa-2 35 L UF 88ab-1, 88ab-2 7313641, ZDAEMIITN TG E RKNRLRL o7

(entries 1,2), y (TICEHIEZ AT 27 VLT /L3 —/L 85¢ 1Ly (MEAMIIN L 7= 4254 88ac 73 AR
W& U TEIESNTZD, DT Db o fiLA0IA 88aa-1 & #1417, 3-buten-2-ol 85a 73R+ T
BIESNT=Z &0, 85¢ MOLEM LT THE U 85a UGS L, AW 88a-1 BNAELT- L FAEL
T 5 (entry 3) ,affliZ 2 DDA FNIEHTHT VLT /La— L 85d 1Ly BHRAIZIE AN L,
7L =Ltk 88ad & BAT 7R IR T2,

Table 33. Substrate Scope of Allyl Alcohols

i
N N/Pr Cp*Co(CO)l, (5 mol %)
[~ ) AgOTf (10 mol %)
N 3 AgOAc (10 mol %)
N R\/\<OH 9
+
H R'R*  TFE (0.1 M),
87a 85a-854 060°C.8h
(0.1 mmol) (1.5 equiv.) 88aa-88ad
entry | allyl alcohols products
OH H DG Me DG
=
1 /\Mre Me™ X HON E/Z mixture (39 : 23)?
(E) (2)
85a 88aa-1 88aa-2
oH H DG Ph DG
2 Y Ph HON i - q)a
Ph (E) 2) E/Z mixture (1.3 : 1)
85b 88ab-1 88ab-2
H Me DG H DG
3 | Me A _OH| p~ Me)\/\© <10%
85¢c 88ac 88aa-1
major minor
oH Me DG
4 /M?<Me Me™ 78%b: ¢
85d 88ad

@The ratio was determined by 'H NMR. ?The indicated yield is isolated yield after silica gel column
chromatography. °The reaction was run at 80 °C for 24 h using 4.5 equiv. of allylalchol.
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F3EH RN XT I FFHEMR, Weinreb 7 X F2HEE L L7z C-H 7V UL

& 570 2 VB PR Z B L, 7€k D Glorius O 2 Tl 7 U L7 v a—L & fAVizi
AIRNRIZE EFE TR AT X R 89a ~Di 2 ATz, 7'V VFHEED T U WAL D i S
R AT I NIZHEALIZE 24, 41% & NERITTRRE Th o 7o 72 O E OSSR O Foifb 217 -
7z (Table 34, entry 1) , #fi 4 AgNTHIZAE LT, IRINEA 0T & DT IR D W | L7 (entries
2,3), {REE% 80 °C T, SUGKFM % 24 RFRIIIER T % & 57%F CILEIFM L L (entryd), 7 U LT
Na— DY EE 3 YEITHECT ESIBIERITR E L (entry 5), WZICHERBEORE 21T
STEMNT Y UHEREFRRICE 7 v RT3 — VIR i Cdh > 7= (entry 6), HFIP % W72 B
ZHOTITPEEN [ L LD T, RUXT I REREE L7277 VAL TIX HFIP % Samiapt & L7z
(entry 7).

Table 34. Optimization of Reaction Conditions for Benzamide

(0]

NH{Bu [Cp*Co(CO)l,] (5 mol %) ||
89a Ag salt (Y mol %) O
AgOAc (10 mol ¢
Me gOAc (10 mol %) NHBu
+
A~ OH solvent (Z M) 90a
85 temp., time Me
(X equiv.)
entr Ag salt solvent allyl alcohol temp. time| vyield®
y (Y mol %) (Z M) (X equiv.) °C) (h) (%)
1 | AgOTf(10) TFE (0.1) 1.5 60 8 41
2 | AgNTf, (10) TFE (0.1) 1.5 60 8 45
3 | AgNTf, (20) TFE (0.1) 1.5 60 8 48
4 | AgNTf, (20) TFE (0.1) 1.5 80 24 57
5 | AgNTf, (20) TFE (0.1) 3.0 80 24 69
6 | AgNTf, (20) DCE (1) 3.0 80 24 34
7 | AgNTf, (20) HFIP (1) 3.0 80 24 | 71 (679

@ Determined by 'H NMR analysis using dibenzyl ether as an internal standard.
b|solated yield after silica gel column chromatography at 0.30 mmol scale.

Table 34, entry 7 D §F % FV, N2 X7 X REFER OSSP % 84 L7= (Table 35).
A BN E @%%ﬁ#é%ES%swf EHEOBTHIMEEIC L ST VT s PREDIE TR
JEEIT L, BEIEOSAREEEIC L - TIXE AT VI bIK 91, (i BMEA 92 2Bl STz, &
EED TR DRFITALIE %ﬁTﬁW%ﬁ<\%ﬂ%m%s%ﬁ%ﬁwﬁﬁmfwfﬂ%uﬁ1&L®E
T 72 TR IRME CAARIINZ ZE N T~ T U VIS E A ST,
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Table 35. Substrate Scope of Meta-substituted Benzamide Derivatives

0 [Cp*Co(CO)Iy] (5 mol %) o o Q
NH{BU AgNTf, (20 mol %) NHtBu
+ _~_OH AgOAc (10 mol %) NH?Bu NHtBu
X 89 85 HFIP (0.3 M), 80 °C, 24 h 90 X X
(3 equiv.) X X 91Xy 92
X = Me: 90a 67%? X =Cl: 90d 53%2, 91d 5%P, 92d 17%”
X =CF;  90b 48%?2 X = Br: 90e 59%7, 91e 5%”
X = CO,Me: 90c 62%? X=1 90f60%2

aThe indicated yields are isolated yields after silica gel column chromatography. ?Determined by 'H NMR
analysis using dibenzyl ether as an internal standard.

EHLOR XTI KN 89g RX°, NIALTEWREA AT 5 X7 I R 89h X, HIV 90g, 90h O
izt b9 — DAV MLHT Vb Sz 27T U LAY 91g, 91h 3EI4 L 7= (Table 36), 4
JV MLCERIL A B A L7 FE 891 Tl C-H UIWr OALE IRV R 72 &3, MR TS I3t
1TL7,

Table 36. Substrate Scope of Benzamide Derivatives

0]
XN [Cp*Co(CO)l5] (5 mol %) |
X—:());;NHtBuAgNTfZ (20 mol %) 0
+ AgOAc (10 mol %) N NHBu ™ X
/\/OH X P
85 HFIP (0.3 M), 80 °C, 24 h 90
(3 equiv.)
e) (0] (0]
NH?Bu NH{Bu NH{Bu
Me F
90g 54%, 91g 17%°? 90h 48%, 91h 19%° 90i 71%

@ Determined by "H NMR analysis using dibenzyl ether as an internal standard. The indicated
yields are isolated yields after silica gel column chromatography unless otherwise noted.

N T, ~TREBEOT Vb ERE L7z (Table 37), 7 T ViBERTIXIEDO T U ALK 94a 1%
ELBRENIRD -T2, T4 7 = UFFEIR 93b, 93¢ TIXT U WAL HETT Lz, 30T 2 RigiE
EHTLHF AT = 93¢ T2 MEBIRANC T U UALAHEIT L7223, D 4 27 U U iR & B8 S
Nize XUV F AT 2 DT U IMBIZATIE 94’35 107272, iiKEI & LT MgSOs ZH L
To b TAWENE E L PREREOIETHIOT UMLK 94d, 9de 2155 Z LN TE -, L L 9e
&L BT UToKRAER 94e’ | IR A Z BN L THED Ler o7z,
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Table 37. Substrate Scope of Heteroaromatic Derivatives

)

[Cp*Co(CO)l,] (5 mol %) ||
NHtB” AgNTf, (20 mol %)
+93 AgOAc (10 mol %)

-t oH @ NH{Bu
/ o
85 HFIP (0.3 M), 80 °C, 24 h 94

(3 equiv.)
—
N-B /
H N|-t|
Bu
4a\ 94b 94c
N.D. 19% 20%®
HO
0O S
HN-Bu %
tBu o] N,';u
94d 94e 94e'
58%° 53%° 17%°

@ The yields were determined by H NMR analysis using dibenzyl ether as an
internal standard. ? Trace amount of regio isomer and bisallylated product
was detected. ° The reaction was run with MgSO,4 (20 mg) at 0.1 mmol scale.

Gl

i

Gl

=

T, BemEEORRT 21T o 72 (Table 38), A 3 A —7 )LFERITIRIR 23 6 HIUY) 96a,
96b 527, £72%< D CHERRBKLETHWONL TS 2-7 =LY T (95¢) OT Y

BRI BRI OAMIZ b
RIEEW A5 27,
Table 38. Optimization of Directing Groups®

DG cp*co(co),] (5 mol %) |
AgNTf, (20 mol %)

+95 AgOAc (10 mol %)

OH
1 HFIP (0.3 M), 80 °C, 24 h
(3 equiv.)

| N,OMe | Pyr =
R

R = Me: 96a 38% 96c
R = Ph: 96b 16% 25% 59%

@ Determined by "H NMR analysis using dibenzyl ether as an internal
standard. ® Combined yield of 96¢ and a bisallylated product.

STBEREE 72 © 2T U AR DM EL DRI ERM D A U B
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FNWT AL ATFNAVIEERT LN XT I REHWTT I FEHR LoEREORF 21772
(Table 39), N EOEHIENE R NT X~ > FNFEORE, Bu K & RO T H Y 98a & 5-
Z SEARBEEDN /NS K 72 B2 TULERME T L7z (98b,98¢), N EIZKFZFFZ720 7 I RTH
IR ER 72 25 6 HIVH 98d 35 H iz, ZOFREERMNS . 7 2 ROZEHRF - Tld/e < BRsB R 123l h)
ELTas7VV MIENMLTWD EEZbND, — . BEIRT X MR & A ERISHEIT Lo/
ZEnh, EAEOBERBHENLETH D Z ENHERISLD (98e)

Table 39. Effect of Directing Groups

0 [Cp*Co(CO)l,] (5 mol %)

R AgNT, (20 mol %) Q »
R2* _~_OH AgOAc (10 mol %) N;
R
85 HFIP (1.0 M), 80 °C, 24 h
Me 97 (3 equiv.) ( ) ’ Me 98°
| o o
0 R = tBu: 98a 67% Me
R R=Ad: 98a67% N NH
ly R=Et 98b52% Me
X = Me: 98¢ 45% Me 98d 98e®
Me 31% 2%

b Determined by 'H NMR analysis using dibenzyl ether as an internal standard.

ERANCA 72 Weinreb 7 X B 99 1254 L THASRITEM T, PERICUWHEORMITIES b
D ONLEZRIRANZE 2 7 U ABIK 100 Z2715%72 (Scheme 47, entry 1), JiE A 90 °Clc EH-SE 5 &b
TR BULEN [ E L7 (entry 2), Z v, Cp*Co(IIfifE 2 F\ 7= C—H B REFALSESIZHB W T
Weinreb 7 X R&fdmzk s UCRIH L7806 TH 5%,
Scheme 49. C—H Allylation of Weinreb Amide

(@)
_OMe [Cp*Co(CO)l,] (5 mol %) || —T——
©)L'?‘ AgNTT, (20 mol %) o entry | temp (°C) | yield (%)
goMe  AgOAc (10 mol %) OMe 1 60 38
+ )
_~_OH HFIP (0.3 M), temp., 24 h Me 2 90 44
85 100
(3 equiv.) @ |solated yield after silica gel column chromatography at 0.30 mmol scale.
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1. ARTE BOG B AE

Cp*Co(IIDfE 2 7= 7 U MBI L, 2 E THRESINTZT VLIS ® 258135 &
(Figure 22 ), RO X I A D= AL THEITLTWD EHER SN D, EBERTBRIATH D
Cp*Co(COL 22 HERE & 727 — NOWINC LV AE U =MhoE /) T4 8K (1) 23, CMD
BAEIZ LV EEE O C-H fG 52T 5, AUCEAZ TV A 7 FRE QV) 127 Vv ra—u
DB - FEAT D (V). TD%, B FrXUBEHC L0 7V ABIER AR L, BERRIZ LD Y v
R AR CIEMERE (D) BSH4ET 5,

AgOTf
CpCoCO), -A99AC  coj(0Ac),
(U]
1 AcOH
|||
AcOHJ/V [Co ]OAC) S.M.
() R
NN
Co''}(OH \( o
[Co"(OH) T

' N
product v AcO [Co]
/-OH eliminatin R /K
(1)
AcOH

N
msertlon

[C ]+
(Iv)

HO\/\

Figure 23. Plausible Reaction Mechanism

2.4 T v ET L a— LA D h R

VI 2 BT L 728 R VHFIP ° TFE 72 EDF 7 v 77 /b 23— VIR TS IR 23 [\)_E L 72 (Table
28), B7 wRT IV A= NFEEORME LT, O m R ch D Z L. @BLATREAME W
Z Lk, @EYE (HFIP ; pKa=93) Thd I ENHETF oD, ARG OMBIEVERIIENLE D220
7o /) AF A Mar L NETHDHT-0 (Figure 24, B), QX V., SR CHDE 7 v R TV
T VEBNIIERE A L E T 2 LB X BV D, ERRNIRED S WIR SR OREE OB & BES
L CRISOHEITEBRLET 5725, QIR LB RE MR EE & AR 2 I D B 54T
HD, mEZIZ, TR TIEMWFENAE U D 7201137 =4 U PYEOBML 23 2 3L ks B fRBET 2 M8
&% (Figure 24, Ato B), @KV . F9MEMED T /L3 — /WA KER I L0 7 =F v 22 ekt
LT AR TH LT A MGEENELCLT <D L TRL TV,

77



N
M N> Fluorinated M >
. N~ | alcohol solvent cpr N~
o] o]
AcO” \:
AcO
II-I'-
[Co](OAc), — \‘ [Co"(OAC)
AcO
A B
inactive active

Figure 24. Active and Inactive Speaces

3. Rh fililiE & o FEig:

FEATIFFRIC BV TYAFFEEE Tl Co X Rh il & iz L7 U AT v a— L E W7 UL
BRI LTV D Z L 2 @E LTS %, SEAWET Y UEFERIZEW TS RO 2 & 5
DE D DEFRARD T, Rh il & OIRER AT o7, ZOfER. Co il Chelifb L7z SUs &
2BV T, Rh il a2 W 7ZBROULERIT 19%I2 & EF o72 (Table 40), E-gIERME L TT AT
b K101 23, Co fffAF1E T ClE 3%, Rh AEAATE N ClE 8% = 417,

Table 40. Catalytic Activity of Cp*Rh(III) Catalyst
Cp*M cat. (@ mol %)

IPr o JiPr
N.__N AgOTf (10 mol %) N.__N
Mmoo AgOAc (10 mol %) [ >
NA>N + -~ _OH N A~N  +
TFE (0.1 M) P
85 60°C,8h
g87a (1.5equiv.)
(0.1 mmol) 88a
entry Cp*M(lll) cat. 88a? 101 (%)?
1 Cp*Co(CO)l5 (5 mol %) 81 3
2 [Cp*RhCly], (2.5 mol %) 19 8

@ Determined by "H NMR analysis using dibenzyl ether as an internal standard.

IO DOREES, ColX Rh LV g

KR

HAVHRE LTV 5D %,
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BAWEA R <. B-H BB LT B-O M EESE L Cite
T 2707 U MALEBELNEA, Rhide KU REOBRERRE <, B-H BilED B-O Bl & 5t
ELTETT DT UIBKRMRINRIZE EE o7z & PRI ND (Figure 25), B-H BiBENSETI
HE&Ee RY FEMAECCRIBISZRZ L2y | 1 lO&ERENAE U THEY 1 7 Vb okindz
DT HZ LI RIERK LD, BxSe 140 Rh il A2 Btk 5 2 L TY A7 b RaE
FeHNAFT- IV Glorius (2 XV A STV A0, F72 Co filliEdB-0 Bl L3 &, BLW
Rh i DB-H BBEOHEIT LT S 2RI LT Uk & 7 v7 & REO#HIiH %2 512 Sundararaju
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Figure 25. 3-O Elimination vs 3-H Elimination

4. 7 U WAED BOSHEREIZ DWW T

Cp*Co(IIDAIEIZ X 27 VU MEISIE, A X T WA ZOVHFRHURIZ T V7 o @ “BEREG DAL,
B-O Wik A& H L CT7 U AKIKD TG B 2% (Figure 26, A) &, n-7" U /L@ L kiR 4 % i
TOHERE (B), A X T A 7 )VHRUAR T U Vb F 4 L ASKEEAHINT 5 Friedel-Crafts % O (C)
NEZ B, %< OWETIZEBRIEE AT ST U MCEIOM I y-RIRANCHEITT 5 2 & 0 DRk
A DBRE SN TND %, EFNASEIRE LIZROSICB W T LICERIKIC L 27 U bz Lz &
Z A YA IR EIRANCAG Hav, E7ob 'O afif IR E 7 VT v 23— O BRI 13BLIH S 7
7o &b ~7z (Table 33), ZDOfE RO o iATIRIZEMAL L7ZT U AT v a—inbAELTED
VBRI HEIT T2 B-0 BBEA R LCT U MMLEREG LN L8 (A) K VEfTLTWDEHE
Zohb, £B-HBEEC I VAT T7LT B RAS Co filllta AW =BIc b VBB S -2 & b

(Table 40), 7 U T a— @A L7ZHREIAE 102 2B L TWAZ 2R LTS,
N R

N
B-O S
elimination N

olefin
Insertion

pathway A
(preferred)

— ﬁ N _2+
S N cp p-O

elimination

oxidative
addition

pathway B

NN I

N & ?\l Cp* nucleophilic Q
elimination N & \C/o”' substitution
pathway C 1/\/R

Figure 26. Three Plausible Reaction Mechanisms of Allylation
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5. SREEDIINZN R

AREOESTliX AgOAc & AgOTE @D 2 FFEHOERME 2 I L T 5, Figure 23 (27 L72 OGRS L D |
Ag'lT Cp*Co(CO), D I U FEZ 5| < 72 Co IR L T 2 Y EMLETH 5725 RN EIE 2 IR
N5 LM ERA LI (Table29), B D> Z—T =4 OFEFITIRITHE L RN 2 L
O, AgMBUREREL TS EBEZ BND, ERICEDFHUIRNZS Ag DR EIR~D Z &
IXTERVA, I VRO X ITBRE AgNVLETHS, b LATSESEREA & L CHRE
TWLHDTIHZRWNETFHRL TWD, BRI WEREAI & LT C-H BRSNS SN 7=fl b
B D B-HBEEC X VA UETEIN L liD 20 MEEFER LT 2%E08H 5 O TiXznin
L& 2 T% (Figure 25 Z ), AgOAc Z RN L THUCRILM L LWz, B AEIFI72
TEMERRICBUNL U CIEMERE OB S 2 H1 . AIEM L LT L E 9 787 — F ORI £ L < 72<

(Figure 24) . FERNIMED T T 2 2 —T = A L RO 2 IRINT 2 LER R H D EHERIL T\ 5
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fEE
H1E~E3E C-H BB CRUSZ R LIy~ 7 Al o B %8

VI EEFIT, EBREAXTIVE R ZVRF Y Ry 7HEEL T L-MYUCR L, C-H &M bEE
BT 5EBGREEZEN LY v 7SR L-MYM? % 7 U UL C-H B e RSOGO AR 75 fil it
ELTHA L, V7 UM e M @R OMAE DR ERGIETETEDL LW IFREIENL T,
HE LS DT 2 — = 7 HATH 2 & T RO Pd fBEIZ K 5 7 U WAL C-H BREEALIX
JETIFHREBINZ Lo Te N A L7 0 O T VLB RREALC, 7 2 ALES DA 4 2 AL
L7z, IGHIERFZEIC L0, EEEENEE CH L Z L, BLOARKIENT UL C-H TEHELRE
%Tﬁﬁb C—H i & Gl ot &wfﬁ&m& tChDHI L ERLI,

d N Cz&j@

C H activation

L-M o LWMZR
Metal-containing Dinuclear
chiral bissulfoxide Schiff base catalysts
Schiff base ligands for C—-H functionalization

I EDORERIZ, HEDOTF 2 —=2 TIEG IRAF RN & W0 ) BER O TTITHTRRAL T2 BA%E L
CH BREMEUSZBNCA A Z R LI b D TH D, ARETIET UL C-H BRI LRIS~D
W E 525, C-H BERAELEIE & W 9 @ R RURIZ B W TRAE R 21T - Io AW 7EE, By
> 7 WIS O 2R H R ORI REME 2 R T D ThH 5, BERERIRDBRATE & TR BRI 2B pRiLHE
SO LD T E WY D,

¥4 E  Cp*Co filiitic X5 C-H 7V ML is

Cp*Co(IIDf LIz X DIEMHAL STV W T U LT a— v & W= T U AR D G5 %
WEL, WL L CE 7 R T NVa—WEEEHWS Z & T, ZRETHEATE o2 E
(2 TARRIS OGP Z IR Uiz, BRx 2R, EHEL 6357 ) ViR RO~
AT 2 ReBEAR, b LA H7 Weinteb 72 ROT U ALICHEACTE 5 X )2k o7=, 2
X Cp*Co fillit 2 v 72 C-H BREFALIGIZ Weinreb 7 X REZH WD TORITH 5,
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General

Analysis: Melting points were measured on a Yamato melting point apparatus model MP-21. Infrared (IR)
spectra were recorded on a JASCO FT/IR-5300 spectrophotometer and absorbance bands are reported in wave
numbers (cm™). Proton nuclear magnetic resonance (‘H NMR) spectra were recorded on JEOL INM-ECS400
spectrometers operating at 391.78 MHz, JOEL JNM-ECX400 spectrometers, operating at 395.88 MHz, and
JNM-ECA500 spectrometers operating at 500.16 MHz. Carbon nuclear magnetic resonance (*C NMR)
spectra were recorded on JEOL JNM-ECS400 spectrometers operating at 98.52 MHz, JOEL JNM-ECX400
spectrometers operating at 99.55 MHz, and JINM-ECAS500 spectrometers operating at 125.77 MHz. Chemical
shifts in CDCls, were reported in the scale relative to TMS (0.00 ppm for '"H NMR), CHCI; (7.26 ppm for 'H
NMR), CDCl; (77.0 ppm for *C NMR) as an internal reference, respectively. Data are presented as follows:
chemical shift (ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad),
coupling constant (J, Hz), integration and assignment. Mass spectrometry was performed by the Instrumental
Analysis service, Hokkaido University. ESI mass spectra were measured on JEOL JMS-T100LCP
spectrometer.

Column chromatography was performed with silica gel Kanto Silica gel 60 N (40-50 mesh). Analytical high-
performance liquid chromatography (HPLC) was performed on a JACSO PU-1580 intelligent HPLC pump
with JACSO UV-1575 intelligent UV/VIS detector. Daicel CHIRALPAK columns and CHIRALCEL columns
(4.6 nm x 25 cm) were used. Detection was performed at 254, 230 nm. Retention times (tr) and peak ratios
were determined with a JACSO-ChromNAYV analysis system. Hexane and 2-propanol were HPLC grade, and

filtrated prior to use. Optical rotations were measured on a JASCO P-1010 polarimeter.

Materials for allylic C—H functionalization ((51E-%53%) : Metal sources such as Cu(OAc),-H,O
(Kanto Chemical, 07473-30), Ni(OAc),-4H,O (Nacalai tesque, 2421412), Co(OAc),-4H>O (Kanto Chemical,
07386-00), EtoZn 1.0 M solution in hexane (Kanto Chemical, 11264-25), and Pd(OAc), (TCI, P2161 purified
grade) were used. 2,6-Dimethyl-1,4-benzoquinone (2,6-DMBQ, TCI, D2234), (PhO),PO,H (TCI, P0801),
B(CsFs); (FUJIFILM Wako, 356-19081), 1,2-Bis(phenylsulfinyl)ethane palladium(Il) acetate 32 (Sigma-
Aldrich, 684821) were used for the allylic C—H amination reaction. THF and 1,4-dioxane used for allylic C—H
amination were purified by Glass Contour solvent purification system before use. L32 was prepared from
salicylic aldehyde and (R)-(+)-1,1'-binaphtyl-2,2-diamineane according to the literature.! All the C—H
amination reactions were performed under Ar atmosphere using a Ar-filled glovebox. Substrates used in 52

S A

T35 were prepared Z-alkene unless otherwise noted.

Materials for C—H allylation (3$43) : 1,1,1,3,3,3-Hexafluoropropan-2-ol, 1,2-dichloroethane
(CaHg), and 2,2,2-trifluoroethanol (CaSOs and NaHCO3) were distilled from the indicated
reagents, purged with argon for over 30 min, and stored over activated molecular sieves 3A or

4A under argon atmosphere before use. Commercially available THF, toluene, MeOH (Wako
89
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Ltd., deoxidized grade) were used without further manipulation unless otherwise stated.
Cp*Co(CO)I: was synthesized according to the literature.2 All benzamide derivatives 89, 93, 97,
99 were prepared from corresponding benzoic acid or benzoyl chloride and tert-butylamine.
Purine derivatives 87 were prepared from commercially available 6-chloropurine according to
the literature.? Allyl alcohol was distilled from dried K2COs under argon atmosphere. All other
reagents were commercially available and used as received. All non-aqueous reactions were

prepared in a glovebox under Ar atmosphere unless otherwise noted.

Measured data of allylic C—H amination of urea 45 (Figure 15)

77 ZHERUC W T2 EBRFE R OMT — # & FREITR T,
0

0
J L10-Cu (x mol %) M

HN™ “NHTs
\_\‘ Pd(dba), (x mol %) \—Q\
—  2,6-DMBQ (1.5 eq) —

(0.1 mmol)  dioxane (0.3 M), (PhO),PO,H (y mol %)

45°C,zh
entry | Catalyst (PhO),PO-H Time % yield er
(x mol %) (y mol %) (zh) SM ™
1 10 4 14 13 58 72/28
2 10 4 21 <10 59 70/30
3 10 4 48 N.D. 49 70/30
4 20 8 14 14 89 80/20
5 20 8 21 N.D. 73 95/5
6 20 8 48 N.D. 64 96/4
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3. Experimental data of Schiff base ligands (5513£)
3.1. Synthesis of Schiff base ligands
1-(dimethoxymethyl)-2-(methoxymethoxy)benzene (12)

CH(OMe)
CHO  \viomcl, piPEA CHO PPTS CH(OMe),
OH  CH,CI,, rit. OMOM MeOH, r.t. OMOM
11 103 12

To a stirred solution of salicylaldehyde 11 (20 g, 0.16 mol) and DIPEA (86 mL, 0.49 mol, 3 equiv.) in CH,Cl,
(450 mL) was added MOMCI (19 mL, 0.25 mol, 1.5 equiv.) in CH>Cl, (100 mL) dropwise at 0 °C under Ar
atmosphere. The reaction mixture was stirred at room temperature for 4 hours. The reaction was quenched
with NH4Cl aq. (ca. 300 mL) and then the mixture was washed with NH4ClI ag. two times to remove DIPEA.
The combined organic layer was washed with brine (ca. 300 mL) and dried over anhydrous Na,SOs. Filtration
and evaporation in vacuo furnished the crude product, which was used to the next transformation without any
purifications.

The crude mixture of 103 (27 g) was dissolved in MeOH (400 mL, 0.41 M). To this solution were added
trimethyl orthoformate (80 g, 0.75 mol, 4.6 equiv.) and pyridinium p-toluenesulfonate (490 mg, 2.0 mmol,
0.012 equiv.). After stirring for 5 hours at room temperature, the reaction was quenched by adding K,COs (410
mg, 3.0 mmol) dissolved in a small amount of water, and evaporated to remove MeOH. The mixture was
extracted with AcOEt (ca. 300 mL), and the organic layers were washed with NaHCO3 agq. (ca. 200 mL, two
times) and brine (ca. 200 mL, once), and dried over anhydrous Na,SOs, Filtration and evaporation in vacuo
furnished the crude product, which was purified by distillation (80 °C at 0.1 Torr) to give 7 (32 g, 93%) as a

colorless oil. The product was identified by comparing the "H NMR spectrum with reported one.*

(R)-1-(tert-butylsulfinyl)-3-(dimethoxymethyl)-2-(methoxymethoxy)benzene (15)

1. nBuLi (2.1 equiv.)

- CH(OMe),
CH(OMe), ;FtI\AIE1Dr;A (2.1 equiv.)
G v > OMOM
OMOM 2.(R) O (1.0 equiv.) +
12 é+ tBu ’§ 15
Bu" S Bu g
93%, 96:4
0°C, 10 min (93% er)
3. H,0

In a dried round bottom flask, #-butyllithium in hexane solution (7.21 mL, 1.5 M, 10.8 mmol, 2.1 equiv. to
(R)-TBTS) was added to cooled THF (10.8 mL) under argon atmosphere. After the addition of TMEDA (1.3
g, 10.8 mmol, 2.1 equiv.), the mixture was stirred for 10 min at 0 °C. Then the protected salicylaldehyde 12
(2.17 mL, 10.8 mmol, 2.1 equiv.) was added to the solution dropwise at that temperature. After the stirring at

room temperature for 1 h, (R)-fert-butanethiosulfinate (TBTS) (1.0 g, 5.2 mmol, 1.0 equiv.), which was
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prepared according to the literature,” as 0.3 M THF solution was added slowly over a period of 3 minutes at
0 °C. The reaction mixture was quenched with NH4Cl agq. after stirring for 10 min at 0 °C. The aqueous layer
was extracted with CH,Cl, and dried over anhydrous Na>SQs. Filtration and evaporation furnished the crude
product, which was purified by column chromatography (hexane/AcOEt, gradient from 3:1 to 1:1) with cooling
while the crude product was charged on silica gel. The product 15 was obtained as a colorless oil (1.52 g,
93 %); HPLC analysis: 96:4 er, CHIRALPAK IC, hexane/iPrOH = 4:1, 1.0 mL/min, 254 nm, tg = 15.2 min
(minor), 18.6 min (major). IR (NaCl): 3467, 2959, 2829, 1591, 1434, 1362, 1161, 1042, 932, 797 cm™. 'H
NMR (CDCl3, 400 MHz): & 1.19 (s, 9H), 3.35 (s, 3H), 3.36 (s, 3H), 3.63 (s, 3H), 5.09 (d, J = 5.4 Hz, 1H),
5.15(d,J=5.0 Hz, 1H), 5.66 (s, 1H), 7.38 (t, /= 7.7 Hz, 1H), 7.72 (dd, J="7.7, 1.8 Hz, 1H), 7.81 (dd, /= 7.9,
1.6 Hz, 1H). *C NMR (100 MHz, CDCl;): § 22.9, 52.5, 54.1, 58.0, 58.1, 98.8, 100.7, 124.6, 127.7, 131.1,
132.0, 134.6, 152.5. [a]p**! = +142 (¢ = 1.0, CH,Cl,). HRMS (ESI): m/z calculated for C;sH4OsSNa*
[M+Na]": 339.1237, found: 339.1247.
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Figure 27a. Chiral HPLC chart for (rac)-1-(tert-butylsulfinyl)-3-(dimethoxymethyl)-
2-(methoxymethoxy)benzene 15.

Figure 27b. Chiral HPLC chart for (R)-1-(tert-butylsulfinyl)-3-(dimethoxymethyl)-
2-(methoxymethoxy)benzene 15.

(R)-3-(tert-butylsulfinyl)-2-hydroxybenzaldehyde (16)

CH(OMe), 1. 2 M HCI, THF CHO
0 °C tor.t.
OMOM OH
—g* 2. recryst. from —_g*
tBu _S hexane / AcOEt Bu -
o (@]
15 16

To a stirred solution of 15 (1.5 g, 4.8 mmol, 96:4 er) in THF (10 mL, 0.48 M) was added dropwise 2 M HCI
aq. (10 mL) at 0 °C. After stirring for 18 h at room temperature, the mixture was extracted with AcOEt. The
organic layer was evaporated to furnish the crude product as a pale yellow solid, which was purified by
recrystallization from hexane/AcOEt below 40 °C to furnish enantiomerically pure product 16 as a pale yellow

solid (817 mg, 76 %); mp: 103-105 °C. IR (KBr): 3063, 2983, 2928, 1958, 1923, 1728, 1663, 1606, 1573,
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1442, 1396, 1362, 1295, 1271, 1224, 1168, 1133, 1074, 1039, 1022, 947, 907, 820, 794, 747, 694, 676, 612,
568 cm™. "TH NMR (CDCls, 400 MHz) & 1.26-1.27 (m, 9H), 7.16-7.21 (m, 1H), 7.75 (d, J = 7.7 Hz, 1H), 7.88
(brs, 1H), 10.06 (s, 1H), 11.58 (s, 1H). *C NMR (100 MHz, CDCls): § 21.6, 33.6, 39.4, 117.6, 127.0, 127.0,
129.8, 134.7, 136.8, 144.7, 152.1. [a]p?? = +295 (¢ = 1.0, CH,Cl,). HRMS (ESI): m/z calculated for
C1H1403SNa’ [M+Na]": 249.0556, found: 249.0553.

It was difficult to determine the enantiomeric ratio of 16 by HPLC analysis because of their broad peaks. The

enantiomeric ratio of 16 was determined after the reduction to the corresponding alcohol (see below).

(R)-2-(tert-butylsulfinyl)-6-(hydroxymethyl)phenol (17)

CHO OH
oH _ NaBHy . OH
MeOH
Bu—S" Bu=—S"
o o
16 17

To determine the enantiomeric ratio of recrystallized aldehyde 16, reduced alcohol 17 was prepared. NaBH4
(4.2 mg, 0.11 mmol, 0.74 equiv.) was added to a stirred solution of 16 (34 mg, 0.15 mmol) in EtOH (250 ul,
0.6 M) at 0 °C. After stirring for 1 h at room temperature, NH4CI ag. was added to the mixture and then the
mixture was extracted with CH>Cl,. After the evaporation of the organic layer, the crude mixture was purified
by silica gel column chromatography to give alcohol 17, of which enantiomeric ratio was determined to be
>99:1 by chiral HPCL analysis with a CHIRALPAK IE column (hexane/iPrOH = 9:1, 1.0 mL/min, 254 nm, tr
= 40.8 min (minor), 42.3 min (major)).; IR (NaCl): 3303, 2963, 2926, 2868, 2366, 1725, 1591, 1442, 1393,
1365, 1248, 1172, 1141, 1075, 1055, 1011, 983, 873, 832, 818, 778, 737, 669, 659, 613, 586, 569, 558 cm™'.
'"H NMR (CDCls, 400 MHz): & 1.31 (s, 9H), 4.70 (s, 1H), 4.71 (s, 1H), 6.88 (t, J= 7.6 Hz, 1H), 6.92 (dd, J=
7.6, 1.8 Hz, 1H), 7.38 (dd, J = 7.2, 1.8 Hz, 1H), 11.35 (brs, 1H). 3C NMR (100 MHz, CDCls): § 22.9, 58.8,
61.5,115.9, 118.6, 127.2, 130.9, 131.8, 159.7. [a]p?*? = +38 (¢ = 1.0, CH2Cl,). HRMS (ESI): m/z calculated
for C;1HisNO3;SNa™ [M+Na]*: 251.0712, found: 251.0711.

93



FERIH Chapter 3

8000 -
(a) 40000 - (b)
6000
= = 30000
3 3
> 4000 ! 1 =
2 1. 2 20000 -
£ (| £
= 2000 | ‘ |‘ ]
’ k a 10000 -
0 L YN | 3
g L., . o yl][‘j S~
r T T T T r T T T T
0.000 10.000 20.000 30.000 40.000 50.000 0.000 10.000 20.000 30.000 40.000 50.000
Retention Time [min] Retention Time [min]
#[tR [min][Area’ #[tR [min][Area% |
1]40.893 [47.110 1]40.797 [0.862 |
2[43.840 [52.890 2[42.320 [99.138]

Figure 28a. Chiral HPLC chart for (rac)-2-(tert-butylsulfinyl)-6-(hydroxymethyl)phenol 17.

Figure 28b. Chiral HPLC chart for (R)-2-(fert-butylsulfinyl)-6-(hydroxymethyl)phenol 17.

General procedure for preparation of Schiff base ligands

a

CHO
HZN. . NH, —N N=
OH diamine
. EtOH, rit. OH HO
o 0) Bu
16 L

A corresponding diamine (1.0 equiv.) was added to aldehyde 16 (2.0 equiv.) in EtOH (0.1 M), and the mixture

was then stirred for more than 3 hours at room temperature. The mixture was evaporated in vacuo to furnish

Schiff base ligands L as an orange or yellow solid in quantitative yield, which was directly used for the

characterization and the enantioselective C—H amination reaction without further purification except for L10.

6,6'-((1E,1'E)-(1,2-phenylenebis(azanylylidene))bis(methanylylidene))bis(2-((R)-tert-

butylsulfinyl)phenol) (L1)

o-Phenylene diamine (19 mg, 0.18 mmol) and aldehyde 16 (80 mg, 0.35 mmol)
afforded L1 as a yellow solid according to the general procedure; mp: >200°C. IR
(KBr): 2961, 1615, 1584, 1568, 1471, 1433, 1363, 1301, 1266, 1213, 1172, 1144,
11 05, 1041, 1031, 931, 859, 831, 786, 760, 745, 578 cm™'. "TH NMR (CDCls, 400
MHz) & 1.28 (s, 18H), 7.12 (t, J = 7.5 Hz, 2H), 7.25-7.29 (m, 2H), 7.40 (dd, J =
5.9, 3.6 Hz, 2H), 7.52 (d, J= 6.8 Hz, 2H), 7.87 (d, J = 7.7 Hz, 2H), 8.66 (s, 2H).
3C NMR (100 MHz, CDCls): 8 23.0, 57.9, 119.1, 119.8, 128.3, 131.2, 134.9,

L1

141.8, 159.2, 163.4. Some aromatic signals were missing probably due to overlapping. [a]p*** = +564 (c =

1.0, CH,Cl,). HRMS (ESI): m/z calculated for C,sH3N>O4S:Na* [M+Na]*: 547.1696, found: 547.1711.
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6,6'-((1E,1'E)-(ethane-1,2-diylbis(azanylylidene))bis(methanylylidene))bis(2-((R)-tert-
butylsulfinyl)phenol) (L2)

1,2-Ethylenediamine (11 mg, 11.7 ul, 0.18 mmol) and aldehyde 16 (80 mg, 0.35 N/ \N
mmol) afforded L2 as a yellow solid according to the general procedure; mp:
OH HO
>200 °C. IR (KBr): 2979, 2923, 1632, 1602, 1575, 1439, 1361, 1274, 1143, 1051,
tBu=—S + +S==0

1027, 932, 890, 828, 783, 748, 616, 603, 512 cm™'. "H NMR (CDCl;, 400 MHz) & C_) ’:'tBu
1.22 (s, 18H), 3.87-3.94 (m, 2H), 4.00-4.07 (m, 2H), 7.04 (td, /= 7.6, 0.9 Hz, 2H), L2

7.33 (d, J = 7.7 Hz, 2H), 7.80 (d, J = 7.7 Hz, 2H), 8.37 (s, 2H). *C NMR (100 MHz, CDCl;): & 22.8, 57.6,
58.7, 118.1, 118.5, 128.0, 130.5, 134.1, 159.7, 166.3. [a]p*** = +485 (¢ = 1.0, CH>Cl,). HRMS (ESI): m/z
calculated for C24H3:N>04S,Na* [M+Na]": 499.1696, found: 499.1710.

6,6'-((1E,1'E)-(((1R,2R)-cyclohexane-1,2-diyl)bis(azanylylidene))bis(methanylylidene))bis(2-((R)-fert-
butylsulfinyl)phenol) (L4)

(1R,2R)-(-)-1,2-Cyclohexanediamine (20 mg, 0.18 mmol) and aldehyde 16 (80 <:\>
mg, 0.35 mmol) afforded L4 as a yellow solid according to the general procedure; _N\\\ N—
mp: >200 °C. IR (KBr): 3431, 2928, 2860, 1627, 1523, 1435, 1300, 1269, 1230, OH HO
1143, 1069, 1033, 942, 826, 786, 748, 625, 596 cm™'. 'HNMR (CDCls, 400 _
MHz) 6 1.10 (s, 18H), 1.45-1.50 (m, 2H), 1.66-1.75 (m, 2H), 1.91 (d, J=9.4 Hz, tBug“\S ' ’ Si':t_BuO

2H), 1.99 (d, J = 14.8 Hz, 2H), 3.37 (dd, J = 6.1, 3.8 Hz, 2H), 6.97 (t, /= 7.9 Hz, L4

2H), 7.23 (dd, J=7.6, 1.8 Hz, 2H), 7.72 (dd, J= 7.6, 1.8 Hz, 2H), 8.30 (s, 2H). ®C NMR (100 MHz, CDCl;): &
22.8,24.1,32.6,57.6,72.2,118.0, 118.3, 127.9, 130.5, 134.0, 159.9, 164.3. [a]p**! = —305 (c = 1.0, CH,CL,).
HRMS (ESI): m/z calculated for CasH3sN>O4S;Na* [M+Na]*: 553.2165, found: 553.2186.

6,6'-((1E,1'E)-(((1S,2S)-cyclohexane-1,2-diyl)bis(azanylylidene))bis(methanylylidene))bis(2-((R)-tert-
butylsulfinyl)phenol) (L5)

(18,25)-(+)-1,2-Cyclohexanediamine (20 mg, 0.18 mmol) and aldehyde 16 (80
mg, 0.35 mmol) afforded L5 as a brown solid according to the general procedure; Q
—N N=
mp: >200 °C. IR (KBr): 3449, 2932, 2860, 1627, 1573, 1524, 1435, 1365, 1302,
OH HO

1269, 1232, 1173, 1144, 1068, 1031, 944, 858, 825, 789, 750, 685, 624, 578 cm™.

'H NMR (CDCls, 400 MHz) § 1.24 (s, 18H), 1.45-1.50 (m, 2H), 1.71-1.77 (m, Bu—S* +%—O_
2H), 1.91 (d, J = 9.0 Hz, 2H), 2.03 (d, J = 14.4 Hz, 2H), 3.26-3.33 (m, 2H), 6.96 o Bu
(t,J=17.6 Hz, 2H), 7.22 (dd, J = 7.6, 1.8 Hz, 2H), 7.74 (dd, J = 7.9 1.6 Hz, 2H),

8.21 (s, 2H). *C NMR (100 MHz, CDCls): § 22.9, 23.9, 32.6, 57.6, 71.8, 117.8, 118.6, 127.8, 130.6, 134.3,
159.9, 164.8. [a]p*** = 2030 (c = 1.0, CH,Cl,). HRMS (ESI): m/z calculated for CosH3sN>O4S:Na* [M+Na]™:
553.2165, found: 553.2181.

LS
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6,6'-(1E,1'E)-(((1R,2R)-1,2-diphenylethane-1,2-diyl)bis(azanylylidene))bis(methanylylidene))bis(2-
((S)-tert-butylsulfinyl)phenol) (L6)

(1R,2R)-(+)-1,2-Diamino-1,2-diphenylethane (38 mg, 0.18 mmol) and aldehyde PhHPh
16 (80 mg, 0.35 mmol) afforded L6 as a yellow solid according to the general =N N=
procedure; mp: >200 °C. IR (KBr): 3430, 3056, 2970, 2364, 1625, 1572, 1472, OH HO

1455 1434, 1405, 1359, 1297, 1271, 1231, 1173, 1142, 1076, 1032, 930, 848, 823, .5 s, r S0
789, 771, 750, 701, 652, 634, 619, 577 cm™. '"H NMR (CDCl3, 400 MHz) & 1.12 o E'tBu
(s, 18H), 4.76 (s, 2H), 7.01 (t, J = 7.9 Hz, 2H), 7.13-7.15 (m, 4H), 7.23-7.25 (m, L6

8H), 7.76 (dd, J=17.6, 1.8 Hz, 2H), 8.35 (s, 2H). ®C NMR (100 MHz, CDCl;): § 22.7, 57.6, 80.1, 118.1, 118.7,
127.6,127.7,128.0, 128.5, 130.4, 134.2, 138.1, 158.9, 165.3. [a]p**! = +325 (¢ = 1.0, CH,Cl,). HRMS (ESI):
m/z calculated for C36H4oN204S;Na* [M+Na]*: 651.2322, found: 651.2337.

6,6'-((1E,1'E)-(((1S5,25)-1,2-diphenylethane-1,2-diyl)bis(azanylylidene))bis(methanylylidene))bis(2-
((R)-tert-butylsulfinyl)phenol) (L7)

(1S5,25)-(-)-1,2-Diamino-1,2-diphenylethane (38 mg, 0.18 mmol) and aldehyde Ph sPh
16 (80 mg, 0.35 mmol) afforded L7 as a yellow solid according to the general =N N=
procedure; mp: 172-175 °C. IR (KBr): 2972, 2359, 1626, 1493, 1435, 1391, 1301, OH HO

1268, 1231, 1143, 1119, 1029, 832, 748, 700, 588 cm™. "TH NMR (CDCls, 400 tBu=—$ + +§=0
MHz) & 1.23 (s, 18H), 4.66 (s, 2H), 7.00 (t, J = 7.5 Hz, 2H), 7.14-7.17 (m, 4H), o Bu
7.21-7.24 (m, 8H), 7.77 (dd, J = 8.1, 1.5 Hz, 2H), 8.30 (s, 2H). *C NMR (100 L7

MHz, CDCl;): 6 22.9, 57.8,79.8, 118.2, 119.1, 127.6, 127.7, 128.0, 128.6, 130.7, 134.6, 138.3, 159.1, 166.1.
[a]p**? = +185 (¢ = 1.0, CH,Cl,). HRMS (ESI): m/z calculated for C36HsN>O4S:Na*® [M+Na]*: 651.2322,
found: 651.2341.

6,6'-(1E,1'E)-((11R,12R)-9,10-dihydro-9,10-ethanoanthracene-11,12-

diyl)bis(azanylylidene))bis(methanylylidene))bis(2-((R)-tert- O“O

butylsulfinyl)phenol) (L8) N N—
(11R,12R)-9,10-Dihydro-9,10-ethanoanthracene-11,12-diamine (42 mg, 0.18 oH HO

mmol) and aldehyde 16 (80 mg, 0.35 mmol) afforded L8 as a yellow solid _

according to the general procedure; mp: >200 °C. IR (KBr): 3649, 3453, 3043, tBuE\S ’ ' S:';uo

2960, 2869, 2361, 1621, 1572, 1469, 1458, 1435, 1392, 1366, 1300, 1268, 1223, L8

1170, 1116, 1080, 1035, 975, 930, 907, 822, 795,749, 714, 697, 678, 654, 640, 606, 570 cm™". "H NMR (CDCl;,
400 MHz) & 1.18 (s, 18H), 3.64 (s, 2H), 4.34 (s, 2H), 7.05 (t, J= 7.7 Hz, 2H), 7.22-7.40 (m, 10H), 7.80 (dd,
J=17.9, 1.3 Hz, 2H), 8.38 (s, 2H). *C NMR (100 MHz, CDCls): § 22.9, 51.5, 57.7, 76.3, 118.4, 118.7, 124.1,
125.7,126.7,127.1, 128.0, 130.7, 134.4, 139.2, 140.3, 159.1, 164.7. [a]p*** = —98 (¢ = 1.0, CH,Cl,). HRMS
(ESI): m/z calculated for C3sH4oN4O,Na" [M+Na]": 675.2322, found: 675.2342.
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6,6'-((1E,1'E)-(((11S,125)-9,10-dihydro-9,10-ethanoanthracene-11,12-
diyl)bis(azanylylidene))bis(methanylylidene))bis(2-((S)-zerz-butylsulfinyl)phenol) (L9)

(115,125)-9,10-Dihydro-9,10-cthanoanthracene-11,12-diamine (42 mg, 0.18
mmol) and aldehyde 16 (80 mg, 0.35 mmol) afforded L9 as a yellow solid
according to the general procedure; mp: >200 °C. IR (KBr): 3441, 3009, 2937,
2895, 2369, 1625, 1573, 1469, 1435, 1405, 1364, 1301, 1272, 1220, 1169, 1142,
1116, 1078, 1036, 925, 882, 822, 789, 750, 714, 674, 661, 640, 604, 579, 566 cm’
!.TH NMR (CDCls, 400 MHz) & 1.24 (s, 18H), 3.62 (s, 2H), 4.30 (s, 2H), 7.05 (t,
J=1.7Hz, 2H), 7.17-7.25 (m, 6H), 7.34 (dd, J=17.5, 1.6 Hz, 2H), 7.39 (d, /= 7.9,
1.6 Hz, 2H), 7.80 (dd, J=7.9, 1.6 Hz, 2H), 8.37 (s, 2H). *C NMR (100 MHz, CDCl;): § 22.9, 51.7, 58.0, 76.3,
118.2, 118.8, 124.3, 125.4, 126.8, 126.9, 127.9, 130.5, 134.2, 139.4, 139.8, 159.0, 164.4. [a]p**7 = +634 (c =
1.0, CH,Cl,). HRMS (ESI): m/z calculated for C3sH4oN>04S:Na* [M+Na]": 675.2322, found: 675.2339.

6,6'-((1LE,1'E)-([(R)-1,1'-binaphthalene]-2,2'-diylbis(azanylylidene))bis(methanylylidene))bis(2-((R)-
tert-butylsulfinyl)phenol) (L10)
(R)-(+)-1,1'-Binaphtyl-2,2-diamineane (314 mg, 1.1 mmol, 1.0 equiv.) was added

to aldehyde 16 (500 mg, 2.2 mmol, 2.0 equiv.) in EtOH (5.5 mL, 0.2 M), and the 0 O
mixture was then stirred over night at room temperature. The mixture was O

evaporated in vacuo and then an obtained crude solid was washed with cooled _N//"' N
solvent (hexane/AcOEt = 4:1) to furnish a purified orange solid L10 (724 mg, oH HO

93%); mp: >200 °C. IR (KBr): 3949, 3864, 3807, 3748, 3726, 3055, 2964, 2922, ~
2359, 1603, 1557, 1507, 1469, 1455, 1428, 1389, 1362, 1297, 1263, 1205, 1172, tBug\\S+ +S"~,;uo

1145, 1071, 1039, 989, 970, 933, 873, 832, 817, 798, 754, 717, 703, 629, 578 cm’ L10
!. TH NMR (CDCl;, 400 MHz) & 1.09 (s, 18H), 6.96 (t, J = 7.5 Hz, 2H), 7.23-7.27 (m, 4H), 7.32 (t, J= 7.9
Hz, 2H), 7.50 (t, J=8.2 Hz, 2H), 7.51 (d, J = 9.1 Hz, 2H), 7.70 (d, J = 7.7 Hz, 2H), 7.97 (d, J = 8.2 Hz, 2H),
8.06 (d, J = 8.6 Hz, 2H), 8.55 (s, 2H). *C NMR (100 MHz, CDCls): § 23.0, 57.7, 116.7, 118.7, 118.9, 126.3,
126.4, 127.4, 128.3, 129.0, 130.2, 130.7, 132.7, 133.1, 134.4, 143.0, 158.8, 161.1. [a]p**' = —85 (¢ = 1.0,
CH,Cl,). HRMS (ESI): m/z calculated for C4,H4oN>O4S:Na* [M+Na]*: 723.2322, found: 723.2349.
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6,6'-((1LE,1'E)-([(S)-1,1'-binaphthalene]-2,2'-diylbis(azanylylidene))bis(methanylylidene))bis(2-((R)-
tert-butylsulfinyl)phenol) (L11)

(S)-(-)-1,1'-Binaphtyl-2,2-diamineane (50 mg, 0.18 mmol) and aldehyde 16 (80 O 0
mg, 0.35 mmol) afforded L11 as an orange solid according to the general O
procedure; mp: >200 °C. IR (KBr): 2962, 1605, 1561, 1506, 1431, 1362, 1206, _N“\'.\\\\N_

1143, 1027, 818, 747 cm’'. 'H NMR (CDCls, 400 MHz) 8 0.97 (s, 18H), 6.96 (t,
J=17.9 Hz, 2H), 7.24-7.26 (m, 4H), 7.34 (d, J = 5.8 Hz, 2H), 7.43 (ddd, J = 8.1, g
5.8,2.2 Hz, 2H), 7.67 (dd, J= 7.9, 1.6 Hz, 2H), 7.71 (d, J = 9.0 Hz, 2H), 7.93 (d, tBung ) ' S’e;uo
J = 8.1 Hz, 2H), 8.10 (d, J = 9.0 Hz, 2H), 8.74 (s, 2H). 3C NMR (100 MHz, L11

CDCL): §22.9,57.6,116.6, 118.6, 118.8, 126.3, 126.3, 127.3, 127.9, 128.2, 128.9, 130.2, 130.6, 132.6, 132.9,
134.4, 142.9, 158.7, 161.0. [a]p®*? = +136 (¢ = 1.0, CH,Cl). HRMS (ESI): m/z calculated for

C42Ha0N204S:Na" [M+Na]™: 723.2322, found: 723.2344.

OH HO
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4. Experimental data of allylic C—H functionalization (F2E)
4.1. Preparation of substrates
4.2.1. Substrates for the 5S-membered ring formation reactions with an aryl substituent

General procedure: (Z)-4-arylbut-3-en-1-yl tosylcarbamate (47)

0
HO R
\_\4Ar p-TSNCO O)J\N HTs
— THF, r.t. \_\h/Ar
104 47

Aryl substituted (Z)-alcohols 104 were prepared according to the literature®. To a solution of alcohol 104 (1.0
equiv.) in THF (1.0 M) was added p-toluenesulfonyl isocyanate (1.0 equiv.) at 0 °C, and the mixture was stirred
over night at room temperature. The mixture was cooled with an ice bath, and then NH4Cl ag. was added. After
the extraction with AcOEt, the organic layer was washed with brine and evaporated to furnish the crude product.
Purification by silica gel column chromatography (hexane/AcOEt, gradient from 10:1 to 3:1) with cooling
while the crude product was charged on silica gel to afford 47. All the experimental manipulations were
performed in the dark. The Z/E ratio of 47 was confirmed to be more than 50:1 by '"H NMR unless otherwise

noted.

(£)-4-phenylbut-3-en-1-yl tosylcarbamate (47a)
General procedure using alcohol 104a (1.0 g, 6.8 mmol, 1.0 equiv.), THF (6.8 mL, 1.0 M) o

and p-toluenesulfonyl isocyanate (1.3 g, 1.0 mL, 6.8 mmol, 1.0 equiv.) afforded the carbamate o NH'TS

47a as a viscous colorless o0il (2.2 g, 95%); IR (NaCl): 3232, 1747, 1598, 1445, 1349, 1291, m
1226, 1161, 1090, 997, 865, 816, 770, 703, 663, 584 cm™. "TH NMR (CDCl;, 500 MHz) & X

243 (s,3H), 2.62 (tdd, /= 6.9, 6.9, 1.7 Hz, 2H), 4.16 (t, /= 6.9 Hz, 2H), 5.54 (dt, 11.5, 6.9 Hz, 1H), 6.53 (d,
J=11.5 Hz, 1H), 7.22 (d, J = 6.9 Hz, 2H), 7.24-7.28 (m, 1H), 7.30 (d, J = 8.6 Hz, 2H), 7.34 (t, /= 7.4 Hz,
2H), 7.90 (d, J = 8.6 Hz, 2H). *C NMR (100 MHz, CDCls): & 21.6, 27.8, 66.3, 126.4, 126.9, 128.2, 128.3,

128.5, 129.5, 131.7, 135.4, 136.8, 144.9, 150.5. HRMS (ESI): m/z calculated for CisH1oNO4sSNa* [M+Na]":
368.0927, found: 368.0930.

(Z)-4-(o-tolyl)but-3-en-1-yl tosylcarbamate (47b)

General procedure using alcohol 108b (382 mg, 2.4 mmol, 1.0 equiv.), THF (2.4 mL, 1.0 M) j)\

and p-toluenesulfonyl isocyanate (463 mg, 357 uL, 2.4 mmol, 1.0 equiv.) afforded carbamate NHTs

47b as a colorless solid (770 mg, 91%); mp: 88-90 °C. IR (KBr): 3180, 3086, 1714, 1596,

1472, 1415, 1352, 1308, 1187, 1168, 1120, 1092, 1070, 1018, 1001, 910, 819, 791, 775, 754,

741, 706, 654, 586 cm™'. "TH NMR (CDCls, 400 MHz) & 2.22 (s, 3H), 2.40-2.46 (m, 2H), 2.43 (s, 3H), 4.10 (t,

J=6.6 Hz, 2H), 5.60 (dt, 11.3, 6.6 Hz, 1H), 6.55 (d, /= 11.3 Hz, 2H), 7.08 (d, J= 6.3 Hz, 1H), 7.12-7.18 (m,

3H), 7.30 (d, J = 8.6 Hz, 2H), 7.44 (s, 1H), 7.89 (d, J = 8.2 Hz, 2H). 3C NMR (100 MHz, CDCl5): § 19.8,
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21.7, 27.6, 66.4, 125.5, 126.4, 127.3, 128.4, 128.7, 129.6, 129.9, 131.3, 135.4, 135.9, 136.3, 145.1, 150.3.
HRMS (ESI): m/z calculated for C19H21NO4SNa" [M+Na]": 382.1084, found: 382.1085.

(£)-4-(m-tolyl)but-3-en-1-yl tosylcarbamate (47d)

General procedure using alcohol 108d (556 mg, 3.4 mmol, 1.0 equiv.), THF (3.4 mL, 1.0 o
M) and p-toluenesulfonyl isocyanate (676 mg, 428 uL, 3.4 mmol, 1.0 equiv.) afforded the O)J\NHTs
carbamate 47d as a viscous colorless oil (1.0 g, quant., Z/E =40:1); IR (NaCl): 3244, 3015,
2960, 1748, 1599, 1445, 1351, 1291, 1225, 1186, 1162, 1091, 1019, 998, 902, 863, 815, X
771, 663, 587 cm’™. '"H NMR (CDCl3, 400 MHz) & 2.35 (s, 3H), 2.43 (s, 3H), 2.61 (tdd, /= 6.7, 6.7, 1.8 Hz,
2H), 4.15 (t,J= 6.7 Hz, 2H), 5.51 (dt, 13.5, 5.8 Hz, 1H), 6.49 (d, /= 11.7 Hz, 1H), 7.01-7.07 (m, 3H), 7.22 (t,
J=7.9Hz, 1H), 7.29 (d, J= 8.1 Hz, 2H), 7.55 (s, 1H), 7.90 (d, J = 8.5 Hz, 2H). *C NMR (100 MHz, CDCls):
d21.4,21.7,279, 664, 125.6, 126.2, 127.8, 128.2, 128.4, 129.3, 129.6, 131.9, 135.4, 136.8, 137.9, 145.1,
150.3. HRMS (ESI): m/z calculated for C19H,NO4SNa™ [M+Na]*: 382.1084, found: 382.1084.

(Z)-4-(m-methoxyphenyl)but-3-en-1-yl tosylcarbamate (47¢)

General procedure using alcohol 108e (357 mg, 2.0 mmol, 1.0 equiv.), THF (2.0 mL, 0o
1.0 M) and p-toluenesulfonyl isocyanate (395 mg, 304 uL, 2.0 mmol, 1.0 equiv.) O NHTs
afforded the carbamate 47e as a viscous colorless oil (726 mg, 97%, Z/E = 30:1); IR
(NaCl): 3524, 3238, 2961, 2836, 2587, 2307, 1923, 1747, 1598, 1454, 1351, 1227, N OMe
1158, 1090, 1046, 996, 863, 815, 771, 663, 585, 562 cm™. '"H NMR (CDCl;, 500 MHz) & 2.43 (s, 3H), 2.61
(tdd, J=6.6, 6.6, 1.7 Hz, 2H), 3.81 (s, 3H), 4.15 (t, /= 6.6 Hz, 2H), 5.53 (dt, J=13.2, 5.9 Hz, 1H), 6.49 (d, J
=11.5 Hz, 1H), 6.76 (s, 1H), 6.81 (d, J= 8.0 Hz, 2H), 7.25 (t, /= 8.0 Hz, 2H), 7.30 (d, /= 8.0 Hz, 2H), 7.34
(s, 1H), 7.90 (d, J = 8.6 Hz, 2H). *C NMR (100 MHz, CDCls): § 21.7, 27.9, 55.2, 66.3, 112.4, 114.3, 121.1,
126.8, 128.4, 129.3, 129.6, 131.6, 135.4, 138.2, 145.0, 150.5, 159.4. HRMS (ESI): m/z calculated for
Ci9H21NOsSNa" [M+Na]": 398.1033, found: 398.1032.

(£)-4-(3,5-dimethylphenyl)but-3-en-1-yl tosylcarbamate (47f)

General procedure using alcohol 108f (257 mg, 1.46 mmol, 1.0 equiv.), THF (2.9 mL, 0
1.0 M) and p-toluenesulfonyl isocyanate (288 mg, 223 uL, 1.0 equiv.) afforded the O~ “NHTs
carbamate 47f as a viscous colorless oil (298 mg, 55%, Z/E=11:1); IR (NaCl): 3244,3013,
2920, 1748, 1599, 1444, 1351, 1291, 1225, 1161, 1091, 1019, 997, 904, 854, 815, 771,
704, 664, 588 cm™. "TH NMR (CDCls, 400 MHz) & 2.31 (s, 6H), 2.43 (s, 3H), 2.61 (tdd, J= 6.8, 6.8, 1.8 Hz,
2H), 4.15 (t, J= 6.6 Hz, 2H), 5.49 (dt, 13.4, 5.8 Hz, 1H), 6.46 (d, J=11.3 Hz, 1H), 6.84 (s, 2H), 6.89 (s, 1H),
7.30 (d, J= 8.2 Hz, 2H), 7.90 (d, J = 8.6 Hz, 2H). *C NMR (100 MHz, CDCls): 5 21.2,21.5,27.8, 66.3, 126.0,
126.3, 128.2, 128.5, 129.4, 131.7, 135.3, 136.6, 137.6, 144.9, 150.6. HRMS (ESI): m/z calculated for
C20H23NO4SNa* [M+Na]": 396.1240, found: 396.1240.
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(2)-4-(p-tolyl)but-3-en-1-yl tosylcarbamate (47g)

General procedure using alcohol 108¢g (525 mg, 3.2 mmol, 1.0 equiv.), THF (6.5 mL, O
0.5 M) and p-toluenesulfonyl isocyanate (638 mg, 492 uL, 3.2 mmol, 1.0 equiv.) O NHTs
afforded the carbamate 47g as a colorless solid (911 mg, 78%); mp: 77-80 °C. IR
(KBr): 3189, 3092, 1719, 1596, 1513, 1468, 1408, 1349, 1306, 1164, 1119, 1092, 1067,
1019, 997, 971, 908, 887, 835, 776, 752, 729, 706, 687, 650, 583 cm™'. '"H NMR (CDCl;, 400 MHz) § 2.35
(s, 3H), 2.43 (s, 3H), 2.60 (tdd, /= 6.7, 6.7, 1.8 Hz, 2H), 4.15 (t, J = 6.7 Hz, 2H), 5.48 (dt, J = 13.5, 5.8 Hz,
1H), 6.48 (d, J=11.7 Hz, 1H), 7.10-7.15 (m, 4H), 7.29 (d, J = 8.1 Hz, 2H), 7.48 (s, 1H), 7.90 (d, J= 8.1 Hz,
2H). BC NMR (100 MHz, CDCl3): § 21.2, 21.7, 27.9, 66.4, 125.7, 128.4, 128.5, 129.0, 129.6, 131.7, 134.0,
135.4, 136.8, 145.1, 150.3. HRMS (ESI): m/z calculated for C19H21NO4SNa® [M+Na]": 382.1084, found:
382.1088.

(Z)-4-(p-(tert-butyl) phenyl)but-3-en-1-yl tosylcarbamate (47h)
General procedure using alcohol 108h (592 mg, 2.9 mmol, 1.0 equiv.), THF (9.7 mL, 0

0.3 M) and p-toluenesulfonyl isocyanate (638 mg, 492 uL, 2.9 mmol, 1.0 equiv.) O~ "NHTs
afforded the carbamate 47h as a viscous colorless oil (688 mg, 59%, Z/E =18:1); IR
(NaCl): 3244, 3095, 2963, 2865, 1748, 1598, 1455, 1353, 1289, 1226, 1162, 1120,
1091, 1018, 871, 770, 705, 663, 613, 575 cm™. '"H NMR (CDCl;, 400 MHz) § 1.32 (s, 9H), 2.42 (s, 3H), 2.62
(tdd, J=6.8, 6.8, 1.8 Hz, 2H), 4.16 (t, /= 6.6 Hz, 2H), 5.48 (dt, 13.4, 5.8 Hz, 1H), 6.48 (d, /= 11.3 Hz, 2H),
7.17 (d, J=8.2 Hz, 2H), 7.29 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.6 Hz, 2H), 7.62 (s, 1H), 7.90 (d, J = 8.2 Hz,
2H). BC NMR (125 MHz, CDCls): § 21.6, 27.9, 31.3, 34.5, 66.5, 125.2, 125.8, 128.4, 128.4, 129.6, 131.6,
134.0, 135.5, 145.0, 150.0, 150.4. HRMS (ESI): m/z calculated for C»2H27NO4SNa" [M+Na]": 424.1553,
found: 424.1570.

A

(£)-4-(p-methoxyphenyl)but-3-en-1-yl tosylcarbamate (47i)
General procedure using alcohol 108i (525 mg, 3.2 mmol, 1.0 equiv.), THF (6.5 mL, o}

0.5 M) and p-toluenesulfonyl isocyanate (571 mg, 442 uL, 3.2 mmol, 1.0 equiv.) O~ "NHTs
afforded the carbamate 47i as a colorless solid (524 mg, 50%); mp: 54-61 °C. IR (KBr):
3190, 1748, 1606, 1512, 1448, 1350, 1303, 1240, 1160, 1090, 1024, 892, 839, 776,
746,731, 705, 663, 574 cm™. "TH NMR (CDCl3, 400 MHz) §2.43 (s, 3H), 2.61 (tdd, J= 6.8, 6.8, 1.8 Hz, 2H),
3.82 (s, 3H), 4.16 (t, J = 6.8 Hz, 2H), 5.43 (dt, 11.8, 6.8 Hz, 1H), 6.45 (d, J = 11.3 Hz, 2H), 6.87 (d, /= 8.6
Hz, 2H), 7.16 (d, J = 8.6 Hz, 2H), 7.30 (d, J= 7.7 Hz, 2H), 7.30 (brs, 1H), 7.90 (d, J = 8.6 Hz, 2H). *C NMR
(100 MHz, CDCls): 6 21.7, 27.8, 55.3, 66.4, 113.7, 124.8, 128.4, 129.5, 129.6, 129.8, 131.2, 135.4, 145.1,
150.3, 158.5. HRMS (ESI): m/z calculated for C19H2NOsSNa" [M+Na]*: 398.1033, found: 398.1033.
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(2)-4-((1,1’-biphenyl)-4-yl)but-3-en-1-yl tosylcarbamate (47j)
General procedure using alcohol 108j (114 mg, 0.51 mmol, 1.0 equiv.), THF (507 uL, 0

1.0 M) and p-toluenesulfonyl isocyanate (105 mg, 78 pL, 0.51 mmol, 1.05 equiv.) O~ "NHTs
afforded the carbamate 47j as a colorless oil (191 mg, 89%); mp: 8§9-94 °C. IR (KBr):
3224,1753,1597, 1488, 1444, 1378, 1340, 1231, 1184, 1152, 1090, 878, 850, 815, 769,
730, 690, 664, 586, 560 cm™. "TH NMR (CDCl3, 500 MHz) & 2.41 (s, 3H), 2.67 (tdd, /= 6.9, 6.9, 1.7 Hz, 2H),
4.19 (t, J= 6.6 Hz, 2H), 5.57 (dt, 13.6, 5.7 Hz, 1H), 6.55 (d, J = 11.5 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 7.30
(d, J=8.6 Hz, 2H), 7.33 (brs, 1H), 7.36 (tt, J= 7.4, 1.5 Hz, 1H), 7.45 (t,J=7.7 Hz, 2H), 7.57 (dt,J= 8.4, 2.0
Hz, 2H), 7.60 (dt, J = 6.9, 1.7 Hz, 2H), 7.90 (d, J = 8.0 Hz, 2H). *C NMR (100 MHz, CDCl;): § 21.6, 27.9,
66.3, 126.7, 126.9, 127.3, 128.4, 128.8, 129.0, 129.6, 131.3, 135.3, 135.8, 139.7, 140.6, 145.1, 150.4. One

Ph

AN

aromatic signal was missing probably due to overlapping. HRMS (ESI): m/z calculated for C24H23NO4SNa*
[M+Na]": 444.1240, found: 444.1240.

(2)-4-(p-fluorophenyl)but-3-en-1-yl tosylcarbamate (47k)
General procedure using alcohol 108k (561 mg, 3.4 mmol, 1.0 equiv.), THF (3.4 mL, o]

1.0 M) and p-toluenesulfonyl isocyanate (665 mg, 515 uL, 3.4 mmol, 1.0 equiv.) O~ “NHTs
afforded the carbamate 47k as a viscous colorless oil (1.1 mg, 86%, Z/E = 125:1); IR
(NaCl): 3240, 2962, 1747, 1601, 1507, 1455, 1352, 1226, 1165, 1091, 1018, 849, 770,
704, 665, 581 cm™'. "TH NMR (CDCl;, 400 MHz) & 2.43 (s, 3H), 2.57 (tdd, J = 6.8, 6.8, 1.8 Hz, 2H), 4.15 (t,
J=6.8 Hz, 2H), 5.52 (dt, 13.4, 5.7 Hz, 1H), 6.47 (d, J=11.3 Hz, 1H), 7.01 (dd, J=9.1, 8.6 Hz, 2H), 7.17 (dd,
J=18.6, 5.4 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 7.53 (s, 1H), 7.90 (d, J = 8.6 Hz, 2H). *C NMR (100 MHz,
CDCl): 6 21.7,27.8, 66.2, 115.1, 115.3, 126.4, 128.4, 129.6, 130.2, 130.2, 130.8, 132.9, 135.4, 145.2, 150.3.
HRMS (ESI): m/z calculated for CisHisNO4sFSNa™ [M+Na]": 386.0833, found: 386.0832.

N

(£)-4-(p-chlorophenyl)but-3-en-1-yl tosylcarbamate (471)
General procedure using alcohol 1081 (506 mg, 2.8 mmol, 1.0 equiv.), THF (2.8 mL, o}

1.0 M) and p-toluenesulfonyl isocyanate (546 mg, 423 uL, 2.8 mmol, 1.0 equiv.) O "NHTs
afforded the carbamate 471 as a viscous colorless oil (719 mg, 68%); IR (NaCl): 3239,
3018, 2963, 2923, 1915, 1747, 1597, 1492, 1454, 1351, 1292, 1226, 1186, 1164, 1091,
1013, 950, 845, 815, 770, 704, 664, 577 cm™'. "H NMR (CDCl;, 400 MHz) § 2.44 (s, 3H), 2.57 (tdd, J = 6.8,
6.8, 1.8 Hz, 2H), 4.15 (t, J= 6.6 Hz, 2H), 5.55 (dt, /= 13.6, 5.9 Hz, 1H), 6.46 (d, /= 11.8 Hz, 1H), 7.14 (d, J
= 8.6 Hz, 2H), 7.29 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 7.46 (s, 1H), 7.90 (d, J = 8.2 Hz, 2H). 1*C
NMR (100 MHz, CDClz): 6 21.7, 27.8, 66.1, 127.1, 128.4, 128.5, 129.6, 129.9, 130.7, 132.8, 135.2, 135.3,
145.2, 150.3. HRMS (ESI): m/z calculated for CisHisNOsNCISNa* [M+Na]*: 402.0537, found: 402.0539.
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(2)-4-(p-hydroxyphenyl)but-3-en-1-yl tosylcarbamate (470)

OTHP j\ j’\
p-TsNco O NHTs PPTS O~ “NHTs
HO — OTHP OH
THF, rt. DCM/MeOH
_ o o
109 110 470

A THP protected carbamate 110 was prepared using alcohol 109 (849 mg, 3.4 mmol, 1.0 equiv.), THF (3.4
mL, 1.0 M) and p-toluenesulfonyl isocyanate (674 mg, 522 uL, 3.4 mmol, 1.0 equiv.) according to the general
procedure (1.1 g, 74%, Z/E = 42:1). This procedure was repeated three times. To remove the THP protection,
pyridinium p-toluenesulfonate (203 mg, 0.81 mmol, 0.3 equiv.) was added to the carbamate 110 (1.2 g, 2.7
mmol, 1.0 equiv.) dissolved in the mixture of CH,Cl, (20 mL) and MeOH (6.7 mL) according to the reported
reaction conditions.” The mixture was stirred at room temperature for 15 h. After the evaporation, the crude
mixture was purified by column chromatography (hexane/AcOEt, gradient from 6:1 to 1:1) to afford carbamate
470 (794 mg, 82%) as a colorless solid; mp: 108-113 °C. IR (KBr): 3395,3112, 1749, 1610, 1513, 1442, 1337,
1311, 1295, 1254, 1224, 1186, 1157, 1089, 1029, 977, 918, 890, 830, 770, 741, 715, 705, 666, 630, 586 cm™'.
"H NMR (CDCls, 500 MHz) & 2.43 (s, 3H), 2.59 (tdd, J = 6.6, 6.6, 2.0 Hz, 2H), 4.15 (t, J= 6.9 Hz, 2H), 4.80
(s, 1H), 5.43 (dt, 13.4, 5.7 Hz, 1H), 6.43 (d, J = 11.5 Hz, 1H), 6.80 (d, J = 8.6 Hz, 2H), 7.11 (d, J = 8.6 Hz,
2H), 7.31 (d, J= 8.6 Hz, 2H), 7.34 (s, 1H), 7.90 (d, J = 8.6 Hz, 2H). *C NMR (100 MHz, acetone-d6): 5 21.4,
28.7, 66.4, 115.9, 125.5, 128.8, 129.3, 130.2, 130.8, 131.7, 137.6, 145.4, 151.7, 157.2. HRMS (ESI): m/z
calculated for C1sH;oNOsSNa* [M+Na]": 384.0876, found: 384.0877.

bt i
0"~ “NHTs BivCl 0P NHTs
OH OPi
Et;N, DCM W
™ N
470 47m

Pivaloyl chloride (51 ul, 1.05 equiv.) was added to the mixture of carbamate 47m (145 mg, 0.40 mmol, 1.0
equiv.) and Et;N (167 ul, 3.0 equiv.) in CH>Cl, (4 mL, 0.5 M), and the mixture was stirred at room temperature
for 24 h according to the reported procedure.® NH4Cl aq. was added to the mixture at 0 °C. The mixture was
extracted with AcOEt, and the solvent was removed. Purification by silica gel column chromatography
(hexane/AcOEt, gradient from 6:1 to 2:1) afforded 47m (102 mg, 57 %, Z/E = 56:1) as a colorless oil; IR
(NaCl): 3238, 2973, 1731, 1599, 1506, 1351, 1281, 1165, 1030, 899, 817, 771, 704, 665, 589 cm™". "H NMR
(CDCls, 400 MHz) 6 1.36 (s, 9H), 2.41 (s, 3H), 2.49 (tdd, J = 6.6, 6.6, 1.7 Hz, 2H), 4.05 (t, J = 6.7 Hz, 2H),
5.44 (dt, J=13.3, 5.6 Hz, 1H), 6.39 (d, J=11.7 Hz, 1H), 6.94 (dt, /= 9.0, 2.2 Hz, 2H), 7.13 (d, /= 8.5 Hz,
2H), 7.20 (d, J = 8.1 Hz, 2H), 7.80 (d, J = 8.5 Hz, 2H), 8.07 (s, 1H). 3C NMR (100 MHz, CDCls): & 21.6,
27.0, 27.7, 39.1, 66.1, 121.4, 126.7, 128.4, 129.5, 129.6, 131.0, 134.3, 135.4, 145.1, 149.9, 150.3, 177.1.
HRMS (ESI): m/z calculated for Co3H,7NOgSNa* [M+Na]": 468.1451, found: 468.1448.
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(2)-4-(4-(trifluoromethyl)pheny)but-3-en-1-yl tosylcarbamate (47n)

The general procedure was repeated three times: 108n (26 mg, 0.12 mmol, 1.0 equiv.), i
THF (1.2 mL, 0.1 M) and p-toluenesulfonyl isocyanate (23 mg, 18 puL, 0.12 mmol, 1.0 o NHTs oF
3
equiv.); 108n (40 mg, 0.19 mmol, 1.0 equiv.), THF (1.9 mL, 0.1 M) and p- “

toluenesulfonyl isocyanate (37 mg, 29 uL, 0.19 mmol, 1.0 equiv.); 108n (28 mg, 0.13

mmol, 1.0 equiv.), THF (1.3 mL, 0.1 M) and p-toluenesulfonyl isocyanate (25 mg, 19 uL, 0.13 mmol, 1.0
equiv.). The combined crude mixture was purified by silica gel column chromatography to afford 47n (viscous
colorless oil, 89 mg, 46% combined yield) as an inseparable mixture with TsNH» (47n/TsNH, = 5:1) as 47n.
It was used for the allylic C—H amination reaction without further purification; IR (NaCl): 3242, 1748, 1616,
1445, 1326, 1226, 1160, 1067, 1017, 855, 771, 661, 576 cm™. "TH NMR (CDCl;, 400 MHz) & 2.40 (s, 3H),
2.57 (tdd, /= 6.8, 6.8, 1.4 Hz, 2H), 4.16 (t, J = 6.6 Hz, 2H), 5.65 (dt, /= 13.6, 5.9 Hz, 1H), 6.52 (d, J=11.8
Hz, 1H), 7.27 (d, J= 8.2 Hz, 2H), 7.30 (d, J = 8.6 Hz, 2H), 7.55 (d, J = 8.2 Hz, 2H), 7.89 (t, J = 8.2 Hz, 2H),
8.38 (brs, 1H). *C NMR (100 MHz, CDCl;): 8 21.5,27.8, 65.9, 124.1 (q, J=272.8 Hz), 125.1 (4, J=3.8 Hz),
128.2, 128.7, 128.8, 128.8 (q, J = 32.4 Hz), 129.5, 130.4, 135.4, 140.3, 145.0, 150.6. (TsNHa2: 6 20.9, 126.3,
129.6, 139.1, 143.5.)) HRMS (ESI): m/z calculated for C;oH;sNOsF3SNa" [M+Na]™: 436.0801, found:
436.0797.

(£)-4-(naphthalen-2-yl)but-3-en-1-yl tosylcarbamate (47p)

General procedure using alcohol 108p (329 mg, 1.66 mmol, 1.0 equiv.), THF (1.7
mL, 1.0 M) and p-toluenesulfonyl isocyanate (327 mg, 253 pL, 1.0 equiv.) afforded the OiNHTs
carbamate 47p as a colorless solid (491 mg, 75 %, Z/E = 34:1); mp: 97-99 °C. IR
(KBr): 3213, 1753, 1595, 1448, 1343, 1230, 1186, 1155, 1092, 990, 875, 836, 817,771, S OO
737,716,705, 671, 583 cm™. '"H NMR (CDCl;, 400 MHz) 8 2.38 (s, 3H), 2.69 (tdd, J
=6.8, 6.8, 1.8 Hz, 2H), 4.19 (t, /= 6.8 Hz, 2H), 5.62 (dt, J=13.4, 5.8 Hz, 1H), 6.68 (d, /= 11.8 Hz, 1H), 7.25
(d, J=6.3 Hz, 2H), 7.31 (s, 1H), 7.35 (dd, J= 8.4, 1.6 Hz, 1H), 7.46-7.49 (m, 2H), 7.67 (s, 1H), 7.79-7.83 (m,
3H), 7.88 (d, J = 8.6 Hz, 2H). *C NMR (100 MHz, CDCls): § 21.6, 28.0, 66.4, 126.0, 126.2, 126.8, 126.8,
127.4, 127.6, 127.8, 127.9, 128.4, 129.5, 131.9, 132.3, 133.2, 134.3, 135.4, 145.0, 150.3. HRMS (ESI): m/z

calculated for CoH21NO4SNa™ [M+Na]*: 418.1084, found: 418.1081.
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(E)-4-phenylbut-3-en-1-yl tosylcarbamate ((E)-47a)

(E)-4-phenylbut-3-en-1-ol (E)-108a was prepared according to the literature.” General O
procedure using (£)-4-phenylbut-3-en-1-ol (E)-108a (610 mg, 3.1 mmol, 1.0 equiv.), THF 0O~ "NHTs
(3.1 mL, 1.0 M) and p-toluenesulfonyl isocyanate (615 mg, 474 uL, 1.0 equiv.) afforded the
carbamate (E)-1a as a colorless solid (1.0 g, 96 %); mp: 99-102 °C. IR (KBr): 3270, 3082,
3027, 2979, 2889, 1926, 1808, 1747, 1655, 1596, 1494, 1423, 1370, 1341, 1306, 1259, 1226,
1184, 1151, 1087, 1039, 1018, 986, 974, 914, 881, 840, 818, 791, 769, 753, 731, 692, 660, 580 cm™'. "H NMR
(CDCl3, 400 MHz) 6 2.41 (s, 3H), 2.50 (tdd, /= 6.7, 6.7, 1.3 Hz, 2H), 4.20 (t, /= 6.5 Hz, 2H), 6.05 (dt, J =
16.2, 7.1 Hz, 1H), 6.41 (d, J = 16.2 Hz, 1H), 7.21-7.31 (m, 7H), 7.35 (s, 1H), 7.90 (d J = 8.1 Hz, 2H). 1*C
NMR (100 MHz, CDClz): 6 21.7, 32.1, 66.2, 124.6, 126.1, 127.4, 128.3, 128.6, 129.6, 132.9, 135.5, 137.0,
145.1, 150.4. HRMS (ESI): m/z calculated for C;sH19NO4SNa" [M+Na]": 368.0927, found: 368.0928.
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4.2.2. Substrates for the 5-membered ring formation reactions with an alkyl substituent or a terminal
alkene

General procedute: penten-1-yl tosylcarbamates and but-3-en-1-yl tosylcarbamate

o)
HO ]
\_\4R p-TsNCO O)J\NHTS
—/  THF, rt. \—\#R
111 41,53, 79

The corresponding alcohol 111 (1.0 equiv.) was dissolved in THF (1.0 M) and then p-toluenesulfonyl
isocyanate (1.0 equiv.) was added at 0 °C. The mixture was stirred over night at room temperature. The mixture
was cooled with an ice bath, and then NH4Cl aq. was added. After extraction with AcOEt, the organic layer
was washed with brine and evaporated to furnish the crude product. After purification by silica gel column

chromatography (hexane/AcOE), the product 53 was obtained.

But-3-en-1-yl tosylcarbamate (41)
A colorless solid 41 was prepared and identified refer to the literature!®; mp: 145-147 °C. o)

IR (KBr): 3167, 3079, 1714, 1644, 1598, 1429, 1357, 1313, 1167, 1092, 1077, O~ 'NHTs
1038, 986, 918, 902, 840, 813, 776, 701, 659, 586 cm™". "H NMR (CDCls, 400 MHz) &
2.33 (td, J= 6.3, 6.3 Hz, 2H), 2.45 (s, 3H), 4.13 (t, J = 6.8 Hz, 2H), 5.04 (ddt, /= 10.4, 1.4,
1.4 Hz, 1H), 5.05 (ddt, J=16.8, 1.8, 1.4 Hz, 1H), 5.67 (ddt, J=16.8, 10.4, 6.8 Hz, 1H), 7.35 (d, /= 8.2, 2H),
7.35 (brs, 1H), 7.92 (d, J = 8.2 Hz, 2H). *C NMR (100 MHz, CDCl;): d 21.7, 32.8, 66.0, 117.8, 128.4, 129.6,
133.1, 135.5, 145.1, 150.5.

(2)-pent-3-en-1-yl tosylcarbamate ((£)-53)

(2)-pent-3-en-1-ol 111 was prepared according to the literature.!" General procedure using o~ “NHTs

(2)-pent-3-en-1-ol (721 mg, 8.4 mmol, 1.0 equiv.), THF (8.4 mL, 1.0 M) and p- Me
toluenesulfonyl isocyanate (1.7 g, 1.3 mL, 8.4 mmol, 1.0 equiv.) afforded the carbamate (Z)-
53 as a colorless solid (2.1 g, 88 %); mp: 51-54 °C. IR (KBr): 3159, 3074, 1715, 1596, 1496, 1471, 1423,
1353, 1330, 1311, 1169, 1079, 1040, 996, 938, 902, 841, 817, 774, 705, 654, 601, 580 cm™. "H NMR (CDCls,
400 MHz) 6 1.58 (dt,J=6.8, 0.9 Hz, 3H), 2.34 (td, /= 7.2, 6.8 Hz, 2H), 2.45 (s, 3H), 4.08 (t, /= 7.0 Hz, 2H),
5.26 (dtq, J=10.9, 7.2, 1.8 Hz, 1H), 5.55 (dqt, /=10.9, 6.8, 1.8 Hz, 1H), 7.35 (d, /= 8.2 Hz, 2H), 7.93 (d, J
=8.6 Hz, 2H). 3C NMR (100 MHz, CDCls): § 12.8,21.7,26.3, 66.3, 124.4, 127.4, 128.4, 129.6, 135.5, 145.1,
150.4. HRMS (ESI): m/z calculated for Ci3H;7NOsSNa*” [M+Na]*: 306.0771, found: 306.0776.
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(E)-pnet-3-en-1-yl tosylcarbamate ((E)-53)

A colorless solid (E)-53 was prepared and identified refer to the literature'?; 'H NMR
(CDCls, 400 MHz) & 1.62 (d, J = 7.0 Hz, 3H), 2.25 (td, J = 6.7, 6.7 Hz, 2H), 2.45 (s, 3H),
4.07 (t, J = 6.7 Hz, 2H), 5.27 (dtq, J = 15.3, 7.2, 1.6 Hz, 1H), 5.47 (dqt, J= 15.3, 6.7, 1.3 Hz,
1H), 7.32 (s, 1H), 7.35 (d, J= 8.1 Hz, 2H), 7.92 (dt, J = 8.5, 1.8 Hz, 2H).

(E)-pent-2-en-1-yl tosylcarbamate ((E)-79)

A colorless solid (E)-79 was prepared and identified refer to the literature!®; 'TH NMR
(CDCls, 400 MHz) & 0.97 (t, J = 7.5 Hz, 3H), 2.04 (qd, J = 7.7, 7.5 Hz, 2H), 2.45 (s, 3H),
4.51(dd,J=6.6, 1.1 Hz, 2 H), 5.45 (dtt, J = 15.4, 6.8, 1.8 Hz, 1H), 5.78 (dt, /= 15.4, 6.3 Hz,
1H), 7.34 (d,J = 7.7 Hz, 2 H), 7.39 (brs, 1H), 7.92 (d, J = 8.2 Hz, 2H).

(Z)-pnet-2-en-1-yl tosylcarbamate ((£)-79)

A colorless solid (£)-79 was prepared and identified refer to the literature'?; "TH NMR
(CDCls, 400 MHz) & 0.95 (t, J = 7.6 Hz, 3H), 2.06 (dqd, J = 7.6, 7.6, 1.8 Hz, 2H), 2.45 (s,
3H), 4.62 (dd, J = 7.4, 1.1 Hz, 2H), 5.40 (dtt, /= 11.2, 6.7, 1.6 Hz, 1H), 5.65 (dtt, J = 10.8,
7.6, 1.1 Hz, 1H), 7.34 (d, J = 8.1 Hz, 2H), 7.36 (s, 1H), 7.93 (dd, J = 8.3, 2.0 Hz, 2H).

O
O)J\NHTS

-

O
O)J\NHTS

L\H

O NHTs
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4.2.3. Substrates for the 6-membered ring formation reactions

(Z)-5-phenylpent-4-en-1-yl tosylcarbamate (1q)

1
p-TsNCO O~ NHTs
OH THF, rt, |
=
112 52b

(2)-2-methyl-5-phenylpent-4-en-2-ol 112 (362 mg, 1.9 mmol, 1.0 equiv.) prepared according to the
literature'* was dissolved in THF (1.9 mL, 1.0 M) and then p-toluenesulfonyl isocyanate (289 ul, 1.9 mmol,
1.0 equiv.) was added at 0 °C. The mixture was stirred over night at room temperature in the dark. The mixture
was cooled with an ice bath, and then NH4Cl aq. was added. After extraction with AcOEt, the organic layer
was washed with brine and evaporated to furnish the crude product. The crude mixture was purified by column
chromatography (hexane/AcOEt = 8:3) in the dark with cooling while the crude product was charged on silica
gel. Then the product 52b was obtained as a colorless solid (622 mg, 84%); mp: 75-78 °C. IR (KBr): 3244,
2986, 1734, 1704, 1595, 1495, 1450, 1371, 1339, 1304, 1205, 1161, 1121, 1086, 1054, 1016, 908, 851, 817,
766, 729, 710, 671, 596 cm™. '"H NMR (CDCls, 400 MHz) & 1.37 (s, 6H), 1.78-1.83 (m, 2H), 2.19 (dtd, J=
9.4, 7.0, 1.8 Hz, 2H), 2.40 (s, 3H), 5.51 (dt, J = 13.6, 5.7 Hz, 1H), 6.38 (d, J = 11.7 Hz, 1H), 7.20-7.36 (m,
7H), 7.43 (s, 1H), 7.84 (dt, J = 8.7, 1.9 Hz, 2H). *C NMR (100 MHz, CDCl;): & 21.6, 22.9, 25.8, 40.4, 85.9,
126.7, 128.1, 128.2, 128.6, 129.4, 129.5, 131.5, 135.8, 137.3, 144.7, 149.0. HRMS (ESI): m/z calculated for
C21H2sNO4SNa* [M+Na]': 410.1397, found: 410.1417.

General procedure: 1,1-dialkylpent-4-en-1-yl tosylcarbamate
@)

OH Py

/W p-TsNCO O~ “NHTs
- THF rt. | W

~N__ -
~

113 43

The corresponding alcohol 113 (1.0 equiv.) was dissolved in THF (1.0 M) and then p-toluenesulfonyl
isocyanate (1.0 equiv.) was added at 0 °C. The mixture was stirred over night at room temperature. The mixture
was cooled with an ice bath, and then NH4Cl ag. was added. After extraction with AcOEt, the organic layer

was washed with brine and evaporated to furnish the crude products. After purification by silica gel column

chromatography (hexane/AcOEt = 8:3), the product 43 was obtained.
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2-methylhex-5-en-2-yl tosylcarbamate (43b)
2-Methylhex-5-en-2-ol 113b was prepared according to the literature. !> General o

procedure using 2-Methylhex-5-en-2-0l 113b (571 mg, 5.0 mmol, 1.0 equiv.), THF (5.0 mL, 0" NHTs

1.0 M) and p-toluenesulfonyl isocyanate (986 mg, 750 uL, 5.0 mmol, 1.0 equiv.) afforded Z
the carbamate 43b as a colorless solid (1.3 g, 81 %); mp: 59-61 °C. IR (KBr): 3170, 3083, 2991, 2929, 1710,
1643, 1599, 1497, 1452, 1423, 1357, 1308, 1258, 1218, 1166, 1092, 1078, 1065, 1020, 1001, 974, 912, 846,
816, 773, 716, 704, 675, 653, 634, 581 cm™. "H NMR (CDCl3, 400 MHz) & 1.38 (s, 6H), 1.71-1.76 (m, 2H),
1.89-1.95 (m, 2H), 2.45 (s, 3H), 4.91 (dq, /= 8.1, 1.7 Hz, 1H), 4.94 (dq, /= 15.0, 1.6 Hz, 1 H), 5.70 (ddt, J =
17.1,10.3, 6.3 Hz, 1H), 7.34 (d, J= 8.1 Hz, 2H), 7.54 (brs, 1H), 7.89 (d, J= 8.7 Hz, 2H). 3*C NMR (100 MHz,
CDCL): 8 21.7, 25.8, 27.9, 39.5, 86.0, 114.7, 128.2, 129.5, 135.9, 137.9, 144.8, 149.0. HRMS (ESI): m/z

calculated for CsH2)NOsSNa* [M+Na]": 334.1084, found: 334.1081.

3-ethylhept-6-en-3-yl tosylcarbamate (43c)

3-Ethylhept-6-en-3-ol 113¢ was prepared according to the literature.'* General procedure j\
using 2-Methylhex-5-en-2-0l 113¢ (712 mg, 5.0 mmol, 1.0 equiv.), THF (5.0 mL, 1.0 M) « NHTj
and p-toluenesulfonyl isocyanate (986 mg, 750 pL, 5.0 mmol, 1.0 equiv.) afforded the
carbamate 43c as a colorless solid (842 mg, 50 %); mp: 76-78 °C. IR (KBr): 3394, 3080, 2974, 1930, 1714,
1664, 1641, 1599, 1497, 1599, 1497, 1339, 1164, 1134, 1090, 1038, 996, 960, 915, 848, 822, 777, 732, 705,
660, 634, 585 cm™. "H NMR (CDCls, 400 MHz) § 0.70 (t, J = 7.6 Hz, 6H), 1.68-1.85 (m, 8H), 2.44 (s, 3H),
4.90 (ddt,J=10.3, 1.3, 1.3 Hz, 1H), 4.92 (dtt, /= 16.6, 1.3, 1.3 Hz, 1H), 5.69 (ddt, J = 16.6, 9.9, 6.3 Hz, 1H),
7.32 (s, 1H), 7.33 (d, J= 8.1 Hz, 2H), 7.88 (d, /= 8.5 Hz, 2H). *C NMR (100 MHz, CDCl5): § 7.4,21.7,27.1,
27.3, 33.3, 91.7, 114.6, 128.2, 129.5, 135.8, 137.9, 144.8, 148.6. HRMS (ESI): m/z calculated for

C17H2sNO4SNa'" [M+Na]™: 362.1397, found: 362.1414.

1-(but-3-en-1-yl)cyclohexyl tosylcarbamate (43e)
(0]

1-(But-3-en-1-yl)cyclohexan-1-0l 113e was prepared according to the literature. '°
O NHTs

General procedure using 2-Methylhex-5-en-2-0l (771 mg, 5.0 mmol, 1.0 equiv.), THF (5.0 _
mL, 1.0 M) and p-toluenesulfonyl isocyanate (986 mg, 750 uL, 5.0 mmol, 1.0 equiv.) O\/\/
afforded the carbamate 43e as a colorless solid (770 mg, 44 %); mp: 90-91 °C. IR (KBr): 3168, 3077, 2929,
2866, 2364, 1710, 1640, 1598, 1453, 1414, 1372, 1352, 1280, 1267, 1254, 1189, 1164, 1133, 1090, 1056, 1017,
996,957,914, 821, 773, 704, 669, 582 cm™'. "TH NMR (CDCls, 400 MHz) & 1.17-1.24 (m, 1H), 1.26-1.34 (m,
2H), 1.38-1.48 (m, 4H), 1.53-1.59 (m, 1H), 1.63-1.74 (m, 2H), 1.79-1.83 (m, 2H), 2.09 (d, J = 13.0 Hz, 2H),
2.44 (s, 3H), 4.80-4.84 (m, 2H), 5.59 (ddt, /= 16.6, 10.8, 6.3 Hz), 7.58 (s, 1H), 7.89 (dt, J = 8.5, 1.8 Hz, 2H).
3C NMR (100 MHz, CDCls): & 21.6, 21.6, 25.3, 27.0, 34.4, 36.5, 87.8, 114.5, 128.2, 129.6, 135.9, 138.0,
144.8, 148.8. HRMS (ESI): m/z calculated for C;sH2sNOsSNa*™ [M+Na]*: 374.1397, found: 374.1414.
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4.3. General procedures and supplement data of allylic C—H amination
4.3.1. 5-membered ring formation reactions of substrates with an aryl substituent

General Procedure of allylic C-H amination for carbamates with an aryl substituent (Scheme 25)

1.L9 (10 mol %)

o Cu(OAC),-H,0 (10 mol %), THF o
)]\ under Ar, 2 h, 40 °C )J\
O” 'NHTs 2. removing solvent, r.t., 2 h 0" N-Ts
_ A" 3. Pd(0Ac), (x mol %) —
47 2,6-DMBQ (1.1 equiv.), (PhO),POH (15 mol %) 48 .

dba (y mol %), dioxane (0.1 M), 50 °C, 48 h

[Condition A] Pd(OAc), (10 mol %), dba (10 mol %)
[Condition B] Pd(OAc), (15 mol %), without dba

Schiff base ligand L10 (21 mg, 0.03 mmol, 10 mol %), Cu(OAc),-H,O (6.0 mg, 0.03 mmol, 10 mol %), and
anhydrous THF (600 pL) were added to a dried screw-capped vial in a glove box. The mixture was heated to
40 °C and stirred for 2 hours. After cooling to room temperature, the solvent was removed under reduced
pressure through a needle, and the resulting residue was dried for 2 hours at room temperature. In the
condition A, Pd(OAc), (6.7 mg, 0.03 mmol, 10 mol %), 2,6-dimethyl-1,4-benzoquinone (45 mg, 0.33 mmol,
1.1 equiv.), (PhO),PO,H (11 mg, 0.045 mmol, 15 mol %), frans,trans-dibenzylideneacetone (7.0 mg, 0.03
mmol, 10 mol %), (£)-4-arylbut-3-en-1-yl tosylcarbamate 47 (0.3 mmol, 1 equiv.), and anhydrous 1,4-dioxane
(3 mL, 0.1 M) were added to the vial in the glove box. In the condition B, Pd(OAc), (10 mg, 0.03 mmol, 15
mol %), 2,6-dimethyl-1,4-benzoquinone (44.9 mg, 0.33 mmol, 1.1 equiv.), (PhO),PO,H (11 mg, 0.045 mmol,
15 mol %), (£)-4-arylbut-3-en-1-yl tosylcarbamate 47 (0.3 mmol, 1 equiv.), and anhydrous 1,4-dioxane (3 mL,
0.1 M,) were added to the vial in the glove box. The mixture was stirred under Ar atmosphere at 50 °C for 48
hours in the dark. After the mixture was cooled to room temperature and diluted with AcOEt, insoluble solids
were filtered off through a short silica gel column. After evaporation, the obtained crude mixture, which was
analyzed by '"H NMR using dimethyl sulfone as an internal standard, was purified by silica gel column
chromatography with hexane/ CH>Clo/MeOH (gradient from 80 : 20 : 1 to 40 : 20 : 1) to remove the Schiff
base complex and other some byproducts. After the solvent removed, the mixture was purified again by silica
gel column chromatography with hexane/AcOEt (gradient from 10 : 1 to 3 : 1 with adding 1% Et;N) to remove

the remaining starting material. After the evaporation, the pure product was obtained.

(S,E)-4-(2-phenylovinyl)-3-tosyloxazolidin-2-one (48a) j\
A colorless solid 48a was prepared from (Z)-4-phenylbut-3-en-1-yl tosylcarbamate (£)-47a o N-Ts
(104 mg, 0.3 mmol). Condition A: the product (77 mg, 75%) was obtained and the —
enantiomeric ratio was determined to be 91:9 with a CHIRALCEL OJ-H column
(hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 40.3 min (minor), 50.2 min (major)).

Condition B: the product (87 mg, 84%) was obtained and the enantiomeric ratio was determined to be 89:11.

When we prepared the same product using (E)-4-phenylbut-3-en-1-yl tosylcarbamate (E)-47a (0.3 mmol,
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104 mg) Condition B:, the product (6 mg, 6%) was obtained and the enantiomeric ratio was determined to be
78:22 (tr = 39.6 min (major), 51.0 min (minor)), see Scheme S1.; mp: 132-135 °C. IR (KBr): 3028, 2921,
1793, 1766, 1658, 1596, 1493, 1473, 1449, 1400, 1373, 1314, 1262, 1202, 1187, 1171, 1135, 1109, 1090, 1047,
987,974, 964, 841, 812, 769, 751, 719, 704, 693, 666, 614, 577 cm™'. "H NMR (CDCl;, 500 MHz) & 2.40 (s,
3H), 4.12 (dd, J = 8.9, 3.2 Hz, 1H), 4.56 (dd, J = 8.6, 8.6 Hz, 1H), 5.10 (ddd, J = 8.6, 8.6, 3.4 Hz, 1H), 5.99
(dd, J=15.5,9.2 Hz, 1H), 6.76 (d, J= 15.5 Hz, 1H), 7.21 (d, J = 8.0 Hz, 2H) 7.30-7.38 (m, SH), 7.86 (d, J =
8.0 Hz, 2H). *C NMR (100 MHz, CDCls): 8 21.6, 59.7, 68.2, 123.6, 126.8, 128.7, 128.7, 128.9, 129.5, 134.9,
135.2, 136.0, 145.4, 151.7. [a]p*** = —2.2 (¢ = 1.0, CHCI;) using 91:9 er product. HRMS (ESI): m/z
calculated for C;sH;7NOsSNa* [M+Na]": 366.0771, found: 366.0770.
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Figure 29a. Chiral HPLC chart for (rac,E)-4-(2-phenylovinyl)-3-tosyloxazolidin-2-one 48a.

Figure 29b. Chiral HPLC chart for the product 48a prepared by condition A.

Figure 29c. Chiral HPLC chart for the product 48a prepared by condition B.

Figure 29d. Chiral HPLC chart for the product 48a prepared from (E)-4-phenylbut-3-en-1-yl
tosylcarbamate (E)-47a.
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(S,E)-4-(2-methylstyryl)-3-tosyloxazolidin-2-one (48b)

A colorless solid 48b was prepared from (Z)-4-(o-tolyl)but-3-en-1-yl tosylcarbamate 47b j.J\
(0.3 mmol, 108 mg). Condition A: the product (54 mg, 51%) was obtained and the
enantiomeric ratio was determined to be 91:9 with a CHIRALCEL OJ-H column
(hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 30.1 min (minor), 40.1 min (major)).
Condition B: the product (92 mg, 86%) was obtained and determined enantiomeric ratio to
be 91:9.; mp: 143-146 °C. IR (KBr): 2923, 1783, 1656, 1596, 1486, 1460, 1377, 1309, 1259, 1202, 1168,
1138, 1119, 1092, 1056, 999, 967, 844, 813, 763, 745, 723, 704, 666, 614, 578 cm™. "H NMR (CDCl;, 400
MHz) 6 2.38 (s, 3H), 2.41 (s, 3H), 4.14 (dd, J = 8.8, 3.4 Hz, 1H), 4.59 (dd, J = 8.5, 8.5 Hz, 1H), 5.13 (ddd, J
=8.6, 8.6, 3.4 Hz, 1H), 5.91 (dd, J=15.5, 9.2 Hz, 1H), 7.02 (d, /= 15.7 Hz, 1H), 7.15-7.26 (m, 6H), 7.88 (d,
J = 8.1 Hz, 2H). BC NMR (100 MHz, CDCl5): § 19.7, 21.6, 59.8, 68.3, 124.9, 125.7, 126.2, 128.7, 129.6,
130.6, 134.0, 134.0, 135.3,136.1, 145.4, 151.7. One aromatic signal was missing probably due to overlapping.
[a]p®® = —0.068 (c = 1.0, CHCI;) using 91:9 er product. HRMS (ESI): m/z calculated for CioH;oNOsSNa*
[M+Na]": 380.0927, found: 380.0929.
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Figure 30a. Chiral HPLC chart for (rac,E)-4-(2-phenylovinyl)-3-tosyloxazolidin-2-one 48b.
Figure 30b. Chiral HPLC chart for the product 48b prepared by condition A.
Figure 30c. Chiral HPLC chart for the product 48b prepared by condition B.
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(S,E)-4-(3-methylstyryl)-3-tosyloxazolidin-2-one (48d)

A colorless solid 48d was prepared from (Z)-4-(m-tolyl)but-3-en-1-yl tosylcarbamate j\
47d (0.3 mmol, 108 mg). Condition A: the product (71 mg, 66%) was obtained and the QN
enantiomeric ratio was determined to be 87:13 with a CHIRALPAK IH column —
(hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tzg = 18.5 min (major), 27.1 min (minor)).
Condition B: the product (95 mg, 89%) was obtained and determined enantiomeric ratio
to be 87:13.; mp: 94-98 °C. IR (KBr): 3530, 3026, 2991, 2925, 1913, 1791, 1655, 1597, 1581, 1483, 1452,
1371, 1300, 1265, 1171, 1133, 1119, 1092, 1055, 1008, 976, 882, 835, 811, 788, 750, 734, 720, 703, 693, 670,
635, 617, 581 cm™. "H NMR (CDCls, 400 MHz) § 2.35 (s, 3H), 2.40 (s, 3H), 4.10 (dd, J = 8.8, 3.4 Hz, 1H),
4.54 (dd, J = 8.6, 8.6 Hz, 1H), 5.08 (ddd, J = 8.6, 8.6, 3.2 Hz, 1H), 5.96 (dd, /= 15.9, 9.1 Hz, 1H), 6.72 (d, J
=15.9 Hz, 1H), 7.10-7.15 (m, 3H), 7.20-7.26 (m, 3H), 7.86 (d, J = 8.6 Hz, 2H). *C NMR (100 MHz, CDCl3):
8 21.3,21.6,59.7, 68.3, 123.4, 124.0, 127.5, 128.6, 128.7, 129.5, 129.6, 134.9, 135.3, 136.1, 138.3, 145.3,
151.7. [a]p?*? = +6.3 (c = 1.0, CHCIl3) using 87:13 er product. HRMS (ESI): m/z calculated for
C19H19NO4SNa'" [M+Na]™: 380.0927, found: 380.0927.
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Figure 31a. Chiral HPLC chart for (rac,E)- 4-(3-methylstyryl)-3-tosyloxazolidin-2-one 48d.
Figure 31b. Chiral HPLC chart for the product 48d prepared by condition A.
Figure 31c. Chiral HPLC chart for the product 48d prepared by condition B.
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(S,E)-4-(3-methoxystyryl)-3-tosyloxazolidin-2-one (48e)

A colorless solid 48e was prepared from (Z)-4-(m-methoxyphenyl)but-3-en-1-yl )J\

tosylcarbamate 47e (0.3 mmol, 113 mg). Condition B: the product (92 mg, 80%) was
obtained and the enantiomeric ratio was determined to be 90:10 with a CHIRALPAK IH
column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tr = 30.0 min (major), 42.4 min
(minor)).; mp: 84-87 °C. IR (KBr): 3033, 2956, 2833, 1785, 1596, 1492, 1466, 1377,
1307, 1272, 1246, 1201, 1168, 1119, 1092, 1038, 1002, 961, 930, 861, 844, 815, 799, 749, 738, 704, 690, 668,
624, 607, 596, 571 cm’'. "TH NMR (CDCls, 500 MHz) § 2.40 (s, 3H), 3.81 (s, 3H), 4.11 (dd, J = 8.9, 3.2 Hz,
1H), 4.55 (dd, J= 8.3, 8.3 Hz, 1H), 5.09 (ddd, J = 8.6, 8.6, 3.4 Hz, 1H), 5.98 (dd, J = 15.5, 9.2 Hz, 1H), 6.72
(d,J=15.5Hz, 1H), 6.82 (s, 1H), 6.88 (dd, /= 8.3, 2.6 Hz, 1H) 6.90 (d, /= 7.4 Hz, 1H), 7.22 (d, /= 8.6 Hz,
2H), 7.27 (t,J = 7.7 Hz, 1H), 7.86 (d, J = 8.6 Hz, 2H). *C NMR (126 MHz, CDCl;): § 21.6, 55.2, 59.6, 68.2,
112.0, 114.5, 119.4, 123.9, 128.7, 129.6, 129.7, 135.2, 135.9, 136.3, 145.4, 151.6, 159.9. [a]p™* =+8.2 (¢ =
1.0, CHCI3) using 90:10 er product. HRMS (ESI): m/z calculated for CioH;oNOsSNa* [M+Na]*: 396.0876,
found: 396.0875.
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Figure 32a. Chiral HPLC chart for (rac,E)- 4-(3-methoxylstyryl)-3-tosyloxazolidin-2-one 48e.
Figure 32b. Chiral HPLC chart for the product 48e prepared by condition B.

(S,E)-4-(3,5-dimethylstyryl)-3-tosyloxazolidin-2-one (48f)

A colorless solid 48f was prepared from (Z2)-4-(3,5-dimethylphenyl)but-3-en-1-yl )J\

tosylcarbamate 47f (0.3 mmol, 112 mg). Condition B: the product (83 mg, 74%) was
obtained and the enantiomeric ratio was determined to be 86:16 with a CHIRALPAK IH
column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 14.2 min (major), 25.7 min
(minor)).; mp: 111-113 °C. IR (KBr): 3017, 2920, 1783, 1655, 1596, 1495, 1477, 1389,
1370, 1310, 1295, 1249, 1173, 1135, 1113, 1091, 1053, 1000, 973, 856, 836, 815, 754, 716, 703, 692, 668,
612, 583, 555 cm™. "H NMR (CDCls, 400 MHz) § 2.31 (s, 6H), 2.40 (s, 3H), 4.09 (dd, J=9.0, 3.1 Hz, 1H),
4.54 (dd, J = 8.5, 8.5 Hz, 1H), 5.07 (ddd, J = 8.8, 8.8, 3.3 Hz, 1H), 5.94 (dd, /= 15.5, 9.2 Hz, 1H), 6.68 (d, J
=15.7 Hz, 1H), 6.91 (s, 2H), 6.97 (S, 1H), 7.21 (d, J= 8.1 Hz, 2H), 7.86 (d, J = 8.5 Hz, 2H). *C NMR (100
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MHz, CDCls): ¢ 21.1, 21.6, 59.7, 68.3, 123.1, 124.7, 128.7, 129.5, 130.5, 134.8, 135.2, 136.1, 138.1, 145.2,
151.7. [a]p**® = +15 (¢ = 1.0, CHCl;) using 86:16 er product. HRMS (ESI): m/z calculated for C20H2 NOsNa*
[M-+Na]": 394.1084, found: 394.1083.
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Figure 33a. Chiral HPLC chart for (rac,E)- 4-(3,5-dimethylstyryl)-3-tosyloxazolidin-2-one 48f
Figure 33b. Chiral HPLC chart for the product 48f prepared by condition B.

(S,E)-4-(4-methylstyryl)-3-tosyloxazolidin-2-one (48g)

A colorless solid 48g was prepared from (Z)-4-(p-tolyl)but-3-en-1-yl tosylcarbamate 47g )J\
(0.3 mmol, 108 mg). Condition A: the product (65 mg, 60%) was obtained and the
enantiomeric ratio was determined to be 90:10 with a CHIRALCEL OJ-H column
(hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tr = 32.9 min (minor), 43.0 min (major)).
Condition B: the product (89 mg, 83%) was obtained and the enantiomeric ration was
determined to be 89:11.; mp: 120-122 °C. IR (KBr): 2923, 1791, 1654, 1597, 1517, 1495, 1377, 1298, 1173,
1121, 1091, 1055, 978, 869, 810, 756, 742, 724, 704, 667, 616, 581 cm™". "TH NMR (CDCls, 500 MHz) & 2.37
(s, 3H), 2.40 (s, 3H), 4.10 (dd, J= 8.6, 3.4 Hz, 1H), 4.55 (dd, /= 8.6, 8.6 Hz, 1H), 5.08 (ddd, J= 8.6, 8.6, 3.1
Hz, 1H), 5.92 (dd, J=15.5, 9.2 Hz, 1H), 6.72 (d, /= 16.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H) 7.20 (d, /= 8.0
Hz, 2H), 7.21 (d, J = 8.6 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H). *C NMR (100 MHz, CDCl5): § 21.3, 21.7, 59.9,
68.4, 122.5, 126.8, 128.8, 129.5, 129.6, 132.2, 135.2, 136.0, 139.0, 145.4, 151.7. [a]p*** = —14 (¢ = 1.0,
CHCIs) using 90:10 er product. HRMS (ESI): m/z calculated for C19Hi19NO4sSNa" [M+Na]*: 380.0927, found:
380.0931.
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Figure 34a. Chiral HPLC chart for (rac,E)- 4-(4-methylstyryl)-3-tosyloxazolidin-2-one 48g.
Figure 34b. Chiral HPLC chart for the product 48g prepared by condition A.
Figure 34c. Chiral HPLC chart for the product 48g prepared by condition B.

(S,E)-4-(4-(tert-butyl)styryl)-3-tosyloxazolidin-2-one (48h)

A colorless solid 48h was prepared from (Z)-4-(p-(tert-butyl)phenl)but-3-en-1-yl
tosylcarbamate 47h (0.3 mmol, 120 mg). Condition A: the product (60 mg, 50%) was )J\
obtained and the enantiomeric ratio was determined to be 85:15 with a CHIRALCEL OJ-
H column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 27.3 min (minor), 41.3 min
(major)). Condition B: the product (88 mg, 74%) was obtained and the enantiomeric
ratio was determined to be 85:15.; mp: 87-97 °C. IR (KBr): 2960, 2870, 1789, 1655,

1596, 1515, 1473, 1373, 1314, 1270, 1173, 1136, 1104, 1046, 976, 858, 815, 753, 716,
704, 666, 611, 580, 557 cm™. "TH NMR (CDCls, 400 MHz) & 1.34 (s, 9H), 2.40 (s, 3H), 4.09 (dd, J=9.0, 3.1
Hz, 1H), 4.54 (dd, J = 9.0, 8.6 Hz, 1H), 5.08 (ddd, J = 8.6, 8.6, 3.1 Hz, 1H), 5.95 (dd, J = 15.7, 9.4 Hz, 1H),
6.73 (d, J=15.7 Hz, 1H), 7.21 (d, J = 8.1 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 7.38 (dt, J = 8.8, 2.0 Hz, 2H),
7.86 (dt,J=8.5, 1.8 Hz, 2H). ®*C NMR (100 MHz, CDCls): § 21.6, 31.2,34.7, 59.8, 68.3, 122.7, 125.6, 126.5,
128.7,129.5,132.2,135.2,135.8, 145.3,151.7,152.1. [a]p***= —7.1 (¢ = 1.0, CHCl5) using 85:15 er product.
HRMS (ESI): m/z calculated for C,,H,sNOsSNa* [M+Na]": 422.1397, found: 422.1415.
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Figure 35a. Chiral HPLC chart for (rac,E)- 4-(4-(tert-butyl)styryl)-3-tosyloxazolidin-2-one 48h.
Figure 35b. Chiral HPLC chart for the product 48h prepared by condition A.
Figure 35c. Chiral HPLC chart for the product 48h prepared by condition B.

(S,E)-4-(4-methylstyryl)-3-tosyloxazolidin-2-one (48i)

A colorless solid 48i was prepared from (Z)-4-(p-methoxyphenyl)but-3-en-1-yl o)
tosylcarbamate 47i (0.3 mmol, 113 mg). Condition A: the product (69 mg, 62%) was o)J\N—Ts
obtained and determined enantiomeric ratio to be 89:11 with a CHIRALCEL OD-H
column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 20.4 min (major), 33.8 min
(minor)). Condition B: the product (91 mg, 81%) was obtained and the enantiomeric
ratio was determined to be 87:13.; mp: 127-132 °C. IR (KBr): 3030, 2966, 2930, 2840, OMe
1785, 1656, 1604, 1509, 1459, 1375, 1301, 1249, 1189, 1169, 1136, 1120, 1106, 1092, 1058, 1033, 1003, 963,
855, 816, 751, 716, 704, 667, 636, 611, 578 cm™'. "TH NMR (CDCls, 400 MHz) & 2.39 (s, 3H), 3.84 (s, 3H),
4.10 (dd, J=9.1, 3.2 Hz, 1H), 4.54 (dd, J = 8.4, 8.4 Hz, 1H), 5.07 (ddd, J = 8.6, 8.6, 3.0 Hz, 1H), 5.83 (dd, J
=15.6,9.3 Hz, 1H), 6.70 (d, /= 15.4 Hz, 1H), 6.88 (d, J = 8.6 Hz, 2H), 7.20 (d, J = 8.6 Hz, 2H), 7.25 (d, J =
8.6 Hz, 2H), 7.86 (d, J = 8.6 Hz, 2H). 3C NMR (100 MHz, CDCl;): § 21.7, 55.4, 60.0, 68.4, 114.2, 121.2,
127.7, 128.2, 128.8, 129.5, 135.3, 135.6, 145.4, 151.8, 160.2. [a]p*** = —17 (¢ = 1.00, CHCI3) using 87:13
er product. HRMS (ESI): m/z calculated for C19Hi9NOsSNa" [M+Na]*: 396.0876, found: 396.0876.
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Figure 36a. Chiral HPLC chart for (rac,E)- 4-(4-methoxylstyryl)-3-tosyloxazolidin-2-one 48i.
Figure 36b. Chiral HPLC chart for the product 48i prepared by condition A.
Figure 36¢. Chiral HPLC chart for the product 48i prepared by condition B.
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(S,E)-4-(2-([1,1'-biphenyl]-4-yl)vinyl)-3-tosyloxazolidin-2-one (48j)

A colorless solid 48j was prepared from (Z)-4-((1,1’-biphenyl)-4-yl)but-3-en-1-yl 0
tosylcarbamate 47j (0.3 mmol, 127 mg). The crude mixture was purified by silica gel o)J\ N—Ts
column chromatography using toluene (first column: toluene/AcOEt = 4:1, second
column toluene/Et;N = 99:1) because of its high crystallinity. Condition B: the product
(106 mg, 84%) was obtained and the enantiomeric ratio was determined to be 87:13 with
a CHIRALPAK IH column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 35.2 min
(minor), 43.3 min (major)).; mp: 170-174 °C. IR (KBr): 2925, 1761, 1654, 1597, 1521, 1487, 1451, 1392,
1376, 1312, 1256, 1178, 1138, 1106, 1044, 996, 971, 860, 822, 764, 724, 706, 689, 667, 610, 580 cm™'. 'H
NMR (CDCls, 400 MHz) & 2.39 (s, 3H), 4.13 (dd, J = 8.8, 3.4 Hz, 1H), 4.56 (dd, J=9.1, 8.2 Hz, 1H), 5.11
(ddd, J = 8.6, 8.6, 3.3 Hz, 1H), 6.03 (dd, /= 15.9, 9.1 Hz, 1H), 6.79 (d, /= 15.9 Hz, 1H), 7.22 (d, /= 8.2 Hz,
2H), 7.37 (t,J=17.5 Hz, 1H), 7.38 (d, J = 8.2 Hz, 2H), 7.46 (t, /= 7.2 Hz, 2H), 7.59 (d, J = 8.6 Hz, 2H), 7.60
(dt,J=6.8, 1.4 Hz, 2H), 7.88 (dt, J= 8.6, 1.8 Hz, 2H). *C NMR (100 MHz, CDCl5): § 21.6, 59.7, 68.3, 123.6,
126.9, 127.3, 127.4, 127.6, 128.7, 128.9, 129.6, 133.9, 135.2, 135.6, 140.2, 141.6, 145.4, 151.8. [a]p*>* = —
24 (¢ = 1.0, CHCI3) using 87:13 er product. HRMS (ESI): m/z calculated for C24H>,NOsSNa® [M+Na]":

442.1084, found: 442.1087.

Ph

2000000 2000000
(a) (b)
1500000 1500000
= )
2 2
Z 1000000 = 1000000
[ 2
g z
£ &
- 2
500000 500000
1
1 2 .
0 L 2 L ] 1 0 £ ] 3
0.0 10.0 20.0 30.0 40.0 50.0 0.0 10.0 20.0 30,0 40.0 50.0
Retention Time [min] Retention Time [min]
#[tR [min]| Area% #[tR [min]| Area%
1| 35.783(50.437 1| 35.247/12.666
2| 44.793]|49.563 2| 43.263]87.334

Figure 37a. Chiral HPLC chart for (rac,E)- 4-(4-phenylstyryl)-3-tosyloxazolidin-2-one 48}j.
Figure 37b. Chiral HPLC chart for the product 48j prepared by condition B.

(S,E)-4-(4-fluorostyryl)-3-tosyloxazolidin-2-one (48k) o)

A colorless solid 48k was prepared from (Z)-4-(p-flurorphenyl)but-3-en-1-yl O)]\N—Ts
tosylcarbamate 47k (0.3 mmol, 109 mg). Condition B: the product (87 mg, 80%) was
obtained and the enantiomeric ratio to be 90:10 with a CHIRALCEL OJ-H column
(hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 40.6 min (minor), 53.5 min (major)).;
mp: 123-125 °C. IR (KBr): 2923, 1793, 1766, 1598, 1509, 1475, 1398, 1374, 1320, F
1237, 1204, 1188, 1167, 1135, 1110, 1091, 1046, 991, 974, 866, 819, 765, 704, 664, 610, 579 cm™". '"H NMR
(CDCls, 500 MHz) 6 2.40 (s, 3H), 4.11 (dd, J = 8.6, 3.4 Hz, 1H), 4.56 (dd, J = 8.6, 8.6 Hz, 1H), 5.08 (ddd, J
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= 8.6, 8.6, 3.4 Hz, 1H), 5.93 (dd, J = 16.0, 9.2 Hz, 1H), 6.72 (d, J = 15.5 Hz, 1H), 7.04 (dd, J = 8.6, 8.6 Hz,
2H), 7.22 (d, J = 8.0 Hz, 2H), 7.29 (dd, J = 8.6, 5.2 Hz, 1H), 7.85 (d, J = 8.6 Hz, 2H). 3C NMR (125 MHz,
CDCl3): 6 21.6, 59.6, 68.2, 115.7, 115.8, 123.4, 128.5, 128.5, 128.5, 128.7, 129.5, 131.1, 131.2, 134.7, 135.2,
145.5, 151.6, 162.0, 163.9. [a]p**® = +1.1 (c = 1.0, CHCI;) using 90:10 er product. HRMS (ESI): m/z
calculated for CisHisNO,FSNa" [M+Na]*: 384.0676, found: 384.0678.

1
200000

(@ (b)
2 1500000
150000
= =
= T
= =
g 100000 %. 1000000
< o
8 £
= -]
50000 500000
2
A \J 1
0 i Y 0 Y X v
0.0 10.0 20.0 30.0 40.0 50.0 0.0 10.0 20.0 30.0 40.0 50.0
Retention Time [min] Retention Time [min]
#[tR [min)] Area%| #[tR [min]| Area%
1] 39.877(50.054| 1| 40.593[ 9.790
2| 53.520[49.946| 2| 53.530{90.210

Figure 38a. Chiral HPLC chart for (rac,E)- 4-(4-fluorostyryl)-3-tosyloxazolidin-2-one 48Kk.
Figure 38b. Chiral HPLC chart for the product 48k prepared by condition B.

(S,E)-4-(4-chlorostyryl)-3-tosyloxazolidin-2-one (481)
A colorless solid 481 was prepared from (Z)-4-(p-chlorophenyl)but-3-en-1-yl )J\

tosylcarbamate 471 (0.3 mmol, 114 mg). Condition A: the product (103 mg, 91%) was

obtained and the enantiomeric ratio was determined to be 89:11 with a CHIRALCEL OD-

H column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 16.1 min (major), 23.4 min

(minor)). Condition B: the product (95 mg, 84%) was obtained and the enantiomeric ratio Cl
was determined to be 89:11.; mp: 143-145 °C. IR (KBr): 2926, 1790, 1597, 1491, 1376, 1307, 1169, 1119,
1093, 1007, 964, 859, 811, 744, 717, 670, 611, 577 cm™". "H NMR (CDCl;, 500 MHz) § 2.41 (s, 3H), 4.12
(dd,J=9.2,3.4 Hz, 1H), 4.56 (dd, J= 8.6, 8.6 Hz, 1H), 5.09 (ddd, J = 8.6, 8.6, 3.1 Hz, 1H), 5.99 (dd, /= 16.0,
9.2 Hz, 1H), 6.72 (d, J = 15.5 Hz, 1H), 7.23 (d, J = 7.4 Hz, 2H) 7.25 (d, J = 8.6 Hz, 2H), 7.33 (d, /= 8.8 Hz,
2H), 7.85 (d, J = 8.6 Hz, 2H). ®C NMR (100 MHz, CDCls): & 21.8, 59.6, 68.3, 124.5, 128.2, 128.8, 129.1,
129.7, 133.6, 134.8, 134.8, 135.3, 145.7, 151.7. [a]p**®* = —12 (c = 1.0, CHCl3) using 89:11 er product.
HRMS (ESI): m/z calculated for CisHisNO4CISNa*® [M+Na]": 400.0381, found: 400.0385.
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Figure 39a. Chiral HPLC chart for (rac,E)- 4-(4-chlorolstyryl)-3-tosyloxazolidin-2-one 48l.
Figure 39b. Chiral HPLC chart for the product 481 prepared by condition A.
Figure 39c. Chiral HPLC chart for the product 48l prepared by condition B.

(S,E)-4-(4-pivaloxystyryl)-3-tosyloxazolidin-2-one (48m)

A colorless solid 48m was prepared from (Z£)-4-(4-pivaloxy)but-3-en-1-yl )J\
tosylcarbamate 47m (0.3 mmol, 134 mg). Condition B: the product (90 mg, 67%) was
obtained and the enantiomeric ratio was determined to be 85:15 with a CHIRALPAK IH —
column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 23.0 min (minor), 28.4 min
(major)).; mp: 137-141 °C. IR (KBr): 2971, 1796, 1450, 1600, 1509, 1479, 1372, 1300,

1169, 1111, 1056, 982, 899, 848, 814, 764, 746, 723, 669, 614, 579 cm™'. '"H NMR OZET
(CDCl;, 500 MHz) 6 1.37 (s, 9H), 2.41 (s, 3H), 4.12 (dd, J = 8.8, 3.4 Hz, 1H), 4.57 (dd,

J=28.4,8.4 Hz, 1H), 5.09 (ddd, J = 8.6, 8.6, 3.3 Hz, 1H), 5.95 (dd, J=15.4, 9.1 Hz, 1H), 6.75 (d, J=15.4 Hz,
1H), 7.06 (dt, J=8.9, 2.3 Hz, 2H), 7.23 (d, /= 8.2 Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H), 7.85 (d, J = 8.6 Hz, 2H).
3C NMR (100 MHz, CDCls): § 21.6, 27.1, 39.1, 59.6, 68.2, 121.9, 123.7, 127.8, 128.7, 129.6, 132.5, 135.0,
135.2,145.4,151.5, 151.6, 176.9. [a]p*** = —16 (c = 1.0, CHCl5) using 85:15 er product. HRMS (ESI): m/z
calculated for C23HxsNOgSNa™ [M+Na]": 466.1295, found: 466.1302.
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Figure 40a. Chiral HPLC chart for (rac,E)- 4-(4-pivaloxystyryl)-3-tosyloxazolidin-2-one 48m.
Figure 40b. Chiral HPLC chart for the product 48m prepared by condition B.

(S,E)-4-(4-(trifluoromethyl)styryl)-3-tosyloxazolidin-2-one (48n)
A colorless solid 48n was prepared from (Z£)-4-(4-(trifluoromethyl)phenyl)but-3-en-1- )J\

yl tosylcarbamate 47n (0.2 mmol of 47n, 83 mg) with 0.03 mmol of TsNH,. Condition

B: the product (61 mg, 75%) was obtained and the enantiomeric ratio was determined to

be 84:16 with a CHIRALCEL OJ-H column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm,

tr = 28.6 min (minor), 36.9 min (major)).; mp: 125-128 °C. IR (KBr): 3042, 2929, 1923,

CF,

1773, 1615, 1598, 1496, 1474, 1376, 1328, 1168, 1122, 1068, 1048, 1017, 984, 875, 817, 766, 748, 718, 704,
667, 635,597,576 cm™. '"H NMR (CDCls, 400 MHz) & 2.41 (s, 3H), 4.14 (dd, J = 8.8, 3.4 Hz, 1H), 4.58 (dd,
8.4, 8.4 Hz, 1H), 5.12 (ddd, J = 8.6, 8.6, 3.3 Hz, 1H), 6.14 (dd, J = 15.6, 8.8 Hz, 1H), 6.79 (d, J = 15.4 Hz,
1H), 7.23 (d, J = 8.2 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.61 (d, J = 8.2 Hz, 2H), 7.86 (d, J = 8.2 Hz, 2H). ’C
NMR (100 MHz, CDCls): 6 21.7, 59.3, 68.1, 125.8 (q, J = 3.8 Hz), 126.5, 126.7 (q, J = 271.8 Hz), 127.1,
128.7,129.7, 130.8 (q, J = 65.8 Hz), 134.4, 135.1, 138.5, 145.7, 151.6. [a]p**? = +15 (¢ = 1.0, CH2Cl») using
84:16 er product. HRMS (ESI): m/z calculated for Ci1oHisNOsF3SNa* [M+Na]": 434.0644, found: 434.0640.
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Figure 41a. Chiral HPLC chart for (rac,E)- 4-(4-trifluoromethylstyryl)-3-tosyloxazolidin-2-one 48n

Figure 41b. Chiral HPLC chart for the product 48n prepared by condition B.
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(S,E)-4-(2-(naphthalen-2-yl)vinyl)-3-tosyloxazolidin-2-one (48p)

A colorless solid 48p was prepared from (Z)-4-(naphthalen-2-yl)but-3-en-1-yl Q
tosylcarbamate 47p (0.3 mmol, 119 mg). The product was purified by two times of ©  N7Ts

silica gel column chromatography (column 1; toluene 100%), (column 2; —
toluene/CH>CL/EtsN, gradient from 100 : 0 : 1 to 80 : 20 : 1) instead of the column Q
using hexane. Condition A: the product (94 mg, 79%) was obtained and the Q
enantiomeric ratio was determined to be 91:9 with a CHIRALCEL OD-H column
(hexane/iPrOH =4:1, 1.0 mL/min, 230 nm, tg = 21.9 min (major), 49.5 min (minor)). Condition B: the product
(100 mg, 85%) was obtained and the enantiomeric ratio was determined to be 88:12.; mp: 151-153 °C. IR
(KBr): 2923, 1793, 1655, 1596, 1508, 1492, 1474, 1376, 1291, 1260, 1168, 1128, 1110, 1088, 1041, 1004, 978,
908, 876, 850, 823, 810, 758, 733, 718, 703, 667, 608, 577 cm'.'"H NMR (CDCls, 400 MHz) & 2.36 (s, 3H),
4.15 (dd, J = 8.8, 3.4 Hz, 1H), 4.58 (dd, /= 8.5, 8.5 Hz, 1H), 5.15 (ddd, J = 8.5, 8.5, 3.1 Hz, 1H), 6.09 (dd, J
=15.7,9.0 Hz, 1H), 6.91 (d, J=15.7 Hz, 1H), 7.17 (d, J= 8.1 Hz, 2H), 7.43 (dd, J = 8.5, 1.3 Hz, 2H), 7.48-
7.53 (m, 2H), 7.72 (s, 1H), 7.88-7.79 (m, 5H). *C NMR (100 MHz, CDCls): § 21.6, 59.8, 68.3, 123.1, 123.8,
126.6, 126.6,127.6,127.7, 128.1, 128.5, 128.7, 129.6, 132.3, 133.3, 133.4, 135.2, 136.1, 145.4, 151.7. [at]p**®
= —65 (c = 1.0, CHCIl;) using 91:9 er product. HRMS (ESI): m/z calculated for C»>H1oNO4SNa" [M+Na]":
416.0927, found: 416.0934.
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Figure 42a. Chiral HPLC chart for (rac,E)- 4-(2-(naphthalen-2-yl)vinyl)-3-tosyloxazolidin-2-one 48p.
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Figure 42b. Chiral HPLC chart for the product 48p prepared by condition A.
Figure 42¢. Chiral HPLC chart for the product 48p prepared by condition B.
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4.3.2. 5-membered ring formation reactions of substrates with an alkyl substituent or a terminal
alkene
General Procedure of allylic C-H amination for alkyl substituted carbamates and terminal alkene
materials (Table 8, 19)

1. ligand (10 mol %)

o Cu(OAC),-H,0O (10 mol %), THF o
)J\ under Ar, 2 h, 40 °C )J\
O~ 'NHTs 2. removing solvent, r.t., 2 h O N-Ts

_ 2 3.Pd(OAc), (10 mol %) —

2,6-DMBQ (w equiv.), additive (x mol %) R

(0.3 mmol) dioxane (y M), z°C, 48 h

Schiff base ligand L2 or L10 (21 mg, 10 mol %), Cu(OAc),-H,O (6.0 mg, 10 mol %), and anhydrous THF
(600 uL) were added to a dried screw-capped vial in a glove box. The mixture was heated to 40 °C and stirred
for 2 hours. After cooling to room temperature, the solvent was removed under reduced pressure through a
needle, and the resulting residue was dried for 2 hours at room temperature. Pd(OAc), (6.7 mg, 10 mol %),
2,6-dimethyl-1,4-benzoquinone (w equiv.), additive (x mol %), tosylcarbamate 41, 53 (0.3 mmol, 1 equiv.),
and anhydrous 1,4-dioxane (y M) were added to the vial in the glove box. The mixture was stirred under Ar
atmosphere at z °C for 48 hours. After the mixture was cooled to room temperature and diluted with AcOEt,
insoluble solids were filtered off through a short silica gel column. After evaporation, the obtained crude
mixture, which was analyzed by "H NMR using dimethyl sulfone as an internal standard, was purified by silica
gel column chromatography with hexane/CH>Cl,/MeOH (gradient from 80:20:1 to 40:20:1) to remove the
Schiff base complex and other some byproducts. After the removal of the solvent, the mixture was purified
again by silica gel column chromatography with hexane/AcOEt (gradient from 10:1 to 3:1 with adding 1%

Et;N) to remove the remaining starting material. After the evaporation, the pure product was obtained.

(S,E)-4-(2-(thiophene-3-yl)vinyl)-3-tosyloxazolidin-2-one (41)

This product was prepared using L10 (21 mg, 10 mol %), 2,6-dimethyl-1,4-benzoquinone (61 0
mg, 1.5 equiv.), B(C¢Fs)3 as additive (23 mg, 15 mol %), tosylcarbamate 41 (0.3 mmol, 81 mg), )J\
and anhydrous 1,4-dioxane (300 ul, 1 M) at 45 °C according to general procedure. After two
times of column chromatography, colorless solid 42 (72 mg, 90%) was obtained and the
enantiomeric ratio was determined to be 91:9 with a CHIRALPAK ID column (hexane/iPrOH = 4:1, 1.0
mL/min, 230 nm, tg = 19.6 min (major), 24.7 min (minor)). The product was identified by comparing the
spectra with reported ones'®; 'TH NMR (CDCls, 500 MHz) & 2.44 (s, 3H), 4.04 (dd, J = 8.6, 4.0 Hz, 1H), 4.49
(dd, J= 8.6, 8.6 Hz, 1H), 4.91 (ddd, J = 8.3, 8.3, 3.6 Hz, 2H), 5.38 (d, /=9.7 Hz, 1H), 5.48 (d, /= 17.2 Hz,
1H), 5.82 (ddd, J=17.9, 9.3, 7.6 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 7.92 (d, J = 8.6 Hz, 2H). *C NMR (125
MHz, CDCls): 6 21.6, 59.5, 68.0, 120.7, 128.6, 129.6, 133.5, 134.9, 145.5, 151.7. HRMS (ESI): m/z calculated
for C12H13NO4SNa* [M+Na]*: 290.0458, found: 290.0470.
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Figure 43a. (rac,E)- 4-(2-(thiophene-3-yl)vinyl)-3-tosyloxazolidin-2-one 42.
Figure 43b. Reaction product 42.

4-(prop-1-en-1-yl)-3-tosyloxazolidin-2-one (54)
This product was prepared using L2 (14 mg, 10 mol %), 2.6-
dimethyl-1,4-benzoquinone (61 mg, 1.5 equiv.), (PhO).POH as O N-Ts O° 'N-Ts O 'N-Ts

additive (3 mg, 4 mol %), tosylcarbamate (£)-53 (0.3 mmol, 85 mg), \_Q:\ ) _ \_<\\
\

and anhydrous 1,4-dioxane (3 mL, 0.1 M) at 50 °C according to the Me
general procedure. After two times of column chromatography, a (E,S)-54 (Z,R)-54 14
colorless solid (67 mg, 80%) was obtained as a mixture of (£)-4-(2-(thiophene-3-yl)vinyl)-3-tosyloxazolidin-
2-one (E)-54 (73%) and (Z,R)-4-(2-(thiophene-3-yl)vinyl)-3-tosyloxazolidin-2-one (£)-54 (5%) and 4-allyl-3-
tosyloxazolidin-2-onewas 114 (3%). The enantiomeric ratios of these products were determined to be 91:9
((E)-54), 56:44 ((£)-54), 61:39 (114) with a CHIRALCEL OJ-H column (hexane/iPrOH = 4:1, 1.0 mL/min,
230 nm, tr = 25.4 min (114), 27.8 min ((£)-54), 29.3 (114), 31.0 min ((£)-54), 35.3 min ((£)-54), 38.2 min
((E)-54)). '"H NMR (mixture of (E)-54, (Z)-54, 114) (CDCl;, 500 MHz) & 1.74 (d, J = 6.3 Hz, 3H-(E)-54),
1.83 (d,J=6.9 Hz, 3H:(£)-54), 1.86 (d, /= 5.7 Hz, 3H-114), 2.44 (s, 3H-(E)-54 + 3H:(£)-54 + 3H-114), 3.96
(dd,J=8.9,3.7 Hz, 1H:(£)-54), 4.01 (dd, /= 8.6, 3.4 Hz, 1H-(E)-54),4.12 (dd, /=8.9,3.7 Hz, 1H-114), 4.34
(dd, J = 8.3, 8.3 Hz, 1H-114), 4.46 (dd, J = 8.3, 8.3 Hz, 1H-(E)-54), 4.51 (dd, J = 8.3, 8.3 Hz, 1H- (£)-54),
4.55 (tt,J="1.5,4.0 Hz, 1H-114), 4.88 (td, /= 8.3, 3.4 Hz, 1H-(E)-54), 5.15 (d, /= 17.2 Hz, 1H-114), 5.19 (d,
J=10.9 Hz, 1H-114), 5.29 (td, J=9.0, 3.7 Hz, 1H-(£)-54), 5.38 (dd, J = 15.2, 8.9 Hz, 1H-(E)-54), 5.64 (ddt,
J=17.0,10.0, 6.9 Hz, 1H-114), 5.89 (qd, /= 10.0, 7.0 Hz, 1H-(£)-54), 5.93 (qd, J= 14.0, 6.7 Hz, 1H-(E)-54),
7.33 (d, J=8.0 Hz, 2H-(E)-54 + 2H-(Z£)-54 + 2H-114), 7.89 (d, J = 8.6 Hz, 2H-(E)-54 + 2H:(£)-54), 7.97 (d,
J=8.0 Hz, 2H-114). A peak of 1H-(Z)-54 is overlapping somewhere.

When we used (E)-53 as a substrate, we obtained the products (E)-54 (40:60 er) and (£)-54 (11:89 er). See
figure 44d.

When we used (E)-73 as a substrate, we obtained the products (E)-54 (82:18 er) and (Z£)-54 (62:38 er). See
figure 44e.

When we used (Z£)-73 as a substrate, we obtained the products (E)-54 (24:76 er) and (£)-54 (22:78). See
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figure 44f.
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Figure 44a. Mixture of the reaction products prepared from (Z)-53 using racemic L10-Cu ligand

(mixture of (Sbinaphthyl,RSulfoxide,RSulfoxide)'L10 ligand and (R,S ,S)-LIO ligand).

Figure 44b. Mixture of the reaction products prepared from (2)-53.

Figure 44c. Mixture of the reaction products prepared from (£)-53 with the difference reaction condition

(MS 4A (60 mg) was added). This mixture was used for the following purification.

Figure 44d. Mixture of the reaction products prepared from (E)-53.
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Figure 44e. Mixture of the reaction products prepared from (E)-73.
Figure 44f. Mixture of the reaction products prepared from (£)-73.

Further purification by HPLC with InerSustain Phenyl Spum column (10x250mm, hexane/iPrOH = 9:1, 5.0
mL/min, 254 nm, tr = ca. 10 min) afforded (S,E)-4-(2-(thiophene-3-yl)vinyl)-3-tosyloxazolidin-2-one (E)-54
as a single product; IR (NaCl): 2918, 1778, 1672, 1598, 1495, 1446, 1369, 1309, 1262, 1190, 1173, 1119,
1086, 1070, 1038, 999, 971, 813, 759, 664, 607, 573 cm™'. '"H NMR (CDCl3, 400 MHz) § 1.75 (dd, J = 6.9,
1.1 Hz, 3H), 2.45 (s, 3H), 4.01 (dd, /= 8.9, 3.7 Hz, 1H), 4.46 (dd, J = 8.3, 8.3 Hz, 1H), 4.88 (td, /= 8.6, 3.4
Hz, 1H), 5.38 (ddq, J = 15.0, 9.0, 1.3 Hz, 1H), 5.93 (qd, /= 14.9, 6.9 Hz, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.89
(d, J=8.6 Hz, 2H). *C NMR (100 MHz, CDCl3): 8 17.6, 21.7, 59.5, 68.4, 126.5, 128.7, 129.5, 133.0, 135.3,
145.4, 151.8. [a]p*** = —42 (c = 0.37, CHCI5) using 91:9 er product. HRMS (ESI): m/z calculated for
Ci3HisNO4SNa' [M+Na]": 304.0614, found: 304.0627.
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Figure 45. Chiral HPLC chart for the product purified using InerSustain Phenyl Spum column.
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4.3.3. 6-membered ring formation reactions
General Procedure of allylic C-H amination of 6-membered ring formation reactions (Scheme 23, 26)

1. ligand L2 or L10 (10 mol %)
0 Cu(OAc),-H,O (10 mol %), THF

J under Ar, 2 h, 40 °C 0o
O NHTs 5 removing solvent, r.t., 2 h O)J\N-Ts
R'% | 3.Pd(OAc), (10 mol %) R R
R’ 2,6-DMBQ (w equiv.), additive (x mol %) R
43. 51 dioxane (y M), z °C, 48 h 44, 52

The reaction conditions were the same as the general procedure of 5-membered ring formation reactions of

substrates with an alkyl substituent or a terminal alkene (See 4-3-2).

(E)-6,6-dimethyl-4-styryl-3-tosyl-1,3-oxazinan-2-one (52b)

This product was prepared using L2 (14 mg, 10 mol %), 2,6-dimethyl-1,4-
benzoquinone (82 mg, 2.0 equiv.), (PhO),PO,H as additive (3.0 mg, 4 mol %), )J\
tosylcarbamate 51b (0.3 mmol, 116 mg), and anhydrous 1,4-dioxane (3 mL, 0.1 M) /’\)\/\@
according to general procedure under dark conditions. After two times of column
chromatography, a colorless solid (99 mg, 86%) was obtained and the enantiomeric ratio was determined to
be 83:17 with a CHIRALPAK IF column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 16.3 min (minor),
20.4 min (major)).; mp: 141-143 °C. IR (KBr): 2980, 1727, 1596, 1493, 1449, 1359, 1273, 1214, 1169, 1133,
1086, 973, 900, 809, 767, 705, 669, 633, 580 cm™. '"H NMR (CDCls, 500 MHz) & 1.42 (s, 3H), 1.52 (s, 3H),
1.98 (dd, /= 14.3, 9.2 Hz, 1H), 2.23 (dd, J = 14.3, 7.4 Hz, 1H), 2.38 (s, 3H), 5.13 (ddd, J = 8.6, 7.4, 7.4 Hz,
1H), 5.89 (dd, J = 15.5, 8.0 Hz, 1H), 6.66 (d, /= 15.5 Hz, 1H), 7.17 (d, J = 8.0 Hz, 2H), 7.26-7.36 (m, SH),
7.91 (d,J= 8.6 Hz, 2H). *C NMR (100 MHz, CDCl3): § 21.5,25.4,29.1,40.9, 56.8, 79.8, 126.5, 127.2, 128.3,

128.6,129.0,129.4,133.4,135.5, 136.1, 144.6, 149.0. [a]p***= —5.3 (c=1.0, CHCl;) using 83:17 er product.
HRMS (ESI): m/z calculated for C,1H,3sNOsSNa' [M+Na]": 408.1240, found: 408.1258.
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Figure 46a. Chiral HPLC chart for (rac,E)-6,6-dimethyl-4-styryl-3-tosyl-1,3-oxazinan-2-one 52b.
Figure 46b. Chiral HPLC chart for the product 52b.
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6,6-dimethyl-3-tosyl-4-vinyl-1,3-oxazinan-2-one (43b)

O
This product 43b was prepared using L10 (21 mg, 10 mol %), 2,6-dimethyl-1,4- )J\
O N-—-Ts
benzoquinone (82 mg, 2.0 equiv.), tosylcarbamate 42b (0.3 mmol, 93 mg), and anhydrous /’\/]\/
1,4-dioxane (3 mL, 0.1 M) at 45 °C without any additives according to general procedure.

After two times of column chromatography, a colorless solid (66 mg, 71%) was obtained and the enantiomeric
ratio was determined to be 87:13 with a CHIRALPAK IF column (hexane/{PrOH = 9:1, 1.0 mL/min, 230 nm,
tr = 28.8 min (major), 37.1 min (minor)).; mp: 96-100 °C. IR (KBr): 1735, 1359, 1280, 1225, 1188, 1171,
1146, 1088, 977, 931, 892, 815, 761, 715, 678, 656, 629, 563 cm™". "TH NMR (CDCls, 400 MHz) & 1.40 (s,
3H), 1.44 (s, 3H), 1.95 (dd, J = 14.3, 8.4 Hz, 1H), 2.18 (dd, J= 14.3, 7.0 Hz, 1H), 2.42 (s, 3H), 4.98 (ddd, J =
8.2,7.2,7.2 Hz, 1H), 5.28 (d, /= 10.0 Hz, 1H), 5.37 (d, J = 16.8 Hz, 1H), 5.74 (ddd, J = 16.8, 10.0, 6.8 Hz,
1H), 7.30 (d, J = 8.2 Hz, 2H), 7.95 (d, J = 8.6 Hz, 2H). *C NMR (100 MHz, CDCl;): § 21.5, 26.1, 29.0, 40.6,
56.8, 80.0, 118.0, 129.1, 129.3, 135.9, 136.7, 144.7, 148.9. [a]p>>' = —18 (¢ = 1.0, CH,Cl,) using 87:13 er
product. HRMS (ESI): m/z calculated for C,sH;9NO4SNa™ [M+Na]*: 332.0927, found: 332.0939.
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Figure 47a. Chiral HPLC chart for the (rac)- 6,6-dimethyl-3-tosyl-4-vinyl-1,3-oxazinan-2-one 43b.
Figure 47b. Chiral HPLC chart for the product 43b.

(R)-6,6-diethyl-3-tosyl-4-vinyl-1,3-oxazinan-2-one (43c)

This product 43¢ was prepared using L10 (21 mg, 10 mol %), 2,6-dimethyl-1,4- o )J\
benzoquinone (82 mg, 2.0 equiv.), tosylcarbamate 42¢ (0.3 mmol, 102 mg), and anhydrous _—
1,4-dioxane (3 mL, 0.1 M) at 45 °C without any additives according to general procedure. \j\)\/
After two times of column chromatography, a colorless oil (77 mg, 76%) was obtained and the enantiomeric
ratio was determined to be 85:15 with a CHIRALPAK IF column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm,
tr = 12.3 min (major), 14.8 min (minor)).; IR (NaCl): 2974, 2884, 2361, 1730, 1645, 1597, 1495, 1462, 1357,
1232, 1172, 1088, 987, 911, 816, 757, 706, 676, 593 cm™'. '"H NMR (CDCls, 500 MHz) & 0.88 (t,J = 7.7 Hz,
3H), 0.89 (t, J=7.7 Hz, 3H), 1.62-1.71 (m, 3H), 1.74-1.82 (m, 1H), 1.91 (dd, J= 14.3, 8.0 Hz, 1H), 2.17 (dd,
J=14.3,7.4Hz),2.42 (s, 3H),4.97 (ddd, /=7.4,7.4,7.4 Hz, IH), 5.25 (d,J=10.3 Hz, 1H), 533 (d,J=17.2
Hz, 1H), 5.74 (ddd, J = 17.2, 10.3, 7.4 Hz), 7.29 (d, J = 8.0 Hz, 2H), 7.95 (d, J = 8.6 Hz, 2H) . *C NMR (125

MHz, CDClz): 6 21.6, 23.5, 23.8, 38.2, 38.8, 39.6, 57.2,90.7, 118.1, 129.1, 129.4, 135.9, 136.9, 144.8, 149.0.
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[a]p®2 = —19 (¢ = 1.1, CH,Cl,) using 85:15 er product. HRMS (ESI): m/z calculated for C;7H23sNOsSNa*
[M+Na]": 360.1240, found: 360.1254.

2000000 1
2000000 f
b (@) [ (b)
1500000 —
1500000 -
=) =)
) 2
& 1000000 - Z 1000000
c
L =
500000 - 500000 l}
b | |
/! A J A=y [TANE SN
0 ‘ e S - g l | T LN T T
T T T T
0.000 5.000 10.000 15.000 20.000 25.000 0.000  5.000 10.000 _15.000  20.000 25.000
Retention Time [min] Retention Time [min]
#]tR [min]|Area% #[tR [min]|Area%
1]12.310 |50.879 1[12.317 |85.269
2(14.837 |49.121 2(14.847 [14.731

Figure 48a. Chiral HPLC chart for (rac)- 6,6-diethyl-3-tosyl-4-vinyl-1,3-oxazinan-2-one 43c.
Figure 48b. Chiral HPLC chart for the product 43c.

(R)-3-tosyl-4-vinyl-1-oxa-3-azaspiro[5.5]undecan-2-one (43e)

This product was prepared using L.10 (21 mg, 10 mol %), 2,6-dimethyl-1,4-benzoquinone )J\
(82 mg, 2.0 equiv.), tosylcarbamate 42e (0.3 mmol, 105 mg), and anhydrous 1,4-dioxane _
(3 mL, 0.1 M) at 45 °C without any additives according to general procedure. After two O\)\/
times of column chromatography, a colorless solid (74 mg, 71%) was obtained and the enantiomeric ratio was
determined to be 84:16 with a CHIRALPAK IF column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tg = 14.0
min (major), 18.6 min (minor)).; mp: 77-79 °C. IR (KBr): 2933, 2863, 2367, 2356, 2342, 1737, 1599, 1448,
1381, 1359, 1316, 1277, 1244, 1207, 1187, 1170, 1140, 1092, 1021, 997, 938, 926, 904, 855, 813, 761, 709,
687, 666, 637, 661, 556 cm™. "TH NMR (CDCls, 400 MHz) & 1.29-1.38 (m, 1H), 1.41-1.53 (m, 4H), 1.56-1.73
(m, 3H), 1.77-1.89 (m, 2H), 1.90 (dd, J= 14.4, 8.1 Hz, 2H), 2.21 (dd, J=14.4, 7.2 Hz, 1H), 2.42 (s, 3H), 4.97
(ddd, J=17.3,7.3,7.3 Hz, 1H), 5.25 (d, /= 10.3 Hz, 1H), 5.34 (d, /= 17.1 Hz, 1H), 5.73 (ddd, /= 17.1, 9.9,
7.2 Hz, 1H), 7.29 (d, J = 8.5 Hz, 2H), 7.95 (d, J = 8.1 Hz, 2H). *C NMR (100 MHz, CDCls): § 21.5, 21.7,
21.8,24.9, 35.2, 37.6, 39.4, 56.5, 81.8, 118.0, 129.1, 129.4, 135.9, 136.9, 144.8, 149.0. [a]p®>! = —16 (c =

1.0, CH,Cl,) using 84:16 er product. HRMS (ESI): m/z calculated for CisH23NO4SNa® [M+Na]": 372.1240,
found: 372.1255.
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Figure 49a. Chiral HPLC chart for (rac)- 3-tosyl-4-vinyl-1-oxa-3-azaspiro[5.5]undecan-2-one 42e.
Figure 49b. Chiral HPLC chart for the product 42e.
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Determination of absolute configurations (52-3%8)

Scheme S2. Determination of Absolute Configuration of 2a

o} o}
HO E\IHBOC SOCl, O)kN*H NaH )k
\—\:\ \—\\\ TsCl \—\\\
49 Ph 50 Pph (R)-48a Ph
(quant.) (72 %, 97:3 er)

The amino alcohol 49 was prepared from the commercially available Garner’s aldehyde ((.S)-(—)-3-boc-2,2-
dimethyloxazolidine-4-carboxaldehyde) according to the literature.!” To a stirred solution of amino alcohol
49 (68 mg, 0.26 mmol, 1 equiv.) in THF (2.6 mL, 0.1 M) was added SOCI (92 pL, 1.3 mmol, 5 equiv.), and
the mixture was stirred overnight. After evaporation, purification by silica gel column chromatography with
hexane/AcOEt (gradient from 2:1 to 1:2) afforded carbamate 50 (50 mg, qunat.) as a colorless solid. The
product was identified by comparing the spectra with reported ones.'

To a solution of carbamate 50 (50 mg, 0.26 mmol, 1.0 equiv.) in THF (26 mL, 0.01 M) was added NaH (26
mg, 2.5 equiv., 60% dispersion in mineral oil). After the stirring at room temperature for 5 minutes, p-
toluenesulfonyl chloride (75 mg, 1.5 equiv.) was added to the mixture at 0 °C, and the reaction mixture was
further stirred for 1 h at room temperature. The reaction was quenched by NH4Cl aq. and extracted with CH>Cl.
The combined organic layers were evaporated and purified by silica gel column chromatography with
hexane/AcOEt (gradient from 10:1 to 1:2) to furnish the product 48a (65 mg, 72%), which was identified as
the same product as the compound obtained from the allylic C—H amination reaction by comparing their 'H
NMR spectra. From the HPLC analysis, the enantiomeric ratio was determined to be 97:3 (tg = 39.9 min (major,
(R)-48a’s peak), 52.1 min ((.5)-48a’s minor)).

By comparing retention time of the authentic sample with that of products under our conditions (Figure 3b),

the absolute configuration was determined.
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Figure 50. 4-(2-phenylovinyl)-3-tosyloxazolidin-2-one 48a derivatized from Garner’s aldehyde.
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Scheme S3. Determination of Absolute Configuration of 54

< i i
Q" "NBoc TOH 110 NHBoc _SOC2 OAN*H NaH OXN*TS
\—\3 \—\% \—\j TsCl \—\j
550 Me 562 Me 572 Me 542 Me
(48%) (50%) (97%) (53 %)
Z;97:3 er
aE/Z =1 :10 mixture. E; 97:3 er

The compound 55 was prepared as £/Z mixture (£/Z =1:10) from Garner’s aldehyde through Wittig reaction
according to the literature.'” Without separation of the E/Z isomers, the compound 55 was converted to tosyl
carbamate 54 through 3 steps. To a solution of 55 (50 mg, 0.21 mmol, 1.0 equiv., £/Z mixture) in MeOH (1.2
mL, 0.17 M) was added p-toluenesulfonic acid (18 mg, 0.5 equiv.), and the mixture was stirred for 3 hours at
room temperature. The reaction mixture was quenched by NaHCOs3 aq. and extracted with AcOEt. After the
evaporation, the crude mixture was purified by silica gel column chromatography with hexane/AcOEt
(gradient from 5:1 to 2:1) to afford the amino alcohol 56 (28 mg, 50%) as a colorless solid. The product was
identified by comparing the NMR spectra with reported ones.?

To a stirred solution of amino alcohol 56 (28 mg, 0.10 mmol, 1 equiv.) in THF (1.0 mL, 0.1 M) was added
SOCI, (38 uL, 0.52 mmol, 5 equiv.) and the mixture was stirred for 4 hours. After the evaporation, purification
by silica gel column chromatography with hexane/AcOEt (gradient from 2:1 to 1:2) afforded carbamate 57 (13
mg, 97%) as a colorless solid. The product was identified by comparing the NMR spectra with reported ones.?!

To a solution of carbamate 57 (13 mg, 0.10 mmol, 1.0 equiv.) in THF (10 mL, 0.1 M) was added NaH (14
mg, 3.5 equiv., 60% dispersion in mineral oil) and the mixture was stirred at room temperature. After the
stirring for 5 minutes, p-toluenesulfonyl chloride (29 mg, 1.5 equiv.) was added at 0 °C and the reaction mixture
was further stirred for 1 h at room temperature. The reaction was quenched by NH4Cl aq. and extracted with
CH,Cl,. The combined organic layers were evaporated and purified by silica gel column chromatography with
hexane/AcOEt (gradient from 10:1 to 1:2) to furnish the product 54 (15 mg, 53%, Z:E = 10:1), which was
identified as the same product as the compound obtained from the allylic C—H amination reaction by
comparing their 'H NMR spectra. From the HPLC analysis, enantiomeric ratio was measured to be 3:97 ((E)-
54), 97:3 ((£)-54) with a CHIRALCEL OJ-H column (hexane/iPrOH = 4:1, 1.0 mL/min, 230 nm, tr = 27.9
min((R,Z)-54), 31.5 min ((R,E)-54), 35.7 min ((S,Z)-54), 39.4 min ((S,E)-54)).

By comparing retention time of the authentic sample with that of products under our conditions (Figure 17b),

the absolute configuration was determined.
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Figure 51. 4-(prop-1-en-1-yl)-3-tosyloxazolidin-2-one 54 derivatized from Garner’s aldehyde.
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Calculation of the plausible structure of Pd(OAc)/L10-Cu complex (553%)

Initial structure search was performed with crest 2.9 program ?
(https://github.com/grimme-lab/crest) combined with xtb 6.2.3 program 2* (https://github.com/grimme-
lab/xtb). The search was performed with iMTD-GC algorithm, GFN2-xTB parameters,?* and the energy
threshold value of 15 kcal/mol. We obtained 69 structures at this point, from which 10 structures were selected
based on the following criteria: (1) we selected structures in which the inner N,N,0,O atoms coordinate to the
Cu; (2) we selected the structures with different coordinating atoms to Pd. In other words, one representative
structure was selected when several structures have the same coordination structure around the Pd. The selected
10 structures were further optimized at MO6L/def2SVP level of theory® using Gaussian 16 (Rev B.01)
program package'?® followed by vibrational calculation at the same level to confirm that the optimized
structures are equilibrium structures. Based on the Gibbs free energies, the most favored structure shown below

is more stable than others by 5.1-17.6 kcal/mol. All the calculations were performed with a monocationic and

doublet state.

Most favored structure of Pd(OAc)/L9-Cu complex
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6.890911
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4.908045
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5.935259
-2.767456
-3.362117
-3.527537
-4.118286
-4.431306
-3.561775
-2.749328
-4.184908
-3.148179
-4.918290
-5.435432
-5.636398
-4.104466
-5.556261
-6.277224
-6.095370
-5.186041
-3.568848
-3.367606
-4.650756
-4.669098
-4.724897
-5.545200
-2.144829
-2.145449
-2.134915
-1.212032
-3.307822
-4.166890
-2.384100
-3.329179
-2.468595
-1.912542
-3.087499
-3.854770

-2.137127
-5.394363
-2.696125
2.777135
-3.690654
-2.198958
-1.371799
-1.962408
-1.001845
-0.488873
-3.491619
-4.124827
-3.250221
-4.067627
-1.394017
-1.123159
-1.977605
-0.462838
1.257470
3.256201
2.710121
2.917041
1.622819
3.172920
2.593760
1.511500
2.751237
3.011565
4.769318
5.238633
5.167285
5.096938
-0.848019
0.809047
0.768545
-0.176506

4.313582
-0.670468
0.225406
-0.285338
1.025136
-1.264970
-2.187834
-2.636604
-3.015935
-1.674650
-1.885715
-1.152581
-2.682819
-2.348799
-0.635605
-1.420696
0.122858
-0.182539
-0.252914
-2.119416
-2.724954
-3.804848
-2.586700
-2.283777
-2.714013
-2.526378
-3.803648
-2.311076
-2.180585
-1.678579
-1.736809
-3.230517
1.093470
2.390763
2.859031
2.460976



o = T O

-3.593729
-4.425180
-3.995151
-2.799529

1.781653
2.333846
1.292697
2.482402

3.815380
3.357019
4.711660
4.094366
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More Detailed Mechanistic Studies

7.1. Time course experiment

Discussion: We performed a time-course experiment using internal alkene 53. As shown in Scheme S4, an

induction period was observed. The result indicated that it is difficult to accurately determine the kn/kp value

of this reaction.

Experimental Section: The reaction mixture was prepared according to the same procedure written in [4.3.2.
S5-membered ring formation reactions of substrates with an alkyl substituent or a terminal alkene]. The vial
filled with reaction mixture was opened in the glovebox and collected 250 pL at each time (3, 5, 7, 9, 12, 16,
20, 24, 48 h). The collected reaction mixture was passed through a short silica gel column. After the

evaporation, dimethylsulfone was added to the crude mixture as an internal standard, and then the solution was

analyzed by "H NMR. The graph in Scheme S4 shows the NMR yield change from 3 h to 16 h.

Scheme 50. Time course experiment using 53.

1.L2 (10 mol %)

o Cu(OAc);'H20 (10 mol %), THF N\
)]\ under Ar, 2 h, 40 °C
O” 'NHTs 2. removing solvent, r.t., 2 h 0" N-Ts OH HO
\;\ﬁ'\"e 3. Pd(OAc), (10 mol %) \;<=\ ‘Bu=S* ‘s=0
2,6-DMBQ (1.5 equiv.) Me o- By
(0.3 mmol) (PhO),PO,H (4 mol %) L2
1,4-dioxane (0.1 M), 50 °C, x h
time NMR
(xh) | yield (%) 40
0 0 35 =
3 2 30
5 6 25
=
7 10 2 20 =
2
9 14 15 n
12 22 10 ]
16 37 5 n
20 41 om =
24 51 0 5 . 10 15
time (h)
48 69
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7.2. H/D scrambling

Discussion: We conducted the reaction using d»-53 (Scheme S5). The product (d-54) was isolated and
analyzed by '"H NMR. The 'H NMR spectrum showed that no H/D scrambling occurred. The result implied
that the C—H cleavage would be irreversible and further supported that the isomerization/amino-palladation

pathway is not plausible.

Experimental section: Schiff base ligand L2 (4.8 mg, 10 mol %), Cu(OAc)-H>O (2.0 mg, 10 mol %), and
anhydrous THF (200 puL) were added to a dried screw-capped vial in a glove box. The mixture was heated to
40 °C and stirred for 2 hours. After cooling to room temperature, the solvent was removed under reduced
pressure, and the resulting residue was dried for 2 hours at room temperature. Pd(OAc), (2.3 mg, 10 mol %),
2,6-dimethyl-1,4-benzoquinone (20 mg, 1.5 equiv.), (PhO),PO,H (1.0 mg, 4 mol %) [D,]-tosylcarbamate d»-
53 (28 mg, 1 equiv.), and anhydrous 1,4-dioxane (1 mL, 0.1 M) were added to the vial in the glove box. The
mixture was stirred under Ar atmosphere at 50 °C. 200 pL of crude mixture was collected after stirring for 48
h and passed through a short silica gel column. After the evaporation, dimethylsulfone was added to the crude
mixture as an internal standard, and then the solution was analyzed by "H NMR to determine the NMR yield.
The crude mixture was purified by preparative TLC to investigate H/D scrambling by '"H NMR analysis.

Scheme 51. H/D scrambling experiment using d»-53

') 1.L2 (10 mol %)
P Cu(OAc)'H20 (10 mol %), THF o N \=
O NHTS  underAr, 2h, 40 °C PR
D 2. removing solvent, r.t., 2 h O\ IN_TS OH HO
D + + .
~_Me 3. Pd(OAc), (10 mol %) \ﬁ Bu=$ 50
) 2,6-DMBQ (1.5 equiv.) ) 0" Bu
9253 (PhO),POLH (4 mol %) d-54 Me L2

(0.1 mmol) 1 4-dioxane (0.1 M), 50 °C, 48 h  44%

(£)-pent-3-en-1-yl-2,2-d2 tosylcarbamate (d»-53) j\
'"H NMR (CDCls, 400 MHz) & 1.57 (dd, J = 6.8, 1.8 Hz, 3H), 2.45 (s, 3H), 4.06 (s, 2H), O 5 NHTs
5.24 (d, J=10.4 Hz, 1H), 5.54 (dq, J = 10.6, 7.0 Hz, 1H), 7.34 (d, J= 8.2 Hz, 2H), 7.93 (d, Ki/\D/
J=18.6 Hz, 2H), 7.93 (s, 1H). d2-53 | Me
(S,E)-4-(prop-1-en-1-yl)-3-tosyloxazolidin-2-one-4-d (d-54, Figure 26) o

'H NMR (CDCls, 400 MHz) & 1.75 (dd, J = 6.5, 1.6 Hz, 3H), 2.45 (s, 3H), 4.01 (d,J=9.0 Q N7Ts
Hz, 1H), 4.46 (d, J = 8.5 Hz, 1H), 5.38 (d, /= 15.7 Hz, 1H), 5.93 (dq, J = 15.3, 6.3 Hz, 1H), 3
7.33 (d, J = 8.1 Hz, 2H), 7.89 (d, J = 8.1 Hz, 2H). The spectra (see chapter 8) contains 2,6- d-54 Me
dimethyl-1,4-hydroquinone [5 2.20 (s, 3H), 6.48 (s, 1H)]and 2,6-dimethyl-1,4-benzoquinone [ 2.06 (s, 3H),

6.56 (s, 1H)]. Integral value was determined as a mixture of d-(£)-54 and d-(£)-54.
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Figure 52. 1H NMR Spectra of d-54 isolated from the reaction of Scheme S5
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M_catalyzed C—H allylation

General Procedure of Cp*Co™-Catlyzed C—H Allylation of Purine Derivatives (Table 32)

To a dried screw-capped vial were added purine derivative 87 (0.30 mmol), Cp*Co(CO)I: (7.1
mg, 0.015 mmol, 5 mol %), AgOTf (7.7 mg, 0.030 mmol, 10 mol %), AgOAc (5.0 mg, 0.030 mmol,
10 mol %), and TFE (3.0 mL) under argon atmosphere in a glovebox. Allyl alcohol 85 (31 pl, 0.45
mmol, 1.5 eq) was then added to the vial. The vial was capped, taken out of the glovebox, and
the mixture was heated at 60 °C for 8 h with stirring. After the mixture was cooled to room
temperature and diluted with CH2Clz, saturated EDTA - 2Na aq. was added. The organic layer
was separated, and the aqueous layer was extracted with CH2Clz three times. The organic layers
were dried over Na2SOs. After filtration and evaporation, the obtained crude mixture was

purified by silica gel column chromatography (AcOEt/hexane) to give a corresponding product

88.

Gram-scale Synthesis of 88b (Table 32)

To a flame-dried 100 mL Schlenk flask were added 9-benzyl-6-phenyl-9 H-purine 87b (1.0 g, 3.5
mmol), Cp*Co(CO)I: (83.1 mg, 0.175 mmo, 5 mol %), AgOTf (89.7 mg, 0.35 mmol, 10 mol %), and
AgOAc (58.3 mg, 0.35 mmol, 10 mol %) in a glovebox. The flask was charged with TFE (35 mL)
and allyl alcohol 2 (356 pL, 5.2 mmol, 1.5 eq). The flask was taken out of the glovebox, and the
mixture was heated at 60 °C for 8 h with stirring under argon atmosphere. After the mixture
was cooled to room temperature, diluted with CH2Cls, and transferred to a separatory funnel,
saturated EDTA - 2Na aq.(ca. 100 mL) was added. The organic layer was separated, and the
aqueous layer was extracted with CH2Clz (100 mL x 2). The organic layers were dried over
Na2S04. After filtration and evaporation, the obtained crude mixture was purified by silica gel

column chromatography (AcOEt/hexane = 2/1) to give 88b (1.08 g, 95%).

General Procedure of Cp*Co™-Catlyzed C-H Allylation of Benzamide Derivatives (Table 35)
To a dried screw-capped vial were added benzamide derivative 89 (0.30 mmol), Cp*Co(CO)I:
(7.1 mg, 0.015 mmol, 5 mol %), AgNTf: (23.3 mg, 0.060 mmol, 20 mol %), AgOAc (5.0 mg, 0.030
mmol, 10 mol %), and HFIP (0.3 mL) under argon atmosphere in a glovebox. Allyl alcohol 85 (61
ul, 0.90 mmol, 3.0 eq) was then added to the vial. The vial was capped, taken out of the glovebox,

and the mixture was heated at 80 °C for 24 h with stirring. The workup was the same as above.
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6-(2-allylphenyl)-9-isopropyl-9 H-purine (88a): a colorless oil; IR (neat) v

iPr
N /
2978, 1582, 1329, 1216, 764, 649 cm'’; 'H NMR (CDCls, 400 MHz) 8 1.70 (d, (/ | N/>
N
J="17.0 Hz, 6H), 3.63 (d, /= 6.3 Hz, 2H), 4.84-4.90 (m, 2H), 5.00 (sept, J = Y~ N
7.0 Hz, 1H), 5.87 (ddt, J=17.2, 10.4, 6.3 Hz, 1H), 7.36-7.46 (m, 3H), 7.69 (d, \

J="17.7Hz, 1H), 8.15 (s, 1H), 9.04 (s, 1H); 3C NMR (CDCls, 100 MHz) & 22.4,
37.6,47.3,115.4,126.1, 129.6, 130.1, 130.8, 132.5, 134.7, 137.3, 138.8, 142.2, 151.3, 151.7, 158.5;
HRMS (ESI): m/zcalculated for Ci17H1oN4* [M+H*]: 279.1604, found: 279.1603.

6-(2-allylphenyl)-9-benzyl-9 H-purine (88b): a colorless oil; IR (neat) v 3062,

!3n
an
3032, 1583, 1504, 1455, 1402, 1327, 1213, 924, 763, 727, 699, 650 cm'!; 'H N | N/>
NMR (CDCls, 500 MHz) & 3.64 (d, J= 6.6 Hz, 2H), 4.83-4.87 (m, 2H), 5.46 X
(s, 2H), 5.85 (ddt, J=17.2, 10.3, 6.6 Hz, 1H), 7.33-7.44 (m, 8H), 7.71 (dd, J

=7.4,1.1Hz, 1H), 8.05 (s, 1H), 9.07 (s, 1H); 13C NMR (CDCls, 100 MHz) & 37.7, 47.2, 115.4, 126.1,
127.8, 128.5, 129.0, 129.7, 130.2, 130.9, 132.0, 134.6, 135.0, 137.2, 138.9, 144.3, 151.8, 152.2,
158.6; HRMS (ESI): m/z calculated for C21H19N4* [M+H *]: 327.1604, found: 327.16086.

6-(2-allylphenyl)-9-(p-tolylsulfonyl)-9 H-purine (88c): a colorless solid (74.7 Ts
mg, 64%); mp 127.0-128.5 °C; IR (neat) v 3065, 1581, 1387, 1362, 1194, 1180, (/N | N/>
1153, 1089, 670, 578 cm™! ; 'TH NMR (CDCls, 500 MHz) & 2.45 (s, 3H), 3.56 (d, NS N
J=6.6 Hz, 2H), 4.80-4.86 (m, 2H), 5.81 (ddt, J= 17.2, 9.2, 6.6 Hz, 1H), 7.35- \/\5[
7.47 (m, 5H), 7.60 (d, /= 7.4 Hz, 1H), 8.23 (d, J= 8.6 Hz, 2H), 8.53 (s, 1H),

9.12 (s, 1H); 13C NMR (CDCls, 100 MHz) § 21.8, 37.5, 115.7, 126.2, 128.7, 130.2, 130.4, 130.9,

132.5, 133.5, 133.7, 137.0, 137.0, 139.0, 141.6, 147.1, 150.3, 153.6, 159.9; HRMS (ESI): m/z
calculated for Ca1H1902N4S *+ [M+H* ]: 391.1223, found: 391.1223.

6-(2-allylphenyD)-9-((2R,3 R,4R,5F)-3,4-diacetoxy-5- AcO—,
(acetoxymethyl)tetrahydrofurane-2-yl)-9H-purine (88e): a pale Oi:[OAC
yellow amorphous; IR (neat) v 2979, 1748, 1584, 1373, 1223, 1099, N N: OAc
1048, 762 cm'; 'TH NMR (CDCls, 400 MHz) & 2.08 (s, 3H), 2.10 (s, N(/\ | N/>

3H), 2.14 (s, 3H), 3.60 (d, /= 6.9 Hz, 2H), 4.38 (dd, J=13.2, 5.2 Hz,
1H), 4.44-4.47 (m, 2H), 4.83-4.88 (m, 2H), 5.71 (dd, J= 5.4, 4.6 Hz,
1H), 5.84 (ddt, /= 16.6, 9.7, 6.9 Hz, 1H), 6.00 (dd, J = 5.4, 5.4 Hz,
1H), 6.27 (d, J= 4.6 Hz, 1H), 7.34-7.44 (m, 3H), 7.66 (dd, J= 7.4, 1.1 Hz, 1H), 8.22 (s, 1H), 9.03
(s, 1H); 13C NMR (CDCls, 100 MHz) & 20.3, 20.4, 20.6, 37.6, 62.9, 70.4, 73.0, 80.2, 86.4, 115.6,
126.2, 129.9, 130.2, 130.9, 132.8, 134.3, 137.1, 138.9, 142.8, 151.2, 152.3, 159.2, 169.3, 169.5,

170.2; HRMS (ESI): m/zcalculated for C25H26N4NaO7+ [M+Nat]: 517.1694, found: 517.1695.
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6-(2-allyl-4-methoxyphenyl)-9-isopropyl-9 H-purine (88f): a colorless oil; iPr
IR (neat) v 2977, 2935, 1605, 1579, 1506, 1450, 1329, 1217, 648 cm'’; 'H ~ | N/>
NMR (CDCls, 500 MHz) & 1.64 (d, J= 6.9 Hz, 6H), 3.66 (d, J = 6.3 Hz,
2H), 3.82 (s, 3H), 4.87-4.96 (m, 3H), 5.85 (ddt, /= 16.6, 10.3, 6.3 Hz, 1H),
6.87-6.90 (m, 2H), 7.73 (d, J= 8.0 Hz, 1H), 8.10 (s, 1H), 8.96 (s, 1H); 13C
NMR (CDCls, 100 MHz) & 22.4, 37.8, 47.2, 55.2, 111.4, 115.6, 115.9, 127.3,
132.4, 132.7, 137.2, 141.1, 141.8, 151.2, 151.6, 158.2, 160.6; HRMS (ESD): m/z calculated for
C1sH21N4O* [M+H"]: 309.1710, found: 309.1711.

OMe

6-(2-allyl-4-fluorophenyl)-9-isopropyl-9 H-purine (88g): a colorless oil; IR iPr
(neat) v 2979, 1589, 1503, 1330, 1216, 970, 809, 648 cm'’; 'H NMR (CDCls,
500 MHz) § 1.66 (d, J=6.9 Hz, 6H), 3.61 (d, J= 6.9 Hz, 2H), 4.88-4.99 (m,
3H), 5.83 (ddt, J= 16.6, 9.7, 6.9 Hz, 1H), 7.04 (ddd, J= 8.5, 8.5, 2.5 Hz,
1H), 7.09 (dd, J=10.0, 2.5 Hz, 1H), 7.70 (dd, /= 8.5, 6.3 Hz, 1H), 8.13 (s,
1H), 9.00 (s, 1H); 3C NMR (CDCls, 100 MHz) & 22.5, 37.6, 47.4, 113.1 (d,
2Jcr = 30.9 Hz), 116.3, 116.9 (d, 2Jcr = 21.6 Hz),, 130.8 (d, 4Jcr = 2.4 Hz), 132.7 (d, 3Jcr = 46.8
Hz), 133.0, 136.4, 142.1 (d, 3Jcr = 8.4 Hz),, 142.3, 151.4, 151.7, 157.5, 163.5 (d, 'Jor = 248.3 Hz);
HRMS (ESI): m/zcalculated for Ci7HisFN4* [M+H*]: 297.1510, found: 297.1511.

F

6-(4-acetyl-2-allylphenyl)-9-isopropyl-9H-purine (88h): a colorless oil; IR
(neat) v 2979, 1685, 1578, 1392, 1329, 1216, 931, 756, 648 cm'’; 'H NMR
(CDCls, 400 MHz) & 1.68 (d, J= 7.0 Hz, 6H), 2.63 (s, 3H), 3.65 (d, J=6.7
Hz, 2H), 4.84-4.92 (m, 2H), 4.98 (sept, J= 7.0 Hz, 1H), 5.83 (ddt, J/= 16.6,
9.9, 6.7 Hz, 1H), 7.77 (d, J= 8.1 Hz, 1H), 7.93 (dd, /= 8.1, 1.8 Hz, 1H), 7.97
(s, 1H), 8.16 (s, 1H), 9.03 (s, 1H); 13C NMR (CDCls, 100 MHz) § 22.4, 26.7,
37.5,47.4,116.2,126.0, 129.9, 131.1, 132.4, 136.4, 137.5, 139.1, 139.5, 142.7, 151.4, 151.6, 157.1,
197.9; HRMS (ESI): m/z calculated for C19H21N4O*+ [M+H*]: 321.1710, found: 321.1712.

6-(3-allylthiophene-2-y1)-9-isopropyl-9 H-purine (88i): a colorless oil; IR Pr
(neat) v 3075, 2977, 2931, 1577, 1446, 1327, 1218, 917, 831, 647 cm’; 'H
NMR (CDCls, 400 MHz) § 1.67 (d, J= 6.7 Hz, 6H), 4.11 (d, /= 6.5 Hz, 2H),
4.97 (sept, J= 6.7 Hz, 1H), 5.04 (dd, J= 10.1, 1.8 Hz, 1H), 5.11 (ddt, J=
17.1, 1.8, 1.8 Hz, 1H), 6.08 (ddt, J=17.1, 10.1, 6.5 Hz, 1H), 7.09 (d, J=5.1
Hz, 1H), 7.57 (d, J= 5.1 Hz, 1H) 8.18 (s, 1H), 8.96 (s, 1H); 13C NMR (CDCls, 100 MHz) § 22.5,
34.9,47.2,115.4,129.8,130.3, 130.8, 131.2, 137.1, 141.4, 143.9, 151.3, 151.6, 151.7; HRMS (ESI):

145




FERIH Chapter 8

ml z calculated for C1sH17N4S* [M+H*]: 285.1168, found: 285.1171.

9-isopropyl-6-(2-(3-methylbut-2-en-1-yl)phenyl)-9H-purine (88ad): a

iPr
colorless oil; IR (neat) v 2978, 2928, 1583, 1329, 1216, 934, 762, 649 cm’ (/N | N>

/)
1; 1H NMR (CDCls, 400 MHz) & 1.43 (s, 3H), 1.56 (s, 3H), 1.68 (d, J= 6.8 Ny ~>N
Hz, 6H), 3.53 (d, J= 7.2 Hz, 2H), 4.98 (sept, J=6.8 Hz, 1H), 5.14 (t, J= X

7.2 Hz, 1H), 7.32-7.43 (m, 3H), 7.63 (d, /= 6.3 Hz, 1H), 8.15 (s, 1H), 9.04

(s, 1H); 13C NMR (CDCls, 100 MHz) & 17.4, 22.4, 25.4, 32.1, 47.3, 123.2, 125.8, 129.5, 129.8, 130.4,
131.9, 132.6, 134.7, 140.5, 142.1, 151.2, 151.8, 158.9; HRMS (ESD): m/z calculated for CioHzsN4*
[M+H*]: 307.1917, found: 307.1917.

2-allyl- N-(tert-butyl)-5-methylbenzamide (90a): a colorless solid; mp 66.5- o

66.9 °C; IR (KBr) v 3250, 2977, 2957, 1635, 1545, 1450, 1326, 1223, 913, Me ”/tB”
822 cm’l; TH NMR (CDCls, 400 MHz) § 1.44 (s, 9H), 2.33 (s, 3H), 3.50 (d,

J = 6.3 Hz, 2H), 4.98 (ddt, J= 16.9, 1.8, 1.8 Hz, 1H), 5.06 (ddt, J = 10.2, ~

1.8, 1.8 Hz, 1H), 5.65 (brs, 1H), 6.02 (ddt, J = 16.9, 10.2, 6.3 Hz, 1H), 7.09 (d, /= 7.7 Hz, 1H),
7.14 (d, J= 7.7 Hz, 1H), 7.18 (s, 1H); 13C NMR (CDCls, 100 MHz) & 20.8, 28.7, 36.9, 51.7, 115.8,
127.7, 130.2, 130.3, 133.7, 135.9, 137.6, 137.9, 169.5; HRMS (ESI): m/z calculated for
C15sH21NNaO* [M+Nat]: 254.1515, found: 254.1516.

2-allyl- N-(tert-butyl)-5-(trifluoromethyl)benzamide (90b): a colorless o

solid; mp 93.0-93.7 °C; IR (KBr) v 3297, 3084, 2979, 2929, 1643, 1550, F3C N~ Bu
1343, 1308, 1146, 1126 cm'; 'H NMR (CDCls, 400 MHz) § 1.46 (s, 9H), "
3.58 (d, J= 6.3 Hz, 2H), 5.01 (ddt, J= 17.0, 1.8, 1.4 Hz, 1H), 5.13 (ddt, X

J=10.2, 1.8, 1.4 Hz, 1H), 5.72 (brs, 1H), 6.00 (ddt, /= 17.0, 10.2, 6.3 Hz, 1H), 7.34 (brd, J= 8.1
Hz, 1H), 7.57 (brd, /= 8.1 Hz, 1H), 7.60 (brs, 1H); 13C NMR (CDCls, 100 MHz) & 28.7, 37.2, 52.2,
116.9, 123.8 (q, LJor = 273.1 Hz), 124.1 (q, 3Jcr = 3.8 Hz), 126.2 (q, 3Jcr = 3.9 Hz), 128.7 (q, 2Jcr
= 32.4 Hz), 130.9, 136.6, 138.3, 141.2, 167.9; HRMS (ESI): m/z calculated for CisH1sFsNNaO*
[M+Na+]: 308.1233, found: 308.1234.

Methyl 4-allyl-3-(tert-buthylcarbamoyl)benzoate (90c): a colorless oil; o) o)

IR (KBr) v 3330, 2961, 2926, 1726, 1652, 1260, 1224 cm'’; 'H NMR MeO H/tBu
(CDCls, 400 MHz) § 1.46 (s, 9H), 3.60 (d, J= 6.3 Hz, 2H), 3.92 (s, 3H),

5.02 (dd, J= 17.1, 1.7, Hz, 1H), 5.11 (dd, J = 10.4, 1.7 Hz, 1H), 5.73 X

(brs, 1H), 6.00 (ddt, J=17.1, 10.4, 6.3 Hz, 1H), 7.30 (d, /= 8.1 Hz, 1H), 7.97 (dd, J= 8.1, 1.8 Hz,
1H), 8.01 (d, J= 1.8 Hz, 1H); 13C NMR (CDCls, 100 MHz) § 28.7, 37.3, 52.0, 52.1, 116.6, 128.1,
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128.1, 130.4, 130.4, 136.6, 137.8, 142.7, 166.4, 168.3; HRMS (ESI): m/z calculated for
C16H21NNaOs* [M+Na*]: 298.1414, found: 298.1414.

2-allyl-5-bromo- N-(tert-butyl)benzamide (90e): a colorless solid; mp 131.3- o)

132.0 °C; IR (KBr) v 3293, 2966, 1639, 1547 cm; 'H NMR (CDCls, 400 °' N~ BY
MHz) & 1.44 (s, 9H), 3.48 (d, J= 5.9 Hz, 2H), 4.98 (ddt, J= 16.8, 1.8, 1.4 "

Hz, 1H), 5.09 (ddt, J= 10.0, 1.8, 1.4 Hz, 1H), 5.66 (brs, 1H), 5.97 (ddt, J= N

16.8, 10.0, 6.3 Hz, 1H), 7.08 (d, J= 8.2 Hz, 1H), 7.44 (dd, J= 8.2, 1.8 Hz, 1H), 7.48 (d, J= 1.8 Hz,
1H); 13C NMR (CDCls, 100 MHz) § 28.7, 36.7, 52.0, 116.4, 119.8, 129.9, 132.1, 132.5, 136.0, 137.0,

139.5, 167.6; HRMS (ESD: m/z calculated for C1sHisBrNNaO* [M+Na*]l: 318.0464, found:
318.0465.

2-allyl- N-(tert-butyl)-5-iodobenzamide (90I): a colorless solid; mp 128.8- o

129.2 °C; IR (KBr) v 3292, 2968, 1639, 1546, 1450, 1319, 1222 cm'’; 'H NMR '\Citﬂ/&‘
(CDCls, 400 MHz) & 1.42 (s, 9H), 3.45 (d, J = 6.3 Hz, 2H), 4.97 (ddt, J =

17.3, 1.8, 1.8 Hz, 1H), 5.07 (ddt, /= 10.1, 1.8, 1.3 Hz, 1H), 5.68 (brs, 1H), N

5.96 (ddt, J=17.3, 10.1, 6.3 Hz, 1H), 6.94 (d, J= 8.1 Hz, 1H), 7.62 (dd, J= 8.1, 2.0 Hz, 1H), 7.65
(d, J=2.0 Hz, 1H); 3C NMR (CDCls, 100 MHz) 5 28.7, 36.8, 52.0, 91.1, 116.5, 132.2, 135.7, 136.6,

136.9, 138.4, 139.8, 167.5; HRMS (ESI): m/z calculated for C1aHisINNaO+ [M+Na*]: 366.0325,
found: 366.0330.

2-allyl- N-(tert-butylbenzamide (90g): a colorless solid; mp 62.5-63.0 °C; IR o

(KBr) v 3284, 2966, 1631, 1551, 1361, 1324, 1224, 921, 740 cm'; 'H NMR N~ BY
(CDCls, 400 MHz) § 1.44 (s, 9H), 3.55 (d, /= 6.3 Hz, 2H), 4.99 (dd, J=17.1, "

1.7 Hz, 1H), 5.08 (dd, /= 10.2, 1.7 Hz, 1H), 5.71 (brs, 1H), 6.03 (ddt, J=17.1, X

10.2, 6.3 Hz, 1H), 7.2-7.24 (m, 2H), 7.31-7.37 (m, 2H); 13C NMR (CDCls, 100 MHz) § 28.7, 37.3,

51.8, 116.0, 126.2, 127.1, 129.6, 130.3, 136.8, 137.6, 137.7, 169.3; HRMS (ESI): m/z calculated
for C14H19sNNaO* [M+Na+]: 240.1359, found: 240.1361.

2-allyl- N-(tert-butyl)-4-methylbenzamide (90h): a colorless solid; mp 77.4- o

77.8 °C; IR (KBr) v3267, 2972, 1639, 1542, 1323, 1225, 822 cm'’; 'H NMR /@itd/m“
(CDCls, 500 MHz) § 1.44 (s, 9H), 2.33 (s, 3H), 3.53 (d, J= 6.3 Hz, 2H), 5.01 Me

(ddt, J = 16.6, 1.7, 1.7 Hz, 1H), 5.07 (ddt, J = 9.7, 1.7, 1.7 Hz, 1H), 5.64 N
(brs, 1H), 6.02 (ddt, J= 16.6, 9.7, 6.3 Hz, 1H), 7.02 (s, 1H), 7.03 (d, J= 6.9 Hz, 1H), 7.27 (d, J=
6.9 Hz, 1H); 13C NMR (CDCls, 100 MHz) & 21.2, 28.8, 37.3, 51.6, 115.9, 126.8, 127.1, 131.0, 135.0,

137.0, 137.8, 139.5, 169.4; HRMS (ESD: m/z calculated for CisH21NNaO* [M+Na*]: 254.1515,
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found: 254.1517.

2-allyl- N-(tert-butyl)-6-fluorobenzamide (90i): a colorless solid; mp 77.3-

F (@]
78.0 °C; IR (KBr) v 3283, 3077, 2970, 2928, 1647, 1558, 1456, 1363, 1322, N~ Bu
1252, 1223, 985, 803, 762 cm'’; 'H NMR (CDCls, 500 MHz) & 1.46 (s, 9H), :
3.48 (d, J= 6.6 Hz, 2H), 5.04 (ddt, J= 16.9, 1.7, 1.7 Hz, 1H), 5.08 (ddt, J = X

10.6, 1.7, 1.7 Hz, 1H), 5.67 (brs, 1H), 5.96 (ddt, J = 16.9, 10.6, 6.6 Hz, 1H), 6.90-6.93 (m, 1H),
6.99-7.00 (m, 1H), 7.23-7.27 (m, 1H); 13C NMR (CDCls, 100 MHz) & 28.7, 36.9 (d, *Jcr = 2.4 Hz),
52.1, 113.4 (d, 2Jcr = 21.6 Hz), 116.3, 125.3 (d, 4Jcr = 2.4 Hz), 125.9 (d, 2Jcr = 18.0 Hz), 130.1 (d,
sJor = 8.3 Hz), 136.7, 139.8 (d, 3Jcr = 2.4 Hz), 159.0 (d, 'Jcr = 245.9 Hz), 164.1; HRMS (ESI): m/z
calculated for C1sHi1sFNNaO* [M+Na*]: 258.1265, found: 258.1264.

2-allyl-N,5-dimethylbenzamide (98c): a colorless solid (25.6 mg, 45%); mp 136- o)

137 °C; IR (KBr) v 3291, 3076, 2944, 1635, 1550, 1409, 1323, 913 cm™ ; 'H N'Me
NMR (CDCls, 400 MHz) & 2.32 (s, 3H), 2.96 (d, J= 5.2 Hz, 3H), 3.50 (d, i = 6.3

Hz, 2H), 4.99 (dd, 1= 16.7, 1.7 Hz, 1H), 5.05 (dd, 4= 9.9, 1.7 Hz, 1H), 5.83 (brs, A

1H), 6.00 (ddt, J=16.7, 9.9, 6.3 Hz, 1H), 7.12 (d, J= 8.0 Hz, 1H), 7.16 (d, J=8.0 Hz, 1H), 7.21
(s, 1H); 13C NMR (CDCls, 100 MHz) & 20.8, 26.5, 37.1, 115.6, 127.9, 130.3, 130.6, 134.2, 135.9,
136.4, 138.0, 170.7; HRMS (ESI): m/z calculated for C12H1sNO* [M+H*]: 190.1226, found:
190.1229.

2-allyl-N,N-dimethylbenzamide (98d): a colorless oil (17.7 mg, 31%); IR (KBr) v o e

2927, 1636, 1507, 1395, 1267, 1068 cm™ ; 'H NMR (CDCls, 400 MHz) § 2.81 (s, I\'}/‘Ie

3H), 3.11 (s, 3H), 3.39 (brs, 2H), 5.04-5.09 (m, 2H), 5.91 (ddt, J= 17.2, 10.3, 6.3

Hz, 1H), 7.16 (dd, J= 7.4, 1.1 Hz, 1H), 7.21-7.28 (m, 2H), 7.31 (ddd, J= 7.4, h

7.4, 1.1 Hz, 1H); 13C NMR (CDCls, 100 MHz) § 34.6, 37.3, 388.8, 116.1, 126.0, 126.3, 128.9,

129.8, 136.4, 136.5, 136.5, 171.3; HRMS (ESI): m/z calculated for Ci12H1sNO* [M+H"]:

190.1226, found: 190.1228.

2-allyl- methoxy- N-methylbenzamide (100): a colorless oil; IR (neat) v 2975, o

2934, 1651, 1378, 988 cm™; '"H NMR (CDCls, 400 MHz, 50 °C) & 3.26 (s, 3H), I}I’Me
OMe

3.44 (d, J = 6.5 Hz, 2H), 3.52 (s, 3H), 5.04-5.11 (m, 1H), 5.94 (ddt, J = 16.8, 10.0,
6.5 Hz, 1H), 7.20-7.34 (m, 4H); 13C NMR (CDsCN, 100 MHz, 50 °C) & 34.0 (brs),
38.2, 61.7, 116.7, 127.0, 127.6, 130.4, 130.6, 136.9, 138.1, 138.4, 170.9 (brs); HRMS (ESD): m/z
calculated for C12H150:NNa* [M+Nat]: 228.0995, found: 228.0997.
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