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Ac
t-Bu

CDI
DFT
DG
DMF
EI

ESI

IR
KIE
HRMS

m.p.
NMR

Ns

Ph
Rhy(esp)s
Rh,(oct)4
Rhy(piv)s
Rhy(tpa)s
rt

TBS
THF
Troc

TS

Ts

S

acetyl

tert-butyl

benzoyl

carbonyldiimidazole

density functional theory

directing group
N,N-dimethylformamide

electron ionization

electrospray ionization

infrared

kinetic isotope effect
high-resolution mass spectrometry
methyl

melting point

nuclear magnetic resonance
2-nitrobenzenesulfonyl

phenyl
bis[rhodium(a,a,0',a'-tetramethyl-1,3-benzenedipropionic acid)]
rhodium( I') octanoate dimer
rhodium( II') pivalate dimer
rhodium( II') triphenylacetate dimer
room temperature
tert-butyldimethylsilyl
tetrahydrofuran
2,2,2-trichloroethoxycarbonyl
transition state

p-toluenesulfonyl
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Yavawd

B

=5

il

i

ER B ITEELSCAEMERRY . R B E ORERB R BLIC RO 2 HE R H g
FOEMIEORFE MmO CTERETH S, | RE-ZFMEETHMITIL N E CTREEBRUSG
RIEILH T X /L, Buchwald-Hartwig 7 > 7'V 7B HNHILTE 2R, ZiuH DOE AL
BIERERELBLEL2EREZH O UOEAL TBLERS L0, FEHH
FHIHICHIRA D -T2, 2 ZOL I REFOL &, IE, REKEBHBAIHTHCHT I
BRI IE, RAEKFE~O I b EENRERERAEAE L LT, BUEOAKE LT
TO—KEI L 72> Tw% (Figure 1.1), *°

NR
O Imine XN
R
P \ alkylation/
Reductive Hydroamination
amination ~.
N NS

or
Nucleophilic /\ )\ Buchwald-

Hartwig coupling X

substitution

Amination Il

Ao A

Figure 1.1 [RFR-EHR KO TRUEL

HHILEWIIZHO CHEAGEZA LTS, C-H 7 2/ ALRIS D BARIZIZLIRAIC
AL ESEPFEDHIEI A RIE & 725, ZORBEIZ W T, 0+ C-H 7 2 /bRt (Figure 1.2
(a)) *° CENCHERLE A A 5 EICHIT 5 R C-H 7 2 /b5 (Figure 1.2 (b)) © (T
L0 IEMERICERET D CH A ERET HZ & Ttk TE i, —J7, B PERd kL
ZRi7C I OB~ FH C-H 7 2 2 AbIBE, RIGHEDLGE > 72 C-H #5& Z ikl L Thr
EVEREZ G T 2 058035 5720, MEBDD I CRFAEETTHTH 5 (Figure 1.2 (¢)
COEI)BEROD L, FFIIAWEN C-H #aITxd 2 60E &k ML iR T 2 R 3 OB R
DEHFE R WRHE L L 72,



(a) Intramolecular C-H Amination

(b) Directing Group Assisted C-H Amination
DG DG, DG

(c) Direct Intermolecular C-H Amination

1 v

or X or X
: 4R , 4R
R™ R | R™ R |

Figure 1.2 il (7 &8I C-H 7 2/ (LBUG

BN CEERIEITA R A REEKT 52 & T C-H 7 X/ ABBUS 2 DRI
TEEHZERHL LML NTEY, *> REMERICLIESFASNTE 7, P roy
LFA RV A REIEERE T 20 C-H 7 2 /{EEUSIZ DV TIE, 1983 41T Breslow
BIZL - THE SRS FHN Cosp)-H 7 2 LRI B 0 ICIRRICHE R Thh T b

(Scheme 1.1), *

Rhy(OAc)4 (5 mol%)

NH
CH4CN, rt '

2N

0o
1 2; 86% vyield
Scheme 1.1 B YU AF A ML/ A FEEWRE T2 C-H Y X /LEIG D EA) DB
(Breslow &, 1983 4F)

N\

o O

COoM
X V2% Rhy(0,CC3F7)s (3 mol%) @f\\ﬁcoglvue
H N3 toluene, 40 °C N

H
3 4; 84% vyield

Scheme 1.2 T AF A bL /A REJEWR L T 557N Csp)-H 7 I /LK
(Driver &. 2007 4£)



YUY AFA LA REJEMERE L 555 F W Csp’)-H 7 2/ ALRISIZOW T, Driver
DIZ L o THE SN A v R ABERBRYI OB TH 523, Csp’)-H & ~D 53 T NI
IZH A THEFIA D720 (Scheme 1.2),

— 7. ORI F ORI A T ER IR MO HIH 2 N TR ZEDH TH 2,
Miller HIZ &> THESNIZA I/ 3=V F 02T 2 LA E TR DIfL~D C-H T
L MCIE R FRIOS DRAIDOFEITH Y, £DHO Y T LT A ML) A Ra{EHE s
THHTFM C-HT 2 /LIS ORI IC K & 72508 % 55 2 7= (Scheme 1.3), ™

H PhI=NNs (1.0 equiv.) NHNs
Rhy(OAc)4 (2 mol%)
M Me
e CH,Cly, 1t
5 (20 equiv.) 6; 50% yield

Scheme 1.3 “B YU A A ML/ A REEWEREE T 557 C-H T 2 /ALK DB D H
(Miiller 5. 1997 %)

Du Bois B, BY U A KR TH D Rhylesp), ZIMBIZBFE L, X UL H =ik
C(sp’)-H FEB Tt LTT 2 JALRISRHETT 5 2 L 2 8E LT % (Scheme 1.4), ™ 47
M C-H IEMEAL BN IE, RKBFIE D RICKRR AL LB L T 500800, REOSRIL, (B
BEimmOREE LT I MEF 2 O TRISDRIRANTHET T 5 Z LIS LTz, #EM7e SUS
BERENTIC X D . ARUSIER YT LA ML/ A REGEEREE 325 C-H AR KIS
ITT5ZENREBINTND,

Na”

H C|3C/\O’S‘NH2 NHToes Me
(ToesNH,, 1.0 equiv.) : Me
Rh,(esp)s (2 mol%) : 00
N PhI(0,C'Bu), N ; Me /}-o\ I
. L Me Rh—

(2 equiv.) , O\Rh/ |
O~ CFj benzene, 23 °C O™ CFky |
7 8; 70% yield | Rhy(esp),

Scheme 1.4 Rhy(esp), Z AV 7243 F[ C(sp’)-H 7 X / {bf<Jts (DuBois &, 2007 4F)

Lebel &1, & 2w A SERIFIE F. TrocNH-OTs %7 I /{k#lE LTHWS C(sp))-H
7 R ALSUGE R L7 (Scheme 1.5), AR TIX, LSRRV T ASA ML A R
NFA R ENE & RS EZ 72, RV 7 a T Al 7 ED Cspd)-H fE
BT I AEBUSR SR TEIT T 5 Z L RHES ATV D,



0]

: Ph
c;|3c/\o)J\N’OTS \ Ph——Ph !
H H NHTroc !
(TrocNH-OTs, 1.0 equiv.) L 07T/
Rhy(tpa), (6 mol%) PR
/m7m:
MeO KzCOg aq., 25°C MeO | | E
9 (5.0 equiv.) 10; 66% yield E Rhy(tpa)s !

Scheme 1.5  Rhy(tpa), & W 724y 71 C(sp’)-H 7 2 /b5 (Lebel &, 2008 4E)

B

Bl, EFHEFIZ0orY UL A M/ A RHEIZHER L, REFRETH > 72 IS ATEME
7% C-H A ~DOEBMNERBERELEGE AL KBTI, LLTFOMEZIT- T,

HOETIZ. T AaX T L— D Cspd)-H 7 X ABRIIT OWTERY #1477 (Scheme
1.6) . Rho(tpa), & il & U CHWEESIZ, Csp))-H 7 I JALKIGDIEFHR T L a F o Ko<
FIAERIICHEIT T2 2 L2 B L7z, P RRTIE, vP Y454 b L /A FISEFIERIEG
TR RV P NWAL Csp?)-H itz AT 2REHICEWTH, EKOLAAERIC C(spd)-H
7 2 2 AURIGDSHEST L 72,

OR OR
X Rha(tpa X
DR+ TroonHoTs 2P o
= KoCO3 =

PhCI

0°C, 20 h NHTroc

Scheme 1.6 72X > 7 L —YHD N FALERI Csp?)-H 7 2 /1L

HEEETIT, VAV B MLOFHE K Csp))-H A ~D C-H T I JLKIRIZHOWTER Y
A 72 (Scheme 1.7), FH& X, B FED C(sp?)-H 7 2/ LRIC DR %217 9 #@EE T, 1]
C(spd)-H 7 2 /sy VLI B ALEIRIVICHET T2 2 & 2 AU L 72, REUG O EE R
FEBAMEME 12, IRF-7 A FREA O o IS X > T B ME ) Csp’)-H f A 3G AL
INsoEEING,

,R4RE Rhs(tpa) ,R4RS
pa
RSiXMe + TrocNH-OTs — 2>, R-Si)Q/NHTroc
R‘I‘ ‘R3 KzCO3 R1’ 3
PhCI R
20°C,12h

Scheme 1.7 > VL3 g fZDOHE—H Csp’)-H 7 2 /1L

BUF. BEMlICo VT 5,

10



B T AaXxy T L— O TAGRIRE Csp?)-H 7 2/ 1k

H—H W EORENIE & FH O T E

TUV—=AT I UFEROAEREE LT, = b7 YV REAZEARL, BXICL-TT
R AT D HES, ~a AT U — /L@ Buchwald-Hartwig 7~ 7'V v 7 SO H
WHNTEEN, " IHETIRT L— OB C-H 7 2 LRIGHIER IS ST
Do UL, EOALPERC AR 2 R 2O FRBLIC B IR, SRR O LA 25 DR 0
WRIOEEZH WD R, EPEIN TS, ZOX DR T, BREEOEEZ 0
L, RISHEORLE - 72 Csp)-H 2 A4 5 HEICH L T EBIRIcE R Eets

AT 5 FENROIESIHE ShTn5,

Z DR 2R L LT, Ritter HIiE, AT VU A 11 & N-T AR EB L Z VIR
YA RBICEDA I VNTOARIAE L, SR M ERIIIIC Csp)-H A 2 Pk
ISR HEFTT 2 2 & 28 LT 5 (Scheme2.1), ' ZHNETOT L—2HD C-HT 2/
RSB R EOE 2L TV, RRIGR TIEEEE 12 % limiting reagent & LT, /)
WRIDOT I /LA 13 Z2 WD 5 T THRMICEUSHETT L, B K OSLARRNIZ A F]
72 C-H #E & 1T L CHLESEIRAIC T X/ {bik 14 2157,

OMe OMe E Pd cat. 11
Pd cat. 11 (2 mol%)
: S0P Ag(blpy),CIO, (4 mol%) N(SOP) (j
" £-Nso,pn CH4CN, 23 °C ' =N O
2 : Pd (OTDz
CO,Me CO,Me 0 N—
12 13 (2.0 equiv.) 14; 99% yield 1:;>

Scheme 2.1 /%5 w7 Al % U 7= C(sp?)-H A X FEKJE (Ritter & O, 2013 4F)

TL—UEOBEEN C-H 7R ALKISIZEBSRAMEEE VS8R ETH o2,
Nicewicz 5 1&, JelgfbE TRt 2 A9 5 A0 ik 15 Z v, 7 L — B o EHR C-H
72 ALEEWRE LTS (Scheme 2.2), P4 G HES) Tl & TEMPO 1748 T, k3R 220
K. RN ERET S CTEMNET ST VAT I 18 2R IA TV D, HER
FPEDIER IC 8 < . EIERSBEUL AW OALE R Csp)-H 72 /LICH I L TEY |
AKEOGHR D WEREAZ AL TR L TV D,

ZIOEIIT, INETOT L—2HDO C-H 7 2 /LI T VR TORIGHI O & T dH
S, TNHOFITIE, LVEFEER C-H HAITx U TLERERIRICT 2 2 ERIGD R
T AEA A R D,
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MeO Catalyst 15 Me

Catalyst 15 (5 mol%) ~ MeO ,
- FN TEMPO (20 mol%) N O
N DCE 0,33°C O N@ Me™ N L e
Cl 455 nm LEDs cl
16 17 (2.0 equiv.) 18; 75% yield |

Scheme 2.2 YL R 7 Z il % v 7= C(sp?)-H 7 3 /AL (Nicewicz & D #4; 2015 4F)

—J. BV ULTA ML A REEWREE T2 F/M C-H 7 X ABBUSIZ OV T,
C(sp’)-H fEA~DRUSVED ZEBREEITHTE S, R DT UL, BERT O o {if
PV BT EER Cop)-H BANIABTHRICE > TEHIEETHL Z LALLM E &
N Tx7- (Figure2.1(a)), '

R LA NV ARZELTTA L8RS ML A REEEEET ST L
— D C-H 7 I LIS SN2 - f R E LT, Za51E Csp))-H fEA ~DIK
JEMED R <L ALE R OB IEOFIE AN E#E 2 2 L AR T b b, —HEEIL. KRS
DEWEFERTHNE, a Y UL A ML/ A RERETFHET D, HHEBRRE T B 5
DT 2 LIS HEITL 5 D &% 2 7= (Figure 2.1 (b)), Z ORMRFREZ ERT L, &
RN BT H2EE RO U0 L R, FOSSMEOBE 21TV Bl
WRIZEF LT,

(a) Previous Report; C(sp®)-H Amination via Rhodium Nitrenoids

Rh—-Rh
H Rh-Rh=NR NHR H-N-g
R "Ry Ri™ Rp R R,
C-H Insertion
H
H H )<H H
/\)\ ~N OJ\ (;r) N
, Ivii a-position p
benzylic allylic of oxygen tertiary cycloalkanes

(b) This Work; C(sp?)-H Amination via Rhodium Nitrenoids

H NHR 1R

Rh-Rh=NR “
2 Z . /\ /
IR IR Rh—Rh=N.

Electrophilic Arene Amination

Figure2.1 YU A7 A ML /A REEEREET 5 C-HT 2 2 {BES

12



ARFZEOBRFEBEIE T, By A TSR L D Csp))-H 7 2 /LIS Falek 512k -
THE SN (Scheme 2.3), ® AKISHRTIE, MY 7AFnxy ) —ith (EEIZE->T
IXEINA & U CHEERESS b U 7 VA aFRR R & & O IEERMESE) CRIGEITY Z kLY,
Tu bhofbsnicue Y AT A ML A RBEKRTLHEZEZ LN TS, ZOEEFHGE
WX OREBEBFHENMEL, EFEERT L—HEICH L TREFAEFREBRR G R X
CHATLTCW D EHfEE S, HEoa YU L) A FL 2 A4 REERDIEEFRFE TRV E
EnTna,

proposed intermediate

Me MeNH-OTs (1.5 equiv.) Me ! R ~OTs
H Rhy(esp)s (2 mol%) NHMe ' PY
CF4CH,OH, 0 °C . H, 970
Me Me Me Me ! M N=Rh—Rh
1 e —
19 20; 75% yield ' < OYO >

Scheme 2.3 7 27 A LSRRI & FVN 2 C(sp?)-H 7 2 ALK
(Falck & O#E; 2016 4)

Flo, BARLIIARF e Y AR LD 7T v I AT X — A ~DT 2 ALKG
ICBWT, EE 21 ZHOEBICBEM TH B DAE~DT I /LR TIEZ2 < L C(sp)-H
FEA~OT I /LR 2 B HEND 2 L2 WE LTS (Scheme2d), ' LrL7enis, &
MR IEHEFHIT O TES T, FEOa Py AF A FL A FEEEEE T T L—
O C(spD)-H 7 2 ERIEIC OV TIE 2 E THAEFI 220,

: cl.  Cl
Y PhI=NNs (1.0 equiv.) i o) ol
OSiEt Rhy(S-TCPTTL), NsHN 0 5 § '
(1 mol%) P o N cl
7 1
OMe benzene, 23 °C OMe /E o)
Me Me (I)A(I)
21 (1.2 equiv.) 22; 50% yield i /}l?h/jil?h/
Rhy(S-TCPTTL),

Scheme 2.4 @07 A TREEEIRARIEIC XD C(sp))-H 7 2 /ALK S S HELT L 7=
(FGA & DA, 2007 4)
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M Csp?)-H 7 X MGICTEME R EFEE T L— oS

20 CHMUETF. 7 I MEANS N- b oA o i —n" A — k| B\EIZREE S V) U A, R
7 nuN¥ s &2, Rhy(tpa), 2l s 4257 L— %0 C(sp)-H 7 2/ ALOBREF 2T
o7 (Table2.1), FxEFEERT L —UBHEMRG LR, 7=V —/ (23a) ZHEH L
L72BRIZ 50%U =, /3T A0 RO 6.6:1 THIIWZ1GT- (24a), LrLAan 6, Z0ft
DEE TIERIENELET Lieh oz, AVF LB L LIEEIE Csp)-H fa~D7
S ALIRIZBI S P U UL Csp))-H FEA~DT I LR HEIT LT, £, T F L
RUBUEEEE L THRF BT 2B IERN B EIT LN T2 s, TAF AR
PUREDOKISHETIZ, KR TOR YT AT A ML/ A REEEEE T 5 Csp)-H 73/
EREIT LR ERHALNI R oTe, = VATFAT I )R BT AT = — /b,
7z )= ONTE, WEOA~T a1 L a Uy AR < BUAL LT LRV, il
MNEVEL L TcTe, ROGH B EIT LR EHEEL TV D,

Table 2.1 T EELT L— HOR

R :
R ;%jt%
. Rhy(tpa), (5 mol% :
R+ TrooNH-OTs —r2tPals ( .°) R | 00
(1.0 equiv.)  K2COj3 (1.5 equiv.) R
H PhCI (0.2 M) + _Rh—Rh
20°C, 20 h NHTroc | | 1
23 (1.5 equiv.) 24 i Rhy(tpa),
OMe Me Bu
(o]
P Me Me
NHTroc NHTroc NHTroc
24a; 50%, p:o = 6.6:1 Not obtained Not obtained
NMe, SMe OH
NHTroc NHTroc NHTroc
Not obtained Not obtained Not obtained

14



M BOSSRM O Rl

20 CEMETF. 72 JALANS N- b3 v A F o — " X — b HIRICREED U 7 A, IS
saaXrBrEfANT, 1I5YRBOT7 =Y —LE2TT VEELE Lz, 0Py Ao

#{T->7- (Table2.2),

Table 2.2 JUSZRIFORR-1
OMe
OMe  TrocNH-OTs (1.0 equiv.) OMe
Rh cat. (5 mol%) + NHTroc
K,COj3 (1.5 equiv.)
PhCI (0.2 M), 20 h NHTroc
23a (1.5 equiv) 24a 25a
entry Rh catalyst temp. (C) yield of (24a+25a)” ratio (24a:25a)"
1 Rhy(oct)4 20 trace -
2 Rhy(piv)s 20 trace -
3 ha(l’l—C3F7COz)4 20 0% -
4 Rhy(esp)4 20 12% 7.8:1
5 Rhy(tpa)4 20 50% 6.6:1
6 Rhy(tpa)4 0 60% 11:1
7 Rhy(tpa)4 -20 26% 13:1
8" Rha(tpa), 0 37% 9.9:1
9° Rhy(tpa)4 0 42% 12:1
10 Rha(tpa), 0 60% 13:1

“ Determined by 'H NMR using 1,3-dinitrobenzene as an internal standard. "23a (1.0 equiv) and

TrocNH-OTs (1.5 equiv) were employed. “23a (1.0 equiv) was employed. 123a (5.0 equiv) was

employed.

n-Oct

o ™0
L 1
RA=RA

ha(OCt)4

Me

Methe

17
- -
R

Rhy(piv)4

ha(fl-CgF7COz)4

15

Me Ph
Me Phj:Ph
T
Me (0] (I) (l)/-\(l)
Mé o/}_O\Rh\ Rh—Rh’
Rhy(esp), Rhy(tpa),



Z DR Rhy(oct)y <° Rhy(piv)s Rhy(n-C3F7C0,)y TIXSGHIE A < HEFT L7 > 7273 (entries
1-3) . Rhy(esp), Zfilifit & L THWZES, 12%I03R T C(spY)-H 7 2 /iK% 1537= (entry 4),
Rhy(tpa), & FHWVZ & 2 A, 50%INER, /T 40 b DR 6.6:1 THHIMAST- (entry 5), K
IREZ 0 CET T D &, IR, ALEERIRES HIZm B L, 60%IF, N7 4/ hDtk
11 EEWALEZERRECHOYZ1S2 Z L 1IZkPh LT (entry 6), H(Z-20 CF TG
EEZTTFH L, RIZEBRERDT TR ELEN, WREFREETLE (entry 7), 7=
Y =)L & TroeNH-OTs DY &EIZHOWTHafLize 2 A, 7 X /LAl TH D TrocNH-OTs %
15 HEE T 1.0 B RV D&M T TIHIERMNME T L7 (entries 8, 9), £72. 7=Y—/b
ZS50MEFEFCTHOLELZGETTHOIEDOM ERRLLNRNo7eDT, 1.5 ¥EDOT = —
e DD Stk & i G & L7z (entry 6) o 23 T AL~ D WML EDERME DO FEBLUZ DV TR,
Rhy(tpa)y D NAKHI 725 ST L - TAN MESORIEDBEIT LIC K 2ol 2 L RHEK &
LTEZbND,

WIZ, HEEE L RSB ORET &2 1T > 72 (Table 2.3), SUSIRBEIZ DWW TIE, b AT L >
R TF L, T2 F= U AW ToIER B U REEETIIRIGDNE & A BT LR
ZEPHL N o7 (entries2-4), — i, RUBLVROBEETHDL MY Tt m AT R
YRR T NAF R B 0-V 7 ma X r W T BRI R RS LT U722,
7R AT K 2 0o 7= (entries 57 vs. 1), HIBIZHOW TR, REBEO T T X
—HFFNTEDINRIFIRELS (LT DI EDRHLNIRY . REEE YT L2 O,
REE T U v I &R DRE R % 5-2 72 (entries 8,9, 11, 12), 7 U 7 AMHEIZHOWT HEREY U 7
LRV AV T LNERE LT, RES Y 7 ALY S EWIERITS LIV > 72 (entries
13, 14vs. 1),

T, 7 X 2EHID I NS EA NVEEDEHTN ROV THRET L7 (Table 2.4), ~V
suaxF i N I F ket T rdn g Y e eV EA~ERLIZE D
A, =R, (rEERMEE BIZIKF L7z (entries 2,3 vs. 1), £72, M ZnmnpoxFLisr o
FNIER - T TN D & INTE<HEIT LD o7 (entries 4, 5vs. 1), LA EDFE
FEO, N7 maF LR ER L7 TrocNH-OTs & ARSJERICHE T 2727 X /LA
ELTREL, £72, C-H 7 X JfERICTHEICHWON A A I RI—IVF K% T
JAEFIE U TRET L7, RO E < EIT L2 > 72 (entries 6, 7),

16



Table 2.3  [GHSRM D FFL-2

OMe  TrocNH-OTs (1.0 equiv.) OMe OMe
Rhs(tpa), (5 mol%) . @,m—moc
base (1.5 equiv.)
solvent (0.2 M)
0°C, 20 h NHTroc
23a (1.5 equiv) 24a 25a
entry base solvent yield of (24a+25a)” ratio (24a:25a)"
1 K,COs PhCl 60% 11:1
2 K,CO; CH,Cl, 9% 8.0:1
3 K,CO; AcOEt trace —
4 K,CO;5 CH;CN trace —
5 K,COs PhCF; 30% 10:1
6 K,COs PhF 39% 10:1
7 K,CO; 0-CL,C¢Hy 44% 14:1
8 Li,COs PhCl trace —
9 Na,CO; PhCl 9% 7.8:1
10 MgO PhCl 28% 14:1
11 CaCOs; PhCl trace —
12 Cs,COs PhCl 55% 11:1
13 KOAc PhCl 51% 13:1
14 K;POy4 PhCl 42% 11:1

“ Determined by 'H NMR using 1,3-dinitrobenzene as an internal standard.

17



Table 2.4 7 3 2 ALHKID W SF A LI EHLILLH 5

aminating agent

OMe (1.0 equiv.) OMe
Rh(tpa), (5 mol%) o
K>,COj3 (1.5 equiv.) S
PhCI (0.2 M)
0°C,20h NHR
23a (1.5 equiv) 24a, 27a, 29a
entry aminating agents results entry aminating agents results
0 60% yield 0
0% yield”
1 CI3C/\0)J\H’OTS (p:o=11:1)° 5 >LO)J\N’OTS "
H R = COy-Bu
(TrocNH-OTs) 24a: R = Troc 31
o 41% yield T 0% vield®
/18 o yle
2 Reo O (pio=6.5:1)" 6" Ph—I=N
26 32 R=Ts
27a:R = COQCH2CF3
25% yield
CF; O .
Ns 0% yield
3 FSC)\OJJ\N’OTS (p:0=1.9:1)° 7b Ph—I=N
28 " 33 R =Ns
29a: R = C02CH(CF3)2
9 0% yield"
e "
30 H R = COEt

“ Determined by 'H NMR using 1,3-dinitrobenzene as an internal standard. b Run without K,COs.
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BIUET B MO

/Bonlimgt T, BT BEoRFNEITo7 L 2A, a7 raxe 7 L— 8
Zxt LTy ANIALRIRIC C-H 7 X EROG23HEEAT L7z (Table 2.5), TBS (R S 417z 7 =
J =L (23b) RV T == —T )b (23¢) EWo A M VEDANADOT L aAF TR B

NEDWTH UNE N TALRINAICHEIT L7z (24b, 24¢), AL M7 = =30 7
UREH LT =Y — b (23d-23f) RNV A NREI NI 0-A XU T = ) —)L (23g)
B A MFEONTALRRANC T I IS EIT LT (24d-24g), m-T B XU T =Y
—/L (23h) ZHZE L L THWZEIT, A PR EONRTALTERLS, T M VEHDONRT
RORIRAIIC C(sp?)-H 7 I JALKIGHEIT L= (24h), ZhiE., 71 b EoSikREE &
FBEDRICEDF N MLOKIEHEDIKL TIZ LD, 7' MO T ALRRI S 03
TLIEbDEEBEZLND, RIGKEPSRIIRSAE ST A ZEHROT = —/L (23i-231)
[ZOWNTH, A MK TEONTAOBIRAYSOSITET L (24i-241) . 1,24-F U A FF
23D Z E & U THWIZER 81% & W\ 9 EF I mWWICR TH— DL & 5 2. 72 (241)
F,. BV VR IV EW oA T rEILAEY (23m,23n) (ITBWTH, A FF AL
DNTALERENZ T X /RIS EST L7Z (24m, 24n) ,

Table 2.5 JEE MO KF
OR OR
OR
N Rha(tpa), (5-10 mol%) O
| SR+ TrocNH-OTs _ | IR+ o NHTroe
= (1 0 eqUiV.) K2CO3 (1 5 eqUIV.) = R - .
PhCI (0.2 M)
0°C, 20-48 h NHTroc
23 (1.5 equiv.) ’ 24 (para) 25 (ortho)
OMe OTBS OPh OMe OMe
i i Ph i F
NHTroc NHTroc NHTroc NHTroc NHTroc

24d+25d; 51% yield
(24d:25d = 11:1)

24a+25a; 54% yield
(24a:25a = 12:1)

24b; 40% yield 24c; 39% yield 24e; 30% yield

OMe OMe OAc OMe OMe
Cl OBz
OMe OMe MeO OMe
NHTroc NHTroc NHTroc NHTroc NHTroc

24f; 31% yield

24g; 42% yield

24h; 39% yield

24i; 61% yield

OMe OMe OMe OMe
B oM
r e | SN N|)§N
o) €0 “>OMe  MeO” N “OMe
NHTroc NHTroc NHTroc NHTroc

24k; 68% yield

241; 81% yield

24m; 53% yield

24n; 60% yield

24j; 50% yield
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BNT, BT AT A LA FICBREIIRISEE. Csp’)-H faz A+ 5B
T HET AT o 72 (Table 2.6) , R F D a (Lo DANLA~DT I/ ALAITELI ST,
T aX O NRGAORIIC Csp?)-H 7 I /ALK HELT L2, R DA DE—ifk,
5 kRO =k C(sp))-H A2 AT 5 IEICB VT, LSRIRIC Csp)-H 7 2 /LK
JEASHELT L7 (24t-24w), FIT, FEHICKRSIENME R C(sp))-H R &2 HT D50 D R# &
hk7:/~w(nw%z%%%v?7::w%&yuk)Kowf%%%ﬁ<qw%H
7 X AEROS DM R O E RIS HETT L, ARIS RO @b @ IREZ R~ 2 LT
L7z (24s,24x),

Table 2.6 LK UM ESEINA 72 C(sp)-H 7 2 /1t
OR

Rhy(tpa)y (5 mol%)
R+ TrocNH-OTs NHTroc
(1 0 equiv.) K2C03 (1 5 equw
PhCI (0.2 M)

o NHTroc
23 (1.5 equiv.) 0°C,20h 4 (para) 5 (ortho)
| aromatic C(sp?)-H vs. C(sp’)-H « to ethereal oxygen|
H Me, H H
0" “Me 0" "Me 07 >n-CyHys COZEt )\©
NHTroc NHTroc NHTroc NHTroc NHTroc
240+250; 46% yield  24p; 55% yield 24q; 56% yield 24r; 40% yield 24s; 45% yield
(24a:25a = 17:1)
| aromatic C(sp?)-H vs. benzylic C(sp3)-H |
M OMe MeH OMe H
o H o Me o Me o o
. T
p P b P p
NHTroc NHTroc NHTroc NHTroc NHTroc

24t+25t; 50% yield 24u+25u; 49% yield 24v+25v; 43% yield 24w+25w; 47% yield 24x+25x; 50% yield
(24t:25t = 14:1) (24u:25u = 16:1) (24v:25v = 15:1) (24w:25w = 4.0:1) (24x:25x = 13:1)

20



H

WAL EDER M &AL P BIRME 2 R TABUSRIZE D, B v 7 A7 L— VFERO E R
MERBFRRE LZHF L (Figure2.2), 7 U v 7 A7 L—F, £OH A AREHIEIC L

o THEX2 RESREZ R T REBEMNARBRZ Py F L LTHLNTWS, P KISIEERR L DL
C-H #EGmEIR T o il C-H #EEEZZEAELTWHDICHLBEbLT. B v R[6]7 b
— VRO C-H 7 2 LIEIREY 7 v ax VRO T ~ET L, £ TR ik E
57 Qay), £ BV w7 A@T L—r D RV A Y T a L m—T K& E L LB,
b Fa kv Ro TR AMLERIRIIC C-H 7 2 JLRUGHEIT Lz (24z), = OEBREE R
L0 ARRISH S E IR E - B OB CHEIT LTV 5 ATREMEAVRIB S 7, 10 ERW
DIEEIZ DV TIEINMR TOJRBAREETH o 72720 X BEEMITIC L > TRE LT, A
FOSHRIE, Y v 7 AT L— U RARA My1 & L THRE BRIz, 7 A MRk A H O upper
limb (ZEHRICT 2/ EEEAT MO FETH Y, 7 ARIEINIER A R R R
TdH D,

NHTroc
TrocNH-OTs
(1.0 equiv.)
?hz(tploa/)c)t , s
5 mol% | Ok . Oi-Pr i
K2C03 Oi-Pr OI—Pr Oi-Pr OI Pr
(1.5 equiv.) 24y; 40% vyield
PhCI (0.1 M)
0°C,20h
&
X-ray <
NHTroc .
TrocNH-OTs
N (1.0 equiv.)
Rh(tpa),
(5 mol%)
K,CO3
(1.5 equiv.) 24z; 42% yield
PhCI (0.1 M)
0°C,20h

Figure22 XV v 7 A7 L— U FHEEOERIERE AL 24z O X Rk #E
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BNET PUNMEREIZ DWW T DB

I ALRERIRIEFEH OB 2

Lebel Hid, 4-A X VT 2=V AZ 2B & LIEBR, CH 7 X JALRIS RN 2L
fir C(sp’)-H IBIRFNICHEITT 5 2 L 2 E L TWS (Figure 2.3 (a)), ' $£7-. WERKFAL
R (KIE) OPEKR T PHNray 7 ZROFERLY, v L) A ML /) A REJE
PAEE 25 CHFARO S ZIRE L TV 5,

— . BFIIAMR T2 A NPT 2o L A X U EBE L LIRS, N P C(sp’)-H
~OT I LEIFBR EN T, TAax oI AR CspH)-H 7 I ALKIS A
1T+5Z L&A L7 (Figure 2.3 (b)),

(a) Lebel’s Work; Benzylic C(sp®)-H Amination

H TrocNH-OTs NHTroc
Rh,(tpa)s (6 mol%)
O O K2CO3 aq., 25°C O O
MeO MeO
9; (5.0 equiv.) 10; 66% yield

(b) This Work; Aromatic C(sp?)-H Amination
OMe H OMe H

TrocNH-OTs
Rhy(tpa)s (5 mol%) o
K,COs3, PhCI, 0 °C
H NHTroc
23x; (1.5 equiv.) 24x; 50% yield, p:o = 13:1

Figure23 oYU AFA bV /A FEEHEEL TSI TFECHT I 1k

Z 2T ARIERICE T DLFEEREO BN OV T ORAEER Z 4T > 7= (Table 2.7).
ZORER, 222 FFT T T AZ Y (23x) AEE L LEBEO Cspd)-H 7 2 /ALKISIC
BT, BEICE S TRIGHENRRELSEDL ZEBHALMNCRoTe, BV T AT A R/
A REHEERE LT 5 Csp)-H 7 2 MERIRICBWTHA SN S Y7 v a A Z U T,
FOSHIEE A EHEFT L2 » 72 DI2xk LT (entries 1, 2), 7 m a2 ¥ il Csp)-H
72 AR EIT LTz (entries 3,4), Lo T, 7o uXRUBUHRTERLEZEY Y AT A
KL/ A RBT =D Csp)-H 7 2 ERISICB W TRISIEIER TH 5 2 & ARE S
iz, 23x B LB, RUUAMIA~DT I AR B S 72 - 7 BRI IR e
STVRWA, A FF VI KD VAREESCHFENDRPEZEL VLD LEZILND,

FIo A MK VEONTAACEREZAETOIRETHL4-A XTI T 2=V A5 2(9)
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X LT ARBOSORIBEARIFITA LI L 25, 0 CTRO 20 CHRASLIS, RVAL~DT
I MEEDF LT (entries 6,7,8,9) 0 ARG LD . THE THE ST IZBUCH] & R
ICHYS T AFA RL /A RRERETH D - EMER I, 7. LA F L KROY
B AR RISV TR Y VD C(sp))-H T LRSS HEAT L, TR R
BRI W EBRH BN o7 (entries 6,7), £/, BUSNREA EHIELZLI2LD,
WD AR ST (entries 6, 8) .

Table 2.7 ARz % DALFERVEFEHIZ OV TDOHEE

OMe OMe
T T
H TrocNH-OTs (1.0 equiv) NHTroc
23x Rhy(tpa)s (5 mol%) 24x
K5CO3 (1.5 equiv)
H solvent, temperature NHTroc
MeO MeO

9 10
entry substrate (equiv.) solvent (M) temp. (°C) product yield
1 23x (5.0) CH,Cl; (0.5) 20 24x trace
2 23x (5.0) CH,C1, (0.5) 0 24x 0%
3 23x (1.5) PhC1(0.2) 20 24x 30%
4° 23x (1.5) PhC1(0.2) 0 24x 47%
5 9 (5.0) neat 25 10 66%
6 9 (5.0) CH,C1, (0.5) 20 10 22%
7 9 (5.0) CH,C1, (0.5) 0 10 8%
8 9 (1.5) PhC1(0.2) 20 10 27%
9 9 (1.5) PhC1(0.2) 0 10 17%

“ Data from Table 2.6. ” Data quoted from ref 7f. A solution of K,COs (2.0 equiv., 13 M in H,0)
was employed instead of solid K,COj in the absence of organic solvent. Rhy(tpa)s (6 mol%) was

employed.
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e e DI VALY ES

BOSHEREIC DWW THEET 572018, 23q LY 23¢-Ds O BEGHFBRIZ IS 1T 2 8 5 M RN 1A
R (KIE) OREZEIToT, ZOREE, ka/kp DML 116 &72 0 | —ROE LRI FENL A
NFATBLI S N2 > 72 (Figure 2.4) . AFER LV | C-H B O AARBISRIZE T 51
BEEPBETIT AW E NI ST o T2,

On-CgHy7 On-CgHy7
H H D D
+
H H D D
H D
23q 23qg-Dg
(1.5 equiv.) (1.5 equiv.)

Figure 2.4 33 B G Y [RI 2 A0 R

TrocNH-OTs (1.0 equiv.)
Rhs(tpa)s (5 mol%)
K5COg3 (1.5 equiv.)

PhCI, 0 °C, 10 min
12-17% yield

ki/kp=1.16

24

On-CgHy7 On-CgHy7
H H D D
+
H H D D
NHTroc NHTroc
24q 24q9-D,



EEIH IV h T a7 ER

AEHEICOWTHERDMAEELDIZ, 3->7uFa L7 =Y—/ (34) ZHNT,
SOANT vy s FERETo7- (Figure 2.5), ° ZOfER, v 7 o7 o e AV EOBBRK
BRI T, FHEEL~OT I KO RBE LN, KRUSRIZDR L RFMOT Y
HAHFMERE G LTINS R Enz, U0 b, SEETERL R EORY
TAFA RV A RBEHFECoH D REMED S E o T2,

OMe Tr(l):;:r:\ll(-tl-o)'l's((; .0 T(jt;iv) OMe OMe
o(lpa)y mol%
K-COs (1.5 equiv) NHTroc
+
PhCI, 0 °C, 20 h
, 49% yield NHTroc
34 (1.5 equiv.) 35 (1.7:1) 36
Triplet path
i OMe i OMe
NS 4
H N-Rh-Rh NHTroc
- Troc = Not obtained

Figure2.5 7V h/V7 v v 7 KB
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FVUTE  HEE SUSHEAR

BUEHETE LTV D st 2 7r 3 (Figure 2.6), Rhy(tpa), W ONCEFEIFE THDH N- b
FXUH—NA— R KBS Y T BCEY BT AT A LA RBRERT D, T ED%,
B AR YA A ML A RREIZK LT, & BRTNLVAXTT L—HOEE
JEREFEISISHETT 5, ZOEBFIZENT, YA A M /A ROEmESITE
S CTIVARBJIZZEN TN D T ax VO R TALGERINIZ C-H 7 2 ZAERISEDEITT 5,
%I 7\ b UBENC XD B EBREE R T UMY A 7 ARSI T D LB 2 TS (Figure
2.6 (a)).,

Flo, FVANT vy 7 FEERKODFT fHEORR LY, —HEREOR YT LS A L
JA RBEHEETHDLIEBEZOND, T/Aaxo 7 L—VERN—-EHEREOR Y T A A
ML /A RIS 2 BEBEOBERB R IEAZ RDT= & Z A (Figure 2.6 (b)) . [RFE-ERAEETAK
BEIZRB T, 7=V —=ADRIALO C-HfHENE YT AHNVRF T T — b DOFRFERT
& C-HO AT LI NI, ZOZAMAEERICE> T2y ha e —HD
TENKEL, ZUHLVE—THOFRGN/NSWEHEETE S, 728, DFT HEICE W TIX
SR o R MO0, il S LT Rhy(OAc), ZET LV E LTITo 7,

(@

()  HC cH
OR G oMo
51 OCH
Rhy(tpa), TrocNH-OTs 0900 @‘ 3
K,CO \/ \/_ )
I 2 3 ?{1 I;P—N
0
Rh—Rh
TrocHN KOTs 0)\&00 zf)T \.cCly
KHCOs H,C CH
o 3 3 AG* = 11.3 kcal/mol
s AH* = —2.7 kcal/mol
C AS* =51 cal/mol-K
Rh— Rh=NTroc " )

ke [ Cor o
\ @ / 0

| Rh—Rh=NTroc |
TS

Figure 2.6 (a) #EERIGHERE, (b) DFT FHE O R
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WEE U NLEBMOFHE R Csp)-H T 2 /ML

FH WmEOWIEE R L EH O E

AT DO EE — MO BFHI B W T, TBS RSN/ 7 =/ — 2 H L L THWEER,
IRGEAD C(sp?)-H 7 2 /LR DM, 7372 75 B [R5y F- B O BI AL R 2 8L L 7=, 2440,
T MLA~ONERMEERTIZ W E TRL, BEERE LIZE 24, HEER L~OfL
ERMERTIIR LS T TFNAE~DT I IR 3T TH D Z L3 67278 > 7= (Figure 3.1)
NSRBI E DR AN F AL R OEFIICARF & SN DHE K C-H FEITH LT,
C(sp))-H 7 2 LIS BHET LI Z b, 2R E TICARWERZRSISAEIT LTV &
Exl, B, 20O Cesp)-HAEA~DT I JbiRIF, RFE-7 A HEA OB o 5P &
ST, FARRF BHMOIF A RERDRICEIVEONZ OO LHEEL, * BasmE
AT o712,

oTBS TrocNH-OTs (1.0 equiv.) oTBS Me, .><,NHTroc pTTTTTTTTTTm
_Si ' Rh—Rh
ha(tpa)4 (10 mol%) O Me ' o- /
+ '
H ' o+ ,,N\
Ko,COg3 (1.5 equiv.) L RySio_ Troc
PhCI (0.2 M) ; H
0°C, 48 h NHTroc  ~. oeenneeend
23b; (1.5 equiv.) 24b; 40% yield 37; 2% yield p-effect of silyl group

Figure 3.1 EIAERS 06 D7 7238

U NEE B AL~D C(spd)-H IEMAL T HOWTIE, BEICT I 2 BRI O BlITAFIE L 73
W B YT DTN A RIZED C-H T v F ALBOS RS E ST % (Figure 3.2)
M, B SIEIGEDE W T 7 a T v Ak LT, v U VR BALEIRAVIC SIS
AT 261 % @5 LT\ 5 (Figure 3.2 (a). ™ £72. I < £ Davies 513 7 /LMl
MAWT, UV B LD C-H i ASIRIC wfﬁw«/4%®ﬁ@m%%@¢é Lz k
D, RERISHHETTHZ L 2ME LTS (Figure 3.2 (b)),

YT ATA LA REGEERE T 2MEFICRL . ZhE TOHFM Csp)-H T
2 ERISIZB N T, () XU PANERT UL, (b) ~T a i (BRFER e H 1)
DEEE a ML ~DE W NEME 2 R T RIENHRE SN TS (Figue 3.3), N2 VNIRRT U
ILIZHON TR, “EHEAO x2S C-H A OGBS ~D n-c HAMEM, ~
?mﬁ%@%@amm\A?mﬁ%@#%éﬁﬁtﬂ%0H%ﬁ®ﬁ%ﬁ@ﬂ¢«®m5
MEERIZE > T CHBAMIET 2720, C-HIFHLKIGBSETT LT W ERI S
TWb, ® AE, FHE () VIR A F-RERES o BB L BALO C-HAES oF il
WOMAMEMCER L, ZHE THREGORWHT- 2 RS SICEBIT 5 Csp)-H 7 2 /LK
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JEDBAFEICAEF LT,

(a) Regioselective C(sp3)-H Amination

Me, . Rh,(OAc) Me, CO,t-Bu
,S'ij + N/\COZt-Bu 2 ! Si 2

Me CH.Cl, Me”
38 39 r, 18 h 40; 85% yield

(b) Asymmetric Primary C(sp3)-H Amination ... .

SiEt; ‘ o) :
N=N ; .
NMs Rhy(S-NTTL : -
SiEt, + X ROASNTTL)s ; N -
CHC|3 ey : e} :
|
Rh

| : :
r, 16 h NHMs | o™~0

then LiAIH : | -
M 42 4 43 : _Rh—
65% yield | .
90% ee | Rhy(S-NTTL),

Figure3.2 T YU ABNNR) A4 REIEERET 50V VL B ALY 7 C-H BReRAb

(a) Benzylic or Allylic Position

(b) a-position of heteroatom

n
X @% o X
- Y - 5 /X% - 5 \(
H H NR'R?
X=0,N H
(c) p-position of silyl group (This work)
R3Si o R5Si
39! H R3S| o 0’* H 39l H
\—éH - “ h| —— \—éH
H NR'R?

H

Figure 3.3 Y AEFRRIC LV EIEMER Csp))-HEA~DT 2/ ALKIE
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5 BOSSRM O Rl

NI ZFNT 2=V T HETNAEE L LT, RISKEORGE %217 572 (Table 3.1),
20 CEMHTF. 7 I JMBANS N- RS v A X o B —" A — b IR Y U A W7
o aXE U E W, Rhy(tpa) iBEFIE N, WEOYBEEZMRFLICE A, 1.5 YBORLE
VBT 21%IER T VL B LOFH —#% C(sp’)-H fEA~DT I JbIK 452 2457
(entry 1), FEEDYEEZZ T HITHE> TUCRITRIEIZH L L, 10 YEOEEZ HW 2R
TIE, 80% & HEFITEWVINRTHIM AT (entries 3 vs. 1,2), WIZ, v 0 Ak
FIZAT 5723, Rho(tpa)s 258 & BAFRFER % 5- 2 72 (entries 3-6), & IT, RINREIZDOW
THET L7228, 0 C, 40 CHRAILITIRITOCIR T T 2R L7 >72 (entries 7, 8) o

Table 3.1 UGS ORBE-1

(Si/\ + TrocNH-OTs Rh cat. (5 mal%) <si/\/NHTr°°
©/ ) (1.0 equiv) Kzigé |(1((-Jf_>1e&t;w.) ©/)
44a (X equiv.) 45a
entry equiv of 44a Rh catalyst temp. (°C) time (h) yield”
1 L.5 Rhy(tpa)4 20 12 21%
2 5.0 Rhy(tpa)s 20 12 64%
3 10 Rhy(tpa)s 20 12 80%
4° 10 Rh;(oct)4 20 12 11%
5 10 Rhy(n-C3F7CO,)4 20 12 0%
6 10 Rhy(esp), 20 12 45%
7 10 Rhy(tpa)4 0 24 56%
8 10 Rhy(tpa)4 40 6 74%

“ Determined by 'H NMR using 1,3-dinitrobenzene as an internal standard.

W, B L ROSTRIEORFT 21T 572 (Table 3.2), IEIC O\ T, REEET T ALY
VEEHV UL, BERRA U U LNERE LTS, KRB Y U AIZHAR TR N L7 (entries
2-4), FOSERBEZ OV TR, NUB Y ROBRBEICEWTRISHEIT L7, Zors®
VOFERANTII R IT 2o 72 (entries 5,6), £72, WAL ATF LU EHWREEE TR, KISIXIEE
NWEBITLZ2 o7z (entry 7)o THUHLORER KLY | HWIRITKIEA Y U A, BEIZ7 o
YEVEAWEEBIZ, B ROGRIGETHIWE 5225 Z ERH LT o7,
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Table 3.2 FUG SO GT-2

(Si/\ + TrocNH-OTs Rhy(tpa)s (5 mo'l%) (Si/\,NHTroc
() oeam  gelee ™ (T])
44a (10 equiv) 20°C, 12h 45a

entry base solvent yield”

1 K,COs3 PhCl 80%
2 Cs,COs PhCl 50%
3 K5POy4 PhCl 54%
4" KOAc PhCl 53%
50 K,CO; benzene 72%
6 K,COs3 PhCF; 40%
7 K,COs3 CH,Cl, 0%

“ Determined by 'H NMR using 1,3-dinitrobenzene as an internal standard.

T, 7 2 BRI D T S A VD EWILN T OV TGRS L7 (Table 3.3), RV
suonxFiE N 7 dnmnF R~ T LA, Y S U VEA~TR L E D
Ay R, (EERMEE BIIE T L7 (entries 2,3 vs. 1), 72, MU ZmnrcFLiisT
FNIER - T T NEATWT D & INE R HEIT LD o7 (entries 4, 5vs. 1), LA EDFE
REV M) 7 muxF LA E L7 TrocNH-OTs % ARG RICHT 2R 727 </ LA
ELTREL, £72, C-H 7 X JERICTHEICHWON A A I RI—VF K% T
JAEFIE U TRET L7, RO E < EIT L2 > 72 (entries 6, 7),
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Table 3.3 7 3 ALHKID I W SF A LI EHLILL) 5

aminating agent

( (1.0 equiv.) (
SI/\ Rhy(tpa)s (5 mol%) SI/\/NHR
©/ ) K,COj (1.5 equiv.) )
PhCI (0.1 M)
44a (10 equiv) 20°C,12h 45a-47a
entry aminating agents results entry aminating agents results
)i 72% yield 9 0% yield
(V] 0
] c,e o H”OTS Y 5 >LO)J\N,OT3
‘R = H — .
(TrooNH-OTs) 45a: R = Troc 31 R =CO,#-Bu
o 24% yield T
/18 0% yield
2 Fac/\o)J\N,OTS 46a: 6” Ph—I=N
32 R=Ts
26 R = CO,CH,CF;
CF; O 12% yield Ns 0% vield
, o y1€
S 47a: 7 Ph—I=N
28 H 33 R=Ns
R = COzCH(CF3)2
i 0% yield
o y1€
4 /\O)J\ H .OTs
30 R =CO,Et
“ Run without K,CO:s.
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B EE o RES

BONToRBERMET, EE - RIEDORE 21T >72 (Table 3.4),

Table 3.4 JFEE — MO RFT

R* RS R*R
2 Rhy(tpa)y (5 mol% 2
RSIXMe + TrocNH-OTs 2( p )4 ( : 0) RSI&NHTI'OC
R1‘ R3 (1.0 equiv.) K,CO3 (1.5 equiv.) R1' \R3
, PhCI (0.1 M), 20 °C, 12 h
44 (10 equiv.) 45

M
Sl/\/NHTroc (Si/\,NHTroc e\Si></NHTroc O
oo O
_/ ~"NHTroc

45a; 72% yield 45b; 46% yield 45c; 25% yield 45d; 37% yield
( NHTroc
_/\,NHTroc > /\,

)\/VS') ©/%S'\/\NHTroc OA )

45e; 77% yield 45f; 53% vyield 45g; 44% yield

NHTroc Me NHTroc >

©/\/ ) ) ( NHTroc

45h; 63% yield 45i; 68% yield 45j; 58% yield

TrocHN

o S

45ka; 31% yield 45kb; 34% yield

NI ZFNT 2=y T a2 EHE LBRIE, BERIGR 72% (45a), P2 F Ly 7 ==
N T b, HEENR 46% TR EFFT (45b), R U = FNVEE T FILT AT
BT L8 2 A, 7 FAEORESy. BT UL B MO —#k Csp))-H fEAMN
TR LIRS 25% TR L (45¢), FT-, BEREMEMEIE LTHEAZRY T 7L
FLUHERICBWTH, TEOEEME 3T% IR TRz (45d), B#HT VXL GT
HZEBICHONWT S, o Csp’)-H fEA~DT I JbKIFBH S, > UK BlroE—
e Csp)-HER DT I bk % 77% TR ERRANICIE S Z LIS L= (45¢),

WIZ, RPNV NI ZFAT TR N 2 F L MEES R DT L a— Lk
HEL LTHOEBRICH, N OARBERT a o Cisp)-H fEE~DT 2 7 ALIZEH
ENT. VUNEBAADT I UK EALE RIS T2 (451, 45g), £72, v T L) A
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ML/ A RRECH L CRISIEIE RN DL Csp))-H Ay Vv B Lo &k
Cisp)-H A EAT B OV T ORI EIT 7228, v UV B (TOH ik C(sp’)-H &
BEIRICT 2 bR E B 5 2 LITP LT (45h-45)), 1 X U ERZ AT 5 FEEIZ D0
Tix. YU EE B AEDH—fk Csp)-H A ~D 7 I /{biE% 31%IL% (45ka) . U L HE B
MHDORDNANLA~DT I UK % 34%I0E  (45kb) TR/,
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U UK BALOE K C(sp))-H A C-H 7 X 2 Ab~D S

i CRIZFAT 2o TR EE LB, U AR BALOE—# C(sp))-H #E
BT 2 BRI HEIT L2, ZHETOSFM Csp)-H 7 3 JERISIZE N T, F—k
C(sp’)-H #&E A BB SIS EITT B HI2 RN T2 & B ARSUS DAL BRI SV T & 22
T OO H R LM AT o7 (Figure 34), £7F, FUAFALT ==L T ZDONT,
ARG Lz 2 A, JOSIEEa<#ET Lo, NI TR LT 2=y T 08
FORNIAYTIFNT 2=V T 02 EE LIESGATIE, YUV B ALOF “HfkB LW
H=Mk C(sp)-H ~D7 X K Z B b DD, R ZF LT == T TR TIERRN
KEZLMLF L7 (451,45m), Figure 3.3 () C/r L7k 912, 4d4a D U LEE B {7 C-H FES
IRFB-T A FREAE LT TR T T F—INET DEED 441 °44m & LR TEZFEL
TWBHZ e, WENM ELTWDAMFEMEN R Sz, £72, Rhy(tpa), O NLAKH) 728 &
EITEY ., B ORB IO & Csp)-H fEA~DT I LIS HEIT LI WD &b B
b b,

R

R
i Rhy(tpa)s (5 mol%
SI'R + TrocNH-OTs 2(tpa)a ( _ ) product
(1.0 equiv.) K>COj3 (1.5 equiv.) 45
PhCI (0.1 M), 20 °C, 12 h
44 (10 equiv.)
Po®Rs product PhSiR, product

Me, Me Me ~ ? }
Si’ Si” "NHTroc N .
Me Me Si SI/\|/
{ { NHTroc

0% yield
441 451; 18% yield

( ~ (Si/\,NHTroc ?7 ?7
©/) ©/) ©//<Y ©//</\ﬁlmroc

45a; 72% yield

45m; 10% yield
Figure 3.4 % “#k. % =#k C(sp))-H #E & & DI SHED i
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Wiz, Y YN B AALORIGHEC SN TERET S DIz, BPEREIT -7, IRHER
DT L RS T 5701, NI ZFAL T 2=y T AVTF L
efF T ABERIHCH Lin 2 25, YUV BRI~OT 3/ (Llk 45a & 18%I0E, ~
UIEASDT X AR 49 & 43%IUE TR 72 (Figure 3.5), AFER LY, UK B AL
C(sp’)-H fEA TR DAL C(sp’)-H A LA LIS ISHEE2 AT 5 2 E AW ST -
77

TrocNH-OTs (1.0 equiv.)

( Rhy(tpa), (5 mol%) (

. NHTroc
SiTN N K>CO3 (1.5 equiv.) Si/\’NHTroc N
©/) PhCI, 20 °C, 12 h ©/)

44a; (10 equiv.)  48; (10 equiv.) 45a; 18% yield 49; 43% yield

Figure 3.5 X P NALE—#k C(sp’)-H f5 & & O SUSHED i
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HAIHE AR 14 oD AR

FWNT, YU LED B HRICHS

T 44 |TXF U ARSI LTIz E 2 A,

K d45a #157-, WIZ, 7 AFEIREIC

E0Y =ty N i
DU AL TV R
XN,

~ +  TrocNH-OTs
\ .
© / (1.0 equiv.)

50; (10 equiv.)

/Si\/\ +  TrocNH-OTs
/ (1.0 equiv.)

44a; (10 equiv.)

/Ge\\ +  TrocNH-OTs
/ (1.0 equiv.)

51; (10 equiv.)

Figure 3.6 5 14 it ~D L

WTHRGEZ 1T > 7= (Figure 3.6)
T2%ILER T —fk C(sp’)-H B ~DT 2 1k
BEEMZIEE S0 TR LCE Z2A, BURiTa<
1TLZ2oTle, —H. A RRT ERBEOSVARE TR ETRT Z ERALNTWDIRIET
B EHLZ T2 51 T AT O RS HEAT

RF-T A FRREA DB o eG54 B ALBIREOERETHL Z &0

Rhy(tpa)s (5 mol%)

KoCO3 (1.5 equiv.)
PhCI (0.1 M)
20°C,12h

Rhy(tpa) (5 mol%)

KZCO3 (1 5 eqUiV.)
PhCI (0.1 M)
20°C,12h

Rhy(tpa)s (5 mol%)

K,CO3 (1.5 equiv.)
PhCI (0.1 M)
20°C,12h
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/\, NHTroc

O,

0% yield
/\Si\/\’ NHTroc
45a; 72% vyield

\,NHTroc
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52; 46% yield
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BNET PUNMEREIZ DWW T DB

—IE G RN AR 2 B

A5 DFSAESRNT 24T 5 72812, 44b F T 44b-Dg D3t 4+ FEBRIC I 1T 5 3 B s RN A
HE (KIE) OHIEEITo 7=, FORER. kykp DI 6.2 & 720 | — RO FE R RIS
BB S 472 (Figure 3.7), 7578 AR LV . C-H #5400 U BL P 73 0 BE 3o 1 o7 B R

PEERESTDHZENHLNIT R 572,

CD; TrocNH-OTs (1.0 equiv.) NHTroc

H3C_\ ) Ha DsC—\ ) Rhy(tpa) (5 moi%) — HyC— /r - NHTroc
K>COj3 (1.5 equiv.) i 3 —\
@ @ PhCI, 20 °C, 12 h ©/ z
44b 44b-Dy i:>
(5.0 equiv.) (5.0 equiv.) 45b 45b-D;

averaged

0, i =
37% yield kifkp=6.18  [¥ARI,

38% yield kylkp = 6.21 }
34% yield kylkp = 6.34

Figure 3.7 5 AY RN A Z) H
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BIH HEE RS

HEE S D RO 2 7~ (Figure 3.8), AIE & [FAIERIZ, Rhy(tpa)s WNZT X /IR TH D
N-FSAFFRTH—NA—= R REEHY LRI TAFA ML A FRERT S, 7
EBRIEIZER LT A A bL A FOBRRFTITT U AIE B L0 KFF A
T HBRICFIET D EBEZ TV D,

Rhy(tpa),

Rh—RhA

. /\,NHTroc
TrocNH-OTs R3Si
+
Ky,CO3
KOTs
+ / B q B
KHCO;3 _~_H ..
RqSi R3Sino o H
NS -
Rh—Rh=NTroc H
Rhodium Nitrenoid "N---H
— |

Rh—Rh Troc

- Proposed TS -

Figure 3.8  #£7E SUCHEAE

38



FHT. v U0 LA T ESERIFE T, 72 /AT TrocNH-OTs Z 25 Z L TAKRT 5 e
CULFA ML A REICEY, RRGRETH o I SARIEYE: C-H /IR %R
BRERA WA FZB Lz, LTFICHREEENT D,

BE 7L axs 7L — VHEORIALERRN Cspd)-H 7 2/ 1k

TAAXTT L— U HHICK L CHEBERIC CspH)-H 7 X JERISHEITT 5 2 L2 /L
oo TR TRAET LI TLTA ML/ A RICEFEIIRICTEE2 X DA ARER T o
RE~D7T I JABRIZEBI ST, 7T ax O RTALRNINIC Csp))-H 7 2 2 ALGEH
HEITT D L H A LT, RIEREMWES S OB ) v 7 A7 L—HHICHA S E 5 2
CITE Y FHEEMOEMI R ERERILICORE L, £z, FEEY DFT FH5EIC &
2 RGN IC D &, —~HIEHREORY YA F A4 L /A4 FICX 35 EFBRETHT
S LDER 2 BRI L 72,

OR
TrocNH-OTs up to 81% yield
Xy o, Rhy(tpa), A 26 examples
| /_R K,COs3 | /_R high para-selectivity
PhCI high chemoselectivity
0 OC, 20 h NHTroc

B Y VEE BLDE—# C(sp)-H 7 2 /1L

U N BALDE—# Csp))-H A ITxt LT, MERIIICT X LIS ETT 5 =
EERRIM LT, VA BRLDE “# Csp))-H 0N DAMLA~DT I bEITIZE A
PRI ST, @OALE R ORI T Csp))-H 7 2 /LRSS AT Lz, ARG fL
ELDERPEFBIRE X, RFE-T A BTG O o 5 X > T B A —#k C(sp)-H fi &
D LI N 5 720 ERE L 72,

R4 TrocNH-OTs [B-selectivity of silyl group
R2 Rha(tpa)y R2 Primary C(sp®)-H activation
.y -, )&,NHTroc B
] Si© Me K,CO4 up to 77% yield
R RS PhC R" R3 high chemoselectivity
20°C,12h
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'H NMR spectra were recorded on BRUKER Ultrasield Plus (400 MHz), and are reported in ppm using
solvent resonance as the internal standard (acetone-ds at 2.05 ppm, CDCl; at 7.26 ppm, CD;CN at 1.94
ppm). Chemical shifts are reported in ppm. When peak multiplicities are reported, the following
abbreviations are used: s, singlet; d, doublet; t, triplet; quint, quintet; sept, septet; m, multiplet; br,
broadened. >C NMR spectra were recorded on Ultrasield Plus (100 MHz), BRUKER Ascend (125 MHz)
and are reported in ppm using solvent resonance as the internal standard (acetone-ds at 29.84 ppm, CDCl;
at 77.16 ppm, CD;CN at 118.26 ppm). Infrared (IR) spectra were recorded using HORIBA FT-720.
High-resolution mass spectra (HRMS) were obtained using WATERS H-class/Xevo G2-XS for ESI and
JEOL JMS-700V mass spectrometer for EI. Melting points were measured using METTLER TOLEDO
MP70. Column chromatography was performed on silica gel 60N (spherical, neutral, KANTO). Preparative
TLC was performed on precoated plates (0.50 mm, Merck). TrocNHOTs’®, ha(tpa)425 and ha(piv)426
were prepared according to literature procedure. Rhy(oct)s was purchased from TCI. Rhy(n-C3F7CO;)4 and
Rhy(esp), were purchased from Sigma-Aldrich. K,COj3;, Na,CO;, CsCO;3;, CaCO;, and MgO were
purchased from Wako Chemical. Li,CO; was purchased from TCI. Anhydrous chlorobenzene,
trifluoromethylbenzene and o-dichlorobenzene were purchased from Sigma-Aldrich. Anhydrous
dichloromethane, THF, Et,0 and AcOEt were purchased from Kanto Kagaku. Fluorobenzene was
purchased from TCI and dried over activated molecular sieves. Anhydrous DMF and acetonitrile were

purchased from Nacalai tesque.
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General Procedure for Intermolecular C(spz)-H Amination of Alkoxyarenes

OR OR OR
Rhy(tpa), (5 mol% NHTroc
R+  TrocNH-OTs 2ltpaa .o) R' + o
K,CO3 (1.5 equiv.) R
PhCI (0.2 M) NHT H
o 20 h roc
23 0°C, 20 24 25

To a suspension of alkoxyarenes 23 (0.30 mmol, 1.5 equiv.), TrocNHOTS (72.5 mg, 0.20 mmol, 1.0 equiv.)
and K,COs (41.6 mg, 0.30 mmol, 1.5 equiv.) in PhCl (1.0 mL) were added Rhy(tpa)s (13.6 mg, 0.010 mmol,
0.05 equiv.) at 0 °C. After being stirred for 20 h at 0 °C, the reaction was quenched by addition of water
and extracted with CHCI;. The organic layer was washed with brine, and dried over Na,SQ,, filtered, and
concentrated. The residue was purified by preparative thin-layer chromatography purification to afford the

aminated product(s) 24 (and 25).

Specific Procedures and Characterization Data

OMe
OMe H
N\H/O\/CClg
HN\H/O\/CClg, O
O
24a 25a

Following the general procedure for intermolecular amination, anisole (23a) (32.6 uL, 0.30 mmol, 1.5
equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,COs3 (41.6 mg, 0.30 mmol, 1.5 equiv.), and
Rh,(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
a mixture of 24a and 25a (32.0 mg, 60%, 24a/25a=12/1) as a white solid. 24a and 25a were isolated by

further preparative thin-layer chromatography purification (AcOEt/hexane = 1/9).
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2,2,2-trichloroethyl-/V-4-methoxyphenylcarbamate (24a)

White solid: m.p. 92 °C; '"H NMR (400 MHz, acetone-dg) 6: 9.00 (br s, 1H), 7.50 (br d, J = 8.6 Hz, 2H),
6.93-6.89 (m, J =9.1 Hz, 2H), 4.89 (s, 2H), 3.77 (s, 3H); BC NMR (100 MHz, acetone-ds) 8: 156.9, 152.9
132.4, 121.2, 114.9, 96.9, 74.7, 55.7; IR (neat, cm'l): 3297, 1729, 1538, 1508, 1413, 1209, 1180, 1106,
1054, 1022, 833, 738; HRMS-ESI" (m/2): Calcd. for CjoH;o C1sNO3 [M+Na]" 319.9624; found, 319.9623.

2,2,2-trichloroethyl-/V-2-methoxyphenylcarbamate (25a)

Colorless oil: "H NMR (400 MHz, acetone-dg) 6: 8.19 (br s, 1H), 7.98 (brd, /= 7.6 Hz, 1H), 7.10-7.03 (m,
2H), 6.95 (td, J= 7.9 Hz, 1.9 Hz, 1H), 4.92 (s, 2H), 3.89 (s, 3H); BC NMR (100 MHz, acetone-dy) 6: 152.5,
149.8, 127.9, 124.8, 121.4, 120.1, 111.6, 96.7, 74.8, 56.2; IR (neat, cm'l): 3359, 2948, 1754, 1598, 1540,
1461, 1251, 1199, 1095, 1025, 954, 806; HRMS-ESI" (m/2): Calcd. for CoH,(C1;NO3; [M+Na]™ 319.9624;
found, 319.9627.

OTBS

HN \”/ovcms

O

24b

2,2,2-trichloroethyl-/V-4-(tert-butyldimethylsilyloxy)phenylcarbamate (24b)
Following the general procedure for intermolecular amination, zert-butyldimethyl(phenoxy)
silane (23b) (42.6 mg, 0.30 mmol, 1.5 equiv.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (41.6
mg, 0.30 mmol, 1.5 equiv.), and Rhy(tpa)s (27.2 mg, 0.020 mmol, 0.10 equiv.) were stirred at 0 °C in PhCl
(1.0 mL) for 48 h. The crude material was purified by preparative thin-layer chromatography purification
(CHCls/hexane = 1/1) to afford 24b (31.7 mg, 40%) as a white solid.
Analytical data: m.p. 120 °C; "H NMR (400 MHz, acetone-dg) 6: 9.03 (br s, 1H), 7.47 (br d, J = 8.6 Hz,
2H), 6.87-6.83 (m, 2H), 4.89 (s, 2H), 0.99 (s, 9H), 0.21 (s, 6H); *C NMR (100 MHz, acetone-ds) 8: 152.8,
152.5,133.2,121.0, 96.9, 74.7, 26.1, 18.8, -4.3; IR (neat, cm™"): 3282, 2958, 2360, 1706, 1544, 1508, 1261,

1218, 1116, 833, 738, 682; HRMS-ESI™ (m/z): Calcd. for C;sH,CLsNOsSi [M+Na]” 420.0332; found,
420.0327
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OPh

HN\”/O\V/CCb
0

24c

2,2,2-trichloroethyl-/V-4-phenoxyphenylcarbamate (24c)

Following the general procedure for intermolecular amination, diphenylether (23¢) (47.4 uL, 0.30 mmol,
1.5 equiv.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO3 (21.6 mg, 0.30 mmol, 1.5 equiv.), and
Rhy(tpa)s (27.2 mg, 0.020 mmol, 0.1 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 48 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
24c¢ (28.4 mg, 39%) as a white solid.

Analytical data: m.p. 118 °C; "H NMR (400 MHz, acetone-dg) 6: 9.22 (br s, 1H), 7.62 (br d, J = 8.8 Hz,
2H), 7.39-7.34 (m, 2H), 7.12-7.08 (m, 1H), 7.04-6.96 (m, 4H), 4.91 (s, 2H); *C NMR (100 MHz,
acetone-dg) &: 158.8, 153.6, 152.9, 135.2, 130.7, 123.8, 121.2, 120.6, 118.9, 96.8, 74.8; IR (neat, cm™):
3291, 2360, 1708, 1540, 1488, 1409, 1218, 1101, 1049, 852, 809; HRMS-ESI" (m/z): Calcd. for
C1sH,CINO; [M+Na]” 381.9780; found, 382.9776.

OMe
Ph OMe ,
Ph N\H/O\V/CCE
HN\”/O\V/CCb O
O
24d 25d

Following the general procedure for intermolecular amination, 2-methoxybiphenyl (23d) (55.3 mg, 0.30
mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO3 (41.6 mg, 0.30 mmol, 1.5 equiv.),
and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
a mixture of 24d and 25d (37.9 mg, 51%, 24d/25d =11/1) as a white solid. 24d and 25d were isolated by

further preparative thin-layer chromatography purification (AcOEt/hexane = 1/9).
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2,2,2-trichloroethyl-/V-(4-methoxy-3-phenyl)phenylcarbamate (24d)

White solid: m.p. 108 °C; '"H NMR (400 MHz, acetone-dg) &: 9.07 (br s, 1H), 7.59-7.51 (m, 4H), 7.42—
7.38 (m, 2H), 7.34-7.30 (m, 1H), 7.09 (d, J = 9.2 Hz, 1H), 4.90 (s, 2H), 3.79 (s, 3H); BC NMR (100 MHz,
acetone-ds) o: 153.7, 152.9, 139.3, 132.7, 131.7, 130.3, 128.8, 127.8, 122.4, 120.0, 113.0, 96.8, 74.7, 56.2;
IR (neat, cm'l): 3386, 2362, 1738, 1571, 1506, 1434, 1207, 1145, 1110, 1045, 871, 825; HRMS-ESI"
(m/z): Caled. for Ci¢H 4C1;3NO3; [M+Na]' 395.9937; found, 395.9931.

2,2,2-trichloroethyl-/V-(2-methoxy-3-phenyl)phenylcarbamate (25d)

Colorless oil: '"H NMR (400 MHz, acetone-ds) 6: 8.61 (br s, 1H), 8.04 (br d, /= 8.0 Hz, 1H), 7.60-7.57 (m,
2H), 7.49-7.45 (m, 2H), 7.37-7.41 (m, 1H), 7.21 (t,J= 7.9 Hz, 1H), 7.11 (dd, J=7.7, 1.6 Hz, 1H), 4.95 (s,
2H), 3.38 (s, 3H); BC NMR (125 MHz, acetone-ds) o: 153.0, 148.2, 139.0, 135.5, 132.6, 129.7, 129.3,
128.3, 126.6, 125.2, 120.4, 96.7, 74.9, 60.9; IR (neat, cm'l): 3388, 1731, 1540, 1506, 1434, 1263, 1207,
1110, 1045, 871, 823; HRMS-ESI" (m/2): Calcd. for C;¢H;4C15NO; [M+Na]™ 395.9937; found, 395.9938.

OMe

HN__O._CCl;

hig

@)

24e
2,2,2-trichloroethyl-V-(3-fluoro-4-methoxy)phenylcarbamate (24e)
Following the general procedure for intermolecular amination, 2-fluoroanisole (23e) (37.8 mg, 0.30 mmol,
1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO3 (41.6 mg, 0.30 mmol, 1.5 equiv.), and
Rh,(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford
24e (18.7 mg, 30%) as a white amorphous.
Analytical data: '"H NMR (400 MHz, acetone-dy) 8: 9.19 (br s, 1H), 7.50 (br d, J = 12.8 Hz, 1H), 7.29 (br d,
J=28.7Hz, 1H), 7.10 (t, J = 9.2 Hz, 1H), 4.90 (s, 2H), 3.86 (s, 3H); *C NMR (100 MHz, acetone-ds) &:
152.84 (d, J = 241.5 Hz), 152.77, 144.6 (d, J = 10.2 Hz), 132.9 (d, /= 10.9 Hz), 115.3, 115.1 (d, J=2.4
Hz), 108.2 (d, J = 23.4 Hz),, 96.7, 74.7, 56.8; IR (neat, cm™): 3303, 2360, 1706, 1604, 1521, 1419, 1272,
1222, 1101, 1018, 948, 862, 821; HRMS-ESI" (m/z): Calcd. for C;oHoCl3FNO; [M+Na]™ 337.9530; found,
337.9528.
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OMe
Cl

HN \H/O\/CClg

O

24f

2,2,2-trichloroethyl-/V-(3-chloro-4-methoxy)phenylcarbamate (24f)
Following the general procedure for intermolecular amination, 2-chloroanisole (23f) (42.8 mg, 0.30 mmol,
1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO3 (41.6 mg, 0.30 mmol, 1.5 equiv.), and
Rh,(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
241 (20.9 mg, 31%) as a white amorphous.
Analytical data: '"H NMR (400 MHz, acetone-dg) &: 9.16 (br s, 1H), 7.72 (br s, 1H), 7.47 (br d, J = 8.8 Hz,
1H), 7.10 (d, J = 8.9 Hz, 1H), 4.90 (s, 2H), 3.88 (s, 3H); C NMR (100 MHz, acetone-ds) 5: 152.8, 152.2,
133.1, 122.8, 121.5, 119.3, 113.7, 96.7, 74.8, 56.7; IR (neat, cm™"): 3320, 2360, 1702, 1589, 1525, 1284,

1228, 1105, 1056, 1016, 865, 804; HRMS-ESI" (m/z): Calcd. for C;qHoC1,NO3; [M+Na]™ 353.9234; found,
353.9231.

OMe
OBz

HN Tovccb
O
249

2,2,2-trichloroethyl-V-(3-benzoyloxy-4-methoxy)phenylcarbamate (24g)

Following the general procedure for intermolecular amination, 2-methoxyphenyl benzoate (23g) (68.5 mg,
0.30 mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (41.6 mg, 0.30 mmol, 1.5
equiv.), and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h.
The crude material was purified by preparative thin-layer chromatography purification (CHCls/hexane =

4/1) to afford 24g (35.0 mg, 42%) as a white amorphous.
Analytical data: '"H NMR (400 MHz, acetone-dy) 6: 9.19 (br s, 1H), 8.20-8.17 (m, 2H), 7.76-7.71 (m, 1H),
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7.63-7.59 (m, 2H), 7.56 (br s, 1H), 7.45 (dd, J = 8.8, 2.2 Hz, 1H), 7.14 (d, J = 8.9 Hz, 1H), 4.90 (s, 2H),
3.80 (s, 3H); *C NMR (100 MHz, acetone-dy) &: 163.9, 151.8, 147.6, 140.0, 133.6, 131.8, 129.8, 129.4,
1287, 116.9, 114.2, 112.9, 95.8, 73.8, 55.6; IR (neat, cm™): 3357, 2360, 1739, 1533, 1438, 1365, 1263,
1207, 1024, 889, 815; HRMS-ESI" (m/z): Calcd. for C;7H4,C1sNOs [M+Na]™ 439.9835; found, 439.9833.

OAc

OMe
HN O._ CCl3

g

O

24h
2,2,2-trichloroethyl-/V-(4-acetoxy-2-methoxy)phenylcarbamate (24h)
Following the general procedure for intermolecular amination, 2-methoxyphenyl acetate (23h) (49.9 mg,
0.30 mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (41.6 mg, 0.30 mmol, 1.5
equiv.), and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h.
The crude material was purified by preparative thin-layer chromatography purification (CHCls/hexane =
2/1) to afford 24h (27.8 mg, 39%) as a white solid.
Analytical data: m.p. 120 °C; "H NMR (400 MHz, acetone-dy) &: 8.25 (br s, 1H), 7.93 (br d, J = 7.8 Hz,
1H), 6.85 (d, J = 2.4 Hz, 1H), 6.72 (dd, J = 8.8, 2.5 Hz, 1H), 4.92 (s, 2H), 3.88 (s, 3H), 2.24 (s, 3H); *C
NMR (100 MHz, acetone-dg) &: 169.7, 152.8, 150.6, 148.3, 125.5, 120.6, 114.3, 106.3, 96.7, 74.9, 56.5,
20.9; IR (neat, cm™): 3380, 2360, 1747, 1540, 1463, 1413, 1367, 1205, 1033, 964, 896, 808; HRMS-ESI"
(m/z): Calcd. for C;,H,CI3NOs5 [M+Na]+ 377.9679; found, 377.9675.

OMe

OMe
HN O._ CCl3

hig

O
24i

2,2,2-trichloroethyl-/V-2,4-dimethoxyphenylcarbamate (24i)
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Following the general procedure for intermolecular amination, 1,3-dimethoxybenzene (23i) (41.4 mg, 0.30
mmol, 1.5 equiv.), TrocNHOTS (72.5 mg, 0.20 mmol, 1.0 equiv.), K,COs (41.6 mg, 0.30 mmol, 1.5 equiv.),
and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford
24i (40.4 mg, 61%) as a white amorphous.

Analytical data: '"H NMR (400 MHz, acetone-dy) 6: 8.02 (brs, 1H), 7.77 (br d, J= 6.3 Hz, 1H), 6.62 (d, J =
2.6 Hz, 1H), 6.52 (dd, J = 9.8, 2.7 Hz, 1H), 4.89 (s, 2H), 3.86 (s, 3H) , 3.79 (s, 3H); *C NMR (100 MHz,
acetone-dg) 8: 158.1, 152.9, 151.7, 122.0, 121.0, 105.0, 99.6, 96.8, 74.9, 56.2, 55.8; IR (neat, cm™): 3349,
2360, 1739, 1602, 1547, 1533, 1365, 1207, 1031, 811; HRMS-ESI" (m/z): Calcd. for C;;H,CIsNOy,
[M+Na]" 349.9730; found, 349.9724.
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2,2,2-trichloroethyl-/V-2,4,6-trimethoxyphenylcarbamate (24j)

Following the general procedure for intermolecular amination, 1,3,5-trimethoxybenzene (23j) (50.5 mg,
0.30 mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (41.6 mg, 0.30 mmol, 1.5
equiv.), and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h.
The crude material was purified by preparative thin-layer chromatography purification (AcOEt/hexane =
1/4) to afford 24j (35.8 mg, 50%) as a white solid.

Analytical data: m.p. 151 °C; "H NMR (400 MHz, CD;CN, 333 K) &: 6.59 (br s, 1H), 6.25 (s, 2H), 4.78 (s,
2H), 3.82 (s, 3H), 3.80 (s, 6H); *C NMR (100 MHz, CD;CN) &: 161.4, 158.2, 154.5, 107.6, 96.9, 91.9,
75.2, 56.7, 56.2; IR (neat, cm™"): 3357, 2942, 2360, 1725, 1592, 1521, 1469, 1365, 1226, 1106, 1043, 813;
HRMS-ESI" (m/z): Calcd. for C,H4CIsNOs [M+Na]" 379.9835; found, 379.9832.
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2,2,2-trichloroethyl-/V-5-bromo-2,4-dimethoxyphenylcarbamate (24k)
Following the general procedure for intermolecular amination, 1-bromo-2,4-dimethoxybenzene (23k) (54.7
mg, 0.30 mmol, 1.5 equiv.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K»,COs (41.6 mg, 0.30 mmol,
1.5 equiv.), and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCI (1.0 mL) for 20
h. The crude material was purified by preparative thin-layer chromatography purification (CHCls/hexane =
2/1) to afford 24k (55.2 mg, 68%) as a white solid.
Analytical data: m.p. 125 °C; '"H NMR (400 MHz, acetone-ds) d: 8.24 (brs, 1H), 8.09 (brs, 1H), 6.86 (s,
1H), 4.90 (s, 2H), 3.93 (s, 3H), 3.90 (s, 3H); *C NMR (100 MHz, acetone-ds) 8: 153.8, 152.9, 151.1, 125.0,
121.8, 101.4, 98.4, 96.7, 74.9, 57.0, 56.7; IR (neat, cm™): 3417, 2946, 2360, 1739, 1525, 1455, 1392, 1201,
1101, 1025, 966, 809; HRMS-ESI" (m/z): Calcd. for C; H;BrC3NO,4 [M+Na]® 427.8835; found,
427.8830.
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2,2,2-trichloroethyl-V-2,4,5-trimethoxyphenylcarbamate (241)
Following the general procedure for intermolecular amination, 1,2,4-trimethoxybenzene (231) (50.5 mg,
0.30 mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (41.6 mg, 0.30 mmol, 1.5
equiv.), and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h.

The crude material was purified by preparative thin-layer chromatography purification (AcOEt/hexane =

1/4) to afford 241 (58.0 mg, 81%) as a white solid.

Analytical data: m.p. 78 °C; "H NMR (400 MHz, acetone-ds) o: 8.08 (br s, 1H), 7.63 (br s, 1H), 6.78 (s,
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1H), 4.90 (s, 2H), 3.85 (s, 3H), 3.81 (s, 3H), 3.76 (s, 3H); *C NMR (100 MHz, acetone-ds) &: 152.8, 147.2,
144.7, 144.0, 120.5, 107.8, 99.9, 96.8, 74.9, 57.1, 57.0, 56.8; IR (neat, cm™): 3243, 2950, 2360, 1735, 1536,
1444, 1351, 1205, 1147, 1029, 854; HRMS-ESI" (m/z): Calcd. for Cj;H4CIsNOs [M+Na]™ 379.9835;
found, 379.9829.
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24m

2,2,2-trichloroethyl-/V-2,6-dimethoxypyridin-3-ylcarbamate (24m)

Following the general procedure for intermolecular amination, 2,6-dimethoxypyridine (23m) (41.7 mg,
0.30 mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (41.6 mg, 0.30 mmol, 1.5
equiv.), and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h.
The crude material was purified by preparative thin-layer chromatography purification (CHCls/hexane =
1/1) to afford 24m (35.0 mg, 53%) as colorless oil.

Analytical data: '"H NMR (400 MHz, acetone-ds) &: 8.22 (br s, 1H), 8.03 (brd, J= 6.8 Hz, 1H), 6.35 (d, J =
8.4 Hz, 1H), 4.89 (s, 2H), 3.96 (s, 3H), 3.88 (s, 3H); ®C NMR (100 MHz, acetone-ds) &: 159.1, 153.6,
152.4, 133.1, 114.0, 100.4, 95.8, 74.1, 53.0, 52.9; IR (neat, cm™): 3421, 2948, 2360, 1743, 1547, 1517,

1390, 1205, 1114, 1018, 813; HRMS-ESI" (m/z): Calcd. for CoH;1C1N,04 [M+Na]" 350.9682; found,
350.9681.

24n

2,2,2-trichloroethyl-V-2,4,6-trimethoxypyrimidin-5-ylcarbamate (24n)
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Following the general procedure for intermolecular amination, 2,4,6-trimethoxypyrimidine (23n) (51.0 mg,
0.30 mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (41.6 mg, 0.30 mmol, 1.5
equiv.), and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h.
The crude material was purified by preparative thin-layer chromatography purification (CHCls/hexane =
4/1) to afford 24n (43.6 mg, 60%) as a white amorphous.

Analytical data: "H NMR (400 MHz, CD;CN, 333 K) &: 6.65 (br s, 1H), 4.79 (s, 2H), 3.96 (s, 3H), 3.95 (s,
6H); *C NMR (100 MHz, CD;CN) 8: 168.6, 163.5, 154.2, 97.0, 96.6, 75.3, 55.6, 55.2; IR (neat, cm™):
3321, 2969, 2360, 1757, 1739, 1521, 1455, 1365, 1228, 1135, 1016; HRMS-ESI" (m/z): Calcd. for
C10H2C1:N;05 [M+Na]” 381.9740; found, 381.9748.
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Following the general procedure for intermolecular amination, phenetol (230) (36.7 mg, 0.30 mmol, 1.5
equiv.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,COs3 (41.6 mg, 0.30 mmol, 1.5 equiv.), and
Rh,(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
a mixture of 240 and 250 (28.7 mg, 46%, 240/250=17/1) as a white solid. 240 and 250 were isolated by

further preparative thin-layer chromatography purification (AcOEt/hexane = 1/9).

2,2,2-trichloroethyl-/V-4-ethoxyphenylcarbamate (240)

White solid: m.p. 111 °C; '"H NMR (400 MHz, acetone-dg) 6: 8.99 (br s, 1H), 7.49 (br d, J = 8.6 Hz, 2H),
6.91-6.87 (m, 2H), 4.89 (s, 2H), 4.02 (q, J = 7.0 Hz, 2H), 1.35 (t, J = 7.0 Hz, 3H); BC NMR (100 MHz,
acetone-ds) 8: 156.2, 152.9, 132.4, 121.2, 115.5, 96.9, 74.7, 64.2, 15.1; IR (neat, crn'l): 3343, 2969, 2362,
1716, 1529, 1419, 1365, 1216, 1105, 1043, 919, 827; HRMS-ESI" (m/z): Calcd. for C;H;,C1;NO3
[M+Na]" 333.9780; found, 333.9778.

2,2,2-trichloroethyl-/N-2-ethoxyphenylcarbamate (250)
Colorless oil: '"H NMR (400 MHz, acetone-ds) 6: 8.18 (br s, 1H), 7.99 (br d, /= 7.6 Hz, 1H), 7.09-7.01 (m,
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2H), 6.96-6.92 (m, 1H), 4.93 (s, 2H), 4.15 (q, J = 7.0 Hz, 2H), 1.41 (t, J = 7.0 Hz, 3H); *C NMR (100
MHz, acetone-dy) 8: 152.5, 149.1, 128.0, 124.8, 121.3, 120.2, 112.4, 96.7, 74.8, 64.9, 15.0; IR (neat, cm™):
3423, 2983, 2364, 1743, 1602, 1525, 1454, 1365, 1160, 1095, 1043, 817; HRMS-ESI* (m/z): Calcd. for
C;H;,C1sNOs [M+Na]" 333.9780; found, 333.9790.
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2,2,2-trichloroethyl-/V-4-isopropoxyphenylcarbamate (24p)
Following the general procedure for intermolecular amination, isopropoxybenzene (23p) (40.9 mg, 0.30
mmol, 1.5 equiv.), TrocNHOTS (72.5 mg, 0.20 mmol, 1.0 equiv.), K,COs (41.6 mg, 0.30 mmol, 1.5 equiv.),
and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford
24p (36.2 mg, 55%) as white solid.
Analytical data: m.p. 109 °C; "H NMR (400 MHz, acetone-d) 6: 8.99 (br s, 1H), 7.48 (br d, J = 8.6 Hz,
2H), 6.91-6.87 (m, 2H), 4.89 (s, 2H), 4.56 (sep, J = 6.0 Hz, 1H), 1.28 (d, J = 6.0 Hz, 6H); *C NMR (100
MHz, acetone-ds) &: 155.1, 152.9, 132.3, 121.2, 117.1, 96.9, 74.7, 70.6, 22.3; IR (neat, cm™): 3286, 2969,
2360, 1739, 1540, 1435, 1373, 1226, 1099, 1052, 946, 821; HRMS-ESI" (m/z): Calcd. for C ,H4C1;NO5
[M+Na]" 347.9937; found, 347.9936.
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2,2,2-trichloroethyl-/V-4-octyloxyphenylcarbamate (24q)

Following the general procedure for intermolecular amination, n-octyloxybenzene (23q) (61.9 mg, 0.30
mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO3 (41.6 mg, 0.30 mmol, 1.5 equiv.),
and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford
24q (44.5 mg, 56%) as a white amorphous.

Analytical data: '"H NMR (400 MHz, acetone-dg) d: 8.99 (br s, 1H), 7.49 (br d, J = 8.6 Hz, 2H), 6.92-6.88
(m, 2H), 4.88 (s, 2H), 3.96 (t, J = 6.5 Hz, 2H), 1.79-1.72 (m, 2H), 1.50-1.43 (m, 2H), 1.41-1.25 (m, 8H),
0.88 (t, J = 7.0 Hz, 3H); ®C NMR (100 MHz, acetone-dy) &: 156.4, 152.9, 132.3, 121.1, 115.5, 96.9, 74.7,
68.8, 32.6, 30.09, 30.06, 30.01, 26.8, 23.3, 14.4; IR (neat, cm™): 3357, 2921, 2362, 1716, 1525, 1473, 1417,
1363, 1216, 1106, 1043, 995, 833; HRMS-ESI" (m/z): Calcd. for C;7H,4,CIsNO; [M+Na]” 418.0719; found,
418.0714.
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2,2,2-trichloroethyl-/V-4-ethoxycarbonylmethoxyphenylcarbamate (24r)
Following the general procedure for intermolecular amination, ethyl 2-phenoxyacetate (23r) (54.1 mg, 0.30
mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,COs (41.6 mg, 0.30 mmol, 1.5 equiv.),
and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (AcOEt/hexane = 1/2) to
afford 24r (29.3 mg, 40%) as a white solid.
Analytical data: m.p. 95 °C; '"H NMR (400 MHz, acetone-dy) 6: 9.05 (br s, 1H), 7.51 (br d, J = 8.7 Hz, 2H),
6.95-6.91 (m, 2H), 4.89 (s, 2H), 4.69 (s, 2H), 4.20 (q, J = 7.1 Hz, 2H), 1.25 (t, J = 7.1 Hz, 3H); *C NMR
(100 MHz, acetone-ds) &: 169.4, 155.3, 152.9, 133.2, 121.0, 115.9, 96.8, 74.7, 66.1, 61.4, 14.5; IR (neat,
cm™): 3297, 2989, 2360, 1718, 1540, 1448, 1378, 1201, 1106, 1054, 815; HRMS-ESI" (m/z): Calcd. for
C13H4C1sNOs [M+Na]” 391.9835; found, 391.9836.
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2,2,2-trichloroethyl-/V-4-benzyloxyphenylcarbamate (24s)
Following the general procedure for intermolecular amination, benzyloxybenzene (23s) (55.3 mg, 0.30
mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO3 (41.6 mg, 0.30 mmol, 1.5 equiv.),
and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford
24s (33.4 mg, 45%) as a white solid.
Analytical data: m.p. 108 °C; "H NMR (400 MHz, acetone-dg) 6: 9.03 (br s, 1H), 7.51 (br d, J = 8.6 Hz,
2H), 7.49-7.46 (m, 2H), 7.41-7.36 (m, 2H), 7.34-7.30 (m, 1H), 7.02-6.98 (m, 2H), 5.10 (s, 2H), 4.89 (s,
2H); *C NMR (100 MHz, acetone-dg) &: 156.0, 152.9, 138.5, 132.7, 129.3, 128.6, 128.4, 121.1, 116.0,
96.9, 74.7, 70.7; IR (neat, cm™): 3342, 2360, 1716, 1598, 1527, 1378, 1295, 1216, 1105, 1039, 821;
HRMS-ESI" (m/z): Calcd. for C;6H4CIsNO; [M+Na]" 395.9937; found, 395.9932.
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Following the general procedure for intermolecular amination, 2-methylanisole (23s) (36.7 mg, 0.30 mmol,
1.5 equiv.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO3 (41.6 mg, 0.30 mmol, 1.5 equiv.), and
Rh,(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
a mixture of 24t and 25t (31.4 mg, 50%, 24t/25t=14/1) as a white solid. 24t and 25t were isolated by

further preparative thin-layer chromatography purification (AcOEt/hexane = 1/9).
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2,2,2-trichloroethyl-/V-(4-methoxy-3-methyl)phenylcarbamate (24t)

White solid: m.p. 92 °C; '"H NMR (400 MHz, acetone-dg) &: 8.91 (br s, 1H), 7.38-7.36 (m, 2H), 6.88 (d, J
= 8.5 Hz, 1H), 4.88 (s, 2H), 3.80 (s, 3H), 2.16 (s, 3H); BC NMR (100 MHz, acetone-ds) 8: 155.0, 152.9,
132.0, 127.3, 122.5, 118.3, 111.1, 96.9, 74.7, 55.8, 16.4; IR (neat, cm'l): 3278, 2360, 1704, 1544, 1508,
1440, 1228, 1132, 1105, 1035, 890, 806; HRMS-ESI" (m/z): Calcd. for C;;H;2C1sNO; [M+Na]" 333.9780;
found, 333.9780.

2,2,2-trichloroethyl-/V-(2-methoxy-3-methyl)phenylcarbamate (25t)

Colorless oil: "TH NMR (400 MHz, acetone-ds) 6: 8.43 (br s, 1H), 7.82 (br d, /= 7.8 Hz, 1H), 7.02 (t, J =
7.8 Hz, 1H), 6.95 (dd, J = 7.6, 0.8 Hz, 1H), 4.93 (s, 2H), 3.76 (s, 3H), 2.28 (s, 3H); BC NMR (125 MHz,
acetone-ds) 0: 152.9, 149.4, 132.0, 131.7, 127.0, 124.8, 119.2, 96.7, 74.9, 60.7, 16.0; IR (neat, cm'l): 3280,
2952, 1704, 1546, 1508, 1440, 1365, 1226, 1105, 1035, 890, 806; HRMS-ESI' (m/z): Calcd. for
C11H,CI:NO; [M+Na]" 333.9780; found, 333.9773.
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Following the general procedure for intermolecular amination, 2-ethylanisole (23u) (40.9 mg, 0.30 mmol,
1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO3 (41.6 mg, 0.30 mmol, 1.5 equiv.), and
Rh,(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
a mixture of 24u and 25u (32.3 mg, 49%, 24u/25u=16/1) as a white amorphous. 24u and 25u were isolated

by further preparative thin-layer chromatography purification (AcOEt/hexane = 1/9).

2,2,2-trichloroethyl-/V-(3-ethyl-4-methoxy)phenylcarbamate (24u)

White amorphous: "H NMR (400 MHz, acetone-dg) 6: 8.92 (br s, 1H), 7.40-7.37 (m, 2H), 6.90 (d, J = 8.6
Hz, 1H), 4.89 (s, 2H), 3.81 (s, 3H), 2.60 (q, J = 7.5 Hz, 2H), 1.15 (t, /= 7.5 Hz, 1H); BC NMR (100 MHz,
acetone-ds) o: 154.6, 152.8, 133.4, 132.3, 121.0, 111.5, 96.9, 74.7, 55.9, 23.9, 14.5; IR (neat, cm'l): 3284,
2954, 1706, 1550, 1498, 1365, 1226, 1105, 1027, 970, 896, 819; HRMS-ESI' (m/z): Calcd. for



C1,H14C15NO; [M+Na]™ 347.9937; found, 347.9932.

2,2,2-trichloroethyl-/V-(3-ethyl-2-methoxy)phenylcarbamate (25u)

Colorless oil: "TH NMR (400 MHz, acetone-ds) 6: 8.41 (br s, 1H), 7.81 (br d, J = 8.0 Hz, 1H), 7.07 (t, J =
7.8 Hz, 1H), 7.00 (dd, J=17.7, 1.6 Hz, 1H), 4.93 (s, 2H), 3.77 (s, 3H), 2.68 (q, J = 7.6 Hz, 2H), 1.21 (t, J =
7.6 Hz, 1H); BC NMR (125 MHz, acetone-ds) 6: 153.0, 149.1, 137.9, 132.0, 125.4, 125.1, 119.5, 96.8, 74.9,
61.4,23.2, 15.2; IR (neat, cm'l): 3284, 2954, 1706, 1550, 1511, 1365, 1228, 1105, 1060, 1027, 970, 896,
819; HRMS-ESI' (m/z): Calcd. for C;;H4C13NO3 [M+Na]" 347.9937; found, 347.9926.
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Following the general procedure for intermolecular amination, 2-isopropylanisole (23v) (45.1 mg, 0.30
mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (41.6 mg, 0.30 mmol, 1.5 equiv.),
and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
a miture of 24v and 25v (29.0 mg, 43%, 24v/25v=15/1) as colorless oil. 24v and 25v were isolated by

further preparative thin-layer chromatography purification (AcOEt/hexane = 1/9).

2,2,2-trichloroethyl-/V-(4-methoxy-3-isopropyl)phenylcarbamate (24v)

Colorless oil: "TH NMR (400 MHz, acetone-ds) 6: 8.93 (br s, 1H), 7.43-7.40 (m, 2H), 6.91 (d, J = 8.7 Hz,
1H), 4.89 (s, 2H), 3.82 (s, 3H), 3.29 (sep, J = 6.9 Hz, 1H), 1.18 (d, J= 7.0 Hz, 6H); BC NMR (100 MHz,
acetone-ds) o: 154.0, 152.8, 137.8, 132.5, 118.1, 118.0, 111.7, 96.9, 74.7, 56.0, 27.5, 22.9; IR (neat, crn'l):
3290, 2969, 2360, 1739, 1540, 1363, 1216, 1108, 1031, 811; HRMS-ESI" (m/z): Calcd. for C;3H;¢CIsNO;
[M+Na]" 362.0093; found, 362.0090.

2,2,2-trichloroethyl-V-(2-methoxy-3-isopropyl)phenylcarbamate (25v)
Colorless oil: "TH NMR (400 MHz, acetone-ds) &: 8.41 (br s, 1H), 7.79 (br d, J = 7.5 Hz, 1H), 7.11 (t, J =
7.9 Hz, 1H), 7.07 (dd, J= 7.8, 1.9 Hz, 1H), 4.94 (s, 2H), 3.76 (s, 3H), 3.33 (sep, /= 6.9 Hz, 1H), 1.22 (d, J



= 7.0 Hz, 6H); *C NMR (125 MHz, acetone-ds) &: 153.0, 148.4, 142.6, 131.9, 125.3, 122.6, 119.4, 96.8,
74.9, 61.9, 27.1, 24.0; IR (neat, cm™): 3290, 2969, 2362, 1785, 1540, 1506, 1365, 1216, 1108, 1033, 815;

>

HRMS-ESI" (m/z): Caled. for C13H;6C15NO; [M+Na]” 362.0093; found, 362.0084.
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Following the general procedure for intermolecular amination, 3-methylanisole (23w) (36.7 mg, 0.30 mmol,
1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO3 (21.6 mg, 0.30 mmol, 1.5 equiv.), and
Rh,(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
a mixture of 24w and 25w (29.3 mg, 47%, 24w/25w=4.0/1) as a white solid. 24w and 25w were isolated by

further preparative thin-layer chromatography purification (AcOEt/hexane = 1/9).

2,2,2-trichloroethyl-/V-(4-methoxy-2-methyl)phenylcarbamate (24w)

White solid: m.p. 83 °C; '"H NMR (400 MHz, acetone-dg) 6: 8.37 (br s, 1H), 7.31 (br d, J = 8.4 Hz, 1H),
6.81 (d, J=2.9 Hz, 1H), 6.76 (dd, J = 8.6, 2.9 Hz, 1H), 4.88 (s, 2H), 3.77 (s, 3H), 2.28 (s, 3H); BC NMR
(100 MHz, acetone-dys) &: 158.6, 154.0, 135.2, 129.5, 127.4, 116.4, 112.3, 97.1, 74.8, 55.6, 18.3; IR (neat,
cm'l): 3264, 3008, 2360, 1735, 1525, 1434, 1365, 1226, 1112, 1035, 846, 802; HRMS-ESI" (m/z): Calcd.
for C;;H,C1;NO; [M+Na]" 333.9780; found, 333.9778.

2,2,2-trichloroethyl-V-(2-methoxy-4-methyl)phenylcarbamate (25w)

Colorless oil: '"H NMR (400 MHz, acetone-dg) 6: 8.07 (br s, 1H), 7.81 (br d, /= 7.2 Hz, 1H), 6.88 (d, J =
1.2 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 4.90 (s, 2H), 3.87 (s, 3H), 2.30 (s, 3H); BC NMR (125 MHz,
acetone-ds) o: 152.6, 149.9, 134.7, 125.3, 121.7, 120.2, 112.5, 96.7, 74.8, 56.1, 21.2; IR (neat, cm'l): 3272,
3006, 2360, 1739, 1525, 1455, 1365, 1226, 1112, 1035, 802; HRMS-ESI" (m/z): Calcd. for C;;H;,CI3NO;
[M+Na]" 333.9780; found, 333.9775.
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o)

24x 25x
Following the general procedure for intermolecular amination, 2-methoxydiphenylmethane (23x) (59.5 mg,
0.30 mmol, 1.5 equiv.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (41.6 mg, 0.30 mmol, 1.5
equiv.), and Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h.
The crude material was purified by preparative thin-layer chromatography purification (CHCls/hexane =
2/1) to afford a mixture of 24x and 25x (38.6 mg, 50%, 24x/25x=13/1) as colorless oil. 24x and 25x were

isolated by further preparative thin-layer chromatography purification (AcOEt/hexane = 1/9).

2,2,2-trichloroethyl-/V-(3-benzyl-4-methoxy)phenylcarbamate (24x)

Colorless oil: '"H NMR (400 MHz, acetone-dg) &: 8.95 (br s, 1H), 7.45 (br d, J = 8.1 Hz, 1H), 7.31 (br d, J
= 1.7 Hz, 1H), 7.27-7.21 (m, 4H), 7.18-7.13 (m, 1H), 6.95 (d, J = 8.8 Hz, 1H), 4.86 (s, 2H), 3.94 (s, 2H),
3.81 (s, 3H); BC NMR (100 MHz, acetone-ds) 6: 154.5, 152.8, 141.8, 132.3, 130.9, 129.7, 129.1, 126.6,
122.3, 118.9, 111.8, 96.9, 74.7, 56.0, 36.4; IR (neat, cm'l): 3315, 2969, 2360, 1739, 1540, 1506, 1436,
1365, 1216, 1118, 1029, 823; HRMS-ESI" (m/z): Calcd. for Ci;H;sCL1sNO; [M+Na]™ 410.0093; found,
410.0092.

2,2,2-trichloroethyl-/V-(3-benzyl-2-methoxy)phenylcarbamate (25x)

Colorless oil: "H NMR (400 MHz, acetone-dg) o: 8.48 (br s, 1H), 7.84 (br d, /= 8.0 Hz, 1H), 7.30-7.16 (m,
5H), 7.07 (t, J= 7.9 Hz, 1H), 6.92 (dd, J = 7.7, 1.4 Hz, 1H), 4.94 (s, 2H), 4.03 (s, 2H), 3.73 (s, 3H); Bc
NMR (125 MHz, acetone-ds) o: 153.1, 149.5, 141.8, 135.4, 132.3, 129.7, 129.2, 127.0, 126.9, 125.0, 120.3,
111.6, 96.7, 74.9, 61.3, 36.2; IR (neat, cm'l): 3315, 3025, 2358, 1735, 1535, 1504, 1454, 1365, 1216, 1118,
1029, 823; HRMS-ESI" (m/z): Calcd. for C;7H ¢CIsNO; [M+Na]" 410.0093; found, 410.0096.
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2,2,2-trichloroethyl-N-(1,3%,5%,7%,9%,11*-hexaisopropoxy-1,3,5,7,9,11(1,3)-hexabenzenacyclododecaph
ane-ls-yl)carbamate (24y)

Following the general procedure for intermolecular amination, 23y (88.9 mg, 0.10 mmol, 1.0 equiv.),
TrocNHOTS (36.2 mg, 0.10 mmol, 1.0 equiv.), K,CO;3 (21.6 mg, 0.15 mmol, 1.5 equiv.), and Rha(tpa), (6.8
mg, 5.0 pmol, 0.05 equiv.) were stirred at 0 °C in PhCl (1.0 mL) for 20 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 24y (42.9
mg, 40%) as a white solid.

Analytical data: m.p. 113 °C; '"H NMR (400 MHz, acetone-ds) 8: 8.59 (br s, 1H), 7.12 (br s, 2H), 6.91-
6.88 (m, 10H), 6.75-6.70 (m, 5H), 4.81 (s, 2H), 4.14-4.05 (m, 6H), 3.97 (br s, 12H), 1.09-1.05 (m, 36H);
BC NMR (100 MHz, acetone-ds) &: 154.4, 154.2, 152.4, 150.4, 136.0, 135.7, 135.6, 135.5, 135.3, 133.9,
129.7, 129.6, 129.5, 123.6, 120.4, 96.9, 75.4, 74.6, 32.5, 32.4, 22.71, 22.67; IR (neat, cm™"): 2969, 2360,
1739, 1540, 1448, 1365, 1205, 1105, 939; HRMS-ESI" (m/z): Calcd. for Ce3H74CI;3NOg [M+Nal]”
1100.4378; found, 1100.4351.

2,2,2-trichlor0ethyl-N—(12-hydr0xy-32,52,72-triis0pr0p0xy-1,3,5,7(1,3)-tetrabenzenacycloocataphane-l
5-yl)carbamate (24z2)

Following the general procedure for intermolecular amination, 23z (55.1 mg, 0.10 mmol, 1.0 equiv.),
TrocNHOTS (36.2 mg, 0.10 mmol, 1.0 equiv.), K,CO;3 (21.6 mg, 0.15 mmol, 1.5 equiv.), and Rha(tpa), (6.8
mg, 5.0 umol, 0.05 equiv.) were stirred at 0 °C in PhCI (1.0 mL) for 20 h. The crude material was purified
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by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford 24z (31.0 mg, 42%)
as a white solid.

Analytical data: m.p. 177 °C; '"H NMR (400 MHz, acetone-dy) d: 8.92 (br s, 1H), 7.37 (br s, 2H), 7.21 (d, J
= 7.5 Hz, 2H), 6.96 (t, J = 7.4 Hz, 1H), 6.40-6.33 (m, 6H), 4.91 (s, 2H), 4.57 (d, J = 13.0 Hz, 2H), 4.54—
4.47 (m, 2H), 4.31 (d, J=13.6 Hz, 2H), 3.97-4.06 (m, 2H), 3.27 (d, /= 13.7 Hz, 2H), 3.20 (d, /= 13.1 Hz,
2H), 1.48 (d, J = 6.1 Hz, 6H), 1.42 (d, J = 6.1 Hz, 6H), 1.30 (d, J = 6.1 Hz, 6H); *C NMR (100 MHz,
acetone-ds) o: 155.4, 153.7, 152.9, 150.5, 138.8, 135.0, 133.8, 132.3, 131.0, 128.6, 128.4, 123.5, 123.4,
120.1, 97.0, 78.1, 75.7, 74.7, 32.4, 32.0, 22.8, 22.2; IR (neat, cm™"): 2969, 2360, 1739, 1540, 1455, 1365,
1205, 1153, 1106, 1052, 939; HRMS-ESI" (m/z): Calcd. for C4HuCLNOg [M+Na]”™ 762.2132; found,
762.2128.

OMe

HN \H/O\/CFS
o)

27a
2,2,2-trifluoroethyl-N-4-methoxyphenylcarbamate (27a)
White solid: m.p. 85 °C; '"H NMR (400 MHz, acetone-ds) 6: 8.91 (br s, 1H), 7.47 (br d, J = 8.6 Hz, 2H),
6.92-6.88 (m, 2H), 4.70 (q, J = 8.9 Hz, 2H), 3.77 (s, 3H); BC NMR (100 MHz, acetone-dy) 6: 157.0, 152.8,
132.3, 124.7 (J = 275.2 Hz), 121.2, 114.9, 61.0 (J/ = 35.6 Hz), 55.7; IR (neat, cm'l): 3315, 2969, 2360,
1716, 1533, 1417, 1365, 1292, 1228, 1162, 1097, 1029, 993, 956, 827; HRMS-ESI" (m/z): Calcd. for
C10HoF3NO; [M+Na]" 272.0510; found, 272.0506.

OMe

O CF;
29a
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1,1,1,3,3,3-hexafluoropropan-2-yl-N-4-methoxyphenylcarbamate (29a)

White solid: m.p. 108 °C; '"H NMR (400 MHz, acetone-ds) &: 9.39 (br s, 1H), 7.49 (d, J = 9.0 Hz, 2H),
6.96-6.92 (m, 2H), 6.26 (sep, J = 6.4 Hz, 1H), 3.79 (s, 3H); BC NMR (100 MHz, acetone-ds) 6: 157.5,
151.0, 131.4, 122.1 (q, J = 281.0 Hz), 121.6, 115.1, 67.9 (sep, J = 34.0 Hz), 55.7; IR (neat, cm'l): 3303,
2969, 2358, 1727, 1540, 1457, 1380, 1216, 1103, 1033, 998, 887, 825; HRMS-ESI" (m/z): Calcd. for
C11HoF¢NO; [M+Na]" 340.0384; found, 340.0380.

OMe

OMe H
N O._CCl3

hig

ClsC O

\/O\H/NH
0

35 36

To a suspension of 3-cyclopropylanisole (34; 44.5 mg, 0.30 mmol, 1.5 equiv.), TrocNHOTs (72.5 mg, 0.20
mmol, 1.0 equiv.) and K,COs (41.6 mg, 0.30 mmol, 1.5 equiv.) in PhCI (1.0 mL) were added Rhy(tpa)s
(13.6 mg, 0.010 mmol, 0.05 equiv.) at 0 °C. After being stirred for 20 h at 0 °C, the reaction was quenched
by addition of water and extracted with CHCIl;. The organic layer was washed with brine, and dried over
Na,S0,, filtered, and concentrated. The residue was purified by preparative thin-layer chromatography
purification (CHCls/hexane = 1/1) to afford 35 (colorless oil; 20.9 mg, 31%) and 36 (colorless oil; 12.0 mg,
18%).

2,2,2-trichloroethyl-/N-(4-methoxy-2-cyclopropyl)phenylcarbamate (35)

Analytical data: '"H NMR (400 MHz, CDCl3) 6: 7.71 (br d, J= 7.8 Hz, 1H), 7.04 (br s, 1H), 6.77 (dd, J =
8.8, 2.7 Hz, 1H), 6.66 (s, 1H), 4.84 (s, 2H), 3.79 (s, 3H), 1.86—-1.80 (m, 1H), 1.06-0.94 (m, 2H), 0.72-0.61
(m, 2H); BC NMR (100 MHz, CDCls) 6: 156.7, 152.3, 134.5, 129.8, 122.4, 114.0, 111.7, 95.6, 74.7, 55.6,
11.6, 6.3; IR (neat, cm'l): 3423, 3004, 2358, 1739, 1521, 1365, 1203, 1099, 1033, 804; HRMS-ESI" (m/z):
Calcd. for C13H4CI;NOs [M+Na]” 359.9937; found, 359.9938.

2,2,2-trichloroethyl-N-(2-methoxy-4-cyclopropyl)phenylcarbamate (36)

Analytical data: '"H NMR (400 MHz, CDCls) 8: 7.93 (br d, J= 7.9 Hz, 1H), 7.37 (br s, 1H), 6.68 (dd, J =
8.3, 1.8 Hz, 1H), 6.64 (d, /= 1.8 Hz, 1H), 4.82 (s, 2H), 3.88 (s, 3H), 1.91-1.84 (m, 1H), 1.00-0.88 (m, 2H),
0.72-0.61 (m, 2H); BC NMR (100 MHz, CDCls) &: 151.5, 148.0, 139.8, 124.4, 118.5, 118.1, 108.3, 95.5,
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74.4, 55.8, 15.5, 9.0; IR (neat, cm’): 3421, 3004, 2360, 1739, 1531, 1373, 1203, 1097, 1035, 808;
HRMS-ESI" (m/z): Caled. for C13H;4C15NO; [M+Na]” 359.9937; found, 359.9936.
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Synthesis of substrates and characterization data of new compounds

i-Prl (12 equiv.)
NaH (12 equiv.)

DMF g -
. OF-Pr i
rt, 24 h OFPr  OiPr — oppr OFP"

23y

1%,3%,5%,7%,9% 11%-hexaisopropoxy-1,3,5,7,9,11(1,3)-hexabenzenacyclododecaphane (23y)

To a solusion of calix[6]arene (200 mg, 0.31 mmol, 1.0 equiv.) in DMF (5.0 mL) were added NaH (150 mg,
3.8 mmol, 12 equiv.) and 2-iodopropane (0.38 ml, 3.8 mmol, 12 equiv.). After being stirred for 24 h at rt,
the reaction was quenched by addition of water and extracted with AcOEt. The organic layer was washed
with water, and brine, and dried over Na,SQy, filtered, and concentrated. The residue was chromatographed
on silica gel (AcOEt/hexane = 1/19) to afford 23y (216 mg, 64% yield) as a white solid.

Analytical data: m.p. 246 °C; "H NMR (400 MHz, CDCl3) 8: 6.88 (d, J = 7.4 Hz, 12H), 6.70 (t, J = 7.5 Hz,
6H), 4.07-4.01 (m, 6H), 3.93 (br s, 12H), 1.02 (br d, J = 5.2 Hz, 36H); C NMR (100 MHz, CDCl;) &:
153.5, 134.9, 128.9, 122.9, 74.8, 31.8, 22.4; IR (neat, cm™"): 2969, 2358, 1739, 1540, 1448, 1367, 1216,
1106, 941; HRMS-ESI" (m/z): Calcd. for CepH7,04 [M+Na]™ 911.5227; found, 911.5214.

\  Prl (3.0 equiv.)

Q O / NaH (3.0 equiv.)
oH Y DMF

OH "oy OH 0°tort 48h

32,52,72-triisopr0p0xy-1,3,5,7(1,3)-tetrabenzenacycloocataphane-l2-01 (23z)

To a solusion of calix[4]arene (200 mg, 0.47 mmol, 1.0 equiv.) in DMF (5.0 mL) were added NaH (56 mg,
1.4 mmol, 3.0 equiv.) and 2-iodopropane (0.14 ml, 1.4 mmol, 3.0 equiv.) at 0 °C. After being stirred for 48
h at rt, the reaction was quenched by addition of water and extracted with AcOEt. The organic layer was
washed with water, and brine, and dried over Na,SQ,, filtered, and concentrated. The residue was
chromatographed on silica gel (AcOEt/hexane = 1/19) to afford 23z (110 mg, 46% yield) as a white solid.
Analytical data: m.p. 197 °C; "H NMR (400 MHz, CDCl3) 8: 7.15 (d, J = 7.4 Hz, 2H), 7.09 (d, J = 7.4 Hz,
2H), 6.96 (t, J= 7.4 Hz, 1H), 6.77 (d, J = 7.4 Hz, 1H), 6.35-6.31 (m, 4H), 6.30-6.26 (m, 2H), 4.54 (d, J =
13.2 Hz, 2H), 4.44 (sep, J = 6.1 Hz, 1H), 4.38 (s, 1H), 4.33 (d, J=13.8 Hz, 2H), 3.98 (sep, J = 6.1 Hz, 2H),
3.28 (d,J=13.9 Hz, 2H), 3.15 (d, J=13.3 Hz, 2H), 1.47 (d, /= 6.1 Hz, 6H), 1.40 (d, /= 6.1 Hz, 6H), 1.29
(d, J= 6.1 Hz, 6H); *C NMR (100 MHz, CDCl3) 8: 154.9, 153.4, 153.0, 138.3, 134.2, 133.4, 131.5, 129.3,
128.4, 127.8, 127.7, 122.7, 122.6, 119.3, 77.3, 75.3, 32.0, 31.5, 22.7, 22.4, 22.1; IR (neat, cm™): 2969,
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2360, 1739, 1540, 1455, 1365, 1205, 1106, 939; HRMS-ESI' (m/z): Caled. for C3HypOs4 [M+Na]®
573.2981; found, 573.2986.

e} O
CDI HO-NH,-HCl TsCl
S 2
F,C”  OH — J .ot
s THF imidazole, THF F3C/\OJ\N’OH EtN, Et,O  FaC~ 07 N
0°Ctort,2h 0°Ctort,1h H 0°Ctort,2h 26

2,2,2-trifluoroethyl-/V-tosyloxycarbamate (26)

To a solusion of 2,2,2-trifluoroethanol (0.72 mL, 10 mmol, 1.0 equiv.) in THF (20 mL) was added CDI
(1.95 g, 12 mmol, 1.5 equiv.) at 0 °C. After being stirred for 2 h at rt, the solution was cooled to 0 °C.
Imidazole (0.82 g, 12 mol, 1.5 equiv.) and hydroxylamine hydrochloride (3.47 g, 50 mol, 5.0 equiv.) were
added to the reaction mixture. The reaction mixture was stirred at rt for 1 h and acidified with 1 N HCI. The
resulting mixture was extracted with diethylether, the organic layer was washed with brine, and dried over
Na,SOy, filtered, and concentrated in vacuo. To a solution of the residue in diethylether (20 mL) at 0 °C
were added p-toluenesulfonyl chloride (1.90 g, 10 mmol, 1.0 equiv.) and triethylamine (1.39 mL, 10 mmol,
1.0 equiv.). The resulting white suspension was stirred at rt for 2 h. The reaction was quenched by addition
of water and extracted with diethylether. The organic layer was washed with brine, and dried over Na,;SOu,
filtered, and concentrated in vacuo. The residue was chromatographed on silica gel (CHCIl;) to afford 26
(0.80 g, 26% yield in 2 steps) as a white solid.

Analytical data: m.p. 115 °C; "H NMR (400 MHz, CDCl3) &: 8.17 (br s, 1H), 7.88 (d, J = 8.4 Hz, 2H), 7.38
(d, J = 8.1 Hz, 2H), 4.38 (q, J = 8.2 Hz, 2H), 2.47 (s, 3H); *C NMR (100 MHz, CDCl3) &: 153.9, 146.8,
130.0, 129.8, 129.7, 122.3 (J = 275.7 Hz), 62.0 (J = 37.2 Hz), 21.9; IR (neat, cm™): 3297, 2969, 2360,
1751, 1540, 1457, 1375, 1295, 1230, 1166, 1089, 997, 958, 844, 813; HRMS-ESI' (m/z): Calcd. for
C10HoF3NOsS [M+Na]" 336.0129; found, 336.0129.

CF3 triphogene HO-NH,-HCI CFs O TsCl )C\Fi’j\
, D T .OTs
F.C” NOH  i-ProNE, THF THE F,C” Y07 N EtN, E,O  FsC~ 07 N
0°Ctort,1h 0°Ctort,1h H 0°Ctort, 15h 28

1,1,1,3,3,3-hexafluoropropan-2-yl-N-tosyloxycarbamate (28)

To a solution of 1,1,1,3,3,3-hexafluoro-2-propanol (1.04 mL, 10 mmol, 1.0 equiv.) and
diisopropylethylamine (8.71 mL, 50 mmol, 5.0 equiv.) in THF (20 mL) was added triphosgene (1.04 g, 3.5
mmol, 0.35 equiv) at 0 °C. After being stirred for 1 h at rt, the solution was cooled to 0 °C and

hydroxylamine hydrochloride (3.47 g, 50 mmol, 5.0 equiv.) was added to the solution. The reaction
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mixture was stirred at rt for 1 h and acidified with 1 N HCl. The resulting mixture was extracted with
diethylether, the organic layer was washed with brine, and dried over Na,SOy, filtered, and concentrated in
vacuo. To a solution of the residue in diethylether (20 mL) at 0 °C were added p-toluenesulfonyl chloride
(1.90 g, 10 mmol, 1.0 equiv.) and triethylamine (1.39 mL, 10 mmol, 1.0 equiv.). The resulting white
suspension was stirred at rt for 15 h. The reaction was quenched by addition of water and extracted with
diethylether. The organic layer was washed with brine, and dried over Na,SOy, filtered, and concentrated in
vauo. The residue was chromatographed on silica gel (CHCl;) to afford 28 (0.14 g, 4% yield in 2 steps) as a
white solid.

Analytical data: m.p. 108 °C; '"H NMR (400 MHz, CDCls) 6: 8.57 (br s, 1H), 7.89—7.86 (m, 2H), 7.38 (d, J
= 8.0 Hz, 2H), 5.45 (sep, J = 5.9 Hz, 1H), 2.47 (s, 3H); *C NMR (100 MHz, CDCl;) &: 151.9, 147.2, 130.2,
129.7, 129.5, 120.0 (J = 280.3 Hz), 68.5 (J = 35.2 Hz), 21.9; IR (neat, cm™"): 3291, 2969, 2360, 1739, 1540,
1455, 1363, 1216, 1106, 1039, 998, 887, 813; HRMS-ESI' (m/z): Calcd. for C;;HoF¢NOsS [M+Na]"
404.0003; found, 404.0002.
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KIE Measurements

On-CgH17 On-CsH17 RhZ(tpa)4 (5 mOI%) On-C8H17 OH-CSHW
H H D D TrocNH-OTs (1.0 equiv.) H H D D
K,CO3 (1.5 equiv.)
+ +
H H D D PhCI, 0°C, 10 min H D D
H D NHTroc NHTroc
23q 239g-Ds 24q 24q-D,

(1.5 equiv.) (1.5 equiv.)

12% yield kylkp =1.16 averaged
17% yield kplkp=1.13 " 21 16
13% yield kykp=1.18 | “H7P~

To a suspension of n-octyloxybenzene (23q; 61.9 mg, 0.30 mmol, 1.5 equiv.), n-octyloxybenzene-ds
(23q-Ds; 63.4 mg, 0.30 mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.) and K,CO; (41.6
mg, 0.30 mmol, 1.5 equiv.) in PhCl (1.0 mL) was added Rhy(tpa)s (13.6 mg, 0.010 mmol, 0.05 equiv.) at
0 °C. After being stirred for 10 min at 0 °C, the reaction was quenched by addition of water and extracted
with CHCIl;. The organic layer was washed with brine, and dried over Na,SOy, filtered, and concentrated in
vauo. "H NMR of the crude material (acetone-ds) was measured using 1,1,2,2-tetrachloroethane as internal
standard to confirm no decomposition of the starting materials (23q, 23q-Ds) and the products (24q,
24q-Dy). The residue was purified by preparative thin-layer chromatography purification (CHCls/hexane =
1/1) to afford a mixture of 24q and 24q-D4. KIE was calculated from the comparison of the integrals
between an aromatic signal (6 6.92-6.88 ppm, 2H of 24q) and a trichloroethyl signal (3 4.88 ppm, 2H of
24q and 24q-D,) in '"H NMR of a solution of 24q and 24q-D, (acetone-ds). The experiments were

performed three times and the determined KIE was the average of three runs.
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X-Ray crystallographic analysis

Single crystal of [24z-1/2(C,HsOH)] was obtained from recrystallization in C,HsOH at room
temperature. Intensity data were collected on a RIGAKU Saturn70 CCD (system) with VariMax Mo Optic
Using MoK « radiation (A = 0.71070 A). Crystal data are summarized in Table 4.1. The structure was
solved by a direct method (SHELXT-2014") and refined by a full-matrix least square method on F~ for all
reflections (SHELXL-201427). All hydrogen atoms were placed using AFIX instructions, while all other
atoms were refined anisotropically. Supplementary crystallographic data was deposited at the Cambridge
Crystallographic Data Centre (CCDC) under the numbers CCDC-1581717 (24z) and can be obtained free

of charge from via www.ccdc.cam.ac.uk/data_request.cif.

}

Figure 4.1 Molecular structure of 24z (ORTEP drawing; thermal ellipsoids set at 50% probability).

Hydrogen atoms were omitted for clarity.
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Table 4.1 Crystal data and structure refinement for [24z-1/2(C,HsOH)].

CCDC No.
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1581717

CD
Cs2HosCIgN2 O3
1528.29

103(2) K
0.71073 A
Triclinic

P-1 (#2)
a=10.6018(2) A a=82.0000(10)°.
b=17.0612(3) A B=82.577(2)°.
¢ =21.67093) A y =87.1720(10)°.
3847.18(11) A’

2

1.319 Mg/m’

0.288 mm’'

1612

0.230 x 0.150 x 0.070 mm”

1.636 to 31.268°

-14<=h<=15, -24<=k<=24, -31<=1<=31
71592

22696 [R(int) = 0.0485]

99.6 %

Full-matrix least-squares on F’

22696 /0 / 990

1.010

R1=0.0505, wR2 =0.1132

R1=0.0801, wR2 = 0.1267

n/a

0.455 and -0.478 e.A™
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Computational details

All calculation reported in the present study were carried out using density functional theory
(DFT) with (U)M0628 functional, as implemented in the Gaussian 09 (Revision E.Ol)zg. For geometry
optimizations, the 6-31G(d,p) basis set was used for the H, C, N, O, Cl elements, and the LANL2DZ*
basis set and pseudopotential for Rh. Based on these optimized geometries, single-point energy calculations
were performed using the 6-311++G(2d,2p) basis set for the H, C, N, O, Cl elements, and the SDD?! basis
set and pseudopotential for Rh with solvents effects simulated by SMD* solvent model (chlorobenzene).
The stationary points were confirmed as minima (no imaginary frequencies) or transition state (only one
imaginary frequency) by analytical frequency calculations as the same theory level as the geometry
optimizations. Computational time was generously provided by the Supercomputer Laboratory in the

Institute for Chemical Research of Kyoto University.

(a) singlet path Me ¥ (b) triplet path Me
N\ ~Me
MeO@\\ ?/o/?/‘o
/N:Rh—Rrym
ol_0
Troc Me§/0
Me
TSas
ol LR TN OMe
AGH=11.3 T
— Me 55
K ® H 23a 3.7
OMe 0 Me ‘MeO:@< O%OME . /K Me
2\\ Me \ ©].0" |0 -3.8 A\ Me
07 >0 | N—Rh—Rh o7 ~o. H )\ "
+ 1.0° 10 R Troc© OO/ 10" 10 MeO o7 >0k
N=—Rh—RHh X 0 N=Rh—Rh 10710
2 Troc” OIVO I | Me Y Troc 0>'\y0(|) /N—Rh—RPﬂ/
a N\ A 0O
Me \\K N 545 Me Me Y Troc MO><9 0
Me —26.2 Me Y
538 537 557 Me

Figure 4.2 Energy diagram of addition reaction of anisole (23a) to rthodium nitrenoid 53. (a) singlet path.

(b) triplet path. The relative Gibbs free energy differences are shown in kcal/mol.

XYZ coordinates and thermochemical data (energies in Hartree)

Temperature = 273.00 K, Pressure = 1.00 atm

anisole (23a)

OMe

6-31G(d,p)[LANL2DZ]
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Electronic Energy = —346.5299769

Enthalpy = -3

46.3907539

6-311++G(2d,2p)[SDD]

Free Energy =—-346.4257079

Electronic Energy = —346.6276983

O T @ T = o m = = = O O o o o 0

-0.000007467
-0.000009314
-0.000001643
0.000008880
0.000011652
0.000003033
-0.000013678
-0.000017838
-0.000003353
0.000015430
0.000019490
-0.000001259
0.000002661
-0.000006506
-0.000006507
0.000006417

Rhodium nitrenoid 53°

Me

X

Me
/(Il

9 0

| O

N—Rh—Rh’

Me

L0/

, :
@)
Troc ><\.K 0O

Me

6-31G(d,p)[LANL2DZ]

Electronic Energy = —2833.52349 Electronic and Zero-Point Energy = -2833.255374

Enthalpy = -2

6-311++G(2d,

833.227067
2p)[SDD]

0.000000033

-0.000011134

-0.000018861
-0.000014949
-0.000004516
0.000002679
0.000005392
-0.000013612
-0.000026981
-0.000021016
-0.000001646
0.000021308
0.000028759
0.000020711
0.000020697
0.000013135

Free Energy =—-2833.314106

Electronic Energy = -2836.132154

Electronic and Zero-Point Energy =-346.3976109

0.000000019
-0.000000002
-0.000000002
0.000000005
-0.000000007
-0.000000054
0.000000001
0.000000007
-0.000000002
-0.000000007
-0.000000004
0.000000006
-0.000000018
-0.000000001
-0.000000001
0.000000059

73



Rh

=
=

c 0 Z T T =Zm OO0 @D @D @ 0 o@D @ ©T o0 @ @ @D o060 o o o o o o o o

0.000002686

-0.000001629

0.000001324
0.000005401
-0.000000428
-0.000004407
0.000001738
0.000005779
-0.000000341
-0.000004469
0.000004147
0.000006266
0.000004421
0.000007927
0.000008007
-0.000003264
-0.000005475
-0.000008350
-0.000005056
-0.000004686
-0.000003042
-0.000005316
-0.000007994
-0.000004000
-0.000005577
0.000004549
0.000006690
0.000005167
0.000007128
0.000009294
-0.000004742
-0.000004070
-0.000006185

0.000002787
0.000000304
0.000000116

0.000002126
0.000003479
0.000001220
0.000000297

0.000001948
0.000003156
0.000000874
0.000000892
0.000000462
0.000000186

-0.000000157
0.000001468
0.000002601
0.000003139
0.000002680
0.000002739
0.000004334
0.000002157
0.000002474
0.000002430
0.000003583
0.000001670
0.000000632
0.000000010
-0.000000316
-0.000001001
0.000000826
-0.000001694
-0.000002687
-0.000003063

0.000005616
0.000001338
-0.000000784
0.000003282
0.000008449
0.000004412
-0.000001301
0.000002760
0.000007694
0.000003605
0.000000698
-0.000000990
-0.000001969
-0.000003078
0.000000809
0.000007289
0.000009315
0.000009209
0.000008242
0.000011921
0.000006168
0.000007742
0.000008478
0.000009908
0.000005852
-0.000000115
-0.000002255
-0.000002454
-0.000004780
-0.000001186
-0.000002345
-0.000005006
-0.000005307
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o -0.000001199  -0.000003101  -0.000007007
C -0.000000222  -0.000004070  -0.000009554
H -0.000002192  -0.000004304  -0.000009535
H 0.000002459  -0.000003476  -0.000009132
C -0.000000156  -0.000005420  -0.000012972
Cl -0.000004464  -0.000006440  -0.000013848
Cl 0.000003061  -0.000005120  -0.000013180
Cl 0.000001220  -0.000006543  -0.000015988

Transition state for addition TSa®

Me

A Me
MeO’@\\ (|),O/ I ‘O
/N:Rh—erm’

oN '

Troc Me>\<\ﬁoo

Me
6-31G(d,p)[LANL2DZ]

Electronic Energy =—-3180.059837 Electronic and Zero-Point Energy = -3179.657275

Enthalpy =-3179.622549 Free Energy =—-3179.722223

6-311++G(2d,2p)[SDD]

Electronic Energy = —-3182.76573

Rh -0.000000781  -0.000000533  -0.000009624
Rh 0.000000249 0.000001029  -0.000003455
o 0.000003302 0.000009034  -0.000003651
o 0.000002370 0.000007606  -0.000009285
0] -0.000000839  -0.000001932  -0.000002197
o 0.000000088  -0.000000344 0.000003564
o 0.000000177 0.000002131  -0.000010788
o -0.000000629 0.000001061  -0.000016617
0] -0.000003854  -0.000008603  -0.000009777
o -0.000002949  -0.000007167  -0.000003749
C 0.000003532 0.000010523  -0.000006475
C 0.000005895 0.000016456  -0.000006344
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0.000006630
0.000006678
0.000006121
-0.000000419
-0.000000399
0.000001212
-0.000001267
-0.000001040
-0.000004284
-0.000006488
-0.000007520
-0.000006771
-0.000006873
-0.000000148
-0.000000206
0.000000940
0.000000089
-0.000001741
0.000001058
0.000001310
0.000003036
-0.000000387
-0.000000155
0.000001417
-0.000001265
-0.000000580
0.000001213
-0.000003174
-0.000000332
0.000001189
0.000000311
-0.000002195
-0.000001348
0.000000341

0.000017649
0.000018730
0.000017401
-0.000001469
-0.000002252
0.000001708
-0.000004369
-0.000004452
-0.000010138
-0.000016016
-0.000018233
-0.000016441
-0.000017629
0.000001876
0.000002652
0.000005541
0.000004008
-0.000001205
0.000002571
0.000003680
0.000008288
-0.000000664
0.000000546
0.000004861
-0.000001791
-0.000000992
0.000002773
-0.000008050
0.000000486
0.000000611
-0.000001038
-0.000006834
-0.000005234
-0.000001451

-0.000001876
-0.000008039
-0.000008870
0.000002656
0.000007875
0.000009541
0.000006774
0.000011244
-0.000006795
-0.000006906
-0.000009441
-0.000008724
-0.000002493
-0.000015698
-0.000020839
-0.000019906
-0.000024568
0.000021813

0.000001948
-0.000001014
-0.000002402
-0.000002576
-0.000006299
-0.000007421
-0.000010197
-0.000003518
0.000002820
-0.000001751
-0.000008702
0.000016171
0.000012728
0.000007508
0.000010923
0.000015224
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H 0.000002479  0.000003516  0.000019517
H 0.000001026  0.000000618  0.000013230
H -0.000003467  -0.000009719  0.000004094
H -0.000001956  -0.000006730  0.000010349
C -0.000001272  -0.000004589  0.000008228
H -0.000002038  -0.000006268  0.000005862
0 0.000001095  0.000000019  0.000018201
C 0.000002807  0.000003915  0.000022494
H 0.000003159  0.000004559  0.000024253
H 0.000004174  0.000007749  0.000020650
H 0.000002481  0.000002543  0.000025957
Adduct 54°
Me
® H )—\\ Me
MeO @?,O/?;o
N—Rh—Rh
Troc O>'\/O CI)
Me \Y
Me

6-31G(d,p)[LANL2DZ]

Electronic Energy =—-3180.108683 Electronic and Zero-Point Energy =-3179.705076

Enthalpy =-3179.669879 Free Energy =—-3179.77216

6-311++G(2d,2p)[SDD]

Electronic Energy = —3182.824452

-0.000001709
-0.000001261
-0.000000878
-0.000001337
0.000005052
0.000005597
-0.000007940
-0.000008453
-0.000002329

0.000012123

0.000004762
0.000003668
0.000010595
0.000011012
0.000004020
0.000005857
0.000012676
0.000013045

-0.000005816

-0.000002013
-0.000001569
-0.000005174
-0.000008217
-0.000004665

0.000000417
-0.000003159
-0.000006192
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O =z m 0 00O zZz X = m OO0 @&D & T 00O @& @ 00 @@ &= o 0

Qa a a

-0.000001716
-0.000001290
-0.000001025
0.000001254
-0.000004258
-0.000000103
0.000006760
0.000011963
0.000013393
0.000013190
0.000012935
-0.000001912
-0.000002590
-0.000001391
-0.000006045
-0.000000848
-0.000010257
-0.000014972
-0.000016115
-0.000015780
-0.000016524
-0.000000413
-0.000002309
-0.000005710
-0.000001478
-0.000004055
-0.000002039
-0.000006560
-0.000006090
-0.000001998
-0.000009202
-0.000009551
0.000007831
0.000006194

0.000006211
0.000006797
0.000005816
0.000002880
0.000005423
0.000008379
0.000007353
0.000006764
0.000004174
0.000006037
0.000009662
0.000010033
0.000010985
0.000013843
0.000011481
0.000008351
0.000009443
0.000009943
0.000008251
0.000008492
0.000013246
-0.000001834
-0.000004313
-0.000004127
-0.000008639
-0.000011351
-0.000014381
-0.000010160
-0.000012547
-0.000015073
-0.000007984
-0.000016164
-0.000009763
-0.000006833

-0.000002620
-0.000003180
-0.000002699
-0.000002132
-0.000001058
-0.000004509
-0.000007098
-0.000009037
-0.000008234
-0.000009173
-0.000011035
-0.000004499
-0.000004855
-0.000006925
-0.000003573
-0.000004171
-0.000000633
0.000001252
0.000002704
0.000002399
0.000000156
0.000001187
0.000003631
0.000004623
0.000005299
0.000008019
0.000008729
0.000008439
0.000009595
0.000009109
0.000008436
0.000013071
0.000001873
0.000000973
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0.000000916
0.000002400
0.000005917
0.000010385
0.000007408
-0.000001846
0.000001028
0.000002772
0.000004689
0.000006954
0.000010228
0.000010553
0.000009181
0.000013381

Rhodium nitrenoid 53"

/
Troc

N=RH—RN
h—F
=96

Me
AOMe

10770

/

Y

Me

-0.000003155
-0.000006175
-0.000009536
-0.000012420
-0.000006989
-0.000000610
-0.000006249
-0.000003189
-0.000000624
-0.000012373
-0.000016009
-0.000017816
-0.000017834
-0.000015173

0.000001385
0.000002253
0.000002655
0.000002121
0.000000439
0.000001136
0.000002922
0.000000515
-0.000001767
0.000003563
0.000004178
0.000004996
0.000005629
0.000002300

6-31G(d,p)[LANL2DZ]

Electronic Energy = -2833.530333 Electronic and Zero-Point Energy = -2833.262826

Enthalpy =-2833.235075 Free Energy =—-2833.321382

6-311++G(2d,2p)[SDD]

Electronic Energy =-2836.137797

Rh -0.000000573 0.000000686  -0.000002045
Rh 0.000000673 0.000001570  -0.000000674
o -0.000002057  -0.000001884  -0.000001686
o -0.000003253  -0.000002421  -0.000003412
o -0.000000934 0.000003107  -0.000005858
o -0.000000070 0.000003567  -0.000004708
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o o

0.000001339
-0.000000164
0.000002152
0.000003217
-0.000003416
-0.000005340
-0.000005726
-0.000005329
-0.000006378
-0.000000697
-0.000001079
0.000000110
-0.000002308
-0.000001381
0.000003434
0.000005385
0.000005832
0.000005417
0.000006378
0.000000740
0.000001184
0.000002698
0.000000897
0.000000371
0.000001276
0.000000195
-0.000000650
0.000000193
-0.000000958
-0.000001818
-0.000001833
0.000000298
0.000001741
0.000001727

-0.000000473
-0.000001712
0.000003819
0.000004891
-0.000003032
-0.000005346
-0.000004685
-0.000006680
-0.000006336
0.000003951
0.000005552
0.000007316
0.000004434
0.000006003
0.000005267
0.000007620
0.000009360
0.000007787
0.000007518
-0.000001709
-0.000003283
-0.000001942
-0.000004372
-0.000004574
0.000001674
-0.000000320
-0.000000403
-0.000002155
-0.000004370
-0.000004358
-0.000006102
-0.000004414
-0.000001691
-0.000004497

0.000003290
0.000001854
-0.000000625
0.000000201
-0.000002902
-0.000003813
-0.000005413
-0.000002077
-0.000004619
-0.000006359
-0.000009226
-0.000009109
-0.000010256
-0.000010417
0.000000136
0.000000991
-0.000000326
0.000000842
0.000003106
0.000003653
0.000006529
0.000007854
0.000007353
0.000006581
0.000000442
0.000000786
-0.000000813
0.000003141
0.000003693
0.000001929
0.000004129
0.000006236
0.000005620
0.000009159
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Cl -0.000001294  -0.000007363 0.000006816

Transition state for addition TSa"

Me

A
veo—{—, 9%

N=Rh—Rh’
Troc M(Z>'\§2 CI)
Me
6-31G(d,p)[LANL2DZ]

Electronic Energy =—-3180.060809 Electronic and Zero-Point Energy =-3179.658762

Enthalpy =-3179.624076 Free Energy =—-3179.723915

6-311++G(2d,2p)[SDD]

Electronic Energy =—-3182.76591

Rh -0.000000966  -0.000002429 0.000000313
Rh -0.000000055  -0.000001339  -0.000000077
o -0.000001455  -0.000001406 0.000000800
o -0.000002320  -0.000002640 0.000001116
o -0.000001489  -0.000000774 0.000000847
0] -0.000000431 0.000000287 0.000000271
o 0.000000231  -0.000003047  -0.000000485
o -0.000000467  -0.000004047  -0.000000193
o 0.000000413  -0.000002148  -0.000000513
o 0.000001254  -0.000001366  -0.000001050
C -0.000002297  -0.000002028 0.000001239
C -0.000003272  -0.000002086 0.000001809
H -0.000003445  -0.000001143 0.000002011
H -0.000003090  -0.000002730 0.000001730
H -0.000003881  -0.000002593 0.000002192
C -0.000000954 0.000000135 0.000000686
C -0.000001405 0.000001380 0.000000912
H -0.000000629 0.000001771 0.000000665
H -0.000001335 0.000002098 0.000001145
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-0.000002057
0.000001351
0.000002262
0.000002547
0.000002134
0.000002855
0.000000054
0.000000298
0.000001162
0.000000092
0.000000027
0.000000676

-0.000000113
0.000000095

-0.000000673

-0.000001426

-0.000001877

-0.000000983

-0.000002113

-0.000002813

-0.000001379

-0.000003037
0.000001490
0.000001457
0.000002401
0.000002269
0.000001895
0.000001163
0.000001211
0.000002829
0.000002754
0.000001820
0.000002198
0.000002010

0.000001315
-0.000001842
-0.000001671
-0.000000691
-0.000002020
-0.000002176
-0.000004071
-0.000005192
-0.000005203
-0.000005290
-0.000005967
-0.000000385
0.000000256
0.000000049
0.000000998
0.000001522
0.000000771
0.000002086
0.000002287
0.000001340
0.000003505
0.000002911
0.000002880
0.000001839
0.000000704
0.000001665
0.000002813
0.000003703
0.000001877
-0.000000098
0.000001708
0.000000785
0.000000033
0.000003690

0.000001419
-0.000000928
-0.000001607
-0.000001691
-0.000001572
-0.000002058
-0.000000374
-0.000000788
-0.000001357
-0.000000639
-0.000000650
-0.000000358
-0.000000164

0.000000028

0.000000591

0.000001026

0.000001291

0.000000880

0.000001568

0.000001941
0.000001262

0.000002247
-0.000000689
-0.000000817
-0.000001467
-0.000001279
-0.000000928
-0.000000333
-0.000000537
-0.000001804
-0.000001525
-0.000001018
-0.000001346
-0.000000753
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0.000001353
0.000001404
0.000000518
0.000001740

0.000004778
0.000005360
0.000004566
0.000005270

-0.000000338

-0.000000279
0.000000162

-0.000000534

Adduct 55"
Me

H
MeO—CZX o%o'f"e
07 1.0
N—RK—Rh
Troc MC;>'\<\KO(|D

Me
6-31G(d,p)[LANL2DZ]

Electronic Energy =—-3180.073154 Electronic and Zero-Point Energy =-3179.669694

Enthalpy =-3179.635022 Free Energy =—-3179.735237

6-311++G(2d,2p)[SDD]

Electronic Energy = —-3182.778225

Rh 0.000004910 0.000018536  -0.000000237
Rh 0.000001919 0.000007490  -0.000000123
0] 0.000009850 0.000003170 0.000002729
o 0.000012624 0.000013490 0.000002631
o 0.000011045 0.000020756 0.000001430
o 0.000008448 0.000010316 0.000001621
0] -0.000004241 0.000005488  -0.000001809
0] -0.000001520 0.000015809  -0.000001958
o -0.000003140 0.000022748  -0.000003145
o -0.000005789 0.000012398  -0.000002933
C 0.000013338 0.000007091 0.000003451
C 0.000019101 0.000003652 0.000005542
H 0.000023055 0.000002689 0.000006852
H 0.000017423  -0.000001429 0.000005505
H 0.000021128 0.000006974 0.000005857
C 0.000011472 0.000016281 0.000002036
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0.000016310
0.000013973
0.000020715
0.000017911
-0.000006717
-0.000012187
-0.000010676
-0.000013328
-0.000016677
-0.000004627
-0.000009306
-0.000014465
-0.000008397
-0.000008636
-0.000000904
0.000002236
-0.000000034
0.000008312
0.000012560
0.000017479
0.000010511
0.000013328
0.000016650
0.000005493
0.000019121
-0.000009765
-0.000006098
-0.000012831
-0.000016405
-0.000014937
-0.000008724
-0.000002050
-0.000013893
-0.000020584

0.000017848
0.000016480
0.000014591
0.000023335
0.000018907
0.000022181
0.000022887
0.000027281
0.000018754
0.000009985
0.000008119
0.000008211
0.000002770
0.000011779
-0.000001940
-0.000007782
-0.000011376
-0.000008503
-0.000013412
-0.000010897
-0.000015289
-0.000019681
-0.000016939
-0.000024195
-0.000025367
-0.000015219
-0.000009068
-0.000004390
-0.000010515
-0.000016078
-0.000019343
-0.000008439
-0.000000203
-0.000011354

0.000003355
0.000002750
0.000005018
0.000003325
-0.000003801
-0.000005850
-0.000005432
-0.000006660
-0.000006908
-0.000002348
-0.000003609
-0.000005238
-0.000002845
-0.000003772
-0.000000090
0.000001440
0.000001090
0.000003334
0.000005114
0.000006411
0.000004676
0.000005960
0.000006710
0.000003960
0.000008269
-0.000001584
-0.000001017
-0.000003541
-0.000004063
-0.000003085
-0.000000878
0.000000148
-0.000004247
-0.000005277
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-0.000006980
-0.000007603
-0.000018898
-0.000017576
-0.000021148
-0.000012443
-0.000018333

-0.000003213
0.000001833
-0.000021870
-0.000027666
-0.000031812
-0.000029479
-0.000026392

-0.000001870
-0.000002522
-0.000003746
-0.000002852
-0.000003537
-0.000001076
-0.000003160
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General Procedure for Intermolecular B-Selective Primary C(sp®)-H Amination of the Silyl Group

R* R®
2 Rhy(tpa), (5 mol% 2
R'SiXMe + TrocNH-OTs 2(tpa) ( .°) R-Si&NHTroc
R Rs (1.0 equiv.) K2CO3 (1.5 equiv.) R ks
_ PhCI (0.1 M), 20 °C, 12 h
44 (10 equiv.) 45

To a suspension of silanes 44 (0.50 mmol, 10 equiv.), TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.) and
K,CO;3 (10.4 mg, 0.075 mmol, 1.5 equiv.) in PhCI (0.5 mL) were added Rhy(tpa)s (3.4 mg, 0.0025 mmol,
0.05 equiv.) at 20 °C. After being stirred for 12 h, the reaction was quenched by addition of water and
extracted with CHCI;. The organic layer was washed with brine, and dried over Na,SO,, filtered, and
concentrated. The residue was purified by preparative thin-layer chromatography purification to afford the

aminated product 45.

Specific Procedures and Characterization Data

SI/\/N O._CCls

7

Following the general procedure for intermolecular amination, 44a (96.2 mg, 0.50 mmol, 10 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45a (13.7
mg, 72%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) 6 : 7.51-7.47 (m, 2H), 7.39-7.34 (m, 3H), 4.85 (brs,
1H), 4.69 (s, 2H), 3.33-3.26 (m, 2H), 1.17-1.13 (m, 2H), 1.03-0.99 (m, 6H), 0.89-0.82 (m, 4H); *C NMR
(100 MHz, CDCls) & : 154.3, 136.1, 134.2, 129.4, 128.1, 95.8, 74.6, 37.9, 13.8, 7.4, 3.7; IR (neat, cm™):
3328, 2952, 2360, 1737, 1508, 1365, 1230, 1133, 1014, 721; HRMS-ESI" (m/z): Calcd. for
C15H,,C1;NO,Si [M+Na]” 404.0383; found, 404.0381.
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SI/\/N _CClg

Following the general procedure for intermolecular amination, 44b (120 mg, 0.50 mmol, 10 equiv.),
TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45b (9.9 mg,
46%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) § : 7.53-7.51 (m, 4H), 7.43-7.30 (m, 6H), 4.85 (brs,
1H), 4.68 (s, 2H), 3.36-3.31 (m, 2H), 1.47-1.43 (m, 2H), 1.17-1.11 (m, 2H), 1.06-1.02 (m, 3H); *C NMR
(100 MHz, CDCl3) §: 154.3, 134.9, 129.7, 128.2, 95.8, 74.5, 37.8, 14.2, 7.5, 4.5; IR (neat, cm™): 3328,
2952, 1716, 1513, 1232, 1110, 1027, 815, 700; HRMS-ESI" (m/z): Calcd. for C1oH2CL5NO,Si [M+Na]"
452.0383; found, 452.0404.

Me H
LM oo
Me 9]

45¢

Following the general procedure for intermolecular amination, 44¢ (96.2 mg, 0.50 mmol, 10 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45¢ (4.8 mg,
25%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) § : 7.54-7.51 (m, 2H), 7.37-7.34 (m, 3H), 4.85 (brs,
1H), 4.59 (s, 2H), 1.48 (s, 2H), 1.32 (s, 6H), 0.36 (s, 6H); *C NMR (100 MHz, CDCl3) &: 152.5, 139.3,
133.7,129.2, 128.1, 96.0, 74.1, 53.8, 30.6, 30.2, -1.1; IR (neat, cm™): 3332, 2969, 2360, 1739, 1506, 1455,
1228, 1110, 835, 715; HRMS-ESI" (m/z): Calcd. for C;sH,CIsNO,Si [M+Na]™ 404.0383; found,
404.0379.

88



O O 0
j' ~ N )Lo/\ccb
45d

Following the general procedure for intermolecular amination, 44d (119 mg, 0.50 mmol, 10 equiv.),
TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45d (12.8
mg, 37%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 323K) &: 7.83 (d, J = 7.8 Hz, 2H), 7.63 (m, J = 6.9 Hz, 2H),
7.45 (t,J=17.3 Hz, 2H), 7.28 (t, J = 7.3 Hz, 2H), 4.71 (br s, 1H), 4.63 (s, 2H), 3.26-3.21 (m, 2H), 1.34 (t,J
= 8.3 Hz, 2H), 1.05-0.96 (m, 5H); *C NMR (150 MHz, CDCls, 323K) &: 154.1, 148.6, 136.0, 133.3, 130.6,
127.6, 121.1, 95.7, 74.5, 37.6, 13.6, 7.3, 4.3; IR (neat, cm™): 3343, 3064, 2956, 1723, 1515, 1429, 1236,
1131; HRMS-ESI" (m/2): Calcd. for C1oH0CLNO,Si [M+H]" 428.0402; found, 428.0409.

)\/V(Si/\/ N Tovccb
) 0

45e

Following the general procedure for intermolecular amination, 44e (100 mg, 0.50 mmol, 10 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45e (15.0
mg, 77%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 4.87 (br s, 1H), 4.72 (s, 2H), 3.32-3.26 (m, 2H),
1.60-1.50 (m, 1H), 1.35-1.26 (m, 2H), 1.24-1.17 (m, 2H), 1.03-0.86 (m, 14H), 0.62-0.50 (m, 6H); *C
NMR (100 MHz, CDCl3) 6 : 154.3, 95.8, 74.6, 43.4, 38.0, 27.7, 22.7, 21.6, 13.7, 11.9, 7.5, 3.8; IR (neat,
em™): 3328, 2952, 2362, 1735, 1508, 1365, 1230, 1133, 1014, 721; HRMS-ESI" (m/2): Calcd. for
C15H30C1;NO,Si [M+Na]” 412.1009; found, 412.1002.
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45f

Following the general procedure for intermolecular amination, 44f (103 mg, 0.50 mmol, 10 equiv.),
TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45f (10.5
mg, 53%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 7.23-7.19 (m, 2H), 7.09-7.06 (m, 1H), 7.02 (d, J =
7.2 Hz, 2H), 4.80 (br s, 1H), 4.71 (s, 2H), 3.25-3.19 (m, 2H), 2.14 (s, 2H), 0.96 (t, J = 7.9 Hz, 6H), 0.89—
0.84 (m, 2H), 0.58 (q, J = 7.9 Hz, 4H); *C NMR (100 MHz, CDCl3) 6 : 154.3,139.9, 128.5, 128.2, 124.4,
95.8, 74.6, 37.7, 21.9, 13.4, 7.4, 3.5; IR (neat, cm™): 3332, 2950, 2358, 1737, 1515, 1365, 1230, 1133,
1027, 767, 721; HRMS-ESI" (m/z): Calcd. for C 4H,4C1sNO,Si [M+Na]” 418.0540; found, 418.0533.

SI/\/N\H/O\/CCIQ,
©/\ o

Following the general procedure for intermolecular amination, 44g (111 mg, 0.50 mmol, 10 equiv.),
TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45g (9.0 mg,
44%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 7.37-7.23 (m, 5H), 5.16 (br s, 1H), 4.75 (s, 2H),
4.71 (s, 2H), 3.41-3.35 (m, 2H), 1.02-0.97 (m, 8H), 0.70 (q, J = 7.9 Hz, 4H); *C NMR (100 MHz, CDCl;)
§:154.4, 140.7, 128.5, 127.4, 126.5, 95.9, 74.6, 65.2, 37.3, 14.3, 6.8, 5.2; IR (neat, cm™"): 3328, 2954,
2875, 2362, 1716, 1515, 1454, 1236, 1064, 727; HRMS-ESI" (m/z): Calcd. for C sH,4C1;3NO,Si [M+Na]"
434.0489; found, 434.0486.
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Following the general procedure for intermolecular amination, 44h (110 mg, 0.50 mmol, 10 equiv.),
TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45h (12.9
mg, 63%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 7.30-7.26 (m, 2H), 7.21-7.15 (m, 3H), 4.86 (br s,
1H), 4.72 (s, 2H), 3.32-3.26 (m, 2H), 2.67-2.62 (m, 2H), 1.00-0.88 (m, 10H), 0.64—0.58 (m, 4H); *C
NMR (100 MHz, CDCl;) § : 154.3, 145.0, 128.5, 127.9, 125.8, 95.8, 74.6, 37.9, 30.0, 13.9, 13.7, 7.5, 3.7,
IR (neat, cm™): 3328, 2950, 2360, 1735, 1515, 1371, 1228, 1133, 1129, 813, 727; HRMS-ESI" (m/2):
Calcd. for C17H,C1sNO,Si [M+Na]” 432.0696; found, 432.0690.

Me ( H
Si/\/N\n/O\/CCI;;

) o
45i

Following the general procedure for intermolecular amination, 44i (117 mg, 0.50 mmol, 10 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45i (14.5
mg, 68%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 7.29-7.26 (m, 2H), 7.23-7.15 (m, 3H), 4.71 (br s,
3H), 3.23-3.07 (m, 2H), 2.92-2.84 (m, 1H), 1.30 (d, J = 6.8 Hz, 3H), 1.08-1.02 (m, 1H), 0.97-0.91 (m,
1H), 0.89 (t, J = 7.9 Hz, 6H),, 0.78-0.70 (m, 1H), 0.68-0.60 (m, 1H), 0.54-0.39 (m, 4H); *C NMR (100
MHz, CDCl3) 0 : 154.2, 149.5, 128.5, 126.8, 126.2, 95.9, 74.5, 37.8, 36.3, 27.0, 22.0, 13.8, 7.5, 4.1, 4.0;
IR (neat, cm™): 3325, 2950, 2360, 1739, 1508, 1371, 1228, 1133, 1014, 725; HRMS-ESI* (m/2): Calcd.
for C3H2sC15NO,Si [M+Na]™ 446.0853; found, 446.0854.
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45j

Following the general procedure for intermolecular amination, 44j (117 mg, 0.50 mmol, 10 equiv.),
TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45j (12.4
mg, 58%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 7.30-7.26 (m, 2H), 7.20-7.16 (m, 3H), 4.85 (br s,
1H), 4.72 (s, 2H), 3.29-3.23 (m, 2H), 2.63 (t, J = 7.6 Hz, 2H), 1.67-1.59 (m, 2H), 0.93 (t, /= 7.9 Hz, 6H),
0.89-0.85 (m, 2H), 0.63-0.58 (m, 2H), 0.55 (g, J = 7.9 Hz, 4H); ®C NMR (100 MHz, CDCl;) & : 154.3,
142.5, 128.6, 128.4, 125.9, 95.8, 74.6, 40.2, 38.0, 26.0, 13.7, 11.6, 7.5, 3.7; IR (neat, cm™): 3325, 2948,
2360, 1739, 1508, 1365, 1228, 1133, 1029, 721; HRMS-ESI" (m/z): Calcd. for C sH,3C1;3NO,Si [M+Na]"
446.0853; found, 446.0850.

0
‘> o CbC/A\O/ﬂ\NH -
<§L~/”\N/M\O/A\ccb [:::[:5>—Sr~/
H N
45ka 45kb

Following the general procedure for intermolecular amination, 44k (116 mg, 0.50 mmol, 10 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCl (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45ka (6.8
mg, 34%) and 45kb (6.5 mg, 31%) as a colorless oil.

Analytical data of 44ka: '"H NMR (400 MHz, CDCls, 313K) &: 7.23-7.19 (m, 2H), 7.14-7.10 (m, 2H),
4.88 (brs, 1H), 4.72 (s, 2H), 3.35-3.29 (m, 2H), 3.08-3.02 (m, 2H), 2.89-2.83 (m, 2H), 1.79-1.69 (m, 1H),
1.03-0.94 (m, 8H), 0.65 (q, J = 7.9 Hz, 4H); *C NMR (100 MHz, CDCl3) §: 154.3, 144.5, 126.2, 124.3,
95.8,74.6, 38.0, 35.1, 23.2, 13.2, 7.8, 3.1; IR (neat, cm™): 3325, 2950, 2360, 1737, 1508, 1373, 1230, 1133,
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1016, 725; HRMS-ESI" (m/z): Calcd. for C gH,sC13NO,Si [M+Na]™ 444.0696; found, 444.0692.

Analytical data of 45kb: "H NMR (400 MHz, CDCls, 313K) &: 7.31-7.29 (m, 1H), 7.23-7.18 (m, 3H),
5.30 (t, J=9.1 Hz, 1H), 5.07 (br d, J = 9.2 Hz, 1H), 4.85-4.78 (m, 2H), 3.13-3.07 (m, 1H), 2.86-2.79 (m,
1H), 1.56-1.49 (m, 1H), 0.98 (t, J = 7.9 Hz, 9H), 0.66 (q, J = 7.9 Hz, 6H); *C NMR (100 MHz, CDCl;)
§:154.3, 1443, 143.5, 128.1, 126.9, 124.6, 124.1, 95.9, 74.6, 58.7, 32.9, 32.2, 7.8, 2.7; IR (neat, cm’"):
3332, 2950, 2360, 1737, 1508, 1455, 1373, 1228, 1143, 1035, 721; HRMS-ESI' (m/z): Calcd. for
C15Ha6C15NO,Si [M+Na]" 444.0696; found, 444.0693.

CY W oca

)
45|

Following the general procedure for intermolecular amination, 441 (117 mg, 0.50 mmol, 10 equiv.),
TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 451 (3.8 mg,
18%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 7.50-7.47 (m, 2H), 7.36-7.33 (m, 3H), 4.69—4.61
(m, 3H), 3.93-3.83 (m, 1H), 1.44-1.34 (m, 4H), 1.21-1.15 (m, 4H), 1.09-1.03 (m, 1H), 0.984 (t, /= 7.2 Hz,
3H), 0.981 (t, J = 7.2 Hz, 3H), 0.89-0.84 (m, 4H); *C NMR (100 MHz, CDCl;) §: 153.4, 137.2, 134.1,
129.2, 128.1, 95.9, 74.4, 45.5, 24.7, 22.4, 18.7, 17.5, 15.4, 15.2; IR (neat, cm™): 3328, 2952, 2362, 1739,
1508, 1448, 1371, 1108, 1060, 811, 728; HRMS-ESI® (m/z): Calcd. for C;sH,sCIsNO,Si [M+Na]"
446.0853; found, 446.0847.
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Following the general procedure for intermolecular amination, 44m (138 mg, 0.50 mmol, 10 equiv.),
TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 45m (2.3
mg, 10%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 7.56-7.54 (m, 2H), 7.35-7.32 (m, 3H), 4.75 (br s,
1H), 4.56 (s, 2H), 1.86 (sep, J = 6.6 Hz, 2H), 1.45 (s, 2H), 1.26 (s, 6H), 0.95 (d, J = 6.5 Hz, 6H), 0.89 (d, J
= 6.6 Hz, 6H); *C NMR (100 MHz, CDCl3) 6 : 152.4, 138.2, 134.4, 129.2, 128.0, 96.0, 74.0, 53.9, 30.3,
28.9, 27.0, 26.5, 25.0, 24.1; IR (neat, cm™): 3339, 2952, 2360, 1743, 1500, 1455, 1363, 1226, 1106, 827,
734; HRMS-ESI" (m/2): Calcd. for C5H34C13NO,Si [M+Na]" 488.1322; found, 488.1318.

Sl/\/N O._CFs

o

Following the general procedure for intermolecular amination, 44a (96.2 mg, 0.50 mmol, 10 equiv.),
CF;CH,OCONHOTs (15.7 mg, 0.05 mmol, 1.0 equiv.), K,CO; (10.4 mg, 0.075 mmol, 1.5 equiv.), and
Rh,(tpa)s (3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCl (0.5 mL) for 12 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford
46a (3.0 mg, 24%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 7.51-7.46 (m, 2H), 7.39-7.33 (m, 3H), 4.77 (br s,
1H), 4.41 (q, J = 8.5 Hz, 2H), 3.29-3.24 (m, 2H), 1.16-1.10 (m, 2H), 1.03-0.99 (m, 6H), 0.88-0.82 (m,
4H); ®C NMR (100 MHz, CDCls) & : 154.2, 136.1, 134.1, 129.4, 128.1, 123.3 (q, J = 275.8 Hz), 60.8 (q,
J =363 Hz), 37.9, 13.8, 7.4, 3.7; IR (neat, cm™): 3328, 2954, 2360, 1716, 1508, 1365, 1284, 1232, 1164,
983, 700; HRMS-ESI" (m/z): Calcd. for C;sH,,F3NO,Si [M+Na]" 356.1270; found, 356.1263.
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Following the general procedure for intermolecular amination, 44a (96.2 mg, 0.50 mmol, 10 equiv.),
(CF3);CHOCONHOTs (19.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and
Rh,(tpa)s (3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCl (0.5 mL) for 12 h. The crude
material was purified by preparative thin-layer chromatography purification (CHCls/hexane = 1/1) to afford
47a (2.4 mg, 12%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) 8: 7.49-7.47 (m, 2H), 7.40-7.34 (m, 3H), 5.65 (sep, J
= 6.2 Hz, 2H), 4.92 (br s, 1H), 3.33-3.28 (m, 2H), 1.17-1.13 (m, 2H), 1.03-0.99 (m, 6H), 0.89-0.83 (m,
4H); *C NMR (100 MHz, CDCl3) 6 : 152.2, 135.9, 134.1, 129.5, 128.2, 120.8 (q, J = 279.7 Hz), 67.6
(sep, J = 34.2 Hz), 38.4, 13.6, 7.4, 3.6; IR (neat, cm™"): 3332, 2969, 2360, 1739, 1508, 1375, 1230, 1190,
1108, 904, 721; HRMS-ESI" (m/z): Calcd. for C 4H, FNO,Si [M+Na]" 424.1143; found, 424.1143.

Ge/\/N O._CCl,
Cr) b

Following the general procedure for intermolecular amination, 51 (118 mg, 0.50 mmol, 10 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), K,CO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and Rhy(tpa)s
(3.4 mg, 0.0025 mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.5 mL) for 12 h. The crude material was
purified by preparative thin-layer chromatography purification (CHCls/hexane = 2/1) to afford 52 (9.8 mg,
46%) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCls, 313K) &: 7.44-7.42 (m, 2H), 7.38-7.32 (m, 3H), 4.87 (br s,
1H), 4.69 (s, 2H), 3.37-3.32 (m, 2H), 1.30-1.26 (m, 2H), 1.15-1.02 (m, 10H); *C NMR (100 MHz,
CDCly) 6 :154.3, 138.6, 133.9, 128.7, 128.3, 95.8, 74.5, 38.8, 13.6, 9.0, 4.7; IR (neat, cm™"): 2948, 2360,
1716, 1509, 1234, 1133, 1020, 813, 700; HRMS-ESI" (m/z): Calcd. for C,sH,,Cl;GeNO, [M+Na]"
449.9826; found, 449.9811.
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Synthesis of substrates and characterization data of new compounds

Me, ><
. /SI Me ><
Li Cl Me \SI
THF, -78°C tort, 12 h ©/ Me

44c

Following the literature procedure,33 solution of phenyllithium in dibutyl ether (1.0 mL of 1.8 M solution,
1.80 mmol) was mixed with dry THF (5 mL) under N; and cooled to -78 °C. tert-Butyldimethylsilyl
chloride (0.29 g, 1.89 mmol) was added slowly to this solution. After being stirred for 12 h at rt, the
reaction was quenched by addition of water and extracted with diethylether. The organic layer was washed
with water, and brine, and dried over Na,SOy, filtered, and concentrated. The residue was chromatographed
on silica gel (hexane) to afford 44¢ (280 mg, 82% yield) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCl;) &: 7.54-7.50 (m, 2H), 7.38-7.32 (m, 3H), 0.88 (s, 9H), 0.28
(s, 6H); *C NMR (100 MHz, CDCl3) 6 : 137.9, 134.6, 128.9, 127.6, 26.6, 17.0, -6.0; IR (neat, cm™):
2925, 2854, 2360, 1461, 1247, 1105, 831, 769, 734, 700. HRMS-EI" (m/z): Calcd. for Ci,H,0Si [M]
192.1334; found, 192.1335.

B(CgFs)3 (5 mol%)
CH,Cly, 1, 10 h

)\/\ EtSiH )\/\/(S >/\

44e

Following the literature procedure,34 to a stirred solution of B(C¢Fs); (26 mg, 5 mol%) in anhydrous
CH,Cl, (1mL) was added Et;SiH (0.19 mL, 1.2 mmol,), followed by addition of 4-Methyl-1-pentene (0.13
mL, 1.0 mmol). The reaction mixture was stirred at rt for 10 h. The mixture was filtered through a short
column (silica gel, CH2CI2) and concentrated. The residue was chromatographed on silica gel (hexane) to
afford 44e (240 mg, 67% yield) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCl;) 6: 1.61-1.48 (m, 1H), 1.32-1.24 (m, 2H), 1.22-1.16 (m, 2H),
0.95-0.90 (m, 9H), 0.86 (d, J = 6.6 Hz, 6H), 0.55-0.45 (m, 8H); *C NMR (100 MHz, CDCls) § : 43.6,
27.7,22.8,21.7,11.6,7.6,3.5; IR (neat, cm™): 2952, 2873, 1739, 1463, 1417, 1365, 1232, 1016, 906, 730.
HRMS-EI" (m/z): Calcd. for C1,H,5Si [M']200.1960; found, 200.1961.
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44m

Following the literature procedure,33 solution of phenyllithium in dibutyl ether (1.0 mL of 1.8 M solution,
1.80 mmol) was mixed with dry THF (5 mL) under N, and cooled to -78 °C. Triisobutylsilyl chloride (0.51
mL, 1.89 mmol) was added slowly to this solution. After being stirred for 12 h at rt, the reaction was
quenched by addition of water and extracted with diethylether. The organic layer was washed with water,
and brine, and dried over Na,SQOy, filtered, and concentrated. The residue was chromatographed on silica
gel (hexane) to afford 44m (270 mg, 55% yield) as a colorless oil.

Analytical data: "H NMR (400 MHz, CDCl;) : 7.54-7.49 (m, 2H), 7.33-7.30 (m, 3H), 1.84-1.71 (m, 3H),
0.88 (d, J = 6.6 Hz, 18H), 0.85 (d, J = 6.8 Hz, 6H); *C NMR (100 MHz, CDCl5) 6 : 139.4, 134.3, 128.6,
127.6, 26.7, 25.0, 24.3; IR (neat, cm™): 2952, 2360, 1463, 1326, 1216, 1106, 1037, 906, 829, 732.
HRMS-EI" (m/z): Calcd. for C1gH3,Si [M'] 276.2273; found, 276.2272.
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KIE Measurements

TrocNH-OTs (1.0 equiv.) NHTroc D NHTroc
H3C 3 D3C Rh (t o,
o(tpa), (5 mol%) HsC
j ) _\ ) K,COj3 (1.5 equiv.) _\Si D3C_\
+ .
@ @ PhCI, 20 °C, 12 h ©/ @ ©/S|
44b 44b-Dy >:
(5.0 equiv.) (5.0 equiv.) 45b 45b-Dg

averaged

0, 1 =
37% yield kylkp =6.18 kylkp = 6.2

38% yield ky/kp = 6.21

34% vyield ky/kp = 6.34 }
To a suspension of 44b (60.1 mg, 0.25 mmol, 5.0 equiv.), 44b-Ds (61.6 mg, 0.25 mmol, 5.0 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.) and K,CO; (10.4 mg, 0.075 mmol, 1.5 equiv.) in PhCl (0.5
mL) was added Rhy(tpa)s (3.4 mg, 0.0025 mmol, 0.05 equiv.) at 0 °C. After being stirred for 12 h at 20 °C,
the reaction was quenched by addition of water and extracted with CHCl;. The organic layer was washed
with brine, and dried over Na,SOy, filtered, and concentrated in vauo. The residue was purified by
preparative thin-layer chromatography purification (CHCls/hexane =2/1) to afford a mixture of 45b and
45b-Ds. KIE was calculated from the comparison of the integrals between a nitrogen a signal (6 3.36-3.31
ppm, 2H of 45b) and a trichloroethyl signal (5 4.68 ppm, 2H of 45b and 45b-D;) in 'H NMR of a solution

of 45b and 45b-D; (acetone-ds). The experiments were performed three times and the determined KIE was

the average of three runs.
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