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ERERBEITEIEL AR R BB E ORERERBLIZ R 2 EE R H R
FOERIEOMFEIIMD CEETH D, ' RE-BRFMEABKICIT 2N E TREEBE
I T X /AL, Buchwald-Hartwig 77 7V 7S WB AV TE T2, 2D OERK
EBITERERE~ER LGLI2EREEZHONUOEAL TBMLERH LoD, EEEHH
FFICHIR DS D o7z, 2 ZOX I REROL &, IFE, REAFBEICHTHCHT 2/
EEOSIE, IRAGKFTF~D e b EHEN R EREREEEAE L LT, BUEOAHE LT 08
TO—KFEE 72> T % (Figure 1.1), >°

NR
O Imine R
R™ X
Reductive Hydroamination
amination -
N N

or
Nucleophilic /\ )\ Buchwald-

Hartwig coupling X

substitution

/\,,”' C'H IL:\ ,;JI
Amination Il

Ao

Figure 1.1 [RFR-EHRKE QTG

AILEMIZEO CHFEEARZALTWS7®, C-H 7 2/ ALKIS O BRIZIZLIRAIC
N IRV OHIE2AE & 72 D, ZORBEIZHSW T, 9FWN C-H 7 2 /ALt (Figure 1.2
(a)) *° CENLHERL A A 5 BT 5 7R C-H 7 2 2 {bis (Figure 1.2 (b)) © (T
L0, IEMERICEET S CH A ERET S Z LTk TE i, —J7, B PERd L
BRI WHE O T C-H 7 2 2 AbRIEE, RIGHEDLGE > 72 C-H #5 & Z5kA L Thr
EEIREZ G T 2 080355 5720, MEWLD S RFEETTTH S (Figure 1.2 (¢)
COL)BEFROS L, FEFRIAEE C-H ME IS 2 7@ LA IR 2 7R 3 ROG%
DFHFE 2 WHEHE L L 72,



(a) Intramolecular C-H Amination

or=- [51] —

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

(c) Direct Intermolecular C-H Amination

1 A

or X or X
, 4R ) 4R
R™OR | R™R |

Figure 1.2 il liAOA7 B2 IAY C-H 7 X /ERIE

7YT A CHSERIE T A NV A REBRT D2 E T, C-H 7 X/ ALBUR % 2= 2 i
TEEDHIEBHELBMONTEY, ¥ RERWAERICHIELFIHENTER, *uvy
LA ML A REJEMERE T AR C-H 7 I LRSS DWW TIEL, 1983 4-1C Breslow
SIZE - THESNEZOTW Csp)-H 7 2 /LRI E B0 ICIERICHF N Thh T 5

(Scheme 1.1), *

Rhy(OAc), (5 mol%)

NH
CH4CN, rt 1

N

0o
1 2; 86% vyield
Scheme 1.1 © YU LT A ML)/ A FEEHRE TS5 C-H T I /LIS DAl D
(Breslow &, 1983 4F)

N\

o O

M
o CO2Me Rhy(0,CC3F7)4 (3 mol%) mCOZMe
H N toluene, 40 °C N

H
3 4; 84% yield

Scheme 1.2 T YW AT A bL /A REEWRE L T 547N Csp)-H 7 I /LK
(Driver . 2007 4)



0P AFA R A REEERE T 555 F W Csp)-H 7 2 LRSIV T, Driver
BICL > THESNTA v F=LBAKRBEAIOE TH 55, Clsp’)-H A ~D 45y NG
ICHARTHAEF AL 720 (Scheme 1.2), °

—J7 . P MBI F P BOSIZ A T E R RIE Ol 23 N TRFEESET TH 5,
Miiller HIZ &> THESNICA I/ I =V F 27 I LAIL T DNfi~D C-H T
LIS RIS DR OFEITHY . T0HOa Y T LA NV A RE{EERE s
T30 CHT 2 LIS ORI K& 728 8% 5 2 7= (Scheme 1.3),

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

Scheme 1.3 "R Y TV AT A ML/ A REWEWEREE T 25 7 C-H 7 X ALK D EA) D H
(Miiller 5. 1997 %)

Du Bois HiE, BY 0 A KSR TH S Rhy(esp), ZMHEICBFE L, XU VNMNRE =k
C(sp)-H fEAITx LTT 2 LRSS EITT 5 2 L 28 LT 5 (Scheme 1.4), ™ /37
1 C-H iGMALRISIE, KIBRIREORALRFIE A LB T 20NN, ARISRIT, L%
i DO EE LT I LA E O TR RBNTHEITT 5 2 LI Lz, #EfZe SO
BERARHTIC L 0 . ABUSIER U AF A ML) A REERMREE 3% C-H AT O RIGA
1TTHZERREINTND,

0,0 T
H ClaC” > 0" NH, NHToes Me
(ToesNH,, 1.0 equiv.) ' Me
Rhy(esp), (2 mol%) E 00
N Phi(O,C'Bu), N ; Me /} ol i
. . Me Rh\ :
(2 equiv.) ' O~rn | :
0~ CFs benzene, 23 °C O™ CFy I
7 8; 70% yield ; Rhy(esp),

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

Lebel Hl%, & 2w A HEEKIEIE F. TrocNH-OTs %7 X /{k#lE LTHWS C(sp))-H
7R /LRI E R LT (Scheme 1.5), T ARTIEL, ELDRYTAFA FL ) A R
NS5y IR B2 BN & RUSHE 2 DR ST, N DR 7 ua T A R ED Csp))-H b
BEADOT X LIS EINR THEITT 5 Z EAlE S hTWn b



)

'\ Ph

CIgC/\OJ\N’OTs | Ph——Ph !

H H NHTroc !
(TrocNH-OTs, 1.0 equiv.) : o/-\ o

Rhy(tpa)s (6 mol%) :

S Rh Rh :

Meo KZCO3 aq., 25 C Meo E
9 (5.0 equiv.) 10; 66% yield ha(tpa)4

Scheme 1.5 Rhy(tpa), & AV 7243 7 C(sp®)-H 7 X 7 {bf<Jts (Lebel 5. 2008 4F)

B

Bl, EFHFTZo LA M/ A REICHEB L, RFEFRETH > 72 ISATEM
72 C-H B ~OEBNERFRAEA L EB T X LNOHREEZIT- T,

WOETIE T AaF T L— D Cspd)-H 7 X ABRIIZ OWTER Y #1477 (Scheme
1.6) ., Rho(tpa), A fillfit & U CHWEERIZ, CspY)-H 7 I ALKIBDIEFR 7 L a F o Ko<
FIAERICHEIT T2 2 L2 R L 72, P ARRTIE, Y7454 bL /A FISEF RIS
IR R P AL Csp’)-H G E2 BT 2HEEICE W TH, ME MM EERINIC Csp)-H
7 2 2 AURIGDSHEST L 72,

OR OR
X Rhy(tpa X
DR+ TroonHoTs P o
= KoCOs5 =

PhCI

0°C, 20 h NHTroc

Scheme 1.6 7N a X 7L — VDRI MGER CspH)-H 7 2 / 1k

HEETIE, VAV B MLOHE— K Csp))-H FEA~D C-H 7 I LK IIZHOWTER Y
A 72 (Scheme 1.7), FH&IE, B D C(sp?)-H 7 2/ LRIG DR %217 9 #@EE T, 01
C(sp)-H 7 2/ ftss Vv ke B ALBEIRINICHEST T 2 2 & 2 FI L 7o, ARIOGO A7 RN
FHIERE L, RF-7 A BHAE O o fHEMHEICX > T B Mk Cspd)-H KA TEHEAL
ENBrwEREIND,

PLF. Bz Wk 5,
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BE TAaxs T L— O T AR Csp)-H 7 2 /b
i WEORENE L EE OWIE T #

TUV—=AT I UFHEROAKEL LT, = b7 YV NEZEA%, BiLick-TT
2 AT D HES, ~a AT U — /L@ Buchwald-Hartwig 7~ 7'V > 7 RO
WHRTEER, O SETIET L EOBER CH 7 X LRI SIER L S Tn
Do LU, FRAERL A A R AR VIS RO T, AL SRR O I 23 IR B A AR

WEOKEE N80, SREREIN TS, 20X 2R T, BREEOLE % %
LW, ROSHEOELE > 72 C(sp’)-H AT 5 HEICx L T B RIRICE R ERER 2 Y
AT B FIENEOEEBIRE Sh TS, P

Z DR 72 e LT, Ritter HIiE, N7 VU A 11 & N-T AR EB S AL
YAIRIBICEOA IDONTIHANIAE L, DR B E R Csp)-H A 2 Rk
FORDEITT 5 2 & 2 ME LTS (Scheme2.1), ' ZHETHOT L—2 8O CHT 2/
EROSITE R EOEE ZFE L TV, ARRIGR TIEHE 12 % limiting reagent & LT, /)
WRIOT I /A3 2 WD &40 T THRIERICISREIT L, B R OSLIRRIZ A F]
72 C-H #E &t L THLEEIRAIC 7 X/ {bik 14 2157,

OMe OMe : Pd cat. 11
Pd cat. 11 (2 mol%)
H SO:Ph Ag(blpy),CIO, (4 mol%) NISOPR & 7 N (j
" Neso,pn CH4CN, 23 °C . =N
2 ’ Pd (OTf), !
CO,Me CO,Me 0 N— :
12 13 (2.0 equiv.) 14; 99% yield 4:;)

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

TLU— OB C-H 7R ALKISITEB SR E VS8R ETH o208,
Nicewicz &I, NMRLEITCFHIEE AT 5 A A 15 2 v, 7 L— o EHR) C-H
72 ALIEEWRE LTV (Scheme 2.2), ¢ A HESy TRE & TEMPO 7776 T, MR R0
K. RN EZRET 52 TEMET STV —AT 2 18 2R LB TV D, HEI
FPEDIER IZ i < . EIRSBEPUEL AW OALE RN Csp)-H 72 /LICHL IR L TEY |
AKEOGR D WEREAZ AL R L TV D,

ZOEIT, TNETOT L—FO C-H 7 X 4RI T P A AEH TORISH O TH
S, TNHOFITIE, LVEFEEZR C-H HAITx U TALEZRIRIIC T 2 BRI
T DA RS,
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MeO | Catalyst15 ~ Me

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

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

—J. vV ULFA N A REEERET D0 FH C-H 7 X 7 ERISIZ DWW TR,
C(sp’)-H FEA~DEUSVEDZEBREITHTE S . R DT U AL, BERT O o {if
Lo EFEER Csp)-H AP SIAREFIRICL > TEEETH L Z ERH LM E &S
T X7 (Figure2.1(a)), '

oYL FA ML A RIIRLTFA PLURREGETA ML A REEHEETHT L
—VHD C-H 7 2 JALRIGHRBFE Sh Ao JRE E LT, Zhbid Csp)-H fEa~D K
JePED R <L ALE R OME IR OIS N2 Z LRz o b, —HEEIL, KED
DEWEFR THIIE, vV AT A ML /A REREFHETDH, BHEMBERKE FEHRE
DT 2 ARG EITL 5 5 & 272 (Figure 2.1 (b)), Z OARMRREZ ERT L,
YIRS 2 AT 2B RO 0 20 b BRI ROSFRMEDORFE 21TV RS0
BRIZEF LT,

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

Rh-Rh
H Rh-Rh=NR NHR H-N-g
R "Ry Ri™ Ry R Ry

C-H Insertion

o AL kO

a-position
of oxygen

benzylic allylic tertiary cycloalkanes

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

H NHR i
Rh-Rh=NR P
= 7
IR IR A
NS

S Rh—Rh=N

~

Electrophilic Arene Amination

Figure2.1 YU AF A ML/ A REIEWREET S C-H T X/ LRIG
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ARFZEOBAFEBEIE T, 1Yy AT EERIZ LD Csp))-H 7 2 /LIS AS Falek 512 k-
THAE SN (Scheme 2.3), ® AR TIE, M 7AAdnxy ) —ith (EEIZL->T
IXESINAE U CHERESC b U 7 VA nFER R & &2 OV IEERMESE) CRIGEITY Z EiT kY,
Fa b ALENTZ B YT AT A ML A RBERT D EEZLNTWS, 2 OTFHEH R
WCEDREBEBTHERMEL, BTEEL2T L— 2 HICKH L CRE T EFEREBHS DS L
SHETLTWD EHEESH, FHEOu Y AF A FL /A FAKSEETRE T2V E
EhTnb,

proposed /ntermed/ate

Me MeNH-OTs (1.5 equiv.) Me . R —OTs
H Rha(esp), (2 mol%) NHMe : PY
CF4CH,OH, 0 °C . H, 970
Me Me Me Me M,N=Rh-ﬁh
1 e —
19 20;75% yield | < OYO >
1 R 3

Scheme 2.3 @ w7 A CESE A A FIV 72 C(sp®)-H 7 2 /LG
(Falck & @#45; 2016 4F)

Flo, BARLIIRF e Y AR LD 7T v U AT X — A ~DT 2 ALKE
BT, EE 21 ZHWEBICHII TH D DA ~D T 2 bk Tla7 < | C(sp?)-H
HAE~DOT I etk 22 BEBND Z L 2HE LTS (Scheme2.4), ™ L LAans, 3
MR RERFNIITbR T L, mEoa Yy hd A hL A REFEEEETT7 L —
D C(sp?)-H 7 2 ZALISIZ OV TR Z AU E THEFIA 2,

. cl. ¢l
Y PhI=NNs (1.0 equiv.) i o) o
OSiEt, Rhy(S-TCPTTL), NsHN o ; § '
(1 mol%) p o N cl
— :
OMe benzene, 23 °C OMe /E o)
Me Me i ?”Q
21 (1.2 equiv.) 22; 50% yield Flih F|<h
Rhy(S-TCPTTL),

___________________________

Scheme 2.4 127 A THESERAREEC X % C(spd)-H 7 X ALIS S HEFT L 7= 41
(AR S OHiE; 2007 4)
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WM Csp?)-H 7 X MGICIEMER EFEE T L— oM

20 CEMETF, 7T 2ABANT N- R v A F o —" A — b HERICIREE T U U A I
7 a2V, Rhytpa)y Z il L 357 L— D Csp’)-H 7 2 /ALOHF %21
o7 (Table2.1), FixEFEERT L — VARG LIEMRER, 7=V — (23a) ZHE L
L72BRIZ 50%UE, /3T AL h DD 6.6:1 THIIWZ1GT- (24a), LU o, ZOf
DEE TIIRIENELET Lieh oz, AVF LB L LIEEIE Csp)-H fa~D7
S LRI S P N UL Csp)-H A ~DT I LB HEIT LT, Rz, T TF L
NUBUERE L L TRHBIT RS RESEIT LR 2T 2 8D, TAF
PUREDOKIGHETIE, KR TOR YT AFA ML/ A REEEEET5 Csp)-H 7/
EREIT LW ERHONI R oTe, = VATFAT I )R BT AT =V — /b,
Tz )= MZOWNWTIR, BEOAT rFo & w Yy AR < BAZ LT LRV, AR
ANEVEL L TcTo, ROGHESEIT LR o EHEE L TV D,

Table2.1 EEF727 L — OB

R ‘
: Phj:Ph
. Rhy(tpa), (5 mol%
R+ TrooNH-OTs —r2tPals ( .°) R | 0o/™0
(1.0 equiv.)  K2COj3 (1.5 equiv.) ool
H PhCI (0.2 M) i+ __Rh—Rh
20°C, 20 h NHTroc | | .
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



HEH RSSO R#EAL
20 CHMET. 7 I /LA N- b2 AF oA — N2 — b RIS RIR D U ¥ L WS
7auRr Py ERNT 15 UEOT =Y =V EET VB E Lz, v Yy Al oK

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

Table 2.2 SUGSRMOBF-1

OMe  TrocNH-OTs (1.0 equiv.) IMe 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)y 20 trace —
2 Rhy(piv)s 20 trace -
3 Rhy(n-C3F7CO»)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" Rhs(tpa)s 0 37% 9.9:1
9° Rhy(tpa)4 0 42% 12:1
10 Rhs(tpa)s 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.
o Me CaF Me Ph
A-Oct Me——Me st Me Phj:Ph
o ™0 o ™0 ZaN
Mok b b Meo~To] o
— ~ ~ — ~ ~ ~
- | - | /Th7|?h - | - | Me O\Rh<F|{h\ /Th7|?h
|
Rhy(oct), Rha(piv), Rh(n-C3F7C0,)4 Rha(esp), Rha(tpa)y

15



Z DFEFL . Rhy(oct)y X° Rhy(piv)s Rhy(n-C3F7CO,), Tl id 4 < 1T L 72> 7223 (entries
1-3) . Rhy(esp), Zfilfit & L THWVZES, 12%I03: T C(spY)-H 7 2 / {bik %1537~ (entry 4),
Rhy(tpa), & A2 & 2 A, 50%INER, /T 4/ h DR 6.6:1 THHIMAST- (entry 5), K
ISREZ 0 CETHIFD &, DR, ALEEIRME BIZm EL, 60%IE, /T 4 /L FDkh
DAL EEWLERIECH®MZ S5 Z S I1kEh L7z (entry 6), HIZ-20 ‘CFE CTKILIR
EETFDE, ANT@ERERN DT ICH E LR, IRITREKETFTLE (entry 7),

YV —/b & TroeNH-OTs D E EIZHOWT L7 & 2A, 7 I /{LHITH 5 TrocNH-OTs %
1.5 ¥EeiW T 1.0 YEAWVD SR T TIIIENE T L7e (entries 8, 9), /2. 7=Y—/1
5.0 YEFECTHOLZEME T CHLIEOM ERR LR -T-DT, 1.5 YEBEDOT = —
IO D SR B S & LTz (entry 6) o 7N T AL~D fE WAL EERPRPE DO FEBLZ DUV TUE,
Rhy(tpa)y D SAKHI 72 H ST L > TAN MESORIEDREIT LIZ K 2ol 2 L AHEK &
LTEZLND,

WA, I & RORVEBEOMFt 21T 572 (Table 2.3), RSB OWTIE, b ATF L
R =T, T b= h UV EWVS TN B R TIIUS T & A ST L2
BB BMNTA o7 (entries2-4), —F NRUEBVROBETHDL MY Tt A F LR
YERT A RRUE L 0-V 7 v u X rE W BT PR S TR T L8,
7 aa X B AL LX) o7 (entries 5-7 vs. 1), HIEIZTHOWTIX, REBEO D 4
—HFFNCEDVINRIFIRELS (LT DL EBHLNIRY, REE YT L2 OB,
REE T U v I & RS DR % 5-2 72 (entries 8,9, 11, 12), 7 U 7 AMEIZHOWT HERE Y U 7
LRV VAV U LERRFT LT, KRB U ALY b EWIEITR LR o7 (entries
13, 14 vs. 1),

FNT, 72 EFID I ST A VIO BHIEN ROV THRF L72 (Table 2.4), ~V
suaunxF L M) TR T ERAFT T A u A Y T u VAL T
AR, PEBEIRME S BITIEF L7 (entries 2,3 vs. 1), £/, M) /mr=F iz
FNER -7 FNEAEES 5L OIS EIT LR o7 (entries 4, 5vs. 1), LA LD
FEO MY 7 mr T LR ERL LT TrocNH-OTs & ASUGRICHE T D e 7 X/ LAl
ELTRELE, ¥72, CH 7 X VbR THBEICHWONAA I RI—UF K% T
JALAIE L THRET L2, SURT < EIT LR o 72 (entries 6, 7).

16



Table 2.3 S5 D FFT-2

OMe  TrocNH-OTs (1.0 equiv.) OMe OMe
© Rh,(tpa), (5 mol%) . @/NHTM
base (1.5 equiv.)
solvent (0.2 M)
0°C,20h NHTroc
23a (1.5 equiv) 24a 25a
entry base solvent yield of (24a+25a)" ratio (24a:25a)"
1 K,COs3 PhCl 60% 11:1
2 K,CO; CH,Cl, 9% 8.0:1
3 K,CO;5 AcOEt trace -
4 K,CO;3 CH;CN trace —
5 K,CO; PhCF; 30% 10:1
6 K,CO; PhF 39% 10:1
7 K,CO;4 0-Cl,CsHy 44% 14:1
8 Li,COs PhCl trace -
9 Na,COs3 PhCl 9% 7.8:1
10 MgO PhCl 28% 14:1
11 CaCOs; PhCl trace -
12 Cs,CO3 PhCl 55% 11:1
13 KOAc PhCl 51% 13:1
14 K;5PO4 PhCl 42% 11:1

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

17



Table 2.4 7 3 LKD)V ST A LI EHLFZH 5

aminating agent

OMe (1.0 equiv.) OMe
Rhy(tpa), (5 mol%) 0
K>CO3 (1.5 equiv.)
PhCI (0.2 M) P
0°C, 20 h NHR
23a (1.5 equiv) 24a, 27a, 29a
entry aminating agents results entry  aminating agents results
0 60% yield o
0% yield”
1 usc/\o)LH’OTS (p:o=11:1)" 5 >LoJ\”'OTS
~ R = CO,t-Bu
(TrocNH-OTs) 24a: R = Troc 31
o 41% yield T
/18 0% yield”
2 FSC/\O)J\N’OTS (p:0=6.5:1)" 6" Ph—I=N
26 | 32 R=Ts
27a:R = COzCHzCF3
25% yield
CF; O .
Ns 0% yield
3 FSC)\OJJ\N’OTS (p:o=1.9:1)" 7° Ph—I=N
28 33 R=Ns
29a: R = COQCH(CF3)2
9 0% yield"
e "
30 H R = CO,Et

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

18



FUET RE RO B

SONTRESRIET., KE OB EIToTmE A, FaxkT7 vaxy 7T L— 28
WX LTy 2N TALERIIIC C-H 7 2 A3 81T L7= (Table2.5), TBS RSz 7 =

J =L (23b) RV Tz =T —T)b (23¢) Lo A RFVEDAOT L X R E
NTONT G PUNME N T ALEINAICHEIT L2 (24b, 24¢), AV ML 7 = =i 7
VB LT =Y — b (23d-23f) XY A NMRE ST 0- A N ¥R T =/ — )L (23g)
B A MFEONTALRRINC T I ARSI HEIT LTz (24d-24g), m-TE RFXF T =
—/L (23h) ZREE L L THWERZ, A MR EORTMTIERL, TE MR UEDRT
(RIRAIZ C(sp))-H 7 2 LSS ST L= (24h), ZHUE, 7 & b Mo rikpE
FEDRIZE D AN MIOKISHEDIETICE Y . 78 R X208 AR I SR A T
TLIEbDEEBEZLND, RIGRP SRR AE ST A ZEHOT = —/L (23i-231)
IZOWNTH, A MFTEONTANBIRAYPSOSITET L (24i-24) . 1,24-F U A FF
B3 ZREE L THWIZER 81% L W\ ) EFICEWIER TH LM & 5 2 72 (241),
Flo, BTV IV o leATrRIEEY (23m,23n) IZBWWTH, A MF UK
DRFACRIRECT X LRSS EIT L7z (24m, 24n),

Table 2.5 FE MO RFL

OR OR
OR
R Rhy(tpa)s (5—10 mol%) A
| =R+ TrocNH-OTs _ | TR+ X NHTroc
= (1.0 equiv.) Ko,CO3 (1.5 equiv.) = R'—+ _
PhCI (0.2 M)
0°C, 2048 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

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

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

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 Z>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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AT, BT AT A LA RICBEIIRGEE.: Csp’)-H #az AT 5B
T ETZ21T 5 72 (Table 2.6) . FEFE 1D o (i PNALA~DT I 7 ALERIZBLII S 3,
T aX O NRGAORINIC C(sp?)-H 7 I /LS HELT LTz, R DA D —ifk,
R OV =k C(sp)-H f 22 AT 2 EICH VT, ALFBIRIIC Csp’)-H 7 2 2 1bIX
JEHEIT L7z (24t-24w), BT, HEEICSISTENER Csp’)-H A EAT BV VL RH#ES
N7 /)= (23s) R2-A FFT VT =L AKX (23x) [ZHOWT HRIBEA < Csp)-H
7 X GBS MG R O ESEIRAIZEIT L. AREUSR DO mEME R E 2 7R3 2 LTk
L= (24s,24x),

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

Rhy(tpa)s (5 mol%)
R + TrocNH-OTs 2 NHTroc
(1.0 equiv.) K2CO;3 (1.5 equiv.)
PhCI (0.2 M)

o NHTroc
23 (1.5 equiv.) 0°C,20h 24 (para) 25 (ortho)
| aromatic C(sp?)-H vs. C(sp®)-H « to ethereal oxygen|
H Me H H H
-C7H1s5 O)\C02Et o)\©
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 |
OMe OMe H OMe MeH OMe OMe H
o H o Me o Me o o
. T
p p p 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)
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WAL ESEIRM: &AL PB IR 2 R TABUCRIZE D, B v 7 27 L— VRO E#E
MZEFRERERLEMRA Lz (Figure2.2), BV v 7 AT L— %, ZOV A XALEHILIC
o Thix RHERER R TRENARARR RS TF L LTHLNRTWS, © RSIEMEZRR Y VAL
C-H fEaMHEF T a il C-HFEEEZZHALTWDHDICHHELLT, B v 7 X[6]7 L
— VRO C-H 72 /LIEIFEY T vax VRO RTA~ET L, B TR ik E
B Qay), T2, BV w7 AT L—rD RV A4 YT r e —T KR IE L LB,
b Ra oI~ EERIC C-H 7 2 JALBUG AT Lz (242), & O FEB#E R
£ 0 KBS R E T BB OB THEIT LTV D ATREMEAS RIR S e, ' AR
DIEEIZ DV TIEI NMR TOJRBANEEToH o 7272 X BEEMRITIC L - TRE LT, K
RISFRIE, Y v 7 AT L=V 3R A MMy & LTHERET 2BRIC, 72 NR#Z 5 upper
limb (ZHEHEICT R A AT IME—DFIETH O 7 AFACFEINIER A A 7 UG
Th b,

TrocNH-OTs
(1.0 equiv.)
I(:{hz(tpoa/)‘)t .
5 mol% . OF . OF- i
K,CO, OiPr  OiPr OL-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.)
Rho(tpa), o I
5 mol% A
( chO;) OiPr 0jprOH
(1.5 equiv.) 24z; 42% yield
PhCI (0.1 M)
0°C,20h

Figure22 #H Y v 7 A7 L —UFHEEOEMHNERETRIE(LE O 24z O X HRHE kS
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WONE BUCERE IOV T OB

B ALERIUERIAOBR

Lebel HiX, 4-A MF VT 2= A2 o HE LB, CH Y X JERISR R UL
fir C(sp’)-H IBINFIICHEITT 5 2 L 284G L TWS (Figure 2.3 (a)), ' $£7-. WERIIFAL
3 (KIE) ORER T P hNrmy 7 EROFERLY, e At A b A RETE
PfE L 325 C-HIF AR O KSH#ELZ B L TV 5D,

— . BFIIAMNR T2 A NPT 2o L AR U BB L LTS, N P C(sp’)-H
~OT I EEITBR E T, T a X RO RTAORINIC Csp?)-H 7 3 AR
7922 L& RH L7z (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
H NHTroc
23x; (1.5 equiv.) 24x; 50% yield, p:o = 13:1

Figure23 BYYLFA ML/ A FEBEHELT5HFHCHT I/ 1k

Z 2T ARBRUSRICB T DALFERIRIEDFEHIZ OV T OMGEEFFR 21T > 7= (Table 2.7),
FORER, 22 A FFT VT A XL (23x) BB L LEO Csp)-H 7 2 /BRI
BT, BEICE S TRIGHENRRELSEDL Z EBHALNCRoTz, B YT AT A ML)/
A REJEMRE L T2 Csp)-H 7 I /ERIRICBWTH A &N 507 oo 2 2 Ui ¢,
FOSAIEE A EHEFT L > 72 DIkt LT (entries 1, 2), 7 B2 ¥ 0 Csp’)-H
T X ALBEDHEIT LTz (entries 3,4), Ko T, Zma Xy B U TERLIEEY Y AF A
KL/ A RBT =D Csp)-H 7 2 ESISIZB W TRISIEIER TH 5 2 & ARE S
iz, x Z B LB, XU N~DT I AR BI S e o 7o B IT B L2 70
STV, A MRV I DEREESCHFEDRPZEL TV DLIEDEBZEILND,

F AN VEORTOLICEREEZHFTLEETHDH4-A P VT 2= A X (9)
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(X LT ABUSORESRMFICA L& 25, 0 CTRO 20 CHRASIS, N VAL~DT
ARG LT (entries 6,7,8,9), AfER LD . T E THRE ST E ZUGH & [REER
ey LA ML A RPIEHRETHL Z ERNRBI N, o, HBEATF LR
oA BBV TR DANEA~D Cspd)-H 7 3 ALKIGDNEIT L, Bt
BR/NEINZ ERBH SN/ o7 (entries 6,7), F72. MNEREZ ER XD LI2LY,
IR om EANA R 57z (entries 6, 8),

Table 2.7 A& R DALFERMEREIIC SN TOEL

OMe OMe
SA® SAs
H TrocNH-OTs (1.0 equiv) NHTroc
23x Rhy(tpa)s (5 mol%) 24x
K>CO3 (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,Cl, (0.5) 0 24x 0%
3 23x (1.5) PhCI (0.2) 20 24x 30%
4 23x (1.5) PhCI (0.2) 0 24x 47%
s 9 (5.0) neat 25 10 66%
6 9 (5.0) CH,Cl, (0.5) 20 10 22%
7 9 (5.0) CH,Cl, (0.5) 0 10 8%
8 9(1.5) PhCI (0.2) 20 10 27%
9 9(1.5) PhCI (0.2) 0 10 17%

“ Data from Table 2.6. ° Data quoted from ref 7f. “A solution of K,COj; (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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WS DI VAL YIES

FOGHEREIZ DWW TE LT 572012, 23q LD 23q-Ds D B4 FEERIC I 1T 2 38 B i RN 44
R (KIE) OPEZEIToT, ZTORE, ka/kp DIEIL 1.16 &720 | —ROE LRI FENL A
BRITBI S 41727 > 72 (Figure 2.4) , AFER LV | C-H G OUIW S ARSI RITI T 2
W TIE AW ERH LR 5T,

TrocNH-OTs (1.0 equiv.)

On-CgHy7 On-CeHiz R, (tpa), (5 mol%) On-CgHy7 On-CgHy7
H H D D K,COj3 (1.5 equiv.) H H D D
+ +
H H D D PhCl, 0 °C, 1.0 min H H D D
12-17% yield
H D NHTroc NHTroc
23q 239-D;s ki/kp=1.16 24q 249-D,

(1.5 equiv.) (1.5 equiv.)
Figure 2.4 3 B0 [RIAZ (4R 2h S
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B VAT a7 FEER

AERECOWTHERLZHMAZ/H/L2DIC, 3-v7Zaryme L7 =Y—/ (34) ZH\T,
SUNNT Ty Y ERELToT- (Figure 2.5), '® Z0OfER, v 7 o7 o e EO BB
B =T, HERE~OT I {LEOHLP G LI, ARICRICD R EBLRFEMDT Y
HAHEERES LTINS EnRgEnz, PP b, SEETERL ~HEOR Y
TAFTA RV A RBEHFECoH D AREMED | E o 7o,

OMe Tr(l):;:r:\ll(-tl-O)Ts((; .0 T;L;iv) OMe OMe
o(lpa)y mol¥
K5>COg3 (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 =
H N-Rh-Rh NHTroc
- Troc = Not obtained

Figure2.5 7 v v 7 EE
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FVUTE  HEE SOS AR

BTEHEE L T 5 RGNS 2779 (Figure 2.6), Rhy(tpa), W ONZEHZJLTH D N- h b
XTI —NA— R KBSV TACEY BT AT A LA RBRERT S, T 0%,

W AREReY LT A ML/ A RREIZX LT, & BRTNAXTT L— OB
R E T ERSOEDETT D, ZOEBICEWNT, YT AT A ML/ A ROEESITE
S CAARIIIZZENT WD T L aFx VDO R TALGEIRIC C-H 7 X /ALRIS D EITT 5,
%Iz 7 m BN KD H B AR TR A 7 V3ERNLT D & B 2 T (Figure
2.6 (a)),

Flo, TN a7 EEREODFT #HREOFE LY, —FHBEREOR Y AF A ML
A RBEMETHLIEEZEZ DD, TAaxT T L—EN—BHEREDOT VT AT A
ML /A RIS 2 BEBEDOERBRIE R KD 7= & Z A (Figure 2.6 (b)) . [RFE-ERAEA AL
BERIZHBWT, 7=V —=LDNNFHAD C-H#EENREn T LA NRF T — hOWFERT
& C-H-0 fAEEHTHZ Enmmleasiviz, ZOZEMAERICE > T2y hrE—HD
TWEHEMREL, TNV E—HOTFEN/NSWEBETE %, 7ok, DFT #HREICE VT
SHE a2 YR O, il LT Rhy(OAc), ZEF /L E LTIT- 7=,

(@) ) HC  cn
OR GOt
NEG OCH
Rhy(tpa),  TrocNH-OTs 00 0o @ 3
K,CO VA VAR
[l 2 3 ?(] I;{t] N
Rh—Rh
TrocHN KOTs 0)%00 >T \.CCly
KHCOs H,C CH
8 3 3 AG? = 11.3 keal/mol
s AHE = —2.7 kcal/mol

o AS* = —51 cal/mol-K

Rh—Rh=NTroc

Troc—lTl @H

0 6 [ E

S

| Rh—Rh=NTroc i
TS

Figure 2.6 (a) #EEIGHERE, (b) DFT FH5E O H
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wowm U BIOE—#k Csp)-H T 2 1k

BV LA b LA REEIERLE S 553 FH Csp)-H 7 2 /b, _Y 2T
HET o ORIREICHET T ABIIEE A TH D, EHIIFED Csp)-H 7 2 /LRIED
BRFHEAT 5B T, 270 Csp)-H 7 X /(LA L U LI BALEIRANICHE T2 = & & S
Lie, @ BUSTEIEE SN DRV VML Csp))-H B E2 AT HHEOT I /by U v
BALOH ik C(sp’)-H 5 EBIIITHEAT L, ARUS DI ERIUER L, C-Si fEA
DE o BT K 5T B A% Cop))H M ANIFIIL SN D LAESh D, Zh
. T A FERFBICEERZ BT T CH 7 2 ERIES R AT L Ao 7o 2 &
Mo LIS D,
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FEIT. UL T ESERIFE T, 7 2 /{EANZ TrocNH-OTs Z 2% Z L TART 5 e
COLFA RV A REICLY, RRERBETH o T2 SARIEYE: C-H /IR %R
EREELAHAE R L, UTICHREEENT S,

BB Praxs 7L — v EHO I LRI Csp)-H 7 £ /b

7»2%77V~VﬁKﬁLTE%WGC@)H7 JACBOGEITT 5 2 L &2 R L
oo BRHRTRAETLHRITLFTA ML/ A RICEFIIRICTEE X ORI T o
RE~D7T I JABEIZEBR ST, 7 ax o EO T ALRNINC Cspd)-H 7 I 2 ALGEH
EITTHZ 2R LTe, ARISREEEES TFONY v 7 A7 L —FEICEHIE 5 2
Lk, LAY OEBROREREREBICORY Lz, £/, FEEKLKO DFT iR &
3 IO fRMTIC D &, —~BHEREORY YL F A L/ A FICX 25 BHRRETFT
S bR R RIE L 72,

OR
TrocNH-OTs up to 81% yield
| N R Rhy(tpa)s N 26 examples
Pz K,CO4 P> high para-selectivity
PhCI high chemoselectivity
0 OC, 20 h NHTroc

BEE Y VEE BLOE—#k C(sp)-H 7 2 /1L

UK BALOE—# C(sp))-H A oxt LT, MERBIIIC T X LSRN ETT 5 =
EERRIM U, U BALDE Z# Csp))-H fE B0 DAME~DT I bEITIZE A
B ESNT, EOLE R QLRI EE T C(spY)-H 7 2 /ABRIS S H#4T L, ARG DA
BRI FE BN 13, RE-T A FRiE DM o G-I K > T AL —il C(sp))-H A &
DRI 5720 ERE L 72,
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FEBR S ONAE B 5 — i

'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, CDCIl; 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, CD3;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)421 and ha(piv)422
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,CO;3;, Na,CO;, CsCO;, 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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o EIEE Y % SRR K O fiE

General Procedure for Intermolecular C (spz)-H Amination of Alkoxyarenes

OR OR OR
Rhy(tpa), (5 mol% NHTroc
R +  TrocNH-OTs 2tpa)s ( ; i R' + o
K,COj3 (1.5 equiv.) R
Y PhCI (0.2 M) NHT H
0°C,20h roc
23 24 25

To a suspension of alkoxyarenes 23 (0.30 mmol, 1.5 equiv.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.)
and K,COj3 (41.6 mg, 0.30 mmol, 1.5 equiv.) in PhCl (1.0 mL) were added Rh;(tpa), (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
OMGH o._~CcC
DGR
|4N\ﬂ/c1\¢/ccn3 [:i:T/ O
O
24a 25a

Following the general procedure for intermolecular amination, anisole (23a) (32.6 pL, 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
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 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) 0: 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); *C NMR (100 MHz, acetone-ds) &: 156.9, 152.9
132.4, 121.2, 114.9, 96.9, 74.7, 55.7; IR (neat, cm™): 3297, 1729, 1538, 1508, 1413, 1209, 1180, 1106,
1054, 1022, 833, 738; HRMS-ESI" (m/z): Calcd. for C oH,o CI3NO3; [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); *C NMR (100 MHz, acetone-ds) 8: 152.5,
149.8, 127.9, 124.8, 121.4, 120.1, 111.6, 96.7, 74.8, 56.2; IR (neat, cm™'): 3359, 2948, 1754, 1598, 1540,
1461, 1251, 1199, 1095, 1025, 954, 806; HRMS-ESI" (1m/2): Calcd. for CoH;(Cl3NO3; [M+Na]™ 319.9624;
found, 319.9627.

OTBS

HN \H/o\/ccns
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.), 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 (27.2 mg, 0.020 mmol, 0.10 equiv.) were stirred at 0 °C in PhCI
(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) o: 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) &: 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): Caled. for CysHpCI3NO;SI [M+Na]+ 420.0332; found,
420.0327
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OPh

HN\H/O\V/CCb
O

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,CO;3 (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) o: 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-ds) &: 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
C1sH12C1sNO; [M+Na]™ 381.9780; found, 382.9776.

OMe
Ph OMe ,
Ph N\H/O\V/CCE
HN\H/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.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,COj; (41.6 mg, 0.30 mmol, 1.5 equiv.),
and Rhy(tpa), (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) 6: 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); *C NMR (100 MHz,
acetone-dg) 8: 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™): 3386, 2362, 1738, 1571, 1506, 1434, 1207, 1145, 1110, 1045, 871, 825; HRMS-ESI"
(m/z): Caled. for C¢H4CIsNO; [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-dg) o: 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) §: 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™"): 3388, 1731, 1540, 1506, 1434, 1263, 1207,
1110, 1045, 871, 823; HRMS-ESI" (m/z): Calcd. for C4H4C13NO3 [M+Na]" 395.9937; found, 395.9938.

OMe

HN.__O.__CCls
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O
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.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO;3 (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
24e (18.7 mg, 30%) as a white amorphous.

Analytical data: '"H NMR (400 MHz, acetone-dy) 6: 9.19 (br s, 1H), 7.50 (br d, J = 12.8 Hz, 1H), 7.29 (br d,
J=28.7 Hz, 1H), 7.10 (t, J = 9.2 Hz, 1H), 4.90 (s, 2H), 3.86 (s, 3H); BC NMR (100 MHz, acetone-dy) o:
152.84 (d, J = 241.5 Hz), 152.77, 144.6 (d, J = 10.2 Hz), 132.9 (d, J = 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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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.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO;3 (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
241 (20.9 mg, 31%) as a white amorphous.

Analytical data: '"H NMR (400 MHz, acetone-dy) 6: 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-d) &: 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;oHoC14NO5 [M+Na]" 353.9234; found,
353.9231.

OMe
OBz

HN \[(o\/ccb
O
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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 PhCI (1.0 mL) for 20 h.
The crude material was purified by preparative thin-layer chromatography purification (CHCls/hexane =

4/1) to afford 24¢g (35.0 mg, 42%) as a white amorphous.
Analytical data: '"H NMR (400 MHz, acetone-dy) o: 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-ds) 5: 163.9, 151.8, 147.6, 140.0, 133.6, 131.8, 129.8, 129.4,
128.7, 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;7H4C1sNOs [M+Na]" 439.9835; found, 439.9833.

OAc

OMe
HN\H/O\/
0]

24h

2,2,2-trichloroethyl-/V-(4-acetoxy-2-methoxy)phenylcarbamate (24h)

CCl,

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 PhCI (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-dg) o: 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-ds) 6: 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.
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24i

CCl,

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,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
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;,CI3NO,
[M+Na]" 349.9730; found, 349.9724.
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24j

CCls

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 PhCI (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, CD3CN, 333 K) 8: 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 C1,H4CIs3NOs [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.), TrocNHOTSs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO; (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 24k (55.2 mg, 68%) as a white solid.
Analytical data: m.p. 125 °C; '"H NMR (400 MHz, acetone-dy) 6: 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-dg) 5: 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): Caled. for C;H;;BrCIsNO, [M+Na]  427.8835; found,
427.8830.
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24|
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 PhCI (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-dg) 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); 3C NMR (100 MHz, acetone-dy) o: 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 C;;H;4C1sNOs [M+Na]™ 379.9835;
found, 379.9829.
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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 PhCI (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-dy) 6: 8.22 (brs, 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 C;oH;,CIsN,04 [M+Na]™ 350.9682; found,
350.9681.
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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 PhCI (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) &: 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
C10H12C1N;05 [M+Na]™ 381.9740; found, 381.9748.
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240 250
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,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 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) o: 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 (g, J = 7.0 Hz, 2H), 1.35 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz,
acetone-dg) 8: 156.2, 152.9, 132.4, 121.2, 115.5, 96.9, 74.7, 64.2, 15.1; IR (neat, cm™): 3343, 2969, 2362,
1716, 1529, 1419, 1365, 1216, 1105, 1043, 919, 827; HRMS-ESI' (m/z): Calcd. for C;;H;;CI3NO3
[M+Na]" 333.9780; found, 333.9778.

2,2,2-trichloroethyl-/N-2-ethoxyphenylcarbamate (250)
Colorless oil: "H NMR (400 MHz, acetone-dg) o: 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-ds) 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
C11H2C1sNO; [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,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
24p (36.2 mg, 55%) as white solid.
Analytical data: m.p. 109 °C; '"H NMR (400 MHz, acetone-dg) o: 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) 5: 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;,H;4C1;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.), 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
24q (44.5 mg, 56%) as a white amorphous.

Analytical data: '"H NMR (400 MHz, acetone-dg) 6: 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-ds) 8: 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,,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.), 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 (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) 6: 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
C13H14C15NOs [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,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
24s (33.4 mg, 45%) as a white solid.
Analytical data: m.p. 108 °C; '"H NMR (400 MHz, acetone-dg) o: 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-ds) 8: 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 C16H;4CI;3NO3 [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,CO;3 (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 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-d) 6: 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); 3C NMR (100 MHz, acetone-ds) &: 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™): 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: "H NMR (400 MHz, acetone-dg) 6: 8.43 (br s, 1H), 7.82 (br d, J = 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); *C NMR (125 MHz,
acetone-dg) &: 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™"): 3280,
2952, 1704, 1546, 1508, 1440, 1365, 1226, 1105, 1035, 890, 806; HRMS-ESI' (m/z): Calcd. for
C11H2C1sNO; [M+Na]™ 333.9780; found, 333.9773.

OMe
Me OMe H
Me N\H/O\/CClg,
HN\H/O\/CCI3 O
O
24u 25u

Following the general procedure for intermolecular amination, 2-ethylanisole (23u) (40.9 mg, 0.30 mmol,
1.5 equiv.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO;3 (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 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) o: 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, /= 7.5 Hz, 2H), 1.15 (t, J= 7.5 Hz, 1H); BC NMR (100 MHz,
acetone-dg) 8: 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™'): 3284,
2954, 1706, 1550, 1498, 1365, 1226, 1105, 1027, 970, 896, 819; HRMS-ESI' (m/z): Calcd. for



C12H,4CsNO; [M+Na]" 347.9937; found, 347.9932.

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

Colorless oil: "H NMR (400 MHz, acetone-dg) 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, /= 7.7, 1.6 Hz, 1H), 4.93 (s, 2H), 3.77 (s, 3H), 2.68 (q, /= 7.6 Hz, 2H), 1.21 (t, J =
7.6 Hz, 1H); ®C NMR (125 MHz, acetone-ds) 5: 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™): 3284, 2954, 1706, 1550, 1511, 1365, 1228, 1105, 1060, 1027, 970, 896,
819; HRMS-ESI" (m/z): Calcd. for C;,H14CI3NO;3 [MJrNal]+ 347.9937; found, 347.9926.

OMe Me

Me OMe
CC@

_CCls

C)
24v 25v
Following the general procedure for intermolecular amination, 2-isopropylanisole (23v) (45.1 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 = 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: "H NMR (400 MHz, acetone-dg) 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); *C NMR (100 MHz,
acetone-dg) 8: 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, cm"):
3290, 2969, 2360, 1739, 1540, 1363, 1216, 1108, 1031, 811; HRMS-ESI" (m/z): Calcd. for C;3H;¢CI3NO;
[M+Na]" 362.0093; found, 362.0090.

2,2,2-trichloroethyl-/V-(2-methoxy-3-isopropyl)phenylcarbamate (25v)
Colorless oil: "H NMR (400 MHz, acetone-dg) 6: 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, J = 6.9 Hz, 1H), 1.22 (d, J
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= 7.0 Hz, 6H); *C NMR (125 MHz, acetone-d) 5: 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 C3H;¢C1sNOs [M+Na]" 362.0093; found, 362.0084.

_CClg

OMe
OMeH O CClI
Me /©/ \ﬂ/ ~ ’
HN\H/O Me O
O

24w 25w

Following the general procedure for intermolecular amination, 3-methylanisole (23w) (36.7 mg, 0.30 mmol,
1.5 equiv.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.), K,CO;3 (21.6 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 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) o: 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); °*C NMR
(100 MHz, acetone-ds) 6: 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™): 3264, 3008, 2360, 1735, 1525, 1434, 1365, 1226, 1112, 1035, 846, 802; HRMS-ESI" (m/z): Calcd.
for C;;H;2C1sNO; [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) o: 8.07 (br s, 1H), 7.81 (br d, J = 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); *C NMR (125 MHz,
acetone-dg) &: 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™"): 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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OMe
N \H/O\/CC'S
HN\H/O\/CCIg, O O O
O

24x 25x
Following the general procedure for intermolecular amination, 2-methoxydiphenylmethane (23x) (59.5 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 PhCI (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) 6: 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); *C NMR (100 MHz, acetone-ds) 8: 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™): 3315, 2969, 2360, 1739, 1540, 1506, 1436,
1365, 1216, 1118, 1029, 823; HRMS-ESI" (m/z): Calcd. for C;;H;4C1sNO; [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); B¢
NMR (125 MHz, acetone-ds) 8: 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™): 3315, 3025, 2358, 1735, 1535, 1504, 1454, 1365, 1216, 1118,
1029, 823; HRMS-ESI" (m/z): Calcd. for C;7H;¢CI;3NO; [M+Na]" 410.0093; found, 410.0096.
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2,2,2-trichlor0ethyl-N—(12,32,52,72,92,112-hexaisoprop0xy-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.),
TrocNHOTSs (36.2 mg, 0.10 mmol, 1.0 equiv.), K,CO;3 (21.6 mg, 0.15 mmol, 1.5 equiv.), and Rhy(tpa)4 (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-dy) 6: 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, 1542, 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 Cg3H74CI;3NOg [M+Na]”
1100.4378; found, 1100.4351.

2,2,2-trichlor0ethyl-N—(12-hydr0xy-32,52,72-triisopr0poxy-1,3,5,7(1,3)-tetrabenzenacycloocataphane-1
5-yl)carbamate (24z2)

Following the general procedure for intermolecular amination, 23z (55.1 mg, 0.10 mmol, 1.0 equiv.),
TrocNHOTSs (36.2 mg, 0.10 mmol, 1.0 equiv.), K,CO;3 (21.6 mg, 0.15 mmol, 1.5 equiv.), and Rhy(tpa)4 (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) o: 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-dg) 8: 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 C4HyClsNOg [M+Na]” 762.2132; found,
762.2128.

OMe

HN\H/O\/CFg
0

27a
2,2,2-trifluoroethyl-N-4-methoxyphenylcarbamate (27a)
White solid: m.p. 85 °C; '"H NMR (400 MHz, acetone-dy) o: 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); *C NMR (100 MHz, acetone-ds) 8: 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™): 3315, 2969, 2360,
1716, 1533, 1417, 1365, 1292, 1228, 1162, 1097, 1029, 993, 956, 827; HRMS-ESI" (m/z): Calcd. for
C1oHoF3NO; [M+Na]" 272.0510; found, 272.0506.

OMe
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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-dy) 6: 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-dy) o: 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
C11HoFsNO; [M+Na]" 340.0384; found, 340.0380.

OMe

OMeH
N O. _CCl3

\n/ N
ClsC O

\/O\H/NH
0o

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,CO; (41.6 mg, 0.30 mmol, 1.5 equiv.) in PhCI (1.0 mL) were added Rh,(tpa),
(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 CHCl;. 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, CDCl) 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™): 3423, 3004, 2358, 1739, 1521, 1365, 1203, 1099, 1033, 804; HRMS-ESI"* (m/z):
Calcd. for Cj3H 4C1sNO; [M+Na]” 359.9937; found, 359.9938.

2,2,2-trichloroethyl-/V-(2-methoxy-4-cyclopropyl)phenylcarbamate (36)

Analytical data: '"H NMR (400 MHz, CDCl3) 6: 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, J= 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 C3H;,C1sNOs [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
rt, 24 h

23y

12,32,52,72,92,1 12-hexais0pr0p0xy-1,3,5,7,9,1 1(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, CDCl;) 6: 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 CgoH7,06 [M+Na]™ 911.5227; found, 911.5214.

DMF
H OH  0°Ctort 48h

N\ i-Prl (3.0 equiv.)
Q O / NaH (3.0 equiv.)
7 P
OH [~ |
OH " 4

32,52,72-triisoprop0xy-1,3,5,7(1,3)—tetrabenzenacycloocataphane-l2-01 (232)

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,SOy, 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, CDCl5) 6: 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, /= 13.3 Hz, 2H), 1.47 (d, J = 6.1 Hz, 6H), 1.40 (d, /= 6.1 Hz, 6H), 1.29
(d, J= 6.1 Hz, 6H); *C NMR (100 MHz, CDCls) 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): Calcd. for Ci;HyO4 [M+Na]”
573.2981; found, 573.2986.

e} (0]
CDI HO-NH,-HClI TsCl
N 2
FsC~ ~OH —— I ot
3 THF imidazole, THF F3C/\O)J\N’OH Et;N, Et,O  F3C~ "0~ "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,S0,, 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,;SOy,
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) 6: 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, CDCl;) &: 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
C1oH0F3NOsS [M+Na]" 336.0129; found, 336.0129.

CFs triphogene HO-NH,-HCI CFs O TsCl )C\FSJOJ\
A : P e .OTs
FsC~ "OH  i-ProNEt, THF THF Fs,C~ 0" °N Et;N, Et,O  FsC O° 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, CDCl;) 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;) 8: 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;;HoFNOsS [M+Na]"
404.0003; found, 404.0002.
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KIE Measurements

On-CgH17 On-C8H17 RhZ(tpa)él- (5 m0|%) On-C8H17 On-CgH17
H H D D TrocNH-OTs (1.0 equiv.) H H D D
K2C03 (1 5 equiv.)
+ - +
H H D D PhCl, 0 oC, 10 min H H D D
H D NHTroc NHTroc
23q 239-Ds 24q 24q9-D4

(1.5 equiv.) (1.5 equiv.)

12% yield kylkp = 1.16 averaged
17% yield kylkp=1.13  WYREIER, o
13% yield kylkp=1.18 | “H7P— T

To a suspension of n-octyloxybenzene (23q; 61.9 mg, 0.30 mmol, 1.5 equiv.), n-octyloxybenzene-d;s
(23q-Ds; 63.4 mg, 0.30 mmol, 1.5 equiv.), TrocNHOTs (72.5 mg, 0.20 mmol, 1.0 equiv.) and K,CO; (41.6
mg, 0.30 mmol, 1.5 equiv.) in PhCI (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,SQy, 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 (5 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 o radiation (A = 0.71070 A). Crystal data are summarized in Table 4.1. The structure was
solved by a direct method (SHELXT—20144) and refined by a full-matrix least square method on F? for all
reflections (SHELXL—201423). 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

Z

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(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1581717
CD
Cs2HosCIgN2O 113
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)°.
¢=21.6709(3) 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 2

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”

59



Computational details

All calculation reported in the present study were carried out using density functional theory
(DFT) with (U)MO624 functional, as implemented in the Gaussian 09 (Revision E.01)25. For geometry
optimizations, the 6-31G(d,p) basis set was used for the H, C, N, O, ClI 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.
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(a) singlet path (b) triplet path Me
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A
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Figure 4.2 Energy diagram of addition reaction of anisole (23a) to thodium 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 = ~346.3907539

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

Free Energy = —-346.4257079

Electronic Energy = —346.6276983

O T g n — =z m — == T O O O o a0 O

-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°

N=—Rh—Rh
L0/

Me

X

M
| O/o\e

| O

/

, :
O
Troc =0

Me

Y

Me

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

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

Enthalpy = ~2833.227067

6-311++G(2d,

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

61



~ &
5 B

c 0o Z - & T 0O @&m T T 0o @& T & 00 T T & 0 6o 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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-0.000001199
-0.000000222
-0.000002192
0.000002459
-0.000000156
-0.000004464
0.000003061
0.000001220

-0.000003101
-0.000004070
-0.000004304
-0.000003476
-0.000005420
-0.000006440
-0.000005120
-0.000006543

Transition state for addition TSa®

A
MeO/@\ | O Me

‘N—Rh

Rh

Troc” O>\/O |

Me YO

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

Electronic Energy = —-3180.059837

Enthalpy =

-3179.622549

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

Me

Free Energy =—-3179.722223

Electronic Energy = —-3182.76573

=
=

o 0o O O OO O O O O O

-0.000000781

0.000000249

0.000003302
0.000002370
-0.000000839
0.000000088
0.000000177
-0.000000629
-0.000003854
-0.000002949
0.000003532
0.000005895

-0.000000533

0.000001029

0.000009034
0.000007606
-0.000001932
-0.000000344
0.000002131
0.000001061
-0.000008603
-0.000007167
0.000010523
0.000016456

-0.000007007
-0.000009554
-0.000009535
-0.000009132
-0.000012972
-0.000013848
-0.000013180
-0.000015988

Electronic and Zero-Point Energy =—-3179.657275

-0.000009624
-0.000003455
-0.000003651
-0.000009285
-0.000002197
0.000003564
-0.000010788
-0.000016617
-0.000009777
-0.000003749
-0.000006475
-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
o) 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 070" 1,0
N—Rh—Rh
Troc O>'\/O (|)
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

Rh -0.000001709 0.000012123  -0.000005816
Rh -0.000001261 0.000004762  -0.000002013
0) -0.000000878 0.000003668  -0.000001569
0) -0.000001337 0.000010595  -0.000005174
0) 0.000005052 0.000011012  -0.000008217
0) 0.000005597 0.000004020  -0.000004665
0) -0.000007940 0.000005857 0.000000417
0) -0.000008453 0.000012676  -0.000003159
0) -0.000002329 0.000013045  -0.000006192
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-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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0.000006954
0.000010228
0.000010553
0.000009181
0.000013381

Rhodium nitrenoid 53"

/
Troc

Me

02\\ Me

-9

| O (@)

N=—Rh—Rh’
e}
> 0

Y

Me

-0.000012373
-0.000016009
-0.000017816
-0.000017834
-0.000015173

0.000003563
0.000004178
0.000004996
0.000005629

C 0.000000916  -0.000003155 0.000001385
C 0.000002400  -0.000006175 0.000002253
C 0.000005917  -0.000009536 0.000002655
H 0.000010385  -0.000012420 0.000002121
H 0.000007408  -0.000006989 0.000000439
H -0.000001846  -0.000000610 0.000001136
H 0.000001028  -0.000006249 0.000002922
C 0.000002772  -0.000003189 0.000000515
H 0.000004689  -0.000000624  -0.000001767
0)
C
H
H
H

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
0) -0.000002057  -0.000001884  -0.000001686
0) -0.000003253  -0.000002421  -0.000003412
0) -0.000000934 0.000003107  -0.000005858
0) -0.000000070 0.000003567  -0.000004708
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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

2\\ Me
Meo/@“\ Cl)/O/(I)\O
_'N=Rh—Rh’
Troc MC;>|\<\/2CI)
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
0) -0.000002320  -0.000002640 0.000001116
0) -0.000001489  -0.000000774 0.000000847
0) -0.000000431 0.000000287 0.000000271
0) 0.000000231  -0.000003047  -0.000000485
0) -0.000000467  -0.000004047  -0.000000193
0) 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—~CX o%o'f"e
1,07 10
/N—Rh—Rfl]
Troc 0OL_0O
Me><//o

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
0) 0.000008448 0.000010316 0.000001621
o -0.000004241 0.000005488  -0.000001809
0) -0.000001520 0.000015809  -0.000001958
0) -0.000003140 0.000022748  -0.000003145
0) -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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