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Ac acetyl

Boc tert-butoxycarbonyl

t-Bu tert-butyl

Bz benzoyl

DBDMH 1,3-dibromo-5,5-dimethylhydantoin
DCM dichloromethane

DFT density functional theory

DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

Et ethyl

HOMO highest occupied molecular orbital
HRMS high-resolution mass spectrometry
IR infrared

KIE Kinetic isotope effect

Me methyl

m.p. melting point

NBA N-bromoacetoamide

NBP N-bromophthalimide

NBS N-bromosuccinimide

NMR nuclear magnetic resonance

Nos 4-nitrobenzenesulfonyl

Ns 2-nitrobenzenesulfonyl

Nu nucleophile

PG protecting group

Ph phenyl

Phth phthaloyl

pin pinacol

PPY 4-pyrrolidinopyridine

i-Pr isopropyl

n-Pr normal-propyl

Rhy(tpa)s tetrakis(triphenylacetato)dirhodium (I1)
rt room temperature

SES 2-(trimethylsilyl)ethylsulfonyl
TBS tert-butyldimethylsilyl

Tf trifluoromethanesulfonyl

THF tetrahydrofuran



Toes
Troc
TS
Ts

2,2,2-trichloroethoxysulfonyl
2,2,2-trichloroethoxycarbonyl
transition state

p-toluenesulfonyl
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EFFET o MUARFRERT D oo X TNAT I TR FHICB T2 H 1727 7 —~a 7 47 D—>T
HY, INETIZ 0-FINT I VN EZAT HE < OEHREMN B & TE 7 (Figure 1-1), JEHIEME a-
FINT IAMLEMOARIT, EE LTET I ROA I UE spPIRUIKFE AT 2L A WRECxd 5 =7
> F A ERIR 72 S L0 Rl ST\ (Figure 1-2 (@) L, FFICARF KBRS, AEREAINIK
ST DN TRk % 22 B R B UE RSB S 4L, lREZ 2 SO b EVnWr D, —H T, ZhbDOFE
TIEERPEE R A S ZBAAET D2 L0, BOER L LA KN LEZR D HIERIZL 26K
EORFENRRD HATND,

N—N
L\

(e}
N~ o 0 Cl K/N
H,N N

SCaulE S e

cl S .

\NJLH\\
F F I
Xeljanz Januvia Plavix Vraylar

(immunosuppressant) (hypoglycemic Agent) (anti platelet agent)  (D3/D, receptor partial agonist)

Figure 1-1. Examples of a-Chiral Amine Pharmaceutical Drugs 2

ARFE IR SOS TN FAEHALE D DRI I B RIETH S (Figure 1-2 (b))%, 7'm ¥ FLRAITER L
oD F U F A My I REBRIEOR FERSEED 2 L THIZR AT A EHBET L ENTE,
B R EHIL A BLE T D 2 L CRRA REUS B REOGASBT 2 Z E N TH 5, FHIT, a-F T LT
L ANEEMBEO G RIERR AR & L, Gk EARRKIETH D oD C-H EffiSIG(C-H 7 2/
E R OFFR v 7 A & R IERFACROS IR L, 7ERIE TIEREECTh - 720 FEBITHRA T,

(a) /
Nue B Nue
A \\B Si face attack A Re face attack A>i3
Nu“SSNHR ~ RHN"R™Nu
NR
Si face Re face
(b) ///
A)iB conversion of pro-(S) group conversion of pro-(R) group A)\P
DsC T ¢RD
C\
pro-(S) pro-(R)

Figure 1-2. Types of Enantioselective Reaction (a) Enantiotopic-Face-Selective Reaction (b) Enantiotopic-Group-Selective Reaction

(Desymmetrization)



B, BEETHER YT AT PLUERIC LD CH FRARISICREIT R AT, S U L B
SR C-H 7 X/ {LOBHIRNT S 217 5 & 3o o F AR S Y LK B CH 7 2/ LRIE% B %
Uiz, 80, HEE TS IM0ZA C-H BRIk TH 2 HERRFILICHH L. FUBIIJEE CH%E L%

SRR A A TN TTERIERFIC L D o-kIFr 1n- 7 V=TIV F LT 2 v DORFIERFMEIE % B
LT,



B _E RhfikiEZ2 A5 U VE B AL C(spd)-H 7 2 /LD R HsEMRHT
B IR R & R O

AEALZEIT T D A MR ORI E R LA L S VIRR O A2 FEO—>TH Y | KFER
FDEYFRFEAR L LT O A BT &2 EELEH LS WITEAT HHETHbI TV (Figure 2-1) &
TARRFIIRBIRF LR CIRF Mz A9 5, WEAREE 2 RS 720 EORP LI E 28208, Ji+
FREORE S, BUKMEDOS S ROEKBIEER EOENC LY | REFFITEATEAT S Z & THEHA
TEMER CEDBREOSEL TS ND . L, AR LORERHLICHELLT A RRTFa2ahE
HIMIRIZELEHICE>TELT, ZNLORBEIREERELTHL, TO—RITET A FEHRELD
WHESICH D EHERESND, TIRENTVD T A FEEVBIROENTND L L bIT, G7 A FREKREE
BT 2FEITZ L, TFIVNVAR=RILRDOTZDIT LY BIERE 7 A FEHEAHIEDORHIEN KD &1L
TWo,

NMe,

Me (0] o
Me [

Si Me, /—\ HO...
Me” CFy SN N>\\ ? si

Me” \—/ \)\,NHAC
OMe
F
Zifrosilone Silinezolid Sila-venlafaxine

Figure 2-1. Silicon-Containing Drug Candidates

EHRBFEREIERLOZICEETNIEERETRELETHDLZ 0D, FARILEYOfELRT 2 /L
HEaEBRT D2 EBHRIEE 7 A BERLEROM S 2 FiEimE 7055, IETIE, AMLEwIc
RO EEMNICERTRELEATLIFEEL LT, BBSEL MW CH 7 X 2 BRI R IR &
NTWD 8 KT, B U ATESEANOELD Y T AT A ML UEERIZE D C-H FABRREAZRED C-
H7 2 7 kld, BRI 2 LB & ST REIR LMD b EHE Y I V257 FETH S % L
L. ABLEMIIZED C-HREEE AT D720, 3 FRIBOGIZHIT DAL EEIRMEOHIEIINEE TH v |
FEIN IR SUSHE D 7% WA T AR OBIF N L T 5 10, Miller Hidm ¥ ATSEREZHWNT, 42/
S—UFrETA ML URET D1 CH 7 X LA WID THE L7z (Scheme 2-1) M2, Rhy(OAC)s 17
FETFEEEOA X NA I 7 A=V F U EEHSED 2 LT, RUUML C-H FEA TR L THLE IR
HIZ C-H 7 X b EIT9 5, ZHLIBE, &E T A ML U SERETESERE S 350 FM CH 7 X /{kick
WTIE, RUUNME, T UL, BERIE T a L C-H #5E UL =k C-H G & W o 7o KRB R RIC &
STEFEELRD CHEERREWKIGEZR T2 Z ENH LN E S, (LEBIR S T2 ER S
ncTEky

H NHNos

Rh,(OAG), (2 mol%)
+  PhI=NNos >
DCM, rt, 15 h

20 equiv. 1.0 equiv. 69% yield
(NOS = 4-N02-C6H4-802-)

Scheme 2-1. Dirhodium-Catalyzed Intermolecular C(sp®)-H Amination
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FIBAFEE TIER VU LA R U USERZTEMRE L L2 T VX Lo T VHEONERIRW C-H 7 /b
FOGZEL Y f1 A%, U VHk BALEIRAY S C-H 7 2 /b ZBA%E LT\ % (Scheme 2-2) 2, Rhy(tpa)s (1)
TEE T, TrocNHOTs (3) (2%f L C BALICH —#k C-H i 2o F Ly T UV EAERSES &, (E R
RIZ C-H 7 2 /{23173 5 (Scheme2-2 (a)), C-SifEGDEWEFHGIEICERTH 2 & T, ZnE

GBI D72 Y VEE B AL TO 7 C-H 7 X 7 {b& R L Tl v 8, FFIIAROEMI SIS
%Lfﬁﬁ%ﬁé~< LUF O DO 2 3 E USGHEREMENT ICE D M A TS, B—12, SRR AL IR
B (KIE) ORIEIC L D HEH B M DR E 2 7 7=, TrocNHOTs 27 2/ fk#l &35 C(sp®)-H 7 2 /{bIX
IS DOFHRB B I ST o TE LT, Fix OFEICEY KIE ZHETH 2 & THIBEMZH#E Lz,

—oHIC DWﬁ%%%wtOHﬁA&%®%ﬁ%ﬁotﬁﬂﬁA&W®%%%%%ﬁmé&k%m
ERBIRREICH T 5 NBO T 21TV, U VD B RIRDB UG RIE T B L RS o 7o, £z, ARIT
W¢E<ﬁm%ﬁﬁéﬁét W OT NHF N T BT 5T 8, B RIRED C-H ATkt
L CHEICRPME T 45 2 L e EORRBEA7E LTV - (Scheme2-2 (b)), EH 1IAR DR G ~D BB %
A U CARBREO MR S E LA SOSHEREMENTIC K 0 TRV RIE SV RBISUS OfENT 24T 5 L & b
(2. KO RRAIRE T HIRFED C-HFEAT 2 MUIEDBR 21T 12,

(a)

1 (5 mol%) -
SI/\/H K,CO3 (1.5 equiv.) /\/NHTroc Ph O0——Rh
+ TrocNHOTs > ph_|_<( |
PhCI, 20 °C, 12 h ) Ph O—-Rh
2a (10 equiv.) 3 (1.0 equiv.) Rh.(t 1
pa
72% yleld 2(tpa)e (1)

(b)
L i,
©/ { i + TrocNHOTs PnCl 20121 > ©/ { NHTroc
3 (1.0 equiv.)

2b (10 equiv. 4b
(10 equiv.) 18% yield

Scheme 2-2. Dirhodium-Catalyzed Intermolecular C(sp®)-H Amination at p Position of Si Atoms



0 I RRAY RN AR

ROIZ, TV VI B AR C-H 7 X/ ALOHEHEBEIC DWW TE LT 57212, lEmA RN AT
DOWEZAT > 7= (Scheme 2-3), 2¢ K 2c-this DEREIEGW ZHE & LT C-H T I /b4y T M 535
ATl & T A, 4 DY 46-4T%INEE, 4c-dua 25 9-10%UN =R T vz, H KD A3 < SUGHETT L, knlko
DAL 5.3 04 L72o7-Z L5 (Scheme 2-3 (). C-H i & G B P I TAT ESEIRME DO P E B S TdH 5
ZEWBymotn, —H T, 2¢ X 2c-dis 2 HAMOE L LTV, TRENOEED C-H 7 2 /LD
I EEFRIRNT 21T o7& 2T A, kalko DfEIX 1.0+ 0.1 £ 720 | %MDLF??* AR A F B S e s
-7 (Scheme 2-3 (b)), AFEHR LV | C-H G UIBIB R IIARRIZI T DHEEEME TIZARNZ &3 BT
ol

(a) Intermolecular Competition Experiment

Ph 0——Rh
Ph—|—<( |
Ph O—1—Rh
Ja
1 (5 mol%)
Csz CzDs . C2H5 C2D5 D D
v _CoHs \ _Cy,D5 TrocNHOTs (1.0 equiv.) \ NHTroc N
/E::rs( s(' K,COj (1.5 equiv.) s(“\/ S SH““
+ - +
FsC FsC PhCl, 20 °C, 12 h FsC FaC
2c (5.0 equiv.) 2c-dy5 (5.0 equiv.) 4c 4c-dyy
ky/kp = 5.3 £ 0.4
(b) Comparision of Initial Rate

Csz _CoHs 1 (5 mol%) Csz ~_NHTroG ry (1st run) = 1.031 mM/min

Si\ K,CO3 (1.5 equiv.) Si\ ry (2nd run) = 0.936 mM/min

+ TrocNHOTs s ry (3rd run) = 0.954 mM/min

J[:j/ CaHs PhCI (0.1 M) /E::r CaHs i (3rd run)
FsC 20°C,12h FaC ry (averaged) = 0.974 mM/min
2c (10 equiv.) 3 (1.0 equiv.) 4c
C,D C,D -
2 \SSi/C2D5 . C-|O(5 ;ng% 2 5 &NHTroc ke/kp = ry (averaged)/rp
2 3 eqUIV _
\C b + TrocNHOTs C b.D k/kp (1st run) = 0.91
255 PhCI (0.1 M) 25 ki/kp (2nd run) = 1.07
FsC 20 c 12 h ki/kop (3rd run) = 1.00
2c-dy5 (10 equiv.) 3 (1.0 equiv.) 4c-dyy

Ke/kp=1.0 £ 0.1

Scheme 2-3. Kinetic Isotope Effects



T HEEROSHE

A JG OHEE BOGHERE 2 DL FICii 4% (Figure 2-2) Ue d 14 Jgjan (2, 1 ¥ & KGR flE &
TrocNHOTs X ONEENIGT 2 Z & T, rmY U AT A MU VEERBNART 5, ACTe T AF A b L
VEERD BAL C-HAEAICIEA L, AR THDL B-TI /v T 2525, MIGEEMITIZE Y, C-Hff
ABEPEIIALE IR E B T 2 — 5 T, BB Clden 2 L AVR ST, fulBIE, no v A
A N U SR D A RREE M & DK, AR OB X B ABEO BB DO Z OO RN H D3, RE
EALFRETHHO DT AT A N USSRO AR L BT LTV S,

Rha(tpa),
1

si TrocNHOTs
TrocHN” Rh—Rh KoCO3
B-aminosilane
KOTs
KHCO4
S decomposition
Rh—Rh=--N_ Rh=Rh=N_ =~ c-e-eece-e-- >
) Troc Troc
\ k o~
Selectivity- ASHE
determining step '1/’
not turn-over Rh—Rh=N_
limiting step Troc
TS

Figure 2-2. Proposed Catalytic Cycle



FINET BB IRREART

ARIZE T DAL ERPFPEREBRETH 5 C-H T ABMEOILE, A pil & ERREOREE R OZN SO
BT RLXF—2% DFT #RICK VR 7= (Figure 2-3), FEHHEDKS KOFHE 2 A FOEI D,
LI-VAFNAY T ralrZ bl RpOAC) €7 /0 E LT, —EEEII HEREOR Y Y AF A
L USERICOW T ENE N OIS REL AT o 72, ZOREER, —ERREOR T AT 4 b L UgE R
D BEDNTOERBIREEIL (AGP =109 keal/mol), =FEHLRAED T U0 AT A b L 88D BIENN T ER
REEL Y HIRWEMILABR T R LY —%2F L TEY (AG/ =13.3 kcal/mol), C-H ffi AE:P& 1T —EIEIRAED
By AFA N UUBEARERE L TEITL WD I EAURIB ST,

ve |*
Si-
77" ~"Me
AG (kcal/mol) ~
M
Rh==N,
Troc
Me
- Me. H 1
20 . ; .
;SG + Rh=N_ ’,&\ Rh—N_ + fs"Me
Mg’ Troc ’,—::_.—\ \\\\\\ Troc V/
ez 10.9 R
i 0.0 =" Y, Sseo
ol singlet :::/ TS \\ ~. —1.5
triplet _3 g N\ Intermediate
) \
Substrate N\
20 + Rh Nitrene Complex
Me Me
Si-
—
00 _Me \ Me
0 | _0-1=0 \ Rh---N_
Rh—Rh \ 'Troc
0=q7 | \ H
0__0O N\
Me Y \ —61.4
-60 Rh = Rhy(OAc —
a ls Me Product

Figure 2-3. DFT Calculation on C-H Insertion Step



—HEAD Y LT A ML UERERBT D C-H AR OEBIREEME 4 Figure 2-4 (27”73, Figure
2-3 I ZHUR LT Y C-H F ARSI W ZAICEITT 228, BRIREBIZH T D N-H-C AT 152°TH V| E
KU K72 A7 57— KO C-N KA TR IEF I 22 T 2RI L 0 AT LTV D Z &R E Tz,
F7o, ERBIRREIZEIT 5 NBO f#iT 217> 72H1, C-Si fi&0 D o*cn WLl ~DE 512 & 2 L b A
EAIIE 4.07 keal/mol 72— 7= (Figure 2-4 (b)), ZAv& bk L C, RFEFZETHD 11-UAF LT a
2 0 C-H i NBEPE DB IRREMEIE 2 BIIRFHE L, [FERIC NBO fiftlr 217> 72 (Figure 2-4 (c)). mRFEFHER
ROBEBRIEEIZ LV SUVEM LA XL —%2FH L TEY (AG/ = 12.9 kcal/mol), C-C fEAD D o*cn
HIE~DOE TG & 52 E BT 2.12 keal/mol THh -7, T D ~OOEBIREER DOIHIELH
B RV ¥ —21E (AAG? = 2.00 kcal/mol), C-Si #5A K&K C-C &G0 5 o*cnBE~DETHEGIZ L 5%
EACFEAER D7 & L < (AAGstablization’ = 1.95 kecal/mol), #LEF AAEIC L 52 ELDZEIERBIRRED
TARLF—HL LTSN TNDEEZEZBND, UEORIRID, U LEKD B NRINLEERVES
BOETHL Z ENKFFENT,

(a) Y (b) Me, {Me (c) Me\c,Me
1
N-H 1.636 A 13
9 9
29 C-H1.145 A H H
- 1 1
g Rh=N_ Rh=N_
) ’ ® Troc Troc
f 9 Q‘ )\ AG* = 10.9 kcal/mol AG* = 12.9 kcal/mol
) ocsi > O*cH occ > O*cH
/N-H-C = 152.6° 4.07 kcal/mol 2.12 kcal/mol

Figure 2-4. Calculated Transition State Structures on C-N Bond Formation Steps
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HIE RIS OFYT

ARIZBN T C-H FHRABRBEN B TRWIZH 20 b 6T, B THNYZE L ITITERED
TNAXRNT T aHWHBUBERDD, ZiUuX, v AT A FUUBEEREREZIC, TAFALTT D C-
H 7 X RIS OMICHEE T DRIBISPFET H 2 L2/ LTS, 22T, 7AF LT 2l
FUT, LR T, 3 RO Z 7 m e N B R LTc i, DR O CHh D 7 mn B
(2K LT C(sp?)-H 7 X /LA HEST L 5 D/ERA R S 7z (Scheme 2-4 (@), FT@AFZEE CTIL7T =Y —1
FADO/RTALRINAIC(spA)-H T X bz L TR B El&Ed 7 m o X8 A2kt LT h[AERD C(sp?)-
H7 I EBEIT LI EEZ 26D, 7o, NV ZF AT =2 =b v T 2 2allxbd 2 St % dE IS ffpT L
ToiT. 3 D3R LT AR T d 5 TrocNH, (6) 23EIRL L T\ 5 Z &3 h->7- (Scheme 2-4 (b)) 6, LL LD
FERED, v PT LT A P UEERITEREMPEETHY . ESIET C-H 7 I /R E /{5 1T m &
DT NFNT T 2 FIVTHSIZHIR T 2 0EE b 5 LI LTz,

(a)

cl 1 (5 mol%) ) cl
K,CO3 (1.5 equiv.)
+ TrocNHOTs >
20°C,12h NHTroc
PhCI (0.05 M) 3 (1.0 equiv.) 5
9% yield
(b)
CzH5 o, C2H5
\ CoHs 1 (5 mol%) \ NHTroc
57 KoCO3 (1.5 equiv.) SN
Y. *  TrocNHOTs > NH + TrocNH,
275 PhCI, 20 °C, 12 h 25
2a (10 equiv.) 3 (1.0 equiv.) 4a 6
72% yield detected by crude 'H NMR

Scheme 2-4. Analysis of Side Reaction
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Y

HONHET BRI AFALTF D CHT I ML

EHFIOSMEDEBWEEEZ WD Z & TRIOGZMHIL, HEEOEBA R THD LEXT, KR
2B TS U VI B AL iR D C-H FEAIISIGHERME L | ARIGETT I bk E 525 2 L v#
HENTWDS—FT (Scheme 2-2 (b)), BB NIRRT A L UBBIRIZE D C-H #ARIGT
X, BRIREENEWIGEEZ R T 2 ERREIN WS BT 22T BNICFA RERIT A v ~=1
LExAT D 20 2GR LEOSEDFIT 21T - 7 (Table 2-1),

fE L FAE T 3ICH L C2YBD L1-P 7 ==y Ty r7uXrZy (2d) 2EHSES L. 716
K 4d 28 88N TH LT, F/o, 1 ¥ED 2d Z HWHATH 4d 1X 60%ICETH LI, 2d BAr Y
U LS A U UBERIZ LD C-H FARISIZR L TRV EZ RO Z E R NhE RoTe, T3 71
~FEF L (28) EHWTEEIE. mUVZEERIEZ - T C-H 7 X /L EIT L 89%ILRTT X /LK
e NELNT-, F12, 11-VT7 = A F A~ raxXr a2y 2f) ZMVESESENERTT I kK 4f
DD, U EORREY | BACEEM 14 Bock e H T2 EEH4 W52 LT, I MKED C-H
FEAE~DOBENERCHT I BN TH D Z L& A L, REEORHEE EK LT,

Table 2-1. Dirhodium-Catalyzed C(sp?)-H Amination of Cyclic Alkylsilanes and Alkylgermanes

1 (5 mol%)
Ph ) K>CO3 (2.0 equiv.) Ph, )n
‘x(j "+ TrocNHOTs L5
PH B PhCI, 20 °C, 12 h NHTroc
2 (2.0 equiv.) 3 (1.0 equiv.) 4
2d: X=Si,n=1 2d: X=Si,n=1
2e:X=8i,n=2 2e: X=8Si,n=2
2f: X=Ge,n=1 2f: X=Ge,n=1
Ph_
Ph‘S| A Y PhGe
P Ph P
NHTroc B NHTroc NHTroc
8804"_ | de af
% yield 89% yield (B:y=25:1) 71% yield

60% yield with 1.0 equiv of 2b

-12 -



BRT AL T U ROBRT VXN T DRISEDEVIZOWTIEL TO XL HIZELEL TWnD
(Figure 2-5), 7 A R+ D pEhERIL, CSiFiA L CHEEANT v F ) 7T F—IIiET 5 Wik KIT 72
Hand B L, HIRMEAEWTHD 2b Tix, VU NVEEE AF VPRI ZR/ET D X 57 v F
AU T TN ET DEENLE L 72 DT, BAL C-H KB ocsi BLED D DOE 5 2 BRI %
J5Z ENHERT, RS EERT EB X BND (Figure2-5(), — 5T, BRIMLAMTH D 2d 1Tk
WTIEEEDNEE SIVTND Z &0 D, BAL C-H B D ocsi BB 6 DOE 5 2517 THEMHEIL S 41,
WG E R LTz EE 2 B5ND (Figure2-5 (b)), DFT 3HEIZ LY 2d O#ET R X —Z MR L= & 2
%, HOMO D HHFERR C-Si f A T BALOE=2 T N U T /UL C-H MR TR > TR Y | KR
RRIZHBWTS BALC-HFEENEEIL SN TWD Z LR ST,

(a)
n-Pr, Si Si
\Si/\ﬁMe __ H @H M)@H
r|7-Pr H H - H H —  H H
Me H
2b stable reactive
acyclic conformer conformer

(b)

Ph : 7\ . H
s = SISy
4

Ph H g H

2d stable and reactive
cyclic conformer

Calculated HOMO (B3PW91/6-31g(d,p))

Figure 2-5. Evaluation of Reactivity of Silacyclopentane

LRI

BV AT A N UEREIREREE 35 2 U VEL B AL C(spd)-H 7 X LD SUSHEREfET 21T 5 & & b
2, BRI AR E2HTHREERARRICBNTEWKISEEZ RSO L2 I L, EEEOKEE = L
7oo ETo. C-HIFFABPEIZDWT DFT GHRIC K DT 21T o 7o . AR OHETIZ C-Si G D
THEENEETHD Z LRI NI

-13-



F=F FINLVRhAEEEZANIF U FIRREOT Y VE BAL Cspd)-HT I /4
B B R L S FH ORI B

T U F AR C(sp?)-H 7 X /GITAENIRA L G & G TE T X v~ & BT D501 72 FIET
HY B RCSTHRIGIZB W TR A e BB R ORI VT2 FERRE S h T2 2, —J7, &
FRIBE T T o FATRPREIIN 2 T E R 2 ST 20BN H Y . ZOWMEFNIIE O D 2,
Davies H1E7 ¥~ FNEEZHT D Rho(S-teptad)s fAE F. R TA I/ 3=V F U 2RBAEIELH LT
AE DR DAL C-HFERICH LT U FABIRIZ C-H 7 X MR EIT 75 2 L2 3E LT
% (Scheme 3-1 (2))2'8, &FH HIF/VT =7 L% L BERAEAE T SESNs 12X L T trans-3-~Ft& 2 /E] &+
HZLT, TUIMLCHRERICH L T=F o FARRMIZC-H T I 2R EITT 52 L 2mELTND
(Scheme 3-1 (b)) 29, 7 U WALIZxT D C-HT X AL TIET AT DT VU DAL BAE LIgdHH, KR
TIX C-H 7 2 JAEERICHEITT 5, LvL, ZhEClicimiE s TE g F=T v F 48R C-
H7 X 7 BIE G EH FTRE R FE N DAL X T UV ML C-HEE S Z ISR E T D 5 DIZR G TV,

- N O——Rh

Y

(a) Davies, 2006 _ _
Rhy(S-tcptad), (2 mol%) NHNos 0—rn
PhI(OAc), (1.5 equiv.) o ( |
+ NosNH,

MgO (2.3 equiv.)

PhCF3,23°C,3h
5.0 equiv 1.0 equiv. 95% vyield, 94% ee

(Nos = 4-NO,-CgH,-S05-) cl

(b) Katsuki, 2013 Q

O\/O
R4 Ru catalyst (4 mol%)

¥ : (9 o4 )
AN Me3Si/\/ Ny —————————— /\/Y Q ArAr Q
NHSES

DCM, 4A MS

-10°C, 24 h
1.3 equiv SESN3; (1.0 equiv.) 61% yield, 94% ee Q Q

Ru catalyst
(Ar =2,6-FCgH3-)

Scheme 3-1. Metal-Catalysed Intermoluculer Asymmetric C(sp?)-H Amination

ZOXIREFROL &L EH TR EEE WD =S U F AR U VL BAL C(spd)-H 7 2 /(LD
SEITH Z &L Uiz, FBHILE EICTRh A WD 2 U VL B ARG C(sp?)-H 7 2/ {kIcBE+ %
WMIREAT S TeD, 7 A ROERLGERCEW~DOEANZER L, A%z ) o FARREBUE~ & R
THZLT, TIAXLLTUNLEERFEET 2 V28T 5 IR E TICARAVWS FERLEA R TE
% &3 2. 7= (Scheme 3-2),

R' chiral Rh cat. " _R'
R3Si/\r - e R3Si/\r
H TrocNHOTs NHTroc

Scheme 3-2. Intermolecular Asymmetric C-H Amination at § Position of Silicon
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BE ARG

REM 2B OARFE Rh S5 RE LT, 71 U U HSROEML T % F#D Rhy(S-dosp)s (7)222, 7 1 7'n
XTI D BN T % £ Rho(S-btpep)a (8) 222, tert-v2 A o 1 H SR DEL % £ Rha(S-pttl)s (9) 22¢ % T,
TrocNHOTs (3) &7 A L i e T 2K IS DOMET 21T~ 7= (Table 3-1), VU /LKL B (ZIZH—#%k C-H
fEaERb, TaXINTARIRFEAT D 29 wHWTEHGE, M 7 TIIRISHEITET (entry 2), il
B8 /1T 9 WG ET R MUK 4g RO, = U FABIRMEORBITIZ E A E A LD
-7- (entries 3and 4), = Z T, T U BAH FRFEIC C-HEAZAT HEEOBmMNERRT-, 7=
=AM TRELNTT 20 IV R LD S ER TR > Tnbd EF 2 bbb (Table2-1), >V
NIE EDOSHREENNSWT U= AP AF LT ey T 2 2h IZOW TG % 34 L 72, Rha(tpa)s (1)
FAETF, 3Tk LT L5 Y&ED 2h ZEH 2 & 39%IRTT X /{kik 4h NG54, BEEY 2h 23+
DIRUCMEZ A L TWD Z &g -o72 (entry 5), Fli~ il 2 ket L 7o 2R, il 9 2 HW =8 E1c7
2 ALK 4h 23 48%INHE, 31% ee T HAIL, v U VK BALE HRFEIC C-H G 2RO EN =) T
AR C-H 7 2 /KIZiE L TV D ATREMEDSV RIZ S A7z (entry 8), £ 2T, mWISHEZA L TR |
B2 H R E OIRWBRIR T L Lv s T 2 2d % AV CRE A OffE 2 Bt L7, Al 9 2 W i=5aic 7 2
JABAR 4d 73 90%UXEE, 50% ee TIF HAL7- (entry 12, #EXHEL &1L AR E),

Table 3-1. Initial Attempt of Asymmetric Primary or Secondary C-H Amination

Rh catalyst (5 mol%)

R R* K,COj3 (2.0 equiv.) R R4
R;.SII/\B/ + TrocNHOTs > 2\‘S|I
R PhCI, 20 °C,12h R g3 NHTroc
2 (1.5-10 equiv.) 3 (1.0 equiv.) 4
entry substrate (2) product (4) Rh catalyst yield ee
Me, Me_ «
1 5N \Si/\/NHTroc 1 51% . —
2 /©/ ) /©/ ) 7 no reaction
3 F F 8 27% 0%
4 2g (10 equiv.) 4g 9 46% 2%
""""""""""" Me, T g, T
5 5N Me, _ - 1 39% .
6 /©/ Me S"’;D/ 7 no reaction
7 . NHTroc 8 20% -3%
8 2h (1.5equiv)  © 4h 9 48% 31%
9 1 88% —
10 Ph\SG Ph\Si 7 no reaction
7/ / *
11 Ph Ph NHTroc 8 76% 10%
12 2d (2.0 equiv.) 4d 9 90% 50%
T [t [ St
Ph fe)
N_o OTRn O—Rh N  O—Rh
o °
R Ja Br Ja Ja
Rhy(S-dosp), (7) Rhy(S-btpcp), (8) Rhy(S-pttl)4 (9)
R =Cq2Hps

-15-



—Hi

PGSt D Ak

fibltt 9 OIEIERRZIRE VT, 2d O=F > F AR T 2 /{LOBET 21T -7 (Table 3-2),

T H = o F LI TEB ST Rhy(S-ptad)s (10) 24 % V7354
t-Bu B D N | 7I%Nﬁﬁk§%ﬂbt%ﬁllmmﬂw¢o
WTILDOGE B K R F o FABIRPEDOIR T2 H 72 (entries 2-5),

T 7 Ha A VR RO 15-17 20 2 i D & = o FAEIRPEA A L (entries 6-8), Miller 512 &
(27 X JABAK 4d 75 93%ILER, 60% ee Lk b R\ T F

(entryl), 7% mA VI I
WTHRRET 2T > 7225,

- THA%E 7= Rh(S-nttl)s (16) &AW -54

FERMETH O (entry 7).

Table 3-2. Catalyst Screening for Asymmetic C-H Amination of 2d

Rh catatyst (5 mol%)

=) T AR DME TR

ha(s tppttl)4 (14)

Rhy(S-bpttl), (15)

ha(s nttl), (16)

-16 -

ha(s -4-Br-ptl), (17)

Ph, KoCO3 (2.0 equiv.) 5
SG + TrocNHOTs > o L
P B PhCI, 20 °C, 12 h NHTroc
2d (2.0 equiv.) 3 (1.0 equiv.) 4d
entry Rh catalyst yield ee
1 10 83% 47%
2 11 63% 45%
3 12 53% 32%
4 13 76% 29%
5 14 27% 40%
6 15 88% 56%
7 16 93% 60% |
8 17 95% 59%
o —Rh o —Rh O—-Rh
g—rn ( ( I X—« |
(| O—Rh O—Rh 0——Rh
O—Rh
t-Bu
Ja 14 Ja 14
ha(s ptad), (10) Rh2(34tBu pttl), (11) RhZSthttI4(12) ha(StfpttI)4 (13)
O—Rh o —Rh O—Rh
o —Rh
~ T e fadle adie T
O——Rh F 0—Rh o LRh >.— o Rh
da O Ja py Ja



TS U FABIRMEO L E BRI L LT, AL 16 2 BV CRIGSEORE 21T 572 (Table3-3), &/ 8
PR Th LY run A2 0T v rsunz i v EAND L oS o F BRI I R L
HODIRDILT Z 472 (entries 2 and 3), N B0 b 7adm bz Ve aids me
YR UERWTZER L R OIUE R R o F A ERNE TG HEIT L 72 (entries 4 and 5), K~ F /1%
W8GR, = v FABRPEI T L7z (entry6), F7-, HJEE U CEE D U U A0 v
U L AW E S NASERIRVEO [ X R S o 72 (entries 7 and 8), LA EDRKETE V. B O
FRIPIGE DT F o F RNV R E R B E 2 W2 EVRIRENT-, £, 7 na XU ¥ L §1-20°C
TORIE SRR LT2S PEROKIERME T 2 & = o F BRI 0 LT 5128 £ -7 (entry
9),

Table 3-3. Effects of Solvents, Bases and Temperature on Enantioselectivity of Asymmetric C-H Amination

16 (5 mol%)

Ph_ base (2.0 equiv.) Ph\S.
SG +  TrocNHOTs N
PH B solvent, temp., 12 h NHTroc
2d (2.0 equiv.) 3 (1.0 equiv.) 4d
entry solvent base temp. yield ee
1 PhCl K,CO;4 20°C 93% 60%
2 CH,Cl, K,CO;4 20 °C 66% 64%
3 (CHCl,), K,CO;4 20°C 59% 67%
4 benzene K,CO4 20°C 90% 63%
5 PhCF; K,CO;4 20 °C 94% 62%
6 AcOEt K,CO;4 20°C 76% 52%
7 benzene KOAc 20 °C 80% 61%
8 benzene Cs,CO; 20°C 99% 62%
9 PhCl K,CO4 =20 °C 26% 67%
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Wiz, a7 2 2{EFIC OV CTiFt 21T -7 (Table 3-4), 1,1,1-h U 7 vFa=F /L —/ A — |
(18) . 1,11-h U T mEZTF A=A — b (19) ZHW25E 1L TrocNHOTs (3) 2 W oima &[R4
DxF U FABEPRNET C-H T X /b3 EIT L7z, £72.BocNHOTs (20) % W\ 23S IS S EI TH,
Lebel 5 D|MEITH D X I ITHFHNIEPER L TEIT LI b D LE X HLd 19, DuBois b O &%
Z1Z.ToesNH; (21) & PhI(OAC) # W TR TA 2 7 38—V F U ZAREE 52 TORIS HIRATH 10
T FAEPWEITHEE IR T L, =" A— MUERS 7 o FARIREORBUCEE TH D Z L
TRMEE T,

Table 3-4. Effects of Aminating Reagents on Enantioselectivity of Asymmetric C-H Amination

16 (5 mol%)

Ph_ KoCO3 (2.0 equiv.) Ph\S.

sO +  Aminating Reagent > pH ' 4
PH B benzene, 20 °C, 12 h NHPG
2d (2.0 equiv.) 18-21 (1.0 equiv.) 22-25
(0] (0] j\ (0] Q.0
W\
amination reagent F3C/\OJ\H’OTS Brac/\O)LH’OTS OJ\H,OTS C|3C/\O/S\NH2
18 19 20 21
results 76% yield, 58% ee 94% yield, 61% ee not detected 78% yield, 3% ee?

#PhI(OAc), (1.5 equiv.) was used instead of K,CO5

UL IEE O BET

IV AP U RNV s a e 2 Ot T AR C-H TR ALORE ETT o 72, fil
BE16 FFAE R, XU Brh T3y Iy ra~ttr 2e ZEASES L, CH T 2 /{kiE B AORIRAYIC
HEIT L (B:y= 10:1), 4e % 94%IU=E, 58% ee TH -z 7= (Scheme 3-3 (@), 7=, Fi~i 7 maX X 2f
ZHWSE S C-H 7 X 1kl iﬁljiﬂ“o)i*i‘/-?ﬁ RPUECTHETT L, 4f 7% 84%IU =K, 58% ee CTFHiL7-
(Scheme 3-3 (b)), DL EDOFER KV | 14 TR ARNICAH T 2 EEITK LT, FREDT o F A @R
ZEWEIGRET C-H 7 X/ kA ?ﬁé:&ﬁ%%#&@oko

(a) 16 (5 mol%)
Ph, Ko,CO3 (2.0 equiv.) Ph,
Si Yy o+ TrocNHOTs Si v
P CB benzene, 20 °C,12h  PK
i
2e (2.0 equiv.) 3 (1.0 equiv.) 4e NHTroC
94% vyield, 58% ee (B:y = 10:1)
(b) 16 (5 mol%)
Ph. K,CO; (2.0 equiv.) Ph~G
G@ + TrocNHOTs > PH & *
PH B benzene, 20 °C, 12 h NHTroc
2f (2.0 equiv.) 3 (1.0 equiv.) 4f

84% vyield, 58% ee

Scheme 3-3. Asymmetric C-H Amination of Silacyclohexane 2e and Germacyclopentane 2f
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T

BHFS L7 U LIE B ASERINEY C(spd)-H 7 X /LD RS A~DIEB ATV, T AL T v OE
RNFAENET X ) T U~ DEBEFER LT, A v DU L TR A WD Z LT BT A
REATLEEITKT D C(sp®)-H 7 I 7 1bDs, @O NLEERIRYEZ MR8 & FPRREE O R F IR T T
éo
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BNE FEBERRMICLD o-MFF 11-UT7 V=V AFNLT IV ORFENFME
i WFETY R LB E OWIESTE

HFEETT V=N A F VHITEIERBICEZ S EENLIHHETH Y 2, R ARFEIEDORIIX
AIFRALRIC BT 2 EEARMEO—2>THDH 2, TOMEEIL 3 2lTKl&n, 7T e RERT VKA
2 NTKT B REAINSS (Scheme 4-1 (a)) 2, 7 R ROV F R U OARFKRELE WD Z L TRFAIEE
T V=V AT HHOAR RN ER ST E 72 (Scheme 4-1 (b)) %8, —J5, T TITH =72 FikimE LT,
FEBRBEREZMNED o-xdTT V= A F U ALEM O R IEF PRI E STV %
(Scheme 4-1 (c)) 2%,

(a) Addition to Aldehydes and Aldimines
X XH

|
Y [M] or Bronsted Acid
R + Ro

X=0,N Y = H, Bpin, Br efc.

%
W

(b) Hydrogenation of Ketones and Ketimines

X XH
M], H
X=0,N
(c) Desymmetrization via C-H Functionalization
X
M] or Organocatalyst
C-H Activation or

X =C, 0, N efc. Electrophilic Aromatic Substitution

Scheme 4-1. Synthetic Approaches toward Optically Active Diarylmethines

2013 4, YU BIIRNT VU L ERHWE o- R TV — VA F LT I O F ARG C-H 3 v
{bZ#HE L T 5 (Scheme 4-2) 88, 7o & J VIRFBICHEAE L7 A LA T 2 ROENMERS M AL E L CE)
{2 LT, TFEOAN ML C-HFEART I /BEY T ROXZ VT 4 KM L CTxF v FABIRIITTE
ML SN Tote, RFE-IUVEBEVERTLEZE20ND, ZOWEEZZUIVIZ, BBERIZED C-HIE
PALZERD xR T U — L AF T I ORFIEIPMEDN L EHE S L7203 2128 Fh EO5E ROG A
X7 0 X ZVREEE TH DAV MIZIRHATE Y . £ 0 ZER B RO 2 28 7 7 ik O B s
DROHATND

CF3;
Q Nd—ocs

4 noH

f BzHN CO,H (40 mol%) f wl O e

Me HN” Me ° Me HN Me H = &

Pd(OAc), (10 mol%) NP, A
CsOAc (3.0 equiv. H e, Me
SA® — A,
I, (3.0 equiv.), DMSO (15 equiv.)

t-amyl-OH, 30 °C, 48 h 80% yleld 98% ee Proposed intermediate

Scheme 4-2. Metal-Catalyzed Desymmetrization via C-H Activation Pathway
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BTEEHFRO T ACTHIN R T FEROBMIETH Y 3L A T2 AWz e 7 Amk
(2 X DHARF ORIEENS 2 E TIZBR SN TE 72 32 Miller 5137 F Rtz VW - BEBIC L D%
FINET V=LA DA EHE LT 5 (Scheme4-3(@))%2, RIBETHEBICTELTHET YV —
EETHR L TRTF RAMEAFAE R N-7 a7 %L1 2 K (NBP) 2{Ef&ED L, 7=/ —/LEBROR
FIZ LV BRYEE R T OBINEZ Y, = F T AERMICE TV — b am»nEond, Kb
WU R A W o R E T Y — b A D =) o F AR R FE LA A LTV D (Scheme 4-3
(b)) 326, BFHRAIFEICL D U UEEAREN TR REIEMEARE S LU CfiiE . YL AT gL LT NBP %1%
MAbT 2L iz, TV ATy RERE LTT =/ — )V ETEMEAL T 28608 2 25 K OGHE O E 2> 5
ELTWD, REGIZERENT X 2 LT iEZ2 W REBIC L2707 U —baWE
A& A LTV b (Scheme 4-3 (c)) 3, B F &2 AT 254 V% 7 U N-AF ¥ Rickt Lfﬁﬂﬁ%ﬁ“? N-
TaETE T IR (NBA) #EASE2 2 & CEINEARMEFESENICL Y =) FARIRIC
V=L &M BE L5,

(a) Dynamic Kinetic Resolution via Peptide-Catalyzed Bromination (Miller, 2010)
O
O catalyst (10 mol%) O CH
CO.H NBP (3.0 equiv.) CO,H HN
om 144 B Br _>—NMe2
O CHCly/acetone (97/3), 25 °C, 18 h O Me,N
OH OH

o
() Br catalyst
80% yield, 94% ee

f»

(b) Desymmetrization/Kinetic Resolution via Phosphoric Acid-Catalyzed Bromination (Akiyama, 2013)
Br Ar
O catalyst (10 mol%) O ‘O
HO OH NBP (1.0 equiv.) HO OH o 0
Me© O OMe  DCMitoluene (1), -25°C, 05h MO ‘ oMe

97% vyield, 93% ee catalyst
Ar = 9-anthracenyl

(c) Dynamic Kinetic Resolution via Amino Urea-Catalyzed Bromination (Matsubara, 2015)

catalyst (10 mol%)
NBA (3.0 equiv.)

THF, 0°C,6h

. catalyst
99% yield, 99% ee Ar = 3,5-(CF3),-CgHj-

Scheme 4-3. Precedents of Organocatalytic Enantioselective Halogenation of Biaryl Compounds

L L, AFNE T LIS X D8ARF ORI Z M ER 1 55 —T7 T, ZODHEEROMIZT v ¥
FNVIRFEHT D o-RRTT U=V AF RO TS F AR 1 7 A OB 1 TR R E L 50D THE
MIFNTREED 2230, 61T V= AF HIL, RENRMAFT 2/ T 2IemTH L7 U —ik
B LB L TREEHENEGS, 7uax 7 APLnb LV ESICMISRERT 2, £0H, S
HDAFHGHETH 5, SOSRUE O SARIEF I EE DS SAFBMB B NEETH 2 Z L HER SN D (Figure
4-1)%,
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(a) Racemic/Prochiral Biaryls (b) Prochiral Biarylmethines

OH R OH
1 O : Reactive Site
) -- : Prochira/Chiral Centre
Relatively Distal
Figure 4-1. Racemic/Prochiral Substrates for Asymmetric Bromination
FEFEACT AL D o-xfFRT T U — L A F ALEW DA IERIFMEITE EHIIZ L - T

BOSHALEDHIENE S TH Y | fit B> 7V o TSl :ct«3'CHxD+£Kﬂ%7fé?F§iﬁi?$§ﬁ% DATREZR LT
WS 720y PR L W R D, MMr%im7?F%ﬁ%ﬁwtcﬂﬁ77J~w%%w7 DTS
F AR RFLZ A LT D (Schemed-4 (a)) 22, HEDE /LT I FE & flEE R DK EREAIC
LV, pro-RMD 7 = 7 — )L HNBRIREICIEMEAL S H, @Jﬁsé@foﬁﬁ% HNEZ D LB I TS, 2020
FYeung HIXT 2 U LT EE AW T F LD T U =L A X DARFIESFME & A L= (Scheme 4-
4 (b))%, AFITIE, t-7 FNIEDNARFEE KON, il — E R OKBREAIT L » T, =) F AR
N2 C RSB (AL MD)OFIENC BRI LTS, WP OBAEIZI T b il — BB o KRS 23
T U FABIRERBOETH 5 LIRB SN TEY |, Al X 5 E O 7Bk S < R EH GRS
D o-RIARTT U =N AF DTS o F AR 1 7 ACICAE R T D AR R ST D,

(a) Peptide-Catalyzed Enantioselective Bromination (Miller, 2017)

O
O...(/ <
N HN=
o}
MezN (@) HN Ph

t-Bu NQ
/& Boc H o
(0] HN O O

N O O Nid NBS (1.35 equiv.) O
Ph Ph > P
HO OH Toluene/CHCl; (2/1), =50 °C, 48 h MeO OMe

66% yield, 90% ee

t-Bu

(b) Amino-Urea Catalyzed Enantioselective Bromination (Yeung, 2020)

FaC. 0 Q
NH N
NH O

OH OH ’ OQ O OH\I/ OH

(5 mol%) Br
O O NBS (1.05 equiv.) O O
Toluene/CCly (4/1), 4A MS

-78°C,5d

92% vyield, 99% ee

Scheme 4-4. Enantioselective Bromination of Diarylmethines via Electrophilic-Aromatic-Substitution
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EHXHOIBMRETIZAERY Y Y Py (PPY) ZREEH & T 5 50 TR AR IZAME 2 iz, 7
Jb 3 — AFHEARONLERIR T > b 2885 LT\ % (Scheme 4-5 () 34, ASKSOSTED BV 6 (L8 —#k
KEEEDUBHT X VBEOT I RANVR=NVILEKFFEEGT D2 &T L0 IGTEDIR 4 (7585 ZHokKiz
FEPPOS RIS L, b @Rﬁwkﬁ%#otu%ER%7/wM# ETTHEMELTND
(Scheme 4-5 (b)), AiEZEIHE LT, IS X 50 Filika SE & L7cfix DR Y F— /L ONE SRR
TP ERR ST E T %,

(a) o

CgH470 OCsH17

(10 mol%)
4 OH (i-PrC0),0 (1.1 equw)

4 OH
HO collidine (1.5 equiv.) i-PrcO0O
HO och17 > HO OCgHq7
oH CHCl3, —20 °C, 24 h OH

98% yield, 99% selectivity

(b) Proposed Mechanism _
0. OCgH17 ¥

Scheme 4-5. Organocatalytic Regioselective Acylation of Glucose Derivative

Bli@jﬁ”%%ﬁj‘iz EHIFTBAIIEE TR SNt 2 7' L v ATy REEEEME L L THWS 2
ET, FEBERFICED oY T V=L AF LT 2 ORFIEAFALNATRE TId ARV E E 27
(Scheme 4-6), 7 =/ — /LR ORZAILKR LT I RE WS T2 EBOMEIET 0 b o 280842 Vw5 2 L Tt
& FENKRFBREA N LEBIERE SR AR L, Z 20T v F 4 My 7 e FHRNIENFME S
NTxF o FAEIRP AT 2 & WIFF L7z,

(a)
OH NHNsOH OH NHNsOH
PPY cat., Br Source

R R - R R
O O Enantiotopic Group Selective Bromination O O

Based on Molecular Recognition
Ns = 2-N02-CBH4-SOZ-

(a) Working Hypothesis

Br

0_7/008H17 7] i
HN—,
R
O. HN = Ns
_QO z\ N sy
CgH470 N,
— *H-O.
HN Q OH
R \s Br

Scheme 4-6. Target Reaction and Working Hypothesis
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BE RUSSRMF ORI L

TOoDT =2 )= NVBREATD oY T V=L AFT I 26a BRE L LT, Fx OMISEEE FE
OfEIC X D ARFIEMFME ORI 21T > 7= (Table 4-1), B-7F 7 F VT T = U FHERE QI A T 5 fillit
29 F(ER, 7 AL Lh-20°CICB VT N-FBEZZ A 3 F (NBS) ZAEH &2 2 A, BT
5E ) RBMK, VERBRKRORENUFEERSBERECH > 727e, 7= /) — D7 v F A% BB
AT o T, ZORER, £ BHEIK 27a 23 38%IHE, 81% ee T H AL, PPY Alfilifif7s 26a D =F 1 F
TRIRRFCICHEDN TH D Z L AREBENT- (entry 1), e\ T 29 D27 25 L A~ —fililiit 30 <0,

MU TR T 7 USRS T S Al 31 35 K OWREE 32 I OW T R E T o 7oA R (entries 2—4),
ikt 31 Z WA IR b B o F @Rt ) REMEREOND Z L& R L7 (entry 3,
A7T%IH, 94%ee), — 7T, n-~F AT I PG L AT Dl 33 2 W58 1T=F o FAERMED
KTFEZHE, 7 I BAES = o F AR RBUCEE CThH H Z L3 bhro 7z (entry5), E£7-. filifit
31 DA v R—IVEREF & A F /UL LT-filll 34 2 AW =356, =0 o F BRI ENCE T2 Ic8 £
V. A4 F=VNHIZ=F o FABRRERBUCRE S HFLHE L TWRNWZ ERH BN LR ST (entry 6),

Table 4-1. Catalyst Screening for Asymmetric Bromination of 26a

OH NHNsOH OAc NHNsOAc OAc NHNsOAc
Me Me 1. catatyst (20 mol%), NBS (1.15 equiv.) Me . Me Me Me
O O CHCI3 (0.01 M), —20 °C, 3 h O O O O
> +
26a 2. Ac,0, DMAP L L L
(Ns = 2-NO,-CgH4-SO,-) 27a 28a

entry catalyst 27a* ee of 27a 28a? 26a-diAc?

1 29 38% 81% 43% 25%

2 30 41% 88% 26% 32%

3 31 47% 94% 34% 12%

4 32 32% -50% 32% 35%

5 33 24% 47% 48% 26%

6 34 43% 90% 26% 23%

2Yield was determined by 'H NMR using 1,3-dinitrobenzene as an internal standard.

Q H H Q Q H H

RN_S S NR S N_S S NS
Y "OCgH47 CaH170)j\_-/ \[r % OCgH17 CgH470 r N \:)Locan
O s [e) e} =
| N AN S
P |
J ) " (J

30



Bb BWE S U FATRIRNME 2 7R U7 fildle 31 2 FH W CTRUB S 2 A L7 (Table 4-2), #1012 R FLA
DOWFTEIT> 72, NBP ZH Wi AaidmF o F AR IRMENENIR T DI E-72—F T (entry 2),
NBA X 1,3-V7 BE55VAF /LA b A (DBDMH) % FV 4513 F o F A58 IRME O BEE 724
TZ#HE (entries3and4), EFLHIOHEEN REFEICHEL G 25 LRy olo, VT, EEOR
AEITo T, BRI CH LY 7 un 2 2 T, = U F AR LR F L2 o0, (KK L
LCEW\WT T F A SR TE j% BRI NT- (entry5), xf L C. @R EE CH 5 THF <° DMF
HCRIGEITY LB/ BREMKITIZET B IERE L TELND DAL TH -7 (entries 6 and 7), Z4L5HD
PRI R Zliﬁﬂilﬁ‘;ﬁvkﬂan‘*/\% L7 FHAEAERIC & 0 B 2R3 IR L =) v T AR RSl &
NHEVWIEIERET D, 7o, HEOREZ 0.005M £ THDIZHA, DEEL T T o F A BPEN
HEZm E L7 (entry 8),

Table 4-2. Effects of Brominationg Reagents and Solvent on Enantioselectivity of Asymmetric Bromination

e
s
N.S
CgH170 ‘ N \:)LOCBHW
BN =
i Z
OH NHNsOH OAc NHNsOAc OAc NHNsOAc
Me 1.31 (20 mol%), Br source (1.15 equiv.) Me . Me Me Me
O O solvent (0.01 M), =20 °C, 3 h O O . O O
2. Ac,O, DMAP
Br r Br
27a 28a
entry Br source solvent 27a? ee of 27a 28a? 26a-diAc?

1 NBS CHCl,4 47% 94% 34% 12%

2 NBP CHCl, 47% 87% 15% 26%

3 NBA CHCl,4 24% 2% 10% 23%

4 DBDMH? CHCl, 1% 38% <5% 74%

5 NBS DCM 50% 83% 22% 20%

6 NBS THF 40% 2% 17% 35%

7 NBS DMF 41% 1% 39% 19%

8 NBS CHCL;¢ 58% 96% 26% 14%

Yield was determined by 'H NMR using 1,3-dinitrobenzene as an internal standard. °0.6 equiv. €0.005 M.

O O Br
2 N
o
E‘éN—Br ©::N—Br )LN,Br i?
H N,
0 0 o Br
NBS NBP NBA DBDMH
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BT, BHEEORHERORFIZ1T -7 (Table 4-3), ZH{E#KL L LT Ns (2-nitrobenzenesulfonyl) &
D14V 1Z Nos (4-nitrobenzenesulfonyl) &4 FFOFLE 26b ZH 5 &, = v FARPRMEIIRE KT L
72 (27b), F7=. Ts FAFFOIE 26c X° Bz 52 F2 26d 2 WV 728/ b =) o F AR T BEE 1K T
L7z (27¢,27d), ZHODFEENS, 2-= F X PBr 2R T I PRGN R IR 2 1 8 %
R LTWAHZ ERnbhrol,

Table 4-3. Effects of Protecting Group of Nitrogen on Enantioselectivity of Asymmetric Bromination

PG PG
OH HN OH OAc HN OAc

1. 31 (20 mol%), NBS (1.15 equiv.)

Me Me . ) . . Me . Me
O O CHCl, (0.005 M), —20 °C, 3 h O O

2. Ac,0, DMAP
26a: PG = Ns 27a:PG=Ns Br

b: PG = Nos b: PG = Nos

c:PG=Ts c:PG=Ts

d: PG =Bz d: PG =Bz

OAcHN~ s OAc HN” OS OAc OAc HN OAcHN~ Z
WOOW Wﬁome WOOW WOOW
27a 27b 27¢ 27d

57% yield, 94% ee 33% yield, 37% ee 27% yield, 33% ee 43% yield, 15% ee
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Sofee — S

Hf ARE oS

AET Cleafb L7284 T (Table 4-2, entry 8), FE — O Mgt 21T > 7= (Table4-4), 7 =/ —
VA ML E BN T LS VR A B U B Sk L Ch BB m T v F RN HET T L i-Pr J&
ZEF O 26e Z WA ) BFELIK 27e 23 54%INER, 96% ee TIEHOMNT-, F7-. t-BukAZEAL
7o FH 26f Z WA 3R BV U F A SRR T 2 RE(IR 27 235 BT (48%IIX 3, 98% ee).
Ph &2 FFORVHE 269 & FIW 256 13E / RBMK 279 A3 = o F AR OIR R < F D7z (T7%
IHE, 97%ee), BTG TH D MeO HAFFDIE 26h & FW o6 & RBMILMIVRICHEIT L. 66%UX
F.90% ee TE/ BB/IKR 2Th BELNT, 7=/ — VAV MIOBEBFEO KNI D 53, filitic X
DR FHENFEBLCTE T,

Table 4-4. Scope of Substarte for Asymmetric Bromination

OH NHNsOH

el

OAc NHNsOAc

S

1. 31 (20 mol%), NBS (1.15 equiv.)
CHCI3 (0.005 M), =20 °C, 3 h

o8 o8

\

2. Ac,0, DMAP
26a: R = Me 27a:R=Me Br
e:R=/-Pr e:R=/-Pr
f:R =t-Bu f:R=1tBu
g:R=Ph g:R=Ph
h: R = OMe h: R = OMe

OAc NHNsOAc
Me“ l*lMe
Br
27a
57% yield, 94% ee

OAc NHNsOAc
Br

27¢g
77% yield, 97% ee

OAc NHNsOAc OAc NHNsOAc

i-Prli-Pr t-BuW l*l t-Bu
Br Br

27e 27f
54% yield, 96% ee 48% yield, 98% ee

OAc NHNsOAc

Meo\‘)\‘/ C*QOMQ
Br

27h
66% yield, 90% ee
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IR BOUSHERERRT
—IH BRI LB O MGE

ARFRIT 75?%5%@%&%% IOWTHIRE DL @fz@)yim&%ﬁﬁﬁ%ﬁoto AR XML
IZBWTIE, REORFIIC LD RFIERPMEITINZ T, £/ REMERORF IO CHRERES
SEBEZVED, £ “C%/% b7z (1)-35 #HE & L CHlE R E’J;‘nﬁﬁﬁa\%ll@ﬂ Ze i L7z
(Scheme 4-7 (), ()-35 (2% L CAilf 31 7£4E T, 0.58 24 & NBS Z1EA &85 &, £/ BRF#ELIK 279 28
54%UIL3E, 64% ee THIX S Fv, FFREE OBIME CHE R EF DRI ETT L Z N LNER ST (s
i 13.5), F7-, @BRENIEONT-F v FA~—I%, 26g ZHE L L TARFIEAPMLEZITo B ERIL T
Holz, REERLY ARG TIX— BB ORFBALTARFIEIFMEN L Z o721, “EEFER ORFL Tl
FEADEFSEINE Z Y . ~A TR U F A~ = OB R BN EITT D 2 & TR RN
B, MmOz FARRETE  BRIBER GO E B 2 55 (Scheme 4-7 (D)),

(a) Estimation of Kinetic Resolution in Dibromination Step

OH NHNsOH OAc NHNsOAc OAc NHNsOAc
ph  1.31(20 mol%), NBS (0.58 eq.)

Ph Ph Ph Ph Ph
O O CHCl; (0.005 M), =20 °C, 3 h O * O O O
- +
2. Ac,0, DMAP
(£)-35 Br 279 Br Br 28g Br
m 54% recovered, 64% ee 46% yield

(b) Enantioenriched Monobromide Obtained by Desymmetrization/Kinetic Resolution Seaquence

fast i slow
monobromide _ SOW
major enantiomer '
. desymmetrization . kinetic resolution . .
bisphenol _ > dibromide
'
: slow ) fast
1....p= Monobromide
minor enantiomer

Scheme 4-7. Effect of Kinetic Resolution in Bromination of Monobromide and Possible Stereochemical Paths
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I AR OIRE

DMAP (2L 57 = /) —VORFBILOHE L LTIL, DMAP N7 LU ATy RIERE LT =/ — L%
TEMEAL T D16 & (Figure4-2 (a)). DMAP 23)L A AHHE L CNBS & 6T 5 2 & TEIEER 7 eE=
U LAFENAERM L, BRFEERET HHEENRE 2 5D (Figure 4-2 (b))%, =2 T, ARISIZBITS 310
fil AR AR E T D < fc?“/vmaﬁ}: L CHi~ OFE 885 ER % M\ 7= DMAP filitic X 5 R#E(LD
it 217 > 72 (Scheme 4-8), F&tE~7' 1 k1 ZFRil- 720 HVH 36 D RFKIZIWTIZ, DMAP OEIND &
HWE DK T2z (Scheme 4-8 (a)), DMAP & NBS 232 HH CAEMEZRAMIMAZ T 5 2 & T BUG
MDIHE SN EB 2T % KR T im/£r$7 2E=T AEITEMR L THWRWNWZ EBRHLNE RS T,
— 5T, BT e N R ROIVE 38 ORFLIZE W TiZ, DMAP OFRINC X 0 RS2 BEE N S 7z
(Scheme 4-8 (b)), E&ME~' v k> &R oHE % b D 7% DMAP 2N 25 Z &L 2vbH, DMAP (Z7 L
ATy RERE LTEIK 2 & CREFEMEMBEL TR Y | il 31 LRERICT Lo AT o REHSflE L LT
BTV D SRR T 72,

(a) Bronsted Base Catalysis

O
V)
N—Br @—OHIIIIIIIIN/ \ N/
U — \
(¢}

t

(b) Lewis Base Catalysis

0 0 0
E:EN—Br + NN N< = E‘EN—Br"“N/ \ N< s <§N® Br—N/\i>=N<®
o] o) o)

halogen bond adduct separated ion pair
inactive highly reactive

Figure 4-2. Possible Catalytic Modes of DMAP

(a) Bromination of 1,2,4-Trimethoxybenzene

w or w/o DMAP (20 mol%)

MeO OMe  NBS (1.15 equiv.) _ Meo OMe y  DMAP :16% yield
e = w/o DMAP :37% yield
MeO CDCl3 (0.02 M), 20°C, 30 min . Br

36 37

(b) Bromination of 2,6-Xylenol
OH

OH w or w/o DMAP (20 mol%) Me Me
Me Me NBS (1.15 equiv.) o w  DMAP :29% yield
CHCls (0.01 M), =50 °C, 5 min w/o DMAP : 0% yield
Br

Scheme 4-8. Mechanistic Insight of DMAP-Catalysed Bromination
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HIH RERET 0 DR

AR CTIEflE 31 NIEE 2 KERBAICL VL, = v F AR RB 2 TS E TV D LT
SNbl=, KEMRMET = I\/O)Eﬁiﬂ%ﬂf{ﬁﬁ L7 (Scheme4-9), Ns 7 X RDEEFHE % A Tk L7= I/ 26i
ERHWD E, Honi-E ) BEMER271HTIFIET T IR TH -7 (Scheme 4-9 (a)) Fo. AFO7 =
— WKL Z T B F UL LT YE (£)-40 %?:Fﬁb\fﬁﬂﬁi LAFAE T BRFUIT & Dl ERRIDL 0 & 41T
STFER, Z 0 s HIXfEN 2.0 TH -7 (Scheme 4-9 (b)), LLEDFER LY. NHNs LT =/ —)LD
AT 07T m brOnWThb PN o FARFERBUCKATH L Z LR oT,

(a) Effect of NHNs Group

Me«  .Ns Meq, .Ns

N~
o OH OH by, 1-31(20 mol%), NBS (1.15 q) o o
O O CHCl; (0.005 M), —20 °C, 3 h O * O
2. Ac,0, DMAP

26i 27i Br
22% yield, 1% ee

(b) Effect of Phenols

OAc NHNsOH OAc NHNsOAc OAc NHNsOAc
1. 31 (20 mol%), NBS (0.58 eq.)

Ph\‘)\‘/Ph Ph Ph Ph Ph
O O CHCIy (0.005 M), -20°C, 3h
.

2. Ac,0, DMAP

~ 26g-diAc
s§=20 23% yleld 24% ee 77% yield

Scheme 4-9. Effects of Acidic Protons of Substrate on Asymmetric Bromination
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SEUUIH kil — SR U ARAT

fil i — IEE RO BAERNZ W THIR 2452 2512, il 31  OEE 26a DIREGIAIRD HNMR JIE 2
1T> 7= (Figure 4-3), A 26a HkD Y 7 F/MIZERT D &, 26a B TIZ 20D Ha RHELE LD A F
IVIRITEAMRICBI S L5 03, 31 & 26a DIRATRIKIZZ IO BNIEEAM /2 “ Mo v —27 & LTl S i, 26a
DZDDT7 = ) —VEBRNPIERFMEENTWD Z RN ghote, Fio, M 3L Bk 7 FNVICERT D
&L RATRIEF TIX PPY EAEL D7 1 k> (Hb, He, HA)Z DWW CHEE A Bl o 7 b MBIl S vz,
PLEDOFERMN S, FE SN 5 bl — B E S RO E % Figure 4-4 [k L7z, il 31 o) VB L
BORITOT = )= ENBEREARER LD T A EE RO RER, 72 BAHO A F—1
RN PPY BBACICA S v 73252 LT, Ho—Hd 231 > R—/VEBROEFRIREZZ T2 E 2T, 2D
Z LB T D oA O EREE L L FJE L\ (Figure 4-6 (b)), LA EOFER XV | fildlt 31 & N HE
BEERERT 5 2 & THIBEOEENZENT 5 & & BICHREOFEFRDPIEIFME S L, AEFENEZ D
AIREPEDS R ST,

i Ha’ OH T A
26a H
_J.U_!Q'JUJ_) L}u-ﬂu f| . I. : !}lu!, : |
2023 Hi T -
| J : .' : Hc e . Hb : :
WJU(JI'J”-J"’\J WaVLY s . A o - N
31 et L e
S L. : Hb et
Hd . ~ H It IR A
. ﬁuﬂJ |I\¥jr \'\_/CQ \:»" N A
I 0 P ! ‘ T T T
8.0 7.0 6.0 so U 4b " oy —
‘Ha |
Q o] : '
H Hb H H H
OH NHNsOH NPy N : :
Me Me CsHi7O \[rQ\( \E)Loch17 bl .
2 o 3 : ||l 'I
HN He ~“NH L
Z 1 !
Ha 26a Ha Hd N Ha 1 i :
31

Figure 4-3. *H NMR Spectra of 26a, 31 and a Mixture of 26a + 31 (CDCls (0.005 M), 400 MHz, 293K)

L£0,CgHy7

Figure 4-4. Proposed Structure of Complex between 26a and 31

-31-



=

LT ALREERE O E

T, BRIRIEIZ DWW TOBZEEZLTH 12DIZ, DMAP ([2X 57 =/ —/VORFITEIT 2R
RN R (KIE) ORIE AT 7= (Scheme 4-10), 38 ™ 32% D LK% W TR COBFEREIT D
& BEUUSRLD DALROBAD AR B, 38-d DRREN L0 FCHEAT Lc, JBHOZHHE & D L5
kn/ko DAEIZ 0.7440.02 & 72 V) | AD “YOHEEFR AR AN RSB S 7z 37, ARSI TR B FEIZ 38\ T
T ) =N TNLRFEDIRALD sp2 1D spP Il L TS Z LA ER L, ARIT R FHRKET

BSOS & [FRRIC o SEIRD IR &% TitE ﬁ LTWbEBZLND L, Fio, AO T REERMIENIAL)
RoOB/MEITER L 0.7 THD Z &b 37 ARSI late transition state 28 THEIT L TV D Z L 2V/RIE
Iz,

H 1@
I DMAP (20 mol%) " " 07 NTS
mol% : |
Me Me NBS (0.33equiv) _ M Me — Me Me ' AN
+
CDCly,-20°C, 1h O\ |
3

HID (32%) HID Br B Hp SP” carbon

38 and 38-d 38 and 38-d 39 o complex
1.0 equiv.

75% SM recovered (29.8% D), ky/kp = 0.713 ky/kp = 0.74 £ 0.02

76% SM recovered (30.4% D), kylkp = 0.771 } averaged
76% SM recovered (30.1% D), ky/kp = 0.736 late transition state

Scheme 4-10. KIE Experiments
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ATET ORGSR K 0 Al — FEE DK FREE 2N LT EEERETER T 5 2 L RN o F A RPWERBLOH T
b5 Z LR E T (Scheme 4-9, Flgure 4-3), L LZDOHEERKEIZ O W TIEE < DRHETH
S7cizé, DFT FHEIC XY DFT FHEIC L 0 ASROBBARAEOE N AT 7223 i, BB R OB R LA
D= EE W FEITEREN R BB E LR a2 X hom» o bREETH -7, ji\ AT O 4 L FR Y
RN RN BIRIBE S ND ERB 0| o $EARD AR late transition state T 5 & 9572 51X, Hammond ®
A & 0 BEBIRRE T o SRRl E 2 FFO LB 2 bD, £ 2T, o dihOfEELZ R T2 L T,
ERRRE T Ol — EEMOM AN 2 RAES 5 2 & & L7z (Figure 4-5),

T
(o] H H 0O O
CgH17O N OCgH17 N OMe
I T /
NG | S = ate-TS mode | N — NH
Z ®/
N N
: |
H H

OH NHNsO” OH NHNsO'

Rearot &

BrH

Transition State

Difficult to Determine o complex

Figure 4-5. Calculation of ¢ Complex as Transition State Model

CHHRDKR T T AT LA~ —L B Y20 LEEOEGIRICE LT (Figure 4-6 (a)). MacroModel (=
I B ECERTR K OV DFT #HRLIC & A EREL 21T > 72T, (S, S)IAD o $MARH Sk DE AR L e &
L& BT (Figure 4-6 (b)), filEAICER T2 &, 72 2 BRAIBEA > R—/L28 PPY ELIC A X v &%
VI LTEEEER > T, IHNMR TSN 7 T AZBbicBiTFsEL8 L BVW—HER LT
(Figure 4-3), UY=L NH 1Z7 =/ —/VHED D VR = VEEFZ L L= b o kg L KERKA LT
B, 2= R_RUB ALK T I MEEPRNEFEICMLHEATH D &0 ) FERREEL —HT 5 (Table
4-3), /2. AV F—/VBE PPY EMED AL v 2LV ikl T 2 7 BRAIBE O = AT /L LR = L3
DB Z R Z & T, pro-RYRID 7 = /) — /VKEEFE L KFRES L TR, 7V BAEHAORE LS
F72RNWT = ) = VEROKBEN T FARPRERBUCEHE TH D L\ ) ERFEL —FT 5 (Table 4-
1, Scheme 4-3), F72, ARISIZEBWTIRFBANZ L > TRESAFNENET HZ &b, EBRK
RECIERAAIE RS & Al — WEE G & OMICH AP E SN D, o $EAROHEEF T NHNs &
DOEEMEZ v b iZ, il — FRERFEAERICEEG L TWARnZ Evh, BREMFIOFEMELICES L Tw
% &EF Z 72, NHNs 250 NH B RFLH EMAEERH L TWDLO TRV EE X T, Thbh, EBRE
IZBW T o 85K & [RIEEO M AAVERNFAET S & 312, NHNs £ NH 23 NBS O BV AR = V4L &K FERES
LCIEMEE L, = v FARIRMEFEDETT 5 EE LTV (Figure 4-6 (b)),
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(a) Chemical Structures Used for Calculation of o Complex

HygmnO

N~
HN OMe g \Q

Ol,,, /
0 H-g .....o/\N/H
N </ \:N Hnu W

®

| wi - Hydrogen Bondl

M06-2X/6-311++G(2d,2p), SDD for Br (solvent=CHCl;, SMD) // M06-2X/6-31G**, LanL2DZ for Br

(c) Proposed Transition State

N*Hn‘,‘c‘;'o\ //

I tn HydrogenBondl

Figure 4-6. Calculated Structure of c—Complex and Proposed Transition State

BRI A N B REREFIC LD o-RITFRL1L- T U — L A FAT 2 v OARFIERFME 2 3/ LT,
Fo, FRBERFICBONTHMEE 3L N T Lo AT v R L U TEWWTWA Z EZHLNICT S &
BT, EBRLOGEALFETFEIC S X R R 2428 LT,
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BRE FHRBERBICLD o 13-PT V=T r LT I U ORFIEFFML
F—H R R L EE OIS

HNE CIIBEFRREFMIC L DBENE 1L,1-UT7 ) — L AF AT I U OMRNEREZRR Lz, —
7. BFEBEMICE Y EWE#EEAT 5, BFREE13-O7 U — v 7 a LT 2 U OBRNARIED B
X a-¥ 77 I VEHORRRICET D REREEO— D> Th D, HFEE 1,3-U7 V=T e L7 Iy
IXAEDIEVEDE D ERICE < RS (Scheme 5-1 (@) B, RF U Y FELTOFALLEINDSH M
HiEThH D (Scheme 5-1 (b))%, LA L., ZOHRMBIOFEEIIFGICAT, BATRE KIRL OFERRT
LBERXFTINT VY VUNLOFEICL S EOTHY HFEN 13-UT7 ) AT r AT I U
B & EEAEE T 2 S HIIIER IO, ZORKRO—21%, RbLEENZRTIER THLA I DR
RFEAL K OSKEZATINZ BTk (Scheme 4-1 (a) and (b)), F5&EA S > & bl U CHL Y AN IREED > |
AEHOFBNDREERRGEA IV WD MERND DT LRI D,

(a)
o]

TBSO
OH

HN — »
MeO O

OTBS o

Functionalized Tyrosine

Pathalascidin

Antitumor Activity

® Q
, 7 \
1. Ts Protection FsC — }\l
—_—
N 2. _NH O

Commertially
Available MgBr, Cul Pyridine-Dihydroisoquinoline Ligand

Scheme 5-1. Examples of Optically Active 1,3-Diarylpropylamines

LR AR T D iR E LT o 13-V 7 U7 a BT R U OARFIENPMENHRA L TE
7o YU BIZ, RNITVTLFTNN VAL RIMEREZRND, o-x R 13- 7 Y — 7Ly I
DA BRI D F o FABIRT U — AL R O T v F b2 #HE L T % (Scheme 5-2) 4%,
NHNos J&Z B PERL A A & 975 AL Mz C-H EMEARIZ AT g2 81T L %5¢< Catellani RSSO HETT DFRE
W/ NVHRIVR L DXT VT 4N T aF TIVRE~NEEIND, LU, oo 13- 7V — 17 ey
2V DOARFIEAFME DA 1T O HfREER Z VW2 3 BICIRONTEY 9O, Fu X T RENLEN
et F A Ny 7 R EFREBINT S RIS TORVONBRTH D, 20X RERD
b e, LVEERRFEROBRENRD TN D,
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MeO,C

Me Me (20 mol%)
@COzMe Pd(OAc), (10 mol%)
+ =
Nos” M | 3-Me-5-Ph-pyridine (20 mol%)

AgOAc (3.0 equiv.)
TBME, Ny, 90 °C, 24 h

o i

/

(3.0 equiv.)

MeO,C
— .
Ar R .,,N,Pd”x Chiral mediator p,

-,

Nos Nos’

Scheme 5-2. Enantioselective Remote Meta-C-H Arylation.

AT IBAFZE5E Cld oy il B Al 2 U 2 o) 1,7-V 4 — LD 7 2 Ul X B REFIERIFMb & 2k L
TW% (Scheme 5-3 (a)) 4, YA — /MTEWEEED HHEZFF D UGS EHICRIH T& 5 S RIA
DIFELR NS EDNOLAFIERNPMENRETH D Z M EN TR Y, 1,7-TU4— L EORFIEFML
OWEBNIAFAE L ode, —J7. FBMIGEE CHZE Lo/ il 7/E T NHNs k2771
RFE LIZAET D o-xtFR L7-V A — /VICHEKFFR A S &2 &, M=t o F AR T & F b
1775, EBREOHENFEICELY, ENRIE L ZRKEMETH LTl TFA Iy IR 2D
DIKFEIEZTRB L, pro-(SYRIZKELIE D S RITIE D < IR IEZ 2B L TFE Y (Scheme 5-3 (b)), filifftiz

K DKEBRER ZI LT 13T K 2 AR5 SIS DN E B AT IERFMCICBEN TH D Z ENRIBI L
7=,

(a) Q H o/ \s H_
S N_S NS
CgH470 \"‘ % \E)LOCSHH
O 0 O
~
J : J
(10 mol%)

Ac,0 (1.05 equiv.)
NHNs collidine (2.5 equiv.) NHNs
HO\/\)\/\/OH - ACO\/\/k/\/OH
CHCl3, —60 °C, 36 h S

90% yield, 97% ee
(b) Proposed Mechanism

()jOCgH17 ] 1:
"ON?O'"H

SN—Ns
CgH470 ’° \
o“

)—o pro-(s)

Scheme 5-3. Remote Asymmetric Induction on Enantioselective Acylation of 1,7-Diols

z»f

Q
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ZOXOIBREFOL & FFIL oot L7-U A — L EREEIERIT D o3t R 13-V T Y — T e e
NT I EHRF L, ZOREIENMERET 21T 5 2 & & L7z (Figure5-1), —2DOKEEIEE A/LAR T
R 2 @O AL 5 2 & T, Al — B RNBEET 2 B kM B ER M@ & . FEERFIZX
% ok 13- U =T a T X U OERMAFIERFMER TR TH D LB T, ZOFE #iFED
HEHETHD 11-VT V= AFAT I E 13-UT7 V=7 a N7y b ClIIERREMEREN R 2
3, B OMSREEIC L > TERRAREZ 2T 52 LT, WA—0OREKEAT HAEIC L > TR
IR RFFENE X D E ]I LT,

NHNs
HO p OH H H
oy QYo
(6] (6]
AnalogyI I\
Z

OH OH OH OH
Me { 4 7 Me Br Source Me Me
O NHNs O Enantiotopic Group Selective Bromination O NHNs O
Br

Figure 5-1. Working Hypothesis
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BE RUSSRMF ORI L

KA T U — T r LT 2 4la BIE L LT, fx ORISR 2 R otz X 5 A IEFME
DfRFI%1T > 72 (Table 5-1), RiF[FEIER, £/ BFEMAK, PRBILELRBEIFEO 55BN EE T > 7o
7o, 7= )= NDT v T IR HEEERZ1T > T D, B-F 7 T T T = U iFER A SIS T 2 il
29 fF1E . CHCIs 1120 °CIZ3\ T NBS Z#EH St % & &/ BFE(KIK 42a 78 50%I0H, 78%ee THH L
72 (entry 1), filt#it 29 DT AT LA~ —TH L 30 Z 5 & =) U FABPWEDIER T A/ E (entry
2). MU N7 7 AR RSIA T DA 31 RO 32 &2 W35 E I ) o T A SR IR E D B
WZAE T L7z (entries3and 4), HiffiZxiERGH A IS A3 S Al 33 2 5 & &/ BIA#KIK 42a 75 61%
IR, 82% ee &b BV F U FARRMETH LIV, ARIZEBWTIEMEL DT I/ BEEIE= ) T4
BPRPEO M RICFHE LW Z LRI S (entry 5), — AT, 7 X NEHE a /Ll :i%@}%féfﬁoﬁﬂi
ﬁ%44 DU i Ha o 3 Z REOfilt 45 2 W= 56 =) o FARIMENMK T L, Al X REE IR E &< 72

ERPMEDME T2 Z 03 - 72 (entries 6 and 7),

Table 5-1. Catalyst Screening for Asymmetric Bromination of 41
1. catatyst (20 mol%)

" OH OH . EE(S:I(;(-S%;&?;;V-) " OAc OAc " " OAc OAc .
-20°C,3h . O Y O .
NHNs 2. AC,0, Et:N NHNs NHNs
41a 42a  Br Br  43a  Br
entry catalyst 42a ee of 42a 43a 42a-diAc

1 29 50% 78% 26% 15%

2 30 42% 44% 21% <20%?

3 31 45% 23% 15% 38%

4 32 48% 0% 23% 31%

5 33 61% 82% 24% <20%*

6 44 48% 40% 22% <31%*

7 45 40% 14% 20% 27%

With some impurity.

0 o) o)
Hos s H H s s H H s H
S N_. NS RN w N R S N NS
CgH170 3 % \_)Loch17 C8H17OJ\:/ N OCgHy7  CgHy7O r N \_)LOCBHN
0 3 H

‘o
06
g
4



&b BV F A @2 R L7 flldE 33 2 v T (Table 5-1, entry 5), UK ONIRM O L% B
B & U CRURNRM 2K L7z (Table5-2), #IDIZEFLAIOME 21T -7, NBA%DDBDMH Z W25
BlFm o FRIRENME T 2480 28, HRREE D= o F AR VE TS IT I T L=,  (entries 2 and
3)o MLV T IR DIRGET 24T o 7o, ARMMAIE T 2 DCM 1Tl = F U FARFIETE T L2 b DD,
qjiff“wiﬂ‘/%ﬁéﬁﬁﬁf)iﬁ;b\ EAT L72DITR LT (entry4), @il EEToH 5 THF, DMF H1 T
ISEATD L BRFEMRITZIET IR E LTHE LI (entries 5 and 6), ZALH DEBEHENS | AR

(2B T b il 33 75\7}(??#*/\75: L7 AEAERNC &0 WEZREISRET 2 2 & T o F A miEn
HEINDEBZEZDBND, £, FEREA 0.005M (235 LR KT T o FATRPPEREN A E L
72 (entry 8),

Table 5-2. Effects of Brominating Reagents and Solvent on Enantioselectivity of Asymmetric Bromination

H s s H
NN NN AN e g
| QY
(6] (6]
A
|
N
1.33 (20 mol%)
OH OH Br source (1.15 equiv.)
solvent (0.01 M)
Me Me ~20°C, 3 h Me . O Me
O NHNs O 2. Ac,0, EtsN O NHNSO O N
41a
entry Br source solvent 42a ee of 42a 43a 41a-diAc

1 NBS CHCl, 61% 82% 21% <20%*
2 NBA CHCl, 43% 51% 20% 27%
3 DBDMH® CHCl, 51% 66% 27% 21%
4 NBS DCM 48% 55% 24% 27%
5 NBS THF 48% 1% 28% 20%
6 NBS DMF 50% 0% 21% 27%
7 NBS CHCI;¢ 59% 87% 26% 12%

aWith some impurity. 0.6 equiv. ©0.005 M.

(0]
(0]
N—Br )J\N,Br \f
H
(0]
NBS NBA DBDMH
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FEWNT, BH EOREROMFI 21T 572 (Table5-3), EFRARHEIL L LT Ns DV IZ Nos F & Ffo
B 41b Z V% & 50% ee TE / BFE(MIK 42b B35BTz, £z, Ts A Fio 41c <° Bz A Fi 41d
ERWESGAIIT S U FARREDNEIICIE T L. (42¢, 2d), B OFEENS, KRICBWTEH 2-=
FaRBUZNVRCT I RERAREFEICHEL 5252 BN -T2,

Table 5-3. Effects of Protecting Group of Nitrogen on Enantioselectivity of Asymmetric Bromination

NN NSNS
Ty

o | N (0]
~Z
OH OH N OAc OAc
Me Me 1.33 (20 mol%), NBS (1.15 equiv.) Me * Me
CHCI; (0.005 M), =20 °C, 3 h
HNL > HNL
PG 2. Ac,0, EtsN or DMAP PG
41a: PG = Ns 42a:PG=Ns Br
b: PG = Nos b: PG = Nos
c:PG=Ts c:PG=Ts
d: PG =Bz d: PG =Bz
OAc OAc OAc OAc OAc OAc OAc OAc
Me Me l * i Me Me E * ! Me Me E * l Me
Hr\LNos HN\Ts HN\Bz
Br Br Br
42a 42b 42¢ 42d
55% yield, 85% ee 38% yield, 50% ee 37% yield, 6% ee 37% yield, 2% ee

-40 -



B AE kO REY

AET Tl b L7284 T (Table 5-2, entry 7). FEE — O Mgt #17 -7 (Table5-4), 7 =/ —
VAV MIZ i-Pr FE 2 FiD 4le Z# WA X, £ 7 BHEIK 426 73 61%I0%, 90% ee &b R\ >
CF AR O N, 7 =/ — VAL ML tBu B A 41f 2 WA, T BEA 42f &
48%ILR, 76%ee THI-, i, AME K RFLRICENTIT £ F ALDOET R IZEL | BSOS
DT HHERENTZZ E DS RBEAT T2 B A F L EIT O & TERD O BB 21T > 7, Afk
BRIV, REIGENR T =/ — VA MU T S NI E RO REICHEAFRETH D Z Lotz

Table 5-4. Scope of Substrate for Asymmetric Bromination

H s s H
AN L N NS~
il QY
o o)
AN
|
OH OH N oPG oPG

1. 33 (20 mol%), NBS (1.15 equiv.)

R R R R
CHCl; (0.005 M), —20 °C, 3 h X
NHNs > NHNs

2. Acetylation of Methylation

41a: R = Me 42a: R = Me, PG =Ac Br
e:R=i-Pr e:R=i-Pr, PG =Ac
f:R=tBu f: R = t-Bu, PG = Me
OAc OAc OAc OAc OMe OMe
Me O Me i-Pr O i-Pr t-Bu t-Bu
O NG 3 U
NHNs s Me” Y Ns
Br Br Br
42a 42e 42f
55% yield, 85% ee 61% yield, 90% ee 48% yield, 76% ee

HDUER SUGHEAEART
BT ML ARELE O PR E
AR T/ RFOIR 428 & 53 HUTI S /1 HPLC (2 X » ORI 2 2 & ORI 428 245 C,

HFERAVERL LT, 15 DAVIZ G O X SRS AR IE M IC K o T AW ORI SLIRRLE D R (K TH 5
Z L &PGE L7z (Figure 5-2),

T
4
[
()
2l

Figure 5-2. X-ray Anaylsis of 18a
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o IH EIRPEIEBLEL M O FREE

B/ RFEINT (2)46 2 HWT, @RI RFR T o F A RIS G 2 58230 L 7=
(Scheme 5-4), ()-46 (Zxf L Tl 33 /77E T, 0.58 5D NBS ZFH &5 & | £ 7 BHEIIK 428 7% 47%
IVH, 63% ee TEUX ZFv, FREEORIWE CHERICTFAFINEITTHZ LR LNE o7 (s H
7.9), BEIUFEEHE R EDBRITH o722 &b, RRICBWTEH —EfEH O R F(LTRFIERIFMEIE Z
STt ZEMER ORF CTHERMICFESEINETTHZ LTI U FARMESM Z o TN D & HEER
S5 (Scheme 5-4 (b)),

OH OH
iPr ipr 1.33 (20 mol%), NBS (0.58 eq.)  jp
O O CHCI3 (0.005 M), -20°C,3h O Y O O O
NHNs 2. Ac,0, DMAP NH NHNs

(+)-46  Br — 42e Br 43e
s=79 47% recovered, 63% ee 48% vyield

Scheme 5-4. Effect of Kinetic Resolution in Dibromination Step

FoIE EERIET e b DR

RIZ, WEOR OB 7 v b i o FA@ERRMIC G 2 % 28 2 7Hfi L 7= (Scheme 5-5), NHNs %
AF AL UT= 3 419 (oxF U TRl 33 /7 T NBS 2 1ER & H 2 &, £/ RFE(LIK 429 % 7% ee TH z
7= (Scheme 5-5 (8)), %72, A HD 7 = /) — VKB Z T F AL LT (+)-47 Z Tl 33 7748 F =

FE AT A, B/ BEK 420 137 IR E LTHELNEERIEFHENTET L o7
(Scheme5-5 (b)), LA EDFER LD, NHNs oL N7 = / — LV OFTH8METm hrondns Nt
AIRRPEDORBUCEHE TH H Z LR RE ST,

(a) Effect of NHNs group

OH OH OAc OAc
1. 33 (20 mol%), NBS (1.15 eq.)

i-Pr. i-Pr : i-Pr:
O O CHCl5 (0.005 M), 20 °C, 3 h O Y
Me”VNs 2. Ac,0, DMAP Me”

41g 42g Br
35% yield, 7% ee

Zn

’
T
0
=

(b) Effect of Phenols

OAc OAc
ipr 1.33(20 mol%), NBS (0.58 eq.) i-Pr
O O CHCI3 (0.005 M), —20 'C.3h O : O O O
NHNs 2. Ac,0, DMAP NH NFiNs
(£)-4 s=10 42e¢ 41e-diAc
y 49% recovered, 0% ee 48% recovered

Scheme 5-5. Effects of Acidic Protons of Substrate on Asymmetic Bromination
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SEUUIH kit — B AT

WA, il — FEE A RO AAE I DWW CTHIRL A 15 2 212 filif 33 & JH 41a OIRAHHRO 'HNMR
ZMIE L7 (Figure5-3), IRATAIEH TIIftiE 33 07 2 K NH MESAIZ Y 7 S L TRV, WE 41a d
NHNs S e N7 = ) — VO T LT 1 FBHEE L TND 2 emnb lEo e ) DU LT I R
TIVR=VEBREN Z NSO 1 h o EKRBREAE L T D AREEDS RS SN, F/-, AE 4la Bk

THEFE—OE—27 £ LTEIIENS — >0 Ha, Ha’, Hb KO He 13l 33 & oiRAAEK T Cldzhth
THOE—7 & LTI S v, Al 33 & IVE 4la WIBIEREA KA T 5 L TR X T VRE LD
TODTFUFHA M v I RBEBRIENIENFMEEN TS I ENbhot, UEORERI Y | fillt— I
BEAEROIZ LY ZOORFENDIERIFME S, =T o FARPFGRFEAHEIT L TV 5 ATREMED
RIE STz,

41a i He|:

.]‘ ) _|J|L'-’L'~.|, o Jm« J‘

.......

OH Ha Ha'Ha Ha' OH

Me
NHNs

‘QY
=)

Hb Hc

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

meS%ﬁHNMRSmamﬁmm33mdaMmMmM¢Mﬂ3&DUﬁQm5MLMOMHLmﬂq
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HIHT HEEERBIREE

il 33 12 K B 7 =/ — DRI OIBEREIRFED late transition state TH D L WO RED H & R [FIER
IZ o SEARDOHEE A FHE T 2 2 & TEBIRIEICI T 2 Al — LB R O EAERERR A RS S - 72 (Figure
5-4 (2)), ARICEITDEEBRDTHD RIKD o $EERIC OV THIUERSRE K O i b 217 - - fE 8=, 15
DI A EMGE 2 LA NI (Figure 5-4 (b)), it ) =7 LA NH L7 =/ —/VHRD I VAR =
NIELKRFFREG L TEY, BERICHEE TH D PPY HIIZ L D7 = ) — /L OIEMHLICHE Y LT 5, F
72 NHNs 2O HF T BT 1 b2 pro-(SYl 7 = / — WKBEIEDFEE L KFEREEGT D & & HIT, B
N ENSTeT = 7 — VKBEBIEDIEET X RANVR =V EOBE EKER-RELTRBY, BELEZT 20N
7 x ) —VKEEFE KON NHNs JEOF T HEME7 1 R o BN U FATRIRMERBUCEE CTH D Vo 72k
Bl =875, 2-= P I NHNs DA T 587 e b RO, T I R afitod C-H #iE &K
FEAELTWDZEND, NsHD 2-= hu ikl F U FABRMBRHICHEE CTH D LV ) ERFEL D
BW—84a R L, —F, RFRMAZTEECHRDBBET v b ASTFEE LRV oD, RRICBWTIRSE
EAID =T o F AR G- 2 D BN NS W EB 2 DD, RRICBW T, o 8RO RZERH
& BT 2B AR T, = U F AR BRI ETT 5 LMEE L TWD (Figure5-4 (), Ak
BEONFENEOREREL Y, HEORZRZS 1n-UT U —/L T XL T 2 Tx L Cibl 2 il 2 o3 1
HZET, B0l es R CIEEO= o F A My 2 T oDFEFERNIEIMEL SN, =)
VAR EFDNETT A 2 R LT,
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(a) Structures of o Complex for Calculation

| v Hydrogen Bond |

MO06-2X/6-311++G(2d,2p), SDD for Br (solvent=CHCI;, SMD) // M06-2X/6-31G**, LanL2DZ for Br

(b) Proposed Transition State

Figure 5-4. Calculated Structure of c—Complex and Proposed Transition State

Fop L i Yt =A
HOSHT R

RO BEFERFIZLD o-dtFr 1,3-T7 V=17 a7 I v OARFIEMFMb A2 3R LT,

| we - Hydrogen Bond

B

BT X R &3 DMt 33 Z Hiv o 2 & T FEROMICE W ROWEHEZ AT 2 EEOARFBHIA AT

REEMRoToEBERABND,
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BAE  him

¥ T NT IMEAEMITL OEFRMLICEFN D2 EERHSEETHY ., TOAKITEL LT X
TV s IRFE AT DALEMECKTT D = T A IR RSN LV il SN C& 2, —J5, fEkD
FiEm CIE AR LA ZEAEL TR, 7 I DNV AR=RIET DO T2 b Fill e HiEimIc &
HERBIEDOBFEPRD LT\, BEFHIZ, 7 ax T spd REE AT HILEMEED C-H B/ L HAHK
bz dh s LC, MERETIIRETH 72 a-F T L7 AL RICR AT, B8, F=
FETIE Rh EIC KD C-H 7 X VAL DFUCSHEMRIT 21T 9 & & BT, WFHEWET I/ T OEMIELE
BAZE L7, SEMUE, HBHE TIIAEMBIC L5 FEFEBRRFAMICL D, 1n-T V=LA T AF LT I DR
FIERFMEZER LTz, UL FICARFE O Z FEN T 5,

1. Rh fii % AN 5 2 U JVEE B AL C(sp?)-H 7 2 /AL D USSR fiEAT

RO AFA LA REEREE T2 U L B AL Cspd)-H 7 X LD SISHERRIT 2175 & & b
(2, REFBUGL~DERRZ H L CH MRFED C-HEERIZHT 5 C-H 7 2 /{bik&Bi% Lz, DFT &
IZ& Y CSifiADOEmWETHGMENLERIEOHTH L Z N ZXFSnTEBY, YU LED B IR %E
FIA L7251 C-H 7 2 2 LICE T D HidiAL i SR EfI s 2 $R Lz,

Ph  Q——Rh

Ph—|—<(

Ph O—T—Rh
J4
1
Ph\xa)n TrocNHOTs (1.0 equiv.) Ph\x\/jtn .
P 8 Toen

NHTroc f
2.0 equiv. 3 examples

X=8i,Ge,n=1,2 up to 88% yield

Calculated TS

2. Rh fific A FHVN 5 = o F AR S U L EE B 7 C(sp®)-H 7 2 / {k

AFE Rh RS AAIEZ D 2 & T BN A Rae AT 5 EITHT 2= o F AR U LIk
BAL C(spd)-H 7 X /{b&x R LTc, RFICRIIHREICE EDL OO, Ml T VXL T vk BT
HEEET I ) VT~ BT DI ENARETH Y, B A BERMERZER L7 A FEHEE

EE LTOMMBRHRFE SN D,
O—Rh
Radl
o—

QQ o —Rh

IS

16
Ph‘x(j)” TrocNHOTs (1.0 equiv.) Ph‘x )n
s/ _— Vs *
Ph e P NHTroc
2.0 equiv. 3 examples
X=8i,Ge,n=1,2 up to 90% yield

up to 63% ee
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3. FEBERFEIZED o5 11-UT V=N AFNT IV DAFIERFME

PPY ZRREH& & 9 % or TRl il 2 T FEBEFIC LD o6k L,1-27 U — /L AF LT
¥ DRFFIERIME 2 2R U7z, filfid 31 1 3oREEAREE & L TR~ OB RN T BRIV BT E 7228,
7 x )= /VORFBITEB D TIEARMEDS 7 Lo X7 REIAEEE L TEIWTWD Z E2H 60T L,
NMR SR K ONDFT BHEIZ L D 31 O N U 7" b 7 7 LAY PPY Sl A X v X 7352 LT
WARFFERBIRE AN FEEL L T D L ABIE S 4L, o Rk B Al OFR FHC I 1T DT 7= 2 A 1572,

oy T
s N_S NS
CgH170 i Qﬁ( \:)I\OCSHﬂ

ES o B 0 s =
HN | NH
P
N
OH NHNsOH OAc NHNsOAc

31

RR 3t g RR

Enantiotopic Group Selective Bromination

Br
5 examples
up to 77% yield
up to 98% ee

4, HFERAFIZED o-RF- 13- 7 UV — 7T a L7 I v ORFIEGFML

o-F T NT I ALEDOEKIZIE T DRMERIE TH D, SFIEIE 13- 7 V= A7 m AT I D%
R EBIEOHFICE Y ML, HRAYIOFEFEHRRFBMIZLD o-kFr 13- T V=L T rELT I VOR
FIERMEE R LTz, 78 X T VRFED DImEMNL % UG &35 RFIERFMUIZ T GRS N ST
W WRBIHR 2B CTH DM, Rl & O s IR IEBRAL AR IERTFME O S 72 7 i & e
0155 ATREME A HE R LT,

(o} o
| S
Z
OH OH 3[“3 OPG OPG
R
hAoRheS hAoghos
NHNs Enantiotopic Group Selective Bromination NHNs
Br
3 examples

up to 61% yield
up to 90% ee
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All reactions were carried out under an argon atmosphere with magnetic stirring. *H NMR spectra were recorded on
JEOL ECX-400 (400 MHz) and JEOL ECA-600 (600 MHz), and are reported in ppm using solvent resonance as the
internal standard (acetone-dg at 2.05 ppm, CDCls at 7.26 ppm, DMSO-ds at 2.50 ppm). Chemical shifts are reported
in ppm. When peak multiplicities are reported, the following abbreviations are used: s, singlet; d, doublet; t, triplet;
g, quartet; dd, double doublet; td, triple doublet; tt, triple triplet; ddd, double double doublet; m, multiplet; br,
broadened. 3C NMR spectra were recorded on JEOL ECX-400 (100 MHz), JEOL ECA-600 (150 MHz) and Bruker
Avance 800 (200 MHz) are reported in ppm using solvent resonance as the internal standard (acetone-ds at 29.84
ppm, CDCl; at 77.16 ppm, DMSO-ds at 39.52 ppm). Infrared (IR) spectra were recorded with a JASCO FT/IR-300
spectrometer. High-resolution mass spectra (HRMS) were obtained on Bruker Impact HD mass spectrometers for
ESI, and were obtained on JEOL JMS-700 mass spectrometer for EI. Melting points (m.p.) were recorded using
Yanagimoto Micro Melting Point apparatus PM-500. Specific rotations were measured by JASCO P-2200 digital
polarimeter using sodium D line and are reported as follows: [a]p' (¢ in solvent). Column chromatography was
performed on silica gel 60N (spherical, neutral, KANTO). Preparative TLC was performed on precoated plates (0.50
mm, Merck). Anhydrous chlorobenzene and trifluoromethylbenzene were purchased from Sigma-Aldrich.
Anhydrous AcOEt, CHCI3, DCM, Et,0 and THF were purchased from Kanto Kagaku. Anhydrous DMF and MeCN
were purchased from Nacalai tesque. Anhydrous benzene was purchased from Wako Chemical. Dry AcOEt, benzene,
CHCI;, DMF and MeCN were stored over activated molecular sieves.
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5 EEICB T 5 R K O E
Synthesis of Substrates and Characterization Data

EtQ Py-HCI (13 mol%) Cl
_OEt .Cl

SI\ SOCl, Si\ EtMgBr (4.0 equiv.)
E > | >
/©/ OEt reflux, 43 h /©/ c THF, rt, 18 h ,©/)
FsC FsC F3C

3
S1 S2 2c

Triethyl(4-(trifluoromethyl)phenyl)silane (2c)

Following the literature procedure,*? triethoxy(4-(trifluoromethyl)phenyl)silane (S1) (8.12 g, 26.3 mmol) was mixed
with thionyl chloride (30 mL) and pyridinium hydrochloride (400 mg, 3.46 mmol), and the mixture was refluxed and
stirred for 43 h. The excess thionyl chloride was removed under reduced the pressure to give the crude product.

To a stirred solution of crude product in THF (130 mL) was added a solution of ethylmagnesium bromide in Et,O
(3.0 M, 31 mL, 93 mmol) dropwise at 0 °C and the mixture was allowed to warm up to room temperature. After
stirred for 18 h, the reaction was quenched by 1N HCI ag. and extracted with Et,O. The organic layer was washed
with NaHCO3; aq., brine, and dried over Na SO, filtered and concentrated in vacuo. The residue was purified by
flash column chromatography (hexane) to afford 2c (3.79 g, 55% vyield) as colorless oil. The spectral data of 2c were
identical to those reported.*® 2c-dis (1.67 g, 49%) was also synthesized by the same procedure using the deuterated
Grignard reagent (C.DsMgBr)

Si > Si

@ cl Et,0, reflux tort, 43 h @

S3 2d

B
Br NN (1.3 equiv.)
Cl Mg (3.0 equiv.) (j
i

1,1-Diphenyilsilolane (2d)

Following the literature procedure,** a portion of 1 mL of a solution of 1,4-dibromobutane (1.54 mL, 13 mmol) in
Et,O (5 mL) was added to a stirred suspension of magnesium turnings (729 mg, 30 mmol) in Et,O (5 mL), and the
reaction was started by gentle heating. Subsequently, the remaining 1,4-dibromobutane solution was added within 2
h, causing the mixture to boil under reflux. After the addition was complete, the mixture was heated under reflux for
a further 90 min and then cooled to 20 °C within 1 h. The resulting two-phase Grignard reagent was added dropwise
within 2 h to a solution of dichlorodiphenylsilane (S3) (2.08 mL, 10 mmol) in Et,O (5 mL), causing the mixture to
boil under reflux. The reaction mixture was stirred at 20 °C for 16 h and acidified with 1N HCI ag. The resulting
mixture was extracted with Et,0, the organic layer was washed with NaHCO3 aq., brine, dried over Na;SOy, filtered
and concentrated in vacuo. The residue was purified by flash column chromatography (hexane) to afford 2d (1.37 g,

57% yield) as colorless oil.
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Analytical data: 'H NMR (400 MHz, CDCls) 8: 7.59-7.55 (m, 4H), 7.42-7.35 (m, 6H), 1,85-1.80 (m, 4H), 1.17-1.11
(m, 4H); 3C NMR (100 MHz, CDCl) &: 137.1, 134.9, 129.3, 128.0, 27.9, 12.3; IR (neat, cml): 3066, 2933, 1427,
1109, 694; HRMS-EI* (m/z): Calcd. for C1sH,Si [M*] 238.1178; found, 238.1175.

Br
B TN (1.3 equiv.)
Cl Mg (3.0 equiv.)
Ge > Ge
3 Et,0, reflux, 3 h @

S4 2f

1,1-Diphenylgermolane (2f)

Following the literature procedure,* a portion of 0.2 mL of a solution of 1,4-dibromobutane (0.23 mL, 1.95 mmol)
in Et2O (1 mL) was added to a stirred suspension of magnesium turnings (109 mg, 4.5 mmol) in Et,O (1 mL), and
the reaction was started by gentle heating. Subsequently, the remaining 1,4-dibromobutane solution was added within
2 h, causing the mixture to boil under reflux. After the addition was complete, the mixture was heated under reflux
for a further 90 min and then cooled to 20 °C within 1 h. The resulting two-phase Grignard reagent was added
dropwise within 2 h to a solution of dichlorodiphenylgermane (S4) (0.31 mL, 1.5 mmol) in Et;O (1 mL), causing the
mixture to boil under reflux. The reaction mixture was stirred under reflux for 1 h and acidified with 1IN HCI aq. The
resulting mixture was extracted with Et,0O, the organic layer was washed with NaHCO3 aq., brine, dried over Na;SOs,
filtered and concentrated in vacuo. The residue was purified by flash column chromatography (hexane) to afford 1r
(184 mg, 43% yield) as colorless oil.

Analytical data: 'H NMR (400 MHz, CDCls) &: 7.56-7.50 (m, 4H), 7.40-7.33 (m, 6H), 1,88-1.77 (m, 4H), 1.29-1.20

(m, 4H); 3C NMR (100 MHz, CDCls) &: 138.9, 134.4, 128.8, 128.3, 28.8, 13.5; IR (neat, cmrl): 3064, 2924, 2850,
1429, 1092, 776, 697, 583, 461; HRMS-EI* (m/z): Calcd. for C1sHs.Ge [M*] 284.0623; found, 284.0619.

General Procedure for Dirhodium-Catalyzed Intermolecular C-H Amination

1 (5 mol%)
TrocNHOTs (1.0 equiv.)
Ph\)<j)n K,CO3 (2.0 equiv.) Ph\X\/:(.E'
/ > ,
P B PhCI, 20 °C, 12 h PH NHTroo
2 (2.0 equiv.) 4

X=8i,Ge,n=1,2

To a stirred suspension of silanes 2 (0.10 mmol, 2.0 equiv.), TrocNHOTs!!4 (18.1 mg, 0.05 mmol, 1.0 equiv.) and
K2COs (10.4 mg, 0.075 mmol, 1.5 equiv.) in PhCI (0.25 mL) were added 1°° (3.4 mg, 0.0025 mmol, 0.05 equiv.) at
20 °C. After stirred for 12 h, the reaction was quenched by water and extracted with CHCIs. The organic layer was
dried over Na;SO4 and concentrated in vacuo. The residue was purified by preparative TLC (CHCls/hexane = 2/1) to

afford the aminated product 4.
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Specific Procedure and Characterization data

NHTroc

2,2,2-Trichloroethyl (1,1-diphenylsilolan-3-yl)carbamate (4d)

Following the general procedure for intermolecular amination, 2d (23.8 mg, 0.10 mmol, 2.0 equiv.), TrocNHOTs
(18.1 mg, 0.05 mmol, 1.0 equiv.), K2COs (13.8 mg, 0.10 mmol, 2.0 equiv.), and 1 (3.4 mg, 0.0025 mmol, 0.05 equiv.)
were stirred at 20 °C in PhCI (0.25 mL) for 12 h. The crude material was purified by preparative TLC (CHCls/hexane
= 2/1) to afford 4d (18.8 mg, 88%) as colorless oil.

Analytical data: *H NMR (400 MHz, CDCls, 313K) 8: 7.57-7.51 (m, 4H), 7.45-7.34 (m, 6H), 4.96 (br, 1H), 4.73 (s,
2H), 4.11-3.99 (m,1H), 2.41-2.32 (m, 1H), 1.83-1.74 (m, 1H), 1.69-1.57 (m, 1H), 1.41-1.33 (m, 1H), 1.20-1.10 (m,
1H) 1.09-1.02 (m, 1H); 3C NMR (100 MHz, CDCls) 5: 153.9, 135.5, 135.3, 134.8, 129.9, 128.3, 128.2, 95.8, 74.5,
54.1, 33.8, 20.3, 9.7; IR (neat, cml): 3327, 3052, 2949, 1718, 1519, 1125, 722; HRMS-ESI* (m/z): Calcd. for
Ci1oH20C1sNO,Si [M+Na]* 450.0221; found, 450.0221.

NHTroc

2,2,2-Trichloroethyl (1,1-diphenylsilinan-3-yl)carbamate (4e)

Following the general procedure for intermolecular amination, 2e** (25.2 mg, 0.10 mmol, 2.0 equiv.), TrocNHOTs
(18.1 mg, 0.05 mmol, 1.0 equiv.), K2COs (13.8 mg, 0.10 mmol, 2.0 equiv.), and 1 (3.4 mg, 0.0025 mmol, 0.05 equiv.)
were stirred at 20 °C in PhCI (0.25 mL) for 12 h. The crude material was purified by preparative TLC (CHCls/hexane
=2/1) to afford a mixture of B-aminated and y-aminated products (19.8 mg, 89%, B/y =25/1). The B-aminated product
4e was isolated by preparative HPLC (AcOEt/Hexane = 15/85).

Analytical data: *H NMR (400 MHz, CDCls, 313K) &: 7.66-7.60 (m, 2H), 7.48-7.30 (m, 8H), 4.92 (br, 1H), 4.71 (s,
2H), 3.89-3.78 (m, 1H), 2.15-2.03 (m, 2H), 1.88 (m, 1H), 1.68-1.56 (m, 1H), 1.41-1.31 (m, 2H), 1.09-0.92 (m, 2H);
13C NMR (150 MHz, CDCls3) &: 153.4, 136.3, 134.8, 134.4, 134.1, 129.8, 129.7, 128 .4, 128.2,95.9, 74.5, 50.5, 36.5,
21.7, 20.2, 10.4; IR (neat, cm™): 3335, 3064, 2921, 1718, 1503, 1117, 703; HRMS-ESI* (m/z): Calcd. for
C20H22CIsNO,Si [M+Na]* 464.0378; found, 464.0385.
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NHTroc

2,2,2-Trichloroethyl (1,1-diphenylgermolan-3-yl)carbamate (4f)

Following the general procedure for intermolecular amination, 2f (28.8 mg, 0.10 mmol, 2.0 equiv.), TrocNHOTs
(18.1 mg, 0.05 mmol, 1.0 equiv.), K2COs (13.8 mg, 0.10 mmol, 2.0 equiv.), and 1 (3.4 mg, 0.0025 mmol, 0.05 equiv.)
were stirred at 20 °C in PhCI (0.25 mL) for 12 h. The crude material was purified by preparative thin-layer
chromatography purification (CHCls/hexane = 2/1) to afford 4f (16.7 mg, 71%) as colorless oil.

Analytical data: *H NMR (400 MHz, CDCls, 313K) 8: 7.53-7.48 (m, 4H), 7.42-7.35 (m, 6H), 4.93 (br, 1H), 4.73 (s,
2H), 4.09-4.02 (m,1H), 2.38-2.32 (m, 1H), 1.87-1.80 (m, 1H), 1.70-1.62 (m, 1H), 1.53-1.47 (m, 1H), 1.33-1.24 (m,
1H) 1.13 (dd, J = 8.8, 6.4 Hz); *C NMR (150 MHz, CDCl3) 8: 153.9, 137.4, 137.2, 134.2,129.3, 129.0, 128.6, 128.5,
95.8, 74.5,54.9, 34.5, 20.5, 11.0; IR (neat, cmt): 3407, 3319, 2917, 1726, 1503, 1225, 1120, 801, 739, 699; HRMS-
ESI* (m/z): Calcd. for C19H20CIsNO,Ge [M+Na]* 491.9694; found, 491.9645.

KIE Measurement

Competitive KIE

( c (5 mol%) c
2Ds TrocNHOTs (1.0 equiv.) ( 2D5
NN . \S ~C2D5 K,CO3 (1.5 equiv.)‘ Si/\/NHTroc &NHTroc
/©/ ) /©/ C2Ds PhCI, 20 °C, 12 h O ) /©/C2D5
FsC FsC F,;C FsC
2c (10 equiv.) 2c-dy5 (10 equiv.) 4c 4c-dyy

1st run, 55% yield, ky/kp = 5.67
2nd run, 57% yield, ky/kp = 4.90
3rd run, 55% vyield, k/kp = 5.46

ki/kp=5.3 £ 0.4

To a suspension of 2¢ (65.1 mg, 0.25 mmol, 5.0 equiv.), 2¢c-di5 (68.9 mg, 0.25 mmol, 5.0 equiv.), TrocNHOTSs (18.1
mg, 0.05 mmol, 1.0 equiv.) and K.COj3 (10.4 mg, 0.075 mmol, 1.5 equiv.) in PhCI (0.5 mL) was added 1 (3.4 mg,
0.0025 mmol, 0.05 equiv.) at 20 °C. After being stirred for 12 h at 20 °C, the reaction was quenched by addition of
water and extracted with CHCIs. The organic layer was washed with brine, and dried over Na;SO,, filtered, and
concentrated in vacuo. The residue was purified by preparative TLC (CHCls/hexane =2/1) to afford a mixture of 4c
and 4c-dys. KIE was calculated from the comparison of the integrals between a nitrogen a signal (6 3.42-3.25 ppm,
2H of 4c) and a trichloroethyl signal (8 4.69 ppm, 2H of 4c and 4c-d14) in *H NMR of a solution of 4c and 4c-d14
(CDClg). The experiments were performed three times and the determined KIE was the average of three runs.
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Parallel KIE

J@/ TrocNHOTs

(10 equiv.) 3 (1.0 equiv.)
C,D
2 ‘;i/czDS
/©/ Y, * TrooNHOTs
F3C
2c-dy5 (10 equiv.) 3 (1.0 equiv.)

To a suspension of 2c or 2¢-dis (1.0 mmol, 10.0 equiv.), TrocNHOTSs (36.3 mg, 0.10 mmol, 1.0 equiv.) and K.CO3
(20.7 mg, 0.15 mmol, 1.5 equiv.) in PhCI (1.0 mL) was added 1 (6.8 mg, 0.0050 mmol, 0.05 equiv.) at 20 °C. Aliquots
(50 pL) were taken every 2 minites from the reaction flask for 12 minites, and filtered through a short silica pad with
1 mL of CDCl; for *F NMR analysis. The yield was determined from the comparison of the integrals of the product
peaks relative to the 4-bromobenzofluoride internal standard. The experiments were performed three times for each
substrate. The averaged ry was calculated by the three runs. The ku/kp value (kn/kp = 1.0 + 0.1) was determined by

using the averaged ry and rp (Figure S1 and S2; 1%%-3" runs).

1 (5 mol%)
K,CO3 (1.5 equw

PhCI, 20 °C, 12 min

1 (5 mol%)
K,CO3 (1.5 equlv)

PhCl, 20 °C, 12 min
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/\/NHTroc

O)

C,D
s &NHTroc

4c-dyy

ry (1strun) = 1.031 mM/min
ry (2nd run) = 0.936 mM/min
(
(

ry (3rd run) = 0.954 mM/min

ry (averaged) = 0.974 mM/min

ki/kp = ry (averaged)/rp

ki/kp (1st run) = 0.91
k/kp (2nd run) = 1.07
ki/kp (3rd run) = 1.00

ki/kp =1.0 £0.1
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Figure S1. Initial Rate Analysis for C-H Amination of 2c
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Computational Details

All calculation reported in the present study were carried out using density functional theory (DFT) with (U)MO06%
or B3PW91 functional, as implemented in the Gaussian 09 (Revision E.01)*'. For geometry optimizations, the 6-
31G(d,p) basis set was used for the H, C, N, O, Si, 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, Si, 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.

Calculated Structures for Figure2-2

XYZ coordinates and thermochemical data (energies in Hartree)
Temperature = 298.15 K, Pressure = 1.00 atm

1,1-Diphenylsilolane (2d)

Q,
pate

2d

B3PW91/6-31G(d.p)
Electronic Energy = -909.813987997 Electronic and Zero-Point Energy = —909.518600
Enthalpy = -909.502000Free Energy = —909.563908

C -0.19495200 2.02239100 1.40964000
C 0.06125200 3.36645900 0.69740200
C -0.60263000 3.32219000  -0.68807900
C -0.17022400 2.02516500  -1.40497500
H 0.49808600 1.85200100 2.23938900
H -1.20698800 2.00354800 1.83415900
H 1.14259200 3.51017000 0.56805100
H -0.29945000 4.21909900 1.28587100
H -1.69410400 3.32451300  -0.56007400
H -0.35893800 4.21564800 -1.27600100
H -0.85062500 1.74932000 -2.21608800
H 0.82409000 2.16039200  -1.84935600
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Si -0.06768400 0.74286200

C -1.50179800  -0.48854900
C -1.29694500  -1.86863400
C -2.82675600  -0.03743200
C -2.36813700  -2.76133100
H -0.28483400  -2.25246600
C -3.90087200  -0.92355300
H -3.02867700 1.02489400
C -3.67246600  -2.29051400
H -2.18310100  -3.82570500
H -4.91587300  -0.54925400
H -4.50841500 -2.98477100
C 1.56872400  -0.19929100
C 2.28794100  -0.42664500
C 2.10282400 -0.71361700
C 3.48920500  -1.13420500
H 1.90735500  -0.04460800
C 3.30344700  -1.42080900
H 1.57411900  -0.55936300
C 3.99981800 -1.63179400
H 4.02745200  -1.29539400
H 3.69687400  -1.80592500
H 493743400 -2.18113800

Calculated Structures for Figure2-4

0.00365800
0.00331500
-0.15116600
0.13677500
-0.17313100
-0.25297400
0.11468800
0.26141600
-0.04055500
-0.29265600
0.22011400
-0.05663300
0.00597900
-1.17874400
1.19981800
-1.17414000
-2.12350200
1.21233800
2.13822600
0.02315000
-2.10450900
2.14943000
0.03003900

XYZ coordinates and thermochemical data (energies in Hartree)

Temperature = 298.15 K, Pressure = 1.00 atm

Substrate (1,1-dimethylsilolane)
Me, |,
Me’S|<j

MO06/6-31G(d.p)
Electronic Energy = —526.384354413

Electronic and Zero-Point Energy = —526.1994434
Enthalpy = -526.1887754
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Free Energy = -526.2335804
M06/6-311++G(2d,2p)

Electronic Energy = -526.473103

C -0.61013200  -0.53690400  -1.29524300
C -1.91745800 -0.58755600  -0.49029600
C -1.91743100 0.58755600 0.49040800
C -0.61005600 0.53690800 1.29527800
H -0.38487600  -1.48558400 -1.79536000
H -0.68267900 0.23166900 -2.07876100
H -1.95549200 -1.52577400 0.08722700
H -2.80831100  -0.58125000  -1.13243000
H -1.95550100 1.52577400 -0.08711200
H -2.80824600 0.58124800 1.13259400
H -0.38477200 1.48558900 1.79537900
H -0.68255600 -0.23166300 2.07880300
Si 0.67295100 0.00000000  -0.00001900
C 1.73709800  -1.42865800 0.60467500
H 242827400 -1.77921100 -0.17004800
H 2.33211300  -1.14345300 1.47990200
H 1.10296000  -2.27537800 0.89571100
C 1.73706800 1.42865400 -0.60477600
H 2.42828300 1.77921400 0.16991000
H 2.33203800 1.14344400  -1.48003200
H 1.10291400 2.27537100  -0.89578600

Substrate (1,1-dimethylcyclopentane)
Me
Me/C<j

MO06/6-31G(d,p)
Electronic Energy = —274.974048652

Electronic and Zero-Point Energy = —274.777917
Enthalpy = -274.769414

Free Energy = —274.808820
MO06/6-311++G(2d,2p)

Electronic Energy = —275.045048687
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C -1.65259300 -0.77409200 -0.00868800
C -0.22934400 -1.18397500  -0.40942000
C 0.66089800 0.00000100  -0.01004300
C -0.22934600 1.18397400 -0.40942800
C -1.65259600 0.77408800 -0.00869500
H -2.40141400 -1.18992600 -0.69161000
H -1.90105000 -1.15950100 0.98796900
H -0.16677300 -1.31644900 -1.50022400
H 0.09733000 -2.12818700  0.04717000
H 0.09732700 2.12818700  0.04716100
H -0.16677600 1.31645100 -1.50023200
H -1.90104900 1.15950400  0.98796000
H -2.40141800 1.18991600 -0.69161900
C 0.90856300 0.00000700  1.49734400
H 1.48168400  -0.88691800 1.79832500
H 1.48166000 0.88694600  1.79832300
H -0.02706900 -0.00000500 2.06932900
C 1.99226700  -0.00000300 -0.74326000
H 2.58721000 0.88594800 -0.48400100
H 2.58720200  -0.88596300 -0.48400800
H 1.84604400 0.00000000 -1.83139800
Rh nitrenoid (singlet state)
Me
?f??-?ﬁ)”e
o roc
Me” Os—=O
Me
M06/6-31G(d,p)[LANL2DZ]
Electronic Energy = —2833.52349
Electronic and Zero-Point Energy = —2833.255374
Enthalpy = —2833.227067
Free Energy = —2833.314106
MO06/6-311++G(2d,2p)[SDD]
Electronic Energy = —2836.132154
Rh 0.000002686  0.000002787  0.000005616
Rh -0.000001629 0.000000304  0.000001338
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00

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
-0.000001199
-0.000000222
-0.000002192
0.000002459
-0.000000156
-0.000004464
0.000003061

-0.000000116
0.000002126
0.000003479
0.000001220
-0.000000297
0.000001948
.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
-0.000003101
-0.000004070
-0.000004304
-0.000003476
-0.000005420
-0.000006440
-0.000005120

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

-62 -



Cl 0.000001220 -0.000006543 -0.000015988

Rh Nitrenoid (triplet state)

UMO06/6-31G(d,p)[LANL2DZ]

Electronic Energy = —2833.530333

Electronic and Zero-Point Energy = —2833.262826
Enthalpy = —2833.235075

Free Energy = —2833.321382
UMO06/6-311++G(2d,2p)[SDD]

Electronic Energy = —2836.137797

Rh -0.000000573 0.000000686
Rh 0.000000673 0.000001570
0] -0.000002057 -0.000001884
0] -0.000003253 -0.000002421
0] -0.000000934 0.000003107
0] -0.000000070 0.000003567
0] 0.000001339 -0.000000473
0] -0.000000164 -0.000001712
0] 0.000002152 0.000003819
0] 0.000003217 0.000004891
C -0.000003416 -0.000003032
C -0.000005340 -0.000005346
H -0.000005726 -0.000004685
H -0.000005329 -0.000006680
H -0.000006378 -0.000006336
C -0.000000697 0.000003951
C -0.000001079 0.000005552
H 0.000000110 0.000007316
H -0.000002308 0.000004434
H -0.000001381 0.000006003
C 0.000003434 0.000005267
C 0.000005385 0.000007620
H 0.000005832 0.000009360

-0.000002045

0.000000674
-0.000001686
-0.000003412
-0.000005858
-0.000004708
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
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H 0.000005417  0.000007787 0.000000842
H 0.000006378  0.000007518 0.000003106
C 0.000000740  -0.000001709 0.000003653
C 0.000001184  -0.000003283 0.000006529
H 0.000002698  -0.000001942 0.000007854
H 0.000000897  -0.000004372 0.000007353
H 0.000000371  -0.000004574  0.000006581
N 0.000001276  0.000001674 0.000000442
C 0.000000195  -0.000000320 0.000000786
0] -0.000000650  -0.000000403 -0.000000813
0] 0.000000193  -0.000002155 0.000003141
C -0.000000958  -0.000004370  0.000003693
H -0.000001818  -0.000004358 0.000001929
H -0.000001833  -0.000006102 0.000004129
C 0.000000298  -0.000004414  0.000006236
Cl 0.000001741  -0.000001691 0.000005620
Cl 0.000001727  -0.000004497 0.000009159
Cl -0.000001294  -0.000007363 0.000006816

TS for C-H insertion of 1,1-dimethylsilolane (singlet state)

M06/6-31G(d,p)[LANL2DZ]

Electronic Energy = -3359.90675919

Electronic and Zero-Point Energy = —3359.455442
Enthalpy = -3359.411894

Free Energy = —3359.536186
MO06/6-311++G(2d,2p)[SDD]

Electronic Energy = —3362.606526

Rh -2.91839300 -1.74742900 0.06572100

Rh -0.80023100 -0.56170600 -0.00771300
0] -0.20067200 -1.82790100 -1.51774400
0] -2.10876800 -3.03641200 -1.34754200
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-3.59179900
-1.67241900
-0.14430600
-2.16802200
-3.54532200
-1.51218000
-0.97022500
-0.43251200
0.06793200
0.31431600
-1.23528400
-2.84376500
-3.33802600
-2.99411100
-2.91581400
-4.42679000
-2.72663600
-3.20872400
-3.08152300
-4.25618100
-2.59190600
-0.95503400
-0.40110000
-0.40010300
0.63300500
-1.02063600
0.87487200
1.90490700
2.21554600
2.56313300
3.77834100
3.88860300
3.79377300
4.95661000
4.98468100
4.85914400
6.44377100
1.49379600

-0.51432500
0.66692800
-1.93730300
-2.92226900
-0.34971300
0.64543900
-2.79588000
-3.74155600
-3.18295000
-4.39032200
-4.35888400
0.42012400
1.32764700
2.35018900
0.99759700
1.28777900
0.51530900
1.50597000
2.51917200
1.32669700
1.43060100
-2.77446400
-3.64303400
-3.07406900
-3.91461800
-4.53239400
0.44678800
0.01685000
0.48537100
-0.98583300
-1.39343600
-0.97798600
-2.48802800
-0.93063200
0.84794900
-1.62093100
-1.51718500
5.08863100

-1.45000000
-1.40166100
1.38279900
1.57925200
1.45634000
1.51498400
-1.83030800
-2.86366900
-3.65842600
-2.39409700
-3.26988800
-1.83781900
-2.92334000
-2.74462200
-3.87834900
-2.98579300
1.87196600
2.89113300
2.49534900
3.13775000
3.79150300
1.89108200
2.98059500
3.91619900
2.75676700
3.10781900
0.00842700
-0.80056900
-1.87214600
-0.15989500
-0.73767800
-1.74631200
-0.77447100
0.11147000
0.21241200
1.75216100
-0.69755500
-0.50937600
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C 1.68810900 3.56091900
C 0.34294000 2.94063000
C -0.71691800 3.44891000
H 2.29946500 5.59695500
H 1.48946000 5.49265300
H 1.98340700 3.19780000
H 2.46878000 3.24506600
H 0.07993300 3.09305600
H 0.42393900 1.80334700
H -1.73752400 3.24423400
H -0.59547600 2.94967200
Si -0.23704400 5.28758500
C -0.20866100 5.80330700
H 0.13511600 6.83668800
H -1.20469500 5.72574400
H 0.46691200 5.15346400
C -1.34538200 6.41844800
H -2.37090000 6.43223200
H -0.97423900 7.44986600
H -1.38385300 6.07827300

-0.54872500
-0.89283300
0.06046300
0.03213100
-1.53221100
0.44950400
-1.25160100
-1.95147000
-0.78752600
-0.28331500
1.03490400
0.25157800
2.05941000
2.18210200
2.51118300
2.62899700
-0.76296100
-0.37649100
-0.76325900
-1.80525700

TS for C-H insertion of 1,1-dimethylsilolane (triplet state)

UMO06/6-31G(d,p)[LANL2DZ]

Electronic Energy = -3359.903298

Electronic and Zero-Point Energy = —3359.45522
Enthalpy = -3359.412421

Free Energy = —3359.533915
UMO06/6-311++G(2d,2p)[SDD]

Electronic Energy = —3362.601964

Rh 3.81826300 0.19484600

-0.22856400
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1.46413600
1.50737900
3.70541700
4.21777900
2.01996600
1.07400400
3.27064000
3.79902100
1.59791400
2.59773200
2.53889800
1.70294200
3.47790300
2.34801600
3.25553600
3.58911000
3.63081500
2.81082100
4.56509300
2.71984800
2.73684100
2.47486900
3.72162800
1.97544400
2.04522100
1.66658400
1.32475000
2.52401500
0.83526400
-0.49185500
-1.25473900
-0.90356500
-2.50347400
-3.41312100
-2.95041000
-3.74936300
-4.63581700
-4.16550400

-0.26023200
-1.26328400
-0.84319200
-1.57571500
-1.98636500
1.52468700
1.95089700
1.20274600
0.79822400
-1.35118300
-2.15034200
-1.80618300
-2.06745300
-3.19862300
-2.26367600
-3.51946700
-3.28894600
-4.26969600
-3.89638900
1.29678700
2.05950900
1.38522500
2.49493500
2.84412600
2.22690200
3.49438200
3.24504500
4.16571500
3.97980200
-0.52694100
-1.58710900
-2.74428300
-1.16304300
-2.15904900
-3.15197800
-1.96289200
-2.13735700
-2.45811700

0.11926800
-1.68542900
-2.00638400
0.74873600
1.08901600
-0.86157000
-1.18353100
1.57394100
1.88521500
-2.33299800
-3.60081900
-4.21577700
-4.15000000
-3.35062600
1.19165900
1.94028300
3.01012300
1.78629400
1.62848200
2.21922600
3.51075600
4.33164200
3.68615400
3.48031300
-1.28698600
-1.99690000
-3.00707500
-2.06758200
-1.47690800
0.25208900
-0.15022600
-0.17404200
-0.53880100
-0.92583300
-0.86956500
-1.95144000
-0.01980800
1.66567200
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Cl -5.46446300 -0.54937000
Cl -5.74455300 -3.41371900
C -2.43306200 2.12540100
C -1.78266200 1.74107000
C -2.81200800 1.55398000
C -3.73183600 2.79710900
H -1.71010400 2.46026300
H -3.00103200 1.27574300
H -0.94802800 2.40222600
H -1.17761100 0.65870600
H -3.40866300 0.66132400
H -2.33617000 1.37188800
H -4.74004900 2.55387800
H -3.33132600 3.56585900
Si -3.66879800 3.44077400
C -5.32034700 3.42421100
H -6.01980900 4.13733700
H -5.20363600 3.69601200
H -5.78441100 2.43176600
C -2.88436000 5.15013400
H -2.75453900 5.49430100
H -3.48832900 5.89679600
H -1.89460800 5.12864200
Product (singlet state)
Me Me
Fop e
O/\_hc?Rh---l}J\

M06/6-31G(d,p)[LANL2DZ]

Electronic Energy = —3360.043432

Electronic and Zero-Point Energy = —3359.581922
Enthalpy = -3359.540332

Free Energy = —3359.655018
MO06/6-311++G(2d,2p)[SDD]

Electronic Energy = —3362.739627
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-0.12203600
-0.60027800
-0.81173100
0.49071500
1.58953800
1.60006900
-1.56338800
-1.22082800
0.77134000
0.34988900
1.35114600
2.56080800
1.95672600
2.27530600
-0.19185200
-1.09020300
-0.63846100
-2.14541700
-1.05078800
-0.26512500
-1.29765300
0.26356600
0.20936000
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0.86755300
0.50829500
-0.40590000
-0.07709700
2.67650200
2.31564000
-1.28604200
-0.95902700
1.79306200
1.47979300
-0.49650500
-1.18638900
-1.32110900
-2.16576300
-0.61157500
2.98760900
4.26788800
4.80630100
4.02948600
4.89065900
1.89344100
2.55218200
3.32245000
2.98661100
1.80572200
-1.62512600
-2.95540400
-3.12765900
-3.74501600
-3.00176100
0.20314200
-1.16458400
-1.72057400
-1.74832500
-3.06224800
-3.28329700
-3.12681900

-2.91013200
-0.58732400
-0.37997900
-2.56214900
-2.38439300
-0.19708000
-1.11466300
-3.29002300
-3.10385100
-0.92140800
-1.39410300
-1.19959200
-0.13828700
-1.68901000
-1.68528900
-1.16248900
-0.79338000
-0.04038700
-0.34741900
-1.67552000
-2.09799000
-2.29304400
-1.53088700
-3.29118500
-2.15988300
-2.34011300
-2.68537800
-2.08840600
-2.44033600
-3.75203100
1.56278100

1.84757300

1.95988500

1.98593300

2.49038500

3.07202800

3.12977500

0.34853700
-0.20455000
1.64061400
2.14798100
1.20156900
0.75803500
-1.06492000
-0.53488300
-1.49594300
-1.99761500
2.39548700
3.71584500
3.93261200
3.67888300
4.50871700
1.23738100
1.93168400
1.34829600
2.90344900
2.08888600
-2.24963600
-3.58463800
-3.73226900
-3.65794800
-4.37421400
-1.03434200
-1.63583800
-2.53475300
-0.91633300
-1.86239200
-1.03422700
-1.18764800
-2.24758700
0.02052300
0.04760900
-0.85581700
0.93432200
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-4.13618600
-4.36244500
-3.74043200
-5.65884500
1.65069300
0.62301700
1.05790400
2.49581000
1.64365600
1.41522600
0.62901600
-0.39924200
1.01037700
0.58059600
2.95185400
2.49999200
3.30244900
4.46972000
4.84189300
5.33821400
3.95888300
4.13087600
5.11907400
4.25825800
3.51340700

1.41060100
0.49201100
0.29981700
2.29199900
4.80342900
3.97834700
2.51092000
2.43618500
5.85820400
4.76958700
4.27487800
4.12432800
2.18537000
1.43368500
1.46114500
2.61678600
3.90777600
4.87615800
5.77791700
4.27368200
5.18938700
3.34580100
2.91245200
4.16375200
2.56977000

0.18813300
-1.31186500
1.52140500
0.56878700
0.44589400
-0.34411000
-0.25496700
-0.76210700
0.15112000
1.51871500
-1.40620900
0.02817400
0.79680000
-1.97385500
-0.56621300
-1.84993800
0.12073000
-0.98669900
-0.48759200
-1.27636400
-1.90526400
1.71084200
1.51727900
2.42859500
2.18221400

Intermediate (triplet state)

X s
Si~
00 _Me . Me
| 0t%0 H
_RH—Rh==-N_
O=0" | Troc
0.
M O

UMO06/6-31G(d,p)[LANL2DZ]

Electronic Energy = -3359.926392

Electronic and Zero-Point Energy = —3359.472912
Enthalpy = —3359.429006

Free Energy = —3359.552601
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UMO06/6-311++G(2d,2p)[SDD]

Electronic Energy = —3362.629534

Rh

Y]
=>
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3.83302400
1.49874100
2.10381000
4.28911000
3.76810300
1.58597900
1.56175400
3.76323100
3.23341100
1.04913500
3.34479500
3.69686300
3.28675100
4.77903500
3.22725200
2.68068000
2.65253800
2.25550200
1.98692600
3.66101600
2.00010900
1.59072100
1.26416900
2.42817400
0.73972200
2.66566500
2.64103800
2.49833700
3.57557500
1.79036400
-0.43256300
-1.12691600
-0.71524600
-2.44864500
-3.33180200

0.27093200
-0.13639100
-1.41947000
-1.07992500
-1.28032000
-1.66194700
1.46045300
1.79395300
1.60679600
1.20513000
-1.62328700
-2.60111400
-2.25074700
-2.71582600
-3.56415000
-1.90566400
-3.02605100
-2.64625600
-3.81823900
-3.40733000
1.78336500
2.74272700
2.17131100
3.38252100
3.34077500
2.06528000
3.19466100
2.78625100
3.75632800
3.84833800
-0.37345900
-1.51223600
-2.64837200
-1.18848100
-2.26350600

0.28627800
-0.17211500
-1.65845500
-1.19772100
1.63984600
1.19834000
-1.48379200
-1.10387200
1.74480700
1.33046300
-1.83782400
-2.91729100
-3.86903600
-2.99380600
-2.69727700
1.79423300
2.78905000
3.73638300
2.43976800
2.95905500
1.94622500
3.02328000
3.89849700
3.30614400
2.68566500
-1.66459100
-2.65043600
-3.65590700
-2.61351600
-2.44004700
-0.56745600
-0.80631400
-0.80370300
-1.07948500
-1.22767900
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-2.78370300
-3.92691700
-4.29418100
-3.40161000
-5.25635500
-5.39429600
-2.82058300
-1.94238100
-2.62788300
-4.01099800
-2.38785200
-3.09590000
-0.96722400
-0.98590900
-2.79956000
-2.00682400
-4.77771200
-3.95142400
-4.36686600
-6.00699000
-6.85297700
-6.13441200
-6.06808400
-4.21573500
-4.32986900
-4.96893600
-3.22721600

M06/6-31G(d,p)[LANL2DZ]

Electronic Energy = —3108.49541320
Electronic and Zero-Point Energy = —3108.032977

-3.21171800
-2.11543500
-2.33495400
-2.57795000
-0.82692500
-3.71470800
2.45702300
2.24823400
1.62104600
2.29987400
3.10658400
1.49677800
2.72573600
0.49092500
0.54737600
1.66000800
1.58324100
3.07001400
3.14086800
2.69271700
2.95602500
3.22826800
1.61963100
5.00879900
5.52368400
5.41003100
5.26245700

-1.28628000
-2.13670000
-0.04816600
1.47155600
0.06143700
-0.34076800
-1.07681500
0.10638100
1.28264800
1.47913400
-1.84383400
-1.55261400
0.20233200
-0.59516300
1.07600000
2.18552400
1.79779400
2.25991900
-0.19088100
-0.99650400
-0.35114300
-1.94447300
-1.21134600
-0.01237800
-0.97326500
0.67595200
0.39159000

TS for C-H insertion of 1,1-dimethylcyclopentane (singlet state)
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Enthalpy = -3107.992282
Free Energy = —3108.107547
MO06/6-311++G(2d,2p)[SDD]

Electronic Energy = -3111.17669927

Rh

Y]
=>
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-3.45990600
-1.31846700
-0.92408100
-2.92190800
-4.27258400
-2.27700500
-0.53905000
-2.53489500
-3.82930100
-1.81330500
-1.79930100
-1.42964000
-0.85033400
-2.32876500
-0.80646800
-3.51246200
-4.09918900
-3.77838900
-3.71281300
-5.18779900
-2.95660300
-3.29253200
-3.58249400
-4.12379000
-2.41492800
-1.30795900
-0.66452100
0.24382400

-1.35825700
-0.36598000
0.42612700

1.21906700

1.05797200

-0.05040800
-0.13049900
-1.89315100
-1.81600100
-1.11930300
-1.18814200
0.91979800
1.02628700
1.70827500
1.64801200
-2.33348500
-3.57908600
-3.29696000
-4.10360200
-4.22627900
-1.46248400
-2.29088100
-1.89962700
-3.31183500
-2.30736100
2.15586200
3.39956800
3.11502500
3.92674700
4.04591900
1.28524100
2.11015300
1.61387000
2.27269700
3.07567300
-0.12042400
-1.20625700
-2.20494300

0.76138500
-0.36909500
0.63739100
1.69911000
-0.79610000
-1.85549300
1.22240600
2.27166500
-0.26531800
-1.29521500
1.45085300
2.20235500
3.08828700
2.53091600
1.58114700
-1.74380300
-2.84737400
-3.81607300
-2.76405300
-2.77618400
-1.05875700
-1.82865500
-2.84557300
-1.35745700
-1.90446100
2.17119900
3.24646600
3.60033900
4.07251000
2.82333000
-1.35604100
-1.10709100
-1.77785200
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2.12791400
2.93209100
2.72956700
2.71760400
4.40614100
4.79373400
4.83298100
5.33025200
2.47138300
1.58445200
2.49615600
3.26502400
1.91250600
3.02745100
0.68738600
1.09119000
3.18040300
1.96840000
4.22197900
2.66290900
4.89141000
5.58497000
5.00379700
5.20160300
3.08807400
3.24910300
3.69652800
2.03219700
3.45574100

-1.06652500
-2.20191200
-2.97324500
-2.59711300
-1.83444600
-1.10677000
-0.69490600
-3.34928200
2.26895700
2.07196100
2.26588800
3.51971900
2.51182300
1.34135300
2.70785200
1.01521500
1.40544300
2.36016400
3.63421300
4.40975900
3.01947800
3.83110800
2.80685200
2.12144000
4.71105900
4.65176900
5.54032100
4.96284400

3.40091700

-0.11087300
0.12132300
-0.63090400
1.12133800
0.05704700
-1.52368300
1.36564200
0.27270600
0.55161000
-0.65338100
-1.84114400
-1.41697500
1.46319000
0.74751300
-0.67754700
-0.67786700
-1.91825100
-2.79498700
-1.94164900
-1.65062500
0.46102500
0.20297000
1.53293200
-0.09071200
0.80917600
1.89378600
0.42369600
0.63684100
0.12274000
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Synthesis of Substrates and Characterization Data

Me Cul (5 mol%) Me,

SN 4-F-CoHMgBr (1.5 equiv.) SN
cl >
) THF, it, 4 h /©/ )
F
S5 2g

Diethyl(4-fluorophenyl)(methyl)silane (2g)

Following the literature procedure,®! to a suspension of chlorodiethylmethylsilane (S5) (3.04 mL, 20 mmol) and Cul
(190 mg, 1.0 mmol) in THF (100 mL) was added a solution of 4-fluorophenylmagnesium bromide in THF (1.0 M,
30 mL, 30 mmol) dropwise at 0°C and the resulting mixture was allowed to warm to room temperature. After stirred
for 4 h, the reaction was quenched by saturated aq. NHCl and extracted with AcOEt. The organic layer was washed
by ag. NH4Cl and brine, dried over Na,SOs, and concentrated in vacuo. The residue was purified by flash column
chromatography (hexane) to afford 2g (1.19 g, 33%) as colorless oil.

Analytical data: *H NMR (400 MHz, CDCls) &: 7.46 (td, J = 8.8, 1.4 Hz, 2H), 7.04 (t, J = 8.8 Hz, 2H), 0.93 (t, J =
7.8 Hz, 6H), 0.73 (td, J = 7.8 Hz, 4H), 0.22 (s, 3H); 1*C NMR (150 MHz, CDCls) 8: 163.7 (d, J = 247.1 Hz), 135.9
(d, J=7.2 Hz), 133.9 (d, J = 4.4 Hz), 115.0 (d, J = 20.1 Hz), 7.5, 5.6, -5.9; °F NMR (376 MHz, CDCls) §: -112.4
(tt, J=9.5, 6.5 Hz); IR (neat, cm): 2955, 2877, 1589, 1233, 1163, 1104, 823, 790, 747; HRMS-EI* (m/z): Calcd.
for C11H17FSi [M]* 196.1084; found, 196.1088.

Cul (5 mol%) Me,
Me, 4-F-CgH,MgBr (1.5 equiv.) 5N
Pt - e
ClI” Ve THF, 1, 7 h -
s6 2h

(4-Fluorophenyl)dimethyl(propyl)silane (2h)

Following the literature procedure,® to a suspension of chlorodimethylpropylsilane (S6) (1.25 mL, 8.0 mmol) and
Cul (76 mg, 0.40 mmol) in THF (40 mL) was added a solution of 4-fluorophenylmagnesium bromide in THF (1.0
M, 12 mL, 12 mmol) dropwise at 0°C and the resulting mixture was allowed to warm to room temperature. After
stirred for 7 h, the reaction was quenched by saturated aq. NH4Cl and extracted with AcOEt. The organic layer was
washed by ag. NH4Cl and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by flash

column chromatography (hexane) to afford 2h (1.35 g, 80%) as colorless oil.

Analytical data: *H NMR (400 MHz, CDCls, 313K) &: 7.47 (dd, J = 8.0, 6.0 Hz, 2H), 7.04 (t, J = 9.0 Hz, 2H), 1.40-
1.28 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H), 0.76-0.68 (m, 2H), 0.24 (s, 6H); 3C NMR (150 MHz, CDCls) &: 163.7 (d, J
= 245.6 Hz), 135.6 (d, J = 7.2 Hz), 135.3 (d, J = 2.9 Hz), 115.0 (d, J = 18.6 Hz), 18.6, 18.4, 17.5, -2.7; °F NMR (376
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MHz, CDCls) &: -112.6 (m); IR (neat, cm™): 2956, 1588, 1499, 1254, 1232, 1163, 1104, 837, 822, 766; HRMS-EI*
(m/z): Calcd. for C11H17FSi [M]* 196.1084; found, 196.1089.

General Procedure for Dirhodium-Catalyzed Asymmetric Intermolecular C-H Amination

9 or 16 (5 mol%)
TrocNHOTs (1.0 equiv.)

RL H K,CO f R! NHTr
: »,CO3 (1.5 or 2.0 equiv.) o oc
=5 Y > Y

rR? R PhCI or benzene R® R

2 (1.5-10 equiv.) 20°C, 12h 4

To a stirred suspension of silanes 2, TrocNHOTs (18.1 mg, 0.05 mmol, 1.0 equiv.) and K2COs in PhCI or benzene
were added 9 or 16 (0.0025 mmol, 0.05 equiv.) at 20 °C. After stirred for 12 h, the reaction was quenched by water
and extracted with CHCIs. The organic layer was dried over Na,SO4 and concentrated in vacuo. The residue was
purified by preparative TLC to afford the aminated product 4.

Specific Procedure and Characterization data

Me_ *
NHTroc
5N

AT

2,2,2-Trichloroethyl (2-(ethyl(4-fluorophenyl)(methyDsilyl)ethyl)carbamate (4g)

Following the general procedure for asymmetric intermolecular amination, 2g (98.2 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 9 (3.6 mg, 0.0025
mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.50 mL) for 12 h. The crude material was purified by preparative
TLC (CHCls/hexane = 2/1) to afford 4g (9.0 mg, 46%, 2% ee) as colorless oil.

Analytical data: *H NMR (400 MHz, CDCls, 323K) 6: 7.47 (dd, J = 7.6, 6.0 Hz, 2H), 7.06 (t, J = 9.0 Hz, 2H), 4.82
(brs, 1H), 4.69 (s, 2H), 3.33-3.21 (m, 2H), 1.11 (t, J = 8.4 Hz, 2H), 0.98 (t, J = 7.8 Hz, 3H), 0.80 (g, J = 7.6 Hz, 2H),
0.31 (s, 3H); 3C NMR (150 MHz, CDCls, 323K) &: 164.1 (d, J = 247.1 Hz), 154.4, 135.8 (d, J = 7.2 Hz), 132.6,
115.4 (d, J = 20.3 Hz), 95.9, 74.7, 37.9, 15.9, 7.3, 6.0, -5.4; °F NMR (376 MHz, CDCls) &: -111.5 (tt, J = 9.0, 6.0
Hz); IR (neat, cm™): 3339, 2952, 1723, 1587, 1501, 1234, 1137, 822, 790, 723; HRMS-ESI* (m/z): Calcd. for
C14H19CIsFNO2Si [M+H]* 386.0307; found, 386.0285; ee was determined after deprotection of Troc group™ and
subsequent benzoylation.; HPLC conditions: column: Daicel Chiralpak AD-H, flow rate: 1.0 mL/min, eluent:
hexane/IPA = 98/2, retention time (min): 69.9 (minor), 74.2 (major).

-76 -



Me\ .

/©/ Me NHTroc
F

4h

2,2,2-Trichloroethyl (1-((4-fluorophenyl)dimethylsilyl)propan-2-yl)carbamate (4h)

Following the general procedure for asymmetric intermolecular amination, 2h (15.8 mg, 0.075 mmol, 1.5 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), KoCO3 (10.4 mg, 0.075 mmol, 1.5 equiv.), and 9 (3.6 mg, 0.0025
mmol, 0.05 equiv.) were stirred at 20 °C in PhCI (0.50 mL) for 12 h. The crude material was purified by preparative
TLC (CHCls/hexane = 2/1) to afford 4h (9.4 mg, 48%) as colorless oil.

Analytical data: *H NMR (400 MHz, CDCls, 323K) &: 7.48 (dd, J = 8.4, 6.4 Hz, 2H), 7.06 (t, J = 9.0 Hz, 2H), 4.80-
4.60(m, 3H), 3.95-3.82 (m, 1H), 1.21-1.12 (m, 4H), 1.03 (dd, J = 14.8, 7.4 Hz, 1H), 0.34 (s, 6H); *C NMR (150
MHz, CDCls, 323K) &: 164.5 (d, J = 247.1 Hz), 153.5, 135.6 (d, J = 7.2 Hz), 134.2, 115.3 (d, J = 18.6 Hz), 95.9,
74.6, 45.6, 25.8, 24.7, -2.1, -2.3; %F NMR (376 MHz, CDCls) 6: -111.7 (tt, J = 9.4, 6.4 Hz); IR (neat, cm):3335,
2960, 1718, 1589, 1502, 1233, 1163, 1108, 822, 728; HRMS-ESI* (m/z): Calcd. for C14H19CIsFNOSi [M+Na]*
408.0127; found, 408.0107.; ee was determined after deprotection of Troc group and subseaquent benzoylation.;
HPLC conditions: column: Daicel Chiralcel OD-H, flow rate: 1.0 mL/min, eluent: hexane/IPA = 99/1, retention time
(min): 35.4 (minor), 40.0 (major).

2,2,2-Trichloroethyl (1,1-diphenylsilolan-3-yl)carbamate (4d)

Following the general procedure for asymmetric intermolecular amination, 2d (23.8 mg, 0.10 mmol, 2.0 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), K.CO3 (13.8 mg, 0.10 mmol, 2.0 equiv.), and 16 (3.6 mg, 0.0025
mmol, 0.05 equiv.) were stirred at 20 °C in benzene (0.25 mL) for 12 h. The crude material was purified by preparative
TLC (AcOEt/hexane = 75/25) to afford 4d (18.8 mg, 90%, 63% ee) as colorless oil.

Analytical data: [a]p® = -125 (¢ 0.62, CHCI3, 63% ee); HPLC conditions: column: Daicel Chiralpak AD-H, flow

rate: 1.0 mL/min, eluent: hexane/IPA = 98/2, retention time (min): 14.2 (major), 15.7 (minor).
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2,2,2-Trifluoroethyl (1,1-diphenylsilolan-3-yl)carbamate (22)

Following the general procedure for asymmetric intermolecular amination, 2d (23.8 mg, 0.10 mmol, 2.0 equiv.), 18
(15.6 mg, 0.05 mmol, 1.0 equiv.), KoCO3 (13.8 mg, 0.10 mmol, 2.0 equiv.), and 16 (3.6 mg, 0.0025 mmol, 0.05
equiv.) were stirred at 20 °C in benzene (0.25 mL) for 12 h. The crude material was purified by preparative TLC
(CHCls/hexane = 60/40) to afford 22 (14.6 mg, 76%, 58% ee) as white amorphous.

Analytical data: [a]p?® =-29.2 (c 1.0, CHCIs3); *H NMR (400 MHz, CDCls, 323K) &: 7.54 (t, J = 7.6 Hz, 4H), 7.45-
7.33 (m, 6H), 4.87 (br s, 1H), 4.45 (q, J = 8.0 Hz, 2H), 4.10-3.96 (m, 1H), 2.34 (br s, 1H), 1.76 (dd, J = 14.4, 6.0 Hz,
1H), 1.68-1.54 (m, 1H), 1.36 (ddd, J = 15.2, 7.2, 3.2 Hz, 1H), 1.20-1.09 (m, 1H), 1.03 (dd, J = 14.8, 10.4 Hz, 1H);
13C NMR (150 MHz, CDCls, 323K) 8:153.8, 135.6, 135.4, 134.8, 129.9, 128.3, 128.3, 123.4 (q, J = 275.7 Hz), 61.3
(q,J=37.4Hz),54.3,33.8,20.4,9.7; °F NMR (564 MHz, CDCls, 323K) 6: -74.2; IR (KBr, cm™): 3290, 1711, 1537,
1303, 1282, 1242, 1171, 1121, 737, 701; HRMS-ESI* (m/z): Calcd. for C19H20FsNO,Si [M+Na]* 402.1108; found,
402.1101.; HPLC conditions: column: Daicel Chiralpak AD-H, flow rate: 1.0 mL/min, eluent: hexane/IPA =98/2,
retention time (min): 10.7 (major), 11.8 (minor).

N" N0\,
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2,2,2-Tribromoethyl (1,1-diphenylsilolan-3-yl)carbamate (23)

Following the general procedure for asymmetric intermolecular amination, 2d (23.8 mg, 0.10 mmol, 2.0 equiv.), 19
(24.8 mg, 0.05 mmol, 1.0 equiv.), K:CO3 (13.8 mg, 0.10 mmol, 2.0 equiv.), and 16 (3.6 mg, 0.0025 mmol, 0.05
equiv.) were stirred at 20 °C in benzene (0.25 mL) for 12 h. The crude material was purified by preparative TLC
(CHCls/hexane = 80/20) to afford 23 (26.4 mg, 94%, 61% ee) as colorless oil.

Analytical data: [a]p?® = -29.2 (c 1.0, CHCl3, 61% ee); *H NMR (600 MHz, CDCls, 323K) &: 7.59-7.49 (m, 4H),
7.45-7.32 (m, 6H), 4.98 (br s, 1H), 4.91 (s, 2H), 2.38 (br s, 1H), 1.80 (br s, 1H), 1.70-1.60 (m, 1H), 1.38 (ddd, J =
15.0, 7.2, 3.0 Hz, 1H), 1.21-1.11 (m, 1H), 1.07 (dd, J = 15.0, 10.2 Hz, 1H),; 3C NMR (150 MHz, CDCls, 323K) &:
153.9, 135.6, 135.5, 134.8, 129.9, 128.3, 128.3, 77.6, 54.2, 37.7, 33.8, 20.4, 9.7; IR (neat, cm™): 3323, 2937, 1722,
1509, 1228, 1115, 798, 731, 699, 508; HRMS-ESI* (m/z): Calcd. for C1gH20BrsNO,Si [M+H]* 559.8886; found,
559.8866; HPLC conditions: column: Daicel Chiralpak AD-H, flow rate: 1.0 mL/min, eluent: hexane/IPA = 95/5,
retention time (min): 14.6 (major), 17.1 (minor).
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2,2,2-Trichloroethyl (1,1-diphenylsilolan-3-yl)sulfamate (25)

To a stirred suspension of silanes 2d (23.8 mg, 0.10 mmol, 2.0 equiv.), 16 (3.6 mg, 0.0025 mmol, 0.05 equiv.) and
ToesNH; (21) (11.4 mg, 0.05 mmol, 1.0 equiv.) in benzene (0.25 mL) were added Phl(OAc)2 (24.2 mg, 0.075 mmol,
1.5 equiv.) at 20 °C. After stirred for 12 h, the resulting mixture was filtered by celite pad and the filterate was
concentrated in vacuo. The residue was purified by preparative TLC (CHCls/hexane = 75/25) to afford 25 (17.0 mg,
78%, 3% ee) as yellow oil.

Analytical data: *H NMR (400 MHz, CDCls) &: 7.57-7.48 (m, 4H), 7.46-7.35 (m, 6H), 4.70-4.58 (m, 3H), 4.00-3.88
(m, 1H), 2.51-2.41 (m, 1H), 1.86 (ddd, J = 14.8, 6.4, 2.0 Hz, 1H), 1.78-1.65 (m, 1H), 1.41 (ddd, J = 14.8, 7.2, 2.4 Hz,
1H), 1.20-1.08 (m, 2H); 2*C NMR (100 MHz, CDCls) &: 134.8, 134.7, 134.7, 134.1, 134.1, 128 4, 128.3, 93.6, 78.3,
57.6, 34.3,21.0, 9.4; IR (neat, cm™): 3303, 3068, 2948, 1428, 1364, 1182, 1018, 854, 758, 726; HRMS-ESI* (m/z):
Calcd. for C1gH20CIsNO3SSi [M+Na]* 485.9891; found, 485.9859; HPLC conditions: column: Daicel Chiralcel OD-
H, flow rate: 1.0 mL/min, eluent: hexane/IPA = 95/5, retention time (min): 15.0 (minor), 22.7 (major).

NHT
e roc

2,2,2-Trichloroethyl (1,1-diphenylsilinan-3-yl)carbamate (4e)

Following the general procedure for asymmetric intermolecular amination, 2e (25.2 mg, 0.10 mmol, 2.0 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), K.CO3 (13.8 mg, 0.10 mmol, 2.0 equiv.), and 16 (3.6 mg, 0.0025
mmol, 0.05 equiv.) were stirred at 20 °C in benzene (0.25 mL) for 12 h. The crude material was purified by preparative
TLC (CHClz/hexane = 80/20) to afford a mixture of B-aminated and y-aminated products (20.8 mg, 94%, 58% ee,
B/y = 10/1).

Analytical data: [a]o?® = -54 (c 0.52, CHCl3, 58% ee); ee was determined after deprotection of Troc group™ and

subseaquent benzoylation; HPLC conditions: column: Daicel Chiralpak AD-H, flow rate: 1.0 mL/min, eluent:
hexane/IPA = 90/10, retention time (min): 12.1 (minor), 28.1 (major).
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2,2,2-Trichloroethyl (1,1-diphenylgermolan-3-yl)carbamate (4f)

Following the general procedure for asymmetric intermolecular amination, 2f (28.2 mg, 0.10 mmol, 2.0 equiv.),
TrocNHOTSs (18.1 mg, 0.05 mmol, 1.0 equiv.), KoCO3 (13.8 mg, 0.10 mmol, 2.0 equiv.), and 16 (3.6 mg, 0.0025
mmol, 0.05 equiv.) were stirred at 20 °C in benzene (0.25 mL) for 12 h. The crude material was purified by preparative
TLC (AcOEt/hexane = 75/25) to afford 4f (20.0 mg, 84%, 58% ee) as colorless oil.

Analytical data: [a]p?® = -29.2 (¢ 1.0, CHCI3); *H NMR (400 MHz, CDCls, 313K) &: 7.53-7.48 (m, 4H), 7.42-7.35
(m, 6H), 4.93 (br, 1H), 4.73 (s, 2H), 4.09-4.02 (m,1H), 2.38-2.32 (m, 1H), 1.87-1.80 (m, 1H), 1.70-1.62 (m, 1H),
1.53-1.47 (m, 1H), 1.33-1.24 (m, 1H) 1.13 (dd, J = 8.8, 6.4 Hz); 3C NMR (150 MHz, CDCls) &: 153.9, 137.4, 137.2,
134.2,129.3, 129.0, 128.6, 128.5, 95.8, 74.5, 54.9, 34.5, 20.5, 11.0; IR (neat, cm™): 3407, 3319, 2917, 1726, 1503,
1225, 1120, 801, 739, 699; HRMS-ESI* (m/z): Calcd. for C19H20CIsNO,Ge [M+Na]* 491.9694; found, 491.9645..;
HPLC conditions: column: Daicel Chiralpak AD-H, flow rate: 1.0 mL/min, eluent: hexane/IPA = 98/2, retention time
(min): 13.4 (major), 14.9 (minor).
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Synthesis of Substrates and Characterization Data

OMOM n-BuLi (3.0 equiv.) OR OH OR 1. MsCl, TEA, DCM, rt OR NH, OR
Me THF, —78°Ctort, 1 h Me Me 2 NaNs DMF, 40 °C Me Me
then, HCO,Et (1.0 equiv.) 3. Hy, Pd/C, EtOH, 1t
rt, 3 h
S7 (2.4 equiv.) $8 (R = MOM) $9 (R = MOM)
NsCl (1.6 equiv.) OR  NHNsOR 12N HCl aq./THF/IPA OH NHNsOH

KHCOj3 (5.0 equiv.)

Me Me (1/40/40) Me Me
_—_— _—
MeCN, rt, 11 h O O 40°C, 20 h O O

$10 (R = MOM) 26a

Bis(2-(methoxymethoxy)-3-methylphenyl)methanol (S8)

To a stirred solution of 1-(methoxymethoxy)-2-methylbenzene (S7)% (3.76 g, 24.7 mmol) in THF (100 mL) was
added a solution of n-BuL.i in hexane (1.6 M, 19.3 mL, 30.9 mmol) dropwise at -78 °C and the resulting mixture was
allowed to warm to 0 °C. The solution was stirred for 1 h before adding ethyl formate (0.832 mL, 10.3 mmol) and
the resulting mixture was stirred at room temperature. After stirred for 3 h, the reaction was quenched by saturated
ag. NH4Cl and extracted with AcOEt. The organic layer was washed by aq. NH4Cl and brine, dried over Na;SO4, and
concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/hexane = 15/85 to 25/75)
to give a mixture of S8 and byproducts. It was further purified by recrystallization from hexane to afford S8 (1.81 g,
53%) as white solid.

Analytical data of S8: m.p. 68°C; 'H NMR (400 MHz, CDCls) 8: 7.19 (dd, J = 7.6, 1.6 Hz, 2H), 7.14 (d, J = 7.6 Hz,
2H), 7.04 (t, J = 7.6, 1.6 Hz, 2H), 6.53 (d, J = 3.2 Hz, 1H), 4.91 (d, J = 6.0 Hz, 2H), 4.80 (dd, J = 6.0 Hz, 2H), 4.06
(d, J=3.2 Hz, 1H), 3.58 (s, 6H), 2.29 (s, 6H); 3C NMR (150 MHz, CDCls) &: 154.2, 136.9, 130.9, 130.8, 126.1,
124.7, 64.9, 57.6, 17.1; IR (KBr, cm): 3422, 1470, 1251, 1811, 1148, 1067, 1054, 980, 909, 771; HRMS-ESI*
(m/z): Calcd. for C19H240s [M+Na]* 355.1516; found, 355.1501.

Bis(2-(methoxymethoxy)-3-methylphenyl)methanamine (S9)

To a stirred solution of S8 (1.81 g, 5.44 mmol) and TEA (1.36 mL, 9.79 mmol) in DCM (25 mL) was added MsCI
(0.69 mL, 8.98 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 2 h, the
reaction was quenched by water and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated
in vacuo to give the crude product.

A suspension of crude product and NaN3 (1.06 g, 16.3 mmol) in DMF (25 mL) was stirred at 40 °C for 18 h. The
reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried
over Na>SO4 and concentrated in vacuo to give the crude product.

A suspension of crude product and Pd/C (200 mg) in EtOH (20 mL) was stirred at room temperature under H»

atomsphere for 18 h. The mixture was filtered through celite pad. The filtrate was concentrated in vacuo and the
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residue was purified by flash column chromatography (AcOEt/hexane = 25/75 to 100/0) to afford S9 (1.81 g, 53%)
as yellow oil.

Analytical data of S9: 'H NMR (400 MHz, CDCls) 5: 7.14 (dd, J = 7.6, 2.0 Hz, 2H), 7.09 (dd, J = 7.2, 1.6 Hz, 2H),
7.01 (t, J = 7.6 Hz, 2H), 5.87 (s, 1H), 4.90 (d, J = 5.6 Hz, 2H), 4.83 (d, J = 6.0 Hz, 2H), 3.59 (s, 6H), 2.30 (s, 6H);
13C NMR (100 MHz, CDCls) &: 154.2, 138.8, 131.3, 130.2, 125.6, 124.5, 99.6, 57.5, 48.1; IR (neat, cm): 3367,
3307, 2951, 1591, 1467, 1253, 1157, 1069, 972, 767; HRMS-ESI* (m/z): Calcd. for C1oHzsNO4 [M+H]* 332.1856;
found, 332.1888.

N-(Bis(2-hydroxy-3-methylphenyl)methyl)-2-nitrobenzenesulfonamide (26a)

To a stirred suspension of S9 (860 mg, 2.59 mmol) and KHCO3 (1.30 g, 13.0 mmol) in MeCN (12.5 mL) was added
NsCI (917 mg, 4.14 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 11
h, the reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine,
dried over Na;SO4 and concentrated in vacuo. The residue was purified by flash column chromatography
(AcOEt/hexane = 20/80) to give the crude product as a mixture of S10 and NsCI.

A solution of crude product in 12 N HCI ag./THF/IPA (1/40/40, 8.0 mL) was stirred at 40 °C for 20 h. The reaction
was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried over
NazSO4 and concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/hexane =
25/75 to 40/60) to give a mixture of 26a and NsCI. It was further purified by recrystallization from EtOH/hexane to
afford 26a (579 mg, 52%) as white solid.

Analytical data of 26a: m.p. 160 °C (decomp.); *H NMR (400 MHz, CDCls) &: 7.82 (dd, J = 7.6, 1.2 Hz, 1H), 7.72
(dd, J = 8.0, 1.2 Hz, 1H), 7.54 (td, J = 7.6, 1.2 Hz, 1H), 7.45 (td, J = 7.2, 1.2 Hz, 1H), 7.08 (d, J = 9.6 Hz, 1H), 6.96
(d, J=6.8 Hz, 2H), 6.83 (d, J = 7.6 Hz, 2H), 6.63 (t, J = 7.6 Hz, 2H), 6.03 (t, J = 9.6 Hz, 2H), 2.15 (s, 6H); 3C NMR
(100 MHz, CDCls) 4: 151.8, 147.1, 133,7, 133.3, 132.7, 131.2, 130.9, 126.8, 125.1, 124.7, 123.8, 120.5, 56.8, 15.8;
IR (KBr, cm?): 3550, 3435, 3331, 2909, 1539, 1471, 1363, 1316, 1197, 1157; HRMS-ESI* (m/z): Calcd. for
C21H20N206S [M+Na]* 451.0934; found, 451.0945.

NOS
OR NH, OR NosClI (1.6 equiv.) OH HN”

Me KHCO3 (5.0 equiv.)

$9 (R = MOM)

N-(Bis(2-hydroxy-3-methylphenyl)methyl)-4-nitrobenzenesulfonamide (26b)

To a stirred suspension of S9 (166 mg, 0.50 mmol) and KHCO3 (250 mg, 2.50 mmol) in MeCN (5.0 mL) was added
NosCl (177 mg, 0.80 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 13
h, the reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine,

dried over Na;SO4 and concentrated in vacuo. The crude solid was washed by EtOH/hexane to afford 26b (138 mg,
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64%) as yellow solid.

Analytical data of 26b: m.p. 184 °C (decomp.); *H NMR (400 MHz, CDCls) 6: 8.02 (d, J = 8.3 Hz, 2H), 7.76 (d, J
= 8.2 Hz, 2H), 6.99 (d, J = 7.4 Hz, 2H), 6.73 (d, J = 7.3 Hz, 2H), 6.67 (t, J = 7.6 Hz, 2H), 6.11 (br d, J = 9.2 Hz, 1H),
5.91(d, J=8.2 Hz, 2H), 5.63 (s, 2H), 2.15 (s, 6H); *C NMR (100 MHz, CDCls) &: 151.6, 149.9, 144.9, 131.1, 128.5,
126.9, 124.7, 123.5, 123.4, 120.8, 56.6, 15.7; IR (KBr, cm™): 3591, 3497, 3293, 3096, 1529, 1469, 1349, 1167, 743,
632; HRMS-ESI* (m/z): Calcd. for C21H20N206S [M+K]* 467.0674; found, 467.0694.

OR NH, OR TsCl (1.6 equiv.) OR  NHTs OR 12N HCl aq./THF/IPA OH NHTs OH
Me Me KHCO; (5.0 equiv.) Me Me (1/40/40) Me Me
MeCN, rt, 16 h O O 40°C,13h O O
S9 (R = MOM) S11 (R = MOM) 26¢

N-(Bis(2-(methoxymethoxy)-3-methylphenyl)methyl)-4-methylbenzenesulfonamide (S11)

To a stirred suspension of S9 (166 mg, 0.50 mmol) and KHCO3 (250 mg, 2.50 mmol) in MeCN (5.0 mL) was added
TsCI (153 mg, 0.80 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 16
h, the reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine,
dried over Na;SO4 and concentrated in vacuo. The residue was purified by flash column chromatography
(AcOEt/hexane = 15/85 to 25/75) to afford S11 (240 mg, 99%) as white solid.

Analytical data of S11: m.p. 96 °C; *H NMR (400 MHz, CDCls) &: 7.54 (d, J = 8.3 Hz, 2H), 7.07 (d, J = 8.2 Hz, 2H),
7.02 (d, J=7.2 Hz, 2H), 6.96 (d, J=8.0 Hz, 2H), 6.81 (t, J = 7.4 Hz, 2H), 6.25 (d, J = 7.4 Hz, 1H),5.73 (d,J= 7.3
Hz, 1H), 4.90 (d, J = 5.5 Hz, 2H), 4.79 (d, J = 5.5 Hz, 2H), 3.59 (s, 6H) , 2.34 (s, 3H) , 2.25 (s, 6H); 3C NMR (100
MHz, CDCls) 3: 154.0, 142.8, 138.0, 133.4, 131.5, 131.0, 129.1, 127.3, 127.1, 124.0,99.7, 57.7,52.8, 21.6, 17.3; IR
(KBr, cmt): 3272, 2929, 1471, 1332, 1181, 1157, 1094, 1069, 962, 665; HRMS-ESI* (m/z): Calcd. for C26H31NOgS
[M+Na]* 508.1764; found, 508.1776.

N-(Bis(2-hydroxy-3-methylphenyl)methyl)-4-methylbenzenesulfonamide (26c)

Asolution of S11in 12 N HCl aq./THF/IPA (1/40/40, 4.0 mL) was stirred at 40 °C for 13 h. The reaction was quenched
by water and extracted with AcOEt. The organic layer was washed by water and brine, dried over Na;SO4 and
concentrated in vacuo. The crude solid was purified by recrystallization from EtOH/hexane to afford 26¢ (107 mg,
54%) as white solid.

Analytical data of 26¢: m.p. 164 °C (decomp.); *H NMR (400 MHz, CDCls) &: 7.48 (d, J = 8.2 Hz, 2H), 7.03-6.95
(m, 4H), 6.65 (d, J = 4.8 Hz, 4H), 5.92-5,87 (m, 3H), 5.78 (d, J = 4.7 Hz, 1H), 2.30 (s, 3H), 2.17 (s, 6H); 3C NMR
(100 MHz, CDCls) 8: 152.0, 143.6, 135.6, 130.8, 129.0, 127.3, 126.9, 124.8, 123.5, 120.5, 56.9, 21.5, 15.8; IR (KBr,
cm): 3516, 3268, 1598, 1469, 1315, 1194, 1155, 746, 673; HRMS-ESI* (m/z): Calcd. for C2H23NO,S [M+Na]*
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420.1240; found, 420.1257.

Bz
OR NH, OR BzCl (1.1 equiv.) OH HN" ~OH

TEA (1.1 equw)

Me Rt MeMe

S9 (R = MOM) 26d

N-(Bis(2-hydroxy-3-methylphenyl)methyl)benzamide (26d)

To a stirred suspension of S9 (166 mg, 0.50 mmol) and TEA (77 pL, 0.55 mmol) in DCM (5.0 mL) was added BzCl
(64 L, 0.55 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 16 h, the
reaction was quenched by water and extracted with CHCls. The organic layer was dried over Na,SO, and concentrated
in vacuo. The crude solid was purified by recrystallization from EtOH/hexane to afford 26d (113 mg, 65%) as white
solid.

Analytical data of 26d: m.p. 212 °C; *H NMR (400 MHz, CDCls) é: 8.64 (br d, J = 8.7 Hz, 1H), 7.82 (d, J = 6.7 Hz,
2H), 7.51 (t, J = 7.2 Hz, 1H), 7.42 (t, J = 7.8 Hz, 2H), 7.35 (s, 1H), 7.10 (d, J = 7.3 Hz, 2H), 6.99 (d, J = 6.8 Hz, 2H),
6.78 (t, J = 7.6 Hz, 2H), 6.66 (d, J = 9.2 Hz, 1H), 2.34 (s, 6H); 3C NMR (100 MHz, CDCls) 5:168.5, 152.4, 133.1,
132.2, 130.7, 128.7, 127.4, 127.2, 126.1, 125.5, 120.7, 52.2, 16.4; IR (KBr, cm™): 3392, 3235, 1618, 1533, 1469,
1356, 1252, 1190, 689, 637; HRMS-ESI* (m/z): Calcd. for C22H2:NO3 [M+H]* 348.1594; found, 348.1608.

OMOM n-BulLi (3.0 equiv.) OR OH OR 1. MsCl, TEA, DCM, rt OR NH, OR
i-Pr. THF, —-78 °C to rt, 1h i-Pr. i-Pr 2. NaN3, DMF, 40 °C i-Pr- i-Pr
then, HCO,Et (1.0 equiv.) O O 3. Hy, PA/C, EOH, 1t © O
rt, 14 h

$12 (2.4 equiv.) $13 (R = MOM) $14 (R = MOM)

NsClI (1.6 equiv.) OR NHNsOR OH NHNsOH
KHCO3 (5.0 equiv.) 12N HCl aq. ( cat

i-Pr. i-Pr
_——
MeCN, 60 °C, 6 h O O MeOH, 60 °C, 30 min O O

$15 (R = MOM)

Bis(3-isopropyl-2-(methoxymethoxy)phenyl)methanamine (S14)

To a stirred solution of 1-isopropyl-2-(methoxymethoxy)benzene (S12)%* (855 mg, 4.74 mmol) in THF (10 mL) was
added a solution of n-BuLi in hexane (1.6 M, 3.70 mL, 5.93 mmol) dropwise at -78 °C and the resulting mixture was
allowed to warm to 0 °C. The solution was stirred for 1 h before adding ethyl formate (0.160 mL, 1.98 mmol) and
the resulting mixture was stirred at room temperature. After stirred for 14 h, the reaction was quenched by saturated
ag. NH4Cl and extracted with AcOEt. The organic layer was washed by aq. NH4Cl and brine, dried over Na;SO4, and
concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/hexane = 10/90 to 25/75)

to give the crude product as a mixture of S13 and byproducts.
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To a stirred solution of crude product and TEA (0.496 mL, 3.56 mmol) in DCM (10 mL) was added MsCI (0.253 mL,
3.27 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 3 h, the reaction
was quenched by water and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated in
vacuo to give the crude product.

A suspension of crude product and NaN3 (1.06 g, 16.3 mmol) in DMF (25 mL) was stirred at 40 °C for 23 h. The
reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried
over Na;SO4 and concentrated in vacuo to give the crude product.

A suspension of crude product and Pd/C (60 mg) in EtOH (6.0 mL) was stirred at room temperature under H;
atomsphere for 22 h. The mixture was filtered through celite pad. The filtrate was concentrated in vacuo and the
residue was purified by flash column chromatography (AcOEt/hexane = 10/90 to 75/25) to afford S14 (335 mg, 44%)
as yellow oil.

Analytical data of S14: 'TH NMR (400 MHz, CDCls) &: 7.21-7.06 (m, 6H), 5.88 (s, 1H), 4.90 (d, J = 6.0 Hz, 2H),
4.79 (d, J = 5.6 Hz, 2H), 4.83 (d, J = 6.0 Hz, 2H), 3.58 (s, 6H), 3.40-3.29 (m, 2H), 1.22 (dd, J = 6.8, 9.2 Hz, 12H);
13C NMR (100 MHz, CDCls) §: 152.9, 142.2, 138.8, 125.6, 125.5, 124.9, 100.3, 57.4, 48.4, 26.8, 24.1, 24.0; IR (neat,
cml): 3371, 3307, 2963, 1591, 1453, 1158, 1069, 971, 798, 766; HRMS-ESI* (m/z): Calcd. for CosHssNO4 [M+H]*
388.2482; found, 388.2518.

N-(Bis(3-isopropyl-2-(methoxymethoxy)phenyl)methyl)-4-nitrobenzenesulfonamide (S15)

To a stirred suspension of S14 (335 mg, 0.864 mmol) and KHCO3 (432 mg, 4.32 mmol) in MeCN (5.0 mL) was
added NsCI (306 mg, 1.38 mmol) at 0 °C and the mixture was allowed to warm to 60 °C. After stirred for 6 h, the
reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried
over NaSO, and concentrated in vacuo. The residue was purified by recrystallization from EtOH/hexane to afford
S15 (302 mg, 61%) as yellow solid.

Analytical data of S15: m.p. 141 °C; *H NMR (400 MHz, CDCl3) &: 7.74 (d, J = 8.0 Hz, 1H), 7.61 (dd, J = 8.0, 1.4
Hz, 1H), 7.52 (td, J = 7.6, 1.2 Hz, 1H), 7.30 (td, J = 7.8, 1.2 Hz, 1H), 7.11 (dd, J = 9.6, 5.6 Hz, 2H), 7.00 (dd, J = 7.8,
1.4 Hz, 2H), 6.82 (t, J = 7.8 Hz, 2H), 6.65 (d, J = 8.8 Hz, 1H), 6.12 (d, J = 9.2 Hz, 1H), 4.88 (dd, J = 8.2, 1.4 Hz,
2H), 3.59 (s, 6H), 3.44-3.33 (M, 2H), 1.21 (d, J = 6.9 Hz, 6H), 1,15 (d, J = 6.8 Hz, 6H); *C NMR (100 MHz, CDCls)
§: 153.0, 147.5, 143.0, 134.9, 132.8, 132.5, 132.4, 130.7, 126.8, 126.4, 124.8, 124.5, 100.7, 57.7, 52.2, 26.6, 24.1,
23.8; IR (KBr, cmrl): 3447, 3244, 2961, 1541, 1362, 1164, 970, 950, 767, 546; HRMS-ESI* (m/z): Calcd. for
Ca9H36N208S [M+Na]* 595.2085; found, 595.2092.

N-(Bis(2-hydroxy-3-isopropylphenyl)methyl)-4-nitrobenzenesulfonamide (26€)

A solution of S15 (292 mg, 0.510 mmol) and 12 N HCl ag. (0.15 mL) in MeOH (5.0 mL) was stirred at 60 °C for 30
min. The reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and
brine, dried over Na;SO4 and concentrated in vacuo. The residue was purified by flash column chromatography
(AcOEt/hexane = 25/75) to afford 26e (218 mg, 88%) as white solid.
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Analytical data of 26e: m.p. 131 °C; *H NMR (400 MHz, CDCls) 6: 7.81 (dd, J=7.6, 1.4 Hz, 1H), 7.68 (d, J = 7.2
Hz, 1H), 7.52 (td, J= 7.6, 1.4 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 7.15 (br d, J = 9.2 Hz, 1H), 7.04 (dd, J = 7.6, 1.6 Hz,
2H), 6.77 (dd, J = 7.6, 1.4 Hz, 2H), 6.69 (t, J = 7.4 Hz, 2H), 6.06 (d, J = 7.6 Hz, 1H), 5.96 (br s, 2H), 3.13-3.01 (m,
2H), 1.23 (d, J = 7.2 Hz, 6H), 1.15 (d, J = 6.8 Hz, 6H); *3C NMR (100 MHz, CDCls) &: 151.0, 147.2, 135.3, 133.6,
133.4,132.7,131.4, 126.5, 126.3, 125.1, 123.7, 120.7; IR (KBr, cm™): 3445, 3299, 3267, 2962, 1543, 1450, 1351,
1171, 735, 475; HRMS-ESI* (m/z): Calcd. for CasH2sN20sS [M+Na]* 507.1560; found, 507.1570.

OMOM n-BuLi (3.0 equiv.) OR OH OR 1. MsCl, TEA, DCM, rt OR NH, OR
tBu THF, -78°Ctort, 1 h £Bu tBu 2 NaN3, DMF, 40°C g, +Bu
then, HCO,Et (1.0 equiv.) O O 3. Hy, Pd/C, EtOH, it O O
rt, 2.5 h
$16 (2.4 equiv.) $17 (R = MOM) $18 (R = MOM)
NsCl (1.6 equiv.) OR  NHNsOR 12N HCl aq./THF/IPA OH NHNsOH

KHCOj, (5.0 equiv.) (1/40/40)

t-Bu t-Bu t-Bu t-Bu
_—_— ”
el O 0 O Bl 7 O

$19 (R = MOM) 26f

Bis(3-(tert-butyl)-2-(methoxymethoxy)phenyl)methanol (S17)

To a stirred solution of 1-(tert-butyl)-2-(methoxymethoxy)benzene (S16)* (1.94 g, 10.0 mmol) in THF (20 mL) was
added a solution of n-BuLi in hexane (1.6 M, 7.81 mL, 12.5 mmol) dropwise at -78 °C and the resulting mixture was
allowed to warm to 0 °C. The solution was stirred for 1 h before adding ethyl formate (0.337 mL, 4.17 mmol) and
the resulting mixture was stirred at room temperature. After stirred for 2.5 h, the reaction was quenched by saturated
ag. NH4Cl and extracted with AcOEt. The organic layer was washed by aq. NH4Cl and brine, dried over Na;SOs, and
concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/toluene = 0/100 to 5/95)
to afford S17 (1.17 g, 68%) as white solid.

Analytical data of S17: m.p. 95 °C; 'H NMR (400 MHz, CDCls) 8: 7.31 (dd, J = 7.6, 1.6 Hz, 4H), 7.06 (t, J = 7.8
Hz, 2H), 6.46 (d, J = 4.2 Hz, 1H), 4.97 (d, J = 5.5 Hz, 2H), 4.83 (d, J = 5.5 Hz, 2H), 4.37 (d, J = 4.6 Hz, 1H), 3.63
(s, 6H), 1.40 (s, 18H); *°C NMR (100 MHz, CDCls) &: 155.0, 143.2, 137.8, 127.4, 127.0, 124.2, 100.2, 65.4, 57.4,
35.2, 31.3; IR (KBr, cm): 3436, 1956, 1479, 1432, 1397, 1199, 1161, 1083, 1040, 934; HRMS-ESI* (m/z): Calcd.
for CasHssOs [M+Na]* 439.2455; found, 439.2467.

N-(bis(3-(tert-butyl)-2-(methoxymethoxy)phenyl)methyl)-4-nitrobenzenesulfonamide (S19)

To a stirred solution of S17 (1.15 g, 2.76 mmol) and TEA (0.693 mL, 4.97 mmol) in DCM (15 mL) was added MsCl

(0.353 mL, 4.56 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 2 h, the

reaction was quenched by water and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated

in vacuo to give the crude product.

A suspension of crude product and NaN3 (538 mg, 8.28 mmol) in DMF (15 mL) was stirred at 40 °C for 12 h. The
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reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried
over Na;SO4 and concentrated in vacuo to give the crude product.

A suspension of crude product and Pd/C (110 mg) in EtOH (10 mL) was stirred at room temperature under H;
atomsphere for 3 h. The mixture was filtered through celite pad. The filtrate was concentrated in vacuo and the residue
was purified by flash column chromatography (AcOEt/hexane = 10/90 to 20/80) to give the crude product as a
mixture of S18 and byproducts.

To a stirred suspension of crude product and KHCO3 (478 mg, 4.78 mmol) in MeCN (5.0 mL) was added NsCl (232
mg, 1.05 mmol) at 0 °C and the mixture was allowed to warm to room temperature. After stirred for 18 h, the reaction
was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried over
NazSO4 and concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/hexane =
10/90 to 20/80) to give a mixture of S19 and byproducts. It was further purified by recrystallization from
AcOEt/hexane to afford S19 (154 mg, 9 %) as white solid.

Analytical data of S19: m.p. 179 °C; *H NMR (400 MHz, CDCls) 6: 7.71 (dd, J = 8.0, 1.2 Hz, 1H), 7.49 (td, J = 7.6,
1.3 Hz, 1H), 7.32 (dd, J = 8.0, 1.2 Hz, 1H), 7.22-7.14 (m, 3H), 7.07 (dd, J = 7.6, 1.4 Hz, 2H), 6.70-6.65 (m, 3H), 6.06
(d,J=9.2Hz, 1H), 5.04 (dd, J = 7.2, 4.0 Hz, 4H), 3.71 (s, 6H), 1.44 (s, 18H); 3C NMR (150 MHz, CDCls) &: 154.9,
147.4, 144.2, 134.9, 133.0, 132.6, 132.4, 130.3, 127.7, 127.6, 124.6, 123.6, 100.2, 57.7, 52.2, 35.4, 31.0; IR (KBr,
cmt): 3333, 2960, 2912, 1538, 1437, 1357, 1165, 954, 739, 584; HRMS-ESI* (m/z): Calcd. for CsiHaoN20sS
[M+Na]* 623.2398; found, 623.2401.

N-(Bis(3-(tert-butyl)-2-hydroxyphenyl)methyl)-4-nitrobenzenesulfonamide (26f)

A solution of S19 (100 mg, 0.166 mmol) in 12 N HCI aq./THF/IPA (1/40/40, 2.0 mL) was stirred at 40 °C for 24 h.
The reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine,
dried over Na;SO4 and concentrated in vacuo. The residue was purified by flash column chromatography
(AcOEt/hexane = 15/85) to afford 26f (79 mg, 93%) as white solid.

Analytical data of 26f: m.p. 70 °C; *H NMR (400 MHz, CDCls) 6: 7.78 (d, J = 8.4 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H),
7.53 (t, J = 7.6 Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H), 7.17-7.07 (m, 3H), 6.75 (dd, J = 7.6, 1.4 Hz, 2H), 6.67 (d, J = 7.4
Hz, 2H), 6.15 (s, 2H), 6.07 (d, J = 9.2 Hz, 1H), 1.36 (s, 18H); *C NMR (100 MHz, CDCls) 8: 153.1, 147.4, 137.3,
133.5, 133.4, 132.7, 131.5, 127.4, 127.1, 125.1, 124.2, 120.5, 58.1, 34.5, 30.1; IR (KBr, cm™): 3599, 3479, 3322,
2961, 1542, 1439, 1359, 1170, 752, 743; HRMS-ESI* (m/z): Calcd. for C27H32N206S [M+Na]* 535.1873; found,
535.1882.
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OMOM n-BuLi (3.0 equiv.) OR OH OR 1. MsCI, TEA, DCM, rt OR NH, OR

Ph THF, —78 °Ctort, 1 h Ph b 2. NaNs, DMF, 40 °C Ph Ph
then, HCO,E (1.0 equiv.) O O 3. Hy, PdIC, EtOH, it O O
tt, 14 h
$20 (2.4 equiv.) $21 (R = MOM) $22 (R = MOM)
NsCl (1.6 equiv.) OR NHNsOR OH NHNsOH

KHCOj3; (5.0 equiv.) 12N HCI aq (cat.)

Ph Ph Ph Ph
_—
MeCN, 60 °C, 6 h O O MeOH 60°C,1h O O

$23 (R = MOM) 26g

Bis(2-(methoxymethoxy)-[1,1'-biphenyl]-3-yl)methanamine (S522)

To a stirred solution of 2-(methoxymethoxy)-1,1'-biphenyl (S20)%¢ (1.90 mg, 8.88 mmol) in THF (18 mL) was added
a solution of n-BuL.i in hexane (1.6 M, 6.94 mL, 11.1 mmol) dropwise at -78 °C and the resulting mixture was allowed
to warm to 0 °C. The solution was stirred for 1 h before adding ethyl formate (0.299 mL, 3.70 mmol) and the resulting
mixture was stirred at room temperature. After stirred for 14 h, the reaction was quenched by saturated aq. NH4Cl
and extracted with AcOEt. The organic layer was washed by ag. NH4Cl and brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/hexane = 10/90 to 25/75)
to give the crude product as a mixture of S21 and byproducts.

To a stirred solution of crude product and TEA (0.928 mL, 6.66 mmol) in DCM (20 mL) was added MsClI (0.473 mL,
6.11 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 3 h, the reaction
was quenched by water and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated in
vacuo to give the crude product.

A suspension of crude product and NaNs (722 mg, 11.1 mmol) in DMF (18 mL) was stirred at 40 °C for 23 h. The
reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried
over Na;SO4 and concentrated in vacuo to give the crude product.

A suspension of crude product and Pd/C (140 mg) in EtOH (10 mL) was stirred at room temperature under H;
atomsphere for 22 h. The mixture was filtered through celite pad. The filtrate was concentrated in vacuo and the
residue was purified by flash column chromatography (AcOEt/hexane = 10/90 to 75/25) to afford S22 (945 mg, 56%)

as yellow oil.

Analytical data of S22: TH NMR (400 MHz, CDCls) &: 7.56-7.50 (m, 4H), 7.44-7.29 (m, 8H), 7.28-7.24 (m, 2H),
7.19 (t, J = 7.6 Hz, 2H), 6.10 (s, 1H), 4.51 (g, J = 5.5 Hz, 4H), 3.22 (s, 6H); *C NMR (100 MHz, CDCls) 5: 152.6,
139.3, 139.1, 135.4, 130.2, 129.5, 128.5, 127.4, 127.2, 124.6, 99.5, 57.4, 48.2; IR (neat, cml): 3363, 3299, 2945,
2825, 1599, 1429, 1156, 1068, 962, 763; HRMS-ESI* (m/z): Calcd. for CaoHasNOs [M+H]* 456.2169; found,
456.2215.

N-(Bis(2-(methoxymethoxy)-[1,1'-biphenyl]-3-yl)methyl)-4-nitrobenzenesulfonamide (S23)
To a stirred suspension of S22 (945 mg, 2.07 mmol) and KHCO3 (1.04 g, 10.4 mmol) in MeCN (10 mL) was added
NsCI (734 mg, 3.31 mmol) at 0 °C and the mixture was allowed to warm to 60 °C. After stirred for 6 h, the reaction

was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried over
-88 -



Na>SO4 and concentrated in vacuo. The crude solid was washed by EtOH to afford S23 (1.10 g, 83%) as yellow solid.

Analytical data of S23: m.p. 128 °C; *H NMR (400 MHz, CDCls) 8: 7.94 (d, J = 7.8 Hz, 1H), 7.79 (d, J = 7.8 Hz,
1H), 7.56 (d, J = 7.4 Hz, 1H), 7.49-7.29 (m, 13H), 7.18 (dd, J = 8.0, 0.8 Hz, 2H), 7.00 (t, J = 7.6 Hz, 2H), 6.81 (d, J
=8.4 Hz, 1H), 6.60 (d, J = 8.8 Hz, 1H), 4.48 (g, J = 5.5 Hz, 4H), 3.15 (s, 6H); *C NMR (100 MHz, CDCls) 8: 152.2,
147.6, 138.8, 135.7, 134.9, 133.6, 133.0, 132.4, 131.2, 131.2, 129.3, 128.6, 128.5, 127.4, 124.9, 124.2, 99.4, 57.7,
53.8; IR (KBr, cm'): 3339, 1538, 1344, 1166, 1070, 962, 767, 701, 508, 465; HRMS-ESI* (m/z): Calcd. for
Cs5H32N20sS [M+Na]* 663.1772; found, 663.1764.

N-(Bis(2-hydroxy-[1,1'-biphenyl]-3-yl)methyl)-4-nitrobenzenesulfonamide (269)

A solution of S23 (513 mg, 0.800 mmol) and 12 N HCI aqg. (0.24 mL) in MeOH (8.0 mL) was stirred at 60 °C for 1
h. The reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine,
dried over Na;SO4 and concentrated in vacuo. The residue was purified by flash column chromatography
(AcOEt/hexane = 15/85 to 50/50) to afford 269 (431 mg, 97%) as white solid.

Analytical data of 26g: m.p. 209 °C (decomp.); *H NMR (400 MHz, acetone-d6) &: 7.87 (d, J = 8.0 Hz, 1H), 7.82-
7.67 (m, 4H), 7.60 (d, J = 7.8 Hz, 1H), 7.42-7.27 (m, 13H), 6.98 (dd, J = 7.6, 1.2 Hz, 2H), 6.75 (t, J = 7.6 Hz, 1H),
6.46 (s, 1H); 13C NMR (100 MHz, acetone-d6) 6: 151.4, 148.5, 138.7, 134.6, 133.3, 131.4, 130.6, 130.2, 129.5, 129.0,
128.4,128.2,125.7,121.0, 55.5; IR (KBr, cm™): 3510, 3483, 3362, 1537, 1435, 1401, 1221, 1173, 767, 591; HRMS-
ESI* (m/z): Calcd. for C31H24N206S [M+Na]* 575.1247; found, 575.1253.

OMOM n-BuLi (3.0 equiv.) OR OH OR 1. MsCl, TEA, DCM, rt OR NH, OR
MeO THF, -78°Ctort, 1h  MeO OMe 2-NaN3, DMF,50°C  meo

OMe
then, HCO,Et (1.0 equiv.) O O 3. H,, Pd/C, EtOH, rt O O
rt,6 h

$24 (2.4 equiv.) $25 (R = MOM) $26 (R = MOM)

NsClI (1.6 equiv.) OH NHNsOH
KHCOj3; (5.0 equiv.)

MeO OMe
—»
MeCN, 40 °C, 22 h O O

26h

Bis(3-methoxy-2-(methoxymethoxy)phenyl)methanamine (S26)

To a stirred solution of 1-methoxy-2-(methoxymethoxy)benzene (S24)%7 (1.64 g, 9.74 mmol) in THF (20 mL) was
added a solution of n-BuLi in hexane (1.6 M, 7.63 mL, 12.2 mmol) dropwise at -78 °C and the resulting mixture was
allowed to warm to 0 °C. The solution was stirred for 1 h before adding ethyl formate (0.328 mL, 4.06 mmol) and
the resulting mixture was stirred at room temperature. After stirred for 14 h, the reaction was quenched by saturated
ag. NH4Cl and extracted with ACOEt. The organic layer was washed by aq. NH4Cl and brine, dried over Na;SQOs, and
concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/hexane = 10/90 to 50/50)

to give the crude product as a mixture of S25 and byproducts.
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To a stirred solution of crude product and TEA (1.02 mL, 7.31 mmol) in DCM (20 mL) was added MsCI (0.520 mL,
6.70 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 4 h, the reaction
was quenched by water and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated in
vacuo to give the crude product.

A suspension of crude product and NaNs (780 mg, 12.0 mmol) in DMF (20 mL) was stirred at 50 °C for 20 h. The
reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried
over Na;SO4 and concentrated in vacuo to give the crude product.

A suspension of crude product and Pd/C (140 mg) in EtOH (15 mL) was stirred at room temperature under H;
atomsphere for 21 h. The mixture was filtered through celite pad. The filtrate was concentrated in vacuo and the
residue was purified by flash column chromatography (AcOEt) to afford S26 (740 mg, 50%) as yellow oil.

N-(Bis(2-hydroxy-3-methoxyphenyl)methyl)-4-nitrobenzenesulfonamide (26h)

To a stirred suspension of S26 (720 mg, 1.98 mmol) and KHCO3 (991 mg, 9.90 mmol) in MeCN (10 mL) was added
NsCI (703 mg, 3.17 mmol) at 0 °C and the mixture was allowed to warm to 40 °C. After stirred for 22 h, the reaction
was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried over
Na»SO4 and concentrated in vacuo. The residue was purified by recrystallization from EtOH to afford 26h (635 mg,
70%) as yellow solid.

Analytical data of 26h: m.p. 192 °C; *H NMR (400 MHz, CDCls) &: 7.86 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 8.4 Hz,
1H), 7.52 (t, J = 7.6 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.20 (d, J = 9.6 Hz, 1H), 7.00-6.94 (m, 2H), 7.56 (d, J = 7.4
Hz, 1H), 6.67-6.59 (m, 4H), 6.23 (d, J = 9.6 Hz, 1H), 5.83 (br s, 2H), 3.78 (s, 6H); 3C NMR (100 MHz, CDCls) &:
147.4,146.5, 142.7,134.9, 132.7, 132.3, 131.0, 125.3, 124.9, 120.8, 119.5, 109.9, 56.2, 54.4; IR (KBr, cm™): 3515,
3470, 3347, 1538, 1481, 1355, 1276, 1168, 1080, 741; HRMS-ESI* (m/z): Calcd. for C21H20N20sS [M+Na]*
483.0833; found, 483.0850.

OH NHNsOH DMAP (20 m0|%) OH NHNs OH

Ph Ph NBS (1 15equiv.)  Ph Ph
O O DCM —40°C, 5h O O
(£)-35 Br

N-((5-Bromo-2-hydroxy-[1,1'-biphenyl]-3-yI)(2-hydroxy-[1,1'-biphenyl]-3-yl)methyl)-4-
nitrobenzenesulfonamide ((£)-35)

To a stirred solution of 26g (45.6 mg, 0.080 mmol) and DMAP (2.0 mg, 0.016 mmol) in DCM (16 mL) was added
NBS (16.4 mg, 0.092 mmol) at -40 °C. After stirred for 5 h, the reaction was quenched by saturated ag. Na»S,03 and
extracted with CHCIs. The organic layer was dried over Na2SO4, and concentrated in vacuo. The residue was purified
by preparative TLC (AcOEt/Toluene = 3/97) to give a mixture of (+)-35, 26g and dibromide. It was further purified
by recrystallization from CHCls/hexane to afford ()-35 (5.0 mg, 10 %) as white solid.
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Analytical data of (£)-35: m.p. 216 °C (decomp.); *H NMR (400 MHz, CDCls) &: 7.92 (dd, J = 7.8, 2.6 Hz, 1H),
7.76 (dd, J = 8.2, 1.4 Hz, 1H), 7.59 (td, J = 7.8, 1.4 Hz, 1H), 7.55-7.27 (m, 14H), 7.14 (d, J = 2.4 Hz, 1H), 7.08 (dd,
J=74,14Hz 1H), 6.81 (t, J = 7.6 Hz, 1H), 6.19 (d, J = 9.6 Hz, 1H), 5.75 (s, 1H), 5.73 (s, 1H); 13C NMR (150
MHz, CDCls) &: 149.6, 148.9, 147.4, 136.1, 135.2, 134.4, 132.5, 132.0, 131.3, 131.0, 130.6, 130.1, 129.7, 129.2,
129.1, 128.9, 128.8, 128.5, 127.7, 125.1, 124.8, 120.6, 112.5, 55.7; IR (KBr, cm): 3521, 1539, 1461, 1437, 1356,
1226, 1170, 1092, 734, 704; HRMS-ESI* (m/z): Calcd. for Ca1H23BrN20sS [M+Na]* 653.0352; found, 653.0362.

Meq, .Ns Meq, .Ns
OR NHNsOR Mel (3.0 equiv.) orR N7 0oR oH N° oH
Ph Ph KyCOj; (3.0 equiv.) Ph Ph 12N HCl aq. (cat.)  Ph Ph
_—_—m _—m
O e U U e OO
$23 (R = MOM) $27 (R = MOM) 26i

N-(Bis(2-hydroxy-[1,1'-biphenyl]-3-yl)methyl)-N-methyl-4-nitrobenzenesulfonamide (26i)

To a stirred suspension of S23 (128 mg, 0.20 mmol) and K>COs (83.0 g, 0.60 mmol) in DMF (2.0 mL) was added
Mel (37 uL, 0.60 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 4 h,
the reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine,
dried over Na;SO4 and concentrated in vacuo to give the crude product.

A solution of crude product and 12 N HCI aqg. (90 uL) in MeOH (3.0 mL) was stirred at 60 °C for 1 h. The reaction
was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried over
NazSO4 and concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/hexane =
15/85 to 50/50) to afford 26i (40 mg, 35%) as white solid.

Analytical data of 26i: m.p. 156 °C (decomp.); *H NMR (400 MHz, CDCls) &: 7.88 (d, J = 8.4 Hz, 1H), 7.55-7.35
(m, 13H), 7.17 (dd, J = 7.6, 1.6 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 6.89-6.83 (m, 3H), 5.67 (s, 2H), 3.07 (s, 3H); 3C
NMR (100 MHz, CDCls) 8: 150.4, 136.8, 133.5,133.2,131.4,131.1, 130.2, 129.4, 129.3, 128.7, 128.5, 128.1, 124.6,
123.8, 120.5, 55.9, 33.9; IR (KBr, cm): 3541, 3489, 3048, 1541, 1335, 1218, 1146, 948, 759, 700; HRMS-ESI*
(m/z): Calcd. for Ca2Ha6N206S [M+Na]* 589.1404; found, 589.1414.
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DMAP (10 mol%)

OH NHNsOH TESCI (2.5 equiv.) OH NHNsOTES Ac,0 (2.0 equiv.) OAc NHNsOTES
Ph Ph  TEA (3.0 eqUIV) Ph Ph TEA (3.0 equiv.) Ph Ph
—
O O THF, 0°C. 10 min O O DCM, 1t, 1.5 h O O
S28 S29
OAc NHNsOH
TBAF (3.0 equiv.) Ph Ph
— e e
THF, 1t, 1h O O
(+)-40

N-((2-Hydroxy-[1,1'-biphenyl]-3-yl)(2-((triethylsilyl)oxy)-[1,1'-biphenyl]-3-yl)methyl)-4-
nitrobenzenesulfonamide (S28)

To a stirred solution of 26g (55.3 mg, 0.10 mmol) and TEA (42 uL, 0.30 mmol) in THF (1.0 mL) was added TESCI
(42 pL, 0.20 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 10 min, the
reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried
over Na.SOs and concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/hexane
= 25/75) to afford S28 (66 mg, 99%) as colorless oil.

Analytical data of $28: 'H NMR (400 MHz, CDCls) 8: 7.87 (dd, J = 7.8, 1.4 Hz, 1H), 7.75 (dd, J = 7.8, 1.4 Hz, 1H),
7.56-7.30 (M, 13H), 7.16 (dd, J = 7.4, 1.8 Hz, 1H), 7.04 (dd, J = 7.4, 1.8 Hz, 1H), 6.95 (dd, J = 7.8, 1.4 Hz, 1H), 6.80
(td, J = 7.8, 1.1 Hz, 2H), 6.48 (td, J = 9.2, 6.0 Hz, 2H), 6.00 (s, 1H), 0.70 (t, J = 8.0 Hz, 9H), 0.21 (g, J = 8.0 Hz,
6H),; 3C NMR (150 MHz, CDCl) §: 151.1, 150.7, 147.5, 139.5, 136.9, 134.7, 134.2, 133.1, 132.5, 131.0, 130.9,
130.6, 129.9, 129.9, 129.4, 129.3, 129.3, 128.8, 128.4, 128.1, 127.7, 127.4, 125.4, 125.0, 121.5, 120.3, 53.7, 6.9, 4.9;
IR (neat, cm): 3534, 3347, 2956, 2877, 1539, 1431, 1353, 1169, 743, 702; HRMS-ESI* (m/z): Calcd. for
CarH3sN206SSi [M+Na]* 689.2112; found, 689.2108.

3-(((4-Nitrophenyl)sulfonamido)(2-((triethylsilyl)oxy)-[1,1'-biphenyl]-3-yl)methyl)-[1,1'-biphenyl]-2-yI
acetate (S29)

To a stirred solution of S28 (65 mg, 0.093 mmol), DMAP (1.0 mg, 0.0090 mmol) and TEA (39 uL, 0.279 mmol) in
DCM (1.0 mL) was added Ac,O (18 uL, 0.186 mmol) at room temperature. After stirred for 1.5 h, the reaction was
quenched by water and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated in vacuo.
The residue was purified by flash column chromatography (AcOEt/hexane = 25/75) to afford S29 (54 mg, 82%) as
colorless oil.

Analytical data of S29: 'H NMR (400 MHz, CDCls, 313K) &: 7.73 (dd, J = 8.2, 1.4 Hz, 1H), 7.68 (d, J = 7.6 Hz,
1H), 7.48-7.29 (m, 13H), 7.15-7.09 (M, 2H), 6.99-6.93 (M, 2H), 6.70-6.59 (m, 2H), 5.99 (br d, 7.4 Hz, 1H), 2.14 (s,
3H), 0.72 (t, J = 7.6 Hz, 9H), 0.18 (g, J = 7.6 Hz, 6H); 3C NMR (100 MHz, CDCls, 323K) &: 168.8, 151.3, 147.7,
147.6,139.7, 138.0, 137.2, 135.2, 134.5, 132.9, 132.2, 131.8, 131.3, 131.1, 130.6, 129.9, 129.0, 128.8, 128.5, 128.5,
128.1, 127.7, 127.5, 126.0, 124.7, 121.4, 52.4, 21.0, 6.8, 5.1; IR (neat, cm™): 3371, 2956, 1768, 1540, 1455, 1430,

1352, 1182, 741, 701; HRMS-ESI* (m/z): Calcd. for CasHaoN20-SSi [M+Na]* 731.2218; found, 731.2209.
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3-((2-Hydroxy-[1,1'-biphenyl]-3-yl)((4-nitrophenyl)sulfonamido)methyl)-[1,1'-biphenyl]-2-yl acetate ((z)-35)
To a stirred solution of S29 (54 mg, 0.076 mmol) in THF (1.0 mL) was added a solution of TBAF in THF (1.0 M,
0.20 mL, 0.20 mmol) at room temperature. After stirred for 1 h, the reaction was quenched by saturated ag. NH4Cl
and extracted with AcOEt. The organic layer was washed by water and brine, dried over Na,SO4 and concentrated in
vacuo. The residue was purified by flash column chromatography (AcOEt/hexane = 50/50) to afford (+)-35 (42 mg,
93%) as white amorphous.

Analytical data of (+)-35: 'H NMR (400 MHz, CDCls, 323K) &: 7.89 (dd, J = 7.8, 1.0 Hz, 1H), 7.72 (dd, J = 8.0,
1.2Hz, 1H), 7.54 (td, J = 7.8, 1.5 Hz, 1H), 7.49-7.22 (m, 13H), 7.06-7.04 (m, 3H), 6.80 (t, J = 7.6 Hz, 1H), 6.74 (br
d, J=9.2 Hz, 1H), 6.24 (d, J = 8.7 Hz, 1H), 5.51 (s, 1H), 1.98 (s, 3H); 1*C NMR (100 MHz, CDCls, 323K) &: 168.5,
149.9, 147.7, 146.2, 137.9, 136.4, 136.2, 134.9, 133.0, 132.4, 132.2, 131.2, 130.6, 130.2, 129.7, 129.1, 129.0, 128.9,
128.5, 128.4, 128.0, 127.7, 126.0, 125.1, 124.8; IR (KBr, cm™): 3528, 1766, 1540, 1459, 1434, 1358, 1212, 1170,
759, 703; HRMS-ESI* (m/z): Calcd. for Ca3H2sN207S [M+Na]* 617.1353; found, 617.1356.

OH

o conc.H,SO, aq.
_——
\©/ D,0, 105°C, 11 h
D(32%)
38 38 and 38-d

2,6-Xylenol-4-d (38-d)

A solution of 2,6-xylenol (38) (244 mg, 2.0 mmol) and conc. H2SO4 (0.20 mL) in D20 (2.0 mL) was stirred at 105 °C
for 11 h. The reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and
brine, dried over Na;SO4 and concentrated in vacuo to afford 38 and 38-d (32% D, 237 mg, 97%) as brown solid.

General Procedure for Asymmetric Bromination of 6-Symmetric 1,1-Diarylmethylamines

1. 31 (20 mol%)

OH NHR' OH NBS (1.15 equiv.) OAc NHR' OAc OAc NHR' OAc OAc NHR' OAC
R R CHCI3 (0.005 M)
e ACACERCACEL s e o
—»
26 2. Ac,0, DMAP
27 28 26-diAc

To a stirred solution of 26 (0.030 mmol, 1.0 equiv.) and 3134 (5.00 mg, 0.0060 mmol, 0.20 equiv.) in CHCI; (6.0
mL) was added NBS (6.14 mg, 0.00345 mmol, 1.15 equiv.) at -20 °C. The solution was stirred for 3 h before adding
Ac,0 (22.7 pL, 0.24 mmol, 8.0 equiv.) and DMAP (22.0 mg, 0.18 mmol, 6.0 equiv.) and the resulting mixture was
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stirred at room temperature. After stirred overnight, the reaction was quenched by water and extracted with AcOEt.
The organic layer was washed by 1N HCI aq., saturated NaHCO3 ag. and brine, dried over Na,SO., and concentrated
in vacuo. The residue was purified by preparative TLC (AcOEt/toluene or AcOEt/hexane) to afford the monobromide
27, dibromide 28 and 26-diAc.

Specific Procedure and Characterization Data

OAc NHNsOAc OAc NHNsOAc OAc NHNsOAc
WOO W@O
Br Br Br
27a 28a 26a-diAc

Following the general procedure for asymmetric bromination, 26a (12.9 mg, 0.030 mmol), 31 (5.00 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCl3 (6.0 mL). After stirred 3 h, Ac20 (22.7 uL,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 27a (10.1 mg, 57%, 94% ee), 28a (5.3 mg, 26%) and 26a-diAc
(2.7 mg, 18%).

2-((2-Acetoxy-3-methylphenyl)((2-nitrophenyl)sulfonamido)methyl)-4-bromo-6-methylphenyl acetate (27a)

White amorphous: [a]p?® = -141 (c 1.0, CHCl3, 92% ee); *H NMR (400 MHz, CDCls) &: 7.78 (d, J = 7.2 Hz, 1H),
7.73 (d, = 7.2 Hz, 1H), 7.57 (td, J = 7.8, 1.3 Hz, 1H), 7.40 (td, J = 7.8, 0.8 Hz, 1H), 7.19 (d, J = 2.0 Hz, 1H), 7.14
(d, J=7.6 Hz, 1H), 7.02 (br s, 1H), 6.92 (t, J = 7.8 Hz, 1H), 6.77 (br d, J = 6.4 Hz, 1H), 6.05 (br d, J = 9.2 Hz, 1H),
5.97 (br d, J = 9.2 Hz, 1H), 2.37 (s, 3H), 2.27 (s, 3H), 2.13 (s, 3H), 2.06 (s, 3H); **C NMR (150 MHz, CDCls) &:
168.4, 167.9, 147.2, 146.9, 146.2, 133.7, 133.6, 133.2, 133.0, 132.0, 131.4, 131.2, 130.3, 129.3, 128.5, 125.8, 125.5,
124.4,118.4,52.3, 20.2, 20.0, 16.0, 15.9; IR (KBr, cm'): 3447, 1762, 1541, 1468, 1442, 1366, 1209, 1173, 905, 742;
HRMS-ESI* (m/z): Calcd. for CasH23BrN2OsS [M+Na]* 613.0251; found, 613.0262.; HPLC conditions: column:
Daicel Chiralpak IA, flow rate: 1.0 mL/min, eluent: hexane/IPA = 80/20, retention time (min): 9.8 (minor), 14.2

(major).

(((2-Nitrophenyl)sulfonamido)methylene)bis(4-bromo-6-methyl-2,1-phenylene) diacetate (28a)

White amorphous: *H NMR (400 MHz, CDCls) &: 7.81 (d, J = 7.8 Hz, 1H), 7.75 (d, J = 7.8 Hz, 1H), 7.61 (d, J = 6.9
Hz, 1H), 7.44 (d, J = 7.4 Hz, 1H), 7.24 (s, 2H), 6.95 (br s, 2H), 6.01 (d, J = 9.2 Hz, 1H), 5.96 (d, J = 9.6 Hz, 1H),
2.31 (s, 6H), 2.08 (s, 6H); *C NMR (100 MHz, CDCls) &: 168.5, 147.3, 146.7, 134.3, 134.2, 133.9, 133.8, 132.6,
131.9, 130.7, 129.0, 125.2, 119.0, 53.0, 20.6, 16.4; IR (KBr, cm): 3442, 1762, 1543, 1443, 1360, 1208, 1173, 858,
592, 507; HRMS-ESI* (m/z): Calcd. for C2sH22BraN20OsS [M+Na]* 690.9356; found, 690.9379.

(((2-Nitrophenyl)sulfonamido)methylene)bis(6-methyl-2,1-phenylene) diacetate (26a-diAc)
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White amorphous: *H NMR (400 MHz, CDCls) 8: 7.72 (d, J = 8.0 Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H), 7.35(d, J = 7.8
Hz, 1H), 7.08 (d, J = 8.8 Hz, 2H), 6.89-6.78 (m, 4H), 6.13 (d, J = 9.6 Hz, 1H), 5.99 (d, J = 9.6 Hz, 1H), 2.33 (s, 6H),
2.11 (s, 6H); 1*C NMR (100 MHz, CDCls) &: 168.9, 147.7, 147.5, 134.5, 133.0, 132.5, 131.7, 131.2, 131.1, 130.4,
126.2, 125.7, 124.6, 52.8, 20.7, 16.5; IR (KBr, cm): 3375, 1761, 1541, 1468, 1441, 1367, 1211, 1171, 758, 597;
HRMS-ESI* (m/z): Calcd. for CasH24N20sS [M+Na]* 535.1146; found, 535.1163.

Nos. Nos
. . N
OACcHN"" *"OAc OAcHN™ ""0OAc OAcHN" " *0Ac

MeMe MeMe . ’ | S

Br Br Br
27b 28b 26b-diAc

Following the general procedure for asymmetric bromination, 26b (12.9 mg, 0.030 mmol), 31 (5.00 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI3 (6.0 mL). After stirred 3 h, Ac20O (22.7 L,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 27b (5.9 mg, 33%, 37% ee), 28b (6.6 mg, 33%) and 26b-diAc
(4.9 mg, 32%).

2-((2-Acetoxy-3-methylphenyl)((4-nitrophenyl)sulfonamido)methyl)-4-bromo-6-methylphenyl acetate (27b)
White solid: m.p. 185 °C; *H NMR (400 MHz, CDCls) &: 8.13 (d, J = 8.8 Hz, 2H), 7.81 (d, J = 8.8 Hz, 2H), 7.21 (d,
J=18Hz 1H),7.16 (d, J=7.8 Hz, 1H), 6.92 (t, J = 7.6 Hz, 1H), 6.72 (d, J = 1.8 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H),
5.98 (br, d, J = 10.4 Hz, 1H), 5.16 (d, J = 6.4 Hz, 1H), 2.41 (s, 3H), 2.26 (br s, 3H), 2.16 (s, 3H), 2.08 (s, 3H); 3C
NMR (150 MHz, CDCls, 323K) 8: 169.2, 168.4, 150.3, 147.8, 146.8, 146.2, 134.3, 133.8, 132.6, 132.1, 131.9, 130.2,
129.2,128.6, 126.5, 126.2, 124.1, 119.0, 52.0, 20.7, 20.4, 16.5, 16.3; IR (KBr, cm!): 3250, 1761, 1531, 1469, 1371,
1347, 1208, 1173, 1087, 739; HRMS-ESI* (m/z): Calcd. for CasH23BrN2OgS [M+Na]* 613.0251; found, 613.0268.;
HPLC conditions: column: Daicel Chiralpak IA, flow rate: 1.0 mL/min, eluent: hexane/IPA = 80/20, retention time
(min): 24.6 (minor), 34.3 (major).

(((4-Nitrophenyl)sulfonamido)methylene)bis(4-bromo-6-methyl-2,1-phenylene) diacetate (28b)

White solid: m.p. 237 °C (decomp.); *H NMR (400 MHz, CDCls) &: 8.15 (d, J = 9.2 Hz, 2H), 7.80 (td, J = 8.4, 2.0
Hz, 2H), 7.26 (s, 2H), 6.69 (s, 2H), 5.88 (d, = 9.2 Hz, 1H), 5.30 (br d, J = 6.9 Hz, 1H),; *3C NMR (100 MHz, CDCls,
323K) &: 168.7, 150.5, 146.8, 145.9, 134.4, 134.3, 132.1, 129.1, 128.6, 124.2, 119.3, 52.0, 20.5, 16.4; IR (KBr, cm-
1): 3445, 3259, 1761, 1532, 1348, 1207, 1174, 1086, 1012, 462; HRMS-ESI* (m/z): Calcd. for CasH2:BraN20sS
[M+Na]* 690.9356; found, 690.9392.

(((4-Nitrophenyl)sulfonamido)methylene)bis(6-methyl-2,1-phenylene) diacetate (26b-diAc)

White solid: m.p. 184 °C; H NMR (400 MHz, CDCl3) &: 8.00 (d, J = 8.0 Hz, 2H), 7.71 (dd, J = 9.0, 1.8 Hz, 2H),
7.07 (d, J = 7.3 Hz, 2H), 6.82 (t, J = 7.8 Hz, 2H), 6.65 (d, J = 7.3 Hz, 2H), 6.08 (d, J = 8.2 Hz, 1H), 5.71 (br s, 1H),
2.36 (brs, 6H), 2.13 (s, 6H); 1*C NMR (100 MHz, CDCls, 323K) 8: 168.9, 150.0, 147.47, 146.4, 131.8, 131.2, 130.7,
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128.7,126.3, 125.9, 123.8, 51.9, 20.6, 16.4; IR (KBr, cm™): 3293, 1758, 1533, 1371, 1345, 1211, 1165, 1082, 743,
618; HRMS-ESI* (m/z): Calcd. for C2sH24N208S [M+Na]* 535.1146; found, 535.1163.

OAc NHTs OAc OAc NHTs OAc OAc NHTs OAc
WO " “”eWO o OO
Br Br Br
27c 28c 26¢-diAc

Following the general procedure for asymmetric bromination, 26¢ (11.9 mg, 0.030 mmol), 31 (5.00 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, AcoO (22.7 pL,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/hexane = 10/90) to afford 27c (4.5 mg, 27%, 33% ee), 28c (5.8 mg, 30%) and 26c-diAc
(6.1 mg, 42%).

2-((2-Acetoxy-3-methylphenyl)((4-methylphenyl)sulfonamido)methyl)-4-bromo-6-methylphenyl acetate (27¢)
White solid: m.p. 177 °C; [a]p? = -8.7 (¢ 1.0, CHCls, 33% ee); *H NMR (400 MHz, CDCls) &: 7.53 (d, J = 8.6 Hz,
2H), 7.20-7.09 (m, 4H), 6.94 (d, J = 7.4 Hz, 1H), 6.83 (d, J = 1.6 Hz, 1H), 6.67 (d, J = 7.6 Hz, 1H), 5.90 (br d, J =
3.2 Hz, 1H), 4.83 (br d, J = 6.0 Hz, 1H), 2.37 (s, 3H), 2.36 (s, 3H), 2.17 (br s, 3H), 2.14 (s, 3H), 2.04 (s, 3H); 3C
NMR (100 MHz, CDCls, 313K) &: 169.1, 168.2, 147.6, 146.5, 143.6, 137.5, 133.7, 133.3, 131.7, 131.5, 131.0, 129.5,
129.3,127.3, 126.8, 126.1, 119.0, 52.0, 21.6, 20.7, 20.4, 16.5, 16.3, ; IR (KBr, cmt): 3445, 3248, 1761, 1467, 1442,
1369, 1335, 1210, 1172, 1088; HRMS-ESI* (m/z): Calcd. for C26H26BrNOgS [M+Na]* 582.0556; found, 582.0569.;
HPLC conditions: column: Daicel Chiralpak IA, flow rate: 1.0 mL/min, eluent: hexane/IPA = 90/10, retention time
(min): 27.6 (minor), 31.9 (major).

(((4-Methylphenyl)sulfonamido)methylene)bis(4-bromo-6-methyl-2,1-phenylene) diacetate (28c)

White solid: m.p. 248 °C; *H NMR (400 MHz, CDCls) &: 7.53 (d, J = 7.8 Hz, 2H), 7.25 (d, J = 5.0 Hz, 2H), 7.14 (d,
J=7.8Hz, 2H), 6.77 (s, 2H), 5.78 (d, J = 6.4 Hz, 1H), 4.87 (br s, 1H), 2.39 (s, 3H), 2.26 (br s, 6H), 2.07 (s, 6H); *C
NMR (100 MHz, CDCls, 313K) 8: 168.5, 146.6, 144.0, 137.3, 134.0, 133.9, 132.9, 129.7, 129.4, 127.3, 119.2, 52.2,
21.7, 20.5, 16.4; IR (KBr, cm™): 3435, 3236, 1763, 1467, 1444, 1335, 1205, 1173, 1088, 664; HRMS-ESI* (m/z):
Calcd. for C2sH2sBraNOsS [M+Na]* 659.9662; found, 659.9683.

(((4-Methylphenyl)sulfonamido)methylene)bis(6-methyl-2,1-phenylene) diacetate (26¢c-diAc)

White solid: m.p. 147 °C; *H NMR (400 MHz, CDCls) &: 7.52 (d, J = 7.8 Hz, 2H), 7.09 (d, J = 8.2 Hz, 2H), 7.07 (d,
J=8.2 Hz, 2H), 6.88 (t, J = 7.6 Hz, 2H), 6.76 (d, J = 8.0 Hz, 2H), 5.99 (d, J = 6.9 Hz, 1H), 4.90 (d, J = 6.6 Hz, 1H),
2.33 (s, 3H), 2.25 (br s, 6H), 2.10 (s, 6H); 1*C NMR (100 MHz, CDCl3, 313K) &: 168.8, 147.5, 143.1, 137.9, 131.4,
130.8, 129.3, 127.4, 126.6, 125.8, 52.0, 21.5, 20.6, 16.4; IR (KBr, cm™): 3256, 1762, 1467, 1444, 1369, 1330, 1208,
1171, 1088, 905; HRMS-ESI* (m/z): Calcd. for Co6H27NOgS [M+Na]* 504.1451; found, 504.1466.
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OAc NHBz OAc OAc NHBz OAc OAc NHBz OAc

MeMe MeMe " ‘ ‘ "

Br Br Br
27d 28d 26d-diAc

Following the general procedure for asymmetric bromination, 26d (10.4 mg, 0.030 mmol), 31 (5.00 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, Ac2O (22.7 pL,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/hexane = 20/80) to afford 27d (6.6 mg, 43%, 15% ee), 28d (3.3 mg, 19%) and 26d-diAc
(5.5 mg, 42%).

2-((2-Acetoxy-3-methylphenyl)(benzamido)methyl)-4-bromo-6-methylphenyl acetate (27d)

White amorphous: *H NMR (400 MHz, CDCls) 8: 7.79 (d, J = 7.2 Hz, 2H), 7.52 (t, J = 7.4 Hz, 1H), 7.44 (1, J= 7.6
Hz, 2H), 7.35 (d, J = 2.0 Hz, 1H), 7.22 (d, J = 9.2 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 7.02 (br s, 1H), 6.64 (d, J = 6.8
Hz, 1H), 6.57 (br s, 1H), 2.19 (br s, 3H), 2.15 (s, 3H), 2.10 (s, 3H), 2.07 (br s, 3H); 3C NMR (150 MHz, CDCls,
323K) &: 169.1, 168.2, 166.4, 147.8, 146.8, 135.1, 134.2, 134.0, 133.6, 132.1, 131.9, 131.8, 131.4, 128.8, 128.7,
127.3, 126.5, 119.5, 48.7, 20.5, 20.3, 16.5, 16.4; IR (KBr, cm): 3410, 1762, 1660, 1523, 1482, 1369, 1208, 1168,
1011, 414; HRMS-ESI* (m/z): Calcd. for CasH24BrNOs [M+H]* 510.0911; found, 510.0927.; HPLC conditions:
column: Daicel Chiralpak 1A, flow rate: 1.0 mL/min, eluent: hexane/IPA = 95/5, retention time (min): 24.0 (minor),
27.0 (major).

(Benzamidomethylene)bis(4-bromo-6-methyl-2,1-phenylene) diacetate (28d)

White amorphous: *H NMR (400 MHz, CDCls) &: 7.79 (d, J = 7.6 Hz, 2H), 7.53 (tt, J = 7.4, 2.2 Hz, 1H), 7.46 (t, J
=7.6 Hz, 2H), 7.37 (d, J = 1.8 Hz, 2H), 7.21 (br s, 2H), 6.58 (d, J = 6.8 Hz, 1H), 6.57 (br s, 1H), 2.14 (br s, 6H), 2.11
(s, 6H); °C NMR (150 MHz, CDCls, 323K) &: 168.5, 166.4, 146.8, 134.4, 134.2, 134.0, 133.9, 132.1, 129.0, 128.9,
127.3,119.6, 48.7, 20.4, 16.4; IR (KBr, cm): 3409, 1765, 1661, 1520, 1483, 1442, 1369, 1259, 1206, 1170; HRMS-
ESI* (m/z): Calcd. for C2sH23Br.NOs [M+H]* 588.0016; found, 588.0029.

(Benzamidomethylene)bis(6-methyl-2,1-phenylene) diacetate (26d-diAc)

White amorphous: *H NMR (400 MHz, CDCls) &: 7.78 (d, J = 7.4 Hz, 2H), 7.50 (tt, J = 7.6, 1.7 Hz, 1H), 7.42 (t,J
= 7.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 7.13 (t, J = 7.6 Hz, 2H), 7.08 (br s, 2H), 6.71 (d, J = 7.6 Hz, 1H), 6.53 (br s,
1H), 2.14 (br s, 12H); **C NMR (100 MHz, CDCls, 323K) &: 168.8, 166.4, 147.8, 134.5, 132.7, 131.7, 131.6, 131.0,
128.8, 127.2, 126.3, 126.1, 48.7, 20.4, 16.5; IR (KBr, cm): 3455, 3263, 1760, 1640, 1534, 1367, 1212, 1165, 909,
702; HRMS-ESI* (m/z): Calcd. for C2sH2sNOs [M+H]* 432.1805; found, 432.1823.
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heacaulhsncall s e s

Br Br Br
27e 28e 26e-diAc

Following the general procedure for asymmetric bromination, 26e (14.5 mg, 0.030 mmol), 31 (5.00 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, Ac2O (22.7 pL,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 27e (10.5 mg, 54%, 96% ee), 28e (5.9 mg, 27%) and 26e-diAc
(3.3 mg, 19%).

2-((2-Acetoxy-3-isopropylphenyl)((2-nitrophenyl)sulfonamido)methyl)-4-bromo-6-isopropylphenyl  acetate
(27e)

White amorphous: [o]p? = -60.2 (¢ 1.0, CHCl3, 96% ee); 'H NMR (400 MHz, CDCls, 323K) &: 7.75 (d, J = 8.2 Hz,
2H), 7.35 (d, J = 7.6 Hz, 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.25-7.10 (m, 2H), 7.03 (br s, 1H), 6.99 (d, J = 7.8 Hz, 1H),
6.76 (br d, J = 5.2 Hz, 1H), 6.05 (d, J = 9.2 Hz, 1H), 5.86 (d, J = 9.4 Hz, 1H), 2.98-2.87 (m, 1H), 2.85-2.75 (m, 1H),
2.39 (s, 3H), 2.28 (s, 3H), 1.22 (d, J = 6.8 Hz, 3H), 1.17 (d, J = 6.8 Hz, 6H), 1.12 (d, J = 7.2 Hz, 3H),; 3C NMR
(150 MHz, CDCls, 323K) 6: 169.5, 169.0, 147.6, 146.7, 145.6, 144.4, 142.1, 134.5, 133.3, 132.9, 132.3, 131.0, 130.0,
129.9, 129.2, 127.3, 126.4, 126.3, 124.8, 119.6, 53.0, 27.8, 27.7, 23.4, 23.1, 20.8, 20.6; IR (KBr, cm™): 3446, 2969,
1763, 1541, 1443, 1366, 1207, 1174, 1065, 739; HRMS-ESI* (m/z): Calcd. for C2oH31BrN2OsS [M+Na]* 669.0877;
found, 669.0885.; HPLC conditions: column: Daicel Chiralpak IA, flow rate: 1.0 mL/min, eluent: hexane/IPA = 95/5,
retention time (min): 11.0 (minor), 13.3 (major).

(((2-Nitrophenyl)sulfonamido)methylene)bis(4-bromo-6-isopropyl-2,1-phenylene) diacetate (28e)

White amorphous: *H NMR (400 MHz, CDCls, 323K) 8: 7.79 (d, J = 7.6 Hz, 1H), 7,76 (br s, 1H), 7.58 (dd, J = 7.8,
0.8 Hz, 1H), 7.36 (t, J = 7.8 Hz, 1H), 7.28 (br d, J = 1.6 Hz, 2H), 6.95 (br, s 2H), 5.96 (d, J = 9.2 Hz, 1H), 5.89 (d, J
= 9.6 Hz, 1H), 2.89-2.77 (m, 2H), 2.32 (s, 6H), 1.19 (d, J = 6.8 Hz, 6H), 1.14 (d, J = 6.8 Hz, 6H),; 13C NMR (100
MHz, CDCls, 323K) 6: 169.0, 147.5, 145.7, 144.6, 134.2, 133.6, 132.4, 130.9, 130.4, 129.2, 125.1, 119.8, 53.1, 27.8,
23.2, 23.0,20.7; IR (KBr, cm): 3446, 2969, 1763, 1541, 1445, 1366, 1207, 1174, 1065, 742; HRMS-ESI* (m/z):
Calcd. for CagH30BraN2OsS [M+Na]* 746.9982; found, 747.0006.

(((2-Nitrophenyl)sulfonamido)methylene)bis(4-bromo-6-isopropyl-2,1-phenylene) diacetate (26e-diAc)

White amorphous: 'H NMR (400 MHz, CDCls, 323K) 8: 7.74 (br d, J = 8.8 Hz, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.48
(t, J = 7.8 Hz, 1H), 7.27 (t, J = 7.6 Hz, 1H), 7.17 (d, J = 8.4 Hz, 2H), 6.91 (t, J = 7.6 Hz, 2H), 6.82 (br d, J = 6.0 Hz,
2H), 6.14 (d, J = 9.2 Hz, 1H), 5.89 (d, J = 9.6 Hz, 1H), 2.96-2.83 (m, 2H), 2.35 (s, 6H), 1.20 (d, J = 6.8 Hz, 6H), 1.15
(d, J = 6.8 Hz, 6H),; *C NMR (100 MHz, CDCls) &: 168.9, 147.7, 147.5, 134.5, 133.0, 132.5, 131.7, 131.2, 131.1,
130.4,126.2, 125.7, 124.6, 52.8, 20.7, 16.5; IR (KBr, cm): 3383, 2968, 1766, 1543, 1450, 1366, 1205, 1173, 1101,
907; HRMS-ESI* (m/z): Calcd. for C9H32N20sS [M+Na]* 591.1772; found, 591.1784.
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t-But—Bu t—Buf-BU +Bu t—Bu

Br Br Br
27f 28f 26f-diAc

Following the general procedure for asymmetric bromination, 26f (15.4 mg, 0.030 mmol), 31 (5.00 mg, 0.0060 mmol)
and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHClI3 (6.0 mL). After stirred 3 h, Ac0 (22.7 pL, 0.24
mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by preparative
TLC (AcOEt/Toluene = 5/95) to afford 271 (9.7 mg, 48%, 98% ee), 28f (7.7 mg, 34%) and 26f-diAc (2.1 mg, 12%).

2-((2-Acetoxy-3-(tert-butyl)phenyl)((2-nitrophenyl)sulfonamido)methyl)-4-bromo-6-(tert-butyl)phenyl
acetate (27f)

Colorless oil: [a]p? = -62.2 (c 1.0, CHCl3, 98% ee); *H NMR (600 MHz, DMSO-ds, 393K) &: 8.49 (br s, 1H). 7.74
(d, J = 8.4 Hz, 1H), 7.69 (br s, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.44 (t, J = 7.8 Hz, 1H), 7.35 (d, J = 2.4 Hz, 1H), 7.31
(t, = 4.5 Hz, 1H), 7.23 (br s, 1H), 6.98 (d, J = 4.8 Hz, 2H), 5.89 (d, J = 9.0 Hz, 1H), 2.31 (s, 3H), 2.29 (s, 3H), 1.31
(s, 9H), 1.28 (s, 9H); °C NMR (200 MHz, CDCls) 3: 170.4, 169.7, 169.6, 169.4, 169.3, 169.0, 148.6, 148.0, 147.7,
147.4, 147.3, 147.0, 146.6, 146.0, 145.0, 144.6, 142.8, 142.6, 142.4, 135.4, 134.6, 134.5, 134.4, 134.3, 133.7, 133.3,
133.2,132.8,132.3,132.2,131.9, 131.5, 131.2, 131.1, 130.8, 130.7, 130.7, 130.6, 130.4, 130.0, 129.4, 129.2, 128.9,
128.3,128.1,127.9,127.4,126.3,126.2, 125.9, 125.8, 125.3, 124.9, 124.7,119.2, 119.1, 118.8, 54.2, 53.3, 52.8, 51.8,
35.2, 35.1, 34.9, 30.8, 30.6, 30.5, 30.4, 29.7, 21.7, 21.6, 21.5, 21.3; IR (neat, cm™): 3379, 2965, 1762, 1541, 1364,
1197, 1171, 1142, 910, 733; HRMS-ESI* (m/z): Calcd. for Cs1H3sBrN2OgS [M+Na]* 697.1190; found, 697.1192;
HPLC conditions: column: Daicel Chiralpak 1A, flow rate: 1.0 mL/min, eluent: hexane/IPA = 95/5, retention time
(min): 9.1 (minor), 11.1 (major).

(((2-Nitrophenyl)sulfonamido)methylene)bis(4-bromo-6-(tert-butyl)-2,1-phenylene) diacetate (28f)

Colorless oil: *H NMR (600 MHz, DMSO-ds, 373K) 8: 8.78 (br s, 1H), 7.79 (d, J = 7.2 Hz, 1H), 7.74-7.60 (m, 2H),
7.46 (t,J=7.5Hz, 1H), 7.37 (s, 2H), 7.17 (br s, 2H), 5.83 (d, J = 9.0 Hz, 1H), 2.34 (s, 6H), 1.29 (s, 18H); 3C NMR
(200 MHz, CDCl3) 8: 170.2,169.3,169.2, 168.9, 147.7, 147.3, 147.1, 146.9, 146.5, 146.1, 145.2, 145.1, 144.8, 134 .4,
134.1,134.0, 133.8, 133.5, 133.1, 133.0, 132.4, 132.2, 131.4, 131.2, 130.9, 130.9, 130.3, 129.1, 129.0, 125.2, 124.9,
119.5,119.4, 119.3, 118.9, 53.8, 52.7, 51.9, 35.2, 35.1, 30.5, 30.4, 30.3, 30.3, 21.5. 21.5; IR (neat, cm™): 3379, 2966,
1763, 1541, 1432, 1364, 1197, 1144, 909, 734; HRMS-ESI* (m/z): Calcd. for C31Hz4BroN»0sS [M+Na]* 775.0295;
found, 775.0318.

(((2-Nitrophenyl)sulfonamido)methylene)bis(6-(tert-butyl)-2,1-phenylene) diacetate (26f-diAc)

Colorless oil: 'H NMR (600 MHz, DMSO-ds, 373K) &: 8.43 (brs, 1H), 7.79-7.57 (m ,3H), 7.38 (t, J = 7.5 Hz, 1H),
7.27 (d,J=7.8 Hz, 2H), 7.02 (br s, 2H), 6.94 (t, J = 7.5 Hz, 2H), 5.92 (d, J = 9.0 Hz, 1H), 2.29 (s, 6H), 1.29 (s, 18H);
13C NMR (200 MHz, DMSO-ds) : 169.6, 169.4, 169.3, 147.8, 147.3, 147.1, 146.9, 146.8, 146.5, 141.5, 141.4, 141.2,
133.8, 133.7, 133.5, 133.3, 133.2, 133.1, 131.8, 131.7, 131.6, 131.6, 131.3, 131.0, 130.3, 129.3, 129.0, 127.9, 127.1,
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127.0,125.4,125.3, 125.1, 123.8, 123.7, 51.6, 51.0, 50.7, 39.7, 34.7, 30.8, 30.7, 21.7, 21.7, 21.6, 21.6; IR (neat, cm’
1): 3375, 2961, 1761, 1541, 1364, 1201, 1171, 1135, 910, 735; HRMS-ESI* (m/z): Calcd. for C31H3sN20sS [M+Na]*
619.2085; found, 619.2095.

OAc NHNsOAc OAc NHNsOAc

OAc NHNsOAc
Br Br Br
27g 28¢g 26g-diAc

Following the general procedure for asymmetric bromination, 26g (16.6 mg, 0.030 mmol), 31 (5.00 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, AcoO (22.7 pL,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 279 (16.6 mg, 77%, 97% ee), 28g (2.7 mg, 11%) and 26g-diAc
(1.6 mg, 8%).

3-((2-Acetoxy-5-bromo-[1,1'-biphenyl]-3-yl)((2-nitrophenyl)sulfonamido)methyl)-[1,1'-biphenyl]-2-yl acetate
(279)

White amorphous: [a]p?! = -10.6 (¢ 1.0, CHCIs, 97% ee); 'H NMR (400 MHz, CDCls, 323K) &: 7.78 (dd, J = 7.6,
0.8 Hz, 1H), 7.68 (d, J = 8.0, 1.2 Hz, 1H), 7.48 (td, J = 7.8, 1.4 Hz, 1H), 7.34 (td, J = 7.8, 1.0 Hz, 1H), 7.32-7.17 (m,
13H), 7.02 (t, J = 7.4 Hz, 1H), 6.96 (d, J = 6.8 Hz, 1H), 6.07 (d, J = 8.8 Hz, 1H), 5.96 (d, J = 9.2 Hz, 1H), 2.03 (s,
3H), 1.94 (s, 3H); 2*C NMR (100 MHz, CDCls, 323K) &: 168.8, 168.2, 147.7, 146.6, 145.5, 138.7, 137.5, 136.9,
136.3, 134.4, 133.5, 133.5, 132.5, 131.4, 131.1, 130.8, 130.6, 129.0, 128.8, 128.6, 128.5, 128.4, 127.9, 126.3, 125.0,
119.2, 53.2, 20.7, 20.5; IR (KBr, cm™): 3367, 1766, 1540, 1458, 1434, 1364, 1210, 1178, 760, 701; HRMS-ESI*
(m/z): Calcd. for C3sH27BrN20sS [M+Na]* 737.0564; found, 737.0564.; HPLC conditions: column: Daicel Chiralpak

IA, flow rate: 1.0 mL/min, eluent: hexane/IPA = 95/5, retention time (min): 22.2 (minor), 24.5 (major).

(((2-Nitrophenyl)sulfonamido)methylene)bis(5-bromo-[1,1'-biphenyl]-3,2-diyl) diacetate (28g)

White amorphous: *H NMR (400 MHz, CDCls, 323K) &: 7.88 (dd, J = 7.6, 1.4 Hz, 1H), 7.83 (dd, J = 8.2, 1.2 Hz,
1H), 7.63 (td, J=7.8, 1.4 Hz, 1H), 7.50 (td, J = 7.8, 1.0 Hz, 1H), 7.42-7.29 (m, 12H), 7.23 (d, J = 2.4 Hz, 2H), 6.11
(d, J=9.6 Hz, 1H), 6.06 (d, J = 9.6 Hz, 1H), 1.96 (s, 6H); *C NMR (100 MHz, CDCls, 323K) : 168.3, 147.6, 145.6,
138.9, 136.2, 134.2, 134.0, 133.8, 132.9, 132.6, 131.0, 130.5, 128.9, 128.7, 128.4, 125.2, 119.4, 53.5, 20.6; IR (KBr,
cmt): 3339, 1766, 1540, 1435, 1364, 1176, 1111, 757, 702, 591, 445; HRMS-ESI* (m/z): Calcd. for CssH26BraN20sS
[M+Na]* 814.9669; found, 814.9694.

(((2-Nitrophenyl)sulfonamido)methylene)bis([1,1'-biphenyl]-3,2-diyl) diacetate (26g-diAc)

White amorphous: *H NMR (400 MHz, CDCls, 323K) &: 7.85 (dd, J = 8.0, 1.0 Hz, 1H), 7.73 (dd, J = 7.6, 0.8 Hz,
1H), 7.53 (td, J = 7.8, 1.0 Hz, 1H), 7.43-7.30 (m, 11H), 7.27-7.23 (m, 2H), 7.12 (d, J = 6.4 Hz, 2H), 7.06 (t, J = 7.4
Hz, 2H), 6.26 (d, J = 9.2 Hz, 1H), 6.08 (d, J = 9.2 Hz, 1H), 1.99 (s, 6H); **C NMR (150 MHz, CDCls, 323K) &:
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168.7, 147.8, 146.5, 137.7, 136.7, 134.8, 133.1, 132.4, 131.4, 131.3, 131.0, 129.0, 128.5, 127.9, 126.1, 124.7, 53.2,
20.6; IR (KBr, cm): 3379, 1766, 1540, 1458, 1432, 1365, 1212, 1178, 760, 702; HRMS-ESI* (m/z): Calcd. for
CssH2sN208S [M+Na]* 659.1459; found, 659.1461.

OAc NHNsOAc OAc NHNsOAc OAc NHNsOAc
Meo\‘/‘\‘ O*COMe MeOOMe MGOWEOOMG
Br Br Br
27h 28h 26h-diAc

Following the general procedure for asymmetric bromination, 26h (13.8 mg, 0.030 mmol), 31 (5.00 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, AcoO (22.7 pL,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 10/90) to afford 27h (12.4 mg, 66%, 90% ee), 28h (4.4 mg, 21%) and 26h-diAc
(2.9 mg, 18%).

2-((2-Acetoxy-3-methoxyphenyl)((2-nitrophenyl)sulfonamido)methyl)-4-bromo-6-methoxyphenyl acetate
(27h)

White amorphous: [a]p? = -29.2 (¢ 1.0, CHCls, 90% ee); *H NMR (400 MHz, CDCls) &: 7.78 (d, J = 8.4 Hz, 1H),
7.78 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 7.8 Hz, 1H), 7.43 (d, J = 7.8 Hz, 1H), 6.98 (t, J = 8.0 Hz, 1H), 6.90-6.83 (m,
3H), 6.59 (d, J = 7.2 Hz, 1H), 6.08 (d, J = 9.2 Hz, 1H), 6.05 (d, J = 9.6 Hz, 1H), 3.79 (s, 3H), 3.75 (s, 3H), 2.33 (s,
3H), 2.24 (s, 3H); *C NMR (150 MHz, CDCls) 3: 168.4, 168.0, 152.4, 151.8, 147.4, 138.1, 137.2, 134.2, 133 .4,
133.3, 132.6, 131.0, 130.9, 126.5, 125.0, 122.6, 119.8, 119.1, 115.6, 112.7, 56.5, 56.2, 52.4, 20.6, 20.4; IR (KBr, cm
1): 3367, 2921, 1769, 1541, 1480, 1415, 1366, 1280, 1172, 1043; HRMS-ESI* (m/z): Calcd. for CasH23BrN2010S
[M+Na]* 645.0149; found, 645.0158.; HPLC conditions: column: Daicel Chiralpak IA, flow rate: 1.0 mL/min, eluent:
hexane/IPA = 70/30, retention time (min): 9.5 (minor), 12.2 (major).

(((2-Nitrophenyl)sulfonamido)methylene)bis(4-bromo-6-methoxy-2,1-phenylene) diacetate (28h)

White amorphous: *H NMR (400 MHz, CDCls) &: 7.82 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 7.8 Hz, 1H), 7.61 (t, J = 7.2
Hz, 1H), 7.47 (d, J = 7.7 Hz, 1H), 6.93 (d, J = 1.8 Hz, 2H), 6.78 (d, J = 2.3 Hz, 2H), 6.08 (d, J = 9.6 Hz, 1H), 5.97
(d, J=9.6 Hz, 1H), 3.77 (s, 6H), 2.28 (s, 6H); 3C NMR (100 MHz, CDCls) &: 167.9, 152.5, 147.4, 137.3, 134.0,
133.7, 132.6, 132.6, 130.8, 125.2, 122.5, 119.2, 116.0, 56.5, 52.6, 20.5; IR (KBr, cm): 3375, 1770, 1541, 1479,
1412, 1365, 1291, 1173, 1044, 853; HRMS-ESI* (m/z): Calcd. for CasH22BraN2O10S [M+Na]* 722.9254; found,
722.9272.

(((2-Nitrophenyl)sulfonamido)methylene)bis(6-methoxy-2,1-phenylene) diacetate (26h-diAc)

White amorphous: *H NMR (400 MHz, CDCls) 8: 7.77 (d, J = 7.4 Hz, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.53 (t, J = 7.2
Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 6.93 (t, J = 8.0 Hz, 2H), 6.81 (d, J = 8.0 Hz, 2H), 6.65 (d, J = 8.0 Hz, 2H), 6.17 (d,
J =9.2 Hz, 1H), 6.06 (d, J = 9.6 Hz, 1H), 3.77 (s, 6H), 2.28 (s, 6H); 2*C NMR (150 MHz, CDCls) &: 168.4, 151.7,
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147.5, 138.1, 134.6, 133.0, 132.5, 131.7, 131.1, 126.2, 124.8, 119.8, 112.2, 56.2, 52.4, 20.6; IR (KBr, cm™): 3438,
3160, 2960, 1770, 1549, 1481, 1264, 1192, 1049, 807, ; HRMS-ESI* (m/z): Calcd. for C2sH2aN2010S [M+Na]*
567.1044; found, 567.1061.

N N Mes, .Ns
oh OAc OAc o o OAc OAc on OAc N OAc
OO o OO
Br Br Br
27i 28i 26i-diAc

Following the general procedure for asymmetric bromination, 26i (11.3 mg, 0.020 mmol), 31 (3.33 mg, 0.0040 mmol)
and NBS (4.09 mg, 0.023 mmol) were stirred at -20 °C in CHCI;3 (4.0 mL). After stirred 3 h, Ac2O (15.1 pL, 0.16
mmol) and DMAP (14.7 mg, 0.12 mmol) were added to the mixture. The crude residue was purified by preparative
TLC (AcOEt/toluene = 5/95) to afford 27i (3.1 mg, 22%, 1% ee), 28i (2.1 mg, 13%) and 26i-diAc (7.6 mg, 60%).

3-((2-Acetoxy-5-bromo-[1,1'-biphenyl]-3-y)((N-methyl-4-nitrophenyl)sulfonamido)methyl)-[1,1'-biphenyl]-2-
yl acetate (27i)

White amorphous: *H NMR (400 MHz, CDCls, 323K) &: 7.79 (d, J = 8.4 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.50 (t,
J = 8.4 Hz, 1H), 7.44-7.27 (m, 13H), 7.18 (s, 1H), 7.12 (d, J = 7.8 Hz, 1H), 6.93 (d, J = 7.2 Hz, 1H), 6.68 (s, 1H)
3.03 (s, 3H), 2.04 (s, 3H), 1.89 (s, 3H); *C NMR (150 MHz, CDCls, 323K) &: 169.1, 168.4, 147.5, 147.2, 145.7,
138.6, 137.6, 136.7, 136.4, 133.7, 133.4, 133.3, 131.7, 131.4, 131.1, 130.7, 130.1, 129.0, 128.8, 128.7, 128.5, 128.3,
127.9, 126.3, 123.7, 119.4, 55.8, 34.2, 20.8, 20.4; IR (KBr, cm): 3445, 1766, 1545, 1433, 1370, 1211, 1180, 964,
762, 701; HRMS-ESI* (m/z): Calcd. for C3sH20BrN2OgS [M+Na]* 751.0720; found, 751.0724.; HPLC conditions:
column: Daicel Chiralpak 1D, flow rate: 1.0 mL/min, eluent: hexane/IPA = 90/10, retention time (min): 20.1 (major),
26.1 (minor).

(((N-Methyl-2-nitrophenyl)sulfonamido)methylene)bis(5-bromo-[1,1'-biphenyl]-3,2-diyl) diacetate (28i)
White amorphous: *H NMR (400 MHz, CDCls, 323K) &: 7.79 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 8.0 Hz, 1H), 7.54 (t,
J=8.0Hz, 1H), 7.44-7.30 (13H), 7.10 (br s, 2H),6.59 (s, 1H), 3.04 (s, 3H), 1.96 (s, 6H); 1*C NMR (100 MHz, CDCls,
323K) 6: 168.6, 147.4, 146.0, 138.7, 136.2, 133.9, 133.6, 133.5, 132.5, 131.6, 131.2, 131.1, 128.9, 128.7, 128.4,
123.9, 119.5, 55.7, 34.2, 20.6; IR (KBr, cm™): 3446, 1766, 1545, 1434, 1369, 1209, 1179, 1083, 763, 701; HRMS-
ESI* (m/z): Calcd. for CasH2sBr.N2OsS [M+Na]* 828.9825; found, 828.9850.

(((N-Methyl-2-nitrophenyl)sulfonamido)methylene)bis([1,1'-biphenyl]-3,2-diyl) diacetate (26i-diAc)

White amorphous: *H NMR (600 MHz, CDCls, 323K) 6: 7.76 (d, J = 7.2 Hz, 1H), 7.48-7.32 (m, 12H), 7.29-7.23 (m,
3H), 7.04 (t, J = 7.8 Hz, 2H), 6.99 (br d, J = 7.8 Hz, 2H), 6.77 (s, 1H), 3.04 (s, 3H), 1.97 (s, 6H); 2*C NMR (150
MHz, CDCls, 323K) &: 168.9, 147.7, 146.9, 137.8, 136.6, 134.0, 132.9, 132.0, 131.0, 130.8, 129.0, 128.5, 127.8,
126.1, 123.2, 56.0, 34.1, 20.7; IR (KBr, cm™): 3423, 1766, 1545, 1431, 1370, 1211, 1182, 961, 761, 701; HRMS-
ESI* (m/z): Calcd. for CasH2sN20gS [M+Na]* 673.1615; found, 673.1621.
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Kinetic Resolution of (#)-35

OH NHNsOH OAc NHNsOAc OAc NHNsOAc
1. 31 (20 mol%), NBS (0.58 equiv.)

Ph Ph Ph Ph  Ph Ph
O O CHCl; (0.005 M), =20 °C, 3 h O * O O O
> +
2. Ac,0, DMAP

(£)-35 Br - 27g Br Br 28g Br
54% recovered, 64% ee 46% yield

Following the general procedure for asymmetric bromination, (£)-35 (9.47 mg, 0.015 mmol), 31 (2.50 mg, 0.0030
mmol) and NBS (1.55 mg, 0.0087 mmol) were stirred at -20 °C in CHCI3 (3.0 mL). After stirred 3 h, Ac,0 (11.4 uL,
0.12 mmol) and DMAP (11.0 mg, 0.090 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 27g (5.8 mg, 54%, 64% ee) and 28g (5.5 mg, 46%).

Model Experiment of DMAP-Catalyzed Bromination

w or w/o DMAP (20 mol%)
M60:©/0Me NBS (1.15 equiv.) MeO OMe
MeO CDCl; (0.02 M), 20 °C, 30 min MeOI IBr

36 37

To a stirred solution of 36 (33.6 mg, 0.20 mmol, 1.0 equiv.) and DMAP (4.89 mg, 0.040 mmol, 0.20 equiv.) in CDCls3
(10 mL) was added NBS (40.9 mg, 0.23 mmol, 1.15 equiv.) at 20 °C. The reaction was monitored by *H NMR
measurement for every 10 minites and the yield of 37 was determined from the comparison of the integrals of the
product peaks relative to the 1,3-dinitrobenzene internal standard (Figure S3). The experiments were performed
with/without DMAP.

100
e w/o DMAP .
80 °
e w DMAP . )
[ ]
$ 60 .
o °
QL
= 40 ~ JEPO ¢
ps [ ]
20 * . .
[ ]
H
0
0O 10 20 30 40 50 60 70 80 90 100

Time (min)

Figure S3. Rate Analysis for Bromination of 36
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OH
OH DMAP (20 mol%) Me Me
Me Me NBS (1.15 equiv.)

v

CHCl3 (0.01 M), =50 °C, 5 min

Br
38 39

To a stirred solution of 38 (6.1 mg, 0.050 mmol, 1.0 equiv.) and DMAP (1.22 mg, 0.010 mmol, 0.20 equiv.) in CHCI3
(5.0 mL) was added NBS (10.2 mg, 0.0575 mmol, 1.15 equiv.) at -50 °C. After stirred for 5 minites, the reaction was
quenched by saturated Na;S;03 aqg. and extracted with CHCIs. The organic layer was dried over Na,SO. and
concentrated in vacuo to give the crude product. The yield of 39 was determined from the comparison of the integrals
of the product peaks relative to the 1,3-dinitrobenzene internal standard (29%).

Kinetic Resolution of (#)-40

OAc NHNsOH OAc NHNsOAc OAc NHNsOAc
1. 31 (20 mol%), NBS (0.58 equiv.)

Ph Ph Ph Ph  Ph Ph
- +
2. Ac,0, DMAP

()-40 27g Br 26g-diAc
$=20 23% vyield, 24% ee 77% yield

Following the general procedure for asymmetric bromination, (£)-40 (11.9 mg, 0.020 mmol), 31 (3.33 mg, 0.0040
mmol) and NBS (2.06 mg, 0.0116 mmol) were stirred at -20 °C in CHCl3 (4.0 mL). After stirred 3 h, Ac2O (15.1 pL,
0.16 mmol) and DMAP (14.7 mg, 0.12 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 27g (3.3 mg, 23%, 24% ee) and 26g-diAc (9.8 mg, 77%).
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KIE Mesurement of DMAP-Catalyzed Bromination

o DMAP (20 mol%) ' I
mol7
Me Me NBS (0.33 equiv.) Me Me  Me Me
+
CDCls, -20°C, 1 h
H/D (32%) H/D Br
38 and 38-d 38 and 38-d 39
1.0 equiv.

75% SM recovered (29.8% D), kH/kD = 0.713 ky/kp = 0.74 £ 0.02

76% SM recovered (30.4% D), kH/kD = 0.771 averaged
76% SM recovered (30.1% D), kH/kD = 0.736

To a stirred solution of 38 and 38-d (12.3 mg, 0.10 mmol, 1.0 equiv.) and DMAP (2.44 mg, 0.020 mmol, 0.20 equiv.)
in CHCIs (20 mL) was added NBS (5.87 mg, 0.033 mmol, 0.33 equiv.) at -20 °C. After reaction completion, KIE was
calculated from the comparison the integrals between a para C-H signal (6 6.79-6.73 ppm, 1H of 38) and a meta C-

H signal (6 7.01-6.94 ppm, 2H of 38 and 38-d) in *H NMR. The experiments were performed three times and the
determined KIE was the average of three runs.
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Computational Details

The conformational search was conducted by molecular mechanics simulation using Monte-Carlo Multiple Minimum
(MCMM) method (MacroModel in Material Science Suite 2019-4, Force Field: OPLS_2005) with the constraint of
(2.2 £0.6) A for the distance between red-colored H of the protonated catalyst and red-colored O of 6 complexes
(Figure S1). 36 conformers of the complex with the (R,R)-isomer, 148 conformers of the complex with the (R,S)-
isomer, 145 conformers of the complex with the (S,R)-isomer, and 145 conformers of the complex with the (S,S)-
isomer were obtained with energies within 5.0 kcal/mol of the most stable structures. Geometry optimization and
frequency calculation of all conformers were performed at the M06-2X/LanL2DZ(Br)/6-31G(d,p) level of theory.
The single-point energy calculations of all conformers were performed at the M06-2X/SDD(Br)/6-311++G(2d,2p)
level of theory with solvation effects using the SMD solvation model (CHCIs3). XY Z coordinates and thermochemical
data at 298.15 K (energies in Hartree) of the most stable structures were described below.

o e

MeO ij“'Q\(N\E)LOMe OH HNSO
N/
|[|® O Br H

Figure S4. Chemical Models for Calculations.

o-Complex ((S,S)-isomer)

MO06-2X/LanlL 2DZ(Br)/6-31G(d,p)

Electronic Energy = —3918.087584

Free Energy = -3917.115828
M06-2X/SDD(Br)/6-311++G(2d,2p), SMD (chloroform)
Electronic Energy = —3919.519519

C 556569600 -2.70148900 -1.19683100
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Synthesis of Substrates and Characterization Data

OH 1. Mel, K,CO3, DMF, rt OMe 1. Dimethyl malonate, NaH, THF, reflux
Me COo,H 2. LAH, THF, rt Me Br then, KOH, EtOH, reflux
3. PBr3, DCM, rt 2. 160 °C, neat o
S30 S31
OMe OMe OMe OMe
Me Me DPPA, TEA, benzene, reflux Me Me NsCl, KHCO3
> T
O CO,H O then, TsOH aq. reflux O NH, O MeCN, 40 °C, 2 h
S32 S33
OMe OMe OH OH
Me Me BBr3 Me Me
—»
O NHNs O DCM O NHNs O
-78°Ctort,7h
S34 41a

2-(2-Methoxy-3-methylbenzyl)-3-(2-methoxy-3-methylphenyl)propanoic acid (S32)

To a stirred suspension of 3-Me-salitylic acid (S30) (4.56 g, 30.0 mmol) and K>CO3 (12.4 g, 90 mmol) in DMF (100
mL) was added Mel (5.60 mL, 90.0 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After
stirred for 17 h, the reaction was quenched by water and extracted with AcCOEt. The organic layer was washed by
water and brine, dried over Na>SO. and concentrated in vacuo to give the crude product.

To a stirred suspension of LAH (1.62 g, 42.6 mmol) in THF (60 mL) was added crude product in THF (20 mL) at
0 °C and the mixture was gradually warmed to room temperature. After stirred for 30 min, the resulting mixture was
quenched by Na2SO.-10 H20. After stirred for 1 h, AcOEt was added to the mixture and the resulting mixture was
filtered through celite pad. The filtrate was concentrated in vacuo to give the crude product.

To astirred solution of crude product in DCM (50 mL) was added PBr3 (3.78 mL, 39.8 mmol) at 0 °C and the mixture
was gradually warmed to room temperature. After stirred for 2.5 h, the reaction was quenched by water and extracted
with DCM. The organic layer was dried over Na,SO4 and concentrated in vacuo to give the crude product.

To a stirred suspension of NaH (60%, dispersion in paraffin liquid, 1.20 g, 30.0 mmol) in THF (20 mL) was added
dimethyl malonate (1.14 mL, 10.0 mmol) at 0 °C. The solution was stirred for 15 min before adding crude product
in THF (5.0 mL) and the resulting mixture was heated under reflux for 11 h. After reaction completion, EtOH (25
mL) and KOH (2.81 g, 50.0 mmol) was added to the reaction mixture and the resuting mixture was heated under
reflux. After heated for 7 h, the reaction was quenched by 1N HCI ag. and extracted with AcOEt. The organic layer
was washed by brine, dried over Na>SO4, and concentrated in vacuo. The residue was purified by flash column
chromatography (AcOEt/hexane = 25/75 to 100/0) to give the dicarboxylic acid. The dicarboxylic acid was heated at
160 °C for 1 h to afford S32 (2.64 g, 81%) as brown solid.

Analytical data of $32: m.p. 107 °C; *H NMR (400 MHz, CDCls) &: 7.03 (d, J = 7.4 Hz, 4H), 6.93 (t, J = 7.0 Hz,
2H), 3.62 (s, 6H), 3.26-3.16 (M, 1H), 2.96 (dd, J = 13.6, 8.4 Hz, 2H), 2.85 (dd, J = 13.6, 8.4 Hz, 2H), 2.28 (s, 6H);
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13C NMR (100 MHz, CDCls) &: 181.5, 157.2, 132.1, 131.1, 130.0, 128.5, 124.0, 60.2, 46.9, 32.7, 16.4; IR (KBr, cm
1): 2996, 2830, 1700, 1469, 1427, 1258, 1213, 1090, 1010, 768; HRMS-ESI* (m/z): Calcd. for C20H2404 [M+Na]*
351.1567; found, 351.1579.

N-(1,3-Bis(2-methoxy-3-methylphenyl)propan-2-yl)-2-nitrobenzenesulfonamide (S34)

To a stirred solution of S32 (2.62 g, 7.98 mmol) and TEA (4.45 mL, 31.9 mmol) in benzene (25 mL) was added
DPPA (2.57 mL, 12.0 mmol) at 0 °C. The resulting mixture was heated under reflux for 1.5 h. After reaction
completion, TsOH ag. (4.8 M, 10 mL, 48.0 mmol) was added to the reaction mixture and the resuting mixture was
heated under reflux. After heated for 5 h, the reaction was quenched by saturated NaHCO3 ag. and extracted with
AcOEt. The organic layer was washed by saturated NaHCOs3 ag. and brine, dried over Na;SQO4, and concentrated in
vacuo. The residue was purified by flash column chromatography (MeOH/AcOEt = 0/100 to 10/90) to give the crude
product as a mixture of S33 and byproducts (3.45 g).

To a stirred suspension of crude product (1.93 g) and KHCO3 (2.23 g, 22.3 mmol) in MeCN (13 mL) was added NsCI
(1.98 g, 8.92 mmol) at 0 °C and the mixture was allowed to warm to 40 °C. After stirred for 2 h, the reaction was
guenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried over Na;SO4

and concentrated in vacuo. The crude solid was washed by EtOH/hexane to afford S34 (1.30 g, 60%) as white solid.

Analytical data of S34: m.p. 159 °C; *H NMR (400 MHz, CDCls) &: 7.81-7.78 (m, 1H), 7.64-7.60 (m, 1H), 7.53-
7.45 (m, 2H), 6.87 (t, J = 7.8 Hz, 4H), 6.74 (t, J = 7.4 Hz, 2H), 5.79 (d, J = 6.0 Hz, 1H), 4.12-4.03 (m, 1H), 3.60 (s,
6H), 2.90 (dd, J = 13.6, 7.6 Hz, 1H), 2.77 (d, J = 13.4, 6.6 Hz, 1H), 2.17 (s, 6H); 3C NMR (100 MHz, CDCls) &:
157.1, 146.7, 134.2, 132.7, 132.5, 131.0, 130.7, 130.4, 130.1, 129.0, 125.4, 123.9, 60.2, 57.7, 36.9, 16.3; IR (KBr,
cmt): 3339, 2945, 1536, 1469, 1406, 1348, 1211, 1171, 1008, 781; HRMS-ESI* (m/z): Calcd. for CzsH2sN206S
[M+Na]* 507.1560; found, 507.1574.

N-(1,3-Bis(2-hydroxy-3-methylphenyl)propan-2-yl)-2-nitrobenzenesulfonamide (41a)

To a stirred solution of S34 (1.21 g, 2.50 mmol) in DCM (50 mL) was added BBrs; in DCM (1.0 M, 10 mL, 10.0
mmol) at -78 °C and the mixture was gradually warmed to room temperature. After stirred for 7 h, the reaction was
quenched by water and extracted with CHCIls. The organic layer was dried over Na;SO4 and concentrated in vacuo.

The crude solid was purified by recrystallization from EtOH/hexane to afford 41a (700 mg, 61%) as yellow solid.

Analytical data of 41a: m.p. 160 °C; *H NMR (600 MHz, CDCls) &: 7.92 (dd, J = 7.6, 1.6 Hz, 1H), 7.65 (dd, J = 7.8,
1.4 Hz, 1H), 7.62-7.51 (m, 2H), 6.86 (d, J = 7.2 Hz, 2H), 6.72 (d, J = 6.8 Hz, 2H), 6.53 (t, J = 7.6 Hz, 2H), 6.22 (d,
J=4.4Hz, 1H), 5.45 (s, 2H), 3.65-3.53 (m, 1H), 3.11 (dd, J = 14.4, 7.2 Hz, 2H), 2.81 (dd, J = 14.2, 7.0 Hz, 2H), 2.16
(s, 6H); 1*C NMR (100 MHz, CDCls) 8: 151.4, 146.5, 134.2, 133.2, 133.0, 130.7, 128.5, 125.9, 124.8, 123.0, 120.5,
58.0, 36.7, 27.1, 23.1, 22.4; IR (KBr, cm): 3486, 3337, 2875, 1595, 1535, 1471, 1349, 1318, 1197, 1158, 854, 779,
742; HRMS-ESI* (m/z): Calcd. for C3sH24N208S [M+Na]* 479.1247; found, 479.1250.
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rt, 13 h Nos —78°Ctort, 12 h Nos
S33 S35 41b

N-(1,3-Bis(2-methoxy-3-methylphenyl)propan-2-yl)-4-nitrobenzenesulfonamide (S35)

To a stirred suspension of crude product (207 mg) and KHCO3 (240 mg, 2.40 mmol) in MeCN (5.0 mL) was added
NosClI (171 mg, 0.77 mmol) at 0 °C and the mixture was allowed to warm to room temperature. After stirred for 13
h, the reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine,
dried over Na,SOs and concentrated in vacuo. The residue was purified by flash column chromatography
(AcOEt/hexane = 25/75) to afford S35 (172 mg, 74 %) as colorless oil.

Analytical data of S35: 'H NMR (400 MHz, CDCl3) &: 7.93 (td, J = 8.8, 2.0 Hz, 2H), 7.55 (td, J = 9.2, 2.0 Hz, 2H),
6.94 (dd, J = 7.0, 1.4 Hz, 2H), 6.82-6.72 (m, 4H), 5.94 (d, J = 5.6 Hz, 1H), 3.68 (s, 6H), 3.59-3.49 (m, 1H), 2.95 (dd,
J=13.4,7.8 Hz, 2H), 2.62 (dd, J = 13.6, 6.4 Hz, 2H), 2.24 (s, 6H); *C NMR (100 MHz, CDCls) &: 156.7, 149.3,
145.1,131.2, 130.7, 130.3, 129.0, 127.5, 124.5, 123.7, 60.3, 58.0, 36.7, 16.3; IR (neat, cm): 3291, 2941, 1528, 1471,
1348, 1165, 1092, 1009, 739, 412; HRMS-ESI* (m/z): Calcd. for CasHzsN206S [M+H]* 485.1741; found, 485.1759.

N-(1,3-Bis(2-hydroxy-3-methylphenyl)propan-2-yl)-4-nitrobenzenesulfonamide (41b)

To a stirred solution of S35 (159 mg, 0.33 mmol) in DCM (6.0 mL) was added BBr3; in DCM (1.0 M, 1.32 mL, 1.32
mmol) at -78 °C and the mixture was gradually warmed to room temperature. After stirred for 12 h, the reaction was
quenched by water and extracted with CHCIls. The organic layer was dried over Na;SO4 and concentrated in vacuo.

The crude solid was purified by recrystallization from EtOH/hexane to afford 41b (54 mg, 36%) as white solid.

Analytical data of 41b: m.p. 183 °C; *H NMR (400 MHz, CDCls) &: 7.96 (td, J = 9.0, 2.2 Hz, 2H), 7.56 (td, J = 9.0,
2.2 Hz, 2H), 6.94 (d, J = 7.6 Hz, 2H), 6.73 (d, J = 8.0 Hz, 2H), 6.64 (d, J = 7.4 Hz, 2H), 5.68 (d, J = 6.0 Hz, 1H),
5.25 (s, 2H), 3.46-3.36 (m, 1H), 3.00 (dd, J = 14.2, 7.0 Hz, 2H), 2.79 (dd, J = 13.8, 6.2 Hz, 2H), 2.20 (s, 6H); 13C
NMR (100 MHz, CDCls) 6: 152.1, 150.0, 144.6, 129.9, 129.3, 127.6, 123.9, 123.7, 123.1, 120.8, 57.1, 36.7, 16.1;
IR (KBr, cm™): 3504, 3297, 1529, 1472, 1349, 1309, 1200, 1158, 1091, 741; HRMS-ESI* (m/z): Calcd. for
C23H24N206S [M+H]* 457.1428; found, 457.1443.

TsCl OH OH
Me Me KHCO3 Me Me BBr3 Me Me
O O MeCN O NHTs O DCM O NHTs O
rt, 11 h -78°Ctort,5h

S33

N-(1,3-Bis(2-methoxy-3-methylphenyl)propan-2-yl)-4-methylbenzenesulfonamide (S36)
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To a stirred suspension of crude product (277 mg) and KHCO3 (321 mg, 3.21 mmol) in MeCN (6.0 mL) was added
TsCl (196 mg, 1.03 mmol) at 0 °C and the mixture was allowed to warm to room temperature. After stirred for 11 h,
the reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine,
dried over Na;SO4 and concentrated in vacuo. The residue was purified by flash column chromatography
(CHCls/hexane = 50/50 to 100/0) to afford S36 (290 mg, 99%) as colorless oil.

Analytical data of S36: H NMR (400 MHz, CDCls) 8: 7.29 (d, J = 8.4 Hz, 2H), 6.96 (dd, J = 7.0, 1.4 Hz, 2H), 6.92
(d, J = 8.4 Hz, 2H), 6.84-6.77 (m, 4H), 5.72 (d, J = 4.4 Hz, 1H), 3.66 (s, 6H), 3.55-3.45 (m, 1H), 2.94 (dd, J = 13.4,
7.4 Hz,2H), 2.62 (dd, J = 13.6, 6.4 Hz, 2H), 2.29 (s, 3H), 2.25 (s, 6H); °C NMR (100 MHz, CDCls) 8: 156.8, 142.1,
136.5,131.1, 131.0, 130.0, 129.1, 129.0, 126 .5, 124.3, 60.3, 57.3, 36.3, 21.5, 16.3; IR (neat, cm): 3283, 2942, 1470,
1421, 1326, 1159, 1092, 1010, 759, 664; HRMS-ESI* (m/z): Calcd. for CasHsNO4S [M+Na]* 476.1866; found,
476.1880.

N-(1,3-Bis(2-hydroxy-3-methylphenyl)propan-2-yl)-4-methylbenzenesulfonamide (41c)

To a stirred solution of S36 (290 mg, 0.639 mmol) in DCM (12 mL) was added BBrz; in DCM (1.0 M, 1.92 mL, 1.92
mmol) at -78 °C and the mixture was gradually warmed to room temperature. After stirred for 5 h, the reaction was
quenched by water and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated in vacuo.
The crude solid was purified by recrystallization from EtOH/hexane to afford 41c (104 mg, 38%) as white solid.

Analytical data of 41c: m.p. 137 °C; *H NMR (400 MHz, CDCls) &: 7.30 (d, J = 8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz,
4H), 6.74 (d, J = 7.2 Hz, 2H), 6.65 (t, J = 7.2 Hz, 2H), 5,54 (s, 2H), 5.50 (d, J = 4.8 Hz, 1H), 3.38-3.28 (m, 1H), 2.96
(dd, J = 14.0, 6.4 Hz, 2H), 2.80 (dd, J = 14.4, 6.4 Hz, 2H), 2.31 (s, 3H), 2.21 (s, 6H); 3*C NMR (100 MHz, CDCls)
8:152.3,143.0, 135.4, 129.7, 129.4, 129.3, 126.6, 124.0, 123.1, 120.4, 56.5, 36.7, 21.6, 16.2; IR (KBr, cm™): 3503,
3257, 2933, 1471, 1305, 1200, 1154, 1090, 678, 553; HRMS-ESI* (m/z): Calcd. for C24H27NO4S [M+H]* 426.1734;
found, 426.1745.

OMe OMe BzCl

Me Me TEA Me Me BBr3 Me Me
O NH, O DCM NHBz DCM NHBz
r, 13 h -78°Ctort, 14 h
S33

N-(1,3-Bis(2-methoxy-3-methylphenyl)propan-2-yl)benzamide (S37)

To a stirred solution of crude product (333 mg) and TEA (0.21 mL, 1.54 mmol) in DCM (3.5 mL) was added BzCI
(0.13 mL, 1.12 mmol) at 0 °C and the mixture was allowed to warm to room temperature. After stirred for 13 h, the
reaction was quenched by water and extracted with ACOEt. The organic layer was washed by 1N HCI aq., saturated
NaHCOs ag. and brine, dried over Na;SO4 and concentrated in vacuo. The crude solid was purified by
recrystallization from EtOH/hexane to afford S37 (171 mg, 55 %) as white solid.
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Analytical data of S37: m.p. 123 °C; *H NMR (600 MHz, CDCls) é: 7.72 (d, J = 6.6 Hz, 2H), 7.45 (t, J = 7.5 Hz,
1H), 7.39 (t, J = 7.5 Hz, 2H), 7.27 (d, J = 7.2 Hz, 1H), 7.07 (d, J = 7.2 Hz, 2H), 7.04 (d, J = 7.8 Hz, 2H), 6.96 (t, J =
7.5 Hz, 2H), 4.44-4.36 (m, 1H), 3.76 (s, 6H), 3.07 (dd, J = 13.5, 7.5 Hz, 2H), 2.81 (dd, J = 13.8, 6.0 Hz, 2H), 2.31 (s,
6H); *°C NMR (150 MHz, CDCls) &: 167.2, 160.0, 135.1, 131.6, 131.1, 131.0, 129.9, 129.1, 128.4, 127.0, 124.4,
60.5, 54.0, 34.4, 16.4; IR (KBr, cm): 3299, 2941, 1640, 1537, 1469, 1207, 1092, 1015, 770, 702; HRMS-ESI*
(m/z): Calcd. for C2sH20NO3 [M+H]* 404.2220; found, 404.2235.

N-(1,3-Bis(2-hydroxy-3-methylphenyl)propan-2-yl)benzamide (41d)

To a stirred solution of S37 (121 mg, 0.30 mmol) in DCM (6.0 mL) was added BBr; in DCM (1.0 M, 1.20 mL, 1.20
mmol) at -78 °C and the mixture was gradually warmed to room temperature. After stirred for 14 h, the reaction was
quenched by water and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated in vacuo.
The crude solid was washed by Et,O/hexane to afford 41d (97 mg, 86%) as white solid.

Analytical data of 41d: m.p. 181 °C; *H NMR (400 MHz, CDCls) &: 7.93 (br d, J = 4.8 Hz, 1H), 7.78 (td, J = 6.8,
1.4 Hz, 2H), 7.52 (td, J = 7.2, 1.4 Hz, 1H), 7.43 (td, J = 6.8, 1.4 Hz, 2H), 7.23 (s, 2H), 7.05 (d, J = 7.2 Hz, 2H), 6.98
(dd, J = 7.8, 1.4 Hz, 2H), 6.79 (t, J = 7.6 Hz, 2H),4.01-3.92 (m, 1H), 3.22 (dd, J = 13.8, 5.4 Hz, 2H), 2.79 (dd, J =
14.0, 6.8 Hz, 2H), 2.31 (s, 6H); 3C NMR (100 MHz, CDCls) &: 168.9, 153.1, 133.5, 132.0, 129.9, 129.3, 128.7,
127.1,124.5,123.9, 120.3, 54.9, 35.1, 16.4; IR (KBr, cm™): 3431, 3276, 1638, 1543, 1469, 1446, 1336, 1201, 1101,
705; HRMS-ESI* (m/z): Calcd. for C2sH2sNOs [M+H]* 376.1907; found, 376.1922.

OH OMe
P cHo |- Mel K,CO5 DMF, it
=P 2.NaBH4, MeOH, 0°C  *FF Br Dimethyl malonate, NaH, THF, reflux
3.PBrs, DCM, it then, KOH, EtOH, reflux o
$38 $39
OMe OMe OMe OMe
i-Pr: i-Pr DPPA, TEA, benzene, reflux i-Pr: i-Pr
O CO,H O then, TsOH aq. reflux O NH, O
S40 s41
OH OH
1. NsCl, KHCO3, MeCN, 40 °C  i-Pr i-Pr
2.BBrs, DCM, —78 °Ctort O NHNs O
41e

N-(1,3-Bis(2-hydroxy-3-isopropylphenyl)propan-2-yl)-2-nitrobenzenesulfonamide (41e)

To a stirred suspension of 2-hydroxy-3-isopropylbenzaldehyde (S38)%8 (1.94 g, 11.8 mmol) and K,COs3 (4.89 g, 35.4
mmol) in DMF (20 mL) was added Mel (2.20 mL, 35.4 mmol) at 0 °C and the mixture was gradually warmed to
room temperature. After stirred for 2 h, the reaction was quenched by water and extracted with AcOEt. The organic

layer was washed by water and brine, dried over Na2SO4 and concentrated in vacuo to give the crude product.
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To astirred solution of crude product in MeOH (20 mL) was added NaBH4 (893 mg, 23.6 mmol) at 0 °C. After stirred
for 2.5 h, the resulting mixture was quenched by saturated NaHCO3 aq. and extracted with CHCls. The organic layer
was dried over Na;SQO4 and concentrated in vacuo to give the crude product.

To astirred solution of crude product in DCM (20 mL) was added PBr3 (1.66 mL, 17.4 mmol) at 0 °C and the mixture
was gradually warmed to room temperature. After stirred for 14 h, the reaction was quenched by water and extracted
with CHCIs. The organic layer was dried over Na,SO4 and concentrated in vacuo to give the crude product.

To a stirred suspension of NaH (60%, dispersion in paraffin liquid, 472 mg, 11.8 mmol) in THF (16 mL) was added
dimethyl malonate (0.45 mL, 3.93 mmol) at 0 °C. The solution was stirred for 15 min before adding crude product
in THF (4.0 mL) and the resulting mixture was heated under reflux for 8 h. After reaction completion, EtOH (20 mL)
and KOH (1.01 g, 19.6 mmol) was added to the reaction mixture and the resuting mixture was heated under reflux.
After heated for 14 h, the reaction was quenched by 1N HCI ag. and extracted with AcOEt. The organic layer was
washed by brine, dried over Na;SO., and concentrated in vacuo. The residue was purified by flash column
chromatography (AcOEt/hexane = 10/90 to 25/75) to give the crude product as a mixture S40 of and byproducts.
To a stirred solution of crude product and TEA (1.73 mL, 12.4 mmol) in benzene (10 mL) was added DPPA (1.00
mL, 4.64 mmol) at 0 °C. The resulting mixture was heated under reflux for 1 h. After reaction completion, TSOH aq.
(4.6 M, 4.0 mL, 18.4 mmol) was added to the reaction mixture and the resuting mixture was heated under reflux.
After heated for 11 h, the reaction was quenched by saturated NaHCO3 ag. and extracted with ACOEt. The organic
layer was washed by saturated NaHCO3 aqg. and brine, dried over Na;SQOa, and concentrated in vacuo to give the
crude product.

To a stirred suspension of crude product and KHCOs3 (1.55 g, 15.5 mmol) in MeCN (15 mL) was added NsCI (1.10
g,4.94 mmol) at 0 °C and the mixture was allowed to warm to 40 °C. After stirred for 3 h, the reaction was quenched
by water and extracted with AcOEt. The organic layer was washed by water and brine, dried over Na>SO4 and
concentrated in vacuo. The residue was purified by flash column chromatography (CHCIs) to give the crude product
(802 mg).

To a stirred solution of crude product (640 mg) in DCM (10 mL) was added BBr3; in DCM (1.0 M, 4.72 mL, 4.72
mmol) at -78 °C and the mixture was gradually warmed to room temperature. After stirred for 3 h, the reaction was
quenched by water and extracted with CHCIs. The organic layer was dried over Naz;SO4 and concentrated in vacuo.
The crude solid was purified by recrystallization from EtOH/hexane to afford 41e (275 mg, 17% from dimethyl
malonate) as yellow solid.

Analytical data of 41e: m.p. 135 °C; *H NMR (400 MHz, CDCls) &: 7.93 (dd, J = 7.6, 1.6 Hz, 1H), 7.64-7.51 (m,
3H), 6.96 (dd, J=7.4, 1.8 Hz, 2H), 6.71 (dd, J = 7.4, 1.4 Hz, 2H), 6.60 (t, J = 7.6 Hz, 2H), 6.25 (d, J = 4.0 Hz, 1H),
5.60 (brs, 2H), 3.63-3.54 (m, 1H), 3.17-3.04 (m, 4H), 2.81 (dd, J =14.0, 6.8 Hz, 2H), 1.24 (d, J = 6.8 Hz, 6H), 1.20
(d, J = 6.8 Hz, 6H); 1*C NMR (100 MHz, CDCls) &: 151.4, 146.5, 134.2, 133.2, 133.0, 130.7, 128.5, 125.9, 124.8,
123.0, 120.5, 58.0, 36.7, 27.1, 23.1, 22.4; IR (KBr, cm): 3519, 3314, 2965, 1537, 1459, 1360, 1163, 785, 752, 656,
596; HRMS-ESI* (m/z): Calcd. for C27H32N206S [M+Na]* 535.1873; found, 535.1849.
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41f

N-(1-(3-(tert-Butyl)-2-hydroxyphenyl)-3-(2-hydroxy-3-isopropylphenyl)propan-2-yl)-2-
nitrobenzenesulfonamide (41f)

To a stirred suspension of 3-(tert-butyl)-2-hydroxybenzaldehyde (S42) (939 mg, 5.27 mmol) and K.CO3 (2.19 g, 15.8
mmol) in DMF (10 mL) was added Mel (0.98 mL, 15.8 mmol) at 0 °C and the mixture was gradually warmed to
room temperature. After stirred for 2 h, the reaction was quenched by water and extracted with AcOEt. The organic
layer was washed by water and brine, dried over Na>SO, and concentrated in vacuo to give the crude product.

To astirred solution of crude product in MeOH (10 mL) was added NaBH4 (399 mg, 10.5 mmol) at 0 °C. After stirred
for 2.5 h, the resulting mixture was quenched by saturated NaHCO3 aq. and extracted with CHCls. The organic layer
was dried over Na;SO4 and concentrated in vacuo to give the crude product.

To astirred solution of crude product in DCM (10 mL) was added PBr3 (0.75 mL, 7.91 mmol) at 0 °C and the mixture
was gradually warmed to room temperature. After stirred for 14 h, the reaction was quenched by water and extracted
with CHCIs. The organic layer was dried over Na,SO4 and concentrated in vacuo to give the crude product.

To a stirred suspension of NaH (60%, dispersion in paraffin liquid, 211 mg, 5.27 mmol) in THF (8.0 mL) was added
dimethyl malonate (0.20 mL, 1.76 mmol) at 0 °C. The solution was stirred for 15 min before adding crude product
in THF (2.0 mL) and the resulting mixture was heated under reflux for 8 h. After reaction completion, EtOH (10 mL)
and KOH (493 mg, 8.78 mmol) was added to the reaction mixture and the resuting mixture was heated under reflux.
After heated for 14 h, the reaction was quenched by 1N HCI ag. and extracted with AcOEt. The organic layer was
washed by brine, dried over Na,SO., and concentrated in vacuo. The residue was purified by flash column
chromatography (AcOEt/hexane = 10/90 to 25/75) to give the crude product as a mixture S44 of and byproducts.
To a stirred solution of crude product and TEA (0.83 mL, 5.92 mmol) in benzene (5.0 mL) was added DPPA (0.48
mL, 2.22 mmol) at 0 °C. The resulting mixture was heated under reflux for 1 h. After reaction completion, TsOH aq.
(4.4 M, 2.0 mL, 8.80 mmol) was added to the reaction mixture and the resuting mixture was heated under reflux.
After heated for 11 h, the reaction was quenched by saturated NaHCOs3 ag. and extracted with AcOEt. The organic
layer was washed by saturated NaHCOs ag. and brine, dried over Na;SOs, and concentrated in vacuo to give the
crude product.

To a stirred suspension of crude product and KHCO3 (741 mg, 7.41 mmol) in MeCN (7.5 mL) was added NsClI (525

mg, 2.37 mmol) at 0 °C and the mixture was allowed to warm to 40 °C. After stirred for 3 h, the reaction was quenched
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by water and extracted with AcOEt. The organic layer was washed by water and brine, dried over Na,SO4 and
concentrated in vacuo. The residue was purified by flash column chromatography (CHCIs) to give the crude product.
To a stirred solution of crude product in DCM (6.0 mL) was added BBr3; in DCM (1.0 M, 2.26 mL, 2.26 mmol) at -
78 °C and the mixture was gradually warmed to room temperature. After stirred for 3 h, the reaction was quenched
by water and extracted with CHCl3. The organic layer was dried over Na;SO4 and concentrated in vacuo. The crude
solid was purified by recrystallization from EtOH/hexane to afford 41f (141 mg, 15% from dimethyl malonate) as
brown solid.

Analytical data of 41f: m.p. 168 °C; 'H NMR (400 MHz, CDCls) 8: 7.99-7.94 (m, 1H), 7.71-7.65 (m, 1H), 7.62-7.54
(m, 2H), 7.05 (dd, J = 7.8, 1.4 Hz, 2H), 6.75 (dd, J = 7.6, 1.6 Hz, 2H), 6.58 (t, J = 7.8 Hz, 2H), 6.10 (d, J = 4.4 Hz,
1H), 5.56 (br s, 1H), 3.62-3.53 (m, 1H), 3.07 (dd, J = 14.4, 6.4 Hz, 2H), 2.82 (dd, J = 14.4, 6.8 Hz, 2H), 1.39 (s,
18H); 1*C NMR (100 MHz, CDCls) &: 152.9, 146.9, 136.1, 133.3, 133.1,133.1, 130.7, 129.0, 126.0, 126.0, 123.6,
120.1, 57.0, 36.7, 34.5, 30.1; IR (KBr, cm): 3518, 3364, 2959, 1537, 1438, 1357, 1317, 1199, 1159, 752; HRMS-
ESI* (m/z): Calcd. for CagH3zsN206S [M+H]* 541.2367; found, 541.2382.

OAc OAc OH OH
i~Pr: i-Pr LiOH i-Pr: i-Pr
O NHNs O THFIMeOH/H,0, it O NHNs O
(+)-42¢  Br (+)-46  Br

N-(1-(5-Bromo-2-hydroxy-3-isopropylphenyl)-3-(2-hydroxy-3-isopropylphenyl)propan-2-yl)-2-
nitrobenzenesulfonamide ((+)-46)

A suspension of (+)-42e (23 mg, 0.0340 mmol) and LiOH-H20 (40 mg, 0.95 mmol) in THF/MeOH/H,0 (1/1/1, 1.0
mL) was stirred at room temperature for 7 h. The reaction was quenched by saturated NH4Cl aq. and extracted with
AcOEt. The organic layer was washed by brine, dried over Na>SO, and concentrated in vacuo. The residue was
purified by preparative TLC (AcOEt/hexane = 25/75) to afford (x)-46 (14 mg, 70%) as white solid.

Analytical data of (+)-46: m.p. 140 °C; *H NMR (400 MHz, CDCls) &: 7.94-7.87 (m, 1H), 7.67-7.57 (m, 3H), 7.00
(d, J = 2.0 Hz, 1H), 6.98 (dd, J = 7.8, 1.4 Hz, 1H), 6.78 (d, J = 2.8 Hz, 1H), 6.72 (dd, J = 7.4, 1.4 Hz, 1H), 6.63 (t, J
= 7.6 Hz, 1H), 6.24 (br s, 1H), 5.72 (br s, 1H), 5.57 (br s, 1H), 3.62-3.50 (m, 1H), 3.20-3.01 (m, 4H), 2.81 (dd, J =
14.4,7.2 Hz, 1H), 2.74 (dd, J = 14.4, 6.8 Hz, 1H), 1.25 (d, J = 6.8 Hz, 3H), 1.22 (d, J = 6.8 Hz, 3H), 1.21 (d, J = 6.8
Hz, 3H), 1.18 (d, J = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCls) &: 151.3, 150.7, 146.4, 136.6, 134.2, 133.5, 133.1,
132.8, 130.7, 130.6, 128.5, 127.8, 125.8, 125.5, 124.9, 122.7, 120.6, 112.7, 57.9, 37.0, 36.2, 27.2, 27.1, 23.1, 23.0,
22.4,22.2; IR (KBr, cm™): 3501, 2960, 1746, 1539, 1464, 1447, 1360, 1204, 1165, 1061; HRMS-ESI* (m/z): Calcd.
for C27H31BrN206S [M+H]* 591.1159; found, 591.1171.
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N-(1,3-Bis(2-hydroxy-3-isopropylphenyl)propan-2-yl)-N-methyl-2-nitrobenzenesulfonamide (41g)

To a stirred suspension of crude product (162 mg) and K>COs (124 mg, 0.90 mmol) in DMF (3.0 mL) was added
Mel (56 pL, 0.90 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 7 h,
the reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine,
dried over Na;SO4 and concentrated in vacuo to give the crude product.

To a stirred solution of crude product in DCM (6.0 mL) was added BBr3; in DCM (1.0 M, 1.20 mL, 1.20 mmol) at -
78 °C and the mixture was gradually warmed to room temperature. After stirred for 17 h, the reaction was quenched
by water and extracted with CHCls. The organic layer was dried over Na>SO4 and concentrated in vacuo. The crude
solid was purified by recrystallization from EtOH/hexane to afford 41g (90 mg, 18% from dimethyl malonate) as
white solid.

Analytical data of 41g: m.p. 135 °C; *H NMR (400 MHz, CDCls) &: 7.67 (d, J = 8.0 Hz, 1H), 7.48-7.44 (m, 2H),
7.41-7.34 (m, 1H), 6.94 (d, J = 7.2 Hz, 2H), 6.74 (d, J = 7.6 Hz, 2H), 6.60 (t, J = 7.6 Hz, 2H), 5.29 (s, 2H), 4.20-4.10
(m, 1H), 3.20 (s, 3H), 3.13-2.97 (m, 4H), 2.85 (dd, J = 14.2, 7.4 Hz, 2H), 1.20 (d, J = 6.8 Hz, 6H), 1.20 (d, J = 6.8
Hz, 6H),; 3C NMR (100 MHz, CDCls, 323K) &: 151.6, 147.4,134.7,133.4,133.0, 131.7, 131.0, 128.5, 124.9, 124.7,
123.5, 120.6, 58.9, 33.8, 28.7, 27.3, 22.8, 22.7; IR (KBr, cm™): 3549, 3493, 2963, 1541, 1462, 1355, 1321, 1209,
1148, 752; HRMS-ESI* (m/z): Calcd. for C2sH3sN206S [M+H]* 527.2210; found, 527.2230.

DMAP (10 mol%)
OH OH TESCI (1.5 equiv.) OH OTES Ac,0 (2.0 equiv.)

i-Pr i-Pr TEA (2.0 equiv.) i-Pr i-Pr - TEA (3.0 equiv.)
O NHNS THF, 1t, 1h O NHNs DCM, 1, 4 h
41e $47
OAc OTES OAc OH
i-Pr- i-Pr  TBAF (2.0 equiv.)  i-Pr; i-Pr
S48 (£)-47

N-(1-(2-Hydroxy-3-isopropylphenyl)-3-(3-isopropyl-2-((triethylsilyl)oxy)phenyl) propan-2-yl)-2-
nitrobenzenesulfonamide (S47)

To a stirred solution of 41e (51 mg, 0.10 mmol) and TEA (28 uL, 0.15 mmol) in THF (1.0 mL) was added TESCI
(25 pL, 0.15 mmol) at 0 °C and the mixture was gradually warmed to room temperature. After stirred for 1 h, the
reaction was quenched by water and extracted with AcOEt. The organic layer was washed by water and brine, dried

over Na»SO4 and concentrated in vacuo. The residue was purified by flash column chromatography (AcOEt/hexane
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= 15/85) to afford S47 (34 mg, 54%) as colorless oil.

Analytical data of S47: *H NMR (400 MHz, CDCls) 8: 7.85-7.80 (m, 1H), 7.64-7.51 (m, 3H), 7.07 (dd, J = 7.6, 1.6
Hz, 1H), 6.86 (td, J = 7.4, 1.6 Hz, 2H), 6.75 (t, J = 7.6 Hz, 1H), 6.51 (dd, J = 7.6, 2.0 Hz, 1H), 6.46 (t, = 7.6 Hz,
1H), 5.93 (s, 2H), 5.88 (d, J = 4.2 Hz, 1H), 3.69-3.60 (m, 1H), 3.31-3.06 (M, 3H), 2.92-2.83 (m, 2H), 2.77 (dd, J =
13.8, 5.0 Hz, 1H), 1.27 (d, J = 7.6 Hz, 3H), 1.25 (d, J = 7.2 Hz, 3H), 1.09 (d, J = 6.8 Hz, 3H), 1.08 (d, J = 6.8 Hz,
3H), 0.93 (t, J = 7.8 Hz, 9H), 0.68 (g, J = 8.0 Hz, 6H); 3C NMR (100 MHz, CDCls) §: 151.9, 151.5, 147.1, 139.5,
135.0, 133.2, 133.1, 132.8, 130.4, 129.0, 127.2, 127.0, 125.6, 125.2, 124.8, 122.6, 121.8, 120.3, 57.8, 38.7, 34.9, 27.1,
26.7,23.6, 23.4, 22.9, 22.6, 6.9, 5.6; IR (neat, cm): 3515, 2960, 2876, 1542, 1457, 1357, 1264, 1201, 1167, 745;
HRMS-ESI* (m/z): Calcd. for CasHasN206SSi [M+H]* 627.2919; found, 627.2928.

2-1sopropyl-6-(3-(3-isopropyl-2-((triethylsilyl)oxy)phenyl)-2-((2-nitrophenyl)sulfonamido) propyl)phenyl
acetate (S48)

To a stirred solution of S47 (34 mg, 0.054 mmol), DMAP (1.0 mg, 0.0090 mmol) and TEA (23 pL, 0.162 mmol) in
DCM (1.0 mL) was added Ac2O (10 uL, 0.108 mmol) at room temperature. After stirred for 4 h, the reaction was
quenched by water and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated in vacuo.
The residue was purified by flash column chromatography (AcOEt/hexane = 20/80) to afford S48 (32 mg, 89%) as

colorless oil.

Analytical data of S48: 'H NMR (400 MHz, CDCls) &: 7.76 (dd, J = 7.8, 1.8Hz, 1H), 7.61 (dd, J = 7.8, 1.8 Hz, 1H),
7.55-7.46 (m, 2H), 7.07 (dd, J = 6.4, 2.8 Hz, 1H), 6.96-6.89 (m, 3H), 6.76 (d, J = 8.0 Hz, 1H), 6.61 (t, J = 7.4 Hz,
1H), 5.62 (d, J =5.6 Hz, 1H), 3.87-3.76 (m, 1H), 3.21-3.10 (m, 1H), 2.93-2.67 (m, 5H), 2.21 (s, 3H), 1.14 (d, J=6.8
Hz, 6H), 1.12 (d, J = 6.8 Hz, 3H), 1.11 (d, J = 6.8 Hz, 3H), 0.95 (t, J = 8.0 Hz, 9H), 0.72 (g, J = 8.0 Hz, 6H),; 3C
NMR (100 MHz, CDCls, 313K) 6: 169.8, 151.6, 147.4, 147.2, 141.0, 139.4, 134.6, 132.7, 130.1, 130.0, 128.9, 127.8,
127.6,126.2, 125.4, 125.2, 124.7, 122.0, 57.9, 37.3, 36.0, 27.6, 26.8, 23.6, 23.3, 23.2, 20.7, 6.9, 5.8; IR (neat, cm™):
3335, 2961, 2876, 1761, 1541, 1454, 1361, 1209, 1169, 745; HRMS-ESI* (m/z): Calcd. for CssH4gN20O7SSi [M+Na]*
691.2844; found, 691.2851.

2-(3-(2-Hydroxy-3-isopropylphenyl)-2-((2-nitrophenyl)sulfonamido) propyl)-6-isopropylphenyl acetate ((%)-
47)

To a stirred solution of S48 (32 mg, 0.0478mmol) in THF (1.0 mL) was added a solution of TBAF in THF (1.0 M,
96 uL, 0.096 mmol) at room temperature. After stirred for 3 h, the reaction was quenched by saturated aq. NH4CI
and extracted with AcOEt. The organic layer was washed by water and brine, dried over Na,SO. and concentrated in
vacuo. The residue was purified by flash column chromatography (AcOEt/hexane = 25/75) to afford (£)-47 (25 mg,

94%) as white amorphous.

Analytical data of (+)-47: *H NMR (400 MHz, CDCls) &: 7.91-7.85 (m, 1H), 7.67-7.61 (m, 1H), 7.57-7.50 (m, 2H),
7.01 (dd, J = 7.6, 1.4 Hz, 1H), 6.98 (dd, J = 7.2, 2,4 Hz, 1H), 6.85 (br s, 2H), 6.81 (dd, J = 7.4, 1.4 Hz, 1H), 6.69 (t,
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J=7.6Hz, 1H), 5.84 (br s, 1H), 5.79 (br s, 1H), 3.72-3.62 (m, 1H), 3.26-3.12 (m, 2H), 2.88-2.62 (m, 4H), 1.25 (d, J
= 6.4 Hz, 3H), 1.23 (d, J = 6.8 Hz, 3H), 1.08 (d, J = 7.6 Hz, 3H), 1.06 (d, J = 7.2 Hz, 3H),; 3C NMR (100 MHz,
CDCls, 313K) &: 169.9, 151.7, 147.0, 147.0, 141.0, 134.9, 133.9, 133.0, 132.9, 130.5, 129.5, 128.9, 128.7, 126.2,
1255, 1255, 125.2, 123.0, 120.6, 56.8, 38.4, 36.6, 27.5, 27.2, 23.3, 23.2, 23.0, 22.6, 20.2; IR (KBr, cm%): 3510,
2965, 1757, 1541, 1461, 1412, 1364, 1212, 1166, 746; HRMS-ESI* (m/z): Calcd. for CaoH3sN,O,S [M+Na]*
577.1979; found, 577.1996.

General Procedure for Asymmetric Bromination of 6-Symmetric 1,3-Diarylpropylamines

1. 33 (20 mol%)
NBS (1.15 equiv.)

OH OH CHClI, (0.005 M) OPG OPG OPG OPG OPG OPG
R R -20°C,3h R R R R R R
— Y
= + +
O NHR' O 2. Ac0 O NHR' O O NHR' O O NHR’ O
TEA or DMAP
M 42 Br Br 43 Br 41-diAc

To a stirred solution of 41 (0.030 mmol, 1.0 equiv.) and 33%¢ (2.42 mg, 0.0060 mmol, 0.20 equiv.) in CHCI; (6.0
mL) was added NBS (6.14 mg, 0.00345 mmol, 1.15 equiv.) at -20 °C. The solution was stirred for 3 h before adding
Ac,O and TEA or DMAP and the resulting mixture was stirred at room temperature. After stirred overnight, the
reaction was quenched by water and extracted with AcOEt. The organic layer was washed by 1N HCI aqg., saturated
NaHCO3 aqg. and brine, dried over Na;SO4, and concentrated in vacuo. The residue was purified by preparative TLC
(AcOEt/toluene) to afford the monobromide 42, dibromide 43 and 41-diAc.

Specific Procedure and Characterization Data

OAc OAc OAc OAc OAc OAc
Me Me Me Me Me Me
O NHNs O NHNs O NHNs
42a Br Br 43a Br 41a-diAc

Following the general procedure for asymmetric bromination, 41a (13.7 mg, 0.030 mmol), 33 (2.42 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCls (6.0 mL). After stirred 3 h, Ac20 (45.4 pL,
0.48 mmol) and TEA (66.9 pL, 0.48 mmol) were added to the mixture. The crude residue was purified by preparative
TLC (AcOEt/toluene = 8/92) to afford 42a (10.2 mg, 55%, 85% ee), 43a (6.1 mg, 29%) and 41a-diAc (2.0 mg, 12%).

(R)-2-(3-(2-Acetoxy-3-methylphenyl)-2-((2-nitrophenyl)sulfonamido)propyl)-4-bromo-6-methylphenyl
acetate (42a)
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White solid: m.p. 184 °C; [a]o?! = +27.4 (¢ 1.0, CHClI3, 85% ee); *H NMR (600 MHz, CDCls, 323K) §: 7.78-7.74
(m, 1H), 7.73-7.68 (m, 1H), 7.53-7.48 (m, 2H), 7.04 (d, J = 1.8 Hz, 1H), 7.02-6.96 (m, 2H), 6.96-6.90 (m, 2H), 5.51
(d, J = 7.2 Hz, 1H), 3.95-3.86 (m, 1H), 2.93 (dd, J = 13.8, 6.0 Hz, 1H), 2.74-2.67 (m, 2H), 2.58 (dd, J = 14.4, 9.0 Hz,
2H), 2.32 (s, 3H), 2.12 (s, 3H), 2.08 (s, 3H), 1.97 (s, 3H); 3C NMR (150 MHz, CDCls, 323K) : 169.3, 168.8, 148.6,
147.5, 147.0, 134.6, 133.0, 132.8, 132.7, 132.6, 132.2, 131.9, 131.1, 130.2, 130.0, 129.7, 129.5, 126.1, 125.3, 118.8,
56.7, 38.6, 36.7, 20.6, 20.1, 16.6, 16.3; IR (KBr, cm): 3366, 2930, 1759, 1540, 1470, 1367, 1213, 1170, 784, 600;
HRMS-ESI* (m/z): Calcd. for Co7H27BrN2OsS [M+Na]* 641.0564; found, 641.0557; HPLC conditions: column:
Daicel Chiralpak IA, flow rate: 1.0 mL/min, eluent: hexane/IPA = 75/25, retention time (min): 9.5 (minor), 13.8
(major).

(2-((2-Nitrophenyl)sulfonamido)propane-1,3-diyl)bis(4-bromo-6-methyl-2,1-phenylene) diacetate (43a)

White solid: m.p. 244-248 °C; 'H NMR (400 MHz, CDCls) &: 7.81-7.69 (m, 2H), 7.58-7.48 (m, 2H), 7.07 (s, 2H),
7.03 (s, 2H), 5.51 (d, J = 8.0 Hz, 1H), 3.89-3.79 (m, 1H), 2.78-2.62 (m, 4H), 2.25 (s, 6H), 2.02 (s, 6H); 13C NMR
(150 MHz, DMSO-ds, 323K) 6: 168.1, 146.9, 146.1, 133.3, 133.1, 132.6, 132.4, 132.1, 131.8, 131.6, 128.5, 124.1,
117.5, 54.9, 39.9, 19.6, 19.4; IR (KBr, cm™): 3363, 1764, 1525, 1421, 1364, 1339, 1207, 1172, 1066, 868, 781, 594;
HRMS-ESI* (m/z): Calcd. for Co7H26BraN2OgS [M+Na]* 720.9650; found, 720.9637.

(2-((2-Nitrophenyl)sulfonamido)propane-1,3-diyl)bis(6-methyl-2,1-phenylene) diacetate (41a-diAc)

White amorphous: *H NMR (400 MHz, CDCls, 323K) 8: 7.81-7.75 (m, 1H), 7.64-7.58 (m, 1H), 7.52-7.44 (m, 2H),
6.94 (d, J = 7.6 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 7.6 Hz, 2H), 5.53 (d, J = 6.8 Hz, 1H), 3.97-3.86 (m,
1H), 2.80 (dd, J = 13.2, 7.6 Hz, 2H), 2.73 (d, J = 13.2, 7.0 Hz, 2H), 2.20 (s, 6H), 2.02 (s, 6H); 13C NMR (100 MHz,
CDCls, 323K) 6: 169.2, 148.4, 147.0, 130.8, 130.3, 130.0, 129.8, 129.4, 125.9, 56.6, 37.7, 20.4, 16.5; IR (KBr, cmr
1): 3330, 2927, 1759, 1540, 1422, 1367, 1214, 1168, 1091, 783, 600; HRMS-ESI* (m/z): Calcd. for C27H2sN20sS
[M+Na]* 563.1459; found, 563.1464.

OAc OAc OAc OAc OAc OAc
Me * Me Me Me Me Me
Nos Nos Nos
42b Br Br 43b Br 41b-diAc

Following the general procedure for asymmetric bromination, 41b (13.7 mg, 0.030 mmol), 33 (2.42 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, Ac20O (22.7 L,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 8/92) to afford 42b (7.0 mg, 38%, 50% ee), 43b (4.6 mg, 22%) and 41b-diAc
(2.8 mg, 17%).

2-(3-(2-Acetoxy-3-methylphenyl)-2-((4-nitrophenyl)sulfonamido)propyl)-4-bromo-6-methylphenyl  acetate
(42b)
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Colorless oil: [a]p?! = -17.3 (c 1.0, CHCls, 50% ee); *H NMR (400 MHz, CDCls) §: 8.04 (d, J = 8.8 Hz, 2H), 7.62
(d, J = 8.4 Hz, 2H), 7.10-7.02 (m, 2H), 6.94-6.81 (m, 3H), 5.07 (br s, 1H), 3.61-3.48 (m, 1H), 2.89 (br s, 1H), 2.70-
2.60 (m, 2H), 2.60 (br s, 1H), 2.37 (s, 3H), 2.20 (s, 3H), 2.11 (s, 3H), 2.02 (s, 3H); 3C NMR (100 MHz, CDCls,
313K) &: 170.0, 169.6, 149.8, 148.5, 147.5, 145.7, 133.3, 132.6, 132.0, 131.6, 131.2, 130.2, 129.4, 129.1, 127.7,
126.2, 123.9, 119.2, 55.5, 37.6, 36.3, 20.7, 20.4, 16.6, 16.4; IR (neat, cm™): 3299, 1758, 1528, 1369, 1348, 1213,
1167, 853, 756, 616; HRMS-ESI* (m/z): Calcd. for Co7H27BrN2OgS [M+Na]* 641.0564; found, 641.0580.; HPLC
conditions: column: Daicel Chiralpak IA, flow rate: 1.0 mL/min, eluent: hexane/IPA = 90/10, retention time (min):
17.6 (minor), 19.9 (major).

(2-((4-Nitrophenyl)sulfonamido)propane-1,3-diyl)bis(4-bromo-6-methyl-2,1-phenylene) diacetate (43b)

White solid: m.p. 185 °C; 'H NMR (400 MHz, CDCls) &: 8.08 (d, J = 8.2 Hz, 2H), 7.65 (d, J = 8.2 Hz, 2H), 7.14 (s,
2H), 6.91 (s, 2H), 5.12 (br s, 1H), 3.59-3.46 (m, 1H), 2.71 (br s, 2H), 2.62 (d, J = 9.8, 6.4 Hz, 2H), 2.33 (s, 6H), 2.08
(s, 6H); *C NMR (150 MHz, CDCls, 313K) &: 169.8, 149.9, 147.6, 145.6, 133.5, 132.8, 131.7, 131.6, 127.6, 124.0,
119.3,55.4, 36.7, 20.6, 16.5; IR (KBr, cm™): 3455, 3299, 1757, 1529, 1350, 1213, 1163, 739, 614, 576, HRMS-ESI*
(m/z): Calcd. for C27H26Br2N20OsS [M+Na]* 718.9669; found, 718.9701.

(2-((4-Nitrophenyl)sulfonamido)propane-1,3-diyl)bis(6-methyl-2,1-phenylene) diacetate (41b-diAc)

White solid: m.p. 159 °C; 'H NMR (400 MHz, CDCl3) &: 7.97 (d, J = 8.8 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H), 7.01 (d,
J = 6.8 Hz, 2H), 6.90-6.77 (m, 4H), 5.01 (d, J = 6.4 Hz, 1H), 3.63-3.49 (m, 1H), 2.77 (br s, 2H), 2.68 (dd, J = 13.6,
6.8 Hz, 2H), 2.25 (s, 6H), 2.05 (s, 6H); 3C NMR (150 MHz, CDCls, 313K) &: 169.9, 149.6, 148.4, 145.7, 131.1,
130.0, 129.7,129.1, 127.8, 126.2, 123.8, 55.5, 37.1, 20.5, 16.5; IR (KBr, cm): 3459, 1762, 1727, 1533, 1475, 1351,
1221, 1168, 1092, 610; HRMS-ESI* (m/z): Calcd. for C27H2sN20sS [M+Na]* 563.1459; found, 563.1471.

OAc OAc OAc OAc OAc OAc
Me * Me Me Me Me Me
J T O 10 O 10

42c Br Br 43c Br

41c-diAc

Following the general procedure for asymmetric bromination, 41c (12.8 mg, 0.030 mmol), 33 (2.42 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, Ac20O (22.7 uL,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 8/92) to afford 42c (6.5 mg, 37%, 6% ee), 43c (4.8 mg, 24%) and 41c-diAc (3.4
mg, 22%).

2-(3-(2-Acetoxy-3-methylphenyl)-2-((4-methylphenyl)sulfonamido)propyl)-4-bromo-6-methylphenyl acetate
(42c)

Colorless oil: tH NMR (400 MHz, CDCls) &: 7.32 (d, J = 8.4 Hz, 2H), 7.10-6.86 (m, 5H), 4.74 (d, J = 6.8 Hz, 1H),
3.57-3.45 (m, 1H), 2.91 (br s, 1H), 2.61 (dd, J = 14.0, 7.6 Hz, 2H), 2.57 (br s, 1H), 2.36 (s, 3H), 2.34 (s, 3H), 2.15
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(brs, 3H), 2.10 (s, 3H), 2.00 (s, 3H); 3C NMR (100 MHz, CDCls, 313K) &: 169.6, 169.1, 148.5, 147.4, 142.7, 137.0,
133.0, 132.4, 132.2, 131.7, 131.1, 129.9, 129.7, 129.4, 129.2, 126.6, 126.2, 119.2, 54.9, 37.6, 36.3, 21.6, 20.7, 20.3,
16.6, 16.4; IR (neat, cm™): 3283, 2921, 1759, 1370, 1213, 1166 1092, 757, 663, 551; HRMS-ESI* (m/z): Calcd. for
C2sH30BrNOsS [M+Na]* 610.0869; found, 610.0880.; HPLC conditions: column: Daicel Chiralpak IA, flow rate: 1.0
mL/min, eluent: hexane/IPA = 80/20, retention time (min): 11.3 (minor), 18.4 (major).

(2-((4-Methylphenyl)sulfonamido)propane-1,3-diyl)bis(4-bromo-6-methyl-2,1-phenylene) diacetate (43c)

White amorphous: *H NMR (400 MHz, CDCls) &: 7.34 (d, J = 8.4 Hz, 2H), 7.14 (d, J = 2.0 Hz, 2H), 7.05 (d, J = 8.4
Hz, 2H), 6.95 (d, J = 1.2 Hz, 2H), 4.80 (d, J = 6.4 Hz, 1H), 3.54-3.43 (m, 1H), 2.71 (br s, 2H), 2.56 (dd, J = 13,6, 6.8
Hz, 2H), 2.37 (s, 3H), 2.29 (s, 6H), 2.05 (s, 6H); 13C NMR (150 MHz, CDCls, 313K) &: 169.3, 147.5, 143.0, 136.9,
133.2,132.6, 132.0, 131.7, 129.5, 126.5, 119.2, 54.9, 36.8, 21.8, 20.5, 16.5; IR (KBr, cm'): 3438, 1764, 1469, 1369,
1210, 1169, 869, 665, 579, 552; HRMS-ESI* (m/z): Calcd. for C2sH20Br2NOeS [M+Na]* 687.9975; found, 687.9998.

(2-((4-Methylphenyl)sulfonamido)propane-1,3-diyl)bis(6-methyl-2,1-phenylene) diacetate (41c-diAc)

White solid: m.p. 127 °C; 'H NMR (600 MHz, CDCl3) &: 7.29 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 7.8 Hz, 2H), 6.97 (d,
J=7.8Hz, 2H), 6.91 (t, J = 7.8 Hz, 2H), 6.85 (d, J = 7.8 Hz, 2H), 4.70 (d, J = 6.0 Hz, 1H), 3.58-3.48 (m, 1H), 2.77
(br s, 2H), 2.63 (dd, J = 13.5, 6.9 Hz, 2H), 2.33 (s, 3H), 2.21 (br s, 6H), 2.06 (s, 6H); 13C NMR (150 MHz, CDCl3,
313K) o: 169.5, 148.4, 142.4, 137.2, 130.9, 129.9, 129.8, 129.3, 129.2, 126.7, 126.1, 54.8, 37.0, 21.6, 20.5, 16.5; IR
(KBr, cm1): 3371, 1759, 1738, 1470, 1371, 1215, 1164, 1092, 663, 573; HRMS-ESI* (m/z): Calcd. for C2sH31NO6sS
[M+Na]* 532.1764; found, 532.1781.

OAc OAc OAc OAc OAc OAc
Me * Me Me Me Me Me
O NHBz O NHBz O NHBz
42d Br Br 43d Br

41d-diAc

Following the general procedure for asymmetric bromination, 41d (11.3 mg, 0.030 mmol), 33 (2.42 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, Ac20O (22.7 L,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 8/92) to afford 42d (6.0 mg, 37%, 2% ee), 43d (4.4 mg, 24%) and 41d-diAc (3.4
mg, 25%).

2-(3-(2-Acetoxy-3-methylphenyl)-2-benzamidopropyl)-4-bromo-6-methylphenyl acetate (42d)

White solid: m.p. 173 °C; 'H NMR (400 MHz, CDCls) &: 7.63 (d, J = 8.0 Hz, 2H), 7.44 (t, J = 6.8 Hz, 1H), 7.37 (d,
J=7.8Hz, 2H), 7.14-7.03 (m, 3H), 6.43 (br s, 1H), 4.60-4.48 (m, 1H), 2.99-2.58 (m, 4H), 2.33 (s, 3H), 2.30 (s, 3H),
2.15 (s, 3H), 2.12 (s, 3H); 3C NMR (100 MHz, CDCls, 313K) &: 169.7, 169.4, 167.5, 148.5, 147.7, 134.9, 133.2,
132.8, 132.5, 131.7, 131.4, 130.8, 130.2, 129.8, 128.5, 127.1, 126.4, 119.2, 50.6, 35.1, 34.3, 20.6, 20.5, 16.6, 16.5;
IR (KBr, cm™?): 3399, 1759, 1638, 1531, 1470, 1442, 1369, 1220, 1171, 1013; HRMS-ESI* (m/z): Calcd. for
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C2sH2sBrNOs [M+H]* 538.1224; found, 538.1247.; HPLC conditions: column: Daicel Chiralpak IA, flow rate: 1.0
mL/min, eluent: hexane/IPA = 80/20, retention time (min): 7.7 (major), 13.9 (minor).

(2-Benzamidopropane-1,3-diyl)bis(4-bromo-6-methyl-2,1-phenylene) diacetate (43d)

White solid: m.p. 224 °C; 'H NMR (400 MHz, CDCls, 323K) &: 7.66 (d, J = 8.0 Hz, 2H), 7.46 (t, J = 7.4 Hz, 1H),
7.39 (t, J = 7.4 Hz, 2H), 7.25 (s, 4H), 6.40 (br d, J = 6.4 Hz, 1H), 4.55-4.43 (m, 1H), 2.95-2.61 (m, 4H), 2.33 (s, 6H),
2.12 (s, 6H); 13C NMR (100 MHz, CDCls, 313K) &: 169.4, 167.5, 147.6, 134.8, 133.2, 132.6, 132.6, 131.5, 131.5,
128.6, 127.1, 119.3, 50.5, 34.7, 20.6, 16.5; IR (KBr, cm™): 3287, 2928, 1756, 1637, 1532, 1470, 1370, 1221, 1171,
706; HRMS-ESI* (m/z): Calcd. for C2sH27BroNOs [M+H]* 616.0329; found, 616.0341.

(2-Benzamidopropane-1,3-diyl)bis(6-methyl-2,1-phenylene) diacetate (41d-diAc)

White solid: m.p. 195 °C; 'H NMR (400 MHz, CDCls) &: 7.62 (d, J = 8.4 Hz, 2H), 7.43 (t, J = 6.8 Hz, 1H), 7.35 (d,
J = 7.8 Hz, 2H), 7.15-7.03 (m, 6H), 6.43 (br s, 1H), 4.64-4.52 (m, 1H), 2.85 (br s, 2H), 2.75 (dd, J = 13.8, 6.6 Hz,
2H), 2.29 (br s, 6H), 2,14 (s, 6H); 1*C NMR (100 MHz, CDCls, 313K) 8: 169.7, 167.4, 148.5, 135.0, 131.3, 130.8,
130.5, 129.7, 128.8, 128.5, 127.1, 126.3, 50.6, 34.9, 20.6, 16.6; IR (KBr, cm™): 3323, 1757, 1636, 1534, 1470, 1369,
1221, 1171, 1091, 786; HRMS-ESI* (m/z): Calcd. for CasH2oNOs [M+H]* 460.2118; found, 460.2144.

OAc OAc OAc OAc OAc OAc
i-Pr. i-Pr i-Pr- i-Pr i-Pr: i-Pr
O NHNs O NHNs O NHNs
42e Br Br 43e Br

41e-diAc

Following the general procedure for asymmetric bromination, 41e (15.4 mg, 0.030 mmol), 33 (2.42 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, Ac20O (22.7 L,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 42e (11.4 mg, 61%, 90% ee), 43e (5.2 mg, 25%) and 41e-diAc
(1.9 mg, 12%).

(R)-2-(3-(2-Acetoxy-3-isopropylphenyl)-2-((2-nitrophenyl)sulfonamido)propyl)-4-bromo-6-isopropylphenyl
acetate (42¢)

White solid: m.p. 159 °C; [a]p? = +20.7 (c 0.43, CHCl3, 90% ee); *H NMR (400 MHz, CDCls, 323K) 6: 7.75 (d, J
=7.4 Hz, 1H), 7.70 (d, J = 7.8 Hz, 1H), 7.59-7.40 (m, 2H), 7.12 (dd, J = 6.4, 2.2 Hz, 1H), 7.09-6.88 (m, 4H), 5.52
(d, J = 6.8 Hz, 1H), 3.99-3.80 (m, 1H), 3.00-2.68 (m, 5H), 2.56 (dd, J = 13.7, 8.7 Hz, 1H), 2.31 (s, 3H), 2.09 (s, 3H),
1.17 (d, J = 6.9 Hz, 6H), 1.11 (d, J = 6.9 Hz, 3H), 1.09 (d, J = 6.9 Hz, 3H),; 13C NMR (150 MHz, CDCls, 323K) §:
169.9, 169.4, 147.3, 147.2, 146.3, 143.3, 141.2,134.7, 132.9, 132.8, 132.4, 131.7, 129.9, 129.7, 129.1, 128.5, 126.4,
125.8,125.3,119.4, 56.5, 38.5, 36.7, 27.8, 27.7, 23.5, 23.2, 23.0, 20.7, 20.3; IR (KBr, cm™): 3346, 2968, 1761, 1541,
1444, 1366, 1210, 1169, 784, 737, 596; HRMS-ESI* (m/z): Calcd. for Cs1H3sBrN2OsS [M+Na]* 699.1190; found,
699.1180.; HPLC conditions: column: Daicel Chiralpak IA, flow rate: 1.0 mL/min, eluent: hexane/IPA = 90/10,
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retention time (min): 15.8 (minor), 18.7 (major).

(2-((2-Nitrophenyl)sulfonamido)propane-1,3-diyl)bis(4-bromo-6-isopropyl-2,1-phenylene) diacetate (43e)
White solid: m.p. 218-222 °C; *H NMR (600 MHz, CDCls, 323K) &: 7.82-7.71 (m, 2H), 7.54 (t, J = 7.7 Hz, 1H),
7.48 (t, J = 5.0 Hz, 1H), 7.13 (s, 2H), 7.07 (s, 2H), 5.51 (d, J = 7.2 Hz, 1H), 3.92-3.82 (m, 1H), 2.87-2.75 (m, 2H),
2.70 (d, J = 7.3 Hz, 4H), 2.23 (s, 6H), 1.15 (d, J = 7.2 Hz, 6H), 1.13 (d, J = 7.2 Hz, 6H),; 23C NMR (150 MHz, CDCls,
323K) &: 169.5, 147.2, 146.4, 143.6, 134.5, 133.0, 132.9, 132.1, 131.7, 129.8, 129.0, 125.5, 119.6, 56.3, 37.5, 27.9,
23.2, 23.0, 20.5; IR (KBr, cm): 3352, 2972, 1761, 1527, 1426, 1366, 1207, 1169, 784, 597; HRMS-ESI* (m/z):
Calcd. for C31H34BroN2OsS [M+Na]* 777.0277; found, 777.0275.

(2-((2-Nitrophenyl)sulfonamido)propane-1,3-diyl)bis(6-isopropyl-2,1-phenylene) diacetate (41e-diAc)

White amorphous: *H NMR (600 MHz, CDCls, 323K) &: 7.78 (d, J = 7.6 Hz, 1H), 7.62 (d, J = 7.9 Hz, 1H), 7.54-
7.40 (m, 2H), 7.04 (d, J = 7.6 Hz, 2H), 6.96-6.82 (m, 4H), 5.52 (d, J = 6.5 Hz, 1H), 3.97-3.85 (m, 1H), 2.89-2.66 (m,
6H), 2.20 (s, 6H), 1.15 (d, J = 5.8 Hz, 6H), 1.14 (d, J = 5.4 Hz, 6H),; 3C NMR (150 MHz, acetone-ds, 323K) &:
168.3, 146.4, 139.9, 133.8, 132.2, 131.8, 129.7, 128.3, 125.1, 124.3, 123.8, 55.8, 36.2, 26.4, 21.9, 21.6, 18.8; IR
(KBr, cm): 3351, 2966, 1760, 1541, 1456, 1367, 1213, 1168, 792, 737, 597; HRMS-ESI* (m/z): Calcd. for
Ca1H3sN20gS [M+Na]* 619.2085; found, 619.2081.

OMe OMe OMe OMe OMe OMe
t-Bu t-Bu  t-Bu t-Bu tBu t-Bu
J 3 U (T T (T
Me” “Ns Me” “Ns Me” “Ns
42f Br Br 43f Br 41f-diAc

To a stirred solution of 41f (16.2 mg, 0.030 mmol) and 33 (2.42 mg, 0.0060 mmol) in CHCI;s (6.0 mL) was added
NBS (6.14 mg, 0.00345 mmol) at -20 °C. After stirred for 3 h, the reaction was quenched by saturated Na.S»O3 aq.
and extracted with CHCls. The organic layer was dried over Na,SOs, and concentrated in vacuo to give the crude
product.

To a stirred suspension of crude product and K,COs3 (83 mg, 0.60 mmol) in acetone (1.0 mL) was added Mel (0.188
mL, 3.00 mmol) at room temperature. The reaction vial was sealed by a Teflon cap and the mixture was allowed to
warm to 65 °C. After stirred for 15 h, the reaction was quenched by water and extracted with AcOEt. The organic
layer was washed by brine, dried over Na;SO4 and concentrated in vacuo. The residue was purified by preparative
TLC (AcOEt/toluene = 1/199) to afford 42f (9.6 mg, 48%, 76% ee), 43f (6.8 mg, 31%) and 41f-diAc (2.2 mg, 13%).

(R)-N-(1-(5-Bromo-3-(tert-butyl)-2-methoxyphenyl)-3-(3-(tert-butyl)-2-methoxyphenyl) propan-2-yl)-N-
methyl-2-nitrobenzenesulfonamide (42f)

Colorless oil: [a]p?* = +32.0 (¢ 1.0, CHCI3, 76% ee); *H NMR (400 MHz, CDCls) §: 7.55-7.46 (m, 2H), 7.39-7.32
(m, 1H), 7.28-7.23 (m, 1H), 7.16 (d, J = 8.0 Hz, 1H), 7.11 (d, J = 1.6 Hz, 1H), 7.05 (d, J = 7.6 Hz, 2H), 6.87 (t, J =
7.6Hz, 1H), 4.63-4.53 (m, 1H), 3.67 (s, 3H), 3.46 (s, 3H), 3.02 (s, 3H), 3.00 (dd, J = 14.4, 6.8 Hz, 1H), 2.88-2.78 (m,
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2H), 2.70 (dd, J = 14.2, 5.8 Hz, 1H), 1.37 (s, 9H), 1.30 (s, 9H); 13C NMR (150 MHz, CDCls) 8: 158.9, 158.0, 147.9,
145.4, 143.4, 134.4, 133.7, 132.8, 131.9, 131.8, 131.7, 130.2, 129.6, 129.1, 126.1, 124.2, 123.9, 116.6, 62.1, 62.1,
59.9, 35.3, 35.2, 33.8, 32.4, 31.2, 31.0, 28.8; IR (neat, cm™): 2958, 1546, 1443, 1418, 1345, 1224, 1161, 1005, 961,
757; HRMS-ESI* (m/z): Calcd. for C3Ha1BrN2OeS [M+Na]* 683.1761; found, 683.1775.; HPLC conditions:
column: Daicel Chiralcel OD-H, flow rate: 1.0 mL/min, eluent: hexane/IPA = 95/5, retention time (min): 14.0 (major),
15.5 (minor).

N-(1,3-Bis(5-bromo-3-(tert-butyl)-2-methoxyphenyl)propan-2-yl)-N-methyl-2-nitrobenzenesulfonamide (43f)

Colorless oil: *H NMR (400 MHz, CDCls) &: 7.59-7.50 (m, 2H), 7.45-7.36 (m, 2H), 7.16 (d, J = 1.6 Hz, 2H), 7.10
(d, J = 1.2 Hz, 2H), 4.55-4.45 (m, 1H), 3.57 (s, 6H), 3.06 (s, 3H), 2.89 (dd, J = 14.0, 7.6 Hz, 2H), 2.72 (dd, J = 13.8,
7.0 Hz, 2H), 1.32 (s, 18H); 1*C NMR (100 MHz, CDCls) é: 158.0, 147.6, 145.6, 134.1, 133.6, 133.0, 132.0, 131.8,
130.2, 129.3, 124.4, 116.7, 62.1, 59.7, 35.4, 33.0, 31.0, 28.8; IR (neat, cm): 2960, 1546, 1465, 1417, 1348, 1224,
1158, 1003, 755, 580; HRMS-ESI* (m/z): Calcd. for C32H0Br2N206S [M+H]* 739.1047; found, 739.1061.

N-(1,3-Bis(3-(tert-butyl)-2-methoxyphenyl)propan-2-yl)-N-methyl-2-nitrobenzenesulfonamide (41f-diAc)
Colorless oil: *H NMR (400 MHz, CDCls) &: 7.52-7.45 (m, 2H), 7.31-7.24 (m, 1H), 7.12 (d, J = 8.0 Hz, 2H), 7.08
(d, J = 8.0 Hz, 1H), 7.02 (d, J = 7.2 Hz, 2H), 6.82 (t, J = 7.2 Hz, 2H), 4.73-4.64 (m, 1H), 3.58 (s, 6H), 2.97 (s, 3H),
2.94 (dd, J = 14.0, 7.6 Hz, 2H), 2.81 (dd, J = 14.2, 7.4 Hz, 2H), 1.34 (s, 18H); *C NMR (100 MHz, CDCls) &: 158.9,
158.0, 147.9, 145.4, 143.4, 134.4, 133.7, 132.8, 131.9, 131.8, 131.7, 130.2, 129.6, 129.1, 126.1, 124.2, 123.9, 116.6,
62.1, 62.0,59.9, 35.3, 35.2, 33.7, 32.3, 31.2, 31.0, 28.8; IR (neat, cm): 2956, 1546, 1419, 1341, 1223, 1162, 1007,
957, 770, 583; HRMS-ESI* (m/z): Calcd. for C32H42N206S [M+Na]* 605.2656; found, 605.2671.

OAc OAc OAc OAc OAc OAc
i-Pr: i-Pr i-Pr: i-Pr i-Pr: i-Pr
J U T 0 ‘ . ‘
Me” “Ns Me” “Ns Me” “Ns

42g Br Br 43g Br

41g-diAc

Zn

Following the general procedure for asymmetric bromination, 41g (15.8 mg, 0.030 mmol), 33 (2.42 mg, 0.0060
mmol) and NBS (6.14 mg, 0.0345 mmol) were stirred at -20 °C in CHCI;3 (6.0 mL). After stirred 3 h, Ac20O (22.7 uL,
0.24 mmol) and DMAP (22.0 mg, 0.18 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 429 (7.2 mg, 35%, 7% ee), 439 (5.2 mg, 23%) and 41g-diAc (5.9
mg, 32%).

(R)-2-(3-(2-Acetoxy-3-isopropylphenyl)-2-((N-methyl-2-nitrophenyl)sulfonamido) propyl)-4-bromo-6-
isopropylphenyl acetate (429)

Colorless oil: 'H NMR (400 MHz, CDCls, 313K) &: 7.54 (br s, 1H), 7.50 (dd, J = 8.0, 1.2 Hz, 1H), 7.41 (td, J = 7.,
1.0 Hz, 1H), 7.27 (t, J = 7.6 Hz, 1H), 7.16 (t, J = 4.6 Hz, 1H), 7.10-6.97 (m, 4H), 4.25 (br s, 1H), 3.14 (s, 3H), 2.97-
2.83 (m, 2H), 2.79-2.66 (m, 3H), 2.60 (dd, J = 13.8, 9.0 Hz, 1H), 2.27 (s, 3H), 1.90 (br s, 3H), 1.19 (d, J = 7.2 Hz,
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6H), 1.12 (d, J = 6.8 Hz, 3H), 1.07 (d, J = 6.8 Hz, 3H),; 3C NMR (150 MHz, CDCls, 313K) &: 170.2, 169.5, 147.4,
146.1, 143.0, 141.3, 133.9, 132.6, 131.9, 131.7, 130.7, 130.1, 129.4, 128.7, 126.5, 125.7, 124.1, 119.4, 59.4, 34.6,
32.0, 28.7, 27.7, 23,5, 23.2, 20.8, 20.1; IR (neat, cm™): 2965, 1760, 1544, 1446, 1369, 1210, 1161, 916, 772, 585;
HRMS-ESI* (m/z): Calcd. for Ca2Hs7BrN20sS [M+Na]* 711.1346; found, 711.1354.; HPLC conditions: column:
Daicel Chiralpak IA, flow rate: 1.0 mL/min, eluent: hexane/IPA = 90/10, retention time (min): 9.7 (major), 16.3

(minor).

(2-((N-Methyl-2-nitrophenyl)sulfonamido)propane-1,3-diyl)bis(4-bromo-6-isopropyl-2,1-phenylene) diacetate
(439)

Colorless oil: *H NMR (400 MHz, CDCls, 313K) &: 7.59 (br d, J = 8.0 Hz, 1H), 7.56 (dd, J = 8.2, 1.0 Hz, 1H), 7.43
(td, J = 7.6, 1.0 Hz, 1H), 7.31 (t, J = 7.6 Hz, 1H), 7.13 (s, 4H), 4.25-4.15 (m, 1H), 3.14 (s, 3H), 2.85-2.64 (m, 6H),
2.12 (s, 6H), 1.15 (d, J = 6.8 Hz, 6H), 1.12 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCls, 313K) &: 169.6, 147.2,
146.3,143.3,133.7,132.8, 132.5, 132.0, 131.8, 130.7, 128.9, 124.3, 119.6, 59.2, 33.1, 28.7, 27.8, 23.2, 20.4; IR (neat,
cmt): 2969, 1759, 1544, 1440, 1368, 1346, 1208, 1159, 772, 759; HRMS-ESI* (m/z): Calcd. for Cs2HzsBroN2OsS
[M+K]* 805.0191; found, 805.0195.

(2-((N-methyl-2-nitrophenyl)sulfonamido)propane-1,3-diyl)bis(6-isopropyl-2,1-phenylene)  diacetate (41g-
diAc)

Colorless oil: *H NMR (400 MHz, CDCls, 313K) 8: 7.46-7.37 (m, 3H), 7.26-7.18 (m, 1H), 7.06 (d, J = 7.6 Hz, 2H),
7.00 (d, J = 6.8 Hz, 2H), 6.93 (t, J = 7.6 Hz, 2H), 4.39-4.28 (m, 1H), 3.11 (s, 3H), 2.89-2.72 (m, 6H), 2.10 (s, 6H),
1.17 (d, J=6.8 Hz, 6H), 1.14 (d, J = 6.8 Hz, 6H),; **C NMR (100 MHz, CDCls, 313K) &: 170.0, 147.7, 147.2, 141.0,
133.9, 132.5, 131.7, 130.9, 130.2, 129.2, 126.3, 125.5, 123.7, 59.5, 33.6, 28.7, 27.6, 23.4, 23.3, 20.5; IR (neat, cm-
1): 2966, 1759, 1544, 1370, 1343, 1212, 1166, 917, 754, 585; HRMS-ESI* (m/z): Calcd. for C32H3sN20OgS [M+Na]*
633.2241; found, 633.2252.
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Kinetic Resolution of (+)-46

OH OH OAc OAc OAc OAc
iPr ipr 1.33(20 mol%), NBS (0.58eq.)  ipy iPr iPr Pr
O O CHCls (0.005 M), =20 °C, 3 h O Y O 0
- N +
NHNs 2 Aos0. DMAP NHNs NHNs
()46 B - 42¢  Br Br 43 Br
s=79 47% recovered, 63% ee 48% yield

Following the general procedure for asymmetric bromination, (£)-46 (8.87 mg, 0.015 mmol), 33 (1.21 mg, 0.0030
mmol) and NBS (1.55 mg, 0.0087 mmol) were stirred at -20 °C in CHClI3 (3.0 mL). After stirred 3 h, Ac,0 (11.4 pL,
0.12 mmol) and DMAP (11.0 mg, 0.090 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 42e (4.8 mg, 47%, 63% ee) and 43e (5.4 mg, 48%).

Kinetic Resolution of (+)-47

OAc OH OAc OAc OAc OAc
iPr ipr 1.33(20 mol%), NBS (0.58 eq.)  j.py iPr iPr pr
O O CHClI; (0.005 M), —20 °C, 3 h O Y O O O
> N +
NHNs 2. Ac,0, DMAP NHNs NHNs
(£)-47 42e Br 41e-diAc

49% recovered, 0% ee 48% recovered

Following the general procedure for asymmetric bromination, (£)-47 (8.32 mg, 0.015 mmol), 33 (1.21 mg, 0.0030
mmol) and NBS (1.55 mg, 0.0087 mmol) were stirred at -20 °C in CHClI3 (3.0 mL). After stirred 3 h, Ac,0 (11.4 uL,
0.12 mmol) and DMAP (11.0 mg, 0.090 mmol) were added to the mixture. The crude residue was purified by
preparative TLC (AcOEt/toluene = 5/95) to afford 42e (5.0 mg, 49%, 0% ee) and 41e-diAc (4.3 mg, 48%).
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X-ray Crystallographic Analysis

42a (78% ee) was separated by HPLC (HPLC conditions: column: Chiralpak ID, flow rate = 2.0 ml/min, eluent:
hexane/IPA = 70/30) to afford major enantiomer of 42a (>99% ee).Single crystal of [42a] was obtained from
recrystallization in THF/hexane at room temperature. Intensity data were collected on a RIGAKU Saturn70 CCD
(system) with VariMax Mo Optic Using MoK a radiation (A = 0.71070 A). Crystal data are summarized in Table S1.
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-2014). All hydrogen atoms were placed using AF1X instructions, while all other atoms
were refined anisotropically.

Figure S5. Molecular structure of 42a (ORTEP drawing; thermal ellipsoids set at 50% probability).

Hydrogen atoms were omitted for clarity.
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Table S1. Crystal data and structure refinement for 42a

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

\Volume

VA

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

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

C27H27BrN20gS

619.47

103(2) K

0.71075 A

Monoclinic

P21 (#4)

a=9.47850(10) A «=90°.

b = 13.28570(10) A p=90.2525(5)°.
c=21.4835(2) A y=90°.
2705.36(4) A3

4

1.521 Mg/m3

1.650 mm-*

1272

0.200 x 0.100 x 0.080 mm?
2.845 t0 26.986°

-12<=h<=12, -16<=k<=16, -27<=I<=26
46809

10920 [R(int) = 0.0338]

99.7 %

Full-matrix least-squares on F?
10920/1 /865

1.052

R1=0.0251, wR2 = 0.0611
R1 =0.0256, wR2 = 0.0614
0.117(3)

n/a

0.511 and -0.574 e. A3
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Computational Details

The conformational search was conducted by molecular mechanics simulation using Monte-Carlo Multiple Minimum
(MCMM) method (MacroModel in Material Science Suite 2019-4, Force Field: OPLS_2005) with the constraint of
(2.2 £0.6) A for the distance between red-colored H of the protonated catalyst and red-colored O of 6 complexes
(Figure S2). 26 conformers of the complex with the (R,R)-isomer and 66 conformers of the complex with the (R,S)-
isomer were obtained with energies within 5.0 kcal/mol of the most stable structures. Geometry optimization and
frequency calculation of all conformers were performed at the M06-2X/LanL2DZ(Br)/6-31G(d,p) level of theory.
The single-point energy calculations of all conformers were performed at the M06-2X/SDD(Br)/6-311++G(2d,2p)
level of theory with solvation effects using the SMD solvation model (CHCIs). XY Z coordinates and thermochemical
data at 298.15 K (energies in Hartree) of the most stable structures were described below.

N N
Me” j|“" N "Me
(0]

@)

)

I—=
®

Figure S6. Chemical Models for Calculations.

o-Complex ((R,S)-isomer)

MO06-2X/LanL2DZ(Br)/6-31G(d,p)

Electronic Energy = -2737.50067

Free Energy = —2736.819237
MO06-2X/SDD(Br)/6-311++G(2d,2p), SMD (chloroform)
Electronic Energy = —2738.568532

C 2.59327300 2.33873000 0.52647800
C 1.30296400 2.78311800 0.48560100
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6.37436000
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-1.43600100
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0.94281300
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-0.62551600
-1.73378400
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2.07088600
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-1.21323400
0.13973900
0.68278400

-0.16712600

-1.79222400

-2.42934300

-3.01462100

-3.83314200

-5.15061700

-5.93221100

-5.15445600
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-3.12563000

-1.43603800

-1.77141700
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-1.03653700
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0.53657000

-0.43869700
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0.88879600
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-3.02101000
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-2.15115900
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2.32836700
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0.09954800
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-3.10923400
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-2.04439100
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-5.31497900
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-1.34202700
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-2.34933200
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1.43897800
-3.04523300
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-3.64599900
-5.69597600
-6.80875800
-5.70412500
-0.45205300
1.57767100
-0.15989600
-2.52145900
-3.15820900
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2.38493900
2.44333300
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-3.64288600
-2.26603500
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-2.35123900

-3.83529000

-3.63807800

-1.91412400

-1.94651300

-4.42098700

-2.70391400

-3.91105300
4.86017200
4.84371100
3.72347000

-3.34711100
-2.14818500
-1.34444000
0.54312400
-0.95151300
3.54553600
4.56448800
3.82263900
2.14576500
-1.29551400
1.15152800
0.72012500
-0.49670700
-0.35259200
1.01176200
0.98598900
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