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H\ZEIcil L - BRERIRIC H 2 R EIER( = v F A ~—)iF, BERdbbI e TE 0
DT TH Y FICODOEHIC/HE X N B (Figure 1.1), —2 i3, H.OAK L FEIXIL 5 b D T, Figure
1L1@DT7 7=vD X ICHLET LD 4 DOBMEN TR > 7LEWICHLNE, DD
A FAFLIEEIND D O T AT CHEAT G T 2{LEMITH B L5, (Figure 1.1 (b)(c))o

(a) L-Alanine (b) Axial chirality (c) Planar chirality
H H
; . SR / @
HOOC™/ ~~CH3; | HsC~ \""COOH L=C=C _C=C=C_ gFeg gFeg
HoN NH, L; :—:

Figure 1.1 Variety of enantiomers

NS OFEEMEARII A ICEMIGES R 5, Thix, WAL ofDd T HBREERO—T 2
LYo TR0l by, FlziX, EWHWEICH 2 L-7 V& I VRO FEHREEE
FEKTH DL, N—F vV VIRRERTH D L-F— 0GR EEEREIECAER 2R T
(Figure 1.2)e ko TZnbDxFvFA~—%nEHT 25, b LIE—FDORZZERNITED 5T
22 L IABABILECE T 2EEHELE Z> T3,

OH
N, HO\©\ N,
H““)\CHZCH2002H ﬁ“"'J\COQH

NaOZC 2 H

L-monosodium glutamate L-DOPA

Figure 1.2 Biologically active enantiomers

BT, SHREMADO—T DAz FIC AND Fike LT, KEmdldEnft. BERIIG, HEE
MAEERR) KAV 0 &N (F 7 v 7 — k) AFARALFMER A, B AR D 3
BEFHIN T, 2O T, MEDOAFIEDL O KB AEELAEY 23 2 [l
REER] X HOE TR GO F v Fd~—%RNIAS 2 BN 2Tk LES TS
NTHY, BAKE»TONTE 1,

. C ORI AR AGRICBES 2 o0 HEEZ 1T TSt 2T T & 72, —D2HIZ. HITT
Bob s A EESEAMBOAEEITI L TH B,



REDOAFEBMIEOAIIZCIZ. NERME] OAIGEEOFEL AT ONTWIAT =V
b, ZHICMAT [MIEEEES ] BRINZRT =V~ BV EDLYOOH S, ZZTHEHL
oD, N-~Ta¥F A7)y 7 AN YINHOBNAFTH 5, NHC BLf7+ (58 158 1 Flh7
TE5ZLTHIOND . HaORWMBEO AT CE 5, 52 Fid, LERME] TghE
PE] DWIIT % FENE 2 7l % A TR, 7 2 v VEMEE S DA T NHC BT o b
F# AT o 7= D TZ DFHIC O W TR~ 2 (Figure 1.3),

Figure 1.3 Cyclic (amino)(ferrocenylene)carbene ligand and its metal complex

TOH B AFTEREHCCEHAAF IA AT A v 70y 208K EITH) T L TH
o XTNENT 4V Tay 2k EHEEREE T 2 RAYCERELOGHRICH LN TED
(FINELT A VIR, BAOCATFURART I/ BaEr»oFEsnh LA EIEHE L
T 72, Lo LELETIR, N ARFERKIC X > THEEHRLEMD AT B L R>TE D,
ZOHMMAEDIERL T2, RIFFECRAIL, RAPICLEREZOABRICH O 72T TR <, fil
BRI T-70 LICERA[RE R ¥ T A AT 4 v 7 7 uy 7 OBFE HIG L 72, BAKIYICIZ. Rh
fild C-H 7 X AURIGEFIAL TF IAT X~ v 2 VEFERO AR EZ (T -7z, & 3ETIE,
TERVERVERKE LEFIANT IVBOAKRB LU, ZoFIrerT4 v Tmy sl
L COHHBIC 2 Til~ 3 (Figure 1.4),

HOOC R
HoN

Figure 1.4 Optically active amino acids containing adamantane core
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F1ET AREIRESK

A ORI TFOSHDOFEIL, FIAFR 7 4 VERFOMES K E I L CidiEn
W, Bl Z1E, 1994 4EIC Togni &I X » TRAF I NA-HMERKFF R 7 4 ‘/EEM?(}OSlphos WA
F) 1. Jacobsen IC & - THEF X 17z Privileged ligand2® D H1 T ¥ % ﬁm%@~0 EzohEB Y,
FATTTEIC %P<ﬂ%én1méﬁwf&< KA FEEEFEICDEITONT WS Y, 20D
Josiphos & A4 7 DB F DR JE % —5UC 7] B & ¥ 72 KS23, Syngenta IC X % BREHI(S)- X b Z
7n~wéﬁukﬁé$§ﬁmfﬁéﬁmmwzno&MMBM&?ﬁ%ﬁLk%UV?A%%
ZHV ARG, 1996 FELRE, FRI 1T P YU EDOR 7 — A CHEEI N TEH Y, FEHRICH
B3 2 Al A F AR L L CIIRARBIBE D KOG & 72 © Ty 5 (Scheme 2.1),

Metolachlor (Ciba-Geigy/Syngenta)

MeO MeO @7
J\ H, (80 bar)
SN (R,S,)-Xyliphos/Ir NH
I-, AcOH - Pth
cyclohexane, 50 °C
TON: 2,000,000 80% ee PPF PXyl,
TOF: >400,000 h™' 10,000 tons/year (since 1996) Xyllphos

Scheme 2.1 Enantioselective catalytic process in the synthesis of (S)-metolachlor

Josiphos % 4 7' DML T 13 2 O, HRHCEFHROEMICE TS ZDFE BRI L C
W% 44 (Scheme 2.2) BN/ AFERIE 2 L3 2 BUh7 7 138 < HIH AT 5 23, Josiphos & A
T M DRNLF & —HREE L T AT [ SO FRRAZ BfE» O Zfiic &K TE 2] HICH
%o KRR IIEERRER DD FR A7 4 JHEHLTEY, b DEA AR RGBT
fTonszo, FA7 4 VIRZEELET 27 T OHEBA O THAIE 237 HE & 72 o T
%, BIfE, 150 FELA B b OSERASFHAIEEL S22, B TFORZ ) ==V S RIF 2 —=
VIRITOIMEZRICL o T, COFEDOEIBD LT AY v FIIRE W, £72, b ORI F
. KEMAEDTRETH 5, Flz1E, Ll 72X P77 8= o&ERICHIH X 1T\ % Xyliphos
BCAZ 713, 2500L O RIGE#REZH W TEHEAF v 7T L 80w ) AT — L THE I AT\ 5 (Scheme
2.2)o



Preparation of planar-chiral ferrocenyl phosphine ligands.

@ NMe2 NMe,

1) BuLi PPh _HPCy,
2) PhaPCl 2 ~hcoH
(R)-Ugi's amine (R,Sp)-PPFA

Methyl dihydrojasmonate (Firmenich)

g P
(Fe) ~PPh,

COOMe () /Ru
(R,S,)-PPF-PCy,
(Josiphos)

o >

TOF: 200 h!

Sitagliptin (Merck)

oF = g
8 (F9 ~PPh,

s

F
N =~
A (R,S,)-PPF-PBu,
. NH, O

(‘Bu-Josiphos)
—_—
F TON: 350
TOF: ~50 h"!

PCy,
PPhZ

(R,Sp)-PPF-PCy,
(Josiphos)

Biotin (Lonza)

= "B

PPh,

-COOMe £ /Rh 0
A
(R,S,)-PPF-PBU,
O Z_/L (‘Bu-Josiphos) 2 §
—_—

TON: 2,000 90% ee

TON: 2,000

CF3

|/\N\N

F
Y N\)\\N'
. NH, O

F 94% ee

N” NH
H H

(0) (o]
99% de

Scheme 2.2 Preparation of planar-chiral ferrocenyl phosphine ligands and important industrial application

INFEFIELZF ARSI, FEEETE L T % 7= Josiphos X 4 7 DOENLT-TH % A3, > TH M

ET B0, EENZZAMPETKIGTDH 5% HEf

EDOKBICBE I N TDE WS Z

ETH5, TN, Josiphos X A4 TORNLFICIRE I NS DT, KA T 4 VAL T2/
YU TIEE 2 —RAREETH Y 5, 3fiY vIEFBRBEICHT 2B N2355< . BBRILick 5%

bZZ TR\ e v KER7RER5

DBFOGHHTARLERNICIRIL T 0 5 X 5 7l o JERE R 13

W,
T D[ & AR

WCERE L CTw3, EE @E0 Ot L 72+ X 7 4 VLT
TRIC G R DA T IX a8 23 8 L

VHEFHEED T30, N-~Ta YA 7Y v 7 HA Y/ (NHC)

TH 3 9 NHC BfiF DB - 7B o—213. € IcisE IchiifinfgErz & °dh b, B+

— RS Om X 13, BfFomER S 2 AEIC L, il s
LERET 52 &b, NHC 2B L 722 @ik

MZAREICS 2 LHIfF I T W3 7,

B 3 il AERE0 (TON) 1<
. INE CWHEETDH o B LGS D EEZER]



L2 L, I 7ZRBCA N &2 755 NHC Z AARN & LTI 28138 L Wil 2 i 2 T v
%, A= VIIRDOF R 7 4 VEALTF FIZAFIENICRZEE M 72 3 KT efE % & % —J5. NHC
F7 = v RROVHMEE Z NS 720, AHFRALFELTOTHFA v iL e I T2 9,
7oy IRF-BIEH ARV, KFR-ZEFREG O HHEFRIC XY SEiTps ic 3R e A 22 O

PHEINTHWEZ LS THA VOHL & D —[KTH 5 (Figure 2.1),

1y,

y

[\
\ |/ R‘a,NYN‘S)R

M M

Figure 2.1 Shape of phosphine ligand and NHC ligand

HMOFET 2R E Tl o g Tic, HOARF RO 28MEF 7 v NHC BLhi T ORI %17
> T&72 9 ARENIFIX, 2BREEKEZEAT S 8T, BRAAFREZHEST 2 LoigEe
72 % N-C filo A HEHEMIH S T b, 72, KRBT XA D A B RS off 4 o ik %
AL T3 728, Hik L 72 Joshiphos BT X 5 It 7 2 7 ) —= v 7" & A[RE &
%, Kﬁnfiﬁﬁ~\7F/®$§*$@@ﬁmuﬁ@tNm}4UV?A%%%ﬁ®X79
— =V 7 ERATo AER, @O EESR L En e 2> v FAERECHN Y R 5 2 28172 7
fil i & A= A 2 L ICEED L T B 19(Scheme 2.3),

CFy
o«"\g o &
(0] OH
(0.01 mol% R= Cy R'=
tBuOK, /PrOH c
70°C,1h y
97% ee CFs

4500 h™' TOF

Scheme 2.3 Chiral bicyclic NHC/Ir-catalyzed asymmetric transfer hydrogenation of ketones



INE TR, BHIAFEREO R T mEAFRE Z MM I E, FHitko NHC © 2 Y
v b CH DHMBIEE AR L2 . BB R 2 R TEARN R 2 R AT LA TE
2DOTIE RV EFEZ HEAKRT I/ 720k L v H ARV (CAFC)EN T DRIFE % 1T > T
%7, 2BREF 70 NHC &[ABRIC, RELTFICBEL Td AR ORI Th R v RFEEFE O
ERFTICEREPEAT 2EBERAT S Lo, lAMBER 7 ) —= v 7 & A[EEIC L -
ID(Scheme 2 4)

MeO 0
{:b%r4:> £;:Z:> R-X N w£;:2:>
(g? _:> & R = alkyl or arﬁ @:(@ &

Chiral acetal Chiral module iminium salt

Scheme 2.4 Synthesis of iminium salts

EBRICHAFE L 2B F 3 F BT L L CHERES 2 52 &9 2 2 A F v RIS I B
WCHERRL 728 ZA HMD T A a— 5 80%ee &\ ) & IRVETEREMNICE S LT % 72(Scheme
2.5),

Cu-cat. (5 mol%)

o] (BPin); (2 equiv) O OH
)]\/\ MeOH (2 equiv)  ~NaBO3 _ )]\/1
t-BuO Ph THF, 0°C,1h THF/H,O t-BuO Ph
>99% yield
80% ee

Scheme 2.5 Cu-Catalyzed asymmetric boronate conjugate addition

FARBNLT 13, IRV ORENICHFEGT IERFETE2 2L, 2Dk, JEH
CHRWAMZ I 2R 0 & SNBEIRT 2/ TAFA DAV (CAAC)RERIRT 3/ 7 ) — AL~
V(CAArO) VL3 2 leMI N2 b D E B ETE 5, EBRIC, CAFeC-Ir ¥ AR = Lk o
IR fH#ERENE 2> © Tolman electronic parameter (TEP)ZHIE L 72 & & A, fifEd>I1C CAAC & [RIFERE
DENISI % H DT &6 AT 7 o J2(TEP DEAV/NE WIZ E B3N & 2R LT 5,)
(Figure 2.2)'?,



— N =\
Mes=N N‘Mes a

CAAC CAFeC
(2051 cm™) (2041 cm™! (2044 cm™)

Figure 2.2 Comparison of donor abilities of selected NHCs

Slafhid, XD ENZEN ) EAFBREE S ORI T O EZ HIEL., CAFeC D7 xut v/
T % CsMes i % 1% CsPhs F~ & [ & 12 2 7= CAFeC D&% 1T - 72, %ﬁ 2 fiiLAE, CAFeC
DEFEE R, BEFIEE., MUOARFEALF & L < OMREFHIM IC D W TR IC iR~ 5 (Figure 2.3).

'‘R-N ~ R =Me or Ph

(Fo) R’ = alkyl

@\ n=1or2

With the aim to increase electron-donating ability and steric hindrance

Figure 2.3 Planar chiral cyclic(amino)(ferrocenyl)carbene having CsMes or CsPhs group
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F2H1 CMesE% H D CAFeC BIEKIEAD AR

RYRAFNT 7B XY T ZVHE(Cp*)iE, BB L T2y 2T M) TRNLT 5 &
sy R VL:»%(Cp)@iE;‘@M<®~o LTEHL 20RO N T WS B, CpHlehiTid, —M&my
7% Cp BRIk~ 1) EEL. DEFEETH Y., 3) 2 pEehL L 728858 0 JEMIE IR~ D
VAR R 1A X B EA DD B, ZIKEH“C“ 3. 2o CcpEEFE T 5 7 BERMU 6 BER CAFeC fitfiz

THIEKARD AR IC OV TR 3,

FIHIOIC 7 BB CAFeC HiBKRDERICE T L7z, Cprkak b OF I AT 1 X — v % HFJH
FHCH W, 7 v b 2 4 T LRBRICY 7 AT VAERN R ) F 40k % 75 2 e ca v Rgkl %
7=, VT, B b7z 1 % Mizoroki-Heck JGIC K > CT 7 VAT I FeRIGEH, =F I F
I $8 D& A % 1T > 72(Scheme 2.6), LAFTD 7’1 + 2 4 T LD KGEMFTIX, v b 247X
DhEmm ETEERMENTE L o0, WEOKTAR LN 1o, L L, )
e LCTHWONE TBACEFIML7zE 2 A, WREALEEETEBTE,

PdCl,(PPhj3)

MeO I 2
O (cat.) Meo TN N=
o acrylamide O
T e 6 >0
/@\M Na,COj;
e

Fe
Me BusNCI H 8
Me Me Me
Me
(S.S.Ry)-1 (S.S,Ry)-2 (85%)

Scheme 2.6 The Mizoroki-Heck reaction of (S,5,Rp)-1

Ho-xF I FlgEE LIAIH, T7 I v ~&i@Eic L 7=, g% F o 7= AR % £F 5 Bribic
XY, 7Y v EE~(Scheme 2.7), TEIIC, TAFAMMLFIZKIGE 2 Z & CHID AL
R VHBRARD G & K L 72,

H,N
MeO o
__LiAH, <\\//<) HCI
MEEN()

Me”@‘ Me

Me
(S.S.Rp)- (S.S,Rp)-3
Nx U isopropyl iodide g\
£ > Fe)
e e 1 Me Me
Me Me
(Rp)-4 (2 steps 35%) (Rp)-[5mH]I (96%)

Scheme 2. 7 Synthetic route for iminium salts (R,)-[SmH]I



T, 6 BB CAFeC HilMAD B Z /TR0 720 TTHRIFRTHE2 X IALT X -1 %Y
TATLABRIICY AL 72, DMF Z{fFHE €2 2 Thr IVHEEZEAL L, RiC
Henry RIGIC X o T, bz hv I I = b u X 2 v L DfiiG kil a2, RIGIKIZEA L
HEAT L 72> > 7z(Table 2.1, entry 1) ZZC, B FELTCT FIAXAFAZFL Y I T IV
(TMEDA), filift& L C CuCL Z 272 & 2 A, RIGHEDSKigicHm L, B o= tueT7ra—
ABPKENTZ= b ut L 7 4 VRSN T (entry 2), Tl A4 SPFET %2 Eh L 724558, L
ZOSYUE, = tuAXVvETYE, PIZFAT IVvE2YEBHOAZEC, O IE I =1
QTN VRS T EHTE Iz (entry 3),

MeNO, (x eq.))
MeO OHC base (y eq.) OoN
) TMEDA-Cucat. MeQ o = MeQ
° Fe (2 eq.) > g) (0]
H 8 MeOH, rt, ON. SEEN(D) ~ kv (F8
Me Me ,;CD;\
Me Me Me

v Me - Me
(S.S,R,)6 (S.S.Ry)-Ta (S.S.Ry)-Ta’
entry MeNO:; (x eq.) Base (y eq.) TMEDA-Cu cat. (z eq.) Ta 7a’
1 5 KOH (3 eq.) - 0 Trace
2 10 EtN (04 eq.) 04 19 19
3 7 Et:N (2 eq.) 0.8 35 32

Table 2.1 Optimization of Henry reaction conditions

BT, =FuT AT v % LiAH, CEICL 728%, B2 7 BiRE2 O BRLick > T 6
BERT7 VY IV &G, A Y 7a AT AF XA FERIGEE 22 8T, HDo A~
v HTBXAAR 235 & 4172 (Scheme 2.8).

5 O,N HoN
M —
e o) . MeO o
go LiAIH, 5 HCl ag.
Fe —— —_—
H CU H Ve ()
Me/Q\ Me Me/l;‘o Me
Me Me
(S,S,R,)-Ta (S,S.R,)-8 (95%)

N% isopropyl iodide 7’“@
® - 2@
Me/l;\Me |e Me/l;\Me

Me

Me

(R,)-9 (Ro)-[10mH]I (45%, 2 steps)

Scheme 2.8 Preparation of six-membered iminium salt (R,)-[10mH]I
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F 38 CPhsE% H D CAFeC FIEKEAD AR

BT, CsPhs k% b0 6 BEKX U7 BB CAFeC HiAD A KA — M IZDWTHiR 2, CsPhs
Bix cprk b nicEE <, MERMEAFEREZMECE 2 LIARFTE 2, HIZIE, Fu b
IZ & o THFE & L7z, Ferroco-DMAP fillliLicBA L TTH 2 28, Cp ik X U Cprdk % b Ofilil X v
b CsPhs % b Ol D 73BNz = F v FAERECHIWY % 5 2 2 KISHHE S it s
T3 9,

DX TN ABAFERE 2 TE 5 CPhs % CAFeC iLf FICEATZ 2 LT, 71
M2 ATTHD CAFeC L 0 N/ F v F BN RIS 2 A2 £ A 2 L& 272,

FIWIOIC, 7 BB CAFeC DHK%E{T 572, Cp*CAFeC DEEN— F LR, F 707w £
— BN, U7 27 L AERN 2 v R ER A T3, 5 DD Ph HDVAKEE D720
DHII RS e TE D o7, 22T, AVHRFT LD AN kL IVEDEA
BB E T A, BUICRTHEL I MUK EE S Z LB TE T,

SNBSS ’
6) T %9 2) electrophlle= %)_H/@
/@\ THF, rt, 1h H g)‘;

Ph Ph Ph,L;\Ph

Ph
(S,S.Rp)-M (S,S,Rp)-12
entry electrophile X yield
1 ICH,CH.I I 0%
2 DMF CHO 48%

Table 2.2 Diastereoselective lithiation of (S,S,R))-11
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BT, 7/ HEEED Witig I CC, AV IR ST AL T 4 v ERL T
(Scheme 29), % D%, LiAHs &MV 2 2 & T, &7/ AL 7 4 v & —2ITEIEL, HREDIX
HCHWOT I v &35 C LR TE 7,

MeO OHC NC.

® €)
o PhsPCH,CN Br M¢Q o ~ . meo TN
o +BoOK 5 LIAH, Me o
H @ - g

Ph/@\Ph ) /i%\ © N

Ph Ph S
Ph Ph Ph Ph

Ph

(S,S,Rp)-12 (S.S,Rp)-13 (73%) (S.S,R,)-14 (50%)

Scheme 2.9 Introduction of cyano olefin group and reduction to primary amine group

Z D%, Cp* L [FIFRIC T & X — L DR Z 5 B, Hik T FAbic X o THAR VETEK
DAL % ZERK L 72 (Scheme 2.10),

vieo N

° Oab o Pr gib
ST B & — &
/@ Ph/@*Ph 9, Ph/@Ph

Ph Ph Ph

(S.S,Rp)-14 (Rp)-15 (Rp)-[16mH]I (2steps 39%)

Scheme 2.10 Deprotection/cyclization procedure for synthesis of (Rp)-[16mH]I
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XP2IC, 6 BB CAFeC HiBKARD G EZITo 72, TH 6k, Cpr e FKD AL — 2 HWw 5
& CRDICHIE A Z AT 5 Z & AT & 72(Scheme 2.11),

MeN02

MeO OHC EtsN
O TMEDA MeQ o5 =
%} CuCly 5 LiAIH,
H Fe —_— F —_—
N
Ph Ph oL,
Ph

(S,S,Rp)-12 (S,S,R)-T (T7%)

Y

HoN

MeO
O HCI aq. N% isopropyl iodide N%
0] —_— _— ®
SN gFeg ge

Ph Ph Ph
(S.S.R,)-18 (67%) (Rp)-19 (94%) (Ro)-[20mH]I (75%)

Scheme 2.11 Preparation of six-membered CAFeC precursor
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FAE NI UHRER

AT, BONTZ AL VEERIED S ZNENANRY BFET 20085 &R L 72, LA,
7'v b X A4 7 CAFeC HillkfED L AN RV BFET 259 2%, NMR EBRCHEIL X 5 &5
B ARIREETCH-TH, HUD ARV IR LCTL X - 72720, Widhic X 2 ilie =5
CTREICHER L T 2, S RO FECEE T2 2 L I1C L7z,

—78 °C DRI T C, W LA I X VHIEEDRAARICHSE 2 EH ¢ 5 2 & T,
TNy DFEAEF RS L 72(Table 2.3) fi 5. Cp*CAFeC 13 6 HER, 7 BB R & L C LiHMDS,
7 BER CsPhsCAFeC (IHEHEIC BuOK % W 72BRIC, ARV OFEDMRTE 72, Z0E NH
AL7ZEEOBI S, 7 xv y FEOBEBES AR VKR TH 54 I =V 2 OMHE
JEICKRESET 2 b oT, $£72. 6 BE CPhsCAFeC ICBAL Tl &b 6 ifiE%
WY trace BT LOTREMIMERZHER T2 e TEhdolz, THIE. 6 BEA 7 BEID
bIV Yy FiaEdExr e V., SO0 Ph O VKEEOHELZZ T T WO LHETE 5,

e e
S o =
Fe > S @

THF, =78 °C to t .
o I, . o
R

PR== 1l\ll?ar c?r Ph R
entry R n X Base temp. produt yield
1 Me 2 OTf LiHMDS r.t. (Rp)-21m 53%
2 Me 1 I LiHMDS r.t. (Rp)-22m 17%
3 Ph 2 I -BuOK 50 °C (Rp)-23m 26%
4 Ph 1 I t-BuOK 50 °C (Rp)-24m trace

Table 2.3 Carbene trapping experiments

16



F 72, FONT(R)-21m DOFE IR X 8L SEEMNT % 1T\, % ORE % g2 L 72 (Figure
24), 7a k& A ToOmEMINKE FEEIC, N EEEED 4 Y 7' e e i oMK
FEAEARMERT 2 LB TE I,

Figure 2.4 Crystal structure of (Rp)-21m Selected bond lengths (A) and angles (deg): C1-S 1.682(2), C1-N
1.357(2), C1-C9 1.462(3), C2-N 1.473(3), C9-C10 1.432(3), H2-S 2.6169, C2-H2-S 106.0, S-C1-N 122.6(2), N-
C1-C9 115.7(2), C9-C1-S 121.7(2), S-C1-C9-C10 -35.6(3).
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E5H SEBEROEGHKEZOEFIRFIER CILAERRE

BT, ARV EEHEEOERZITo7, HUHID Cp 7'vu b X4 7DHfFE T, CAFeC/Cu
RO+ 7 v AXZ AL EFEH L 72 CAFeC/Ir $ADEICHKIIL T3, SlEFi7IchFE L 7=
CAFeC DEFIFEE 7 v b 2 4 7L KT 272012, 7 BER CAFeC/Ir BJBEE{A D A i % [Fl Bk
IZ#k % 72 (Scheme 2.12), #ifik. Cp*CAFeC Tl. HHI®D Ir-CAFeC FEAR DS 29% IR T b 1172 23,
CsPhsCAFeC T3 I mI BB L 727202, HIUMII/R O L d o 72, 155 1 72(Rp)-25m 13IF
WICREREARTH Y, Y VAT ru~ 7T 74— 2 X 2ERPARETH - 7=,

Base
CuCl
g;::z::> [Ir(cod)];

Fe >
C< )D R THF, =78 °C to r.t. or 50 °C

@X R
R
R =Me, X = OTf (Rp)-25m (29%)
R=Ph,X=I (0%)

Scheme 2. 12 Synthesis of 7-membered CAFeC/Ir complex

BT, 15 5 17z Ir/cod $5R(Rp)-25m % CO T AFEHR T T AR R~ LB L 72 &
Z A, NMR [T 1:042 &\ ) R THEOLAY R 5 172 (Scheme 2.13), T #LiE, A~
VIREI FEAREEET 3 b ic ko ChELZa v R A—va VEEKTH B, o x4 T
CAFeC IZ b AIROBR B A b 23, Z O RMEKRIIE 1:088 Lo Tz, ZORERMPLT2
&L SEOT b v TEREFROFERRIT L VBIGICR>oTWwd, 202 &idmm S % L 7z Cp*
IS 2AEECL2b0EZNIT) TLHETE B,

. W~

. CO (1 atm) . co
CI/Ir\I Cl—:zc!z,ldr.t., 1h @ CI/Ir\CO
M65 89% yie Me5 Mes
(Rp)-25m (SasRp)-26m

Scheme 2.13 Conversion of (R,)-25m into 26m
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KIT, 35N 7= Cp*CAFeC DR N1 TR 2 7201, ¥ AR = iAo IR HIE % FEh L 7=
&2 A, 2048, 1966 cm™ ((CHLCly: v (CO)=2007 cm!) &\ 5 HIEEAE S iz, ZofEidr s
D 545 (R)-5m ® TEP fliiX, 2036cm™ TH % 19, LUFT, 7'v + % 4 7 CAFeC D7) (TEP
value: 2044 cm™) 23, Z TP HANGRY T I ANV (A: 2051 em) &, FEHICHER WAL S o
L THILN S CAAC (B: 2041 cm!) DRICHESITSNE Z L 2B LT L TWS 19, L
L. ZEIBHFE L 72 CAFeC OENI )X, TOHF TR D IED2 572 CAAC 2 L o720 ) Z 2
% (Figure 2.5), Z 4L Cp* D58 WE FL 5123, CAFeC D% b Z DBV 1% & HICHE D 72
b LBETE B,

iPr
() @N
Mes’N\/N-MeS ] *
. Pr

A (2051 cm" B (2041 cm™)

Nf)%y

PPh, @ /Q\Me

CpCAFeC Me
(2069 cm’™) (2044 cm™) 5m (2036 cm')
I h|
I+ T +I * vI T
2070 2060 2050 2040 2030 cm
weak Donor Ability Strong

Figure 2.5 Comparison of donor abilities of selected NHCs and phosphine



26m DY/ BB AR VFRICAY XV RIS & TR BRSO X RS RERET O R R &
Figure 2.6 IC7R 3, 155472 26m OfEIZ, 22007 b u Z7RUAKED 5 B D, (R,.R,)-26m IC352Y
T5HDT, ZOMEEIX, T XA 7O X HEREEEEIT OB RICHRD CTHEEIL 720 TH
LT B ote, LTFHZ ORGENFHETH 5,
DIy F5E132.094(5) A T — M1 72 [IlCIINHC)(CO) [FE R D Ir-Cearpene £ A FRHE 0 i FH A
I 5,
2) AR VNI & E-FCAL T (CH D FCAL T i) L CHEEEICHAL L T\ 5 (dihedral angle (Cl-
Ir-C1-N) = -82.7(4) ),
3) 220D HNKoNENIT & Ir DFEGRICITELRZ T 51 (1.891(6) vs. 1.989(7) A), H A~
VI T D b T v R R TH B,
4) Ir-H15 I anagostic fHAMEH 23, £72. Ir-H7 BlICZ L X Y 55\ electrostatic FH A AEH 23 BLHI
Ihd,

Figure 2.6 Crystal structure of (Ra,Rp)-26m. Selected bond lengths (A) and angles (deg): Ir—C1 2.094(5), Ir-Cl 2.338(2),
Ir-C18 1.891(6), Ir-C19 1.989(7), 01-C18 1.131(8), 02-C19 0.83(1), C1-N 1.319(6), C1-C6 1.443(8), Ir-H7 2.9362, Ir—
H152.4737,Ir-H7-C7 1029, Ir-H15-C15 127.1, ClI-Ir-C1-N -82.7(4).
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BFE L 72 CAFeC DALARIFIE ZHERR X, VAR = VHER 26m O RIHED 5 % Vi %
HHE L7722 25, %Vouw=29.7 TH > 7=(Figure 2.7) ", LAFTDFFE T, 7’1 + £ 4 7 CAFeC D % Vi
2300 THEILEMERL TS, 2D kiF, 7ubxfTofiTE Cpri b 2RI TFD
T, %Vouw DEBRBIZITHRVI L EZRL TV, THEDVou DT 74N Y TA VI TH
BERNAEE 3.5A DHEIPAIMC Cp KU Cp AR fiiE L T2 -0 Th 5, EEIT, BRER 70A 0
FCHEZIT) & Cp XA T D%V 23192 THEDICXF LT, Cp* XA T D%V 13 217 & 72

277,

% Vour = 20.6 =379

% Vour = 29.7 Less Bulky More Bulky

Figure 2.7 %Vyur and steric map representation of ligand (R,)-20m in (R.,R,)-26m, calculated using the
SambVca web application (with default setting: bondi radii scaled by 1.17, sphere radius 3.5 A, mesh spacing

0.10 ;&, hydrogen atoms omitted).



F6H AHEKRBEIRS

BA£IC, CAFeC FLf7 ¥ 2 A SIG~IEH U750 2 R 37, RIS o R HFIE, Al
& T F v FAERYE DM T & Wl x AL OBFE TH 2 23, T T IIAFEALF & L CHERE
25085 2 FHEi T~ < BEIC NHC/Ir SR CHEIT 372 C L BERE I N T 2Bk MR VR =
WA LY DAFIKREBHIIGZER L 72, (2 DD NHC FLhz IS BAL M %2R 3 UG % DR

I, SBROBEHELMRHETDH 5, b7aHIC, UEETIIHNT —<TI 51L& L 7z CAFeC
EHFELCTED, AR 7 4 VEULT— M 72 NHC AT CEHETT LIS < WA RIS ISR
TELZLZHALAICLTVS, V)

Crabtree %° Metallinos © IC X 2 #e5 ICHIB % 32 1 F . AlEERTEN A O FEARM & I 12, e »
T E&THISNS I NHC-F A 7 4 VEE [Ir(cod)(PAr):(NHC)|PFs27 %33R L 72,27 O FHLIL
Scheme 2.14 IZ/R 3 X 51T, 2510 A7 4 VN F & KPR 2 NIN$ % & & TEMEL 72,

R? PFe
n N L
A —r NaX
C|/"\g MeCN, r.t. L |r\6
R, R15
(R,)-25 L Ry)-27
Ri=H() :n=1(h)iR2="Pr(m) :L=PPhs(u) P(4-MeCgHy)s (X)
Me(b): 2 (): Et(n |  P(2-MeCeHy)s (v) P(4-BUCGH)s (y)
: : CHPh, (0)!  P(3-MeCgHy)s (W) P(2-furyl); (2)

Scheme 2.14 Conversion of (Rp)-25 into (R,)-27 and structures of Ir complexes for asymmetric transfer

hydrogenation.

Table 2.4 IZfiliit 2 7 ) —= v FOfEREZ RT3, 70 b 24 7 TH % CAFeC BLhi T KT,
Sl 72 1ICBAFE L 72 Cp*-6 BB, 7 BER CAFeC BLAIFIC DWW THGET L 72, R, I 0 Emw»
27bimu (¥, 27aimu X Y dEN-TF Vv FABERETHNORRALV =L T IvE525 2L
B h o7 (entries1-2), F7-. 6 BERL 7 BEZIELZE 25, 7 BER% b D CAFeC BT
DI BENT T F v FAERNE L N CERY % 5 2 5 T L 23D o 7z(entry 3),

F72. RATZ 4 VEMLFZFE2 7\ 25bim ICBAL CTTH 243, T ofliiix, 03 0 iEEMK
Ly BRI F v FA@&REICB L ¢, KR fE R % 5 2 7 (entry 4), (Crabtree H Offll
1% Clx. NHC-phosphine B! D FEARICTHSIIAT & LT PP B2 b T3, TNESHIC, entry
2 DRIGSEMIT, A, PPhs (1 mol%) % M A2 2 et 2 4T7% o THZA, #RITED L hd ot
(32% yield, 8% ee) ., )
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.0 Ir complex 25 or 27 (1 mol%) Q .0
8’ HCO,NH, (9 equiv.) S’
N > NH
Y DMF/H,0, 60 °C, 6 h
28 (S)-29
entry Ir comolex yield (%)P % ee°
1 (R,)-27aimu 35 25(S)
2 (R,)-27bimu 57 50 (.5)
3 (R,)-27bhmu 21 31(S)
4 (R,)-25bim 9 7(R)

“ The transfer hydrogenation was carried out with N-sulfonylimine 28 in DMF/H>O in the presence of HCO2NH4
(9 equiv.) and Ir complex (Ry)-25 or (Ry)-27 (1 mol %) at 60 °C for 6 h.? Isolated yield.c Determined by HPLC analysis

with a chiral stationary phase column.

Table 2.4 Catalyst screening for the asymmetric transfer hydrogenation

% ZTRIT, CAFeC AT D NJRF EOBEHHE DO RICOWTIHRE XL, 4V Fuea

(m) ZNEHRTFAE (1), ROKERY 7 221 AF A (o) I8 L T 7z(Table 2.5)
L2 L7ens o, S I3MFF S nzd oo, = F v FAERER D ICEfLLTLEI L)
MR L o7z (entries2-3), 4V 7u i X b /NS WEBEDGE, AR A RIT D
RoN7z ANy IRFEFEGE Y OBREHESEC ), =F v F AR T ICER 2 LE X
bd, 7z, mEVY 7 2 2 X FEE S Otz 72 BRL SOCTEIR DR 2 I8t~ & 28
fbLzc &b, ALY REEH» HBITCHBEEL . 4 I =T A~ &fixh s 2 & T, fillf
DREDBZ 572D TIEBRVRLEFEZT WS,

C\)\ o) Ir complex 27 (1 mol%) Q\ o)
8’ HCO,NH,4 (9 equiv.) S’
N > NH
Y DMF/H,0, 60 °C, 6 h
28 (S)-29
entry Ir complex yield (%)° % ee*
1 (R,)-27bimu 57 50 (S)
2 (R,)-27binu 58 37(S)
3 (R,)-27biou 75 <1(S)

“ The transfer hydrogenation was carried out with N-sulfonylimine 28 in DMF/H20 in the presence of HCO.NH, (9
equiv.) and Ir complex (R;)-27 (1 mol %) at 60 °C for 6 h.” Isolated yield.< Determined by HPLC analysis with a chiral
stationary phase column.

Table 2.5 Catalyst screening for the asymmetric transfer hydrogenation
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Z ZTRIT, CAFeC ithi 7% 4 v 7 u e Fh & 5D 27bim ICHEE L, A 7 4 VEUNI 7% A
2V —= v T B2 LI L7(Table26), PV 7xz=nFRZAT7 4 () ZFUVAALEFY AT
T74v (V) PPV AZFYIANFRT 4 (W), FPUANTPIAFRAT 4V (x) CEBLLEZ
2. HIE O OEBECRIEE R T F v FAE RS & S IET L2—77 T, BREDOEETIL,
AT BT 2 _A T OEIRME (65% ee) THEBYING 2 L L7z (entries 1-4), HiF —~DDLHE
Tl FRAT7 4 VBN FREES T ELDIC, BBPOFAT7 4 VIR T 2 2 THFRAT7 4 v
7V —® 25bim [SEWFERBG 2 5Nz b D EHERL T3, RiT, Fu HMioEEkozE
I OICHE»D Z XL AN MIIC eBu BEZFFOPIANLE (Bu 7=k R T7 4V (y) %
FEofili 27bimy % F\ T % OIEMZFARTH D, EERDS o T F v F BN ICE TR S
Nixh ot (entry5), — /7T, EEIEMAAZ I ZIAFZRT 4 v (2) X, &FED O OARHE
BZ ONTlzdh, P T2 VFRT7 4 v ERBEOKECHIIM A 525 2 &350 -
7= (entry 6),

Q\ o) Ir complex 27 (1 mol%) Q\ o)
S’ HCO,NH, (9 equiv.) . S‘;\lH
DMF/H,0, 60 °C, 6 h
28 (5)-29

entry Ir complex yield (%) % ee
1 (Ry)-27bimu 57 50 (S)
2 (R,)-2Tbimv 35 7 (R)
3 (R,)-2Tbimw <1 3(S)
4 (R,)-27bimx 45 65 (S)
5 (R,)-27bimy 36 21 (S)
6 (Ry)-27bimz 69 56 (S)

“ The transfer hydrogenation was carried out with N-sulfonylimine 28 in DMF/H>O in the presence of HCO2NH.4 (9
equiv.) and Ir complex (Ry)-27 (1 mol %) at 60 °C for 6 h.” Isolated yield. Determined by HPLC analysis with a chiral

stationary phase column.

Table 2.6 Phosphine ligand screening for asymmetric transfer hydrogenation
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F1E EER

Meggers, Gong 5 I X o> TIRIBINT W3 N-ZAF= A4 I v ORFKESE GO R %

SEIT, A F o 7o HEE SOCHERE %2 IR §7(Scheme 2.15),

CAFeC_ _PAr; HCO,NH,

'S H, + CO,
L7 .

27 O‘.S.‘o ® x®

HN NH, CAFeC __ o2 PAr;
L~ “NH, HCO,NH,

29

® A
NH4eX

=N .- CAFeC\lr/PArg
H™ “NH;

2N

Scheme 2.15 Proposed mechanism of asymmetric transfer hydrogenation

@® O
NH,; X + CO, + L

Wi, filds 27 2EAL TS % 2, E LA e U TR A AT B, Hiv T A D
PiF L 25ERES 2 L e, FBB7 vE=v LHROKBRF2 Ir BicE L, biEo#EB %
BT 5, IRIRIC, ANVTZ VA IV 28 ICKRBBHIL, ALk = 1T I v 29 DI L LIl

BRSPS HET 2,
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Figure 2.8 Models rationalizing the enantioselectivity of asymmetric transfer hydrogenation

Ir AL TW B T vE=T o0 F L HE D KFERAIC & o T Figure 2.8 D X 5 ZRACEZHLS &
MEL, 7202 Y T O Me HEHED ALK AL I VOVAERIEICE O FEBIRERRIL
T3 EFEZT ZDO7 vy THOBIHEZ I HLICREVWHO~EfT 22 LT, =F Vv F

IR DUE D A 5,
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KEIClE, AHFBRESLHN I ORELHIEL, SV X AF e 7uxy XY T =) (CpHi i
PRV RZT 2=y 7 aXy Z YT = )(CsPhs) i % FFO #7172 72 CAFeC BUNL T ZFAFE L 720 Z D
TR COANRVHTEEDP O S AN BFET L2 MBEICLS 7y 7EERICK 5T
MERT 2R TE, $7-, Cprdh% b O CAFeC-Ir #AD & 7 L = L SR IMIE D IR T %
1o lick b, #H7z7/ Cp*CAFeC DENIIIHFEFRITHNZ & THIGNBBRT I/ TAF v
ANRYV(CAAC) L VD b X HICRWENI I 2o 2 L 2L I L, R, Ir fillfiic X 258
IN-ZNTF= A I v DRFKEBER)IGICE T, #Hi7z7 CAFeC 287’1 b 24 7 X v {Eh7-
ERMECHEIM E 5 2 DAKBNLT L LCHRET 2 2 L 2 R L 7=,
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F1H EFEETE<ZV

A 2 v DPUD DIKFIRF Z B TR, IEEImAE2R R 232 X 51, TX~v 2 v OfEH
BLIC B 2 KR IFF Z EFRTHREUE, IEUEAERSHSR E23 5, LAl TXS Y XV D7 —RICE
JBIEPUERIEA X v Oy —ZADEMEER L D 34 XHBKE W, fiEoT, TXw VX VIE, K
i (A2t ] LRMT R TES, ZhiFIThbb, 4 00RA2EHLEEFFOX X v
BEZY T4 —%FODLFKIC, TH~Y 2y OPUDDIGHENICE L - 2B ZEATHh
X, ZORTFIEFINCRD LN T EEEKL TS Y(Figure 3.1),

methane methane analogue

‘“u‘-)\

Figure 3.1 Illustration depicting the relation between methane and its analogue containing adamantane core

DT EIFIEL L ERBIC, AT ERTICPYD DB 2 TR e 5 OKFRE T BB T

AFNEE, AVKRFINE) TH~v 2R, T IRKERYEDET LI ETHEREINTNS
lab(Figure 3.2),

Figure 3.2 Resolution of 3-methyl-5-bromoadamantanecarboxylic acid

32



ffiic & Schreiner, Forkin 5723, 7% IfKD P ) "u T X<V XV RUIT I a7 X2 v RV

D HPLC IC X B2 H 0N %475 2L T >9%ee TR DT F v FA~—%nfid % 2 LICHI
L T\ % (Scheme 3.1)'9, %513, X #RiESHEEHITIIERL Chrndb oo, FHRTELNT
CD A_7 FIVEEREDCD A7 PO LAY S Z & THNILEZIRE L T 5,

@ His @ CBry, n-BuyNBr (cat.)
> (| >
Cl Fluorobenzene, 50% NaOH Fluorobenzene, 50% NaOH CI@Br

n-CeF3l, HOAC, Fe(lll) HPLC using Chiralpak AD-H
I Br > F Br - >99% ee

cl cl
(RIS) (RIS)

Scheme 3.1 Synthesis, separation, and absolute configuration of tetrahaloadamantanes

INLLAMCH FTNT X v 2 v e EFE L 2 WEONIFEST 225, BffEd LR
HPLC IC X 20 ENICRo T3 3,

ST, FIARGTOREHE CZET I VETH S, 7/ BOEYFERICE L TidEm
BRI GD, T2 BIZ, 2 0EEED S F 7 A, R, BN T IR Fy s o
FAvrTay sl LTABILEED 2 )V 24 T 4 TR ZILS TXALTER 49, 74X~
VRV EREICD ONEER T I BRIC D ML ARSI CE 2 13T L E X200, Sl
DOWFFE#BIE L 72 Z o FTH B,

TRV 2V EREHIC D ONEEE AR T 2V BROARKIE. RN a T 2 BBOAK & 3R
BHERE->TL B, Thid, 7X=v 2y OO DEHRIED IFEHESZEMPISE V2 S TH B 9,
SEOZ =7y FICHLTL o AN, = v FHERPIENTMLch 2 7, X0l
I, ZEERT A~ v 2 ki LC Rh fillE C-H 7 2 VRIS HREMT 2 2 i L7z 89, LUT
D4OPRER>7HHATH %,

H H
Rh*
o=
H N
Our choice

—  Enantioselective desymmetrization
—  (Catalytic C—H functionalization

—  Amination using chiral dirhodium
carboxylate catalysts

Figure 3.3 Our synthetic strategy to optically active y-aminoadamantanecarboxylic acid
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D) FEROFHENRES TH 270,

TRET XV ZVEIRIGEICEATHWS 0, 7V —=FTA2 77 YRGS a7 v
GO >y ARG XY 3HRHE LICEIRE ZEAT ISP BL S MEI LT D
(Scheme 32), F7-. FERIOT A~V 2 VRN 1-T X~V XV AHAKVBIIEMTRKEICAFTT
22V BB,

Lewis acid
@ = g @
HO,C Br HO,C Ar RO
R
(0]

RMgBr .
@\Br B @\R > HOZC@R easy access to substrate

Scheme 3.2 Preparation of 1-alkyl or aryladamantanes

2) 7R IRDOT X2 XV EMIKICH DT I BEHEER ORI AN HRE S Tw b T
% 2,

Schreiner H 1. TV F NV EZFOT X~ v 2 v AR VERITH L, Ml N OBREE %0 2 7214,
T b= b U AEREAIE LCEHS®Z 2T, 71 b7 I FEAZEAT 2 Ritter )G % F W
T, TEXVEZVEIHKICD DT I 7 BEHERO A% 1T > T\ % (Scheme 3.3), HEESM T T
HoTHREAR S IEHHETLTE Y, TE~ v X VFEROESWZEWRFAZ 5,

1) HNOg/H,SO,
2) MeCN zéizgl‘ 1) HCl aq. ;gii;;‘
» HO,C R » HO,C R
HO,C R 2 2) NaOH 2

R = Me, iPr, CH,CO,H, etc. AcHN H,N

racemic

Scheme 3.3 The Ritter reaction of 1-adamantanecarboxylic acid

3) THA~ VR VFHERICT 2T I 2PEBIRE I N T B0 9,

Dubois Hld. 7 F 7 A7 u oy LRI R hyesp, ZFFE L, EFRF|E LTT Vv
ANFVT IREHWEZ ET, DEIRT XA~y 2 v 0= C-H S R LEIRMc T 2 4k
T2 LICHIIL T3 (Scheme34), BoN/T X~y 2y T I ViFEKIZ, T b=y
KGR CMEL 728, + Y 7 A a2 RA L 72 ERAES %2 v it HPLC Tl 2
TEREY T IVIEANEEINT S, ZORIGRICF I Mo Py A 2i#EHd 5 2
ECBRFEEEANL NFEEET X~ v 2 VFEEBREAKRTE, 2T I/ BFEA~D
BN RBICTE D EEZ T,
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( \
[Rha(esp)s] (1 mol%)
DFsNH,, Phl(OAc),,
PhMe,CCO,H
MgO, 5A MS . OSO,NH,
PrOAc F F
H,O/CH5CN, 80 °C
NHDfs o
then CF3COZH
[Rha(esp)o] DFsNH»
. J

Scheme 3.4 Rh-catalyzed C-H amination/deprotection procedure for 3,5-dimethyl-adamantaneamine salt

4) FINTHKu Ty LRI AN -2 a VICEATEY, REPOKRERNTTH BT
., ERLDO OO0 C-HMAEZHNTE 2 LB 2770 10,

* 7 v "% Rh il &2 v 72 C-H fASOG, SREBRIRATINSIG, & 7 m Faosuvfe, 7Y
Y UALKIGIE. C-C. CX#EBTEREIT I N e FiEko—2>TH b, EITF T Lh AR VELR
e LCHH IR, BB-H ARV (FA4 b L Y)ERORFE 2 2 2 & TERESHE
T3, SEOFETH 3 A7 C-H ARG S 13 RE 2 A FBL T DB % Figure 3.4
ISR,

1) 2) 3)
[ o—+-Rh [ R O3rh [ R O2Rn
T o 3Tl el
N, o—Rh N  O—Rh N  O-+Rh
0=4 X 0 C 0
OI
0 PN Y,
L R_4 L X da L X 4

Figure 3.4 1) Rhodium N-sulfonyl-(S)-prolinates. 2) Rhodium N-phthaloylaminocarboxylates. 3) Rhodium

N-naphthaloylaminocarboxylates.

INHLDHLRVEERN T, FEADFIAT I Ve k v 7 2 EERiATE2 LT
BAREOND 720, %ik7 Rh $EEAEE A2 RS ICHKTE 3,

72, 55N % Rh#EKIZ 4 DDA NKR VRN T RN L 2T X~ v 2 v XD b RERDT
TH 570, HRLD C-H G ZHH L. 2R v F 8RN T I 2 LRIGZITA 2 B
DEHEZ T,
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Z DFER . SFAL, i 85%ee (exr=924:7.6) THMDT I/ BEHEARO SR ZEK L (F
FEEIC X 2 T, REIICIE>99% ee DILEV#FTWE), Ihbrk T4 v 7 7uy e L
THI2 Yy RTF Ve y 7HERGF % 1E > 72 © T 3 % (Figure 3.5).

H

iPrO,C Ar or alkyl
NHSO,0

(2
O Me

Bu

up to 85% ee
(99% ee after recrystalization)

Figure 3.5 Amino acids containing adamantane core
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%281 RhAE C-H 7 I /(LRIGOEHRE
T ETVRICHOIE O AR % 1772 © 72 (Scheme 3.5)s 'H NMR I X 2 9T 2 K5 12T 5 7z

D, 7V TN T ITIYRIGIC Lo TT A2V R ANK VBT =V EEEAL 2%, il
IXTFAMMECZFAEEREAL 72 12,

AIC,
HO,C _Anisole _ Ho,c SOCI? EtO,C
Br TEoH

Scheme 3.5 The Friedel-Crafts reaction/esterification procedure for synthesis of 1ai

£ 7-%HIE LT, Du Bois 5 OHELSHICT Y B ¥ 20KV T I F(ArOSONH,) & ]
L7z, LUTIC X DHMIE% 7R S (Scheme 3.6),

OH OSO,NH,
! CISO,NCO, HCO,H |
R R
2

Scheme 3.6 Preparation of aryloxysulfonamide 2

1% 1Z, PhI(OAc), & MgO DIFEF. 7 F 7 72 Rhy(OAc), % V> T iPrOAc iSEEH, 0 °C,
24 H%F’%%*?“Mim%ﬁof&f:o L2 Lads, HID 3air DEKEZMHET 2L I3TE AR
2o 72 (Table3.1,entry 1), RIC, A UKIGSEMFT, RUffito LT + 7 7ma72uaf T 1)
FERCNL T % H 3 % Rho(S-TCPTAD), ICZEH L 7= & & A, HifH L T\ 7= HIY) 3air % 39% D IR T
AL T BT 0holz, TOBEERXLWVI LT, 18%ee LI THICHEERTF VT A

ERECHIMBEONTE 72, COFRIZ, 024 Tou Py AR "> Dlfin7- C-H &
BEEOVLRLTIE WD DDA TE 722 & ZEE L TV iz(entry 2),

Kic, FZEETT, 7V 2Ry 7 I F20#%Z A7 ) —= 27 L7 (entries 3-4), #&
B3 McEEWEIRE L O 2 FHCCRIGEIT ) &, =) v FAERESRER ICm -3
2L ERHLZ,

RICAFMIBEDO R 7 ) —= v T FEM LTz, T, 7 hF7ua XA vy I/ BEATO
R K% Me ., iPrfE, +Bu RICEE L, S ETR-72& 2 A, R=-Bu ORFIZHR S RV BRI
BLIOERMETHMMEZ 525 Z & 237> 7= (entries 5-7), Bl F+DEFKFMHE LIF5 2 LT
EMEM B9 2 & FHIL, RIZ +-Bu &, X IZF A28 A L2 e, {EEE =) 7
AN KIEIAE T 5 Z b oT(entry 8), WIZ, 7 hZ77mu7XuAf Ly I /R
NiFe72uaANT I 7 BEANLT23 3:1 OHST RhICHNL L7 Z DWW TG L2 & 2 A,
entry 7 % F[E B 5 & 72 o 7= (entries 9-10), #t\V T, T 7 XA NT 2 ) BEN X TV

37



RN+ 2 AT AR O OW TS 2 TR o7 2 A, ETETONRTEMIYI SN
DD, BIRMENRZ L E WS FEE & 72 o 7= (entries 11-15), C-H 7 3/ ALEUSIZ B THRFEH 22 il
BED—->T&H %5 PROTOS B FIZOWT HARET L7223, BEITITE A 15 B L7270 > T (entry

16),
OMe Rh catalyst (1 mol%)
1011 ; Phl(OAc), (2 equiv)
( efuw) MgO (2 equiv) C EtO,C OMe
NHSO.0,

iPrOAc, 0 °C, 24 h

NstOZOAr Ar
2 (1 equiv) (+)-3
2
NH,SO,0 NH,SO,0 NH,SO,0
Qe OO
Bu Me Me
2r 2s 2t
Rh catalyst
i R OFrh i By, OFRN—Q R
', ’ o K
N O—+Rh N O—+Rh—0 N
X (0] Cl (@) (0]
X X Cl Cl
L X 4 L cl Jds

Rhy(S-TCPTAD),: R =Ad, X =Cl Rhy(S-TCPTTL)4(S-PTTL): R' = Bu, R> = H
Rhy(S-TCPTA),: R=Me, X=Cl  Rh,(S-TCPTTL)4(PTAIB): R' = Me, R2 = Me
Rhy(S-TCPTV),: R = Pr, X = Cl

Rhy(S-TCPTTL),: R =Bu, X =Cl

Rhy(S-TFPTTL),: R=Bu, X =F

[~ R o-mn [ 7
T oo
N  O-FRh 0. O—Rh C
0 w1 L%
& oot LT
W, "
4
L X . L a4
Rh,(S-NTA),: R = Me, X = H Rh,(R-BNP), Rh,(S-PROTOS),
Rho(S-NTPA),: R = Bn, X = H
Rh,(S-NTTL),: R = Bu, X = H
Rh(S-4-Br-NTTL): R = Bu, X = Br
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entry 2 Rh catalyst 3 yield” (%) ee (%)

1 2r Rh2(OAc), 3air 0

2 2r Rhy(S-TCPTAD); 3air 39 18
3 2s Rhy(S-TCPTAD) 3ais 21 27
4 2t Rhy(S-TCPTAD) 3ait 44 52
S 2t Rhy(S-TCPTA), 3ait 42 16
6 2t Rh:(S-TCPTV), 3ait 52 33
7 2t Rh(S-TCPTTL), 3ait 60 57
8 2t Rh:(S-TFPTTL), 3ait 13 30
9 2t Rh:(S-TCPTTL):(S-PTTL) 3ait 39 29
10 2t Rh:(S-TCPTTL):(PTAiB) 3ait 36 15
11 2t Rhz(S-NTA). 3ait 47 16
12 2t Rhy(S-NTPA), 3ait 39 8
13 2t Rhy(S-NTTL), 3ait 42 29
14 2t Rh(S-4-Br-NTTL), 3ait 52 31
15 2t Rh:(R-BNP), 3ait 29 7
16 2t Rh,(S-PROTOS);: 3ait <5

“ The reaction was carried out with 1ai and 2r-t (1 equiv;) in the presence of Rh catalyst (1 mol%), PhI(OAc) (2 equiv),
and MgO (2 equiv) in ‘PrOAc at 0 °C for 24 h. * Isolated yield. ¢ Determined by HPLC analysis using a chiral stationary phase
column (Chiralpak AD-H).

Table 3.1 Catalyst screening for enantioselective desymmetrization of ethyl 3-(4-methoxyphenyl)adamantane-1-

carboxylate (1ai) via Rh-catalyzed C—H amination *

LA EDF5ER D> & Rho[(S)-TCPTTL], % frii D it & U\ KICTABEICBE 3 2 MRat % 52 L 72 (Table
32) ¥F. CHT7 I LRIBIC XS HwbNE Y 7uu Xz v ikflnie 2 b, g4y 7
e L AR OAER G O L7z (entry 2)o F\> T, FET B b v HEMMEREICOW TG L 72, T
b VIR IR X728 GBI ICBI L CIBERE A Y 7 e L & [FIFRE TH o 7z (entry 3),
=77 = b UOVREEEE Ry SEAICIAL L. MO Z I C C L a3E I N TE Y IR
LBERMARFL 7225, 7 P = Y v Hlwi G, BE 0BRSS ECIGERET L, v/ =
F UV ERWZZERICE, EREodGES R o, IEERm EL2d oo s @# R METvwE v eoT
& > 7= (entries 4-5), F 7z, DMF Z AT L 7zBICiE, IR 2 Il 0 L, IR KIRICET
L 7z(entry 6), #t\> T, 7' b YEBEHICOWTRE L7z, CH 7 I /LIS TIE 7 o b v Pt
PERIIE L ORI B 27200, HEE4 Y Ty rsan X kv e ORAGEBRE L
THOOLNE Z D%\, LA L, BHRZ &I MeOH % BURTHWAZER, = v F 4R
12 10% L BT B L 7z (entry 7)o RIC EtOH % F 7228, IR L@ 133412 MeOH @ 7 — & 1T 1%
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S\ 70 7> > 7= (entry 8),
Rhy(S-TCPTTL), (1 mol%)

2t (1 equiv)
EtO,C PhI(OAc), (2 equiv) EtO,C
OMe MgO (2 equiv) - NHSO,0 OMe
solvent, 0 °C, 24 h
1ai (1 equiv) (+)-3ait O O Bu
Me
entry solvent yield" (%) ee (%)
1 PrOAc 60 57
2 CH.CL 61 5SS
3 acetone 76 56
4 MeCN 39 63
S PhCN 72 52
6 DMF 33 62
7 MeOH S1 73
8 EtOH 33 53

@ The reaction was carried out with 1ai and 2t (1 equiv) in the presence of Rh,(S-TCPTTL)4 (1 mol%),
PhI(OAc), (2 equiv), and MgO (2 equiv) in solvent for 24 h. ? Isolated yield. ¢ Determined by HPLC

analysis using a chiral stationary phase column (Chiralpak AD-H).

Table 3.2 Solvent screening of enantioselective desymmetrization of ethyl 3-(4-methoxyphenyl)adamantane-1-

carboxylate (1ai) via Rh-catalyzed C—H amination *
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LLEDOFERN G MeOH % ot & U, e ClefbAl, AL, IREEIS DUV CRRET L 72(Table
33) T VHIEDONRZMEND L B~ 7 X T DB TN Z TR To & 2 A,
IHRIEA B L= o F A IRMEDME T Lic(entry 1), F72. BUNEIRDED Bk~ Z%@A
AL TN ZEnn, DRt L IIoMREZ > THnD EHERIL 72, ZORRERNG, B
b~ 7% 20 AL PhI(OAc), HORDEREA A it L, 7 X A T ) BB O et 2 #1
HlTD2bDEE 2T, T, FAx OB IO WTRHRET LN, Bk~ rv v a% EES
RIS O o Tz (entries 2-4), F7-, TELF 2T ——T ADOWME = F o F A ERMHED 7
FICENR S22 o Tz (entry 5), VT, BREAIORET 21T 72 o 722 £ EUIMEEME OS5I
AN bDOD, =) o FABRPFWEIIR T DR & 72 o T (entries 6-7), F72, SUNREIZDOW
TH 0°C % L[F] D5 RIS B AL72 > 72 (entries 8-10),

Rhy(S-TCPTTL), (1 mol%)

2t (1 equiv)
EtO,C PhlI(OCOR), (2_ equiv) EtO,C
OMe base (0-2 equiv) - NHS0,0 OMe

MeOH, temp, 24 h

1ai (1 equiv) +)-3ait ’Bu

entry PhI(O.CR), base additive temp (°C) yield" (%) ee (%)
1 PhI(OAc), ; - 0 75 64
2 PhI(OAc), ALO; - 0 71 61
3 PhI(OAc), Na:COs - 0 37 64
4 PhI(OAC) NaHCO; - 0 45 72
s PhI(OAc), MgO MSSA 0 67 64
6 PhI(O.CBu) MgO - 0 90 63
7 PhI(0,CCMe:Ph), MgO - 0 67 61
8 PhI(OAc), MgO - -20 £ 55
9 PhI(OAc), MgO - 10 49 64
10 PhI(OAc): MgO - 30 71 62

“The reaction was carried out with 1aiand 2t (1 equiv) in the presence of Rho(S-TCPTTL)4 (1 mol%), PhI(OCOR). (2 equiv),
base (0-2 equiv), and MSSA (0-1 g/mmol) in solvent for 24 h. ® Isolated yield. ¢ Determined by HPLC analysis using a chiral

stationary phase column (Chiralpak AD-H).

Table 3.3 Optimization of reaction conditions with Rhz(S-TCPTTL)4
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P EOBECE L N7z 3ait ORGEICEI L Tk, X B EHERNTIC X - CHERT 5 2 L 3T
% 7-(Figure 3.6)'Y, L4 L. 3ait D 2-7 05 —AfIRIAIRIC~F % v 2y ¢ % 2 & C°H 7=
flidmlt. F 7 UREE TR, 7 IMETH B T &390 72, Figure 3.6 ICIZ, =F v FF
~—D—JjDHERLT 5, ZOFFREZT T, ML T2 BOE D = F v F 4 ~ — @
L% HPLC TR L 72 2 A, 2HbDITF v F 4~ —iBFEI>9%ee & 7a> T3 T &2
Dol

Figure 3.6 Oak Ridge Thermal Ellipsoid Plot (ORTEP) drawing of the X-ray structure of racemic 3ait with 30%

thermal ellipsoids. Only one of the enantiomers is shown. Hydrogen atoms except H8 are omitted for clarity.
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RIAT 272D TV RF ALK YT I 2 HEHT 1 O RATAEREDOR I ) —=v 7
ThbbHNY 3 OREROR#ELTH S (Table34), TTE, 2L TTH B2, T2 ET
DRI CHER 7 ) —= v ZRiTo722 25, TY — V2Bt 2 EHREDORE X L
Mg X = v F AEIREIC T T RERIERE ICRE W2 L 23b D> o 7z (entries 1-6)o m fLIC T U —
NEZBALTZANVF YT I P23 LGERWER A L3 2ERARZToN7D, 2t D +-
Bu kO EHIEAN L BEEMRZZANT Y T INDRAIZ Y ==V 7% {7 o7z, LB LMD,
RO EZAUDBRA DT F v FHEREZRT & WS EIRICE o7 (entries 7-9) .

BenT, ERFE A CHEEL, TATAFHMORI ) —=v 7% FE L7z, TFALIZATALL
DHED/NEVBRAFALIRATNCT 2L F VY FHERERET LA, XVERmw, Y 7e
LT AT NATIIA LEED RS N7z (entries 10-11), £ 2T, XV &R Bu T AT A% W7z
B, TF VT AT EFEREDORER L 7o 2 (entry 12), £ 72, nBu TA T LTI KIFICT I v F
AEIRVEDME T L 72 (entry 13), EVEREERZR L 724 Y 7Lz AT EEERIC 2 T L%
WNIATAVTH S, 3-_RVFILIATALY 7 a~F U AVI AT AEHOCCRIGETTR > 7225,
EIRMED A _EICIEE S 722> o 7z (entries 14-15),

RO,C Rhy(S-TCPTTL),
OMe (1 mol%)
1ai-hi (1 equiv Phl(OAc), (2 equiv)
(+ ) MgO (2 equiv) ROC OMe
> NHSO,0,

NH,SO,0Ar MeOH, 0 °C, 24 h ar

2r-z (1 equiv) (+)-3

@ «au Meb @
Q

(x) v)
\,og]/. Me,og]/. >, )’/. Xog//.
(a) (b) (d)
o Q IR
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entry 1 2 3 yield® (%) ee (%)

1 1ai 2t 3ait S1 73
2 lai 2r 3air 65 31
3 lai 2s 3ais 49 47
4 lai 2u 3aiu 62 6
S lai 2v 3aiv 73 18
6 lai 2w 3aiw 73 25
7 lai 2x 3aix 61 60
8 lai 2y 3aiy 67 64
9 lai 2z 3aiz 24 54
10 1bi 2t 3bit 57 54
11 Ici 2t 3cit 68 77
12 1di 2t 3dit 68 74
13 lei 2t 3eit 52 65
14 1fi 2t 3fit 75 75
15 1gi 2t 3git 62 70
16 1hi 2t 3hit 47 59

“ The reaction was carried out with lai-hi and 2r-z (1 equiv) in the presence of Rha(S-TCPTTL)4 (1 mol%), PhI(OAc). (2
equiv), and MgO (2 equiv) in MeOH at 0 °C for 24 h. " Isolated yield. ¢ Determined by HPLC analysis using a chiral stationary

phase column (Chiralcel AD-H, Chiralpak IA, or Chiralpak IB).

Table 3.4 Optimization of the ester substituent on 1 and aryloxysulfonamide 2 “
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F3E EEEMEHOHER

B2 MoOMErIL, BERFEE 21, 1 DT ATATNEA Y 7o LT AT IOVICHRE L, £
B3 FH #iPH D fifgsE % M L 7z (Table 3.5),

ArFr 7= DA YR (ICE XD 2 LERESE TR T L7222 (entry2), ¥
7z E (k) ICEEMEZ S & 84%ee T TIERMEA M L 72 (entry3), Z L C. wAKIITIE,
4-70Fu-11-€7 2= (n) &b OREY len ZHVEEAIC, REFHC BT 2 REDER
AR L 720 REBINE 57201F, T Vil & OFE 1ep-leq % i\ T RAF70EIR
HERHERF I N2 L TH D, FFICED/NI W AFVEE S OHE 1eq ICBIL Tk, 80% ee DI
RECTHIMAE L Z LR TE T (entry9),

’Pr%C@R Rh,(S-TCPTTL),
(1-2 mol%) i @\
1ci-cq (1 equiv) PhI(OAc), (2 equiv) PrO=C R

+ MgO (2equiv) NHS0,0
NH,S0,0 MeOH, 0 °C, 24 h . . .
O O u
._“ O Bu "
Me 3

2t (1-1.2 equiv)

R—e

(i) (i)

®-Bu
O O O (P)
O OMe O F O Bu 1
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entry 1 3 Rh catalyts (mol%) yield” (%) ee’ (%)

1 Ici (+)-3cit 1 68 77
2 1¢j (+)-3cjt 1 41 74
3 1ck (+)-3ckt 2 76 84
4 Lcl (+)-3clt 1 65 77
) lcm (+)-3cmt 2 48 77
6 len (+)-3cnt 1 71 85
7 1co (+)-3cot 2 84 83
8 lcp (+)-3cpt 1 67 69
9 lcq (=)-3cqt 1 71 80

% The reaction was carried out with 1ci-cq and 2t (1-1.2 equiv) in the presence of Rha(S-TCPTTL)4 (1-2 mol%), PhI(OAc).
(2 equiv), and MgO (2 equiv) in MeOH at 0 °C for 24 h. * Isolated yield. - Determined by HPLC analysis using a chiral stationary

phase column (Chiralpak AD-H, Chiralpak IB, or Chiralpak IC).

Table 3.5 Scope of enantioselective desymmetrization of adamantanes 1 via Rh-catalyzed C-H amination *
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FaE KFEWET I/ BEFSEAOXH

KIT, FONHEEET I BFE AL OBBR)ICE Rz, WIoic, 3 ZIFRET 2

LT, TV R VEKELOT I BRI GRERA T, T 1IN
LR EZRBICT B0, TATAENDOBEIC TV,
(Scheme 3.7),

HO
B=a® ®
NHS0,0 O LiAIH, NHS0,0 O F

O THF, reflux, 3 h O
O )

+)-3cnt (85% ee)

MRIRME® NMR 1T X
P X F AR~ B /-

(+)-4 (84% yield)
Scheme 3.7 Reduction of (+)-3cnt

T, Du Bois HIC Lo THMEINT WD WRANFK YT I FOBRERIEZ BRET L 7223,
pyridine DIEHMD G T X 72720 HIWDO T I 7 T a =35 5 1172 5> 5 72 (Scheme 3.8)

HO !e

NHSOZO E
pyridine (20 eq.) HO, !g O
—»
MeCN/H,0, 70 °C HoN O E
(+)-4 no reaction

Scheme 3.8 Amine deprotection by heating in aqueous pyridine

47



Vi

Kic, RIEFHIC X 2 iR % A 72 (Table 3.6), HEILICKEELF Y v 2L, A%/ —
JLIREEF 100 °C CTHIREZ TR o 7223, RIGIZEET L b o7z, 2 2T, ARG EZHW
TRIGERE% 150°C I EIFTa7zE A, NMR THIWYIO Y — 27 2RI 22 & TE =, LD
LB cE RVEIERY AL TWB I Lhibh o, RO R, FMT 22 LT, #
Beiz 7 3 7 T Aa—%k QBINETHL Z LITkINL 72,

HO
O NaOH (40 eq) !e O
MeOH Hon O
F

Bu
(+)-4 (+)-5
entry temp. (°C) conc. (M) Yield (%)
1 100 0.05 0
2 150 0.05 impure
3 150 0.025 92

Table 3.6 Deprotection of 4

FE\> T, Table 3.6 TRH L 72&MHEZHWT, 3eqt ZMAKDEEL 72, FEF. IN G LT 2
e, HmR@EVICT 7= VHRAEORIEESER L CnWE L2 ERT I LN TE
(Scheme 3.9),

iPro,C Me - N
NHSO,0
NaOH 1N HCI
> »| HOOC Me
MeOH 7
Me 150 °C, 24 h . HsN cr
O (66% NMR yield)
L-alanirne analogue
tBu \. /
(-)-3cqt (80% ee) (+)-6

Scheme 3.9 Deprotection of 3cqt to prepare 6 as a large analog of L-alanine hydrochloride.
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EBSH PRTFRFOERK

Jent ¥ AN T 4 v 7wy 7 LCHIHT 2Ra 2 %ML 72 (Scheme3.10), £3. 7
B2V Ay kaTIlb DOV _XTF FOERERS Tz, T, 3ent Z/KELA Y 7 L CUBELL T,
IATATLD B ENKDREL T2 T &L 3-AF N I-T XV RV ALK VBT AT A EHEE &
HTCHhT, MRE LT, HIfRE D ICF IV REREZLS 2Ll VT FVAEK8 2/{5 C
LW TET,

Pro,C !

O =4~
NHS0,0 O . NHS0,0 O .

&, &,
_—
MeOH/H,O
reflux, 15 h
O Me (83% yield) O Me
Bu
(

Bu
(+)-3cnt (85% ee) —)-7

Ve

N
MeOOC NH, H
MeOOCﬁ,N O
o}
HBTU (1.1 equiv) NHSO,0 O F

DIPEA (1.1 equiv)

CH4CN

60°C, 19 h Ve
(57% yield) O

Bu
. J

dipeptide (+)-8

\

Scheme 3.10 Conversion of an enantioriched amino acid derivative into dipeptide 8
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Fe6fi vy I7EBERMFADETH

% 6 HiTld. 3ent ® >y TIHA~DLEWLL ZNDBNL L 72 Pd EARD A K % AT 5 72(Scheme
311, T FWIDIC, Table 3.6 THOLNZT I/ T A a—iu 5 OKEBHES % TBS (R L. 7 3
VOEFVFATATE FERIGIR Ty y ZHERMN T 10 &K L 72, &EMICIE, 7Y
VLRI E B ZETHT AT ST T LA I~ L 7,

HO TBSCI  TBSO
O imidazole O
ﬁ
HoN O DMF H,N O
2 Fort,18h 2 F
(+)-5 -9

(62% yield) @)
CHO
TBSO !g @OH
q O O B AcOH (1 drop)
- F ‘ EtOH, MS5A
80 °C, 4 h
OH (64% yield)

Schiff base ligand
(+)-10

( \
TBSO\@\
Ar
‘ Pd(OAC), =N_ 0
MeOH RN
rt,5h (0) N=
(97% yield)

Scheme 3.11 Synthesis of Schiff base ligand and Pd complex.
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ETEH ENREDORE

SEIEWR L 72T &~ v 2 v Egtghk b ONAEW.T I BEFHEROHONELE 2 RE T 5 79I
7% HIRDOR)-7 = AFAT I v EMGEE, 12 %4 L7 (Scheme3.12), 12 D 2-7' 1 %) —
WVEIRIEIRIC ~F ¥ v ZHEEE ¢ 5 2 & CREL &, X BASEERIT 2 £ L 72 & 2 5,
3ent DHENTLE % 1R,3S5,58,7S LIRET B Z L 8 TE 7= (Figure3.7), £/, 7 X<V & VEHE
EAARLE RMT e, R TIISIEE RS TE S,

HOOC !e : H
NHSO20, O F HBTU (1.1 equw)

O DIPEA (1 1 equiv)
_——
CH3CN
60°C,20 h
M )
O © (64% yield)
Bu
(-)-7 (85% ee) (+)-12 (>99% ee after recrystallization)

Scheme 3.12 Reaction of 7 with (R)-1-phenylethylamine to determine the absolute configuration of 3cnt.
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Figure 3.7 Oak Ridge Thermal Ellipsoid Plot (ORTEP) drawing of the X-ray structure of 12 with 30%
thermal ellipsoids. Hydrogen atoms except H8 and H41 are omitted for clarity.
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Yh{b —> ’R"\E% R = Me or Ph

R’ = alkyl
n=1or2

J\ PFe
N

Q\ _0 Ircat. (1 mol%) (\)\ .0
S7~  HCO,NH, (9 equiv.) . .
N — > NH ) —
/ DMF/H,0, 60 °C, 6 h /@ I_/Ir\g
45% yield, 65% ee Ir cat.

L= (4'MeC6H4)3P

Scheme 4.1 Development of Cp*-CAFeC and Ir-catalyzed asymmetric transfer hydrogenation
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(catalyst) O O Bu HoN
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Scheme 4.2 Enantioselective desymmetrization of adamantane via rhodium-catalyzed C-H bond amination

and transformation of an enantioriched amino acid derivatives containing adamantane core
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General. All anaerobic and moisture-sensitive manipulations were carried out with standard Schlenk
techniques under predried nitrogen or glove box techniques under prepurified argon. NMR spectra were
recorded at 400 MHz or 500 MHz for 'H and 100 MHz or 125 MHz for *C. Chemical shifts are reported
in 0 ppm referenced to an internal SiMe, standard for "H NMR and chloroform-d (6 77.0) for *C NMR.
High-resolution mass spectra were recorded on Orbitrap mass spectrometers. Single crystal X-ray
diffraction data were collected at 173 K on a CCD diffractometer with Mo Ka (A = 0.71073 A) radiation
and graphite monochromator.

Materials. THF and Et,O were distilled from sodium benzophenone-ketyl under argon prior to use. CH>Cl,
was distilled from CaH, under nitrogen and stored in a glass flask with a Teflon stopcock under nitrogen.
Methanol (MeOH) was distilled from magnesium under nitrogen and stored in a glass flask with a Teflon
stopcock under nitrogen. Anhydrous CH3;CN, anhydrous N,N-dimethyformamide, diphenylmethyl
bromide, isopropyl iodide, ethyl iodide, ferz-butyllithium, acrylamide, sodium hydrogen carbonate,
tetrabutylammonium chloride (TBAC), LiAlH4, 1M HCI, silver triflate, copper (II) chloride, triethylamine
(EtzN), nitromethane, potassium tert-butoxide (t-BuOK), lithium hexamethyldisilazide
(LiHMDS), sulfur, copper(I) chloride, triphenylphosphine, tris-p-tolylphosphine, potassium
hexafluorophosphate, ammonium formate, and dichlorobis(triphenylphosphine)palladium were used as
received. [IrCl(cod)]»," (Sp)-1-iodo-2-[(2S ,45)-4-(methoxymethyl)-1,3-dioxan-2-yl]-1°2°,3° 4’ 5’-
pentamethylferrocene ((S.5,5;)-1),2 3-methylbenzo[d]isothiazole 1,1-dioxide (28)¥, and Triphenyl-

cyanomethyl phosphonium bromide® were prepared according to the reported procedures.

Procedures for the Preparation of Iminium Salt ((R,)-[SmH]OTY).

MeO I PdCly(PPhj),
0 (cat.) MeO H2N —
(0] acrylamide 0
N - 0
e ye 1200 N
e € BuyNClI e/@\Me

(S,5,5,)1 (S,S,Rp)-2

(Rp)-(-)-1-((E)-(3-Amino-3-oxoprop-1-en-1-yl))-2-[ (25 ,45)-4-(methoxymethyl)-1,3-dioxan-2-yl]-

1’,2° 3’ 4’ ,5’-pentamethylferrocene  ((S,5,Rp)-(-)-2): A mixture of  (S;)-1-iodo-2-[(2S4S5)-4-
(methoxymethyl)-1,3-dioxan-2-yl]-1°,2*,3’ 4’ 5’-pentamethylferrocene ((S,S,S,)-1) (36.9 mg, 72.0 umol),
PdC1,(PPhs), (10.1 mg, 14.4 pmol), acrylamide (15.4 mg, 216 umol), NaHCO; (20.6 mg, 245 pmol), and
TBAC (16.0 mg, 58.0 umol) in DMF (0.25 mL) was stirred at 120 °C for 24 h. Then the mixture was
concentrated under reduced pressure. The crude mixture was purified by silica-gel column chromatography
(CH:Cl/MeOH =30/1) to afford the title compound (28.0 mg, 61.5 pmol) (85% yield) as red oil. 'H NMR
(CDCls): 6 1.44-1.50 (m, 1H), 1.78 (s, 15H), 1.74-1.85 (m, 1H), 3.35 (s, 3H), 3.45 (dd, /= 104, 3.6 Hz,
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1H),3.47 (dd,J=104,7.2 Hz, 1H),3.89 (t,J/ =24 Hz, 1H),3.91-3.93 (m, 1H), 3.96 (td, /= 12.0, 2.4 Hz,
1H), 4.03-4.10 (m, 1H), 4.16-4.18 (m, 1H), 4.30 (ddd, J = 11.6,4.9,0.7 Hz, 1H), 5.35 (s, 1H), 5.45 (br s,
1H), 5.85 (br s, 1H), 6.25 (d, J = 16.0 Hz, 1H), 7.40 (d, J = 15.6 Hz, 1H). 3C NMR (CDCls): § 10.6,27.3,
59.2, 66.7, 729, 743, 75.6, 76 4, 77.5, 81.6, 82.9, 994, 117.8, 141.1, 168.7. HRMS (ESI) calcd for
CysH33FeNO, (M- e7) 455.1754, found 455.1748. [a]®¥p = — 408 (¢ 0.01, CHCL3).

H,N meo H2N
e "N\ L] o DN
i o HCI
<5 L TR - LT
b Ve (Ee) " /L;\O "
e

Me Me Me

(S,S,Rp)-2 (S,S,R,)-3 (Rp)-4

(Rp)-1-(3-Aminopropyl)-2-[(2S ,45)-4-(methoxymethyl)-1,3-dioxan-2-yl]-1°,2°,3’ 4°,5-
pentamethylferrocene ((S,S,R;)-3): To a suspension of LiAlH, (184 mg, 4.83 mmol) in THF (3.5 mL)
was slowly added a solution of (S,S,Rp)-(-)-2 (315 mg, 691 pumol) in THF (8.6 mL) via cannula at 0 °C.
The reaction mixture was then warmed to refluxing temperature and stirred for 6 h. The mixture was then
cooled to 0 °C and carefully quenched with Na,SO4210H,0. After adding excess Na,SOs, the mixture was
filtered and concentrated on a rotary evaporator to afford the title compound as yellow oil that was used to
the next step without purification. (Rp)-(-)-4,5-Dihydro-3H-1’,2° 3’ 4°,5’-pentamethylferroco[c]azepine
((Rp)-(-)-4): To a solution of (S,S,R,)-3 (85.3 mg, 192 pmol) in acetone (3.7 mL) was slowly added 1 M
HCI (0.29 mL) at 0 °C. The reaction mixture was stirred at the same temperature for 15 min. Then the
mixture was quenched with sat. NaHCO; aq. and extracted with CH>Cl, four times. The organic layers were
combined, dried over Na,SOy, filtered, and concentrated on a rotary evaporator. The crude mixture was
purified by PTLC on silica gel (CH,Cl,/MeOH/Et:N = 10/1/0.01) to afford the title compound (22.1 mg,
68.4 umol) (35% yield, 2 steps) as orange oil. 'H NMR (CDCl;): 6 1.78-7.83 (m, 1H), 1.82 (s, 15H), 1.92-
201 (m, 1H),2.50 (ddd,J=16.4,12.0,4.4 Hz, 1H), 2.62 (dt,J = 8.4,3.6 Hz, 1H), 3.18-3.26 (m, 1H), 3.82-
3.86 (m, 3H), 4.05 (dd, J = 14.4,7.2 Hz, 1H), 7.73 (s, 1H). *C NMR (CDCl): $ 10.7, 26.0, 27.7, 53.6,
74.7,75.3,80.9, 87.4,161.8. HRMS (ESI) calcd for CisHosFeN (M+H*) 324.1409, found 324.1395. [a]'®p
=-210 (c 0.01, CHCI3).
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NZb isopropyl iodide Yg:b AgOTf g':b
Me/l;\Me © Me/l;\Me © o Me/L;\Me

Me Me Me
(Ry)-4 (Rp)-[5mH]I (Rp)-[5SmH]OTf

(Rp)-2-Isopropyl-4,5-dihydro-3H-1’ 2’ 3’ 4°,5’-pentamethylferroco[c]azepin-2-ium iodide ((R;)-
[SmH]I): A mixture of (R,)-(—)-4 (50.7 mg, 157 umol) and isopropyl iodide (0.31 mL, 3.14 mmol) in dry
acetonitrile (0.31 mL) was stirred at refluxing temperature for 30 min. The mixture was concentrated under
reduced pressure and purified by reprecipitation (CH,Cl>/hexane) to give the title compound (74.0 mg, 150
pmol) (96% yield) as purple gummy solid. (R,)-(-)-2-Isopropyl-4,5-dihydro-3H-1’,2°,3’ 4°,5-
pentamethylferroco[c]azepin-2-ium trifluoromethanesulfonate ((Rp)-(-)-[SmH]OTf): A mixture of
(Rp)-[SmH]I (94.7 mg, 0.192 mmol) and silver trifluoromethanesulfonate (59.1 mg, 0.23 mmol) in dry
CH.Cl, (1.9 mL) was stirred at room temperature for 2 h. The mixture was concentrated under reduced
pressure and purified by reprecipitation (CH,Cl,/hexane) to give the title compound (108 mg, 0.211 mmol)
(>99% vyield) as purple gummy solid. '"H NMR (CDCls): 6 1.40 (d, J = 6.8 Hz, 3H), 1.47 (d, J = 6.8 Hz,
3H), 1.68-1.80 (m, 1H), 1.81 (s, 15H), 2.36 (ddt, J = 15.6, 8 4, 4.4 Hz, 1H), 2.57-2.71 (m, 2H), 3.11 (dd, J
=14.8,10.8 Hz, 1H),3.84 (dd, /= 14.8,8.0 Hz, 1H), 4.45-4.48 (m, 1H),4.50 (t,J = 2.8 Hz, 1H),4.63 (sept,
J=68 Hz, 1H), 4.71 (dd,J = 2.8, 1.6 Hz, 1H), 8.76 (s, 1H). *C NMR (CDCls): § 10.8,20.3, 20.6, 24 4,
26.7,49.2, 63.5,69.2, 81.1, 82.0, 82.6, 844, 87.4, 170.1. HRMS (ESI) calcd for C»,H3FeN (M-TfO")
366.1879, found 366.1866. [a]*¥p = 3890 (¢ 0.001, CHCL).

Procedures for the Preparation of Iminium Salt ((R,)-[10mH]OTY).

O,N OH
MeO OHC MeNO, 2 O,N
O EtsN MeQ o. — MeO o
(o) TMEDA-Cu cat. ‘k//o
Me Me M /@*M /LC;\
Me e e Me Me,

Me Me

(S,S,Rp)-6 (S,S,Rp)-7a (S,S,Rp)-Ta’

(Rp)-1-((E)-2-nitro-ethylen-1-yl)-2-[(2S ,4S5)-4-(methoxymethyl)-1,3-dioxan-2-yl]-1°,2° 3’ 4°,5’-

pentamethylferrocene ((S,S,R,)-7a): (S,S,R,)-6 (450 mg, 1.08mmol)and CuCl, (117 mg, 0.868 mmol)
were weighed into a flask, which was then purged with nitrogen. To this were added MeOH (7.0 mL),
triethylamine (219 mg, 2.16 mmol), TMEDA (100 mg, 0.864 mmol), and nitromethane (461 mg, 7.56
mmol). The reaction mixture was stirred at room temperature overnight, quenched with NH4CI, and
extracted with CH>Cl, three times. The organic layers were combined, washed with brine, dried over

Na,SOs, filtered, and concentrated on a rotary evaporator. The crude mixture was purified by silica-gel
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column chromatography (hexane/Et,O = 1/1) to afford the mixture of 7a (0.378 mmol) and 7a’ (0.346

mmol) as purple gummy solid.

LN

H
MeO o = MeO o
go%\b LiAIH, ik//o
—
H ge H ey €9
Me/QMe Me’@\Me

Me Me
(S.S.Ry)-7a (S.S.Ry)-8

(Rp)-1-(2-Aminoethyl)-2-[(2S ,45)-4-(methoxymethyl)-1,3-dioxan-2-yl]-1°,2° 3’ 4°,5’-pentamethyl
ferrocene ((S,S,R,)-8): To a suspension of LiAlH4 (202 mg, 5.32 mmol) in Et,O (16 mL) was added slowly
a solution of (S,S,R;)-7a (296 mg, 0.647 mmol) in Et;O (34 mL) via cannula at 0 °C. The reaction mixture
was then allowed to warm to room temperature and stirred for 1 h. The reaction mixture was cooled to 0 °C
and carefully quenched with Na,SO, * 10H,O before adding excess Na,SO,. The slurry mixture was filtered,
and concentrated on a rotary evaporator to afford the title compound (265 mg, 0.618 mmol) as yellow oil.
'"H NMR (CDCls): 6 1.43-1.53 (m, 1H), 1.75 (qd, J = 12.6, 5.3 Hz, 1H), 1.83 (s, 15H), 2.27 (dt, J = 13.1,
6.6 Hz, 1H), 2.42 (dt, J = 13.3, 6.0 Hz, 1H), 2.68-2.84 (m, 2H), 3.35 (s, 3H), 3.36 (dd, J = 10.1, 4.1 Hz,
1H),3.45 (dd,J=10.1, 6.4 Hz, 1H), 3.49-3.52 (m, 1H), 3.61 (t,J =2.3 Hz, 1H),3.83 (dd, J=2.3, 1.4 Hz,
1H), 391 (td,J=12.1,2.5 Hz, 1H), 3.96-4.03 (m, 1H), 4.23-4.29 (m, 1H), 5.28 (s, 1H).

HoN
w5 N2 O =
53 @ HCl aq. @ iPrl @ — g ® g
e 2o e 1© Mo~ e o e e

oTf
Me
Me Me Me

(S.S.R,)-8 (R,)-9 (R,)-[10mH]I (R,)-[10mH]OTF

(Rp)-3,4-Dihydro-3H-1’,2’ 3’ 4’ ,5’-pentamethyferroco[c]pyridine ((Rp)-9): To a solution of (S,5,R,)-8
(265 mg, 0.618 mmol) in acetone (11.7 mL) was slowly added 1 M HCI (0.93 mL) at O °C. The reaction
mixture was stirred at the same temperature for 15 min. Then the mixture was quenched with sat. NaHCO;
aq. and extracted with CH,Cl, four times. The organic layers were combined, dried over Na,SOy, filtered,
and concentrated on a rotary evaporator to afford the title compound as orange oil that was used without
purification. (Rp)-2-Isopropyl-4,5-dihydro-3H-1°,2’ 3’ 4’ ,5’-pentamethylferroco[ c]pyridine-2-ium
iodide ((Rp)-[10mH]I): A mixture of (R;)-9 (95.5 mg, 0.309 mmol) and isopropyl iodide (0.62 mL) in dry
acetonitrile (0.62 mL) was stirred at refluxing temperature for 30 min. The mixture was concentrated under
reduced pressure and purified by reprecipitation (CH,Cl,/hexane) to give the title compound (135 mg, 0.281
mmol) (45% yield, 2 steps) as purple gummy solid. 'H NMR (CDCls): 5 1.50 (d, J = 6.7 Hz, 3H), 1.55 (d,
J=6.5Hz,3H), 1.85 (s, 15H), 2.64-2.84 (m, 2H), 3.29-3.40 (m, 1H), 3.74-3.89 (m, 1H), 4.34 (s, 1H), 4.33-
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4.36 (m, 1H), 4.51-4.55 (m, 1H), 4.76-4.82 (m, 1H), 4.83 (sept, J = 7.2 Hz, 1H), 10.1 (brs, 1H). (Rp)-2-
Isopropyl-4,5-dihydro-3H-1’,2’ .3’ 4’ ,5’-pentamethylferroco[c]pyridine-2-ium
trifluoromethanesulfonate ((Rp)-[10mH]OTY): A mixture of (R;)-[10mH]I (91.0 mg, 0.190 mmol) and
silver trifluoromethanesulfonate (58.6 mg, 0.228 mmol) in dry CH,Cl, (1.9 mL) was stirred at room
temperature for 2 h. The mixture was concentrated under reduced pressure and purified by reprecipitation
(CH,Cly/hexane) to give the title compound (94.3 mg, 0.188 mmol) (99% yield) as purple gummy solid. 'H
NMR (CDCl): 6 1.46 (d,J=6.6 Hz,3H), 1.51 (d,J = 6.6 Hz,3H), 1.81 (s, 15H), 2.66 (ddd, /= 16.8,10.7,
6.3 Hz, 1H),2.78 (dt,J = 16.3,5.9 Hz, 1H), 3.27-3.37 (m, 1H), 3.70-3.77 (m, 1H), 4.35 (d, /= 2.3 Hz, 1H),
4.46 (sept,J = 6.8 Hz, 1H),4.53 (t,J = 2.5 Hz, 1H), 4.65-4.68 (m, 1H), 9.33 (s, 1H).

Procedures for the Preparation of Iminium Salt ((R,)-[16mH]I).

MeO 0

1) BuLi MeQ
5{)%/% 2; DI\L;IFI goo%@
H

(S.S,Rp)-11 (S,S,R,)-12

(Rp)-1-Formyl-2-[(2S 4S)-4-(methoxymethyl)-1,3-dioxan-2-yl]-1°,2°,3’ 4’ ,5’-pentaphenylferrocene
((S,S,Rp)-12): (S,S,Rp)-11 (564 mg, 0.810 mmol) was weighed into a flask, which was then purged with
nitrogen. To this was added dry THF (2.4 mL), cooled to —78 °C, followed by adding 1.6 M tBuL.i (1.5 mL,
2.43 mmol), allowed to stirred at room temperature for 30 min. The mixture was cooled again to —78 °C,
DMF (177.6 mg, 2.43 mmol) was added, and allowed to stirred at room temperature for 1 h. The mixture
was quenched with NH.Cl aq., extracted with EtOAc three times, dried over Na,SOs, filtered through celite
pad, and concentrated on a rotary evaporator. The crude mixture was purified by silica-gel column
chromatography (Hexane/EtOAc = 3/1) to afford the title compound (283 mg, 0.391 mmol) (48% yield) as
red solid. 'H NMR (CDCls): 6 1.42-1.48 (m, 1H), 1.76 (qd, J = 12.9,5.2 Hz, 1H), 3.17 (dd, J = 10.0, 5.2
Hz, 1H),3.24 (dd,/=10.0,54 Hz, 1H), 3.29 (s, 3H), 3.63-3.75 (m, 2H), 4 .45 (t,J = 2.5 Hz, 1H), 4.80 (dd,
J=25Hz, 1H),4.86 (dd,J =23, 1.6 Hz, 1H), 5.55 (s, 1H), 7.00-7.10 (m, 20H), 7.13-7.18 (m, 5H), 10.2
(s, 1H).

MeQ  OHC ® o
oC)-H/@ PhsPCH,CN Br MeQ o T
— +BuOK ik//o
H - Fe
& "
Ph Ph Ph’L;\Ph

Ph

(S.S.Ry)-12 (S.S,Ry)-13

(Rp)-1-((E)-2-cyano-ethylen-1-yl)-2-[ (2S5 4S)-4-(methoxymethyl)-1,3-dioxan-2-yl]-1°,2° ,3° 4° ,5°-
pentaphenylferrocene ((S,S,R;)-13): To a solution of Triphenyl-cyanomethyl phosphonium bromide (132
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mg, 0.346 mmol) in THF (0.61 mL) was added rBuOK (97.1 mg, 0.865 mmol) at 0 °C and the obtained
mixture was stirred at the same temperature for 4 h. To the suspension was added (S,5,R;)-12 (125 mg,
0.173 mmol) in THF (1.4 mL) via cannula at 0 °C. The reaction mixture was stirred at 40 °C in an oil bath
overnight, filtered through celite pad, and concentrated on a rotary evaporator. The crude mixture was
purified by silica-gel chromatography (CH>Cl,/Methanol = 100/1) to afford the title compound (94.3 mg,
0.126 mmol) (73% yield) as red solid. 'H NMR (CDCl;)(trans isomer): & 1.38-1.44 (m, 1H), 1.68-1.79 (m,
1H), 3.15 (dd,J=10.0,5.9 Hz, 1H), 3.27 (dd, /= 10.0, 5.2 Hz, 1H), 3.35 (s, 3H), 3.56-3.68 (m, 2H), 4.07-
4.10 (m, 1H), 4.32-4.35 (m, 1H),4.38 (t,/ =2.7 Hz, 1H),4.72 (dd, /= 2.5, 14 Hz, 1H), 5.34 (s, 1H), 5.45
(d,J=16.3Hz, 1H), 6.96-7.04 (m, 10H), 7.05-7.12 (m, 10H), 7.13-7.20 (m, 5H), 7.45 (d,J = 16.5 Hz, 1H).

NC HoN
MeO o — MeO o
go LiAH, ik//o
SN > H 528
Ph*@\ Ph Ph Ph

Ph Ph

(S.S,Ry)-13 (S.S.R,)-14

(Rp)-1-(3-Aminopropyl)-2-[(2S ,45)-4-(methoxymethyl)-1,3-dioxan-2-yl]-1°,2°,3° 4°,5-
pentaphenylferrocene ((S,S,R;)-14): To a suspension of LiAlH, (48.6 mg, 1.28 mmol) in THF (4.7 mL)
was slowly added a solution of (S,S,R,)- 13 (138 mg, 183 pmol) in THF (9.2 mL) via cannula at 0 °C. The
reaction mixture was then warmed to refluxing temperature and stirred overnight. The mixture was then
cooled to 0 °C and carefully quenched with Na,SO4+10H,O. After adding excess Na,SO,, the mixture was
filtered and concentrated on a rotary evaporator. The crude mixture was purified by silica-gel
chromatography (CH>Cl,/MeOH/Et;N = 30/1/0.1) to afford the title compound (69.3 mg, 91.9 umol) as
yellow oil. 'H NMR (CDCls): 6 1.39 (d,J = 13.3 Hz, 1H), 1.51-1.60 (m, 1H), 1.62-1.78 (m, 5H), 2.26 (ddd,
J=143,85,6.0Hz, 1H),2.46 (ddd,J = 14.4,8.5,6.9 Hz, 1H), 2.60 (td, J = 6.8,2.5 Hz, 2H), 3.27 (dd, J
=6.8,6.0Hz,2H),3.33 (s,3H),3.51 (td,/=11.9,2.5 Hz, 1H), 3.69-3.73 (m, 1H), 4.06 (t,/ = 2.4 Hz, 1H),
4.07-4.09 (m, 1H),4.46 (t,J = 1.5 Hz, 1H), 5.27 (s, 1H), 7.04-7.10 (m, 20H), 7.12-7.16 (m, 5H).

MeO HoN
° % '/O @ Nib
O HCI Prl [€)
(e E——

F F
ph/@\ Ph Ph Ph © Ph Ph
Ph Ph Ph
(S.S,Rp)-14 (Rp)-15 (Rp)-[16mH]I

(Rp)-4,5-Dihydro-3H-1’,2’ 3’ 4’ ,5’-pentaphenylferroco[c]azepine ((R;)-15): (S,S,R,)-14 (173 mg, 0.230
mmol) was weighed into a flask, which was then purged with nitrogen. To this were added CH,Cl, (14.0
mL),and 10% HCI (14.0 mL) and the obtained mixture was stirred at room temperature for 2 h. The mixture

was quenched with K,COs, extracted with CH,Cl, three times, dried over Na,SOs, filtered through celite
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pad, and concentrated on a rotary evaporator to afford the title compound as orange oil that was used without
purification. (Rp)-2-Isopropyl-4,5-dihydro-3H-1’,2’ 3’ 4’ ,5’-pentaphenylferroco[ c]azepin-2-ium
iodide ((R,)-[16mH]I): A mixture of (R,)-15 (66.8 mg,0.105 mmol) and isopropyl iodide (0.21 mL) in dry
acetonitrile (0.21 mL) was stirred at refluxing temperature for 30 min. The mixture was concentrated under
reduced pressure and purified by reprecipitation (CH,Cly/hexane) to give the title compound (135 mg,
90.3umol) (39% yield, 2 steps) as purple gummy solid. 'H NMR (CDCl;): 6 1.20 (d, J = 6.6 Hz, 3H), 1.29
(d,J=6.6Hz,3H), 1.82-1.94 (m, 1H), 2.20-2.38 (m, 1H), 2.76-2.84 (m, 2H), 3.52-3.88 (m, 1H), 4.43 (sept,
J=6.3Hz, 1H), 4.82-4.85 (m, 1H),4.90 (t,J = 2.5 Hz, 1H), 5.66 (dd, J = 2.5, 1.1 Hz, 1H), 6.95-7.01 (m,
10H), 7.11-7.17 (m, 10H), 7.19-7.24 (m, 5H), 9.48 (s, 1H).

Procedures for the Preparation of Iminium Salt ((R,)-[20mH]I).

w TMEDA MeQ o =
(6) CuCl, ‘K//
- (o}
ST B 2
Ph/v\Ph oL ph

Ph

(S,S,R,)-12 (S,S,R,)-17

(Rp)-1-((E)-2-nitro-ethylen-1-yl)-2-[(2S ,45)-4-(methoxymethyl)-1,3-dioxan-2-yl]-1°,2° 3’ 4°,5°-
pentamethylferrocene ((S,S,R;)-17): (S,S,Rp)-12 (15.0 mg, 20.7 pmol) and CuCl; (3.3 mg, 24.8 pmol)
were weighed into a flask, which was then purged with nitrogen. To this were added MeOH (0.13 mL),
triethylamine (4.2 mg, 41.4 pmol), TMEDA (2.9 mg, 24.8 umol), and nitromethane (12.6 mg, 207 umol).
The reaction mixture was stirred at room temperature overnight, quenched with NH4Cl, and extracted with
CH,CI, three times. The organic layers were combined, washed with brine, dried over Na,SOy, filtered, and
concentrated on a rotary evaporator. The crude mixture was purified by silica-gel column chromatography
(hexane/Et,O = 1/1) to afford the title compound (12.3 mg, 16.0 pmol) (77% yield) as purple gummy solid.
'HNMR (CDCl): 6 1.42-1.48 (m, 1H), 1.77 (d,J = 12.6,4.5 Hz, 1H), 3.17 (dd,J=9.9,5.4 Hz, 1H), 3.29
(dd,J=99,54Hz, 1H), 3.33 (s, 3H), 3.60-3.70 (m, 2H), 4.12-4.18 (m, 1H), 4.37-4.42 (m, 1H), 4.51(t, J
=2.5Hz, 1H),4.86 (dd,J=2.2,1.1 Hz, 1H), 5.38 (s, 1H), 6.94-7.00 (m, 10H), 7.04-7.10 (m, 10H), 7.14-
7.19 (m, 5H),7.25 (d,J =13.7 Hz, 1H), 8.16 (d, J = 13.5 Hz, 1H).
O:N HoN

MeO =
€ 0 . MeO o
0 LiAIH, ‘k//o

Ph Ph Ph Ph
Ph Ph
(S,S,Ry)-17 (S,S,R,)-18

66



(Rp)-1-(2-Aminoethyl)-2-[(2S 45)-4-(methoxymethyl)-1,3-dioxan-2-yl]-1°,2°,3° 4°,5°-

pentaphenylferrocene ((S,S,R;)-18): To a suspension of LiAlH, (67.0 mg, 1.76 mmol) in THF (3.2 mL)
was added slowly a solution of (S,5,R;)-17 (161 mg, 0.210 mmol) in Et,O (6.4 mL) via cannula at 0 °C.
The reaction mixture was then allowed to warm to room temperature and stirred for 2 h. The reaction
mixture was cooled to 0 °C and carefully quenched with Na,SO, * 10H,O. After adding excess Na,SOs, the
mixture was filtered, and concentrated on a rotary evaporator. The crude mixture was purified by silica-gel
chromatography (CH,Cl,/MeOH/Et;N = 30/1/0.1) to afford the title compound (104 mg, 0.140 mmol) (67 %
yield) as a yellow oil. '"H NMR (CDCls): 6 1.36 (d,J = 13.4 Hz, 1H), 1.68 (qd,J = 12.5,5.2 Hz, 1H), 2.27-
2.36 (m, 1H), 2.44-2.50 (m, 1H), 2.44-2.50 (m, 1H),2.73 (t,J/ = 6.6 Hz, 1H), 3.25 (dd,J=4.8,4.5 Hz, 1H),
3.31 (s, 3H), 3.45-3.53 (m, 1H), 3.66-3.73 (m, 1H), 4.04-4.11 (m, 3H), 4.44-4.47 (m, 1H), 5.23 (s, 1H),

7.02-7.09 (m, 20H), 7.10-7.15 (m, 5H).
H,N

MeQ O, N@ isopropyl iodide N@
§\\//o - HClag. _ 9 propy ® 9
€)

Ph Ph Ph Ph
Ph

(S.S.Ry)-18 (Rp)-19 (Rp)-[20mH]I

(Rp)-3,4-Dihydro-3H-1’,2’,3’ 4’ ,5’-pentaphenylferroco[c]pyridine ((Rp)-19): (S.5,R;)-18 was weighed
into a flask, which was then purged with nitrogen. To this were added CH,Cl, (8.4 mL), and 10% HCI (8.4
mL) and the obtained mixture was stirred at room temperature for 2 h. The mixture was quenched with
K,CO:s, extracted with CH,Cl, three times, dried over Na,SOy, filtered through celite pad, concentrated on
a rotary evaporator, and purified by reprecipitation (CH,Cl»/Et,0) to give the title compound (81.2 mg, 131
umol) (94% yield) as orange oil. '"H NMR (CDCls): 6 2.25 (dd, J = 15.9,5.2 Hz, 1H), 2.65 (ddd, J = 15.9,
14.0,7.0 Hz, 1H), 3.13-3.24 (m, 1H), 4.28-4.31 (m, 2H), 4.39 (m, 1H), 6.95-7.01 (m, 10H), 7.04-7.11 (m,
10H), 7.12-7.17 (m, 5H), 828 (brs, 1H). (Rp)-2-Isopropyl-4,5-dihydro-3H-1’,2’,3’4’,5’-
pentaphenylferroco[c]pyridine-2-ium iodide ((R,)-[20mH]I): A mixture of (R,)-19 (26.0 mg,42.0 umol)
and isopropyl iodide (0.08 mL) in dry acetonitrile (0.08 mL) was stirred at refluxing temperature for 30
min. The mixture was concentrated under reduced pressure and purified by reprecipitation (CH,Cl,/hexane)
to give the title compound (25.2 mg, 31.9 pmol) (75%) as purple gummy solid. '"H NMR (CDCls): 6 1.30
(d,/J=6.8Hz,3H),143(d,J/=6.3Hz,3H),2.77 (ddd,J=16.3,6.3,1.4 Hz, 1H), 3.13 (ddd, /= 16.3, 13.6,
7.3 Hz,1H),3.59 (ddd,J=14.5,6.3,1.4 Hz, 1H), 3.64-3.75 (m, 1H), 4.18 (sept, J = 6.3 Hz, 1H), 4.77-4.80
(m, 1H), 492 (t, J = 2.3 Hz, 1H), 5.46-5.49 (m, 1H), 6.89-6.94 (m, 10H), 7.10-7.16 (m, 10H), 7.19-7.24
(m, 5H), 9.57 (s, 1H).
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Procedures for the Carbene Trapping Experiment with Elemental Sulfur.

‘7”5{\% C gase 7"\5/?” 7:

C) 8 >

X@ R”&R 1o0r2 B ° ,&\
R

General Procedure A. Iminium salt, base, and Ss were weighed into a flask. To this was added dry THF at
—78 °C under nitrogen. Then, the mixture was allowed to warm to room temperature or 50 °C in an oil bath
and stirred overnight. The mixture was concentrated under reduced pressure and purified by silica-gel

column chromatography (hexane/Et,0O) to afford the title compound.

(Rp)-(+)-2-Isopropyl-2,3.4,5-tetrahydro-1H-1’,2°,3’ 4’ 5’-pentamethylferroco[ c]azepine-1-thione
((Ry)-(+)-21m) was obtained using General Procedure A: (R,)-[SmH]OTf (26.5 mg, 51.4 umol),
LiHMDS (21.5 mg, 130 pmol), Ss (26.4 mg, 103 umol), and dry THF (0.51 mL) were used; carried out at

room temperature; purified by silica-gel column chromatography
(hexane/Et,O = 3/1) to afford the title compound (10.8 mg, 27.1 umol) (53% )’ N:b
S

Fe
yield) as red solid. '"H NMR (CDCl5): 6 1.20 (d,J = 6.8 Hz,3H), 1.26 (d,J = M /lg;\wl
e e
7.2 Hz, 3H), 1.81 (s, 15H), 1.86-1.94 (m, 2H), 2.44 (ddd,J=11.2,64,4.8 Me

Hz, 1H), 2.59 (ddd, J = 16.8, 14.8, 8.0 Hz, 1H), 3.02 (ddd, J = 14.8, 10.8, 6.0 Hz, 1H), 3.42 (dt, J = 14 4,
4.0 Hz, 1H),3.73 (t,J = 1.6 Hz, 1H), 3.83 (t,/ =24 Hz, 1H),4.81 (dd,J =24, 1.6 Hz, 1H), 5.76 (sept, J
= 6.8 Hz, 1H). 3C NMR (CDCls): 6 10.2, 184, 20.9, 24.8,30.9, 459, 52.7,73.9,75.1, 80.1, 80.8, 81 4,
87.1,200.6. HRMS (ESI) calcd for C»H3 1 NFeS (M—e) 397.1521, found 397.1508. [a]'®p = +889 (¢ 0.01,
CHCl;). mp: 114-119 °C. A single crystal suitable for suitable for X-ray single-crystal structure

determination was obtained by slow diffusion of n-pentane into CH,Cl, solution of 21m.>

(Rp)-2-Isopropyl-3.4,-dihydro-1H-1°,2° 3’ 4’ ,5’-pentamethylferroco[c]pyridine-1-thione ((R,)-22m)
was obtained using General Procedure A: (R,)-[10mH]I (6.5 mg, 13.6 umol), LIHMDS (4.6 mg, 27.2
pmol), Ss (7.0 mg, 27.2 umol), and dry THF (0.14 mL) were used; carried

N
out at room temperature; purified by silica-gel column chromatography 7’ S%

Fe
(hexane/Et,O = 3/1) to afford the title compound (0.9 mg, 2.4 pmol) (17% M /&\ M
e e
yield) as red solid. '"H NMR (CDCl;): 8 1.20 (d, J = 6.8 Hz, 3H), 1.31 (d, Me

J=6.8Hz,3H), 1.81 (s, 15H),2.33 (ddd, /= 14.7,12.2,54 Hz, 1H), 2.44 (ddd, /= 15.0,5.2,3.4 Hz, 1H),
339 (d,J=12.7,5.0Hz, 1H),3.61 (ddd,J=12.7,54,3.2 Hz, 1H),3.75 (dd,J = 2.3, 1.4 Hz, 1H), 3.94 (t,
J=2.5Hz, 1H), 6.10 (sept, J = 6.8 Hz, 1H).

(Rp)-2-Isopropyl-2,3.4,5-tetrahydro-1H-1’,2° 3’ 4’ 5’-pentaphenylferroco[c]azepine-1-thione  ((R;)-
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23m) was obtained using General Procedure A: (R,)-[16mH]I (23.3
mg, 29.0 umol), tBuOK (8.1 mg, 73.0 pumol), Ss (7.0 mg, 145 umol), 7"\%
S

and dry THF (0.29 mL) were used; carried out at 50 °C; purified by /&\
silica-gel column chromatography (hexane/Et,O = 3/1) to afford the title Ph Ph Ph

compound (5.3 mg, 7.5 umol) (26% yield) as red solid. 'H NMR

(CDCl3): 6 1.14(d,J=6.5Hz,3H),1.24 (d,J =69 Hz,3H), 1.71-1.82 (m, 1H), 1.89-2.01 (m, 1H), 2.40
(ddd,J=140,115,8.1 Hz, 1H),2.51 (dd,J= 144,69 Hz, 1H), 2.88 (td, J = 13.6, 5.3 Hz, 1H), 3.27 (dd,
J=143,50Hz, 1H),4.23 (t,/=2.4 Hz, 1H),4.24-4.26 (m, 1H),5.21 (dd,J =24, 1.6 Hz, 1H), 5.35 (sept,
J =638 Hz, 1H), 7.02-7.09 (m, 10H), 7.10-7.18 (m, 15H).

Procedures for the Preparation of Iridium Complexes.

LiIHMDS
CuCl
NS
® [Ir(cod)],

€
ng Me@*Me
M

e

(R,)-[5SmH]OTF

(S2,R,)-26m (Ra,Ry)-26m

(Rp)-(+)-Chloro[(1,2,5,6-1)-1,5-cyclooctadiene]-[2-isopropyl-4,5-dihydro-3H-1°,2° ,3° 4° 5°-

pentamethylferroco[clazepin-2-ylideneliridium ((R,)-(+)-25m): (R;)-(-)-[SmH]OTf (23.1 mg, 44.8
mmol), [IrCl(cod)], (18.1 mg, 26.9 mmol), CuCl (8.9 mg, 89.6 mmol), and LIHMDS (18.7 mg, 112 mmol)
were weighed into a flask. To this was added dry THF (0.45 mL) at =78 °C. Then, the mixture was allowed
to warm to room temperature and stirred overnight. The resulting mixture was concentrated under reduced
pressure and purified by PTLC on silica gel (hexane/Et,O = 1/1) to afford the title compound (9.0 mg, 12.9
mmol) (29% yield) as red oil. When (R;)-[SmH]I was used instead of (R,)-(-)-[SmH]OT( as carbene
precursor, (R,)-25m was obtained in 16% yield. The main product in this case was undesired iodo complex
(34% yield) formed by the halide exchange.® '"H NMR (CDCl5): 6 1.13-1.27 (m, 1H), 1.41 (d, J = 6.8 Hz,
3H),1.48 (d,J/=6.8 Hz,3H), 1.52-1.58 (m, 1H), 1.75-1.81 (m, 3H), 1.84 (s, 15H), 1.49-2.14 (m, 3H), 2.15-
2.28 (m, 2H), 2.29-2.38 (m, 1H), 2.44 (td, J = 7.6, 3.6 Hz, 1H), 2.61-2.72 (m, 2H), 3.66 (dd,J=2.4,1.2
Hz,1H),3.73 (dd,/=13.6,7.2 Hz, 1H), 3.86 (dd,J =13.6,9.2 Hz, 1H), 4.00 (t,J = 2.8 Hz, 1H), 4.31-4.38
(m, 1H), 4.46 (td, J = 84,40 Hz, 1H), 5.17 (t,J = 2.4 Hz, 1H), 643 (sept, J = 6.8 Hz, 1H). *C NMR
(CDCl3): 6 109,20.5,24.2,27.1,29.1,294,32.4,33.5,46.0,50.9,56.3,64.3,75.2,76.8,78.5,80.8, 81 4,
82.1, 85.0, 85.3, 241.3. HRMS (ESI) calcd for Cs;HasFelrN, (M—CI-+CH3CN) 707.2640, found 707.2618.
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[a]®p =+709 (c 0.01, CHCI3). mp: 128-132 °C.

(Sa,Rp)- and (Ra,R,)-Chlorodicarbonyl[2-isopropyl-4,5-dihydro-3H-1° 2’ 3’ 4° 5°-
pentamethylferroco[clazepin-2-ylidene]iridium ((Sa,R})- and (R.,R;)-26m): A solution of (R,)-(+)-25m
(17.5 mg, 25.0 pmol) in CH,ClL, (0.25 mL) was stirred at room temperature under carbon monoxide
atmosphere for 1 h. Then, the mixture was concentrated under reduced pressure to afford the title compound
(144 mg, 22.2 pumol) (89% yield) as red-purple solid. The following data are for a mixture of two
diastereomeric rotamers (0.7/0.3). '"H NMR (CDCl;): 6 1.36 (d,/J=7.0Hz,3 H), 143 (d,J=7.0Hz, 2.1
H), 146 (d,J=6.5Hz,09 H), 1.47-1.51 (m, 1H), 1.81 (s, 10.5 H), 1.82 (s, 4.5 H), 2.15-2.23 (m, 0.7 H),
2.23-2.30 (m, 0.3 H), 2.46-2.54 (m, 1H), 2.67-2.81 (m, 1H), 3.57 (dd, J = 13.5, 8.5 Hz,0.7 H), 3.76 (dd, J
=130,9.5Hz,0.3 H),3.81-3.91 (m, 2H), 4.12-4.15 (m, 1H),4.97 (dd,J=2.5,1.5Hz,0.3 H), 5.02 (dd, J
=2.5, 1.5 Hz, 0.7 H), 6.01 (sept, J = 7.0 Hz, 0.3 H), 6.06 (sept, J = 7.0 Hz, 0.7 H). *C NMR (CDCl):
5610.78,10.81, 18.7,19.7, 19.8, 200, 24.4,25.0,254,26 4, 29.7,46.9,47.0,65.9, 66.2,78.0, 78 2, 78 4,
79.8,80.8,80.9, 81.3,82.0,83.46,86.4,86.9,169.0,170.4, 182.0, 182.2,227.7,229.5. HRMS (ESI) calcd
for C,4H3 FelrNO, (M—CI) 614.1328, found 614.1323. mp: 154 °C (decompose). A single crystal suitable
for suitable for X-ray single-crystal structure determination was obtained by slow diffusion of n-pentane

into CH,Cl, solution of 26m.”

General Procedure for the Preparation of [Ir(cod)(CAFeC)(PAr;)]PFg.

(R,)-25m (Ry)-27m

General Procedure B. A mixture of (R;)-25m (1 equiv.), triarylphosphine (1 equiv.), and potassium
hexafluorophosphate (1.5 equiv.) in dry acetonitrile was stirred at room temperature overnight. The mixture
was concentrated under reduced pressure and purified by reprecipitation (CH>Cl,/hexane) to give the Ir
complex.
(Rp)-(+)-[(1,2,5,6-n)-1,5-cyclooctadiene]-[triphenylphosphine]-[2-isopropyl-4,5-dihydro-3H-

1’,2°,3’ 4’,5’-pentamethylferroco[ c]azepin-2-ylidene]iridium hexafluorophosphate ((R,)-(+)-27bimu)

was obtained using General Procedure B: Following the General

Procedure A: (R)-(+)-25m (13.9 mg, 19.8 pmol), triphenylphosphine NJ\ PFe
(5.2 mg, 19.8 umol), potassium hexafluorophosphate (4.8 mg, 25.7 /

pumol) and acetonitrile (70 pL) were used; purified by reprecipitation " Ph3P/|r< '
(CH,Cly/hexane) to give the title compound (21.8 mg, 20.3 mmol) as i ©s (R,)-27bimu i

red solid. 'H NMR (CDCLy): 8 0.41-0.45 (m, 3H), 1.46-1.51 (m, 3H),
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1.56-1.66 (m, 2H), 1.69 (s, 15H), 1.93-2.17 (m, 6H), 2.20-2.29 (m, 2H), 2.35-2.47 (m, 2H), 3.24-3.28 (m,
1H),3.31-3.38 (m, 1H), 3.62-3.68 (m, 1H), 3.70-3.75 (m, 2H), 3.76-3.78 (m, 1H), 3.80-3.84 (m, 1H), 4.02-
407 (m, 1H),4.85 (td, /= 13.5,6.0 Hz, 1H), 5.30 (sept, J = 6.5 Hz, 1H), 7.31-7.42 (m, 5H), 7.52-7.60 (m,
10 H). BC NMR (CDCl): 6 11.3,17.4,20.9,22.9,28.0,29.4,30.3,31.1,31.6,63.5,70.6,74.1,75.6,76 4,
80.7, 80.8, 81.4, 81.7, 87.2, 88.3, 922, 1289, 1290, 131.5, 1354.2, 240.1. HRMS (ESI) calcd for
C.sHssFelrNP (M-PF,) 928.3280, found 928.3259. [a]'®p = +611 (¢ 0.01, CHCl;). mp: 118-121 °C.
(Rp)-(+)-[(1,2,5,6-n)-1,5-cyclooctadiene]-[tris-(p-tolyl)phosphine]-[2-isopropyl-4,5-dihydro-3H-
1’,2°,3’ 4’,5’-pentamethylferroco[ c]azepin-2-ylidene]iridium hexafluorophosphate ((R;)-(+)-27bimx)
was obtained using the General Procedure B: (R,)-(+)-25m (9.1 mg, 13.0 pmol), tris-p-tolylphosphine
(7.0 mg, 13.0 umol), hexafluorophosphate (3.6 mg, 19.6 umol), and [ PFs
acetonitrile (0.13 mL) were used; purified by reprecipitation
(CH,Cly/hexane) to give the title compound (17.0 mg, 15.2 umol) as red Me5 Ir< g
solid. 'H NMR (CDCl;): 6 0.45 (d,J = 6.4 Hz,3 H), 1.48 (d,J = 6.4 Hz, (CGH4Me -4)3

3H), 1.52-1.64 (m, 2H), 1.66-1.78 (m, 1H), 1.70 (s, 15H), 1.89-2.10 (m, ,)-27bimx
5H),2.11-2.25 (m, 2H), 2.33-2.42 (m, 2H), 2.45 (s, 9H), 3.20 (tt, J = 8.0, 4.0 Hz, 1H), 3.29-3.36 (m, 1H),
3.62-3.77 (m, 3H), 3.74-3.79 (m, 1H), 3.78-3.82 (m, 1H),4.03 (t,/=2.4 Hz, 1H), 4.82 (td,J =13.2,6.0 Hz,
1H), 5.30 (sept, J = 6.8 Hz, 1H), 7.18-7.28 (m, 6H), 7.29-7.35 (m, 6H). *C NMR (CDCl): 5 11.2, 17 4,
209,21.4,229,28.0,29.5,30.3,31.0,31.4,42.3,652,70.7,74.0,75.5,76.3,80.3,80.8 (d, /= 13.4 Hz),
81.3,87.1,884,914 (d,/J=93Hz), 127.2,129.5 (d,J =9.4 Hz), 134.1, 141.8, 240 .4. HRMS (ESI) calcd
for CsiHeFelrNP (M—PF¢") 970.3755, found 970.3718 [a]*¥p = +519 (¢ 0.01, CHCL;). mp: 152-156 °C.

Ir complex 27bimx

Q.0 (1 mol%) Q.o
S" HCOzNH4 (9 eqUiV.) S\’
> NH

DMF/H,0, 60 °C, 6 h
28 (5)-29

Typical Synthetic Procedures for the Asymmetric Transfer Hydrogenation of Cyclic N-Sulfonylimine
10. (S)-3-Methyl-2,3-dihydrobenzo[d]isothiazole 1,1-dioxane ((S)-(-)-29): A mixture of 3-
methylbenzo[d]isothiazole 1,1-dioxide (28) (35.8 mg, 0.197 mmol), (R,)-9bimx (2.2 mg, 2.0 pmol), and
HCO,NH, (112 mg, 1.77 mmol) in DMF/H,O (0.22 mL/0.13 mL) was stirred at 60 °C for 6 h. Then, the
mixture was concentrated under reduced pressure and purified by PTLC on silica gel (CH,Cl,) to afford the
title compound (16.2 mg, 88.1 pmol) (45% yield, 65% ee). This product was characterized by comparison
of the spectroscopic data with those reported previously.® 'H NMR (CDCls): 6 1.63 (d, J = 6.4 Hz, 3H),
4.5 (br s, 1H), 4.80 (quint, J = 6.4 Hz, 1H), 7.40 (dd, J = 7.6, 0.8 Hz, 1H), 7.53 (t,J/ = 7.6 Hz, 1H), 7.64
(td,J=7.6,12Hz,1H),7.78 (d,J = 7.6 Hz, 1H). The enantiomeric excess of 29 was determined by HPLC
analysis with chiral stationary phase column. Daicel Chiralcel OD-H, hexane/i-PrOH = 4/1, 0.7 mL/min,
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tr = 13.9 min (major), ts = 17.7 min (minor). [a]"’p = -5.5 (¢ 0.1, CHCl5).
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General. All anaerobic and/or moisture-sensitive manipulations were carried out with standard Schlenk
techniques under predried nitrogen or glove box techniques under prepurified argon. NMR spectra were
recorded at 400 MHz or 500 MHz for 'H and 100 MHz or 125 MHz for *C{'H}. Chemical shifts are
reported in & ppm referenced to an internal SiMe, standard for 'H NMR and chloroform-d (8 77.0) for
BC{'H} NMR. High-resolution mass spectra were recorded on a Thermo Fisher Scientific Exactive
Orbitrap mass spectrometers (ESI). Single crystal X-ray diffraction data were collected at 173 K on a CCD
diffractometer with multilayer confocal mirror monochromated Cu K (4 = 1.54178 A).

Materials. Tetrahydrofuran (THF) and toluene were distilled from sodium benzophenone-ketyl under
argon prior to use. Methanol (MeOH) and ethanol (EtOH) were distilled from magnesium under nitrogen
and stored in a glass flask with a Teflon stopcock under nitrogen. Dichloromethane (CH>Cl,) was distilled
from calcium hydride (CaH,) under nitrogen and stored in a glass flask with a Teflon stopcock under
nitrogen. Anhydrous N,N-dimethylformamide (DMF), anhydrous acetonitrile (MeCN), isopropyl acetate
(‘PrOAc), acetone, magnesium oxide (MgO), iodobenzene diacetate (PhI(OAc),), molecular sieves SA
(MS5A), aluminum oxide (Al,Os), sodium carbonate (Na,COs), sodium hydrogen carbonate (NaHCOs),
sodium hydroxide (NaOH), potassium hydroxide (KOH), 2-(1H-benzotriazol-1-yl)-1,1,33-
tetramethyluronium hexafluorophosphate (HBTU), diisopropylethylamine (DIPEA), lithium aluminium
hydride (LiAlH.), t-butyldimethylchlorosilane (TBSCI), imidazole, salicylaldehyde, acetic acid (AcOH),
palladium(II) acetate (Pd(OAc),), and (R)-(+)-1-phenylethylamine were used as received. Disubstituted
adamantanes 1,7 4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl sulfamate (2t),> Rhy(OAc)s,” Rhy(S-
TCPTAD)s,” Rhy(S-TCPTA)s,> Rhy(S-TCPTV)4,Y Rhy(S-TCPTTL)s,” Rhy(S-TFPTTL)4,> Rho(S-
TCPTTL)5(S-PTTL),® Rhx(S-TCPTTL)3(PTAiB),” Rhy(S-NTA)4,” Rhy(S-NTPA).4,” Rho(S-NTTL),,”
Rhy(S-4-Br-NTTL),,” Rhy(R-BNP)4,¥ Rhy(S-PROTOS),,” PhI(OCO'Bu),,'” and PhI(OCOCMe,Ph),'®
were prepared according to the reported procedures. Methyl 3-aminoadamantane-1-carboxylate was
prepared from 3-aminoadamantane- 1-carboxylic acid by standard esterification conditions.!?

Procedures for the Enantioselective Desymmetrization of Adamantanes 1 via Rh-Catalyzed C-H

Amination.

Rhy(S-TCPTTL),
NH2802O (1 -2 mol%) i
, PhI(OAc), (2 equiv) FrO2C R
'Pro,C R + O O Bu MgO (2equiv) NHS0,0
MeOH, 0 °C, 24 h
e SaWa
Me

1ci-cq (1 equiv) 2t (1-1.2 equiv) 3

General Procedure. Disubstituted adamantane 1 (1 equiv), 4'-(fert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl
sulfamate (2t) (1 or 1.2 equiv), MgO (2 equiv), and Rh,(S-TCPTTL)4 (1 or 2 mol%) were weighed into a
flask, which was then purged with nitrogen. To this was added MeOH and the obtained mixture was stirred

at room temperature for 5 min. To the suspension was added PhI(OAc), (2 equiv) at 0 °C. After stirring for
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24 h, the reaction mixture was added Celite, filtered through Celite pad, washed with EtOAc, and
concentrated on a rotary evaporator. The resulting crude mixture was purified by PTLC on silica-gel or
silica-gel column chromatography to afford the desired product 3. The enantiomeric excess of product was
determined by HPLC analysis with a chiral stationary phase column (Daicel Chiralpak AD-H, Chiralpak
IC, or Chiralpak IB).

(+)-Ethyl 3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-5-(4-
methoxyphenyl)adamantane-1-carboxylate ((+)-3ait) was obtained using General Procedure: 1ai (28.7

mg, 91.3 umol), 2t (29.2 mg, 91.3 pmol), MgO (7.4 mg, 183 pmol), MeOH (0.18 mL),
Rhy(S-TCPTTL)4 (1.6 mg, 0.91 pumol), and PhI(OAc), (58.9 mg, 183 pmol) were used. Etozc%we

The crude mixture was purified by PTLC on silica gel (hexane/EtOAc = 4/1) to afford NHSOZO
the desired compound (29.4 mg, 46.5 umol) (51% yield, 73% ee) as colorless solid. 'H Me
NMR (400 MHz, CDCI,): & 1.22 (t, J = 7.3 Hz, 3H), 1.36 (s, 9H), 1.82-1.84 (m, 2H), Eu
1.84-1.88 (m, 2H), 1.95-1.98 (m, 2H), 2.03-2.06 (m, 2H), 2.09-2.12 (m, 2H), 2.17-2.20 ait

(m, 2H), 2.27 (s, 3H), 2.44 (sept, J = 3.2 Hz, 1H), 3.79 (s, 3H), 4.11 (q, J = 7.3 Hz, 2H), 4.64 (brs, 1H),
6.84-6.89 (m, 2H), 7.16-7.20 (m, 2H), 7.22-7.28 (m, SH), 7.40-7.45 (m, 2H). *C{'H} NMR (100 MHz,
CDCl,): 6 14.1,20.0,29.6,31.3,34.4,36.8,38.1,40.6,40.8,42.9,43.4,43.5,47.2,55.2,56.9,60.7,113.7,
1199, 1229, 125.1, 125.8, 128.7, 131.3, 134.2, 137.6, 140.0, 143.2, 148.1, 150.1, 157.9, 175.7. HRMS
(ESI) calcd for C37HisNNaO6S (M+Na*) 654.2860, found 654.2858. Chiralpak AD-H, hexane/EtOH = 9/1,
flow rate 0.5 mL/min, ¢ = 23.9 min (major), ¢ = 27.6 min (minor). mp: 44-48 °C. A single crystal suitable
for X-ray single-crystal structure determination was obtained by slow diffusion of n-hexane into a saturated
2-propanol solution of a scalemic mixture of 3ait (CCDC 2038343). Because the crystal was found to be
racemic, HPLC analysis of the mother liquor of the crystallization was conducted, and its enantiomeric
purity was revealed to >99% ee. [a],25 +1.34 (¢ 1.00, CHCL,).

(+)-Isopropyl 3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-5-(4-
methoxyphenyl)adamantane-1-carboxylate ((+)-3cit) was obtained using General Procedure: 1ci (28.0

mg, 85.2 umol), 2t (27.2 mg, 85.2 umol), MgO (6.9 mg, 170 umol), MeOH (0.17 mL), oo C@\@
Rhy(S-TCPTTL)4 (1.5 mg, 0.85 umol), and PhI(OAc), (54.9 mg, 170 umol) were used. NHSO;0 ome

The crude mixture was purified by PTLC on silica gel (hexane/EtOAc = 4/1) to afford O

Me
the desired compound (37.7 mg, 58.3 pmol) (68% yield, 77% ee) as colorless oil. 'H O
NMR (400 MHz, CDCL,): 6 1.19 (d, J = 6.1 Hz, 6H), 1.36 (s, 9H), 1.81-1.86 (m, 4H), B

1.90-1.98 (m, 2H), 2.04-2.06 (m, 2H), 2.09-2.14 (m, 2H), 2.15-2.20 (m, 2H), 2.27 (s,

3H), 2.44 (sept, J = 3.1 Hz, 1H), 3.79 (s, 3H), 4.68 (brs, 1H), 4.98 (sept, J = 6.1 Hz, 1H), 6.83-6.89 (m,
2H), 7.16-7.20 (m, 2H), 7.20-7.28 (m, 5H), 7.39-7.45 (m, 2H). *C{'H} NMR (100 MHz, CDCL,): 6 20.0,
21.7,29.6,31.3,34.5,36.7,38.1,40.6,40.8,42.8,43.3,43.5,47.1,552,56.9,67.8,113.7, 1199, 1228,
125.1,125.8, 128.7,131.3, 1342, 137.6, 140.1, 143.2, 148.1, 150.1, 157.9, 175.2. HRMS (ESI) calcd for
CssHisNNaOgS (M+Na*) 668.3016, found 668.3013. [a],2¢+ +2.87 (¢ 1.00, CHCL,). Chiralpak AD-H,
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hexane/EtOH = 9/1, flow rate 0.5 mL/min, f = 21.5 min (major), f = 25.7 min (minor).
(+)-Isopropyl 3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-5-(p-
tolyl)adamantane-1-carboxylate ((+)-3cjt) was obtained using General Procedure: 1¢j (39.5 mg, 126

pmol), 2t (40.4 mg, 126 pmol), MgO (10.2 mg, 252 pmol), MeOH (0.25 mL), Rh,(S- %
'PrO,C
TCPTTL)4 (2.3 mg, 1.3 umol), and PhI(OAc), (81.4 mg, 252 umol) were used. The crude " NHS0,0 Me

mixture was purified by PTLC on silica gel (hexane/EtOAc = 4/1) to afford the desired Q
compound (32.4 mg, 51.4 pmol) (41% yield, 74% ee) as colorless oil. 'H NMR (400 O Me
MHz, CDCl,): 6 1.19 (d,J = 6.1 Hz, 6H), 1.37 (s, 9H), 1.80-1.90 (m, 4H), 1.94-1.98 (m, Bu

3cjt

2H),2.02-2.10 (m, 2H), 2.10-2.20 (m, 4H), 2.27 (s, 3H), 2.32 (s, 3H), 2.42-2.48 (m, 1H),

4.61 (brs, 1H), 498 (sept, J = 6.1 Hz, 1H), 7.10-7.16 (m, 2H), 7.16-7.28 (m, 7H), 7.38-7.45 (m, 2H).
BC{'H} NMR (100 MHz, CDCL,): 6 200,209, 21.7,29.6,31.3,34.5,36.7,38.4,40.6,40.7,42.8,43 2,
435,469,569,67.8, 1199, 122.8, 124.6, 125.1, 128.7, 129.1, 131.3, 134.1, 1359, 137.6, 143.2, 1449,
148.1, 150.1, 175.2. HRMS (ESI) calcd for C;sHyNNaOsS (M+Na*) 652.3067, found 652.3059. [a] 2+
+2.53 (¢ 1.00, CHCL,). Chiralpak IC, hexane/EtOH = 9/1, flow rate 0.3 mL/min, ¢ = 28.8 min (minor), t =
33.2 min (major).

(+)-Isopropyl 3-([1,1'-biphenyl]-4-yl)-5-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-

yloxy)sulfonyl)amino)adamantane-1-carboxylate ((+)-3ckt) was obtained using General Procedure:

1ck (33.7 mg, 90.0 umol), 2t (33.1 mg, 104 umol), MgO (7.0 mg, 174 umol), MeOH !
'PrO,C
(0.17 mL), Rho(S-TCPTTL), (3.1 mg, 1.7 umol), and PhI(OAc), (55.6 mg, 174 pumol) NHS0,0 O O

were used. The crude mixture was purified by PTLC on silica gel (hexane/EtOAc = Q
Me

4/1) to afford the desired compound (47.6 mg, 68.8 umol) (76% yield, 84% ee) as O

colorless oil. 'H NMR (400 MHz, CDCL,): 0 1.21(d,J=6.3Hz, 6H), 1.35 (s, 9H), Bu

1.83-1.96 (m, 4H), 2.00-2.12 (m, 4H), 2.13-2.23 (m, 4H), 2.27 (s, 3H), 2.44-2.52 (m,

1H), 4.66 (brs, 1H), 5.00 (sept, J = 6.3 Hz, 1H), 7.18-7.27 (m, 5H), 7.31-7.38 (m, 1H), 7.38-7.46 (m, 6H),
7.56-7.60 (m, 4H). *C{'H} NMR (100 MHz, CDCl,): 6 20.1,21.7,29.6,31.3,34.5,36.8,38.6,40.7,42.9,
432,435,46.9,569,679,119.9,122.8,125.1,125.3,127.0, 127.1, 127.2, 128.67, 128.73, 131.3, 134 2,
137.6, 139.2, 140.7, 1432, 146 .9, 148.1, 150.1, 175.1. HRMS (ESI) calcd for CsH4NNaOsS (M+Na*)
714.3224, found 714.3216. [a] 24 +4.58 (¢ 1.00, CHCL,). Chiralpak 1B, hexane/EtOH = 9/1, flow rate 0.5
mL/min, £ = 21.8 min (minor), = 24.5 min (major).

(+)-Isopropyl  3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-5-(2'-methyl-
[1,1'-biphenyl]-4-yl)adamantane-1-carboxylate ((+)-3clt) was obtained using General Procedure: 1cl
(40.9 mg, 105 pmol), 2t (33.6 mg, 105 umol), MgO (8.5 mg, 210 pmol), MeOH (0.21 .
mL), Rhy(S-TCPTTL), (1.9 mg, 1.1 pmol), and PhI(OAc), (67.8 mg, 210 pmol) were O O O

used. The crude mixture was purified by PTLC on silica gel (hexane/EtOAc = 4/1) to O
afford the desired compound (48.1 mg, 68.2 pmol) (65% yield, 77% ee) as colorless O Me
oil. 'H NMR (400 MHz, CDCL,): 6 1.21 (d, J = 6.3 Hz, 6H), 1.34 (s, 9H), 1.84-1.96 By
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(m, 4H), 2.00-2.12 (m, 4H), 2.17-2.24 (m, 4H), 2.27 (s, 6H), 2.44 -2.50 (m, 1H), 4.68 (brs, 1H), 5.00 (sept,
J =63 Hz, 1H), 7.18-7.30 (m, 11H), 7.34-7.38 (m, 2H), 7.40-7.44 (m, 2H). BC{'H} NMR (100 MHz,
CDCl,): 620.0,20.5,21.7,29.6,31.3,34.5,36.8,38.6,40.7,42.9,43.2,43.5,46.9,56.9,67.9,119.9,122.9,
1245, 125.1, 1257, 127.2, 128.7, 129.2, 129.8, 130.3, 131.1, 134.2, 135.3, 137.6, 1399, 1414, 1432,
146.2, 148.1, 150.1, 175.2. HRMS (ESI) calcd for C4HsNNaOsS (M+Na*) 728.3380, found 728.3375.
[a],25 +1.94 (c 1.00, CHCL,). Chiralpak AD-H, hexane/EtOH = 9/1, flow rate 0.5 mL/min, ¢ = 16.4 min
(major), t = 25.6 min (minor).

(+)-Isopropyl 3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-5-(4'-methoxy-
[1,1'-biphenyl]-4-yl)adamantane-1-carboxylate ((+)-3cmt) was obtained using General Procedure: 1cm
(43.6 mg, 108 pmol), 2t (41.4 mg, 130 umol), MgO (8.7 mg, 216 pmol), MeOH

(022 mL), Rhy(S-TCPTTL),4 (3.9 mg, 2.2 pmol), and PhI(OAc), (69.4 mg, 215 0L O O O -

pmol) were used. The crude mixture was purified by PTLC on silica gel O
(hexane/EtOAc = 2/1) to afford the desired compound (37.6 mg, 52.1 pmol) (48% O Me
yield, 77% ee) as colorless oil. "H NMR (400 MHz, CDCL,): 01.20(d,J=6.1 Hz, By

6H), 1.35 (s, 9H), 1.83-1.94 (m, 4H), 1.99-2.12 (m, 4H), 2.15-2.24 (m, 4H), 2.27 Somt

(s, 3H), 2.44-2.50 (m, 1H), 3.85 (s, 3H), 4.67 (brs, 1H), 5.00 (sept, J = 6.1 Hz, 1H), 6.95-7.00 (m, 2H),
7.17-7.28 (m, 5H), 7.35-7.43 (m, 4H), 7.48-7.54 (m, 4H). *C{'H} NMR (100 MHz, CDCl,): 6 20.0, 21.7,
29.7,31.3,34.5,36.8,38,6,40.7,42.9,43.2,43.5,46.9,55.3,56.9,67.9,114.2,119.9,122.8,125.1, 125 2,
126.7, 128.0, 128.7, 131.3, 133.2, 134.2, 137.6, 138.9, 143.2, 146.2, 148.1, 150.1, 159.1, 175.2. HRMS
(ESD) calcd for C44Hs:NNaO4S (M+Na*) 744.3329, found 744.3330. [a] 25 +5.18 (¢ 0.53, CHCL,). Chiralpak
IB, hexane/EtOH = 4/1, flow rate 0.5 mL/min, f = 16.0 min (major), f = 17.0 min (minor).

(IR 3S,55,7S)-(+)-Isopropyl  3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-
5-(4'-fluoro-[1,1'-biphenyl]-4-yl)adamantane-1-carboxylate ((+)-3cnt) was obtained using General

Procedure: 1cn (35.0 mg, 89.2 umol), 2t (28.5 mg, 89.2 umol), MgO (7.2 mg, 178 !
wmol), MeOH (0.18 mL), Rhy(S-TCPTTL), (1.6 mg, 0.9 umol), and PhI(OAc), ’P’Och

(57.4 mg, 178 umol) were used. The crude mixture was purified by PTLC on silica O
gel (hexane/EtOAc = 4/1) to afford the desired compound (41.0 mg, 57.7 umol) O Me
(65% yield, 85% ee) as colorless oil. 'H NMR (400 MHz, CDCl,): & 1.20 (d,J=6.3 By

3cnt

Hz, 6H), 1.34 (s, 9H), 1.83-1.94 (m, 4H), 1.99-2.03 (m, 2H), 2.04-2.11 (m, 2H),

2.16-2.22 (m, 4H), 2.26 (s, 3H), 2.44-2.50 (m, 1H), 4.77 (brs, 1H), 5.00 (sept, J = 6.3 Hz, 1H), 7.11 (tt,J =
8.6, 2.9 Hz, 2H), 7.18-7.27 (m, SH), 7.37-7.43 (m, 4H), 7.47-7.55 (m, 4H). C{'H} NMR (125 MHz,
CDCl,): 6 20.0,21.7,29.6,31.3,34.5,36.8,38.6,40.6,42.9,43.1,43.5,46.8,56.9,67.9,115.6 (d,/=21.6
Hz),120.0,122.8,125.1,125.3,126.9,128.5 (d,/=8.4Hz),128.7,131.3,134.2,136.8,137.6,138.2,143.2,
1469, 148.1, 150.1, 162.4 (d, J = 245.9 Hz), 175.1. HRMS (ESI) calcd for Cs3HsFNNaOsS (M+Na*)
732.3129, found 732.3127. [a] 25 +2.80 (¢ 1.00, CHCL,). Chiralpak AD-H, hexane/EtOH = 9/1, flow rate
0.7 mL/min, ¢

s LR 3s.58.75 = 36.0 min (minor).

= 23.9 min (Major), ;¢ :; sp »
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(+)-Isopropyl 3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-5-(4'-(tert-
butyl)-[1,1'-biphenyl]-4-yl)adamantane-1-carboxylate ((+)-3cot) was obtained using General
Procedure: 1co (30.7 mg, 71.3 pmol), 2t (27.3 mg, 85.5 pmol), MgO (5.7 mg, 143

umol), MeOH (0.14 mL), Rhy(S-TCPTTL); (2.6 mg, 1.43 pumol), and PhI(OAc), ~°*° !g O O N

NHS0,0

(45.9 mg, 143 umol) were used. The crude mixture was purified by PTLC on silica Q
gel (hexane/EtOAc = 4/1) to afford the desired compound (44.7 mg, 59.8 pmol) O Me
(84% yield, 83% ee) as colorless oil. 'H NMR (500 MHz, CDCL,): 6 1.21 (d,J = By

3cot

6.3 Hz, 6H), 1.34 (s, 9H), 1.36 (s, 9H), 1.84-1.94 (m, 4H), 2.00-2.04 (m, 2H), 2.05-

2.12 (m, 2H), 2.15-2.22 (m, 4H), 2.27 (s, 3H), 2.47 (sept, J = 3.2 Hz, 1H), 4.65 (brs, 1H), 5.00 (sept, J =
6.3 Hz, 1H), 7.18-7.24 (m, 4H), 7.24-7.27 (m, 1H), 7.37-7.42 (m, 4H), 7.44-7.48 (m, 2H), 7.50-7.53 (m,
2H), 7.53-7.56 (m, 2H). *C{'H} NMR (100 MHz, CDCL,): 6 20.1,21.7,29.7,31.4,34.5,36.8,38.6,40.7,
43.0,43.2,43.5,46.9,56.9,67.9,119.9,1229,125.1,125.2,125.7,126.6,127.0,128.7,131.3,134.2,137.6,
137.8, 139.1, 143.2, 146.6, 148.2, 150.1, 150.2, 175.2. HRMS (ESI) calcd for C4Hs;NNaOsS (M+Na*)
770.3850, found 770.3856. [a] 25 +1.92 (¢ 1.00, CHCL,). Chiralpak 1B, hexane/EtOH = 9/1, flow rate 0.4
mL/min, ¢ = 18.2 min (major), f = 22.1 min (minor).

(+)-Isopropyl 3-butyl-5-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-
yDoxy)sulfonyl)amino)adamantane-1-carboxylate ((+)-3cqt) was obtained using General Procedure:

1cq (23.1 mg, 83.0 umol), 2t (26.5 mg, 83.0 umol), MgO (6.7 mg, 166 umol), MeOH (0.17

mL), Rhy(S-TCPTTL), (1.5 mg, 0.83 pumol), and PhI(OAc), (53.4 mg, 166 umol) were used. = NHSOZOB“
The crude mixture was purified by PTLC on silica gel (hexane/EtOAc = 4/1) to afford the Q
desired compound (33.4 mg, 56.0 umol) (67% yield, 69% ee) as colorless oil. 'H NMR (400 O Me
MHz, CDCL,): 6 0.88 (t, J = 6.8 Hz, 3H), 1.05-1.29 (m, 6H), 1.19 (d, J = 6.3 Hz, 6H), 1.36 By

3cpt

(s,9H), 1.39-1.43 (m, 2H), 1.51-1.60 (m, 2H), 1.65-1.79 (m, 4H), 1.90-1.99 (m, 2H), 2.00-

2.12 (m, 2H), 2.26-2.32 (m, 1H), 2.28 (s, 3H), 4.53 (brs, 1H), 4.97 (sept, J = 6.3 Hz, 1H), 7.17-7.20 (m,
2H), 7.23-7.27 (m, 3H), 7.41-7.45 (m, 2H). *C{'H} NMR (100 MHz, CDCL,): 6 14.1, 200, 21.7, 23 4,
24.7,29.4,31.4,345,35.0,37.1,399,41.0,42.4,42.9,43.2,46.6,56.8,67.6,119.9,122.9,125.1, 1287,
131.3,134.1,137.7,143.2,148.2,150.1, 175.5. HRMS (ESI) calcd for C3sH4NNaOsS (M+Na*) 618.3224,
found 618.3218. [a] ;25 +0.61 (¢ 1.00, CHCL,). Chiralpak AD-H, hexane/PrOH = 19/1, flow rate 0.5 mL/min,
t =33.2 min (major), t = 41.7 min (minor).

(-)-Isopropyl 3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-5-
methyladamantane-1-carboxylate ((—)-3cqt) was obtained using General Procedure: 1cq (32.1 mg, 136
umol), 2t (43.4 mg, 136 umol), MgO (11.0 mg, 272 pmol), MeOH (0.27 mL), Rhy(S-

TCPTTL)4 (2.4 mg, 1.4 umol), and PhI(OAc), (87.6 mg, 272 pmol) were used. The crude e NHSOZOMe
mixture was purified by PTLC on silica gel (hexane/EtOAc = 4/1) to afford the desired O
compound (53.3 mg, 96.2 umol) (71% yield, 80% ee) as colorless oil. 'H NMR (400 MHz, O e
CDCl,): 8092 (s, 3H), 1.19 (d,J = 6.1 Hz, 6H), 1.37 (s, 9H), 1.39-1.42 (m, 2H), 1.51-1.61 Bu

3cqt
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(m, 2H), 1.66-1.79 (m, 4H), 1.89-1.98 (m, 2H), 1.99-2.12 (m, 2H), 2.26-2.32 (m, 1H), 2.28 (s, 3H), 4.56
(brs, 1H), 4.97 (sept, J = 6.1 Hz, 1H), 7.16-7.20 (m, 2H), 7.23-7.28 (m, 3H), 7.41-7.45 (m, 2H). BC{'H}
NMR (100 MHz, CDCL,): 6 20.0,21.7,29.5,29.8,31.4,32.4,34.5,36.8,40.7,41.9,42.9,43.3,44.2,48 2,

56.7,67.6,119.9,1229,125.1, 128.7,131.3, 134.1, 137.7, 143.2, 148.2, 150.1, 175.4. HRMS (ESI) calcd
for C5HyisNNaOsS (M+Na*) 576.2754, found 576.2747. [a],2s -0.26 (¢ 1.00, CHCL,). Chiralpak 1B,

hexane/'PrOH = 95/5, flow rate 0.1 mL/min, ¢t = 88.8 min (major), = 95.7 min (minor).

Procedure for the Deprotection of 3cqt to Prepare 6.

Pro,C Me

NHSO,0

NaOH 1M HCI
- »  HOOC Me
MeOH 7
Ve 150 °C, 24 h HgN cr
Bu
(-)-3cqt (80% ee) (+)-6

(+)-3-Carboxy-5-methyladamantan-1-aminium chloride ((+)-6: (-)-3cqt (67.2 mg, 0.121 mmol) and
NaOH (194 mg, 4.84 mmol) were dissolved in MeOH (4.9 mL). The mixture was stirred in sealed tube at
150 °C in an oil bath for 24 h. The reaction mixture was cooled to room temperature and acidified with 1M
HCl aq. The water layer was washed with Et,O three times and concentrated on a rotary evaporator to give
the title compound (19.5 mg, 79.4 pmol). The yield was determined by 'H NMR analysis of the crude
mixture using p-nitrobenzaldehyde as the internal standard (66% yield). 'H NMR (400 MHz, DMSO-d):
0 0.84 (s, 3H), 1.24-1.52 (m, 4H), 1.54-1.74 (m, 4H), 1.83-1.93 (m, 2H), 1.93-2.08 (m, 2H), 2.13-2.24 (m,
1H), 9.82 (brs, 1H). *C{'H} NMR (100 MHz, DMSO-ds): 6 28.7,29.8,31.6,36.5,37.2,41.4,42.2,440,
44.6,58.6,177.0. HRMS (ESI) calcd for Ci2HxNO, (M-CI7) 210.1489, found 210.1489. [a] 25 +82.26 (c
=1.00, DMSO).

Procedure for the Transformation of 3cnt to Dipeptide Derivative 8.

MeOOC NH H
ros B~ O e
o)
NHSO-0 O F NHSO20, F HBTU (1.1 equiv) NHSO,Q O F
KOH

O O DIPEA (1.1 equiv) O
—_— —_—
MeOH/H,0 CH4CN
Me reflux, 15 h 60°C,19h

Bu Bu Bu

(+)-3cnt (85% ee) -)-7 dipeptide (+)-8
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(1R,3S,5S,7S)-(-)-3-((((4'-(tert-Butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-5-(4'-
fluoro-[1,1'-biphenyl]-4-yl)adamantane-1-carboxylic acid ((-)-7): (+)-3cnt (83.0 mg, 0.117 mmol) and
KOH (256 mg, 4.56 mmol) were weighed into a flask, which was then purged with nitrogen. To this flask
were added MeOH (0.84 mL) and H,O (0.84 mL), and the mixture was then warmed to refluxing
temperature in an oil bath and stirred for 15 h. The mixture was quenched with 1M HCI aq., extracted with
EtOAc three times, dried over NaSOy, filtered and concentrated on a rotary evaporator to give the title
compound (64.6 mg, 96.8 umol) (83% yield) as a white solid. "H NMR (400 MHz, CDCl,): § 1.33 (s, 9H),
1.83-1.95 (m, 4H), 2.02-2.11 (m, 4H), 2.14-2.20 (m, 2H), 2.21-2.25 (m, 2H), 2.25 (s, 3H), 2.44-2.52 (m,
1H), 4.86 (brs, 1H), 7.08-7.13 (m, 2H), 7.16-7.26 (m, 5H), 7.35-7.42 (m, 4H), 7.45-7.53 (m, 4H). *C{'H}
NMR (100 MHz, CDCL,): 6 20.0,29.5,31.3,34.5,36.6,38.5,40.5,40.6,42.7,42.8,43.4,46.8,56.7,115.6
(d,J=219Hz),1200,1229,125.1,125.3,127.0,128.5 (d,/=7.6 Hz), 128.7,131 .4, 134.3, 136.8, 137.6,
138.3,143.2,146.7, 148.1, 150.1, 1624 (d, J = 246.1 Hz), 181.5. HRMS (ESI) calcd for C4H4FNNaOsS
(M+Na*) 690.2660, found 690.2658. [a] 25 =22.06 (¢ 0.14, CHCL,). mp: 94-96 °C.

(IR 3S,55,7S)-(+)-Methyl  3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-5-
(4'-fluoro-[1,1'-biphenyl]-4-yl)adamantane-1-carboxamido)adamantane-1-carboxylate ((+)-8): (-)-7
(45.0 mg, 67.4 pmol), methyl 3-aminoadamantane-1-carboxylate (15.5 mg, 74.1 umol), and HBTU (28.1
mg, 74.1 umol) were weighed into a flask, which was then purged with nitrogen. To this flask were added
MeCN (5.4 mL) and DIPEA (9.6 mg, 74.1 umol). The mixture was stirred at 60 °C in an oil bath for 19 h.
The resulting mixture was quenched with brine, extracted with CHCl; three times, and washed with 1M
HCI aq., sat. NaHCOs aq., and brine. The organic layer was dried over Na,SO., filtered, and concentrated
on a rotary evaporator. The crude mixture was purified by PTLC on silica gel (hexane/EtOAc = 4/1) to give
the title compound (32.9 mg, 38.3 umol) (57% yield, 90% ee) as a white solid. 'H NMR (400 MHz, CDCl,):
0 1.35 (s, 9H), 1.62-1.66 (m, 2H), 1.80-1.85 (m, 6H), 1.87-1.91 (m, 2H), 1.92-2.00 (m, 6H), 2.04-2.14 (m,
6H), 2.15-2.22 (m, 4H), 2.27 (s, 3H), 2.47-2.53 (m, 1H), 3.65 (s, 3H), 4.63 (brs, 1H), 5.28 (brs, 1H), 7.09-
7.15 (m, 2H), 7.17-7.20 (m, 2H), 7.21-7.24 (m, 2H), 7.25-7.28 (m, 1H), 7.37-7.43 (m, 4H), 7.48-7.55 (m,
4H). BC{'H} NMR (125 MHz, CDCl,): 6 20.0,29.0, 29.8,31.3,34.5,35.1, 37.3, 37.8, 38.8, 40.5, 40.6,
42.3,42.5,43.5,439,440,46.7,51.7,51.8,57.0,115.6 (d,/=21.6 Hz),119.9,122.8,125.1,125.3,126 .9,
128.5 (d,J =84 Hz), 128.7, 1314, 1342, 136.8, 137.6, 138.3, 143.2, 146.8, 148.1, 150.1, 1624 (d, J =
2459 Hz), 174.8, 176.9. HRMS (ESI) calcd for Cs,HsoFN,NaO¢S (M+Na*) 881.3970, found 881.3979.
[a],25 +3.98 (¢ 1.00, CHCL,). mp: 102-105 °C. The enantiomeric excess of the product was determined by
HPLC analysis with chiral stationary phase column. Chiralpack IB, hexane/EtOH = 4/1, flow rate 0.3
=29.9 min (minor), ¢

mL/min, ¢ = 32.0 min (major).

1S3R,5R,7R 1R3S,58,7S
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Procedures for the Transformation of 3cnt to Schiff-base Ligand 10 and Palladium Complex 11.

‘ !e " !g
PrO,C
oz TBSCI

O HO
NHSOQO O L|AIH4 NHS0,0 O F NaOH (40 e !e O imidazole
—_—
TH, reflux, 3 h O MeOH HN O DMF

F rt,18h
O " &

tBu rBU
(+)-3cnt (85% ee) (+)-4 (80% yield) (+)-5
TBSO
8O TBSO !e _N
!g O AcOH (25 mol%) O _Pd(OAc),
HoN EOH, MS5A MeOH N_
2 F 80°C,4h rt,5h
OTBS
(+)-9 (+)-10 (-1

(+)-4'-(tert-Butyl)-6-methyl-[1,1'-biphenyl]-3-yl-3-(4'-fluoro-[1,1'-biphenyl]-4-yl)-5-
(hydroxymethyl)adamantan-1-yl)sulfamate ((+)-4). To a suspension of LiAlH. (140 mg, 3.69 mmol) in
THF (0.61 mL) was slowly added a solution of (+)-3ent (871 mg, 1.23 mmol) in THF (3.2 mL) via cannula
at 0 °C. The reaction mixture was then warmed to refluxing temperature in an oil bath and stirred for 3 h.
The mixture was then cooled to 0 °C and carefully quenched with Na,SO4-10H,O followed by addition of
Na,SOs. The white slurry was filtered through Celite pad and concentrated on a rotary evaporator to give
the title compound (674 mg, 1.03 mmol) (84% yield). The crude mixture was used without purification for
the next step.'H NMR (500 MHz, CDCls): 6 1.36 (s, 9H), 1.43-1.49 (m, 4H), 1.60-1.68 (m, 4H), 1.74-1.88
(m, 4H), 2.19 (s, 3H), 2.35-2.40 (m, 1H), 2.79 (brs, 3H), 3.36 (s, 2H), 6.71-6.74 (m, 2H), 7.07-7.13 (m,
3H), 7.22-7.25 (m, 2H), 7.38-7.42 (m, 4H), 7.46-7.54 (m, 4H). “C{'H} NMR (125 MHz, CDCl;): § 19.6,
300,314,345,37.1,379,38.8,41.5,43.7,444, 464,494,509, 725, 114.1, 1155 (d, J = 21.6 Hz),
116.8, 1249, 1254, 126.8, 127.0, 128.5 (d, J = 7.2 Hz), 128.7, 131.3, 136 .9, 137.8, 138.7, 142.8, 148.3,
149.6,153.9,162.3 (d, J = 245.9 Hz). HRMS (ESI) calcd for C,3H,7FNO (M-C;7H903S-+2H*) 352.2071,
found 352.2068. [a],22 +0.54 (¢ 1.00, CHCls).
(+)-(3-Amino-5-(4’-fluoro-[1,1’-biphenyl]-4-yl)-adamantane-1-yl) methanol ((+)-5): Alcohol 4 (76.7
mg, 0.117 mmol) and NaOH (188 mg, 4.69 mmol) were dissolved in MeOH (4.7 mL). The mixture was
sealed and stirred at 150 °C in an oil bath for 24 h. The resulting mixture was cooled to room temperature
and acidified with 1M HCl aq. The water layer was washed with Et,O, followed by addition of NaOH until
pH 12. The mixture was extracted with EtOAc three times, dried over Na,SO., filtered, and concentrated
on a rotary evaporator to give the title compound (37.6 mg, 0.107 mmol) (92% yield) as a white solid. 'H
NMR (400 MHz, CD;OD): & 1.38-1.45 (m, 2H), 1.45-1.55 (m, 2H), 1.56-1.70 (m, 4H), 1.70-1.86 (m, 4H),
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2.28-2.48 (m, 1H), 3.27 (s, 2H), 7.10-7.18 (m, 2H), 7.40-7.47 (m, 2H), 7.48-7.56 (m, 2H), 7.56-7.64 (m,
2H). C{'H} NMR (125 MHz, CD;0OD):  31.5,38.3,39.0,39.8,42.8,44.7,449,46.7,50.1,51.2,729,
1164 (d,J =21.6 Hz), 126.5,127.7, 129.6 (d, J = 8.4 Hz), 138.5, 138.8, 150.1, 163.7 (d, J = 244.7 Hz).
HRMS (ESI) calcd for C3HyFNO (M+H*) 352.2071, found 352.2066. [a],25 +0.44 (¢ 1.00, MeOH). mp:
128-131 °C.
(+)-3-(((tert-Butyldimethylsilyl)oxy)methyl)-5-(4'-fluoro-[1,1'-biphenyl]-4-yl)adamantan-1-amine
((+)-9): Amino alcohol 5 (52.2 mg, 0.149 mmol) was weighed into a flask, which was then purged with
nitrogen. To this were added DMF (1.5 mL), imidazole (40.5 mg, 0.596 mmol), and TBSCI (33.7 mg, 0.224
mmol). The resulting mixture was then stirred at room temperature for 18 h. After adding 1M NaOH aq.,
the mixture was extracted with EtOAc three times, dried over Na,SOs, filtered, and concentrated on a rotary
evaporator. The crude mixture was purified by PTLC on silica gel (CH,Cl,/MeOH = 20/1) to give the title
compound (42.9 mg, 92.1 pmol) (62% yield) as a colorless oil. 'H NMR (400 MHz, CDCl,): 0 0.03 (s, 6H),
0.90 (s, 9H), 1.38-1.48 (m, 2H), 1.50-1.83 (m, 12H), 2.32-2.36 (m, 1H), 3.29 (s, 2H), 7.08-7.13 (m, 2H),
7.40-7.43 (m, 2H), 7.48-7.56 (m, 4H). *C{'H} NMR (125 MHz, CDCL,): 6 -5.5, 18.3,25.9, 30.1, 37 4,
38.1,38.8,41.8,43.9,449,47.0,49.0,514,725,1155 (d,J =219 Hz), 1254, 126.7, 128.5 (d, /= 8.6
Hz), 1370, 137.6, 1489, 162.3 (d, J = 246.1Hz). HRMS (ESI) calcd for CH4 FNOSi (M+H*) 466.2936,
found 466.2930. [a] 25 +1.50 (¢ 1.00, CHCL,).
(+)-2-(((3-(((tert-Butyldimethylsilyl)oxy)methyl)-5-(4'-fluoro-[1,1'-biphenyl]-4-yl)adamantan-1-
yDimino)methyl)phenol ((+)-10): Amine 9 (30.6 mg, 65.7 umol) and MS5A (65.7 mg) were weighed into
a flask, which was then purged with nitrogen. To this were added salicylaldehyde (7.6 mg, 62.4 pmol),
EtOH (0.33 mL), and AcOH (1.0 mg, 16.4 pmol). The mixture was stirred at 80 °C in an oil bath for 4 h,
then concentrated on a rotary evaporator and purified by PTLC on silica gel (hexane/EtOAc = 10/1) to give
the title compound (22.6 mg, 39.7 umol) (64% yield) as a yellow oil. 'H NMR (400 MHz, CDCl5): § 0.05
(s, 6H), 091 (s, 9H), 1.54-1.57 (m, 2H), 1.64-1.68 (m, 2H), 1.70-1.76 (m, 2H), 1.80-2.20 (m, 6H), 2.45-
2.52 (m, 1H), 3.36 (s, 2H), 6.83-6.89 (m, 1H), 6.92-6.97 (m, 1H), 7.08-7.15 (m, 2H), 7.23-7.32 (m, 2H),
7.43-747 (m, 2H), 7.50-7.57 (m, 4H), 8.40 (s, IH). “C{'H} NMR (100 MHz, CDCl;): § -5.4, 184,260,
29.8,37.5,379,38.5,41.8,41.9,439,440,48.4,589,72.5,115.6 (d,J =21.0 Hz), 1172, 118.2, 1189,
125.4,1269,128.5 (d,/=7.6 Hz),131.3,132.0,137.0,137.9,148.4,159.6,161.8,162.3 (d,J = 246.1 Hz).
HRMS (ESD) calcd for C3sHasFNO,Si (M+H*) 570.3198, found 570.3195. [a] 25 +1.10 (¢ 1.00, CHCL).
(+)-Bis-[N-(((3-(((tert-Butyldimethylsilyl)oxy)methyl)-5-(4'-fluoro-[1,1'-biphenyl]-4-yl)adamantan-
1-yl)salicylimine]palladium ((+)-11): To a solution of (+)-10 (23.3 mg, 40.9 umol) in MeOH (0.41 mL)
was added Pd(OAc), (4.5 mg, 20.0 pmol). The mixture was stirred at room temperature for 5 h,
concentrated under reduced pressure, and purified by precipitation (CH,Cl,/MeOH) to give the title
compound (24.0 mg, 19.3 pmol) (97% yield) as a yellow solid. '"H NMR (500 MHz, CDCl:): 6 0.07 (s,
12H), 0.90 (s, 18H), 1.50-1.65 (m, 4H), 1.68-1.73 (m, 2H), 1.75-1.81 (m, 2H), 1.83-1.89 (m, 2H), 1.98-
2.03 (m, 2H), 2.11-2.22 (m, 4H), 2.34-2.45 (m, 4H), 2.46-2.65 (m, 6H), 3.40 (s, 4H), 6.52-6.57 (m, 2H),
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6.72-6.75 (m, 2H), 7.04-7.14 (m, 8H),7.36 (s, 2H), 7.46-7.57 (m, 12H). C{'H} NMR (125 MHz, CDC,):
§-5.3,18.5,26.0,30.6,37.3,38.7,39.3, 41.6,42.3, 438, 44.6, 48.5, 65.1,72.8, 115.5 (d, J = 21.6 Hz),
119.7, 125.6, 125.8, 126.8, 128.5 (d, J = 7.2 Hz), 133.6, 1343, 137.1, 137.8, 148.7, 1594, 162.3 (d, J =
245.9 Hz), 164.8. HRMS (ESI) calcd for Cr,Hg7FoN,O4PdSi, (M+H*) 1243.5207, found 1243.5282. [a] 22
+4.76 (¢ 1.00, CHCI,). mp: 128-130 °C.

Procedure for the Reaction of 5 with (R)-1-Phenylethylamine to Prepare 12.

HOOC ! O @NHz I\:_/N O
NHS0,0 O F H ; O NHS0,0 O F

O HBTU, DIPEA O
CH4CN

60 °C, 20 h

i

M M
o ok
Bu Bu
(-)-5 (85% ee) (+)-12 (>99% ee after recrystallization)

(+)-(1R,3S,55,7S)-4'-(tert-Butyl)-6-methyl-[1,1'-biphenyl]-3-yl (3-(4'-fluoro-[1,1'-biphenyl]-4-yl)-5-
(((R)-1-phenylethyl)carbamoyl)adamantan-1-yl)sulfamate ((+)-12): (-)-7 (5§5.0 mg, 82.4 pumol) and
HBTU (34.4 mg, 90.6 pmol) were weighed into a flask, which was then purged with nitrogen. To this were
added (R)-(+)-1-phenylethylamine (11.0 mg, 90.8 umol), MeCN (6.5 mL), and DIPEA (11.7 mg, 90.6
pmol). The mixture was stirred at 60 °C in an oil bath for 20 h. The resulting mixture was then quenched
with brine, extracted with CHCI; three times, and washed with 1M HCI aq. and brine. The organic layer
was dried over Na,SOy, filtered, and concentrated on a rotary evaporator. The crude mixture was purified
by PTLC on silica gel (hexane/EtOAc = 2/1) to give the title compound (40.6 mg, 52.6 pmol) (64% yield)
as a white solid. 'H NMR (500 MHz, CDCl,): 6 1.34 (s, 9H), 1.46 (d,J = 6.9 Hz, 3H), 1.83-1.87 (m, 2H),
1.88-1.92 (m, 2H), 1.93-2.02 (m, 2H), 2.02-2.14 (m, 2H), 2.15-2.20 (m, 4H), 2.26 (s, 3H), 2.47-2.52 (m,
1H), 4.84 (brs, 1H), 5.12 (sept, J = 7.2 Hz, 1H), 5.81 (d, / = 7.2 Hz, 1H), 7.09-7.13 (m, 2H), 7.17-7.19 (m,
1H),7.20-7.29 (m, 7H),7.30-7.34 (m,2H), 7.37-7 42 (m, 4H), 7.47-7.53 (m,4H). *C{'H} NMR (125 MHz,
CDCl,): 20.0,21.7,29.7,31.3,34.5,37.2,38.8,40.4,40.6,43.4,43.6,43.7,46.7,48.6,56.9, 115.6 (d,J
=21.6 Hz), 1199, 1228, 125.1, 125.3, 126.0, 1269, 127.3, 128.5 (d, / = 7.2 Hz), 128.66, 128.70, 131.3,
134.1,136.7,137.6, 138.3, 143.1, 143.2, 146 .8, 148.1, 150.1, 162 4 (d, J= 245.9 Hz), 174.6. HRMS (ESI)
caled for CysHs FNoNaO4S (M+Na*) 793.3446, found 793.3447. [a] 25 +20.56 (¢ 1.00, CHCL,). mp: 100-
104 °C. A single crystal suitable for X-ray single-crystal structure determination was obtained by slow

diffusion of n-hexane into a saturated 2-propanol solution of 12 (CCDC 2038344).
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Enantioselective Desymmetrization of 1cn via Rh-Catalyzed C—H Amination in Larger Scale.
(IR3S,55,7S)-(+)-Isopropyl 3-((((4'-(tert-butyl)-6-methyl-[1,1'-biphenyl]-3-yl)oxy)sulfonyl)amino)-
5-(4'-fluoro-[1,1'-biphenyl]-4-yl)adamantane-1-carboxylate ((+)-3cnt): Using General Procedure, the
reaction of entry 6 in Table 4 was conducted with a mixture of 1en (399 mg, 1.02 mmol), 2t (324 mg, 1.01
mmol), MgO (81.9 mg, 2.03 mmol), Rh,(S-TCPTTL), (18.3 mg, 0.0102 mmol), and PhI(OAc), (654 mg,
2.03 mmol) in MeOH (2.0 mL) at 0 °C for 24 h. The title compound was obtained as colorless oil (503 mg,
0.709 mmol) (70% yield, 84% ee).
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