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Ac

aq.

Ar
BINAP
Bn
BSP
Bu

‘Bu

cap

cat.
Cbz
DABCO
DHQ
DHQD
DMF
DMSO
DOSP
de

ee

EI
equiv.
Et

FAB
HPLC
HRMS
IR

Ln
mCPBA

MEPY
mp
MPPIM

MS
NMR

acetyl

aqueous

aryl

binaphthyl

benzyl

N-benzenesulfonylprolinate

butyl

tert-butyl

caprolactamate

catalyst

benzyloxycarbonyl
1,4-diazabicyclo[2.2.2]octane
dihydroquinine

dihydroquinidine
N,N-dimethylformamide
dimethylsulfoxide
N-(4-dodecylbenzensulfonyl)prolinate
diastereomeric excess

enantiomeric excess

electron impact ionization

equivalent

ethyl

fast atom bombardment

high performance liquid chromatography
high resolution mass spectrum
infrared

ligand

metachloroperbenzoic acid

methyl

methyl 2-oxapyrrolidine-5-carboxylate
melting point

methyl N-3-phenylpropanoyl-2-oxaimidazoline-4-
carboxylate

mass spectrometry

nuclear magnetic resonance



pfb
Ph

PTA
PTPA
PTPG
PTTL
PTV

Rt
TBS
Tf
THF
TLC
TMS
T™U
TPA
uv

perfluorobutylate

phenyl

isopropyl
N-phthaloylalaninate
N-phthaloylphenylalaninate
N-phthaloylphenylglycinate
N-phthaloyl-tert-leucinate
N-phthaloylvalinate
retention factor (in chromatography)
room temperature
tert-butyldimethylsilyl
trifluoromethanesulfonyl
tetrahydrofuran

thin-layer chromatography
trimethylsilyl
tetramethylurea
triphenylacetate

ultraviolet

benzyloxycarbonyl
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RIRYCEIR & L THOW DD BEILEDITIE, 757 K§$b%%0%@ﬁ§
< REHFOLPEEEFET D2HEIE, OT AT bt~—x ) v F 4 ~— (BB
RVDFIET Dy REFLRT R TR OMABDOEDTF U F A~ —IZBN T X, $
RIIZ OGAEENENERST-WE & L TGRET 5, Hl21E. U F~A Kok oI
— DT U F A~ — I IR DOZ IR Y R ﬁébfﬁ%ﬁ%ﬁﬁ%ﬁﬁﬁﬁ)
ERTHDOD, FONHFRERITEMARKOME A BRI EE L WEEREH T
P& R ] 10 PN XN TR Y . —xtOSGEMERIIMBEIMEE O 27 5T 4AEY
FHICOENEND R DEREZTR~T ZERH D, LR T, BN E L TR RM
KO—T DK ZRMT D Z L1T, IWRONFLDIREIN D D FH T < BIWEHEDEED I 7> &
HLHEETH D, 2004 FLIEOFFTIE, Flic Elish 2 EER D 9 H & IR TG
SN HDIL30%59 T, 70%LL LD X T AR EEML, GHRZFFAT—DHNE
eHKITHY, ZFOEIEITFELAEE S TWD, FlxIX, Bri/IMEEED clopidogrel (Fig.
1) X, SEEOHEEL OB —D ) v F A ~—nERICIRE STV D8, Kb
EVOLE. T IREARD LRIERND 2072 EO PR R HE S Tng 19,

P CFs
NS
(\N/\<
N\)Q N
N N
@) F
Cl
Clopidogrel Rosuvastatin Sitagliptin

Fig. 1. Structure of optically pure medicines.
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EAEWMOHIEFE L TDF T NT—/E SHICAFARERRZTOND, Zhb—T
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a2 HWTREOFIEEWE D H 2 L AR 2 &2 b A b ik T
RFHERTHY , 2RV F—HAOEIZB W TR AR FIEE SN TS (Fig.2)?

Optically pure compounds (Medicines and Agrochemicals)

1) Optical resolution: Recrystallization, Chromatography
2) Chiral pool
3) Asymmetric synthesis: Stoichiometric, Catalytic

Fig. 2. Methods to obtain optically pure medicines and agrochemicals.

VA ED X5 2Bl 6 | BB 10 TR M2 E TS W E R L 00 72 3D D 3 T2 7o il P p A
FEBIEDOHIIZH A TE T, KimSCTIE, £ OREL L ORISR O 7o DT 7

H—FIZOWCaEik T %,

% < OEMEEMEIITE R CRFE R EO~T v il NG ENTEY . Thb
Wt E LICIRFIRF IR AFRIZR > TV OIS Z<FET D, LIER-> T, ENbHDOH
FRICH TV | fRE—~T v A S OTERRUS & 501 i & OREEEZRIT % J7 15w O B
ENLEENTEY . TOSLIFHIE S TIERORE DEERGEL 72> TV D, FHEHESE
WZIINNT O AR N o ) TR E IR B DI A KD
7 v i F — KB A DRBIRFFFARISNHM BN TV D, H%EDIHRARIES T
FIRF L ~T o FRICHT- kS 2T 5 (Scheme 1) , 7 VALEWHLT T Y
VHEIRIE, AINRUCOFERMEE LTRSMBNIEHTH Y, & DITEiFEITRE
WESIRZEPEENIN TS, THUOHIBMEIL, 7Yy ACH%E ORI & RS
U CHIRINZER AN A REJERT D05, —T7. MBSt Z B3 5 L fed TRUS
Y BATER LRI N HEL D Y,

i i {1
Metal (M) Y\[rz R-X=H
(Rh, Cu etc.) M (X=N, O, S)
/ metal-carbenoid \ H
Y2 - - Y, Z
\ﬂ/ carbene intermediate '
N [ ] X-R
Y- Z
~~ . .
thermolysis .. ﬁ' bioactive
or AT compounds
photolysis free carbene | (X=N, O, S)

Y = alkyl, aryl, or electron-withdrawing group
Z = electron-withdrawing group (e.g. CO,Me, Ac)

Scheme 1. The X-H insertion reactions of metal-carbenoid and free carbene.



TN A REfl LT EELOERHB]E LT, Merck fHIZ KA (H)-TFF~A1T
IFEATHD Y, KFUEMEOERITIB T, A0 TF—21%, (L&Y B LG
Y E ~OEW)S, THbbLHEROMELHNE LT {LEWB 2 — Y7 V{bEW
bW C & Licth, vy U L) A FHHEALEY D)~& B X, fT7 7 % LT
D7 I FEFRFEFO N-HHICKFRFE2HAL TEEWE 213 T % (Scheme 2)

/H;kCO2Bn ?
COOR

L-Asp
e
(@)
M
OH. Rhy(OAC), OH. ! ;3% e
HAC B O (0.1 mol%) HaC B O o | \Rh/O
3 3 J_\;Q /
NH NH M Q|
o} N COOR e} Rh COOR 9
Me
Diazo compound Rhodium-carbenoid Rh,(OACc),
(o D
OH OH
H H H H
HsC - HsC : /N
- 0 0 s =S NH;
N N
100% o) H B o
COOR CO,H
N-H insertion reaction E (+)-Thienamycin

Scheme 2. Intramolecular N-H insertion reaction via rhodium carbenoid in preparation of (+)-Thienamycin.
Fion, v LAV A RIZED N-HFAKIEDR (H-FF~A 2 B
DETFEEL 720 TOAMAEDPRSINTZND, B P T LN ) A FIZLD5~T v iy
— KRFRFHHRALSGNNZOWTHE L7 & 2 A RBOSINAIEIRMEO S0 b lEO R
PRSI TND Z LA LT, 7205, 2009 R T, 2PV AN/ A R
VNS AR N-H A SUG T 45% ee 23 A FFINR D TH Y . AFF O-H fHALUSIZIB U

TEHLT D 8% ee VL EMMEICZLNVHDTH -7,

BYT LN A R HODHABIEO 3 T, AF C-H BALRIZONTO
RN Z S |E SNLTEY  n YT ADNAR) A RORFE C-H AU IFHRD T
AEBESOED—2L INTWNWD, ZNHIE, F TV u vy AADEHEAZ WD 6 DT,
Z DR AEROTAMNHREDER E 72> T D, FlZ1E Doyle ik, v U VEHNLH
BLERRa—T X/ —NVOERFFIHHEST 2 A F L BRI AR E N R E Sz A

FETDNR=NVEE S OT I — MEK (Rho(5S-MEPY)s <° Rha(4S-MPPIM)s) % %7
BRET AT LBERE LT L, REF CHARINICHIA LTS 7D, K7 I 4 —
MEERIT AR A ZER R EE SATER D 285 OSSEIE D N C-H fASIGIZH T 98%



ee~99% ee & MRD T\ ) o F A B4~ 9 (Scheme 3) , LorL, A7 IX— |
SERD T VB RE IR . WA REREE I T VT X — MERa— VT Y T
2 I FFERIZIEE SN D,

oY

Rh(ll) catalyst O/\N CO,Me

05mol%
L S e Do

Ny CH,Cl,, reflux

Doyle's catalyst
Rh,(5S-MEPY), 70% 78 (98% ee) : 22 (71% ee) X = CHy: Rhy(5S-MEPY),
Rh,(4S-MPPIM), 81% 97 (99% ee) : 3 X = PhCH,CH,CON: Rhy(4S-MPPIM),

Scheme 3. Asymmetric intramolecular C—H insertion reaction using rhodium(II) amidate.

— X TIIRIIVIR R R BUEENL T & U CRAIA A TEARFT VAR X2 T — SR
1%, IVRF I IVIED o i DO RFRFZIEAHY C—H A B D SUSEAL D B3 < BT
HZEITMAT, BEEEIC K ARERDFET DO ARFHLEZEET S Z & BRI
NEETH LoD, AR AFEMEBETERNEEI LN TEZ, LoL, McKervey

S51XES)—(N—_ B AR = )7 el F— LR ITHAA AT 7 V’?Aﬁ
JVARF T T — FER (Rho(S-BSP)s) ZFHRE L., 7 v~ /) VBB EKREZEN S L9550
N C-H R ASGICHEH L TR 7= o F AR IRME®2% ee) N H VD Z L A LT
8, EDLITHE, Davies HIZ L7 v F—FDORUB D p (L KT I VEEEE AL
RQRVALN f‘%@%%&ﬁ: Rhy(S-DOSP)s ZBAFE L, v 7 BAFH T 57 2= 7
FEle = 27 W2 X % 53 1 C-H FABUSIZEH LT 95% ee &\ S BTG RA WA L
TW 5 ?(Scheme 4)

(@] (0]
Rh,(S-BSP Me
2(S-BSP), 9
o N2 CH,ClI,, reflux o “Me ., N—ﬁOR

L HIO

Me (ID/\?
>90% 82% ee (cis:trans = 75:25
° bee ) Rh=RN~
P -
COzMe

COMe Rhy(S-DOSP), McKervey's catalyst
PN Umd¥%) Ph R = H: Rhy(S-BSP),
2 10°C Davies' catalyst
on avies' cata
R= nC12H25: ha(S-DOSP)4

80% 95% ee

Scheme 4. Asymmetric intermolecular C—H insertion reaction using rhodium(II) carboxylate.
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L CHAAATS v ¥ o AADEEIREE % Al oo © oo ©
w7 (Fig.3) . Blzi3. 73/ BEs ﬁéﬁ( ﬁéﬁ(

W7 == VT T =% e tetrakis[ V-
phthaloyl-(S)-phenylalaninato]dirhodium;
(Rhy(S-PTPA)s) X a—T7 Y —B— S Fig. 3. Structures of Rhy(S-PTPA), and Rhy(S-PTTL),
T AT VDN C-H AN T 80% ee DTF U FARPWET, v/ m~ ¥
J UHEERE 27210, F 7 FERRIT X VR TH D tert— 1 A 3> & V- tetrakis[ V-
phthaloyl-(S)-tert-leucinato]dirhodium; (Rha(S-PTTL)s) Tlid.o— X VN T ==LV T VT
YA — OB LN Ta— VT Y AT OSSN C-HFAKISICBWT, ThEh
94% ee. 95% ee &V T F L F A EIRMEEZ R L TV D (Scheme 5)

Rhy(S-PTPA), Rhy(S-PTTL),

Me
(o]
Me Rhy(S-PTPA), O Me 1. MeOH, 150 °C o
(2 mol%) CO, (sealed tube)
Me4> Me
CHCl, 0 M 2. ag. DMSO, 120 °C £
74-83% 81-85%

up to 80% ee
R = 4-TfOCgH,, (E)-'BuO,CH=CH

©OMe Rhy(S-PTTL), COMe R?

(1 mol %) “
O Toluene 0
-78°C,1h

R‘l

=H, OMe, CI, OTBS

cis:trans = >99:1
up to 94% ee

R?=H, OTBS
¢OMe Rhy(S-PTTL),
CO,Me
Toluene .,
-78°C,0.5h
>99% cis (2)-alkene
85% (95% ee) not detected

Scheme 5. Intramolecular C—H insertion reaction using Rh2(S-PTPA)4 or Rha(S-PTTL)a.
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MzEBZ L, C-CHHEEDHELT C-NHEER C-ORBBICBITOAREHELEETH
Do

—ICE FrX U EHHWIET I KA S THICEAT L HEE LTL, IR =1
HKOBIIERLENEZ RS & LA X LB ED 5 WIXRFH 15 L OB IEHIE
MHWBND Z EZW, B 21X, Noyori &3 H
JVIR = VDR TR IR ICAE & LT Ru(I)-BINAP-

FINVT I VEER (Fig. 4) DA THDHZ & AE,Ar H

EHE LTINS D, LL, ZABIEN FHICE PN O oM
b 72 BT RIR T R & B B O‘ TarC R

VB HE S HICRIEFHRIZB W T T Vo1

DEEB AR THHZ LR E . S 6705 TRMN Fig. 4. Ru(II)-BINAP-chiraldiamine complex.
VETH D,

EFIL. X TNRE LT CAFEREG R R OFHNER] & & 2 A DRER,
~7 b BEREEAHMETOIRART I VBOTa ) UHHWNIEF= Ehd ETH Y
vaFThaA REOFANAMIEO HIIZHE L TS b0 Ll Lz 13, BLITFIC,
O OMER 2R,

L-7'1 Y U EARFAEE S U TR TE 2 aMREME A #E L7 D1 Wiechert 5 Toh 5 19,
B 51 Z OIS DR FHIEERE I B W COKER A OEEMEZ ISR LT\ 5 (Scheme 6)
Tebb, A AT S BAEED I 5 2R E BRSO RIZTTERN S DD,
BERREICBWTRES TOANR=VEETa ) v OhNVERF U IVEEE ORIZKE
EAEBR L TGO FIEERE L TWD, L, KBHEEOREAEINIEALAE S D
ZHUCHEART 10 7D 1 FRETH D720, A A SO 2 5T 5 7201
T BEER L, RIS R OFIHA B AR TH S,

s, BOLORFHEICT D atTvhuad RORPIIOHREFIL, 1912 F0
Bredig 5 DX AT )VTE ROYT /b RY UALRIETH 2 (Scheme 7a) 9, F=15
HWVNEF =T U EISRICEINT 5 EETFTIEH DB RIKOIEN L 72D L OFERT
HD, WISy LTy atbTalas ReEfVEAREBERSCET 55
X, CEHEARL AR T 1960 4R Pracejus HD7 T DA K ) — AN LD AT LI
%St Td % (Scheme 7b) 19, Z Z Tl ¥ = DT & F /ALK (Ac-quinine) & W TE Y |
FOGD#E R R KDY 73% ee DARFURTHARM T L L HiE L TV D,



Wiechert (1971)

oG Q L-Proline CH3Z0
HaC (3 mol%) Xj& N~ TCOOH
H
o DMF o

o OH L-Proline
93% ee

HOZC“‘<N_/\

L-Proline H.C
HsC, (3 mol%) %\/il//\ié
EEEE—— _—
DMF

Emanine intermediate

CH30
; (0]
L-Proline OH

I-Tydrogen bond formatio;

Scheme 6. Hydrogen bond formation by L-proline in transition state.

Bredig (1912) OCH3
OH
. l
(0] H N OH
a) ©)J\H . hon Quinine Quinidine ©/'\CN
<10% ee
Pracejus (1960) OCHjg =
OAc
CHs B N CHs

N~ H
A . OMe
b) O + MeOH cquinin® o

Toluene, —111 °C
Scheme 7. Utilization of cinchona alkaloid for steric regulation on addition reaction.

IHlZ, vratTaiad RFEERERERICE E L THWFlE LTiX, Merck
O T N—TDOWMERHH 1D, ZZTlk, vra= EEh clEEEE R T XY
U DR = ERIRF 2T VIV TEM L THIUKRT =0 2 E LG 1
e LTLTRY ., AT &R E T 2B 8) T 2 HBEB Rt - L TotE



BE bl Ay TR A2 BRI L, m=) o F AR T L X UABEOSIZ S LT
% (Scheme8) ., rBT aFTrliuA Nz E T HHEBEBENAIELIL. Corey HIZ &
D ESRDHUBBMZHNTND

Dolling (1984) =

| Br
N H
Cl o) 1 Cl o)
Cl 5 CFs ¢
(10 mol%) Ph
Ph + CH,CI N
MeO Me

50% NaOH aq., MeO
Toluene, 20 °C, 18 h
95% 92% ee

Scheme 8. Enantioselective methylation using a novel phase-transfer catalyst prepared from cinchonine.

F 72, Sharpless (CX VW T NVT U ODAFTE Rax i 4bicBIT 2 RAFRBICITY =2
TN rA RERRE T HAMAMESFREH I Tns Y, BIfEEClcyrafTr
v A REERET Dy B iE, S oIk BENN 5, (DHQD),PHAL ™,
(DHQD),PYR 2%, (DHQD)AQN 29 > I 5 7e /13 4 L35t - A SR ST
Do INOHEFIHT L LB TERWAFIRTHIINTOND Z b, AR
ZEMDHER SN BNEDm WA TR CTH 5 Z L AYAES LTV S (Scheme 9)

OH

Dihydroxylation B
R(\/Rz yerory R1/\/R2

OMe
(0]

25-83% ee 20-88% ee R', R? = Et: 20% ee
[Sharpless, Hentges, 1980] [Sharpless et al, 1988] = Ph: 88% ee
stoichiometric'92) catalytic'®)

Scheme 9. Sharpless asymmetric dihydroxylation.

BT, ratrTadiaA REFEEROX T VKRG KA~OEHICI T 2 EHR 72
IS N D EE S TWD, £DO—H#IE L TiE, Iwabuchi & D (—)-myceterin E O
REBRMRZET LD 219, KRG HOBFRIZ 351 5 #E 5 1 Morita-Baylis-Hillman (MBH) X
JETH Y | —MRIZITAEE & U CTHE L TH 5 DABCO 28V B4 %, Iwabuchi 513 iso-
cuperidine (S-ICD) Z kit « G L. B-ICD 7% MBH i % & = 7 > F A IR A I HEFT S
®5HZEARHE Lz 20, REURTIE, HiiclcAEmRT 28 ke Ra ¥ ER3 5 99%
ee CHEELTX B Z LB HMIT/ 5T 5 (Scheme 10)
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Iwabuchi (2001)

O CF, OH O CFs

0 B-ICD (10 mol%)
)J\H * ﬁ OJ\CFs R/'\”)J\o)\cF3

31-58% vyield
91-99% ee

O OH O
HoN “—OH
(-)-myceterin E

Scheme 10. Application of cinchona-alkaloid for (-)-myceterin E synthesis.

F72, fIE Deng b b aF 7 uA ReFiR 2 ONREREZFIN L7 (+)-
tanikolide D&k & E L 7= (Scheme 11) , EMIC AR NHIE S N5 72O ORI A
W0y T AEAFAE T2 81 % Michael (ISR TdH 5 2,

O o o o
10 mol® C,H,sCHI
é/U\OtBu ( mo A)) _ é{U\OtBU 7'115 2 é{U\OtBU
> CHO _\CHO CrCl,/DMF, THF _\:\
CH,Clp, 25 °C >99% ee 52% for 2 steps Crthis

1. LIAH,, E,0 O OH Q
2. 10% Pd/C, H, mCPBA o OH
3. NaOCI, AcOH Criftzs E

) , Ci1Has

90% for 3 steps 87% (+)-tanikolide

Scheme 11. Synthesis of (+)-tanikolide through cinchona alkaloid analog catalyzed Michael addition.

INFETICBRTELFEFMNS, EHBIIINLRY « B ) A RIZED~T afi+—
KB BHEASEDORFREOKGHE LTy ratrTahaf REORHE% x
oo AREmSLTIE, ~7T v — KB REA AN BIT D00 E LTy a7
nhvaA ROGRMEEZHR L5 &EHITILA T =X LBIA~OT T —F, 512K 0%
R 72 R A HEAIEEEE J& D 72 8 O FLE I 7R 2 3tk 45,



A

H1E Tz VOT VBT AT LB IO T VER T AT IV DOARFE R
N-H ffi A i

5 1HET ANEOE R

ZUDICER KBRS D AFHEEIECONWTIERD, ERFFIIEELZITILD L
THEYEEMEICEHETEEND LR TH Y . RFE—EFEH OB HIEDBRFE IR
HHNHFFE SN T & T2, AR A RO N-H FEEITHT D ASUSIE Yates 12 X 0 H16H
THE SN D, WHI1Fa-PT Y7 b 30T T Y SCEEER LT\, Thib
) 20 F 28 THERE(ID) = 2 7 L(Rho(OAc)) & i o 72 SUSHI 7S Teyssie HIZ K0 #His S i
7= (Scheme 12) 2 |

Yates (1952)

O e O

33%

Teyssie (1974)

o)
Rhy(OACc), H
OEt + /@ - OEt
H,N 80 °C H
70%

Scheme 12. Intermolecular N-H insertion reaction.

i Cik 7= Merck tEO 7 vt 2LEFT — L DH)-F =~ A Gk YOMicH m
D LI D N-H AT EYTEEE A RBUICHIH ST 5, il 21X Moody
HII 18 BERZ b OREEIRATF FEMOE LRI P T LTV A Reffiilks L
=477 N-H A% FH L7= (Scheme 13) 2, o-Y 7 V'-B-7 hZ AT /)L 4 D
Rhy(OAC I KD R CAER LTz O7 I REEF DT 2/ 5 N-H fEA I A
THLDOTHDH, FIBD X HIT CNEEERITK T 2 ~T v i KBRFREEFA~D

TN ARABIEDOE AT RSN TO AR, AEICBET 28R IER LT
RN, RFE 7J<§’?rf*/\?£t 1774#: KRB F-F D ANV ARABOSIE, AR MO
B E BB E W’Cﬁﬁ@i?ﬁﬂi/\ﬁ‘éJ%%%%%T%(concerted process) CitETr Z & A3
HMHITWD (1%3;%%%%)0 F. ~TaET (N,0,S 7 &) IKFEREA O ASIGIE
AU FHBEROARZ B TEITT D & ATV H(stepwise process), 7235, Z DA U K
Iz 28R OFE A OF T L CIX AN EE > TV 72 (Scheme 14) 329

10



Moody (1998)

NHCbz

- NH
Me\ Kﬂ/ 2

o
4

j\NHR
S

NziCOZMe

(@) Me
Rhy(OAc),

CHCl3, A
71%

N—H insertion

NHCbz PhsP, I, NHCbz
H EtsN w N
Me“\\kﬂ/N COMe Me // CO,Me
o CH,Cl, )
Me Me

66%

T K jnm
S
\
(@] NH
2Me
O\/X’
Me

nostocyclamlde

Scheme 13. Synthetic scheme of nostocyclamide.

LnMY H R R

R R' X H
concerted process X=C, Si

MLn

R R' R_-_R R R’

or \|/ —_— ><

LnM >+<—H +X—H X H

stepwise process ( X=N,0,S )

Scheme 14. Carbene insertion by concerted or stepwise processes.
12y AIDEEAZFH L7z N-H #ASUS O ARFAATE T RE LIch 5, Bl 2T
T3 NIEZ DN TIE 1996 4FIZ McKervey B I1d, & T /V7e~ o7 LIk % 2GRN 1 & L
THAIAATET DT DANVERF VT — MMk z W ce 7 o F IR+ N-H %
WE L, RIETIEIENaY VBT ATV 5 2 45% ee DAFKRTHLN TN D
(Scheme 15) ¥ ,

CO,Et haL*4
I QCOzEt . COzEt
2
NHZ CH,Cl, 0 COZEt NHZ A~
5
. OH 53% 20% 27%
L= Ph— 45% ee 20% ee

co,

Scheme 15. Chiral Rh(ll) mediated asymmetric intramolecular N-H insertion reaction.
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2002 12 Moody HIE 7 = =P 7 VY HEE A F/L(6a)o H VNI T ==V T V) g
ATV 6b LU TI N A— K (T) DLy FRIAFE N-H ARS8 Lz, 161X
21 FFHOF T NV 7eu U AADERE BT L TV D08, &5 72 GO RF IR 5
T 9% ToH > 72 (Scheme 16) ©

Me
N, NHCH,0,CH,Ph o
©)\z Chiral Rh(11)/PhCH,0CONH, (7) ©/'\Z
CHaClz 070
Z =CO,Me: 6a 80% up to 5% ee (Z = CO,Me) 1/
Z = PO(OMe),: 6b 88% up to 9% ee (Z = PO(OMe),) /R|h—/R|h

Scheme 16. Chiral Rh(ll) mediated asymmetric intermolecular N-H insertion reaction.

—J5. TV A R A Uz m et o F A EIRE N-H A SOSDN S S Tun b,
2007 2 Zhou H i, a-P T Y T AT 8 LT =V LDy N-H ffAISNZEB N
T, BEXFXH VY AR & L CTHAAATZELSIO Z gt LTHWS & &
98% ee &\ BERPINRIMETIHASISHEITT 2 Z E 252 L7z (Scheme 17)

27)

o

Zhou (2007) CuCl (5 mol%)
N, Ligand (6(mo|%1/) HN,Ph
NaBARF (6 mol%
OEt OEt
Me)J\H/ + PhNH2 Me)\ﬂ/
o CH,Cl,, 25°C, 2 h o)
8 94%, 98% ee

Ligand

Scheme 17. Chiral Cu(l) mediated asymmetric intermolecular N-H insertion reaction of a-diazoesters 8

and anilines.

[F4E, Fu b o7 2 JBOAKRE B E LIZEE ORGSR Z#HE L= (Scheme 18)
2 Zhou B OISR TIX, 7=V VIFEAREZ WA T B RE 52 % —77,
HERGET X CIEBUS A EITE T, IAARA— N TIET B IKkERD, —F. Fu bDOx
TN E ) DU A WA RIER TIEINANA =T 2=V DT VR AT
NERILSED L i 95% ee THASLDETT 5, REIGSHHEITT 5 72 DITIE,
AgSbFs DIFIEN A TH D Z LB AT VTG L TR WIERE OSSR D&
s S F A RIRE R EICIZEETH D Z EERIB L TV 5,
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Fu (2007)
CuBr (7 mol%) o Me@\Me

N3 t Ligand (8 mol%) M ‘/MEEeMe
oB Ar e -
PN o, Ao Gmo) A ge Meses, gorll
o CICH,CH,CI, rt RHN H |
Me EZ Me
up to 95% ee Mez;\Me
Me Ligand

Scheme 18. Chiral Cu(l) mediated asymmetric intermolecular N-H insertion reaction of

phenyldiazoacetates and anilines.

FIRO & 912, 7P 0 A(IDEEAKIT C-H fEA~DIFASGIZIH W THLO SR IZ T
SRR BN 2 R T OO, N-H A KGSIZ B W THEREFI 2R Th 7, &
ST, SRR & v 2T AADAREE T ARERIRME O SOSIEFE T OfEE DB 512 o TERER
\ZHERR LT S L 7e oo 72,
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F2H wrrviAsDERBIOYrarT A a A RERWEZT o F A8 N-H
RN

XL OIC, (REWRF T e 0T AADSHR DR Z MG L7z (Table 1) , F 7172
fh g & LT\ Hashimoto H® N-7Z v A VT X ) BREMAIALTZ R DT LMl (Entries
1-5), Davies @ Rhy(S-DOSP)4°?? (Entry 6) & 727 I % — MUEEHATH 5 Doyle D Rha(55-
MEPY)s 30 ! (Entry 7) ZfiH L7z, Z®H TIiZ Rho(S-PTPA)4 103D Z 5 & & 5 43l
TRIGDTERE L, UXEE 90% (14% ee) THRI & 7§ % N-H i ALK 9a 7345 5417z (Entry5) ,
AR DS RO E L, SCHME & RO B2 k45 Z L T SIRERE LT 32,
Vrun AL o USNOERE DT EEORERIZ. Rz 84% (7% ee (R)), 7 B RV

Table 1. Enantioselective N-H insertion reactions of phenyldiazoacetates 6a with aniline
using chiral rhodium(ll) complexes.

N> H H\N/©
CO,Me Rh(ll) (2 mol%) COsMe
+ - S)
HoN

CH,Cly, rt

6a 9a
(1 equiv.) (1.2 equiv.)

Entry Rh(ll) catalyst Time, min Yield, %2 Ee, %P°
1 Rhy(S-PTTL), 30 91 1
2 Rhy(S-PTPG), 5 56 0
3 Rhy(S-PTV), 5 72 3
4 Rhy(S-PTA), 5 75 6
5 Rhy(S-PTPA), 5 90 14
6 Rh,(S-DOSP), 15 86 5
7 Rh,(5S-MEPY), N.R. - -

2 |solated yield. b Determined by HPLC. ¢ Absolute stereochemistry was determined by
comparing the sign of optical rotation with the literature value (JACS, 1996, 118, 3479.).
9 No reaction.

) Y © H
R = Bu: Rhy(S-PTTL), ‘
?//\O  R=Ph:Rhy(S-PTPG), Q7O o/ \N~ COMe
RF—RHA R =iPr: Rhy(S-PTV), d

| |
Rh—R|h | RE—RF L/

R = Me: Rhy(S-PTA Rh
S RoMe th((S_PTP,l‘§4 /| Rhy(S-DOSP); /| /| Rh,(55-MEPY),

L ANVARF T — FMERORDVICERIF T, R THEE YU LEET D7 I 4 — FMEERR
/Tﬁ“/?/ Sy R D SO :MEEK/\ UL, FOINARUERITE YT A dBEORE 6 X

fRFEDZE p WE~DWHL G L D IR URFBORE PR TS, B G SGRBIREZE D
DT ENMBILTWS,



I 78% (11% ee (S)), 7 1B 69% (10% ee (5)), 1,2- 7 max X 78% (13% ee
(S)), THF 87% (2% ee (R)) TH Y . ARSIV TR K V= o F AR FNE O [ 1 >
LY mum AR N RIEDOER AW LT P, v P AMDEHAIT Lewis BeMEZ 472
B, Lewis M2 /R 7 = U UBENLT 5 2 L2 L D v Yy AADAREED SIE A e X
A=, BOSEHBICHEIT L2, L2y L. Rho(SS-MEPY ) I3 ZEMBEINL 7127 2 NigiE %
HLOZ LR E T O, ARBUSR TR, 7=V VOfHEIREZIT T2 ELHD
IFRIEVEDIRNT I 4 — FSACIE 7 2= VT T X— NOS A B X =3
ZEMNTERoTz (Entry7) o

WIZ, ZEAFFELZHE LT, RIGRICF I AT I 20N L THEX #E L7z
(Table 2) 3437 | JedDiEt CBAF 728 IRVEDN I B L7~ Rho(S-PTPA) (2, ARy Tt & L
TEHRHEN WAy ratr 7ol RO—2ThHhrYra=r il TSIk
ET AL THME L7, EORE. EY 9a DRFIE 14% ee (S) (Table 1, Entry 5)73,
31%ee (R) \[CAEMA A 57 (Table 2, Entry 1) , — )i, v a=r Bt F4~—
Thirvra=yralznb EfxtliEs ) I~ XizL, HiY 9a o=F o F 4
HIRMEIT 37%ee & 72 o7 (Bntry2) , ZAUVGRERIL, ABISIZIBWTERY O RFHT
WZiE, ¥4y Al EOX T VT 0 —TlI7e < A RS UTEH L7z v
aFrial KOXZ3 V7T A —PEETHLZ LA RBL TS, £Z T, Yra=

Table 2. Enantioselective N—H insertion reactions of phenyldiazoacetates 6a with aniline catalyzed by rhodium(ll)
carboxylates and cinchona alkaloids.

N, HN" i
Rh(I1) (1 mol%)
@COZMQ /@ Additive (1 mol%) > CO,Me
+
HoN CH,Cl,, 23 °C

6a 9a
Entry Rh(ll) catalyst Additive Time, h Yield, %° Ee, %°
1 Rhy(S-PTPA), | 2 86 31(R) o)
2 Rhy(S-PTPA), \Y 1 87 37 (S) Bn,, N@
3 Rho(TPA), I 12 84 55 (R) H
4 Rhy(TPA), IV 12 88 53 (S) o~o ©
5 Rhy(TPA), I 10 86 <1 VNS
6 Rhy(TPA), v 10 88 2(S) /| /|
7 Rho(TPA), Il 9 94 59 (R)

2 |solated yield. ? Determined by HPLC.

R4 = CH=CH,, R, = H: Cinchonine (l) R3 = H: Cinchonidine (1V)
R4 = CH=CH,, R, = OCH3: Quinine (Il) R3 = OCH3: Quinidine (V)
R4 = CH,CHj3;, R, = H: Dihydrocinchonine (ll1)

Rhy(TPA),4
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vEm YU ADEEREOMAEDEERF Lz, ZOME, "EEIEZ/FMETD Y
7 = = )VERERAE TS A B ECAL - & L7z, tetrakis(triphenylacetato)dirhodium; Rha(TPA)4 3339
WD & RUSDARFINERN 55% (R) & 72-7- (Entry 3) , Z OfEFRIX, itk ik b
IZHRBEND 45% ee ¥ Z ERIZHDOTHY , AERFBB LI WEINTEEr YT A
(DfREEIZ XA N-H fiALS E L CRIBIORVMETH D, —FH, ZTORINZB N T >
A=V U EMERHT S AR OB BLE X S R L 72 572 (Entry 4) . LA EOREFRD
5, Yra=yvikvrasUr ol o F A~ —EBEEEWSIT DI ETELALET D
Mol & 2 FF AL A O BN FRETH D Z LAV Lz, BB Licyvra=,
Vram YUK T AR =B WNIEF =V TIEAERICAET N Lo 7
(Entries 5 & 6) ., fx b BAHRFERIITYE Favra=r a2 fH LEBICBE S, IR
94%35 LV 59% ee THHIE 95 N-H AR 9a 2355172 (Entry 7)

PLEDOFER NG, RSO =F o FARIRMEORBU X v aF T vha A Rogy1OiL
REENEE CTH D EHER LT, LORFT, vra=rbdx=rTELOLAFED
EVY (Entries 3 & 5) WBIEINT-Z D, Yra=y, =V OREERE% Chem
3D, MM2 |2 & 0 B L7228 Wb AW BORE O BENABNL 72 BRSO B v v 7= (Fig.
5) s TITEITIRERIZEE L TELRTHI L L, F=2C3E Y DUMERF
T ONRFAAYEANC A FXFVERGFELTEY, ZORER OB FEBEENR v a=
VDBEBFRALERTEES TS, =00V DU MERFAIIREAME2 Y
HAOfEEMERR ELTEHEY , SHOWFHEAFERIZES SHEHIEZRNEIZ L Tnos b oL
Ez b0,

TR, Ye

Cinchonine Quinine

Fig. 5. Stable conformations of cinchonine and quinine calculated by MM2 method.

T, PO 2 it 2720, Yk Favra=r o884 H L7z (Table
3) , Vb N v a= 3 a2~ BEE =R I 0% X7 U Um0y
gL 75720, ZOFEMES 720 b0Ic X Yy AADERI R L, ARl
ERTESED, (- T, Ve Ry ra=roXERiT, ARSRICEO CEE R &E
O LHRINT, £Z T AT LVE FrYra=roYE&8% 1 mol%n 5 0.1
mol%IZARIH L7223, = o FABRMEITITEE N R 570> 72 (Entries 1 &2) . L»
L., vYratb7rhas ROYEHE 0.05mol%. 0.01 mol%I K35 & Zais i L
TS U F AR HICF L7- (Entries 3 & 4) . 2 Z TiE. Rhao(TPA)4 1% 1 mol%% i
LTWAZEND 0l mol%D Pt Fuayra=r&MH L (Entry 2) 121X,
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Rhy(TPA)s £ Vb R a=rOENIZ 100 &7 5, Y4, EHILR(TPA)s & Uk
Revra=ri Ll OBEERERKR L, ZWRTT Y R e 0% OARFREZH -
TWDHEHEE L, L L. ENTIEH Yy aFT7abnAd Rea vy AADEERIZR LT,
FaO—YKEIKR TSI T U FABIREME T LW RZFHAT 5 Z & 13R
HThHoH, UEDOFRERNL, v T AIDEEERE v aF T ulia A Rix, 2201
S UTCHEBE T 508 LIRS R TH D & DIGRIZE 72, Rho(TPA) 137 % 7 /L 708K
THDHT-D, Rho(TPAY DAHMMET 2 = & THEMT D N-H AR 9a (7 &I KL 72
HIETTHDH, Entry 2 T/RLUTZ Rhp(TPA & Uk e > a=r0OF/VEED 10:1 TiE,
Rhy(TPA)y DA THME XN D T & IRZ AR T 2 SOSITIH 232 1T T\ b LB LT,
SolicvraFrinA ROYBEZER LR (Entries 3 & 4) 121X, Rhy(TPA) (2
FOMBEIND T 7 IKD 9a 252 HREOEGEN EFT5b0 BB L, L
L. REREAZMY o arT7iaA K% R(TPAL (23 L TE D b7y &z L
EHEAICB O THOARFIEMET LRWERREZATICHAT S Z L IXRETH 5,

Table 3. Effect of the amount of dihydrocinchonine on enantioselectivity.

N, Rh,(TPA), (1 mol%) HHN/‘::: ?A/A;E7
Dihydrocinchonine w = N
CO,M X mol% CO,M
2 /©(m00) (R)~-20€ v
HaoN CH,Cl,, 23 °C Dihydrocinchonine
6a 9a
Entry X (mol %) Time, h Yield, %2 Ee, %” _
AW =
1 1 10 83 58 ®
2 0.1 9 94 59 oo
3 0.05 4 96 47 l/ 1/
4 0.01 3 90 29 /R|h—/Rh
5 No 4 93 0 |
2 |solated yield. © Determined by HPLC. Rho(TPA)4

Rhp(TPAR &2k Rrvra=un 1l OBGEZER L TE LT, ENEn Mz L
THEBET D = & Wi %725, Rho(TPA)s DIRILEBR 1T - 7= (Table4) , SEiE T
L7 Rh(TPAN (T, S UBHFAD T A a~< b T 57 =280, [ REEEMICEIT
HZENHRETH STz, ZONEELTALEWIZIZ, vy AERIZT =V VoL
LTEY, BaE2E LTS, ZOWELEZLRR P2 HWTHET DL U H 2 KRR
BEL ., fktaZ 295 Rho(TPA) 234 L7, Rho(TPA S EBAICEIN SN D Z B LW
Lewis M50 735656 L TR Rho(TPA) 23S 672 2 L2 X 0 | s~z LT
PEREZ IR 5 LW\ O MERE & 1572, 72388, T OEIL L7z Rho(TPA)s 1, FRFT L 72 &iH D 5
B FE TORFHANATRETH D . Z OB IS OYER K OVRF IR FEME TR i,
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Table 4. Recycle experiments of Rhy(TPA)4 by column chromatography.

Ny Rhy(TPA) (1 mol%) HHN :
Dihydrocinchonine ’
CoMe /@ (0.1 mol%) (R)CO:2Me
HoN

CH,Cl,, 23°C, 12 h

6a 9a
Run Yield, %? Ee, %°
1 90 59
2 92 59
3 93 59
4 89 58
5 94 61

2 |solated yield. ? Determined by HPLC.

Rhy(TPA),

1) purification by column chromatography  Rhy(TPA),-2 PhNH,
2) evaporation Rhy(TPA),

RIZ, 722V OT I THHE— O AT VIR RIE T2 A2 st L7- (Table
5) o TOTRTNAEIEIL TN IRBOIHITAFAET D70, ZDO0 @& SIS DU
FEBIOF U FHRBRMEICRESEET L LOoRELH D 1Y, 22 C=RATLHET
FNHE FFXFNE AV TTFAE, ROV A Y T a IV tert-T F UL L
L7 ==V 7 VHIBT AT )V 6a-g MRV, 7 ==V UT VEIgEA F L
(6a) D7 == VTV T VEEBRTF L (6b) IZE XD LIZL D = U F ATEIRMER 3%

Table 5. Enantioselective N—H insertions using phenyldiazoacetates 6a-g and aniline.

N, Rhy(TPA), (1 mol%) HN” i
Dihydrocinchonine
CO,R /@ (0.1 mol%) “SCO,R
N .
HoN CH,Cl,, 23 °C

6a-g 9a-f
. Dihydrocinchonine
Diazo Product
Entry R Time, h Yield, %  Ee, %”
=

1 6a Me 9 9a 94 59 L7
2 6b Et 10 9b 99 62
3 6c  Neopentyl 30 9c 88 63 o, —~0
4 6d Bu 36 9d 93 67 th/_th/
5 6e Bn 48 9e¢ 98 56 / | |
6 6f Pr 120 of 72 59
7 6g Bu N.R.c - - - Rhy(TPA),

2 |solated yield. ? Determined by HPLC. ° No reaction.
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ML L. 62% ee TN-HIFAM 9b 23435z (Entries 1 &2) o EHIT, A YT FL=
2TV 6d ZFHWD L&, 67% ee TN-HIEAIK 9d BNELNTZZ Emb, = AT IVED
EINSTE L T HICON T T » F AR ) L3 2 EAI2R S 07 (Bntry 4) . T A
TIVERD T )V 2 — )R T HIEFRIR T oL Ic g E b oA Y 7 r LT AT L 6f
TIXSUEREIA 120 BERIICAER L. BRS8N L 72 (Entry 6) o £72 tert-7 F /L
ATV 6g CIISLIRHI 0 S & S0 b RS AHEST L7220y 7= (Entry 7) o BA L OFERED
5. BEOREICIIR bRWT T FABRRERRBO DN T = =V DT VEHRA VT
F(6d) VDL L Lz,

GNTT =V v EOEMRIEOHT LA LT (Table 6) » Kkx 2T 70, SRR
B A R OB A A AT I B O CRIS 2T 5 = Lt ERSICREIND
FEWNEMEE DB RIS T DBIC b BRRERE 7R D, FORE. 2 frE 7213 3 i
BEHIEAE SO b O TIZERRO b O & AR T F U FABRENME T 28 75
FU7- (Enties 1 vs 2=7), 4 (I OWCIETWVE TR MEZ RT 0 7 U BT 60 4-7 L
Fuar=Yr 4run7=) BlO04T70ET7 =) UEHEH LRI T A3k
PER A = L7z (Entries 10-12) , 4-70ET7 =V U2 WD & & =) o FABRREIX
T1%\Z#E L7z (Entry 12) 4D, —FH T, 4-= +r 7=V Tk, =F  FABREDR 44%
ee ICETIK T L (Entry 8) . F7A MFVENEMR LT p-7 = P TIIRIEN 4L

Table 6. Enantioselective N-H insertions of isobutylphenyldiazoacetate 6d with anilines catalyzed by Rh,(TPA),
and dihydrocinchonine.

[v)
N, Rhy(TPA), (1 mol%) NHAr

Dihydrocinchonine
CO,/Bu (0.1 mol%) *>CO,Bu
+ ArNH,

CH,Cl,, 23 °C
6d 9d, 10a-m
Amine Product

Entry Ar Time, h Yield, %% Ee, %°

1 Ph 36 9d 93 67

2 2-CICgH, 1 10a 98 55

3 2-BrCgHy4 1 10b 91 56

4 2-CH5CgHy 12 10c 91 56

5 3-CICgH, 2 10d 92 67

6 3-BrCgH,4 3 10e 90 56

7 3-CH3CgH4 72 10f 93 61

8 4-NO,CgH, 2 10g 96 44

9 4-CF;CgH,4 10 10h 94 63
10 4-FCgH,4 24 10i 92 68
11 4-CICgH4 20 10j 93 70
12 4-BrCgH, 20 10k 91 71 Rh,(TPA),
13 4-1CgH, 20 101 93 69
14 4-CH3CgH4 36 10m 91 64
15 4-CH30CgH,4 N.R.C - -

@ |solated yield. ® Determined by HPLC. ¢ No reaction.
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AT L72o 72 (Bntry 15) o ZAUTRWE FILGMEEIETH D A b N LR

ERELGWVANICEBRTHZ LKLY, T2V VEROR— X7 —DE N

T2, Lewis [EtEZFror YU LRI BT 2 K 212720 v Py AL

RIGLTnTod bR EIND, 7B, AUNMCBW TR R v Thoa XUy T I v

HHNI T a~F LT I U MH LB, OS2 HEIT LD > 72 (Scheme

19) . ZOfRERIZ, FEHERT I LB L TETEENSWVIRET X Tk, £Eo0
ERF T EOIIEFEFROBTHEENETZ L Tr Yy AM)MMEIZTHR S BNLT D 2
AT R VAL IR Lo L b,

Rhy(TPA)4 (1 mol%) /O
N2 Dihydrocinchonine HN
@COZ’BU /O (0.1 mol%) O)*\COszu
+
H,N

CH,Cl,, 23 °C
6d not obtained
Rhy(TPA), (1 mol%) PO
N Dihydrocinchonine HN Ph
@CO{BU . \/@ (0.1 mol%) ©)*\C02’Bu
(o]
6d CHzClp, 23 °C not obtained

Scheme 19. N-H insertion reaction of phenyldiazoacetate 6d and cyclohexylamine or benzylamine.
RIZHEE DT VT AT NV OREE L | AR O RNFIGEE A kRt L7 (Table7) . 2
NETORFTIIEEIL Y = =V AT VEHNTELR, a-T IV F)b-a-VT V=

Table 7. Enantioselective N-H insertions of a-diazoesters 8a-d with anilines catalyzed by Rhy(TPA),
and dihydrocinchonine.

Rhy(TPA), (1 mol%)
Dihydrocinchonine
Ji /@ (1 mol%) H HN
* A

R™ "COzEt HoN solvent R” O CO,E

8a-d, 6b 11a-d, 9b

Diazo Product
Entry R Solvent Temp, °C Yield, %% Ee, % Dihydrocinchonine
1 8a Me CH,Cl, 23 11a 82 77
2 8b Et CH,Cl, 23 11b 48 80 q >
3 8b Et CHCl, 23 11b 46 86 ®
4 8b Et CHCI, 10 11b 45 90
5 8c nBu CH,Cl, 23 11c 67 78 (I)/\(ID
684 Bn  CHCL 23 11d 50 60 RI—RH
7 6b Ph CH,Cl, 23 9b 99 62 / | / ‘
@ |solated yield. ° Determined by HPLC
_______________________________________________________________________ Rhy(TPA),
Rh
M + Me
e%cozEt —_— 7~ "CO,Et
H H 1,2-H-Shift H

Alkene
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ZFNERNS ZERTEIUT. AEDARCEISOERALE EOMEITE L &E 5,
L, FO—FHFTERAELH ST, a-T A FNeq-TT VT AT IIZT TV RFT
Lo RBICKBIFRADFEL BT DD AR FEED12-8 Y R 7 & FETap-
AREFI T ZA T VDA RRNERET D Z ENMBIL TV D %), Hashimoto ©la-7 /L3 /L-
-V T Y T AT NDGFRNAFE C-H FABUSIZ Rho(S-PTTL)s Z WD & 1,2-8 RU R
7 MZEDB@D)-TNTr L DEMENED Z B TEWT T FARRETY I 1
RUB IR BEFERNEOND T EEPD TRHELEY, D EoZ b, a-7
INH - T T Y T AT BN T b 22 SOS G A 5% E T & AUE, 200 Y
RIIGRPBETE L EE X, MFEiTole 2 A, -V 7Y b BT v
(8a) &M\ % LU 82% (77%ee) THHIE T D N-HFFE ALK 1Ma AL L= (Entry 1) .
SOIRABHEZME LTIca- T Y 72 VBTV 8b) T 5L, RIAERMTH D
(Z)-alkene 23HER L, UL 48%~ LK N IXA e, = > F A 3IRMEIT 80% ee I
M.k L7 (Entry2) . L LCZunfRLazlifl LIzl A, = FARMENK
=X 86% ee THHIY 8b 235 5417~ (Entry 3) . S HICHUGNRE % 10 °C IZFRET D
ZEICE D ARFINEE 90% ee ICE Tl ESHSHZ ENTE (Entry4) .

T, = U FABREORBUCEE R G2 52002 5720, F T 072B-
T TN a— gyt aHWTHIES FORMIENSRISICRIETZEZ R L
(Scheme 20,21) , = Z TlX, Y aFTihuA RoEEE ML L-EiEE b o
{bEaEH L, GG 2 58 % gkt L 7=, Scheme 20 T L7215 12-15

ETHFLKR TE ) MO FEEARE LTHREN TN DTH D, R
ELTHATHE0I2IE, ZDOIEFMENMHO CEETH D, FICARFHEED 95% e T
ol 5L, ZOfEAMFERH LI KISIZEBT D5 ARFIEIL 95% ee WicREIE L 725,
ZZTET, FT/VHPLC 2fH L T OLEMONTFHMELZREFT L, 4 FEOX Z

DF12-15 DBARTI9% ee L ETHDH Z & 2R L7c, F72. TLC BL U 'H NMR 5>
FrcL i ThHrZ bR THER LT, ZNBR-T I/ 7T /ha— &L TN-H
AN EAT T2 ZAAFEOWTNOT 2 ) T a— L2l LZBRIC S @I T
HA L 92 N-HHF AL 9a 2355, 31~51%D&EiPH CRAFBEN/BES N, 21T
b, EET AR ABRROT I ) 7 a—L 12 VSR IR 99% (51% ee (R) T
HH)E 45 N-HFFAK9a NEONT-, ZOFEIL. Y Fav o= 2 HH L7
WG HITME (94% yield (59% ee (R))) & [R5 Td o7 (Scheme20) . 72k, Zi b D1k
BT T AFLNR 2 DFET D, — . BIROZHRT I U EZ L2 0DF T 1
FLR T DOULDGFEELRNWXFTARB-TI /T ha— L ThEhbsD-7rl J— /LT
ERIIT7 B IETHoT=, o, FTLRTT IV THDHE-AT A B LU-)-
TN v Rha(S-PTPA)s DEAGENL D N-T7 Z A o-L-T = =)V T T = BHDHWNEF T
VIR T LV 3 — U B W TS KGO ARFIR T D TRV D TH > 7= (Scheme 21) , LA
EORERNE, ratTiud ROAFRBUIZ, FTVRE-T I/ T a— g
ENEETHDZ ENHLNE 7257 (Scheme 24 25 R), ZH b DFERIT, 4% )
Y F AR EN DA RRETT 5 ETOAHRARTHH 5,
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Rhy(TPA), (1 mol%) HN
©)kCOZMe /© Additive (2 mol%)
HoN

9a
OH
Mo OH j > Nj
<. N \
CHs CHs
Dihydrocinchonine 12 13
94% 59% ee (R) 99%, 51% ee (R) 96%, 51% ee (S)

OH
5N® ©/\f\\N
CHs
14 15

93%, 31% ee (R) 88%, 33% ee (S)

Scheme 20. Chiral -aminoalcohol 12-15 catalyzed asymmetric N—H insertion reaction

HN” i
Rho(TPA), (1 mol%)
+ >
H,N

Additive (1 mol%)

* "CO,Me
CH,Cl,, 23 °C
6a 9a
Structures of additives
N
<N_/\"’CH20H SN
H )
D-Prolinol (-)-Sparteine (-)-Brucine
99% vyield, <1% ee 82%, 5% ee (S)

65%, 7% ee (R)
0]
Ph OH
\\\N
O

X
o7 “OH 0707
N-Phthaloyl-L-Phe i

Diethyl L-malate Diethyl L-tartrate
97%, 2% ee (S) 67%, 0% ee

97%, 0% ee
Scheme 21. Chiral -aminoalcohol catalyzed asymmetric N-H insertion reaction
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B3 BT YOI X0 A ST ERE D L DRI

2011 &5, Mattson HlI=hr a7V = X7 )L 16 Z 5 FREAEIC X 5 N-H AKX
Ja RS Uiz )y Z AU o iz D N-H i ASUS T ED L7201 T OH
ThH D,

Organocatalytic N-H Insertion/Multi-Component Coupling

urea catalyst
(0]

R1
o Rr M R '
I N N _N 0]
R\n/N\O H H oM Y R._NO, Nuc R _Nuc
A\ .
~ I N5
R . . 3 - 3
N2 R3—NH, R\/'}rj\o"H N-H insertion H NHR _NO, H NHR
16 T
-N3 carbene

LoaL, AHEARMEEIC K2 =) o F A3 N-H ffASSIEER DR 2 Bigs L7z
FUZB W THEFI R NIGR TH Tz, WEHELTHERAT A7 2= Y7y 75—
N 6a IZVT YV IHROBEMICE I GHETH L 7 =il B RSIMEE O DL
R VNS LTE#EE b o, 722 P T VT X—hoa Py AN LR gEK
FHBIC X D RELEZIT TWDD, AR A RE L TXREED ERE &
VEMNB D, EFIT, T2 AT T T REA— b 6a N DRAESE T R RS
EGIZ R S WZEREE b2 LE X, ZhEFIHTHIE 7= > N-H#E R~
DIFFASISDNRINHETT D LB R, @RISR AMHEH L2WAFE N-H ffAKIG DB
1% BH4G L72 (Scheme 22)

N, /@ Cinchona alkaloid
A
Ph™ "COMe H,N heating Ph/<

CO,Me
6a 9a
N,
PN

Thermolysis Ar” COMe

heating free carbene
N, " NH,Ar

Ph™ COMe Ph" - CO,Me

Ylide intermediate

Cinchona alkaloid
Ph CO;Me Cinchona __ EzAr

alkaloid
N-H insertion product Ph™ -"CO,Me

Scheme 22. Concept to stereocontrol of free carbenes generated by thermolysis of the diazocompounds.
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FT BT VA G S 2T ORISR Z #RET Lo (Table 8) o il iR
ELH.EEUT LAY O CHIEEAKGE TEH SN TWD ML U EREEE L THW
7210, 80 °C TIX7 == V7 VEMEA TV 6a OOfRITEL I 57, FElomEIL &
72572 (Entryl) ., & 52 100°C TRILEIT-T2& A, 24 B CREIRFERIZTHR L
=R 56%, 42% ee (R) THHIYE T2 N-H AR ER L7 (Entry 2) , ML BT
TIEROGNRE DY 3 R & CRIME L7223, INERITE TR T L7 (Entry 3) , 7238, Z DBE
IZIX T BR 17 X Qo-7 b= 270 18 OAERENSM L 7= 40, H LT, I HITEWIH
BEFOEFHERWKETH D o-F T L (Wb 144°C) Z AW TRIEEICHET L=, 120
°C TRILZEATST2BRIC b ERISEORER NG5 5 Z b h-> 72 (Entry5) . 728,
KR SE Ve Ra vy a =V IEFE FICTT O & LD TEREIZE T HRERIL 24 KA T
HY . BUOIRTHMNE LN (Entry7) . FUNREMNA Y E ey a=UGFET
(Entry 2) & IEFIET (BEntry 7) TEVRRN-T-Z LD, Ve Fa vy a= @3
W E L 5212002 DR S, RO OEE B ST VX DA T H
BHEHEE LT,

Table 8. Enantioselective N-H insertion reaction of methylphenyldiazoacetate (6a) with aniline under
thermolytic decomposition by heating.

Dihydrocinchonine /@
N, (1 mol%) H, HN
+ ‘.,
CO,Me /© Solvent CO,Me
@ M R

6a 9a
Entry Solvent Temp, °C Time, h Yield, %°? Ee, %"
1 Toluene 80 N.R.C - -
2 Toluene 100 24 56 43
3 Toluene 110 3 49 41
4 o-Xylene 100 24 53 36 Dihydrocinchonine
5 o-Xylene 120 2 50 42
6 o-Xylene | reflux .. 2 49 %4
79 Toluene 100 24 43 0

2 |solated yield. ? Determined by HPLC. ¢ No reaction. ¢ The reaction was carried out
without dihydrocinchonine.

Structures of by-products

O

@COZMe

18

a-ketoester
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BWNT, 7= U7 VEER A F IV (6a) DY T VORI SEL: 100 °C LLE O S %
BT HEEEEH L, ALFINEL X ORFIEEIZ ﬂTé%@%@%bk(h&ﬁ) i
PERCALMEER I T d> 5 DMF X° DMSO TIEIGSOEEITITIE 120°C 24562 E L, DERB LW
ARFUERILIZBD TR D TH -7~ (Entries 1 & 2) , £72 1,4-UAFH 2 NN-U A
FLT =V, 7=V (neat), 7 1B U2l L7SEAICBW T, RIGDRFIL
L 30%LL N T o 7= (Entries3-6) o LA EDOFERD S | LAEOMKFTIX v % EH
L7z,

Table 9. Solvent effects on chemical yields and enantioselectivities.

H, HN/©

NP Dihydrocinchonine
(1 mol%) g
COMe + /I::j . (RCOMe
(]
H,N Solvent, 100 °C
6a (1.2 equiv.) 9a
Entry Solvent Time, h Yield, %? Ee, %"
1°¢ DMF 3 9 2
2¢ DMSO 2 16 6
3 1,4-Dioxane 2 56 20
4 N,N-Dimethylaniline 24 23 <1 Dihydrocinchonine
5 Aniline (neat) 2 21 12
6 Chlorobenzene 24 ! 58 .29
7 Toluene 24 56 42

2 |solated yield. ? Determined by HPLC. ¢ The reaction was carried out at 120 °C.

WIZ, T AT IVERDS OGS DR X OV F PRI KT B L MFT L7 (Table 10),
AFIVEATIV 6a DHTZTF VT AT )L 6b IZEET D & T 2 T AIRIRED 42% ee
25 64% ee ~& A L L7- (Entries 1 & 2) , S HIZTZATAEDNS & S 28 LT tert-
TFINTATIV 6g TIEHBET DAL 19 O F > FAEPET 73% ee IZE LT
(Entry3) o L2>L., Z DB tert-7 F /LT AT )L 6g 1T52 RIS, INRITDHT D 15%
Tholz, =F U FARPHEOFBEFE TIZIZ O AT VS Z7R# L TnD Z kﬁ?
WINZ D, Ve Ravra=mrofRbvizyra=r T 5 L) T AR
HTORTNBIZE I (Bntry 4) if:ﬂi}im%y‘/::v‘yﬁEF@ﬁé & B S
RIFLEDN R L, SIERPMEET 5 Z &b nro7z (EntryS) . 12, F=2HDHNIEF
=V NI T o F AR OB B L 7o A SRR T iiﬁﬁo 7= (Entries 6 & 7) .
B, F=UHDINEF =V ICBT ARV U F A RIRMEIL R(TPAR B L OV
Ravrya=r O R CHBEINTBSR TH D (Table 2, Entries 5 & 6)
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Table 10. Effects of ester moieties and cinchona alkaloids on enantioselectivities.

H HN’ :

N3 Organocatalyst
(1 mol%) 5
COR  + /@ . CO,R
(o]
H,N Toluene, 100 °C
6a,b,g (1.2 equiv.) 9a,b,19
_ Diazo Product
Entry R Organocatalyst Yield, %% Ee, %"
1 6a Me Dihydrocinchonine  9a 56 42
2 6b Et Dihydrocinchonine  9b 24 64
3¢ 6g Bu Dihydrocinchonine 19 15 73
4 6b Et Cinchinine 9b 30 57
5 6b Et Cinchonidine 9b 39 -50
6 6b Et Quinine 9b 48 19
7 6b Et Quinidine 9b 28 -10

@ |solated yield. b Determined by HPLC. ¢ The starting material did not consumed
completely.

WEHE 77 VA TR D TRUNEIZE ATEFHEETH Y . IR O &b e
VETUTIMEEMEDRISIC K DTV ORIAET ERka b EMICE B SN D Z LR
HMHNTWD Y, 7= VU7 VEERT A7 )L 6b H 5 AERR U 72368 1 v~ D JED O
T =0 E 0 EEECHETIVIERR ET LB, N TTr=Y DY &E
BAEMFI L7 (Table11) . PALZZEY . HODYEHDPERICRE S EE L, IFE
o U F AR O E D BT NT AOERNEIL. 7=V & 5 MERV-E
Toholz (Entry4d) , —FH, 7=V OYEREZHRIELLEZITHBY 9 o)
FABPRENMET Lz, ZOBRIZONT, REORIUIIZA Y Rzl Trratrr

Table 11. Effects of the quantities of aniline on yields and enantioselectivities.

H HN” i

NP Dihydrocinchonine
(1 mol %) 4
Toluene, 100 °C
HoN
6b 24 h 9b
Entry Aniline (equiv.) Yield, %? Ee, %"
1 1.2 24 64
2 2 24 62
3 3 30 63
4 5 59 57 Dihydrocinchonine
5 10 49 55

2 |solated yield. ® Determined by HPLC.
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v A RRRFESZAETRANTE2ZENREETHY, 2O U RRRIKRICRTT D>
vaFTaaA ROEMNICH L TT =) v OBRIFRFORMPIHEES LIZZdlc, 7=
U v DY B A PRI > CHI O = F o F BIRENE T Lz L BL LT,
T, Pk Revra=rOYERa it Lc (Table 12), A 1At &S &
JE fbigE & b U CRRERIRRE NS 0 B LT 5-10mol % &35 Z L 3% 1Y,
AETIEHYE Feryra=r% 1mol%/ 5 0.1 & 512 0.01 mol %l IR & 1T ARk
YDz F o FAEPRMEITIE, 1ZEAERTHR N0 -7 (Entries 2-4) , 0.01 mol%
AW ORI, BEICH L ThIh—Foo—YEDy rafFrarhnAd KRN
FNTHERE AR L TR0 . Ay Tl L LI TEWERRE CThH D Z L &
RLTWD,

Table 12. Effects of dihydrocinchonine on yields and enantioselectivities.

H HN’ i

N2 Dihydrocinchonine
(X mol%)
CO.Et o CO2E
Toluene, 100 °C (R)
FN 24 h
6b (5 equiv.) 9b
Entry X, mol% Yield, % Ee, %"
OH
1 0.001 48 10 NN
2 0.01 46 53 v
3 0.1 33 59
4 1 59 57 Dihydrocinchonine
5 2 54 59
6 3 40 58
7 10 60 49

4 |solated yield. ® Determined by HPLC.

VBB DSBS KT TR 2D 720 RUSTRE 2 2L S & THiET 21T > 72 (Table
13) . KEUSEY T MbAmE T =0 L EONFHEGTH Y | BT Rt 0#E
fRBE P | CEERE A 52 5, REBEEW . L ICE ARSI T 510> T, BISDOR
FULER ) A _E L7= (Table 13, Entries 1-5)
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Table 13. Effects of the amount of solvents on enantioselectivities.

H, HN/©

N Dihydrocinchonine
(1 mol%)
CO,Et CO,Et

@ * H N/© Toluene (X mL) ©/('§)

6b 2 100 °C, 24 h 9%b

0.4 mmol (5 equiv.)

Entry X, mL Concentration, mM Yield, %2 Ee, %”
1 5 80 45 47
2 10 40 42 55
3 20 20 59 57
4 50 8 31 64 Dihydrocinchonine
5 100 4 41 65

@ |solated yield. ? Determined by HPLC.

BB, 7= v EERIEOREEZRE LT (Table 14), 7=V >k 4 (LIZ&E K5
PeZ AT T =0 VEHEHWD & & = o F A ERYED [ B A2 B 54,
4-7 0T =V L TlE 74% ee THHIY 20c 2345 5307~ (Entry 4) 4D, BLIEWZ Lz m
U AANEEARE O SOG TS ET Lo T p-7 =V Vv 28 & LIBRIC
H HEIY) 20e 3ERK L 7= (Table 14, Entry 6 vs Table 6, Entry 15) , Z DEWNG, BT
L7l vy AADEER/ a7 vliaA ROMMERIZBNTIE p-7 =Y
MYy AIDFEREZHEEL TWD Z ERRIRBINT, —FH, v Z7a~FurIiy
BLORCUALT I UEEEE LRI, RSP EMECeY BV E 325 N-H ALK
EIGHZEIETERNoT,

Table 14. Enantioselective N-H insertions of ethylphenyldiazoacetate (6b) and anilines

using dihydrocinchonine.
H HN :

N2 Dihydrocinchonine
X (1 mol%) s
CO,Et (R)CozEt
+ HoN Toluene (20 mM)
2 (o]
6b 100°C, 24 h 9b, 20a-f
(5 equiv.)
Product

Entry X Yield, %? Ee, %°
1 H 2b 59 57
2 F 20a 39 65
3 Cl 20b 42 73 Dihydrocinchonine
4 Br 20c 42 74
5 CF3 20d 40 65
6 OCHjs 20e 63 52
7 Bu 20f 25 58

@ |solated yield. b Determined by HPLC.
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WUNT, ROCHEREOFRZ B & LT, R EZ1T75 Z & & L7z (Scheme23) , b
L 100 °C I % [EE L, Rho(TPA) f77E T K OFETFEAE F T v F A 3Rk

Z g Ulc, RIS BOS Tx ) o F i@ Rk
ha(TPA)4 DEBZRIFLTWNWDHEEZDHZENTEDH, KAHIZ

IEWVWR R S E, REBBLEREIC
L ST T A

PFRPEIE WD 2T AUTARF FEBLEMEIZ Rhao(TPA)4 ﬁxiﬂiﬂbm\fxw Lard, LTI
IR L71 oy AADEEROFEE T U F ARRMIIRIT & A CEV NI é ;J“L
ol Z EB . AU MG & Rho(TPA) 15 & & PR EF Lﬂ\m\ & DN B D
27,
Dihydrocinchinine
NP Dihydrocinchonine H HN :
(1 mol%) g
CO,Et /@ ~COEt
©)J\ * HoN Toluene, 100 °C (R)
2 24 h
6b (5 equiv.) 9b
59% 57% ee
Rh,(TPA), + Dihydrocinchinine
Rh,(TPA)4 (1 mol%) /©
N2 Dihydrocinchonine H HN
CO,Et /@ (1 mol%) ~CO,Et
+ HoN Toluene, 100 °C (R)
2 1h
6b (5 equiv.) 9b
90% 63% ee
Scheme 23. Effects of Rhz(TPA)4 on enantioselectivities.
UL EDRER G, BT V3R ot DARRF IS D IHEEZ LT D X HITELZ LT

(Scheme 24) ,

BT =V NSRRI

T MBI

0AMIE L. EEED I AR N B, O
Wﬂ?é LTAY REAERT D, 04U FICkLT

raFradiuaA RRENT L2 E TNERROEBEBBIREBAZ R TAFKEBINE

ZoltEILND, /tkﬂ//ﬂ%/®m—ﬁm%%%%k%/ﬁ
T o F A EIREN 6% ee &F L < ffﬂi L, Z

EBRREL T DO TH D, mw&i

O-H ffAXE%EET /L E LT DFT 7t

EHLI-HO
DOFEFIT, TR LULIENBERIRD

HliX, ¥ 7 7rm vy AADEEREZ HW -
Ct D OGRS 2 HEE LTz, REDIEELT 5 E

m@%k%%o4jb’T#éﬁ@%émin/?Amwmﬁ@#A% Ex N EhET

BLTW5

%3, CuDiEA U RITRHEA LTS 7D, 7 V28D 2 L7-35451

IXE DSARKEE DAY DO R F IR S 0T, KRz e 7 AADSHA T, AU R

ERREEL CW AT RICHEE S LT T e n U o AADEERZ W 23551
R D RFE AR R S Uiz < Vv

BT
LR RLTWD,

29



R=H (57% ee)
R = CHj; (6% ee)

W

CO,Me

Dihydrocinchonine

N-H insertion
product

Asymmetric H-shift

Scheme 24. Plausible reaction mechanism.
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F2EE = VT VHIR T AT )V DOARF S VX O—H fif A
18T AR OWE R

AR Z & < B R B RIE OB IL A L F 0 B OB /2f R L 72 > T D,
&V DI AFO-HFALNIER 72 o IiE b &z /ED 4, Wbwsb 7 7
AT IA N —~DORERFEEERMGE SNTWS, &, X/ A4 K& pRTE
& T D ARFO-HIFASULDFHR N THE N S 7z, 200651 2Fu b XO-HfE & ~D A1 1
VARABUSICBWTH/ E AT 7 2o Uil a2 VWD & & fiE98% ee & W D BERLAY
Ip U F AR THMRE O D Z & 28 L2 (Scheme 25) Y,

Me Me
Fu (2006) Cu(OTf), (2 mol%) M /@\M
0 Ligand (3.8 mol%) 0 ° Mef )
Ar OR H,0 (4.0 mol%) Ar OR X
R-OH + o —— K ! C\‘/\‘/Gﬂ-@
N, CICH,CH,CI, rt RO H ]
Me ; Me
up to 98% ee Mel;\Me Ligand
Me

Scheme 25. Chiral Cu catalyst mediated asymmetric intermolecular O-H insertion reaction of
phenyldiazoacetates and alcohol.

F72. 20074FEIIFZhoub NPT VY T ATV L T = ) — )LIHEK L ORISIZBN T,
$i— B AAFV Y U afEEE LT, 99.6% ee CO-HIF ARG H iz E#fiE L T\ b
(Scheme 26) %), X B2, 7==)LVT YT H—FEH,0L DRIGERSMHTITH &
90% ee T~ VT NVEEA FANELND Z & LA L7250,

Zhou (2007) CuCl (5 mol%)
N, Ligand (6 mol%) e} _>"'Ph
0 NaBARF (6 mol%) o+ R2
Ar-OH + Rt “R? = A7 o’ Ph
O 5A MS, CH,Cl,, rt R! I
up to 99.6% ee Ligand
(Sa'S.S)

Scheme 26. Chiral Cu catalyst mediated asymmetric intermolecular O—H insertion reaction of a-
diazoacetates and phenol.

—7 T, B YU ADEERIZC-HAE G~ D ASSIZ B W T O BRI~ T
SEARIEIR 2B Z R T S DD O-HFFASISIZIB W TITDO T ) 8% eedHhir ST
WDHDHTEHSH (Scheme 27)°D, Yub BNk 7= L 912, BP0 AADEEERD A U RHfH
EKODIFBEL TS Z ENEOHBO—HEEZ b D,
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Landais (1997)

H
N2 OH 2
Rhy(5S-MEPY), s
CO,Me
Ph/vJ\COZEt * HO Ph/\)\COZEt o T
Rh—Rh
59% 8% ee /l /l

Rhy(5S-MEPY),

Scheme 27. Chiral Rh catalyst mediated asymmetric intermolecular O-H insertion reaction of

styryldiazoacetates and alcohol.

—Ji. Hu bl%, v 20 AADEEEREZ WD O-HIFFARSTIZA Y R8RS LTHE
L, ENET AT E RHDHWIA I THIIRT 2 FRTRERFLZH NI LI, £D
fER, ZORISTIEA XY= L4 U FHRBIENAERT S22 ERHLNIR ST
(Scheme 28) %Y, Z ® O-H ffiASG O & U T KE T PEDOBUL -2 Fif & 35,
Rho(tfa)s, 7 I #— FRISE(K tetrakis(caprolactamato)dirhodium; Rha(cap)s & 5 UM T AT i i
T & % tetrakis[1-[[4-alkyl(C1i-C13)phenyl]sulfonyl]-(2S)-pyrrolidinecarboxylato]dirhodium;
Rhy(S-DOSP)s 9% i % & A LA/ U A v bh7e & ONE = By A IS /0-H 5 A SUG D
EREICREREFNEL D, ZOEBRKRITZA Y Floe Py AFFARAML T, £
LIBED SOOI AMEIC B2 52 TnDH 2 & 2R LT, Lo Tt n 20 A
K2 RN LBOSR B ETEAF O-HFAISDORFEIZARETH DL EERADND,

Hu (2005) CO,Me
N, + R,OH
Ar1
l Rh(Il)
/R3
Ar1 OH AFQCHO _ Arn R2HC:N Ar1 NHR3
R10 LnRh+COZMe 1
MeO,C  An -RhLn _O. -RhLn  MeO,C R,
H + R1
AI’1 H
WOH
MeO,C r
COzMe Rh(ll) -2 2 COMe
N, + R{OH + Ar,CHO —— threo +  Ar—C-OR,
Ar1 H
Ar1 OH
-\\H
R10™Z
MeO,C  Ar
erythro

Scheme 28. The evidence of the generation of oxinium ylide.
Z T, AR TIEIRZICHIBINIZ E A ER NPT DTN ) A Ra ks
T HARFO-HFALISZOWTHRITHZ & & Lz,
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F2HI Tz U7 Y HERT AT VD5 O-H A

A TRk 9 1c, BFERIZe ST LA DA ) A REediike 4+ 25R7% O-H ffiA
IO ToH L, £Z T, KETORKIEDEEE LT, WA A ROLZEMIC
BRELT, tEFICEARE 7 2=V EBEFRSMEDO AT VR Z O WM HET 5
T2 VTV HHRA TV ERWDS Z L L Uiz, B, AMEAWIFRIRD Fu & ¥4 5
HBELTHNTWD DO THY | AFNESKSHEEOMATIZ M L2 b D TH D,

X UOICAFOLIR S 72X T 02m 0 AADERICOWTHRETHZ & & L. N-
THEaANT I BREBRERNL T & T % Rho(S-PTTL)s 'V & Rho(S-PTPA)4 10 % fislifi & 1T
R LTz, 7= VO T VEEEA TV (6a) 2B E LT, ZbFT707mn Yy A0
SR DOIINEIZFEEIZK LT 1 mol% & L, O-H R & LTiE H0 & 5V ik CH;0H % H
VT O-H AR &7 A7z (Table 15, Entries 1-4) , WTILDLEEITBWNTEL, U7V
RITOSBEG 10 2 E TICHERLTEDN T FUAROT7 == VENLE VEEA TV (18) B
FOTVUMETHD 2-(A MRV ANRZNT 2=V AF LT V)2-T = = )VEEER A F L
(21) 23ERL (Fig.6) L, HHY & T 5~ 7T /VEEFHEIR (22,23) 13156720 > 72 (Table
15) . a0 VT LB A RHERKLEFEEO YT VIR 6a BIGTDHE. T VUK 21 2
BT D EDMERDHD P, LIeRo T, ZORIGERETIII AR A RHEHEOER
FEZ25HDD, HO £721% CHOH & OFUSMTEIT LN D EE X B, 7RIH]
ETRLELIIC. O DD VIZT =0 U ERHWESETE. 70—80%MD IR T N-H fdi
ABUEDBHEIT L2 Z &S N-H fASUSZ T O-H A LGS I IZH#ETT L7210
AL LT, BMERFOREMENERFTAFOZIITHENTH N &0, Al LEAY R
? 1,2-Stevens HUENDHE RS MO T T VK 6a & DSBS HZ L EnE
Zohd, —H., TXTN7a T AERTH S Rhay(OAc) 35 L T Rha(TPA)s 3% 39 % filt
L U CHIGEIT Y &, S0%RIEDIRLRN OB E T 5~ 0 T IVEEHEIR G LT
(Table 1, Entries 5-6), % 7 /VARED X 9 72 S @< ETRBI 72 7 X v A I RHEEREA
SN E I BRI ER Lo T2, —J7 Rho(TAP)s D K 9 IS NEARAYIZ I Ry /S
NF—=TIEHLLODORIIAEFIZELDHLD T = = )VHNR3HOEA I TV D ERICIE
FOSITEITT 22 &b, 20 O-H fiABUSTIZE U DI EFHERP ISR TH D
INRURBICEE Lm0 VT DRSS EEL TWD I ENRBRINS,

2 7= VT T EZ— | 6a HEFED YT A TS S Z L TAEKRT HIEEMIZ OV T,
Maurino HIZ XV BEINTWD, TIVIUEFEFHS N TSI EEICE. ZBEENER LIRS
FEHK T TIE7 b 18 RS 5 49,
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Table 15. Intermolecular O—H insertions using chiral and achiral Rh(ll) complexes. O@
N

R,
Rh (1) (1 mol%) oo
©)J\002Me + ROH CO,Me | AP
6 22R=H /| /| chiral
23R =CHs; R = Bu: Rhy(S-PTTL),
R = Bn: Rhy(S-PTPA),
Entry  Rh(ll) ROH Time, min?  Yield, % Ee, %0C  [rmmmmmmmoommseos
R
1 Rhy(S-PTTL), H,0 10 - - )\
2 Rh,(S-PTTL), CH3OH 10 trace 1 ?//\?
3 Rhy(S-PTPA),  H,0 10 - - RE—RK
4 Rhy(S-PTPA);  CH30H 10 trace 1 S /| Achiral
o ReoPmn omoH 60 2 remae IR oy Rn0no),
ATPA ° racemate | R = CPhy: Rhy(TPA),

@ The reaction time means the whole consumption of the starting material.
b petermined by HPLC (Daicel chiralpak AD-H).
° The ee value was determined using the crude material.

Hexane/EtOAc =5 : 1

_N
N .
e e<«— Azine21
©)l\C02Me ©)J\002Me e e<l— Ketone 18
18 21 S At

The structures of by-product.

B RS

Fig. 6. By-products of O—H insertion reaction of diazoacetate with water.

GBI Z WA RIS TIE, LR LIRE A 5O BINAIS & B SR O R E Ry 2 M8

RS, KOSEOR EZSIEREIT NN TS, iz, IINCE D A%
WXz bESNTHL H 5, B 21X Nelson Hide 2w ADSERE HVY 2 ascomycin
531 DR E OIKFEFNZ KT 2 7 F ] O-H R ABUGIZ I T tetramethylurea (TMU) %
WINAFE L CTO.8mol%EILFIEH Z LICL 0 ISEENRKREL M ET5Z L 2lE
L TW% 3(Scheme 29) >,

B Ol TR, WA, BOGHRE, Aiie, BOSIRE., WO/ T X —Z 12OV THE 2 fiET
L7eMERINERETH o7z, HODIEEOFEIZ DWW T BRI Th o 72, & ZIZHW BT RE(Lewis ik
PE) 2 FEOWRINAI 2 95 & SOOI\ L7, Nelson & D j(“C % TMU, Hiinig base, N,N-
diethylaniline 72 E 23 EFT ST 5,
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Rhy(1-adaman),

o)
DCM/TMU (125:1) o HO,,,
ascomycin O /’Q
54% OMe $U MeO

20 g scale

Scheme 29. Additive effect in O—H insertions.
Nelson H1&, ascomycin [IHENEMETH D Z &b IS
FEOREIITEENPLE LR TNDA, 2D XKD 725
WENZRE 2 A DAL B ORI BUSIER A RIZHATH
HZEERLTND, ZORIGKRIZBWNT, TMU JEAFET
TIX 25% LARILECTH H DX LT, TMU 28N+ 5 Z &
IZ&o T)iﬁr?lli%@ﬁ 54%IZHE STV D, RO HERE
DFFEMIZ DN TITI R BV TWR WA, Nelson 51
tetrakis(1 —adamantaneacetato)dlrhodlum; Rhy(1-adaman)s

|
& TMU ORICLL T D X 9 BBEEERB R I NS Z & NN Oﬁﬁ

e ~N
ZHELTWD (Fig. 7) . F£7z. Katsuki HIE7 ¥ 7 \g/\ R‘h\ﬁ\Rh \\\\\\
Nig~ T L RIS (D) AT A v BRI //‘ ‘\\O
52 E TR MR BN T T A @R \mjm/

- . I
MHESND Z EEWE LTS (Scheme 30) >, Fig. 7. Rhy(1-adaman),-TMU complex.

Mn-salen complex

Osz (-)-sparteine O:N
AcHN Z

PhIO AcHN
CH,Cl,, 0 °C

Lo
dlll

28%, 52% ee

_N 4 ,N_
TIPSO OTIPS @Q
PF6

sparteine
Mn-salen complex )sp

Scheme 30. Asymmetric epoxidation using Mn-salen complex and (-)-sparteine.
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ZD%E, REIR

R R1
1L52% ee EHED H R1O_L o 0 R
SHERWIR. T HF TV gs =Nl N { R3
n
2 B8 D BB 1 \<;§ﬁ4 (i;Q/\:Kif
EMHIOxZ ) F 4 : L R R®
— NI D Z & H
R LEHITH Y Lﬁ[ijfi{;
RFEFROWAD D g
FEFICHko b 7= (-)-sparteine
ARSI G, v Fig. 8. Combination of Mn-salen and (-)-sparteine.

YL UEERIZIE 2
OOEEEMARDIFET D (Fig.8), LN L., T T AREKRTH T B NENFIZF T

V7 4 =BG EICBNTIEE 2 ORERMERITIS T AT LA~ —DOFIRIZR DD
T, PHEIIE) PN B I BN 2 &2 b, TSk Y Ktk =T T
A EPEE ST D LB LN TN D,

EEHIFE TR T 2o VU T VR ATV ERE & L2 N-H
FABISIZBNT, BAFRAFIEZ T NG % L L7z (Scheme 31) 4, ARK&
OFFEIE, FOSIZTHW S v 20 A(IDEHAHF AR F SUI AT, A3 LT 10 mol%
DENETHRPIZHEMT By a7 rhaf Rove Rnyra=r a2 AR5 RE LT
WHRTHD, I, EHT 2 Rho(TPA) 1TSS HE T 1% AR HEE O 72 DI G
%“/J HNTNTTENTav 8T T T = TERICESICEIRTE 52, 200

B THD Z L0006, 7Y 7 AADEEERT OZERNL O LR BN TR Z > TW RN 2
k%%%ﬁuﬁOfWéo%ﬁ%%ﬁ# EHETXIE OO L RFICEEER T HIELE
WAk E b OO O ISR T Z & TREF O-H AL AIRETIX 2 b
EZ7,

Rhy(TPA)4 (1 mol%)
N, Dihydrocinchonine
(0.1 mol%) NHPh

CO4R,

Ry~ "CO,R, t PhNH;

CH,Cl,, rt
R, = Phenyl, Alkyl

up to 90% ee
R2 = Me, Et, ‘Bu

Scheme 31. Asymmetric N-H insertion reaction of diazo compounds and anilines using Rh(ll) and cinchona

alkaloids.

OB THOMNILZE21C, v Py AADEAITZY T Y 7 = =V HiR = AT L %1%
P L, IR A RHPRURE LT 5, & 2 C, N-H ALK & [FERICHEE A 72 % F
IVIRERD NFENHIR S a7 aiiand R Lewis ikt L THWA Z & &
L., ETRLEMeFT=v2RMAE Lz, vy A0DEERE LTiE, e O-H A
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FOS DO Thie b BAF72 KOG (Table 15, Entry 6) Z7~x L. 73> N-H i A& T
bR R CH - 727 F T L7 Rhao(TPA) & VY, T~ OKERIL 2 R > (b AW
*4 5 O-H fARINZTBIT D) o FARMELE G L7z (Table 16) , A%/ —/L, T
B )=, A TR ) =B WNtert-7 2 ) — kT 5D O-H ARG TIE, BUSIL
1L 13-31%& Table 16, Entry 6 OFERIZHERDL EETFLTCLE -T2 DD, RFUEK
IFW T 35%R01% 2o~ L= (Entries 2-5) Z &5 O-H AN THF =0 D OF
FZVT 4 —DNERITRE D Z EVHB Lc, 70, HO ISk 2 i Tl 82% &
EFES & LTHHED TEDRISIEEPBIE I, SHICAFIETE 38%L 7L
— VA LRI VERDZE ST, v Yy AIDEER A il L U - o) T AR O-
HFALG T, ¥ 7 VRIZEINAZ 0T @& 1372 <0 RIFEDRYIOFITH L, Lo
L., 7=/ —/VOGEIZIIICIEI 64% & 70 a— VEEIZHE_REVETH 7228, =
T F AR 2 SOS OEATITERD B hr > 72 (Entry 1)

Table 16. Effects of alkyl moiety of alcohol on enantioselectivity.

N, oX

Rh,(TPA), (1 mol%) f¢]
CO-Me Quinine (2 mol%) “>C0,Me /0 O
(jA\2 + XOH 2 S
CH,Cl,, rt
6a 22 2227 0/ ~0
l, 1,
Rh—Rh
XOH Product anwe
Entry X Time, h Yield, %%  Ee. % Rha(TPA)
1 Ph 3.5 24 64 10 Z
2 Bu 2.5 25 17 40° N
3 Pr 5 26 31 37¢ ‘
4 Et 45 27 18 36°
5 Me 5 23 13 34¢
6 H 4 22 82 38°¢
@ |solated yield. ® Determined by HPLC (Daicel Chiralpak AD-H). ¢ Determined by Quinine

HPLC (Daicel Chiralcel OD-H).

EEYED B HALEMTITT Va2 — KR EZ G T 5 L ONBA I, Fl20%
SEFAREFETNVa—LTHD, ZNET O-H HAMLZFIH L CRET Vva—Laigs
i, BT Aa— LV N AR LI T —T NV E2INKGRST D LD 2 BRSO &
BENHNSNTE 2, LrL, AEon P AR E % T L7 Lewis LA A
OEDLREFE O-HHALS T, 1 BIOKIGTT /Va—nunEGEoinnd Z Enb, TRILVF
—HHOETHAFITHY . FI-T—F LONKSFEIRFEN 2T & 25 iRER o BAL K
FRXI— RRILEWM 2 EOREZMELET | ZolbEm S BRE~OAR D IRWVARF
TNhAaA—VOERIETHD LWV D3, £, 0 ZIGAl & T HAREFRISOHE S & %
DL AT BTNV, £ 2T, BIREIE, HO 2 uAlE L THWTARE O-H i AK
JRICHIZRRY . e mEtemx o2& & Lz,

TP, v VU AADSERITEORFTTH W= T T 072 Ro(TPA) & L, —ixi7e
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vaFraiiaA KeFfEIZONT, ZIEDRISIERE~DFEL b RN AFHENRE
fREt L7z (Table 17, Entries 1-9) , F =2 DERIZOWTEHBRG LIz & 2 A, EHEZRN
T 5 EROE 4 BECHERE L. IR (82%) b= > F A @I (38%ee) & EAF72FEL
PEDHERE S 472 (Bntries 1 &2) o 7205, (S)-7 T /VEE A T /L (22) MBS AR L
oo — . I OBBEGEEMEATHLF =V U AN LESAICE. JOGFERRE IO
FOSICRIZETEBN R ONTZ 0D, =) > F A EHPFUE (37-38% ee) (2B L CTILAHL
PENBIFCTH D Z LML/ > 7= (Entries 3 & 4) o Z DHAITIER)-~ > T /LR A
FIQUDPEBERINTAER LT Z 06, IIFIE LTHF=/F =V 0O L) 7e(ib)Bilk
BAMROMABEDLEEHND Z & T, O ZaAIE T2 O-H fHARGNMIBWTH A
BWETAHRBEEFHERTHILENARETHD I ENRENT, £, F=U/F=D D6
A RFVEORMLUZYya=rRoNCyra=yrOMEIZHO T RIERICH
L&A, ZNENRGET DX =0 0F =V AR TSR E R L7223 SG
WRITIFZIERETH o7z, L L, =F o FA@RIRMEITZFTE DS 30% ee (R) THEE D 27%
ee ()20 . ENZFIVK 10% N FFHEDRIMET L, EEMEENS IR LS00,
ZOHBEBIRMUT Lewis D DX 7 U T 4 — DN AERMICKBLES D T & DR S
AL7c (Entries 5&6) , S HIZ, MO _HEGEZE L LY Fr¥=0R 5N
Ve RRFXF =V OMARDEIZONWTHRFLIEEZ A, Ve FrX= 2RI 5
& ROEE 1T B U C 2 R CRUSETER L7 D3BSICRIE 2% £ 0, =F v F 4
ERMEIL 33% ee (S) & F = NTHARD EETORT R LN (Entry 7), 2B, 2D
B RHMEEMDOF = LR UK BELE O S IKROARNE: Lz, /2, Y k=
DU ETRMUTZSEITIE, BORSERE £ CORFMIT 31 R & BRFM 2 2 L7223, ISR
(84%) 72 BN =T v F AEIRME (38% ee) IZOWTITRHMEEM DX =2 0 LA
FERNELI, ZOMAEDLETHLX T VT 0 — OB /RE Tz (Entry8) , & Z T,
vy am U THE I EELE OWHRICBE T A MR A RO D72, v a = OfIH
D EESEBILLEVE Fasram s OREBRE Lz, FORE, TAERY
Fr v a=r oG LRERIC RIETHY , 20 F o FA RIS 33% ee & IR
B ERIFETHoI, 2B, PUSINE S RIFTH -7 (Entry9) .

ZIT, vraFradiad REF I VIRER SRS LS KB E SRS
5o ZOKEEIEL, KSHITHD H0 EDA L Z T a a2 LTAREFBEICEE L
TWAHAREMEL B A DD Z LD, ZTOKEEEICEBRILZE A L8Rz VT
JEEATV, Y afTradiaAd RORFFEDRIZEIT HKBEOZEL R LT
(Entries 10-14) , Z Z THWZFHERIL, —xtO{L)SG BIED AFENRFRET, TE D
T B ER R O NCETFHIIEPREICE L2 bOERE L, £7. BERTOH
FTHEEZ LT IEEGA/AICOVTHREATTDHZEEL, Y Rax=rHoW0W EVE Fe
X =D ORI A SV —Tp 4- 7 v XU A NV EE AN LAY 28 B X
W29 Z W TRISZAT 272, TORER, WTFNOHE S =T o FAEPREITIHI L TL
F o7 (Entries 10 & 11) , — 5., KEBEEEZ T LX AL LIzo—T HKIZOWTHRTFT L
oo YEROXF=0HAWNIVE ROF=D 0 % 4- A FL2-F ) A UL LI EER (30
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BXO31) TlE, HTORFFHBE @%ee(R) BLD4%ee(S)) MEIZ S 7~ (Entries 12
&13) , FZ T, EBICKRERDFTHDH72F U bLrEaYe RudF=U |8 AL
TALEW 32 Z VTG LIZE 2 A, 22% ee D) U F ABRINMENBIEL S 72 (Entry
14) , ZOfEREZELDDE, ZORIEDTF T FEIRMEITKER LI B AT 5 B
DR RN R TE IO F 0358 < S S 25 ATREME A RIB S Tz,

LEDRER, 7V 7 2 = VA TNV EHE L L, H0 Z 5K E 325 O-H AKX
ISDE. YAt T e RORFFEDRIL, FTALRKIBRFIHEELTND
KEBBENPRELSHEL, AR OMIEEIZS 2 U o FHRO 6 DA MX DA
MRS TWND Z EVHIBH L=, F 7=, Sharpless DARF T b N3 2 b 2012
Zyrarrahed REEORFEMF-PHVONTEY, B RE2#E L T
5, 2T, —XoOBEGEMEAKRE LTAFARERYE FeXx=H50F Y Mo
F=VUOFFER 6 flia VT O-H fHALIGNIE JIFT R A L7 (Entries 15-
21) o A48 FMIATH 5 (DHQ)PHAL & (DHQD)L,PHAL DORINTIL, FNEh
DERI D ) o F A EREIL 22% ee (S) B LN 22% ee (R) T, BIRDOF =28 L OF
=V VDR 38%ee(S) BLU38%ee(R) ITHAD ELHSTIHW TN, ZOHAICDH
AR LTI OX 7 U 7 4 — 03k 5 BI5 0355890 H 7z (Entries 15 & 16) &
%72, (DHQ):PYR & (DHQD):PYR DHAGHLHEIZENTHFEEDO X T U T ¢ — DM
MO BV (Entries 17 & 19) & W DITHIFE TIL 38% ee ERHMEAHO T E Rr ¥k =
VACIUET B U F A IRIREN R SN, G L 2 AT U T AT
18%ee & 72 1) AR DERMEIT 20 2% ee F2IE & Wy L7z (Entry 18) , —J7. (DHQ):2AQN
& (DHQDLAQN DFAEHLHETIX, = FARRMEIZIFEAERD LN o T2
(Entries 20 & 21) ,

INETOTratFTAuA REEIEEDORNFFHENRICET MO, 2
D H0 ZRGHIE TS O-HFAMGTIEF = BLOF =Y i om<ch, £z
AFORG SRMEOEH TR bENTZ v aF T Ao RREFMFI TH S Z &N
I L 7=,
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Table 17. Effects of the additives on chemical yield and enantioselectivity.

N, OH
Rhy(TPA), (1 mol%)
H 0,
CO,Me . H,0 Additives (2 mol%) *>CO,Me
6a (1 equiv.) CHyCly, rt 22

Entry Additives Time, h Yield, %°? Ee, %P
L1 Quinine 4 82 38 (S) ;
L2 Quinine 4 82 38 (S) :
'3 Quinidine 23 80 38 (R) E
4 Quinidine . 20 ] T 37(R).__._.

5 Cinchonine 15 84 30 (R)

6 Cinchonidine 45 77 27 (S)

7 Dihydroquinine 2 72 33 (S)

8 Dihydroquinidine 31 84 38 (R)

9 Dihydrocinchonine 20 85 33 (R)
10 28 22 77 0
11 29 2 79 0
12 30 4 74 4 (R)
13 31 2 84 4 (S)
14 32 4 82 22 (R)
15 (DHQ),PHAL 23 81 22 (S)
16 (DHQD),PHAL 6 74 22 (R)
17 (DHQ),PYR 22 76 38 (R)
18 (DHQ),PYR 20 81 18 (R)
19 (DHQD),PYR 22 78 21(S)
20 (DHQ),AQN 22 79 8 (S)
21 (DHQD),AQN 6 42 0

2 |solated yield. ? Determined by HPLC (Daicel Chiralcel OD-H).

28: Dihydroquinine 4-chlorobenzoate

29: Dihydroquinidine 4-chlorobenzoate

30: Dihydroquinine 4-methyl-2-quinoyl ether
31: Dihydroquinidine 4-methyl-2-quinoyl ether
32: Dihydroquinine 9-phenanthryl ether

R = H: Cinchonine Cinchonidine Dihydrocinchonine
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OMe

Dihydroquinine 4-

Dihydroquinidine 4-

OMe

R= chlorobenzoate (28)  chlorobenzoate (29)
"""""""" cHy
AN Dihydroquinine 4- Dihydroquinidine 4-
R= methyl-2-quinoyl methyl-2-quinoyl
NT ether (30) ether (31)
_ O Dihydroquinidine 9-
R= phenanthryl ether (32)
N=N Ph DH DH
DHa—( )—DHQ DHQW)\/DHQ @ @
I
N o=(_)=°
4 W
(DHQ),PHAL (DHQ),PYR
(DHQ),AQN
N=N Ph
DHQD \ / DHQD DHQDW)\/DHQD DHQD O DHQD
|
S e
"“ W
(DHQD),PHAL (DHQD),PYR
(DHQD),AQN

DHQ = Dihydroquinine
DHQD = Dihydroquinidine
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FlEfis, THOZMREI T~ T AR A T LD AERPHER TERNoT2F T L
7ev Yy AADEERZ VD O-H i AR (Table 15) (22O C 3 Lewis HEEEDIFE T T
FRET L7- (Table 18), HAEICIZ., 2 FE TOMRF TR BIF R E2 5=y a)
TNhHaA ROF=UBIOF =V T, go=dlcvrarribaf Ko
RN AL LT X 7 VP WA Z L L L, T v7n ¥y AIDEEERILRT
1@ Rhy(S-PTTL)4 & Rho(S-PTPA)4 & 1T DV THRET L7z, Rho(S-PTTL)s 2 M2 RE, & X
IV ERINT D EROSEENE LML, 1 R CRENIS THE SNUSIE
£79% CTo o7z (Entryl) o, 70F, ZOHEAIER YT AADFEROF T VT 1 —I3EKY)
IR E NS, HONE~ U TAMBAF LT T EIERTH 7=, £72. Rha(S-PTPA)
ERWEGAIE, WEIC LA SNEO R ERRITFEO T, v T B A T
Bohiemolz (Entry4) , — ., F=UBIOF =V 2NT 5 & Rho(S-PTTL)s &
HOTGE I3 E N E GBI 8 FEM & 5 W T 4 I CRUBHITE R L, ROSIGRIE
43%3 LN 50% Th > 72 (Entries2 & 3) . 723, AR O =T 2 F A ZIRMEIL 22% ee (S)
BEIO25% ee (R)THY ., RFWETILT £ 7 /078 Ra(TPA = HWZGEICHR TS
HHDO0, EREIITEMAOXZ V7 4 —B KM E Tz, £72, Rho(S-PTPA) %
WG I HIRIZFRREORE R (BUSIER © 61%. 64%. REULER @ 23% ee (S). 21% ee
R)H G HAL72 (Entries 5 & 6) o« ZHOHDFR IV, v ratFTihu A RORISEE
NI R CTROEREMEORNE X7 U BB OERFICHKT 5 2 &K
NI o7, Flz, ZO Lewis R ZRINAIE L, H0 ZFOGH &35 O-H i AK
WZBT 5 o FAERMEIZIRNAIOXZ U T ¢ —IlZOREF L, 7 ¥ A(IDEERD ¥
ZUT 4 — I TN AR B L2 LAV LT,

Table 18. Effects of chiral rhodium(Il) complexes and additive on enantioselectivity.

N, OH
Rh (Il) (1 mol%) :
CoMe . Additves (2 mol%) ©/(S\)002Me

6a (1 equiv.) CHCly, 1t 22
Entry  Rh(ll) Additives Time,h  Yield, %? Ee, %
1 Rhy(S-PTTL), Quinuclidine 1 79 0
2 Rhy(S-PTTL), Quinine 8 43 22
3 Rhy(S-PTTL), Quinidine 4 50 -25
4 Rhy(S-PTPA), Quinuclidine - - - [N
5 Rhy(S-PTPA),4 Quinine 5 61 23 Quinuclidine

6 Rhy(S-PTPA), Quinidine 8 64 -21
@ |solated yield. ? Determined by HPLC (Daicel Chiralcel OD-H).

R = Bu: Rhy(S-PTTL),
R = Bn: Rhy(S-PTPA), Quinine Quinidine
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WIZ, F=2ZPMNFE Lz O-H AKIGIZHT 5 172U A(IDFERF OZEFEEAL 1
DB REA LT (Table 19), ZHE TOMFITIL, vy AADEHKIZT T 1726 D
METNIRbEO XY RIF7fERE2 52 T0Wh, £2 T, ZITEAFOLYSSEZEEL
T Rha(TPA)s DAitiiZ Rho(piv)s., Rhao(oct)s, Rha(OAc)s, Rha(pfb)s. Rha(esp)s. Rha(cap)s D7t
TFREO T VT AR ERAT, T HALRT T T — RO ROV TH G L
oo TNETHWTEZ MY 7 = = AFERZ 2GRN & 52 Rhy(TPA)y & 7 = =LA
X OI/INSI2 051D ATFI)OVEITER L7z Ro(pivis, S HIT/INS 72 KER T & LI-HiiE %
FHUNM = Rho(OACc)s DRUG % LT 5 & 82%0> 5 80%. 59% & NEVR SUGIER A A L, A
FULE D 38% ee 7D 31% ee, 34% ee ~ LB T ORI BBIE S/ (Entries 1,2 & 4)
E7- HiRE LV BWERR CTh D47 # U ERICHAZ T B8, ROGILER (73%) 1345 T
Bl L7 D3 ARFULE (32%ee) DEIEIZR G2 o7z (Bntry3) . £z, KER 2L
T vHECLTEER TH D X—T A a7 X VBRI 12501, G E OBEE 221
KITAGNTZ b DO FOSINE (54%) HARFIE (29%ee) b L7z (Bntry5) o
T DFERNG | BGENL FIIN S E W R ARFIWEOE THAINEZ 2, Alitko
a,o,0, 0 -7 N T AF N1 3-R_RoB T a A BRI T L e Yy AN
KT 5 Rhoesp)z 0% W=D RIS, RFICRITZENEI 67% (32% ee) FREEICH
£V (Entry6) . BHFFED 44175 AW T & 72 Rho(TPA (IZHE A b DIZ T Z &N T&E 7
Mmootz

Table 19. Effects of achiral rhodium(ll) complexes and additive on enantioselectivity.

N, OH
Rh(ll) (1 mol%) :
CO,Me Quinine (2 mol% CO,Me
@ T+ RO (& mob%) (8)77*
6a (1 equiv.) CH,Cly, 1t 22
Entry Rh(Il) catalyst Time, h Yield, %°? Ee, %° z
1 Rhy(TPA), 4 82 38 N
2 Rhy(piv), 2 80 31 "
3 Rh,(oct), 22 73 32
4 Rh,(OAC), 28 59 34
5 Rh,(pfb), 0.3 54 29
6 Rhy(esp),°© 2 67 32
7 Rh,(cap), 230 59 15
2 |solated yield. ® Determined by HPLC (Daicel Chiralcel OD-H). ° DuBois et al. J. Am.
Chem. Soc. 2004, 126, 15378. | |
_Rh——Rh
. (0] \ —
Achiral R R = CPhs: Rhy(TPA), ' (')3 (|)
o0 R = C(CHa)3: Rha(piv)4 07 —~N
|, ], R=(CHz)eCHs: Rhy(oct)y |, |
RA—Rh R = CHs: Rhy(OAc), Rh—Rh
/| | R=CF,CF,CFy: Rhy(pfb), and
Rhy(cap), Rha(esp),
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LT, TIX— MEERIZOWTORETEZRT, e 7uT7 7 2 5E/AT& LTc
Rho(cap)s 2 W TR Z RN, T2/ ECX v oYy A&RBOKREFENELR DR
FORHEENE LK T LE S, .o o FARRMELIR T L7722 &0 n (BEntry7)
7 XA — MERIIAR O-H fASJSIZITE S 720 d o &l LT,

INET, HEICHTH2F =0 0N Y EIIEEMIC 2mol% e LTz, 22 Tlkss
=2 mol HEEIZHET DMFI AT/ o 72 (Table20) , F=FEHfFTFTIE, BYRDOZ &
MO ARFRNPGFELRENTEDBONLEY U TIVBATF VLT EIREW TH- T2
(Entry 1) . F£70, RICHIZF =D A7 5 & RUSIEEIL 61%~82% TH > 7= DIZXF L
T, HEHTFTFTIE30%EEDUTIE T Lz, ZOZEND, F=2ORIMNTIATHE
MREOIHIR BT, OSEROE FIC RN S5 Z ENH LN oz, 22T Mk
FIZRINT 2% = DOENEEE 1 mol%~10 mol% D TEL St Z A, HiFET
HX = OEPEINT D &SN TERET 5 £ TORM A KIEIZHE R (0.3 FE—76 FE)
L7z (Entries 2-6) , ZAUld, Lewis ik TH 5 F = DERF)S Lewis ML bon
DU AADEERICEAL L TR E L TIER L2 tE 2 ond, —FH, I+ 5%=
VOFEBEEOEINI L AT T AEREORE R ETMHRTE o7, THETO
ETA 1B L THF = DOFRED 2 mol% DA I BUSIER 72 & NI AR FIRILIZ B4f 72
FEERMNMEF LN (Bntry 3) ZE05H, 20 O-H fHAKGIZIE 2 mol%dD % =2 D
HWETHD &M LT,

Table 20. Effects of the additive quantities on chemical yield and enantioselectivity.

N, OH

Rh,(TPA), (1 mol%) H
CO,Me Quinine (X mol%) CO,Me
6a (1 equiv.) CHCly, rt 22
Entry X, mol% Time, h Yield, %? Ee, %"
1 No 0.3 30 0
2 1 0.3 66 35
3 2 4 82 38
4 3 20 61 39
5 5 31 69 37
6 10 76 61 36

2 |solated yield. ? Determined by HPLC (Daicel Chiralcel OD-H).

Pl DONEEEE, BUSIERZ D NIARFIRICE LIX T ONRE OB Z KRG L
Too ZHVET, BONMBEIZSE E LTE 2D, KGREOENIEEIT 18~28°C FRETH -
Tre TZCSBEZ KIS TH D Y7 am X X O STV 40°C &k (0°0)
IR L, SRR & HLlat L7z (Table2l) , N5 F = D&% 2mol%t 5 &,
IR CTIERUGTERS £ TIC 4 FFZZ L7228, 40°C TIX 1R & 720 | 2 0 “CTIL 56
B2 0EEE Uiz, F7o. BUSCRIZERRFO 82%5° 40 °C TIiX 94%&m EL, 0°C T
XHEVEMITR OGN Do T, —TF, AEFPERTR PRI SN IR E MR T3 & <
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SR TIX38%ee THH-H DN, 40°C TiL34%ee IZIKL T L, 0°C TlX45% ee |IZF T
5 U7 (Entries1,2&4) . £/, MMT5F=D&F% 5mol% & L, IGIREZ 0°C
& LT O-HFAMGERRT-, ZOLGEIZIE, BOSEEDZE LWVME T2 J SIS D5E
FESREE & plr Sz 2 s, KSBR%E 120 FEZICEIRIZ L TX 512 30 Rz &
OSSR T T2 & 2 A ROSIERE X OARFIEEILIZIRINF = > & 2 mol% TSR 0°C
DL ELIFIEFREORREGT- Entry 5) . TNHOFRERLY . RFNROB ST H
SRIGIREZBS &, IKRIZEARTHAH LHETIS N D,

Table 21. Effects of reaction temperature on enantioselectivity.

N, OH
Rh,(TPA), (1 mol%) H
CO-M Quinine (X mol%) CO-M
(jﬂ\ze + HO - (S)y==2e
(o]
6a (1 equiv.) CHxClp, Y °C 22

Entry X, mol% Y °C Time, h Yield, %? Ee, %°

1 2 rt 4 82 38

2 2 40 1 94 34

3 No 0 0.3 3 0

4 2 0 56 86 45

5 5 0—rt 150 86 44

2 |solated yield. ® Determined by HPLC (Daicel Chiralcel OD-H).

IHETHIMAIE LCidvrarraras RePDIcRE L TE7ER, oERER
TEEHLEX 7 MUbEme, BMIRCERRTFLFRUE 15 BRICET2Y VRT25
0% 7 LB OEINAlE L CORIREME A MET L7 (Table 22), Z Z CHWzZ L w
IHTFRE R EICHWON A RETH Y | ()-A7T A IFRETEO Katsuki 5 23R 7
TR AW TALE TH D, T2, UV VRTFEHILAEDIIARF KRB
BWTULELIERARERNPFE SN THDHRAT 4 VENT P Th D, 2 2 TG
IREIT=IR & U HO 13HE L EEICHRE L A CTHh 5 1 2 7 AADFERIZIE Rho(TPA)4
2RI LT 1 mol% vy, BINANIEEICK L T2 mol%HnsZ Lz, 7y
CETMUESS, MOGTEME T 22 BfAMETH 7208, BOSIERIT 72% & Hhin
Blif7eftiRz b 27, UL, =F v FARIRMEIL 5%ee THY . 2O O-H AR
BOWTET AV VNI DARFFEEIIFCE RNV &R ENT EBatry 1) , 72, A
ISIVT A RMD IR AT 4 VEET A TINA & L Te S AT UG SERE £ CORFIE 0.3
KFf~0.5 FRF & F L < ED -T2 b DO, KICIEROHE T, AFICRDOH TH A H R E
t DX 0> > 7 (Entries 2-5) o Z AU, SUSTERG £ TIZE S HRFRI235E D Table 6 @ Entry
1, TROLIFMFFERGFTOREEHEVEDLLRNWI D, Zb{bEiErn Ty
LADSEARIT KT 2 BIFPEME S . SEHIEH GBS RWER BB 2 61D,
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Table 22. Effects of the nitrogen or phosphorus compounds as additives on chemical yield and enantioselectivity.

N
2 Rhy(TPA), (1 mol%)
CO,Me Additive (2 mol%)
+ H,0
1 iv. CH,Cly, rt
6a (1 equiv.) 2CI L
H . 2H,0
Entry  Additive Time, h Yield, %? Ee, %°
Brucine dihydrate
1 Brucine dihydrate 22 72 5 H -
2 Sparteine 0.5 50 -3 <. N
3 (R)-C3-Tunephos 0.3 17 —4 N 8
4 (R)-Binaphane 0.3 26 -12 |3| H
5 (S,S',R,R')-Tangphos 0.3 48 1 (-)-Sparteine

2 |solated yield. ? Determined by HPLC (Daicel Chiralcel OD-H).

Q H

0 PPh, Wj

Co PPh, R HP
‘Bu B

(S,S',R,R')-Tangphos

(R)-C3-Tunephos (R)-Binaphane

I BT, mY T AADEERIZE DV 1525 & BEEROERKE 21TV, X-H A S ~DFH
DN ST D8 O 4 B L 2 > T O-H A S i~ H 2 37 7= (Table 23)
F9°. AF O-H fHAKISITIBWT Zhou & DFEEMR AL XY U U iFEK L
MAGDOED Z ETRERERN/GLND Z E2WmE Lz 1 O 2 fE (CuCl X
N CuBr) ZHWTHF L7z, AFRELTUIINETOMRFHIE L THF =% 2 mol%
=23, fﬂi/ﬁ I% Zhou & DHEIT > T Smol%ihi Lz, F7z, %I 20, I
FEm BTz Y 1470 (Wakogel C-200) % 30 mg 377 SH72, TS, CuCl D3t
17 F IO zc 45 BT L. T OISIERIL 43% TH 72, — . CuBr ZIfFE S
W5 EPUSKRNE LIER LT 120 KR ZZE L, ROSIGERIL 25%~ KT L7z, Lo
L. WO Z2 W56 TH . AERAFHEITBEZE I > 72 (Entries 1 &

Table 23. Effects of the various metal catalysts on chemical yield and enantioselectivity.

N X (5 mol%) OH
2 Quinine (2 mol%) :
CO-M Wakogel (30 mg) CO-M
@ 20 H20 (S)F2YE
. CH,Cly, rt
6a (1 equiv.) 2~ 22
—
Entry X Time, h Yield, %? Ee, % wRu
PP 1"y

1 cucl 45 43 4 PhsP 33
2 CuBr 120 25 3 Bis(triphenylphosphine)
3 33 100 - - ruthenium(ll) chloride

2 |solated yield. ? Determined by HPLC (Daicel Chiralcel OD-H).
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2) o RIT Zotto HDILT =7 LEEIK 33 Z VTG EIT -T2, B, ZONT = L
RIIN-HB L O SHFAISIZHNSGN TS ¥, LarL, ZOBAICIEENETD
< T IVEE A T V2D ERKITEL RO LR 7- (Bntry 3)

—J, Fu blIv 7V 7 = =V A TV a8 L L2 O-H 8 AU Otz 2 o
R CTH D MY 7 AL aEFREAINZ W, EAT Y 7 cnb UFER AR FEI S L
TAEFHE (upto98%ee) IZHILTNDE N, Z2Z2T, F=rvoREHWELELTOT7 =
0t UHEROARENE A R L7Z (Table24) . W=7 = o U BERIZIZT A F LT
SR, VT2 VR AT 4 2B D VNT 4 ATV T = =)V AT ¢ = VEEN S
HVTIHEEBEAIILTND (34~39) , 2B, P ATFNT X HITF T AR RBIRFITHE
ALTWD, ZZ T, o Rhy(TPA) 1 1 mol% & LT, IINFID 7 = ut L ihEk
DEHEITF=2LEFRT 2mol% & Lz, 0 FHICT 2 /ﬁﬂﬁfbﬁw7imﬁ/ %m
EUSINUIZ5E10E, BOSIE 0.3 BEToEfi L7y, <= TV A TV OERITR YD
Niphote (Bntries 1 &2) ., — 5., 7/ A2 E0HEERENNLIZGEE, v~ T
IVEE A FIVINERC L. 2 OROSIERITAEEY) 36~39 Tld 76~78%. 39 TiX20% Th -7
B, WO T = ot UFHERS AFEFENRITITE A ERE D57 (Entries 3-6)

Table 24. Effects of the ferrocene as additives on chemical yield and enantioselectivity.

N, Rhy(TPA)4 (1 mol%) OH
Additives (2 mol%) ~
COMe + HO ©/(s\)COQMe
(1 equiv.) CHCly, 1t
6a 22
Entry Additives Time, h Yield, %? Ee, %"
1 34 0.3
2 35 0.3 - -
3 36 1.5 78 2
4 37 0.5 77 0
5 38 1.5 76 1
6 39 0.3 20 4

2 |solated yield. ? Determined by HPLC (Daicel Chiralcel OD-H).

(CgHs5)2R o N(CH3),

Q@ b@ [l &L 2
> P(CeHg)y | QSO P(CeHs)2
Fe (CeHo): Fe :

@ éf (CeHs)2

34 35 36
?"'N(CHa)z i"‘N(CHS)z >:N(CH3)2
! ! P(CgHs)2 ] P(CgHs)2
Fe Fe Fe
<> o PCetto)
37 38 39
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Slafex, WHOT Y — T VEHRT AT VO & SUOSHE R X OBRORIE 5

CICAFINRORAR AT LTz, 77200, HEHO T = =)V OEHILIZES <)
RAEMFE L7 (Table 25) , XUBUEBRO 4 L2 a7 VF+ (Cl, Br) . = bhokk, #
FESEHAWVIAFALEEET S 7 = = VEE A FVFHEREFEHT DBU /£(E FIC
p-ABSA ZEESETHIU L =0T V' 7 2 = VER A FLHEKR 5 L, A7 ==
NWEHER T F VB LT = = )VHERA Y T FIVINBAER LTV T V' 7 = = )VERfR = A7
JVIEER2TEE  (ERFAIWCE YT Y 7 2= VFR A FL O 8 FiAKE L Lz, 72
B, WEUIMINERDO KGR E Lz, XUBUBRICHROWE 7 RE1HED = Fm%%ﬁ#é
HEEPDIX, v TR A FVFERIIAR L) > 7 (Entry2) . £72, = heiic
XD EF %*%@ﬂ%wﬂm#/ﬁ%%%ﬂbtﬁgfiﬁ%@®/7/7;%wm
e A F /AT A TSR E S AR & D & O O RISIERIZITR & 224k
RS TeD, T U FAIRIREDS 38% ee 06 35% ee, 33% ee & KT L7z (Entry 1
vs Entries3 & 4) , —7 . BFHEGIEDO X FF LA TFARERELZEANLIZGEITIE, ]S
R L OIGIEL H NCAFNRITITA BB TB D o> 7 (Entry 1 vs
Entries5&6) , £72. TATNVIHOT Va— VKT DEZ TN, £ TFNLENEH
T ERICHEEITIRTT 2000, RIGWRSLAFIRITIZE LV EEE) Lo T
(Entry 1 vs Entries 7 & 8) . Z#LHDFER LY | = AT VS OfE&E X T T A 3R 4
WITE L Wb DD, XRUPUBROBFEEOKTIZARFIE < Z &AM L,

Table 25. Enantioselective synthesis of mandelates by enantioselective O—H insertions.

N, OH

Rhy(TPA), (1 mol%) .
/J:::j/ﬂ\cosz Quinine (2 mol%) /J:::]/l\cosz
+  H,0
R (1 equiv.) CH,Cl,, rt Rq
22, 40-46
Substrate Product
Entry R4 R, Time, h Yield, %° Ee, %
1 H Me 4 22 82 38°(S)
2 NO, Me - 40 - .
3 cl Me 3 41 83 350 (S)
4 Br Me 2 42 85 335 (S)
5 OCHj, Me 4 43 86 385 (S)
6 Me Me 3 44 71 385 (S)
7 H Et 16 45 78 390 (S)
8 H Bu 14 46 83 39¢

2 |solated yield. ? Determined by HPLC (Daicel Chiralcel OD-H). ¢ Determined by
HPLC (Daicel Chiralpak AD-H).
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INFTHRRTELZRFNL, 2Ty 7en A X U0 EEEE L TTo 720 TH D, K
O-H AR TIEHAKMEDOE N T Y 7 2 S VER T AT VSR E LE L+ 5 —FT
Ho0 ZSHIET 5 Z Lt BEEMRD DIZHT20 K EDIRFIPEDEW S O HRN
b D F TR & I ARSI 2 A C RO EE | BUSIER | AREIRZ e L7, £ ORE R,
KERSIEMTAT7E M= IN T TVAEXH L T Tk Ku7F 2 (THF) .
NN-V AF)VEN AT 2 K (DMF) | A F IV ALEF T R (DMSO) 72 ST SILER 72
BNCAFINEILIZY 7 ma A X N TH ST, £, KEDEMMEOKRNE
B LCidzamrdhv s 12-v7raxX s flxmy ZJaaxXyBri by i
WTHRTED, RUSIEE, REFDCEEROWT N —FH 50 Il FicknwTyrruen A 2 v
VLBICHE LB EII AT 2 E R TE o Te (T —E R R) . 26 0BFHTHES
SR E Y 7mma A2 L LTCERR, KISKRITZZMHRTH Y | SOSIEER ISR D
UGEICIE, ZORICETAMO0O TRNNLEE 2%, £ 2T, KNAITH 5 H0 71
EBKMEDO BRI G & % [RIRF IO R I PR FF C X 2 B ORI H 24T ), M
P AHRICIE, AEIEEMOWEILZDL E X VB LN TWD T U 70T L
TN A TR OPKEEICHEH SN TV DEELF 27— —T7 A3A (MS3A) %
BIR LT, U DT NMTITRLA YA AD BT b TR OREMEE, BEEORRLHO
NERERGESN TS, ZZTlE, A0~ o7 0 —fEEKELTERESNT
WD B2 ) VT D Wakogel C-200 72 6 ONTRIA /N E < FRNERIINT
ST % silica gel 60 (spherical), & HIZFE DR DRIy 2 L THMER F & L
7= silica gel 60N Z 5 Z & & L7z (Table 26) , ¥ U BT V% ISR FICHMNT 5 &
FOSHEITE L WBES A, 20 I CTRISIITER Lz, 2B, £ DORFOOSIHEIT
74-79%& >V I P VIEIFAE T L RIS Th o7, F7o, Wakogel C-200 (X245 3 fEDOH
TR bEWT T T A& EEZ R L, 36%ee Th oo (Entries1-3) , — ., 7/
R MS3A Z N9 % LIS ROSICET DT RIML Lz, s, 20 & & DRUSIER
72 B NS ARFICRIZIERINES & Z2RITF8 0 4727 > 72 (Entries 4 & 5) &

Table 26. Effects of solid support on reaction rate and enantioselectivity.

N, OH

Rhy(TPA)4 (1 mol%) i
CO,Me Quinine (2 mol%) CO,Me
(1 equiv.) Solid support
6a CH,Cl,, 1t 22

Entry Solid support Time, h Yield, %? Ee, %°
1 Wakogel C-200 0.3 79 36
2 silica gel 60 N 0.3 74 32
3 silica gel 60 0.3 75 31
4 alumina 24 79 39
5 MS3A 24 75 39

2 |solated yield. ? Determined by HPLC (Daicel Chiralcel OD-H).
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Fio, KOEMMEEZEE LT FARIEOR LE2RA L7200, FOX T 07
DIZHWBITW D AT Y 7NV IHAF R CRIGZE(T > 72 (Table27) o ¥ 74007
A EORFHRHINT N OEDHENSHEE LD THY, U BTNV EhhbKEF &
B BHETORBFOMERNIFEINT-, LNLERL, A e rtfloENRTT L
B 7 AOHMAKE L THIA S TS CHIRALPAK 1A, IC TIXHMIE 35~ T A T
V(7)) 13357872 (Entries 1 &2) , 72, CHIRALPAKIB CTiZHBIW 7 13561
b DD, Wakogel fFE FDOEE & AR TIWEMET Lz, £/, HifFIckLT=F v
FABPRMEOE B B8 > 72 (Entry 3)

Table 27. Effects of various silica gel on enantioselectivity.

N Rh,(TPA), (1 mol%) (;DH
Additives (2 mol%
1 equiv.) Silica gel

6a (1 equiv) CH4Cly, 1t 22
Entry silica gel Additives Time, h Yield, %? Ee, %"
1 CHIRALPAK IA Quinine 2
2 CHIRALPAK IC Quinine 2 -
3 CHIRALPAK 1B Quinine 2 67 39
4 CHIRALPAK 1B Quinidine 20 72 -36
5 CHIRALPAK 1B Quinuclidine 2 59 0

@ |solated yield. ® Determined by HPLC (Daicel Chiralcel OD-H).
AF R A

R OR
o
0
RO 0 ’%)%ﬁ )
OR A CHs ORO 7
CHIRALPAK IA:R=)(J)\ /@\ CHIRALPAK IB: R = j’\ /@\
CH CH

N N
H 3 H 3
Cl
- O
CHIRALPAKIC: R = )J\
” Cl

ZIE TOMRFIT, H0 Z SGAl & 35 AR O-H FHALUG OSSR, NEFHRD Y
HENVDOFIMC L VE LS LHEESND Z EMHA L, T TH Wakogel C-200 235 b B
7R R % G- % 72, Wakogel (TR FARDOEL D) —XALRMmMEZHNRIM T L7H D
(Wakosil) 32D Z L b, S HIZENLDRIE~ORBEMFTH5Z L& L, Ik,
[FRFIZ > T/ — Vi BROKPE ) 1 CTIEA L 72 Wi FH R FHIK (Silica gel 100 C-18 Reversed
phase 33 & U phenyl-functionalized silica gel) (22T & Z D24 fiFt L7 (Table 28) ,
FSER FE 1L Wakogel C-200 & V2 & TR T 25 5 b o7, 37205,
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BL7-£85% Wakogel C-200 LV KZWE D (Wakogel C-100) TH/NSW D (Wakogel C-
300, Wakogel C-400HG) T, /R FRmZERICL THHMIZLTHES LT L
D BN 757, LU ROSILER X Wakogel C-100, Silica gel 100 C-18 Reversed phase,
Wakogel C-200 @ 3 fiT 90% %% Dl TE HmWMENBILE SN, —hH., = F
FIBIRMEITONTNOHEEDIZEALEEDLT, F=IC LD AFHEICITHEITEL
RNZ EBHIA LT, 2 2 ETOMRERE L, o0 ZFUGH] &4 24K O-H ffABIED
SR & 8D 5 72 9012 1E Wakogel C-200 23 HENZHIKTH 5 & fbim L7,

Table 28. Effects of various silica gel on reaction rate, chemical yield and enantioselectivity.

Rhy(TPA), (1 mol%)

N2 Quinine (2 mol%) OH
©)J\C02Me + Hpo Sticagel ©/(s\)COZMe
(5 equiv.) CHyCl, rt
6a 22
Entry Silica gel Time, h Yield, %? Ee, %®
1 Wakogel C-100 2 96 36
2 Wakogel C-200 0.6 90 37
3 Wakogel C-300 25 85 36
4 Wakogel C-400HG 3 88 37
5 Wakosil C-200 1.5 83 39
6 Silica gel 100 C18- 2 95 38
Reversed phase
7 Phenyl-functionalized 2 76 38
silica gel

2 |solated yield. ® Determined by HPLC (Daicel Chiralcel OD-H).

Table 21 IZ/R L2 L 912, TIVE CTORNRE (40 °C~0°C) & =F » F A FeEICEST
DHIEFTT, HoO Z JUSHI & T 54 O-H fALUG D =7 o F A BIRMEIL, ROSIREOIK T
BT ERTHEMICH D Z &L TS, UL, BOSIRE DK N IERO&
HWEDIK T2 b7 6T RER, ROISKH O RIBZRIER D LEE 125, BUSCRKHZ 27
HZ X, KISET YA T 5 ETRFITH D, AidkdD T L <, Kk ~D> U 7w
DOEWIMISSHEEDZFE LW RE L5200, ZZTIEINETORMNTRLE
I 7 % 7R L7 Wakogel C-200 Z /KL L, FUNRE & SKISIGERE X ORFIE DR
RERFTT 52 &L Lz (Table 29), =2 C, ETNEELA 0°C & L, Ik TG
WL L C& 72y r7ma A X A COKIRTHLMH TE 2 AR ©H 5 THF, v
Fr—T)b (EbO) . by e BrzflnCEtsitol, Y7un i
vEMWE L X EBRFO 03 KFRIZHAR D & ORI (2 W) 13IER L7223, ROSKE
e LTI AR TE 28 TH Y | ISIRIL 97%, RFNEIX 45% ee ThH o7,
Table 7 @ Entry 4 OFERZ I L7220 5G6E O SOSKEH (56 i)« BOSIER (86%) . A
FULR (45% ee) BT D &, HIRERM U7Z 2 & CAROSFERIT 128 12/ S, X
SR & 1% DB KAFRD HALT=A, 1LY RFMROLEHIFRD S/ -7 (Entry
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2) , —F THFRCELO ZHV5 &, 0°C TIEMSHENE LK T Lz, 2B, KHD
B COMRBEZERE CHRIEBESNTZ E ZARISEEM L. ZOBEOKIGINEIL 98%.
85%. RNAULHIL 42% ee, 44% ee L MDD 0°C TOFER & AR THBHADRNE D
ThHolz (Entries3&4) , /=, bz manaXrBro k) 2 EFRICEY %X
SR W56 . REFIRIT 40% ee. 46%ee & HHIZ 40% B DfEZ R L=, 71
0 A X AR TGO TN R 5472 (Entries 5 & 6) . LLEDFRERIZESE, K
JREEE L L CiEy 7 mue A X U RMER TN D B L. & BICKRNRE £2-10°C, —20°C,
—40°C |2 L THERT & #ET 7o, ZORER. BOSIRE-10°C TiE, KRISIREE 0°C DR &
L e, MERIGRFEITIEDL 2o b 00, KOGIERIL 90%ICIE T L=, Lol R
FULEIX 50%2m) E L7z (Botry 7) %0, 7eds, ZHUIBEolcw T ABA T LD 75%
N SIEKTHLZEEBERLTEY, ZhETHESNL TV D r Y T AQDEEKRZ V=
O-H#FAE TORFURE L UIHZEW b DO TH D, SHICHGBEEAZKT S
D& FOSKFRIIIER L, 22 OBUSINER, RFIEILIZIRT Lz (Entries 8 &9)

I TINETOMFERERIET D&, U7 Y 7 == )VEEA T /L(6a)Z EH & L,
H,0 ZJUtAl & L, Rho(TPA) Zfillit & L7= O-H ffAISIZB W T, a7 ah
21 RERNTDHZETRENRFTEIN, EVDTXF=VDBEREFREREE52DZ L,
SO BTN ERIERE T HRICOGEZBET L5 L ONEEIFELIEEIND Z
EHIB LT, £, =S U FARIWEOBLE N OELD & ROSIREEIE-10 °C 28RS S
TEE L THRECTH -7z, B, JONREEL LTIy 7o 22 U R bENL TV,

Table 29. Effects of reaction temperature on enantioselectivity.

N, Rhy(TPA),4 (1 mol %) OH
Quinine (2 mol %) B
@COZMe . o Wakogel (30 mg) ©/(S\)C02Me
6a Solvent, X °C 22
Entry Solvent X°c Time, h Yield, % Ee, %®
1 CH,Cl, rt 0.3 79 36
2 CH,Cl, 0 2 97 45
3 THF 0—rt 27 98 42
4 Et,O0 0—rt 90 85 44
5 toluene 0 7 84 40
6 PhCI 0 2 80 46
7 CH,ClI, -10 2 90 50
8 CH,Cl, -20 4 89 46
9 CH,Cl, -40—rt 25 83 27

@ |solated yield. b Determined by HPLC (Daicel Chiralcel OD-H).
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I3 USROS

IHETOBRNG, v ¥y LDk & A AR O SLAR R 23 F FBLU 0 1T
THZEERHOMNI LT, TROOREZWAT L Z N TEIL, EHZRDOILEEZ B
LA EB LA FIEORGHI AR RIGEME 520N TELHDEER,
KIS D SRR EE D E L A A Te, N-H AN TIE, £T97 V7 = = VB~
2T Er YT AISEENFIG L Ta P AAD I AR USEENER SN D, ZDhL
R UBHRD TR FELARE . N-H i ASS1 TE4E T 5 F T O SHE OFEMNIT B E 72 5%
MORMAH D EOD, —HITIFERVFEE LT VE=U LAY REHEET S E
EZOLNTWD, REJSDONAREIRIEL BT HIZHL->T, TRETIRRINTE
FOSHEREE T AT DWW TR T 5,

F=T LAV R (TUrE=ZULLY R AFY=TLLY K AVKF=T LAY K) H
MR HE S SO & LTIE, 12 AR, Stevens i, BEL N 2,3-> 7~ ko v'—H#sfr
DEREINTND

TUE=UAALY R

West, Naidu 5137 Y47 b 47 % R(OAc) IC X W VT VRt b2 L CTrot=
T LAV K48 ZRAIE, ZH[1,2]-Stevens B\ A 232 L TERIETEARY U
49 B FEo b Z & EHE L7 (Scheme 32) ¢V,

West, Naidu (1993)

o [1,2]-Stevens o
(\*E Rhy(OAC), (\//l/ rearrangement
,N \N2 CH2C|2 /N
R4 W R; \] R4 R,
R
47 48 49

Scheme 32. [1,2]-Stevens rearrangement of ammonium ylide via Rh(ll) carbenoid.

[FARICIEGE PV = Ca-Y 7 V-B-7 h = A7 )L 50 % Cu(acac), CHULER$ 5 Z & TE
VR Y v 51 % 64%DULE T2, ARSI Rho(OAc)s TIEUUERIT 34% & HFEEE I C &
% (Scheme 33) %%,

West, Naidu (1995)

[1,2]-Stevens

o o
[ \E Cu(acac [ T rearrangement [ :/Q
1\1

N2 toluene, reflux

R1j

50 51 64%
34%: Rh,(OAc),

Scheme 33. [1,2]-Stevens rearrangement of ammonium ylide via Cu(ll) carbenoid.
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iz a2 AADSEEN O RAESEZT V=T LA U RHRBAD[2,3]-V 7~ b
VL OWMENRDH YD B T U=y LAY ROARRORTREMIIGRD TEV, & HIZ,
TryE=ZU LAY REKIZOWT Hu 6OHELH D O, Zid, 7=2=1TT7 YTk
A—h, FEHRTIVEBIOA IVERE L TN EIToT2E A, AU ROERIZE
AR LT BEMZ S OREBIR DA I KRB ET 52 LT 1,2-U7 I 52 B4
T2 LN BDTHD (Scheme 34), Z DFEERFEFRIT, 1V FEEHFITREMEZ RO
RBIFTDAEKT D2 & 2RTFHLTH D,

Hu(2003)
H,N”

CO,M
~Co,Me 2\
Ph——NHAr
H——NHPh
ON— )—C=N—( ) CeHaNO,-p
2 H & 52

Scheme 34. Three component reaction of ammonium ylide.

Z 2T, BIRRTEEENRRbEWEEBEZONLA U FIERICHES 1,2 /KRB EhE
(CEESE RIS ZE 4 Lic, N-HF ARG T, £TVT7Y 7 == JfRT= ATV &
7Yy AANEEERNRIG L Ta YT AA) I RS EANER S D, OV GER
DI FELLRE . N-H i ABUS 35886 % F T O SO O FEMI T BLUE 72 Foikam O 42 Ht
NHDHHLOD, —fRIITEBMEEG LT vE=U LAY REFRAEKE T EEZLN
TV % (Scheme 35),

(a) BBIZEDa-TT S INKR=IULEMA DT R L D8RIV A4 RBO
ARk

(b) &E N/ A4 KB & RENH, OIS L DB BEEAIREDT v E=T LAY RO
AR

(c) [1,2]-/KFEBE: C,D IT@EMETA YV FTH Y | E TRV FTh 5,

M: metal; L,: ligand

O p—
R R' HN-ML, ©) R
OR . H+COOR s ML
N, A ML, R>-0  OR ! "
H D H" "R? F
(@ | -N2 (c)
(c)
O 1
R' RNH, R’ R
_— _
OR ———> | M-C-COOR ¢G-COOR  *+ Mk
ML, B (®) N NZ
H I"R? C H7)°R® E
H
C and D: metal-associated ylide E: free ylide

Scheme 35. Commonly accepted mechanism for the N—H insertion reaction.
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ZIT, AETHOMNC R a Py AN W (7Y 7 = o VEIBT AT
VY L XTI Lewis ik (T aA RE) | KGO, MISEREIZET 5%
REVARNT v 7456 L,

1. BT AADERDO S OF T U T 0 —Iid, ARSI, 512, 88
KOV T ROXZ VT ¢ —IZiFNMAE L THOW D RAFROAFHEDIITK L
THAIBNZ HARFANS IEH L2y,

2. VTV T 2= VEFRT AT VDT v a— )LHSEERIE. REBEICEET S,

3. AN-HIFEAJSIZIX, YratTiiof RorioxX s ) YU fsEs L0
CHROKEEE N EE SRR Z R LTS, 2V D 6 ALIZA MXTVEOIFED
HEENERY) O T AR OB B A E 2 R,

4. Scheme?23 2R LIS ERMNS . 72 LT VT2 ¥ — AR T Y
IR 23R TR W T, Rho(TPA) O TS D ARFIRITEWVIZ R L
o,

5. Zxz=nranR) A SEGEEROT T IVRB-T 2 ) T a— & ARG -l b
LTHWDZ & T, N-H fAKSIZBW Y rafFrauhaAf NERY% (&
51% ee) T HHI DR LT,

JelZik_7= Yu H1F, DFT fHEOFERICHES X, Sl & o oo Ao KOSFEES 53
B2 D LAE LT3, £DOH T, [1,2]-proton shift (Z/K7> 123N U THEIT 5 LA L
TW5, FDAAGsol (FY-MY) 1T&@iEEM A U R (metal-associated ylide, MY) & Wz
BA Y R (freeylide, FY) TOHHZR VX —EEOELZHEAE L, BENEDETHIL
ITEBREEMNA Y FOFNRLVEETHDH I LERL, ADETHIVUZERR A Y Fo
FINEVEETHDHZ L 27T, Cu(l)TIEZ OEA 11.5 keal/mol T 5 7= 4 @ik A 7
AV FEEER A Y ROVEIIEBAEGHA Y RBMBALE 725, KAHZ Rh(ID)TIL—6.5
kcal/mol TH V. Z OV LiFEER 1 U MRS, ML EDFRERNG, DA DOARE
O-H ARSI BT 5 R EFFHERE L X T V7o $RfhisE 24 > 72 BT IXAE BRI ISR F 35
FLLT <K, By Az S EAREFNRFEILIZS W EGBB LT\ % (Scheme 36),

1 ~ t
LM--Q | L,M-Q .0 o |
)—OMe )~ OMe -ML, H  y—OMe Ho )—OMe
Cu Ph—> < Ph O _— O , Rh
L/~ O-H +OH--OH, *ML, H Ph o pPh
Ho 4 2 OH el
o 2 Q
B H
Water-catalyzed Metal-associated ylide Free ylide Water-catalyzed
[1,2]-H shift for MY MY) FY) [1,2]-H shift for FY
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Scheme 36. Comparison of ylide intermediates between Cu and Rh complexes.
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Scheme 36. Plausible reaction mechanism of N—H insertion reaction.
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Scheme 38. Proton-transfer shuttle by chiral phosphoric acid.
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Experimental Section
General

Melting points were determined with a Yanagimoto micromelting point apparatus and are uncorrected. Proton
nuclear magnetic resonance (‘H NMR) spectra were recorded on JEOL INM-ECX600 (600 MHz) or JEOL JNM-
ECX500 (500 MHz) spectrometers. Chemical shifts are reported relative to internal standard (tatramethylsilane;
du 0.00, CDCls; dn 7.26). Data are presented as follows: chemical shift (8, ppm), multiplicity (s = singlet, d =
doublet, t = triplet, q = quartet, hept = heptet, sept = septet, m = multiplet, br = broad), coupling constant,
integration and assignment. Carbon nuclear magnetic resonance ('*C NMR) spectra were recorded on JEOL
JINM-ECX600 (150 MHz) or JEOL INM-ECX500 (125 MHz) spectrometers. The following internal reference
was used: CDClIs (6 77.0). Optical rotations were measured on a JASCO P-1030 digital polarimeter at the sodium
D line (589 nm). Electron impact (EI) mass analyses and fast atom bombardment (FAB) mass analyses were
carried out with a JEOL JMS-GCMATE. Column chromatography was carried out on Wakogel C-200 (100-200
mesh) or Kanto Silica gel 60N (63-210 mesh). Analytical thin-layer chromatography (TLC) was carried out
using Merck Kieselgel 60 F2s4 plates with visualization by ultraviolet light (A = 254 nm), anisaldehyde stain
solution or phosphomolybdic acid stain solution. Reagents and solvents were purified by standard means.

HPLC analyses were performed on a Shimadzu LC-10AD and SPD-10A (detector A = 254 nm). Chiral
separation were performed using a Daicel Chemical Industries Chiralcel OD-H, OJ-H Chiralpak AD-H, AS-H
column. Retention time (zr) and peak ratios were determined with a System Instruments Co., Ltd.
Chromatocorder 21. Reagents and solvents were purified by standard means or used as received unless otherwise
noted. Dehydrated CH,Cly, toluene, and o-xylene were purchased from Kanto Chemical Co. Inc. Rh2(S-DOSP)4
and Rhy(octanoate)s were purchased from Aldrich. Rhy(S-PTPA)4, Rha(S-PTTL)s were purchased from TCIL.
Cinchona alkaloids: Dihydrocinchonine was purchased from Aldrich. Cinchonine, cinchonidine, quinine,

quinidine and B-isocupreidine were purchased from TCI.
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B1IE H14
Typical Procedure for Preparation of a-Diazophenylacetates: Preparation of Methyl phenyldiazoacetate
(6a).
This compound was prepared according to the protocol reported by Davies.” To a solution

N>
: I com of methyl phenylacetate (2.25 g, 15.0 mmol) and p-acetamidobenzenesulfonyl azide (4.0 g,
AU

16.7 mmol) in MeCN (25 mL) at 0 °C was added 1,8-diazabicyclo[5.4.0Jundec-7-ene (2.7
mL, 18.0 mmol) dropwise. The mixture was stirred at rt for 5 h under Ar atmosphere. The
orange-colored reaction mixture was partitioned between Et;O (100 mL) and water (50 mL). The organic layer
was washed successively with 10% NaOH aq. (50 mL), water (2 x 50 mL) and brine (50 mL), and dried over
anhyd. Na,SOs. Filtration and evaporation gave crude product, which was purified by column chromatography
(50 g of'silica gel, hexane/EtOAc =20:1 as an eluent) to provide 6a (2.2 g, 82%) as an orange oil. It was identical
to the material described in literature.”
"H NMR (600 MHz, CDCls): 6 3.86 (s, 3H, CO.CH3), 7.18 (tt,J= 1.0, 7.2 Hz, 1H, ArH), 7.38 (tt,J=1.0, 7.2
Hz, 2H, ArH), 7.48 (dd, J= 1.0, 7.2 Hz, 1H, ArH).

Ethyl phenyldiazoacetate (6b)’%. Yield 50%; an orange oil, 'H NMR (600 MHz, CDCl3) 6 1.34 (t,J=7.2 Hz,
N, 3H, OCH:CHj), 4.34 (q,J = 7.2 Hz, 2H, OCH>CH3), 7.18 (tt, J = 1.4, 7.6 Hz, 1H, ArH), 7.38

©)J\002Et (tt, J=1.4, 7.6 Hz, 2H, ArH), 7.49 (dd, J= 1.0, 7.2 Hz, 1H, ArH).

Neopentyl phenyldiazoacetate (6¢). Yield 38%, an orange needle; Ry= 0.60 (hexane/EtOAc = 8:1); 'H NMR
N, Me (600 MHz, CDCl3) 6 0.98 (s, 9H, C(CH3)s), 3.98 (s, 2H, CO,CH>:C), 7.19 (tt, J= 1.0,

Me
©)‘\H/O\)<Me 7.2 Hz, 1H, ArH), 7.34-7.40 (m, 2H, ArH), 7.49-7.50 (m, 2H, ArH).

o

Isobutyl phenyldiazoacetate (6d). Yield 77%; an orange needle, Ry = 0.70 (hexane/EtOAc = 8:1); mp 3940

N, Me °C (hexane); 'H NMR (600 MHz, CDCl3) § 0.98 (d, J= 6.9 Hz, 6H, CH(CH3)2), 2.01

©}‘\WO\%ME (m, 1H, CH(CHs),), 4.06 (d, J = 6.5 Hz, 2H, OCH>CH), 7.18 (tt, /= 1.1, 7.2 Hz, 1H,

o] ArH) 7.37-7.40 (m, 2H, ArH), 7.48-7.50 (m, 2H, ArH); '*C NMR (125 MHz,

CDCl3) 6 19.0 (2 x CH3), 27.9 (CH), 70.9 (CH>), 123.9 (2 x CH), 125.6 (C), 125.7 (CH), 128.9 (2 x CH), 165.2
(C); HRMS (EI) calcd for Ci2H14N202 (M) 218.1055, found 218.1058

Benzyl phenyldiazoacetate (6e). Yield 92%; an orange needle; Ry= 0.47 (hexane/EtOAc = 8:1); mp 56-57°C
N, (hexane); '"H NMR (600 MHz, CDCl3) & 5.32 (s, 2H, CO,CH>Ph), 7.19 (tt, J= 1.1, 7.2 Hz,
WOBn IH, AtH), 7.32-7.41 (m, 7H, ArH), 7.48-7.50 (m, 2H, ArH); C NMR (125 MHz,
o] CDCl) 8 66.5 (CHa), 124.0 (2 x CH), 125.4 (C), 125.9 (CH), 128.1 (2 x CH), 128.3 (CH),

128.6 (2 x CH), 128.9 (2 x CH), 135.8 (C), 165.0 (C).
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Isopropyl phenyldiazoacetate (6f). Yield 93%; an orange needle, Ry= 0.53 (hexane/EtOAc = 8:1); 'H NMR &
N, 1.33 (d, J=6.2 Hz, 6H, OCH(CHj3):), 5.21 (hept, J = 6.2 Hz, 1H, OCH(CHa3)2), 7.17 (tt, J
©)J\002isoPr =1.7,7.6 Hz, 1H, ArH), 7.38 (tt, J=1.7, 7.6 Hz, 2H, ArH), 7.49 (dd, /= 1.7, 7.6 Hz, 1H,
ArH); 3C NMR (125 MHz, CDCls) § 22.0 (2 x CH3), 68.6 (CH), 123.9 (2 x CH), 125.6
(CH), 125.7 (C), 128.8 (2 x CH), 164.7 (C); HRMS (EI) caled for Ci;iHi2N>O, (M")

204.0899, found 204.0902

tert-Butyl phenyldiazoacetate (6g) >
N, 'H NMR (500 MHz, CDCl3)  1.55 (s, 9H, C(CHz)3), 7.15 (tt, J = 1.1, 7.5 Hz, 1H, ArH),

©)Kcozf,3u 7.36 (dt, J= 1.1, 7.5 Hz, 2H, ArH), 7.47 (dd, J = 1.1, 7.5 Hz, 2H, ArH).

Typical Procedure for Intermolecular N-H Insertion Reactions Using Chiral Rh(II) Complexes (Table 1):

Preparation of (S)-Methyl 2-phenyl-2-(phenylamino)acetate (9a) via Rhy(S-PTPA)s-Catalyzed N-H
Insertion Reaction of 1a (Tablel, entry 5).

Rha(S-PTPA)4 (5.6 mg, 0.004 mmol, 2 mol%) was added to a solution of 6a (35 mg, 0.20

/© mmol) and aniline (22 mg, 0.24 mmol) in CH>Cl, (2.0 mL) at room temperature. After 5

HN
2 _OMe min of stirring at the same temperature, the whole mixture was concentrated in vacuo. The
(S) crude product was purified by column chromatography (15g of silica gel, hexane/EtOAc =
20:1 as an eluent) to afford (5)-9a as a colorless needle. (43 mg, 90%, 14% ee) as a colorless
needle.

(8)-9a: Ry=0.32 (hexane/EtOAc = 8:1); mp 75-78 °C; [a]p?* +10.3 (¢ 2.16, THF), [a]p** +13.5 (¢ 2.16, CHCl5)
for 14% ee; '"H NMR (600 MHz, CDCls): & 3.72 (s, 3H, CO,CH3), 4.95 (d,J= 5.8 Hz, 1H, NH), 5.08 (d, /= 5.8
Hz, 1H, ArtCHCOy), 6.56 (m, 2H, ArH), 6.68-6.71 (m, 1H, ArH), 7.10-7.13 (m, 2H, ArH), 7.29-7.31 (m, 1H,
ArH), 7.34-7.36 (m, 2H, ArH), 7.49 (m, 2H, ArH). *C NMR (125 MHz, CDCl3) § 52.8 (CH3), 60.7 (CH), 113.3
(2x CH), 118.1 (CH), 127.2 (2 x CH), 128.3 (CH), 128.8 (2 x CH), 129.2 (2 x CH), 137.6 (C), 145.9 (C), 172.3
(C); IR (KBr) v 3407, 1733, 1606, 1506 cm™'; HRMS (EI) calcd for C15HsNO2 (M*) 241.1103, found 241.1107;
Anal. Calcd for C;sH1sNO»: C, 74.67; H, 6.27; N, 5.81. Found: C, 74.71; H, 6.26; N, 5.73.

The enantiomeric exess of 9a was determined to be 14% by chiral HPLC: using Daicel Chiralpak AD-H;
hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; g = 9.0
min (major), 10.0 (minor). The preferred absolute configuration of 9a was determined by comparing the sign of

the optical rotation with the literature value. [lit.’? [a]p?¢ +68.3 (c 0.32, THF) for >98% ee of (5)-9a.]
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Typical Procedure for Intermolecular N—H Insertion Reactions Using Rhy(TPA)4 and Dihydrocinchonine
(Table 2): Preparation of (R)-Methyl 2-phenyl-2-(phenylamino)acetate (9a) from 6a under the influence
of Rhy(TPA)4 and dihydrocinchonine (Table 5, entry 1).

A mixture of 6a (35 mg, 0.20 mmol) and aniline (22 mg, 0.24 mmol) in CH>CI, (1 mL)
HN /© was added to a solution of Rha(TPA)4 (2.8 mg, 0.002 mmol, 1 mol%) and dihydrocinchonine

oMe (0.06 mg, 2.0 x 10~* mmol, 0.1 mol%) in CH>Cl> (1 mL) over 10 seconds at room

(R)O temperature. After 9 h of stirring at the same temperature, the whole was concentrated in

vacuo. The crude product was purified by column chromatography (15g of silica gel,
hexane/EtOAc = 20:1 as an eluent) to afford (R)-9a (45 mg, 94%, 59% ee) as a colorless needle.

(R)-2a Mp 56-58 °C; [a]p** —61.5 (c 2.26, CHCl5) for 59% ee.
Ethyl 2-phenyl-2-(phenylamino)acetate (9b).”® (Table 5, entry 2) Yield 99%; a colorless needle; Ry = 0.52

The enantiomeric exess of 9b was determined to be 62% by chiral HPLC: using Daicel

*  OEt Chiralcel OJ-H; hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector:
m ultraviolet absorption at 254 nm; #r = 17.2 min (minor), 18.2 (major).

"H NMR (600 MHz, CDCl3): 6 1.21 (t,J = 7.2 Hz, 3H, CH,CH5), 4.13 (dq, J= 7.2, 10.7 Hz,

1H, one of CH>CH3), 4.23 (dq, J= 7.2, 10.7 Hz, 1H, one of CH>CH3), 4.96 (d, /= 5.8 Hz, 1H, NH), 5.06 (d, J

=5.8 Hz, 1H, ArCHCO), 6.56 (m, 2H, ArH), 6.68-6.71 (m, 1H, ArH), 7.11-7.13 (m, 2H, ArH), 7.29-7.31 (m,

1H, ArH), 7.34-7.36 (m, 2H, ArH), 7.50 (m, 2H, ArH); 3C NMR (125 MHz, CDCls): 5 14.0 (CH3), 60.8 (CH),

61.8 (CH), 113.4 (2 x CH), 118.0 (CH), 127.2 (2 x CH), 128.2 (CH), 128.8 (2 x CH), 129.2 (2 x CH), 137.7

(C), 146.0 (C), 171.8 (C); IR (KBr) v 3396, 1726, 1604, 1508 cm™'; HRMS (EI) calcd for Ci¢H;7NO> (M")

255.1259, found 255.1261; Anal. Calcd for Ci;sH17NO2: C, 75.27; H, 6.71; N, 5.49. Found: C, 75.21; H, 6.72; N,
5.42.

/@ (hexane/EtOAc = 8:1); mp 50-51 °C; [a]p?” —54.4 (c 2.52, CHCl;) for 62% ee.
HN

Neopentyl 2-phenyl-2-(phenylamino)acetate (9¢). (Table 5, entry 3) Yield 88%, a colorless needle; mp 72—

73 °C; Ry =0.65 (hexane/EtOAc = 8:1); [a]p?? —52.2 (c 2.50, CHCI3) for 63% ee;

HN /© M The enantiomeric exess of 9¢ was determined to be 63% by chiral HPLC: using Daicel
* 0O Me Chiralpak AD-H; hexane/'PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector:
o) ultraviolet absorption at 254 nm; fr = 6.4 min (minor), 7.3 (major).

"H NMR (600 MHz, CDCI3): & 0.80 (s, 9H, C(CH3)3), 3.75 (d, J=10.3 Hz, 1H, one
of CO,CH:CH), 3.88 (d, J = 10.3 Hz, 1H, CO,CH:CH), 5.05 (d, /= 5.5 Hz, 1H, NH), 5.08 (d, /= 5.5 Hz, 1H,
ArCHCQOy), 6.56 (m, 2H, ArH), 6.67-6.70 (m, 1H, ArH), 7.10-7.13 (m, 2H, ArH), 7.28-7.30 (m, 1H, ArH),
7.33-7.36 (m, 2H, ArH), 7.51 (m, 2H, ArH); *C NMR (125 MHz, CDCl3): & 26.2 (3 x CH3), 31.5 (C), 60.8
(CH), 77.0 (CH»), 113.4 (2 x CH), 117.9 (CH), 127.2 (2 x CH), 128.2 (CH), 128.8 (2 x CH), 129.2 (2 x CH),
138.0(C), 146.0 (C), 171.8 (C); IR (KBr) v 3409, 1730, 1717, 1606, 1510 cm™'; HRMS (EI) calcd for C19H23NO;
(M*) 297.1729, found 297.1729; Anal. Calcd for C19H23NO.: C, 76.73; H, 7.80; N, 4.71. Found: C, 76.65; H,
7.91; N, 4.69.
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Isobutyl 2-phenyl-2-(phenylamino)acetate (9d). (Table 2, entry 4) Yield 93%; a colorless needle; Ry= 0.58
(hexane/EtOAc = 8:1); mp 65-66 °C; [a]p*® —57.4 (c 2.67, CHCl;) for 67% ee.
/© The enantiomeric exess of 9d was determined to be 67% by chiral HPLC: using Daicel
HN M

e eMe Chiralpak AD-H; hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector:

ultraviolet absorption at 254 nm; zr = 7.5 min (minor), 8.4 (major).

"H NMR (600 MHz, CDCls): 8 0.80 (d, J = 6.9 Hz, 3H, CH(CH5),), 0.81 (d, J=6.9
Hz, 3H, CH(CHj3)2), 1.87 (m, 1H, CH(CHs)2), 3.89 (dd, J = 6.5, 10.7 Hz, 1H, one of CO,CH:CH), 3.93 (d, 1H,
J=6.5,10.7 Hz, 1H, one of CO,CH>CH), 5.01 (d, J= 5.5 Hz, 1H, NH), 5.07 (d, /= 5.5 Hz, 1H, ArCHCO),
6.56 (m, 2H, ArH), 6.68-6.70 (m, 1H, ArH), 7.10-7.13 (m, 2H, ArH), 7.28-7.31 (m, 1H, ArH), 7.33-7.36 (mm,
2H, ArH), 7.50 (m, 2H, ArH); 3C NMR (125 MHz, CDCls): 6 18.8 (2 x CH3), 27.7 (CH), 60.8 (CH), 71.7 (CH>),
113.4 (2x CH), 118.0 (CH), 127.2 (2 x CH), 128.2 (CH), 128.8 (2 x CH), 129.2 (2 x CH), 137.9 (C), 146.0 (C),
171.8 (C); IR (KBr) v 3404, 1725, 1607, 1509 cm™!; HRMS (EI) calcd for C1sH21NO, (M*) 283.1572, found

283.1577; Anal. Calcd for C;sH21NO»: C, 76.29; H, 7.47; N, 4.94. Found: C, 76.32; H, 7.56; N, 4.88.

o

Benzyl 2-phenyl-2-(phenylamino)acetate (9e). (Table 2, entry 5) Yield 98%,; colorless oil; Ry = 0.45

(hexane/EtOAc = 8:1); [a]p?® —28.5 (¢ 3.09, CHCI;) for 56% ee.

HN/© The enantiomeric exess of 9e was determined to be 56% by chiral HPLC: using Daicel
X__0Bn Chiralpak AS-H; hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector:
m ultraviolet absorption at 254 nm; tr = 8.1 min (major), 9.2 (minor).

"H NMR (600 MHz, CDCls): 6 4.95 (d, J = 5.5 Hz, 1H, NH), 5.10 (d, J= 12.4 Hz, 1H, one
of CO,CH:Ph), 5.12 (d, J=5.5 Hz, 1H, ArCHCO3), 5.20 (d, /= 12.4 Hz, 1H, one of CO,CH:Ph), 6.55 (m, 2H,
ArH), 6.68-6.70 (m, 1H, ArH), 7.09-7.12 (m, 2H, ArH), 7.15-7.18 (m, 2H, ArH), 7.28-7.35 (m, 6H, ArH),
7.48-7.50 (m, 2H, ArH). 3*C NMR (125 MHz, CDCl3): & 60.8 (CH), 67.3 (CH>), 113.4 (2 x CH), 118.1 (CH),
127.3 (2x CH), 127.8 (2 x CH), 128.3 (CH), 128.5 (2x CH), 128.8 (2 x CH), 129.2 (2 x CH), 135.2 (C), 137.5
(C), 145.9 (C), 171.7 (C); IR (KBr) v 3394, 1725, 1606, 1507 cm™'; HRMS (EI) calcd for C2iH;9NO> (M")
317.1416, found 317.1419; Anal. Calcd for C21H19NO»: C, 79.47; H, 6.03; N, 4.41. Found: C, 79.53; H, 5.94; N,
4.34.

Isopropyl 2-phenyl-2-(phenylamino)acetate (9f) (Table 2, entry 6) Yield 72%, a colorless oil; Ry = 0.55

(hexane/EtOAc = 8:1); [a]p?” —43.8 (¢ 1.96, CHCI3) for 59% ee.

N /© The enantiomeric exess of 9f was determined to be 59% by chiral HPLC: using Daicel
* . Chiralpak AS-H; hexane/'PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector:
©)\COZISOPr ultraviolet absorption at 254 nm; zr = 5.0 min (major), 5.7 (minor).

'"H NMR (600 MHz, CDCl3): 8 1.08 (d, J = 6.5 Hz, 3H, CH(CH3)2), 1.27 (d, J = 6.5 Hz,
3H, CH(CHj3)2), 4.95 (d,J=5.9 Hz, 1H, NH), 5.028 (d, J= 5.8 Hz, 1H, ArCHCO,), 5.029 (hept, /= 6.5 Hz, 1H,
OCH(CHas)y), 6.56 (m, 2H, ArH), 6.68-6.70 (m, 1H, ArH), 7.10-7.13 (m, 2H, ArH), 7.28-7.30 (m, 1H, ArH),
7.33-7.36 (m, 2H, ArH), 7.49 (m, 2H, ArH); *C NMR (125 MHz, CDCl;): § 21.4 (CH3), 21.8 (CH3), 60.9 (CH),
69.5 (CH), 113.4 (2x CH), 117.9 (CH), 127.1 (2 x CH), 128.1 (CH), 128.7 (2 x CH), 129.2 (2 x CH), 137.8 (C),
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146.0 (C), 171.3 (C); IR (film) v 3896, 1733, 1603, 1507 cm™'; HRMS (EI) calcd for C17H19NO2 (M™*) 269.1416,
found 269.1417; Anal. Calcd for C17H19NO,: C, 75.81; H, 7.11; N, 5.20. Found: C, 75.40; H, 7.17; N, 4.69.

Isobutyl 2-(2-chlorophenylamino)-2-phenylacetate (10a).

cl Yield 98%; a colorless oil; Ry = 0.66 (hexane/EtOAc = 8:1); [a]p?® —13.1 (¢ 1.01,
j@ CHCI;) for 55% ee. The enantiomeric exess of 10a was determined to be 55% by

0 \)\Me chiral HPLC: using Daicel Chiralcel OJ-H; hexane/PrOH = 9:1 as an eluent; flow rate
o = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tr = 10.4 min (major), 11.0
(minor).

"H NMR (600 MHz, CDCls): & 0.81 (d, J = 6.5 Hz, 3H, CH(CH5),), 0.82 (d, J = 6.5 Hz, 3H, CH(CH;)>), 1.87
(m, 1H, CH(CH3)2), 3.90 (dd, J= 6.5, 10.7 Hz, 1H, one of CO,CH:CH), 3.96 (d, 1H, J= 6.5, 10.7 Hz, 1H, one
of CO,CH,CH), 5.10 (d, J = 5.5 Hz, 1H, ArCHCOy), 5.73 (d, J = 5.5 Hz, 1H, NH), 6.38 (dd, J= 1.4, 7.6 Hz,
1H, ArH), 6.61 (dt, J= 1.4, 7.6 Hz, 1H, ArH), 6.97 (dt,J= 1.0, 7.6 Hz, 1H, ArH), 7.26 (dd, J=1.4,7.6 Hz, 1H,
ArH), 7.29-7.32 (m, 1H, ArH), 7.34-7.36 (m, 2H, ArH), 7.50 (m, 2H, ArH); 3C NMR (125 MHz, CDCls): &
18.75 (CH3), 18.78 (CHas), 27.7 (CH), 60.6 (CH), 71.8 (CH>), 112.1 (CH), 117.9 (CH), 119.6 (C), 127.1 (2 x
CH), 127.6 (CH), 128.3 (CH), 128.8 (2 x CH), 129.2 (CH), 137.2 (C), 141.9 (C), 171.1 (C); HRMS (EI) calcd
for Ci1gH20NO-C1 (M*) 317.1182, found 317.1191; Anal. Calcd for CigH20CINO,: C, 68.03; H, 6.34; N, 4.41.

Found: C, 68.09; H, 6.41; N, 4.22.

Isobutyl 2-(2-bromophenylamino)-2-phenylacetate (10b).
Br Yield 91%; a colorless oil; Ry = 0.66 (hexane/EtOAc = 8:1); [a]p?’ —1.0 (¢ 1.07,
j@ CHCI3) for 56% ee. The enantiomeric exess of 10b was determined to be 56% by

HN* o Ve chiral HPLC: using Daicel Chiralcel OJ-H; hexane/PrOH = 9:1 as an eluent; flow rate
o Me _ 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tr = 11.3 min (major), 12.3
(minor).
"H NMR (600 MHz, CDCl5): & 0.81 (d, J = 6.5 Hz, 3H, CH(CH5)2), 0.82 (d, J = 6.5 Hz, 3H, CH(CH5)>), 1.88
(m, 1H, CH(CH3),), 3.90 (dd, J= 6.5, 10.7 Hz, 1H, one of CO,CH,CH), 3.96 (d, 1H, J=6.5, 10.7 Hz, 1H, one
of CO,CH-CH), 5.10 (d, /= 5.1 Hz, 1H, ArCHCO), 5.78 (d, J= 5.1 Hz, 1H, NH), 6.35 (dd, J= 1.4, 7.8 Hz,
IH, ArH), 6.55 (dt, J= 1.4, 7.8 Hz, 1H, ArH), 7.01 (dt, J = 1.4, 7.8 Hz, 1H, ArH), 7.28-7.31 (m, 1H, ArH),
7.33-7.36 (m, 2H, ArH), 7.43 (dd, J= 1.4, 7.8 Hz, 1H, ArH), 7.50 (m, 2H, ArH); "*C NMR (125 MHz, CDCl;):
8 18.75 (CH3), 18.79 (CH3), 27.7 (CH), 60.7 (CH), 71.8 (CH>), 110.1 (C), 112.2 (CH), 118.4 (CH), 127.1 (2x
CH), 128.29 (CH), 128.35 (CH), 128.8 (2 x CH), 132.5 (CH), 137.2 (C), 142.9 (C), 171.1 (C); HRMS (EI) caled
for Ci13H20NO2Br (M*) 361.0677, found 361.0674; Anal. Calcd for CisH20BrNOs: C, 59.68; H, 5.56; N, 3.87.

Found: C, 60.20; H, 5.71; N, 3.60.
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Isobutyl 2-(2-methylphenylamino)-2-phenylacetate (10c).
Me Yield 91%; a colorless oil; Ry = 0.66 (hexane/EtOAc = 8:1); [a]p®® —26.5 (¢ 1.06,
:@ CHCI) for 56% ee. The enantiomeric exess of 10c was determined to be 56% by
HN* Me chiral HPLC: using Daicel Chiralcel OD-H; hexane/PrOH = 9:1 as an eluent; flow
© Me rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; fr = 4.9 min (minor),

° 6.4 (major).

'"H NMR (600 MHz, CDCl5): & 0.81 (d, J = 6.9 Hz, 3H, CH(CH3):), 1.87 (m, 1H, CH(CH3)2), 2.29 (s, 3H,
ArCHs), 3.90 (dd, J = 6.5, 10.7 Hz, 1H, one of CO,CH:CH), 3.94 (d, 1H, J = 6.5, 10.7 Hz, 1H, one of
CO,CH,CH), 4.95 (d, J=5.5 Hz, 1H, NH), 5.11 (d, J=5.5 Hz, 1H, ArCHCO3), 6.33 (d, /= 7.6 Hz, 1H, ArH),
6.64 (dt,J=1.1,7.6 Hz, 1H, ArH), 6.96 (dt,J=1.1, 7.6 Hz, 1H, ArH), 7.07 (d, /= 7.6 Hz, 1H, ArH), 7.28-7.31
(m, 1H, ArH), 7.33-7.36 (m, 2H, ArH), 7.50 (m, 2H, ArH); 3C NMR (125 MHz, CDCls): & 17.6 (CH3), 18.89
(CH3), 18.92 (CH3), 27.8 (CH), 60.9 (CH), 71.8 (CH>), 110.8 (CH), 117.7 (CH), 122.5 (C), 127.1 (CH), 127.3
(2 x CH), 128.3 (CH), 128.9 (2 x CH), 130.3 (CH), 138.1 (C), 144.1 (C), 172.1 (C); HRMS (EI) calcd for
Ci19H23NO; (M*) 297.1729, found 297.1729; Anal. Calcd for C19H23NOz: C, 76.73; H, 7.80; N, 4.71. Found: C,

76.42; H, 8.15; N, 4.39.

Isobutyl 2-(3-chlorophenylamino)-2-phenylacetate (10d).
Cl Yield 92%; a colorless needle; Ry = 0.53 (hexane/EtOAc = 8:1); mp 101-102 °C,
[a]p?® —54.3 (¢ 2.94, CHCIl;) for 67% ee. The enantiomeric exess of 10d was
determined to be 67% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/'PrOH
©)*\H/O\)\Me = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm;
o) tr = 5.0 min (major), 6.6 (minor).
"H NMR (600 MHz, CDCls): 8 0.80 (d, J = 5.2 Hz, 3H, CH(CH5),), 0.81 (d, J=5.2
Hz, 3H, CH(CH3),), 1.86 (m, 1H, CH(CH3)2), 3.90 (dd, J = 6.5, 10.6 Hz, 1H, one of CO>.CH>CH), 3.93 (d, 1H,
J=16.5,10.6 Hz, 1H, one of CO,CHCH), 5.04 (d, J = 5.8 Hz, 1H, ArCHCO3), 5.12 (d, J = 5.8 Hz, 1H, NH),
6.42 (ddd, J= 1.0, 2.4, 8.2 Hz, 1H, ArH), 6.54 (t, J = 2.4 Hz, 1H, ArH), 6.65 (ddd, J= 1.0, 2.4, 8.2 Hz, 1H,
ArH),7.01 (t,J=8.2 Hz, 1H, ArH), 7.29-7.32 (m, 1H, ArH), 7.34-7.37 (m, 2H, ArH), 7.47-7.46 (m, 2H, ArH).
13C NMR (125 MHz, CDCls): 6 18.7 (CH3), 18.8 (CH3), 27.7 (CH), 60.5 (CH), 71.8 (CH»), 111.6 (CH), 113.2
(CH), 117.9 (CH), 127.1 (2 x CH), 128.4 (CH), 128.9 (2 x CH), 130.2 (CH), 134.9 (C), 137.3 (C), 147.0 (C),
171.5 (C); IR (KBr) v 3407, 3390, 1718, 1602, 1506 cm™'; HRMS (EI) caled for C1sH20NO,Cl (M*) 317.1182,
found 317.1176; Anal. Calcd for C1sH20CINO»: C, 68.03; H, 6.34; N, 4.41. Found: C, 68.18; H, 6.24; N, 4.40.

Isobutyl 2-(3-bromophenylamino)-2-phenylacetate (10e).

Br Yield 90%; a colorless needle; Ry=0.53 (hexane/EtOAc = 8:1); mp 92-93 °C, [a]p*
/@ —40.5 (¢ 3.24, CHCI3) for 56% ee. The enantiomeric exess of 10e was determined to
HN Me be 56% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/PrOH = 9:1 as an
O Me eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; fr = 5.0

o) min (major), 7.2 (minor).
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"H NMR (600 MHz, CDCl3): 8 0.80 (d, J = 5.5 Hz, 3H, CH(CH3)2), 0.81 (d, J= 5.5 Hz, 3H, CH(CH3)>), 1.86
(m, 1H, CH(CH3)2), 3.90 (dd, J= 6.8, 10.6 Hz, 1H, one of CO,CH:CH), 3.93 (d, 1H, J= 6.8, 10.6 Hz, 1H, one
of CO,CH>CH), 5.03 (d, J= 5.5 Hz, 1H, ArCHCO,), 5.10 (brs, 1H, NH), 6.45 (dd, /= 1.7, 8.3 Hz, 1H, ArH),
6.71 (d,J= 1.7 Hz, ArH), 6.79 (dd, J= 1.0, 8.3 Hz, 1H, ArH), 6.95 (t, ] = 8.3 Hz, 1H, ArH), 7.29-7.32 (m, 1H,
ArH), 7.34-7.37 (m, 2H, ArH), 7.47 (m, 2H, ArH); *C NMR (125 MHz, CDCls): § 18.7 (CH3), 18.8 (CH3),
27.6 (CH), 60.4 (CH), 71.8 (CH>), 111.9 (CH), 116.1 (CH), 120.8 (CH), 123.1 (C), 127.1 (2 x CH), 128.4 (CH),
128.8 (2 x CH), 130.4 (CH), 137.2 (C), 147.1 (C), 171.4 (C); IR (KBr) v 3406, 1718, 1596, 1505 cm’'; HRMS
(EI) caled for CisH20NO2Br (M*) 361.0677, found 361.0680; Anal. Calcd for Ci13H20BrNOz: C, 59.68; H, 5.56;
N, 3.87. Found: C, 59.72; H, 5.53; N, 3.50.

Isobutyl 2-(3-methylphenylamino)-2-phenylacetate (10f).
CH, Yield 93%; a colorless needle; Ry=0.57 (hexane/EtOAc = 8:1); mp 93-94 °C, [a]p?*
—46.4 (c 2.79, CHCl3) for 61% ee. The enantiomeric exess of 10f was determined to
HN Me be 61% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/PrOH = 9:1 as an
©)*\H/O\)\Me eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; r = 5.0
o min (major), 6.7 (minor).

"H NMR (600 MHz, CDCl3): 8 0.80 (d, J = 5.2 Hz, 3H, CH(CH3)2), 0.81 (d, J= 5.2 Hz, 3H, CH(CH3)>), 1.86
(m, 1H, CH(CH3),), 2.21 (s, 3H, ArCHj3), 3.89 (dd, J = 6.9, 10.7 Hz, 1H, one of CO,CH:CH), 3.91 (d, I1H, J=
6.9, 10.7 Hz, 1H, one of CO,CHCH), 4.94 (d, J= 4.8 Hz, 1H, NH), 5.07 (d, /= 4.8 Hz, 1H, ArCHCO), 6.35
(dd, J=12.0, 7.9 Hz, 1H, ArH), 6.41 (s, 1H, ArH), 6.51 (d, J=7.9 Hz, 1H, ArH), 6.99 (t, /= 7.9 Hz, 1H, ArH),
7.26-7.29 (m, 1H, ArH), 7.32-7.35 (m, 2H, ArH), 7.50 (m, 2H, ArH); '3*C NMR (125 MHz, CDCl;): § 18.75
(CHs), 18.77 (CH3), 21.5 (CH3), 27.6 (CH), 60.7 (CH), 71.6 (CH>), 110.3 (CH), 114.2 (CH), 118.9 (CH), 127.1
(2x CH), 128.1 (CH), 128.7 (2 x CH), 129.0 (CH), 137.9 (C), 138.9 (C), 146.0 (C), 171.9 (C); IR (KBr) v 3410,
1720, 1619, 1524 cm’!; HRMS (EI) caled for C19H23NO> (M*) 297.1729, found 297.1730; Anal. Calcd for

Ci9H23NOq: C, 76.73; H, 7.80; N, 4.71. Found: C, 76.63; H, 7.89; N, 4.55.

Isobutyl 2-(4-nitrophenylamino)-2-phenylacetate (10g).

NO, Yield 96%; a colorless needle; Ry=0.58 (hexane/EtOAc = 8:1); mp 91-92 °C, [a]p**

/©/ —66.1 (c 3.17, CHCI3) for 44% ee. The enantiomeric exess of 10g was determined to

HN* o Me be 44% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/PrOH = 5:1 as an
m Me eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; fr = 9.2

min (major), 10.0 (minor).
"H NMR (600 MHz, CDCl5): § 0.81 (d, J= 6.5 Hz, 6H, CH(CH5)), 1.87 (m, 1H, CH(CH3)2), 3.92 (dd, J= 6.5,
10.6 Hz, 1H, one of CO,CH>CH), 3.97 (d, 1H, J= 6.5, 10.6 Hz, 1H, one of CO,CH>CH), 5.13 (d, /= 5.2 Hz,
1H, ArCHCOy), 5.88 (d, J=5.2 Hz, 1H, NH), 6.50 (d, J = 9.2 Hz, 2H, ArH), 7.32-7.39 (m, 3H, ArH), 7.43—
7.47 (m, 2H, ArH), 8.02 (d, J = 9.2 Hz, 2H, ArH); *C NMR (125 MHz, CDCls): § 18.4 (2 x CH3), 27.7 (CH),
59.9 (CH), 72.3 (CHy), 112.1 (2 x CH), 126.2 (2 x CH), 127.0 (2 x CH), 128.8 (CH), 129.1 (2 x CH), 136.2 (C),
138.8 (C), 150.1 (C), 170.7 (C); IR (KBr) v 3376, 1736, 1597 cm’!'; HRMS (EI) calcd for CioH23NO3 (M¥)
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313.1678, found 313.1678; Anal. Calcd for C1sH20N204: C, 65.84; H, 6.14; N, 8.53. Found: C, 65.89; H, 6.13;
N, 8.46.

Isobutyl 2-pheny-(2-[4-trifluoromethyl]phenylamino)acetate (10h).

CF Yield 94%; a colorless needle; mp 52-53 °C, [a]p?? —49.1 (¢ 1.49, CHC]l5) for 63%
/©/ ee. The enantiomeric exess of 10h was determined to be 63% by chiral HPLC: using
HN* o Me Daicel Chiralcel OD-H; hexane//PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min;

©)\H/ Me  detector: ultraviolet absorption at 254 nm; tr = 4.8 min (major), 6.0 (minor).
© "H NMR (600 MHz, CDCls): 8 0.80 (d, J = 5.2 Hz, 3H, CH(CH5),), 0.81 (d, J=5.2
Hz, 3H, CH(CHj3)2), 1.87 (m, 1H, CH(CH3s)2), 3.90 (dd, J = 6.5, 10.7 Hz, 1H, one of CO,CH:CH), 3.95 (d, 1H,
J=6.5,10.7 Hz, 1H, one of CO,CH>CH), 5.09 (d, J = 5.5 Hz, 1H, ArCHCO>), 5.39 (d, J= 5.5 Hz, 1H, NH),
6.56 (m, 2H, ArH), 7.30-7.37 (m, 5H, ArH), 7.50 (m, 2H, ArH); *C NMR (125 MHz, CDCl;): § 18.7 (CHz),
18.8 (CH3), 27.7 (CH), 60.2 (CH), 72.0 (CH»), 112.6 (2 x CH), 119.5 (q, J = 33.0 Hz, C), 124.8 (d, J = 268.6
Hz, C), 126.6 (d, J=2.9 Hz, 2 x CH), 127.1 (2 x CH), 128.5 (CH), 128.9 (2 x CH), 137.0 (C), 148.3 (C), 171.3

(C); IR (KBr) v 3386, 1719, 1619, 1322, 1111 cm™'; HRMS (EI) calcd for C19H20NO2F5 (M*) 351.1446, found
351.1446; Anal. Calcd for C1oH20FsNOs: C, 64.95; H, 5.74; N, 3.99. Found: C, 65.34; H, 5.37; N, 4.04.

Isobutyl 2-(4-fluorophenylamino)-2-phenylacetate (10i).
Yield 92%; a colorless needle; Ry= 0.52 (hexane/EtOAc = 8:1); mp 42-43 °C, [a]p?¢ —46.1 (¢ 2.79, CHCls) for
F 68% ee. The enantiomeric exess of 10i was determined to be 68% by chiral HPLC:

/©/ using Daicel Chiralcel OD-H; hexane/PrOH = 50:1 as an eluent; flow rate = 1.0
HN Me
Me

0 mL/min; detector: ultraviolet absorption at 254 nm; fr = 11.8 min (major), 12.5
o (minor).

"H NMR (600 MHz, CDCls): 8 0.80 (d, J = 5.2 Hz, 3H, CH(CH5),), 0.81 (d, J=5.2
Hz, 3H, CH(CH3),), 1.86 (m, 1H, CH(CH3),), 3.89 (dd, J= 6.5, 10.6 Hz, 1H, one of CO>.CH>CH), 3.93 (d, 1H,
J=6.5,10.6 Hz, 1H, one of CO,CH>CH), 4.90 (d, J= 5.5 Hz, 1H, NH), 5.01 (d, J= 5.5 Hz, IH, ArCHCO,),
6.48-6.50 (m, 2H, ArH), 6.81-6.84 (m, 2H, ArH), 7.29-7.32 (m, 1H, ArH), 7.34-7.36 (m, 2H, ArH), 7.48 (m,
2H, ArH); *C NMR (125 MHz, CDCls): & 18.78 (CH3), 18.80 (CH3), 27.7 (C), 61.3 (CH), 71.7 (CH>), 114.2 (d,
J=72Hz, 2xCH), 115.7 (d, /= 21.6 Hz, 2 x CH), 127.2 (2 x CH), 128.3 (CH), 128.8 (2 x CH), 137.7 (C),
142.3 (C), 156.0 (d, J=234.1 Hz, C), 171.8 (C); IR (KBr) v 3391, 1720, 1517, 1208 cm'; HRMS (EI) calcd for
Ci3H20NO,F (M*) 301.1478, found 301.1472; Anal. Calcd for C1gH20FNO.: C, 71.74; H, 6.69; N, 4.65. Found:
C, 71.88; H, 6.65; N, 4.69.
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Isobutyl 2-(4-chlorophenylamino)-2-phenylacetate (10j).
cl Yield 93%; a colorless needle; Ry=0.46 (hexane/EtOAc = 8:1); mp 68-69 °C, [a]p*
/©/ —61.5 (¢ 2.99, CHCl3) for 70% ee. The enantiomeric exess of 10j was determined to
HN* o MeMe be 70% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/PrOH = 9:1 as an
o eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; r = 5.0

min (major), 5.8 (minor).

"H NMR (600 MHz, CDCls): & 0.80 (d, J = 5.2 Hz, 3H, CH(CH5),), 0.81 (d, J = 5.2 Hz, 3H, CH(CH;)>), 1.86
(m, 1H, CH(CHa)>), 3.89 (dd, J= 6.5, 10.6 Hz, 1H, one of CO,CH:CH), 3.93 (d, 1H, J= 6.5, 10.6 Hz, 1H, one
of CO,CH>CH), 5.02 (d, J = 5.5 Hz, 1H, ArCHCO), 5.05 (d, J = 5.5 Hz, 1H, NH), 6.47 (d, J = 8.9 Hz, 2H,
ArH), 7.05 (d,J=8.9 Hz, 2H, ArH), 7.29-7.32 (m, 1H, ArH), 7.33-7.36 (m, 2H, ArH), 7.46-7.48 (m, 2H, ArH).
3C NMR (125 MHz, CDCls): 8 18.7 (CHs), 18.8 (CH3), 27.6 (CH), 60.7 (CH), 71.8 (CH), 114.4 (2 x CH),
122.6 (C), 127.1 (2 x CH), 128.3 (CH), 128.8 (2 x CH), 129.0 (2 x CH), 137.3 (C), 144.4 (C), 171.5 (C); IR

(KBr) v 3407, 3390, 1718, 1602, 1506 cm™'; HRMS (EI) calcd for C1sH20NO>C1 (M*) 317.1182, found 317.1179;
Anal. Calcd for CsH20CINO:: C, 68.03; H, 6.34; N, 4.41. Found: C, 68.05; H, 6.30; N, 4.40.

Isobutyl 2-(4-bromophenylamino)-2-phenylacetate (10k).
Br Yield 91%; a colorless needle; Ry=0.46 (hexane/EtOAc = 8:1); mp 89-90 °C, [at]p?®
/©/ —60.1 (¢ 3.31, CHCIs) for 71% ee. The enantiomeric exess of 10k was determined to
HN* o \)\ be 71% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/PrOH = 9:1 as an
m Me eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; fr = 5.1

min (major), 6.3 (minor).

"H NMR (600 MHz, CDCl3): 8 0.80 (d, J = 5.2 Hz, 3H, CH(CH3)2), 0.81 (d, J= 5.2 Hz, 3H, CH(CH3)>), 1.86
(m, 1H, CH(CH3),), 3.89 (dd, J= 6.5, 10.6 Hz, 1H, one of CO,CH,CH), 3.93 (d, 1H, J=6.5, 10.6 Hz, 1H, one
of CO.CH>CH), 5.02 (d, J = 5.8 Hz, 1H, ArCHCO), 5.07 (d, J = 5.8 Hz, 1H, NH), 6.42 (d, J = 8.9 Hz, 2H,
ArH), 7.18 (d, J= 8.9 Hz, 2H, ArH), 7.29-7.31 (m, 1H, ArH), 7.33-7.36 (m, 2H, ArH), 7.48 (m, 2H, ArH); '*C
NMR (125 MHz, CDCl3): 6 18.8 (2 x CH3), 27.7 (CH), 60.6 (CH), 71.8 (CH>), 109.7 (C), 115.0 (2 x CH), 127.1
(2xCH), 128.4 (CH), 128.8 (2 x CH), 131.9 (2 x CH), 137.3 (C), 144.8 (C), 171.5 (C); IR (KBr) v 3406, 1718,

1596, 1505 cm’'; HRMS (EI) caled for CisHoNO>Br (M*) 361.0677, found 361.0673; Anal. Caled for
Ci3H20BrNO2: C, 59.68; H, 5.56; N, 3.87. Found: C, 59.65; H, 5.49; N, 3.87.

Isobutyl 2-(4-iodophenylamino)-2-phenylacetate (101).

| Yield 93%; a colorless needle; Ry = 0.46 (hexane/EtOAc = 8:1); mp 104-105 °C,
/©/ [a]p? —58.9 (¢ 3.83, CHCIl3) for 69% ee. The enantiomeric exess of 31 was
HN

. O\)I\/I\e determined to be 69% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/PrOH

m Me _ 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm;
fr = 5.4 min (major), 6.9 (minor).

"H NMR (600 MHz, CDCls): & 0.80 (d, J = 5.5 Hz, 3H, CH(CH5),), 0.81 (d, J = 5.5 Hz, 3H, CH(CH;)>), 1.86

(m, 1H, CH(CH3)2), 3.89 (dd, J= 6.5, 10.6 Hz, 1H, one of CO,CH:CH), 3.93 (d, 1H, /= 6.5, 10.6 Hz, 1H, one
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of CO,CH>CH), 5.02 (d, J=5.5 Hz, 1H, ArCHCO»), 5.09 (d, J = 5.5 Hz, 1H, NH), 6.33 (m, 2H, ArH), 7.29—
7.31 (m, 2H, ArH), 7.33-7.36 (m, 3H, ArH), 7.46 (m, 2H, ArH); 3C NMR (125 MHz, CDCl;): § 18.76 (CH3),
18.78 (CHz3), 27.6 (CH), 60.4 (CH), 71.8 (CH>), 78.8 (C), 115.6 (2 x CH), 127.1 (2 x CH), 128.4 (CH), 128.8 (2
x CH), 137.2 (C), 137.8 (2 x CH), 145.4 (C), 171.5 (C); IR (KBr) v 3390, 1719, 1592, 1506 cm™; HRMS (EI)
caled for Ci1gH20NO-I (M*) 409.0539, found 409.05401; Anal. Calcd for Ci1gH20INOz: C, 52.83; H, 4.93; N, 3.42.
Found: C, 52.70; H, 4.72; N, 3.35.

Isobutyl 2-(4-methylphenylamino)-2-phenylacetate (10m).
Ve Yield 91%; a colorless needle; Ry= 0.58 (hexane/EtOAc = 8:1); mp 76-77 °C, [a]p®
/©/ —55.0 (¢ 2.73, CHCIs) for 64% ee. The enantiomeric exess of 10m was determined to
HN* Me be 64% by chiral HPLC: using Daicel Chiralcel OD-H; hexane/PrOH = 9:1 as an
©)\ﬂ/ ° Me eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tr = 4.8

© min (major), 6.4 (minor).

"H NMR (600 MHz, CDCl3): 8 0.80 (d, J = 6.8 Hz, 3H, CH(CH3)2), 0.81 (d, J = 6.8 Hz, 3H, CH(CH3)>), 1.87
(m, 1H, CH(CHz3),), 2.19 (s, 3H, ArCHj3), 3.89 (dd, J = 6.5, 10.6 Hz, 1H, one of CO,CH:CH), 3.92 (d, I1H, J=
6.5, 10.6 Hz, 1H, one of CO,CH:CH), 4.86 (d, J= 5.5 Hz, 1H, NH), 5.05 (d, /= 5.5 Hz, 1H, ArCHCO,), 6.48
(d,J=7.9 Hz, 2H, ArH), 6.92 (d, J="7.9 Hz, 2H, ArH), 7.27-7.30 (m, 1H, ArH), 7.33-7.35 (m, 2H, AtH), 7.50
(m, 2H, ArH); '*C NMR (125 MHz, CDCl;): § 18.77 (CH3), 18.79 (CH3), 20.3 (CH3), 27.6 (CH), 61.0 (CH),
71.6 (CH»), 113.5 (2 x CH), 127.1 (C), 127.2 (2 x CH), 128.1 (CH), 128.7 (2 x CH), 129.7 (C), 138.0 (2 x CH),

143.7 (C), 171.9 (C); IR (KBr) v 3410, 1720, 1619, 1524 cm’'; HRMS (EI) calcd for C19H23NO2 (M™) 297.1729,
found 297.1730; Anal. Calcd for C19H23NO3: C, 76.73; H, 7.80; N, 4.71. Found: C, 76.64; H, 7.82; N, 4.59.
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BI1E 2

Typical Procedure for Intermolecular N-H Insertion Reactions Using Cinchona Alkaloids (Table 10):

Preparation of (R)-Methyl 2-phenyl-2-(phenylamino)acetate (9a) via Dihydrocinchonine-Catalyzed N-H
Insertion Reaction of 6a (Table 10, entry 1).

A mixture of 6a (70 mg, 0.40 mmol) and aniline (45 mg, 0.48 mmol) in toluene (20 mL)

HN/© was heated at 100 °C. After 24 h of stirring at the same temperature, the whole mixture was

OMe concentrated in vacuo. The crude product was purified by column chromatography (15 g of

(R) o) silica gel, hexane/EtOAc =20 : 1 as an eluent) to afford (R)-9a (54 mg, 56%, 42% ee) as a

colorless needle.

(R)-9a: Ry= 0.55 (hexane/EtOAc = 5:1); mp 56-57 °C; [a]p?’ —23.9 (¢ 1.01 in THF). The enantiomeric excess

of 9a was determined to be 42% by chiral HPLC: using Daicel Chiralpak AD-H; hexane/PrOH = 9:1 as an

eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; fr = 9.0 min (minor), 10.0 (major).

The preferred absolute configuration of 9a was determined by comparing the sign of the optical rotation with

the literature value. [lit.* [a]p?® +68.3 (¢ 0.32, THF) for >98% ee of (S)-9a.]

Ethyl 2-phenyl-2-(phenylamino)acetate (9b). (Table 10, entry 2).
/@ The enantiomeric excess of 9b was determined to be 64% by chiral HPLC: using Daicel
HN Chiralpak AD-H; hexane/PrOH = 9:1 as an eluent; flow rate = 0.5 mL/min; detector:

S COLEL ultraviolet absorption at 254 nm; fr = 16.3 min (minor), 17.1 (major).
R;=0.58 (hexane/EtOAc = 5:1); mp 56-57 °C; [a]p?’ —54.4 (¢ 2.52 in CHCl;) for 64% ee;
"H NMR (500 MHz, CDCl3): 6 1.21 (t, J = 7.2 Hz, 3H, CH,CH3), 4.13 (dq, /= 7.2, 10.7
Hz, 1H, one of CH>CH3), 4.23 (dq, J= 7.2, 10.7 Hz, 1H, one of CH>CH3), 4.96 (d, J= 5.8 Hz, 1H, NH), 5.06
(d,J=5.8 Hz, 1H, ArCHCO»), 6.56 (m, 2H, ArH), 6.68—6.71 (m, 1H, ArH), 7.11-7.13 (m, 2H, ArH), 7.29-7.31
(m, 1H, ArH), 7.34-7.36 (m, 2H, ArH), 7.50 (m, 2H, ArH); HRMS (EI) calcd for C1sH7NO, (M*) 255.1259,
found 255.1261.

tert-Butyl 2-phenyl-2-(phenylamino)acetate (19). (Table 10, entry 3)

(500 MHz, CDCls): & 1.37 (s, 9H, C(CHz)s), 4.95 (brs, 1H, NH), 4.95 (s, 1H, ArCHCO,),
6.54 (dd, J = 0.9, 8.6 Hz, 2H, ArH), 6.67 (tt, J= 0.9, 7.2 Hz, 1H, ArH), 7.10 (dd, J= 7.4,
8.6 Hz, 2H, ArH), 7.27 (tt, J= 1.4, 7.2 Hz, 1H, ArH), 7.33 (tt, J = 1.2, 7.2 Hz, 2H, ArH),
7.47 (dt, J = 1.4, 7.2 Hz, 2H, ArH); 3C NMR (125 MHz, CDCL3): & 27.8 (3 x CHs), 61.2
(CH), 82.3 (C), 113.3 (2 x CH), 117.7 (CH), 127.1 (2 x CH), 127.9 (CH), 128.6 (2 x CH), 129.1 (2 x CH), 138.2
(C), 146.1 (C), 170.9 (C); HRMS (EI) calcd for CisH2NO, (M*) 283.1572, found 283.1573.

/@ Ry=0.68 (hexane/EtOAc = 5:1); mp 93-94 °C; [a]p** —63.4 (¢ 0.71 in CHCl3); 'H NMR
HN

>CO,Bu

The enantiomeric excess of 19 was determined to be 73% by chiral HPLC: using Daicel Chiralcel OD-H;
hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tr = 4.2

min (major), 4.5 (minor).
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Ethyl 2-(4-fluorophenyl)-2-(phenylamino)acetate (20a). (Table 14, entry 2)

ee; 'H NMR (500 MHz, CDCly): 8 1.19 (t, J = 6.9 Hz, 3H, OCH,CH;), 4.11 (dq, J =

6.9, 10.9 Hz, 1H, one of OCH>CH3), 4.21 (dq, J= 6.9, 10.9 Hz, 1H, one of OCH>CH3),

* COzEt 4.85 (brs, 1H, NH), 4.99 (s, 1H, PhCHCO), 4.99 (s, 1H, NH), 6.46-6.49 (m, 2H, ArH),

6.81 (tt, J = 2.0, 8.9 Hz, 1H, ArH), 7.29 (tt, J= 1.2, 7.2 Hz, 1H, ArH), 7.32—7.35 (m,

2H, ArH), 7.47 (dd, 2H,J = 1.2, 7.2 Hz, ArH); HRMS (EI) calcd for C16H1sNO,F (M*) 273.1165, found 273.1163.

/@ F  R,=0.55 (hexane/EtOAc = 5:1); mp 43-44 °C; [a]p?2 ~47.6 (c 2.52 in CHCL) for 65%
HN

The enantiomeric excess of 20a was determined to be 65% by chiral HPLC: using Daicel Chiralcel OJ-H;
hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; fr = 13.7

min (major), 14.7 (minor).
Ethyl 2-(4-chlorophenyl)-2-(phenylamino)acetate (20b). (Table 14, entry 3)

ee; 'H NMR (500 MHz, CDCl3): § 1.20 (t, J = 7.2 Hz, 3H, OCH,CH3), 4.13 (dq, J =
7.2,10.6 Hz, 1H, one of OCH,CH3), 4.23 (dq, /= 7.2, 10.6 Hz, 1H, one of OCH,CH3),
5.07 (d, J= 5.7 Hz, 1H, PhCHCO), 5.39 (d, /= 5.7 Hz, 1H, NH), 6.54 (d, /= 8.6 Hz,
2H, ArH), 7.29 (tt, J=1.2, 7.2 Hz, 1H, ArH), 7.31-7.36 (m, 4H, ArH), 7.47 (dd, 2H, J
=1.2,7.2 Hz, ArH); HRMS (EI) calcd for CisH1sNO>Cl (M*) 289.0869, found 289.0871.

The enantiomeric excess of 20b was determined to be 73% by chiral HPLC: using Daicel Chiralcel OJ-H;

/©/C| R;=0.55 (hexane/EtOAc = 5:1); mp 68-70 °C; [a]p?! —70.2 (¢ 2.97 in CHCI3) for 73%
HN

“ CO,Et

hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tr = 13.6

min (major), 14.4 (minor).
Ethyl 2-(4-bromophenyl)-2-(phenylamino)acetate (20c). (Table 14, entry 4)

74% ee; "H NMR (500 MHz, CDCl5): § 1.20 (t, J = 7.2 Hz, 3H, OCH,CH3), 4.12 (dq,

J =172, 109 Hz, 1H, one of OCH>CH3), 4.23 (dq, J = 7.2, 10.9 Hz, 1H, one of

* COzEt OCH,CHj3), 5.00 (d, J= 6.0 Hz, 1H, PhCHCO), 5.03 (d, J = 6.0 Hz, 1H, NH), 6.42 (d,

J=8.9Hz, 2H, ArH),7.18 (d,J=8.9 Hz, 2H, ArH), 7.30 (tt,J= 1.4, 6.9 Hz, 1H, ArH),

7.32-7.36 (m, 2H, ArH), 7.46 (dd, 2H, J= 1.2, 7.2 Hz, ArH); HRMS (EI) calcd for C16H1sNO,Br (M*) 333.0364,
found 333.0365.

: Br Ry=0.55 (hexane/EtOAc = 5:1); mp 110-111 °C; [a]p*? —36.1 (c 3.03 in CHCls) for
HN

The enantiomeric excess of 20c was determined to be 73% by chiral HPLC: using Daicel Chiralpak AD-H;
hexane/PrOH = 9:1 as an eluent; flow rate = 0.5 mL/min; detector: ultraviolet absorption at 254 nm; g = 23.0

min (major), 23.9 (minor).
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Ethyl 2-(4-trifluoromethylphenyl)-2-(phenylamino)acetate (20d). (Table 14, entry 5)

65% ee; 'HNMR (500 MHz, CDCl3): & 1.19 (t,J= 7.2 Hz, 3H, OCH,CH3), 4.12 (dq,

J=17.2,10.9 Hz, 1H, one of OCH,CH3), 4.22 (dq, J = 7.2, 10.9 Hz, 1H, one of

* CO,Et OCH,CHj3), 5.00 (2 x s, 2 x 1H, PACHCO and NH), 6.46 (d, J = 8.9 Hz, 2H, ArH),

7.04 (d, J= 8.9 Hz, 2H, ArH), 7.29 (tt, J= 1.4, 7.2 Hz, 1H, ArH), 7.32-7.36 (m, 2H,

ArH), 7.46 (dd, 2H, J = 1.4, 7.2 Hz, ArH); '3C NMR (125 MHz, CDCIl;) § 14.0 (CH3), 60.2 (CH), 62.1 (CH>),

112.6 (2 x CH), 126.6 (2 x CH), 127.1 (2 x CH), 128.5 (CH), 129.0 (2 x CH), 136.9 (C), 148.3 (C), 171.2 (C);
HRMS (EI) caled for Ci7H16NO2F3 (M*) 323.1133, found 323.1133.

The enantiomeric excess of 20d was determined to be 65% by chiral HPLC: using Daicel Chiralcel OD-H;

/©/CF3 Ry= 0.52 (hexane/EtOAc = 5:1); mp 41-42 °C; [a]p??* —12.4 (¢ 2.59 in CHCIs) for
HN

hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; g = 5.0

min (major), 5.4 (minor).
Ethyl 2-(4-methoxyphenyl)-2-(phenylamino)acetate (20e). (Table 14, entry 6)

NMR (500 MHz, CDCls): & 1.19 (t, J = 7.2 Hz, 3H, CH,CHs), 3.68 (s, 3H, OCH3),

4.11 (dq, J = 7.2, 10.9 Hz, 1H, one of OCH,CH3), 4.21 (dq, J= 7.2, 10.9 Hz, 1H,

* CO,Et one of OCH>CH3), 4.68 (brs, 1H, NH), 5.00 (s, 1H, PhCHCO), 6.53 (d, J= 8.9 Hz,

2H, ArH), 6.71 (d, J = 8.9 Hz, 2H, ArH), 7.28 (tt, J = 1.2, 7.2 Hz, 1H, ArH),

7.31-7.35 (m, 2H, ArH), 7.48 (dd, 2H, J = 1.2, 7.2 Hz, ArH). HRMS (EI) calcd for C;7H;sNO3 (M*) 285.1365,
found 285.1365.

/©/OM6 Ry = 0.66 (hexane/EtOAc = 5:1); [a]p?* —38.2 (¢ 2.08 in CHCIs) for 52% ee; 'H
HN

The enantiomeric excess of 20e was determined to be 52% by chiral HPLC: using Daicel Chiralpak AD-H;
hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tr = 13.5

min (major), 14.7 (minor).
Ethyl 2-(4-tert-butylphenyl)-2-(phenylamino)acetate (20f). (Table 14, entry 7)

58% ee; '"H NMR (500 MHz, CDCls): & 1.19 (t,J= 6.9 Hz, 3H, CH,CH3), 1.23 (s, 9H,

C(CHs)3), 4.11 (dq, J= 7.2, 10.9 Hz, 1H, one of OCH,CH3), 4.21 (dq, J= 7.2, 10.9

* CO,Et Hz, 1H, one of OCH>CH3), 4.86 (brs, 1H, NH), 5.02 (s, 1H, P\CHCO), 6.51 (d, J =

8.6 Hz, 2H, ArH), 7.14 (d, J = 8.6 Hz, 2H, ArH), 7.28 (tt, J= 1.5, 7.2 Hz, 1H, ArH),

7.32—7.35 (m, 2H, ArH), 7.50 (dd, 2H, J = 1.5, 7.2 Hz, ArH); '3*C NMR (125 MHz, CDCls) § 14.0 (CH3), 31.4

(3 x CH3), 33.8 (C), 61.1 (CH), 61.7 (CHy), 113.0 (2 x CH), 126.0 (2 x CH), 127.2 (2 x CH), 128.1 (CH), 128.7

(2 x CH), 138.0 (C), 140.7 (C), 143.7 (C), 172.0 (C); HRMS (EI) caled for C20H2sNO, (M*) 311.1885, found
311.1880.

The enantiomeric excess of 20f was determined to be 58% by chiral HPLC: using Daicel Chiralcel OJ-H;

: tBu Ry=0.66 (hexane/EtOAc = 5:1); mp 48-49 °C; [a]p?*> —10.7 (¢ 1.57 in CHCls) for
HN

hexane/PrOH = 9:1 as an eluent; flow rate = 0.5 mL/min; detector: ultraviolet absorption at 254 nm; tr = 13.6

min (major), 14.3 (minor).
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Methyl 2-methoxy-2-phenylacetate (23) (Table 15, entry 6). *®
OMe To a solution of Rhy(TPA)4 (5.4 mg, 0.004 mmol) in CH>Cl, (1 mL) was added
: ,L COMe CH30H (11.8 pL, 0.29 mmol) and solution of methyl 2-diazo-2-phenylacetate (18
mg, 0.1 mmol) in CH>Cl, (1 mL) at room temperature. After stirring for 1 h, the
reaction mixture was evaporated in vacuo gave the crude product, which was purified
by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-methoxy-2-phenylacetate 23 (9.6 mg, 53%) as a
colorless oil. The enantiomeric exess of methyl 2-methoxy-2-phenylacetate was determined by HPLC with a
chiral stationary phase column.
Ry=0.38 (5:1 hexane/EtOAc); 'H NMR (600 MHz, CDCls): 6 3.41 (s, 3H, OCHs), 3.72 (s, 3H, CO,CH3), 4.78
(s, 1H, ArCHCO,CH3), 7.43-7.45 (m, SH, ArH).

Methyl 2-hydroxy-2-phenylacetate ((S)-22).’” (Table 16, entry 6)

H To a solution of Rhy(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol)

O/\C O.Me in CH2Cl> (1 mL) was added H>O (3.6 pL, 0.2 mmol) and solution of methyl 2-diazo-
) 2

QO

2-phenylacetate (36 mg, 0.2 mmol) in CH>Cl, (1 mL) at room temperature. After

stirring for 4 h, evaporation in vacuo furnished the crude product, which was purified
by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-hydroxy-2-phenylacetate (22) (27.2 mg, 82%) as
a colorless oil. The enantiomeric exess of methyl 2-hydroxy-2-phenylacetate was determined by HPLC with a
chiral stationary phase column.
Ry = 0.19 (5:1 hexane/EtOAc).; 'H NMR (600 MHz, CDCls): & 3.43 (d, J = 5.5 Hz, 1H, OH), 3.77 (s, 3H,
CO,CH»), 5.18 (d, 1H, J= 5.5 Hz, ArtCHCO,CH3), 7.34-7.43 (m, 5H, ArH); HPLC t (S) = 7.8 min (68.8%); &
(R) = 11.4 min (31.2%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH, 1.0 mL/min).

Methyl 2-oxo-2-phenylacetate (18). 7%
O TH NMR (600 MHz, CDCl5): 8 3.91 (s, 3H, CO,CHj3), 7.29-7.46 (m, 5H, ArH).
CO,Me

Dimethyl benzoylformate azine (21). 7

'H NMR (600 MHz, CDCly):  4.01 (s, 6H, 2 x CO>CHs), 7.34-7.52 (m, 10H, ArH).
@\H/COZMe
N.

N

©)J\002Me
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Methyl 2-phenoxy-2-phenylacetate (24). *® (Table 16, entry 1)
To a solution of Rho(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in
/@ CH:Cl; (1 mL) was added phenol (18.8 mg, 0.2 mmol) and solution of methyl 2-diazo-2-
0)

phenylacetate (36 mg, 0.2 mmol) in CH>Cl, (1 mL) at room temperature. After stirring
©)\002Me for 3.5 h, evaporation in vacuo furnished the crude product, which was purified by
preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-phenoxy-2-phenylacetate
(31.19 mg, 64%) as a colorless oil. The enantiomeric exess of methyl 2-phenoxy-2-phenylacetate (24) was
determined by HPLC with a chiral stationary phase column.
Ry=0.45 (5:1 hexane/EtOAc).
'"H NMR (600 MHz, CDCls): 8 3.74 (s, 3H, CO.CH3), 5.65 (s, 1H, ArCHCO,CH3), 6.94-7.00 (m, 3H, ArH),
7.26-7.42 (m, 5H, ArH), 7.58-7.59 (m, 2H, ArH).
HPLC # (S) = 6.3 min (51.5%); & (R) = 12.4 min (48.5%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH, 1.0

mL/min).

Methyl 2-isopropoxy-2-phenylacetate (26). *® (Table 16, entry 3)
To a solution of Rhx(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in CH>Cl, (1 mL) was
added 2-propanol (11.8 pL, 0.15 mmol) and solution of methyl 2-diazo-2-phenylacetate

Me
)\ (36 mg, 0.2 mmol) in CH>Cl, (1 mL) at room temperature. After stirring for 5 h, the

O Me

reaction mixture was evaporated in vacuo furnished the crude product, which was
©)\C02Me purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-isopropoxy-2-

phenylacetate (12.7 mg, 31%) as a colorless oil. The enantiomeric exess of methyl 2-
isopropoxy-2-phenylacetate (26) was determined by HPLC with a chiral stationary phase column.
Ry=10.40 (5:1 hexane/EtOAc).
"H NMR (600 MHz, CDCI3): & 1.20 (d, J = 6.18 Hz, 3H, OCH(CH3),), 1.25 (d, J = 6.18 Hz, 3H, OCH(CHs)),
3.66-3.70 (m, 1H, OCH(CHs)2), 3.71 (s, 3H, COCH3), 5.00 (s, 1H, ArCHCO,CH3), 7.31-7.47 (m, 5H, ArH).
HPLC fr = 7.4 min (36.6%); tr = 8.2 min (63.4%) (Dicel Chiralcel OJ-H, 9:1 hexane/PrOH, 1.0 mL/min).

Methyl 2-ethoxy-2-phenylacetate (27). *® (Table 16, entry 4)
OEt To a solution of Rha(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol)
©)\002Me in CH2Cl, (1 mL) was added EtOH (11.3 uL, 0.19 mmol) and solution of methyl 2-
diazo-2-phenylacetate (36 mg, 0.2 mmol) in CH>Cl (1 mL) at room temperature. After
stirring for 4.5 h, the reaction mixture was evaporated in vacuo furnished the crude
product, which was purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-ethoxy-2-
phenylacetate (7.1 mg, 18%) as a colorless oil. The enantiomeric exess of methyl 2-ethoxy-2-phenylacetate (27)
was determined by HPLC with a chiral stationary phase column.
Ry=0.43 (5:1 hexane/EtOAc).
"H NMR (600 MHz, CDCl3): § 1.28 (t, J = 6.9 Hz, 3H, OCH,CHs), 3.49-3.62 (m, 2H, OCH->CH3), 3.72 (s, 3H,
CO:CH3), 4.89 (s, 1H, ArCHCO2CH3), 7.32-7.47 (m, 5H, ArH).
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HPLC fr = 5.5 min (47.2%); tr = 5.9 min (52.8%) (Dicel Chiralcel OD-H, 30:1 hexane/PrOH, 1.0mL/min).

Methyl 2-(4-bromophenyl)acetate.

/@/\COZMG 'H NMR (600 MHz, CDCls): 8 3.58 (s, 3H, ArCH>,CO,CHs), 3.69 (s, 3H, CO,CHz),
. 7.16 (d, J = 8.6 Hz, 2H, ArH), 7.45 (d, J = 8.6 Hz, 2H, ArH).

Methyl 2-(4-chlorophenyl)acetate. ’
'H NMR (600 MHz, CDCL3): 8 3.60 (s, 3H, ArCH-CO:CHs), 3.69 (s, 3H, CO:CHs), 7.21 (d, J = 8.6 Hz, 2H,

/@/\COZMG ArH), 7.30 (d, J = 8.6 Hz, 2H, ArH).
Cl

Methyl 2-(4-methoxyphenyl)acetate. 3
'H NMR (600 MHz, CDCls): & 3.57 (s, 3H, ArCH,CO,CHs3), 3.68 (s, 3H,

OCH,
o m CO,CH), 3.79 (s, 3H, ArOCH3), 6.86 (d, J = 8.6 Hz, 2H, ArH), 7.20 (d, J = 8.6
s Hz, 2H, ArH).

Methyl 2-(4-chlorophenyl)-2-hydroxyacetate (41). °” (Table 25, entry 3)
To a solution of Rhy(TPA)s (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004
o mmol) in CH2Cl (1 mL) was added H>O (3.6 pL, 0.2 mmol) and solution of methyl
/©)\C%Me 2-(4-chlorophenyl)-2-diazoacetate (42 mg, 0.2 mmol) in CH>Cl, (1 mL) at room
cl temperature. After stirring for 3 h, evaporation in vacuo furnished the crude product,
which was purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-(4-chlorophenyl)-2-
hydroxyacetate (33.3 mg, 83%) as a colorless oil. The enantiomeric exess of methyl 2-(4-chlorophenyl)-2-
hydroxyacetate (41) was determined by HPLC with a chiral stationary phase column.
Ry=0.16 (5:1 hexane/EtOAc).
"H NMR (500 MHz, CDCls): & 3.45 (d, J = 5.5 Hz, 1H, OH), 3.77 (s, 3H, CO,CHs), 5.16 (d, 1H, J= 5.5 Hz,
ArCHCO>CH3), 7.33-7.38 (m, 4H, ArH).
HPLC t (S)=7.7 min (67.4%); tr (R) = 8.6 min (32.6%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH, 1.0 mL/min).

Methyl 2-(4-bromophenyl)-2-hydroxyacetate (42).°? (Table 25, entry 4)

To a solution of Rhy(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in CH>Cl, (1 mL) was
OH

added H>O (3.6 uL, 0.2 mmol) and solution of methyl 2-(4-bromophenyl)-2-

@COZMe diazoacetate (51 mg, 0.2 mmol) in CH>CL, (1 mL) at room temperature. After

Br stirring for 2 h, evaporation in vacuo furnished the crude product, which was
purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-(4-bromophenyl)-2-hydroxyacetate (41.6
mg, 85%) as a colorless oil. The enantiomeric exess of methyl 2-(4-bromophenyl)-2-hydroxyacetate (42) was

determined by HPLC with a chiral stationary phase column.
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Ry = 0.15 (5:1 hexane/EtOAc); 'H NMR (500 MHz, CDCls): § 3.51 (d, J = 5.2 Hz, 1H, OH), 3.77 (s, 3H,
CO,CH3), 5.14 (d, 1H, J=4.9 Hz, ArCHCO,CH3), 7.31 (d, J= 8.6 Hz, 2H, ArH), 7.50 (d, J = 8.3 Hz, 2H, ArH).
HPLC #r (S) = 7.9 min (66.5%); tr (R) = 8.9 min (33.5%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH, 1.0 mL/min).

Methyl 2-hydroxy-2-(4-methoxyphenyl)acetate (43). 8" (Table 25, entry 5)
OH To a solution of Rhy(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004
/@)\COZM e mmol) in CH>Cl, (1 mL) was added H,O (3.6 puL, 0.2 mmol) and solution of
MeO methyl 2-(4-chlorophenyl)-2-diazoacetate (41 mg, 0.2 mmol) in CH>Cl, (1 mL)
at room temperature. After stirring for 4 h, evaporation in vacuo furnished the
crude product, which was purified by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-hydroxy-2-(4-
methoxyphenyl)acetate (33.8 mg, 86%) as a colorless oil. The enantiomeric exess of methyl 2-hydroxy-2-(4-
methoxyphenyl)acetate (43) was determined by HPLC with a chiral stationary phase column.
Ry = 0.10 (5:1 hexane/EtOAc); 'H NMR (500 MHz, CDCls): & 3.37 (d, J = 5.8 Hz, 1H, OH), 3.76 (s, 3H,
CO,CH?»), 3.81 (s, 3H, ArOCH3), 5.13 (d, 1H, J= 5.5 Hz, ArCHCO»CH3), 6.89 (d, J= 8.9 Hz, 2H, ArH), 7.33
(d, J=8.8 Hz, 2H, ArH).
HPLC & (S) = 10.4 min (69.0%); fr (R) = 14.6 min (31.0%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH, 1.0

mL/min).

Methyl 2-hydroxy-2-p-tolylacetate (44). (Table 25, entry 6)
oH To a solution of Rhy(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol)
/©)\002Me in CH2Cl> (1 mL) was added H>O (3.6 pL, 0.2 mmol) and solution of methyl 2-diazo-
2-p-tolylacetate (38 mg, 0.2 mmol) in CH,Cl, (1 mL) at room temperature. After
M€ stirring for 3 h, evaporation in vacuo furnished the crude product, which was purified
by preparative TLC (3:1 hexane/EtOAc) to provide methyl 2-hydroxy-2-p-tolylacetate (25.6 mg, 71%) as a
colorless oil. The enantiomeric exess of methyl 2-hydroxy-2-p-tolylacetate (44) was determined by HPLC with
a chiral stationary phase column.
Ry=0.21 (5:1 hexane/EtOAc); '"H NMR (500 MHz, CDCls): & 2.35 (s, 3H, ArCHs), 3.38 (d, J = 5.8 Hz, 1H,
OH), 3.76 (s, 3H, CO,CH3), 5.15 (d, 1H, J= 5.5 Hz, ArCHCO,CH3), 7.18 (d, J = 8.3 Hz, 2H, ArH), 7.30 (d, /=
8.0 Hz, 2H, ArH).
HPLC t (S) = 7.8 min (69.0%); & (R) = 10.0 min (31.0%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH, 1.0

mL/min).

Ethyl 2-hydroxy-2-phenylacetate (45). °” (Table 25, entry 7)

OH To a solution of Rhy(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in

~ CO.Et CH2CI, (1 mL) was added H>O (3.6 pL, 0.2 mmol) and solution of ethyl 2-diazo-2-

2
O/\ phenylacetate (38 mg, 0.2 mmol) in CH>Cl> (1 mL) at room temperature. After stirring
for 16 h, evaporation in vacuo furnished the crude product, which was purified by

preparative TLC (3:1 hexane/EtOAc) to provide Ethyl 2-hydroxy-2-phenylacetate (28.0 mg, 78%) as a colorless
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oil. The enantiomeric exess of Ethyl 2-hydroxy-2-phenylacetate (45) was determined by HPLC with a chiral
stationary phase column.

Ry=0.25 (5:1 hexane/EtOAc).

"H NMR (500 MHz, CDCl3): & 1.23 (t, J= 7.15 Hz, 3H, OCH,CH3), 3.49 (m, 1H, OH), 4.22 (m, 2H, CO.CH>),
5.16 (d, J=6.05 Hz, 1H, ArCHCO3), 7.31-7.44 (m, 5H, ArH).

HPLC & (S) = 6.9 min (69.6%); t&r (R) = 10.3 min (30.4%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH, 1.0

mL/min).

Isobutyl 2-hydroxy-2-phenylacetate (46). #» (Table 25, entry 8)
OH Me To a solution of Rhy(TPA)s (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004
© Me mmol) in CH,Cl, (1 mL) was added H>O (3.6 puL, 0.2 mmol) and solution of
© isobutyl 2-diazo-2-phenylacetate (44 mg, 0.2 mmol) in CH>Cl, (1 mL) at room
temperature. After stirring for 14 h, evaporation in vacuo furnished the crude product, which was purified by
preparative TLC (3:1 hexane/EtOAc) to provide isobutyl 2-hydroxy-2-phenylacetate (34.5 mg, 83%) as a
colorless oil. The enantiomeric exess of isobutyl 2-hydroxy-2-phenylacetate (46) was determined by HPLC with
a chiral stationary phase column.
Ry=0.38 (5:1 hexane/EtOAc).
"H NMR (600 MHz, CDCl3): & 0.81 (d, J = 6.9 Hz, 6H, CO,CH,CH(CHs),), 1.87 (hept, J = 6.8 Hz, 1H,
CH(CH3)), 3.48 (d, J=5.5 Hz, 1H, OH), 3.95 (m, 2H, CO,CH>), 5.18 (d, /= 5.5 Hz, 1H, ArCHOH), 7.31-7.44
(m, 5SH, ArH).
HPLC fr = 7.9 min (69.4%); tr = 8.6 min (30.6%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH, 1.0 mL/min).

Methyl 2-hydroxy-2-phenylacetate (22). (Table 26, entry 1)

N Rhy(TPA)4 (1 mol%) OH
2 Quinine (2 mol%) z
Co,Me Wakogel (30 mg) CO,Me
+ H2O
6a CH,Cl,, rt, 0.3 h 22

To a solution of Rhy(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in CH>Cl, (1 mL) was
added Wakogel (30 mg) and H>O (3.6 pL, 0.2 mmol) and solution of methyl 2-diazo-2-phenylacetate (6a) (36
mg, 0.2 mmol) in CH>Cl> (1 mL) at room temperature. After stirring at this temperature for 0.3 h, filtration and
evaporation in vacuo furnished the crude product, which was purified by preparative TLC (3:1 hexane/EtOAc)
to provide 2-hydroxy-2-phenylacetate (26.4 mg, 79%) as a colorless oil. The enantiomeric exess of 2-hydroxy-
2-phenylacetate (22) was determined by HPLC with a chiral stationary phase column.

HPLC # (S) = 8.1 min (68.0%); tr (R) = 12.8 min (32.0%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH, 1.0

mL/min).
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Methyl 2-hydroxy-2-phenylacetate (22). (Table 29, entry 7)

N Rhy(TPA), (1 mol%) OH
2 Quinine (2 mol%) H
CO,Me Wakogel (30 mg) CO,Me
+ Hzo
CH,Cl,, -10°C, 2 h
6a 22

To a solution of Rha(TPA)4 (2.8 mg, 0.002 mmol) and quinine (1.3 mg, 0.004 mmol) in CH>Cl, (1 mL) was
added Wakogel (30 mg) and H>O (3.6 uL, 0.2 mmol) and solution of methyl 2-diazo-2-phenylacetate (6a) (36
mg, 0.2 mmol) in CH>Cl, (1 mL) at —10 °C. After stirring at this temperature for 1.5 h, filtration and evaporation
in vacuo furnished the crude product, which was purified by preparative TLC (3:1 hexane/EtOAc) to provide 2-
hydroxy-2-phenylacetate 22 (30 mg, 90%) as a colorless oil. The enantiomeric exess of 2-hydroxy-2-
phenylacetate was determined by HPLC with a chiral stationary phase column.

Ry=0.15 (5:1 hexane/EtOAc).

"H NMR (600 MHz, CDCl5): 6 3.43 (d, J= 5.5 Hz, 1H, ArCHCO,CH3), 3.76 (s, 3H, CO,CH3), 5.18 (d, J=5.5
Hz, 1H, OH), 7.33-7.43 (m, 5H, AtH).

HPLC & (S) = 8.2 min (74.8%); tr (R) = 12.1 min (25.2%) (Dicel Chiralcel OD-H, 9:1 hexane/PrOH,
1.0mL/min).
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