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Boc
‘Bu
COSY

DBU
DHQ
DMF
DMSO
de

ee

EI

eq.

Et
FAB
HMBC
HPLC
HRMS

MTBE
NMR
PC

Ph
PMB

PTPA
PTTL

acetyl

aqueous

aryl

benzyl

tert-butoxycarbonyl

tert-butyl

correlation spectroscopy
cyclopentadieny
1,8-diazabicyclo[5.4.0]undec-7-ene
dihydroquinidine
N,N-dimethylformamide
dimethylsulfoxide
diastereomeric excess
enantiomeric excess

electron impact ionization
equivalent

ethyl

fast atom bombardment
heteronuclear multiple bond correlation
high performance liquid chromatography
high resolution mass spectrum
infrared

ligand

methyl

melting point
rifluoromethanesulfonyl

mass spectrometry

methyl tert-butyl ether
nuclear magnetic resonance
phthalocyanine

phenyl
p-methoxyphenylmethyl
isopropyl
N-phthaloylphenylalaninate
N-phthaloyl-fert-leucinate

retention factor (in chromatography)



Rt
TBAF
TBDPS
TBS
TLC
TMS
TPA
TPFPP
TPP
uv

room temperature
tetrabutylmmonium fluoride
tert-butyliphenylsilyl
tert-butyldimethylsilyl

thin-layer chromatography
trimethylsilyl

triphenylacetate
tetrakis(pentafluorophenyl)porphyrin
tetraphenlporphyrin

ultraviolet

benzyloxycarbonyl



o

NEITIOR XV EEIC LD REEZZ T, WREIERT O FEEZRESETE L, &
FEW A Sk D KRR ITRBRAVIC IV BT E 7228, 16 RIS IT B A OREE 228 S h,
19 AR > TEAE R == R EDT VI A RINEREY & L CHBES Lz Y,
N7 NI aA RIRESINDEERAEMITR )R EMEEEZ BT D52 E08% <,
RSN RIS AT DHRICBWNTH, R HBES I (LEWE Y — R
fb&W e U CEEEBRPMTONTOWDEONRBIRTH D D, REIWIZE TN D HRY
IEEREPMETHDLZ LD, EELEBICBWTUIREME A THE & 3 275K
EORRENLE L 2D, f- T, MARERFEEEZ L OEEFLEW AN AR T
D FEE, ERGBERCERLFEICB OV CHEETH D, R, REEHKICH L TESE
AR AN D IRFE —EFHE (C-N) METERSISOBRFEIIRIL, £ OHF AN LR o
BRALEIZEE I L VB HRICHIE SN TWD, 72, ThODOEEHFEILAEMITITESR
JAF-DAES LI RBIR D ARFHFNI 2> T DB Z L FEL, SMERRMERIZL - T
EWNEEN R D Z N D, POTITIHEETHA L RS Y R4 FD LS, —
FOZFrFA~— (BEBREEER) I3 EOZREICHES L CHHRREER (EIRME
M) ZRTHO0, ZONFERITEDARDOEAENICER L 2WEEREN
M) 2T HR IR E SN TS, ZOD, CNEAEDOIEK & RIFHZZ DNLK
A2 NI 95 2 X EEGBRICBW T, RERFED 2 Lo TN D,

CNFARLED—2L LT, TGy T VU VB REfilik L Lzl
R D N-H FFASENRZET B 008, —RBNITTRNE G 7227 b EWH
LD Z ENEZN, ZHODLEWTMESIS, &5 WIESREFARIC L 20T X
DL, AR EERT D, DARIIEFITRISEREVEFETH Y . R
BOSEIRET TR AR LIl D R B W T RO IR A EE L, — 5, BB O&EE
K& HWTEHIETIE, AR RIEERE —FEOE (DX UBEE) 2T 5,
&8 T I BER TR D LTk L CHRIEETH Y . WD REEERIC k- T
ZDR)MEZEFIFT 5 Z & & RIEETdH 5 (Scheme 1),

INETIZER DN HRE AW CHIFEAKGZIZ LD &35 X-H (X=N,0,S,
Si 72 L) HASIZHHESNTEY, Y7 ey U Abse SicbisAsnTn
% (Scheme 2)*%, N-H ffi A%, Scheme 1 1279 K 92V 7 VLW ZRIBEA L L
TRBEEACTUETH Z & TR I NN UEEENAER L, BERERELFF 20T DR
BHED#%, A4V RIERK, v hBEIZRTHME T2 CNBEEZERTL2H0OTH
% (Scheme 3)



i ] 4

Metal (M) Y\n/z R-X=H
(Rh, Cu etc.) M (X=N,0,9)
/ metal-carbenoid \ H
Y4 = - Y Z
\n/ (carbene intermediate) \k
N i ] X-R
thermolysis .. R X@H 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 (X; hetero atom) insertion reactions of metal-carbenoid and free carbene.

R3

R3 E 2
Y R'” “R?
1/§ 2
R
2 Cyclo | R

R" "R
propanation

R3><H C-H insertion J‘i Olefination R‘j:R?’
R1 R2 R1 R2 R1 R2
O-H insertion S-H insertion
ot e N
R'” "R? R1” “R2
R*R®N H
R1><R2

N-H insertion

Scheme 2. Reactions of diazo compound as a precursor of metal-carbenoid and free carbene.

R R'
> R R’
LnM ).(,,H <
R__R  MLn R__R X H
—_— \”/ concerted process X=C, Si
N, MLn
R R' R._-_R' R R’
or Y —_— ><
LnM X-H +X—H X H
- +

stepwise process X=N,0,S

Scheme 3. Carbene insertion by concerted or stepwise processes.



TR BER A V2 N=H AR IE 1952 4E1Z Yates HIZ X O ) THs sz 7,
WHlZ, a-TT 7 DT T YR HEZER LT b, ER06R) 20 288 T, BE
R ¥ 7 A [Rha(OAc)s] % F T2 GBI A Teyssie 512 & 0 #iE X472 (Scheme 4)%),

Yates et al. (1952)

O O YO

33%
Teyssie et al. (1974)

o)
ha (OAc), H
OEt + OEt
H,N 80 OC

H
70%

Scheme 4. Intermolecular N-H insertion reaction via metal carbenoids.

TR UEEHRE R Lo BSOS B] & LT, Merck fLIZ L A (+H)-T=F~ A N
4 THD Y, RIUEWEOAERIZEB T, Merck OB T — 2%, (L&Y B b1k
BYE ~OEWEIL, TROLHEROMELHNE LT LEMB —EY T Vike
MC LB LT, v LN A FHREERD ~E8BE 77 2 LERFOT
REFRJF O N-H BICREIR 2 AL TUEAW E 215 T 5 (Scheme 5)7,

COOR

OHH Rh,(OAc), OH

O_
H H H R D
B 0 (0.1 mol%) B 0} N |/O
H,C HsC 0L o _Rh
-,
=20
NH NH
N7~ “COOR Me =

Bouffard et al. (1980)

L-Asp

(6] o} Rh COOR
Me
Diazo compound Rhodium-carbenoid Rh,(OAc),
C
OH
H
z
—>
100% H o}
COOR CO,H
N-H insertion reaction E (+)-Thienamycin

Scheme 5. Intramolecular N-H insertion reaction via thodium carbenoid in preparation of (+)-Thienamycin.



Flo. B VT LA NRUGERE TSR 72 SO L C—H fASSIZBWTE
BoHE O8H 508, REFLELODu YT AADEKRZRAH U TRIGAERY DOARF %

HET D720, AN U A FIZK o TRISRIZET 2 R ZE M 2 AR 2 M
N D,

Hashimoto & (%, W FEHR N—7 a0 A V7T 2 BEZEEENL T & U THARAATE
oYy AIDEEAZAIRLL 72 (Fig. D', BIzIE, 7V BEEND A2 7 2= LT 7= L
7= tetrakis[ N-phthaloyl-(S)-phenylalaninato]dirhodium (Rho(S-PTPA)s) 1%, -7 V'-p-7 b —
AT D5 C-HFASUSIZIBNT 80% ee DT FABRMET, o7z )
ViR KRR 2T, o, ERRMT I VB TH D tert-n A v &AW tetrakis[ V-
phthaloyl-(S)-tert-leucinato]dirhodium (Rho(S-PTTL)4) CTiL, -7 Y = A7 /LD 531N C-H
FALSRIZEBN T, 95%ee &RV T U FA@RIRMEEZ R LTV % (Scheme 6)!2,

0] 0]
BN, N ‘Bu, N
H H
O O oO—~0
L/ 1/ l/ 1/
Rh—Rh Rh—Rh
/1 /] /17
Rh,(S-PTPA), Rhy(S-PTTL)4

Fig. 1. Structures of Rh,(S-PTPA), and Rh,(S-PTTL),

Hashimoto et al. (1993)
Me
o

Me Rhy(S-PTPA), O Me 1. MeOH, 150 °C o

(2 mol%) CO; (sealed tube)
Me4> Me

CH,Cly, 0 n Ve 2. aq. DMSO, 120 °C

74-83% 81-85%

R

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

Hashimoto et al. (2003)

COzMe Rhy(S-PTTL),
\CO Me
Toluene “,
~78°C, 0.5 h
>99% cis (Z)-alkene
85% (95% ee) not detected

Scheme 6. Intramolecular C—H insertion reaction using Rha(S-PTPA)4 or Rho(S-PTTL)4.



AF C—H AL TIENLER PRI A HE 5 Z S ITHREERREDO—D L ST
23, Davies HIIARF Y HY &2 OfA O r vy AEREZ R L, (EERBS X
ONREIR 2 AT C—HIARILZHME LT B, 22AF AR F T2 LT Y
T AT )NEHRE L L, Rhpy(S-TCPTAD) Zfilflii e L THWAH Z LT, 22 AF AR Z D
3t C—H fEA M EmERE D OEm= T o F A RN A SN ETT 5 2 & 2 AL
L7- (Scheme7) .

Davies et al. (2017)

\P)
)\/\ Rh,(S-TCPTAD),
CO,CCH,CF; Ar” % CO,CCH,CF3 + Ar” * CO,CCH,CFs
CH,Cly, -40 °C
Br
80% 86% ee
96 : 4
cl
cl
cl

Rh,(S-TCPTAD),

Scheme 7. Site-selective and enantioselective C—H insertion reaction of non-activated tertiary C—H bonds.

LEDO LS IAF C—HFBARSICBWTIAFY v Febou Yy A RE AN
52 & TR IO EERIRI 72 EOSN AIRETH 5208, N—H i ARISIZE N T, R
FRT U LGRS LD SARHIEE IR+ STV R WO REBLIRTH 5,

1996 - McKervey H X, ¥ 7 /V7e~ T VIR ZZUGERAL T & L CHAAATE B 2T A
FNRF LT — MR E W) o FAERN N N—H Z2#ds L7z, RIETIEY
RV VBT AT VN 45% ee DARFFIE T H AL TV 5 (Scheme 8)'Y,

McKervey et al. (1996)

CO5Et  Rh,L*
m 2L7s . Q/COZEt .\ CO,Et
N> W
NHZ CH,Cl,, 0 °C N COE ZHN =

NHZ
. ‘\\OH 53% 20% 27%
L*= Ph— 45% ee 20% ee
co,

Scheme 8. Chiral Rh(IT) mediated asymmetric intramolecular N-H insertion reaction.



F£72. 2002 4 Moody HIET7 == VI T VEBAFVHDLWNET == AT T VY U
TATIEXR DT NN A — SO FAF N—H ARG Z s Lo, 4 513 21 fE
BHLOXF I N7nyy AADEAZHREH L, £ 2 W TRIGSSRIFZBET L TWDH 05,
O NS DAFIRIIRKE TH 9%IZHE £ > Tz (Scheme 9)'Y,

Moody et al. (2002)

N, NHCH,0,CH,Ph
@Z Chiral Rh(I1)yPhCH,OCONH, (7) ©/LZ
CH,Cl,
Z =C0O,Me 80% up to 5% ee (Z = CO,Me)
Z = PO(OMe), 88% up to 9% ee (Z = PO(OMe),)

Scheme 9. Chiral Rh(Il) mediated asymmetric intermolecular N-H insertion reaction.

N—H ffARISZBT 2 FOSFFIRDOBBRIEIZIZIN < O ORERIEB I T,
BATTRB SN TV ORI TIZA U FREER D = U F @R 7 1 b OBE)IC
Ko TEBMIIARFNFRIND EBH5 TS (Scheme 10)'9, ZOARF T m kv
DOBEINILE HIZ 3 DORKBIREBE I TV D, &SRR A U RIS LRt
o b BEIRNET T AR TIIARF Y o FIC X DS KHE S EET 5 (Scheme 10,
path A), ¥ TN FRAFRE LTA Y RHEEO T 7 N BENCNTET DR S =
T FAIRIRVED E Y (Scheme 10, path B), 7 U0 ASKDL AL, EREIREIZBW
Ta Yy AEHARREEL, 7V —A U RIcLd7a N BE#IZRLT-O, REUVTVR
I KD SEARTHIEDERE LI W EAVRIRE LTV 5 (Scheme 10, path C)!'7),

Fen et al. (2014)

N2 J'\j'\L ......................
A 2 ; 1 2 '
R COZR R COzR : >/X"H\%“DR3R4
N, ! '
! ©) | .
ML ' ~ - 21 path B, high ee
! O—H CHO,R“ !
| NHRBR“/:\ _________________ ?___: 1,2- H transfer
* NR3R*

/ 1,2- H transfer .
path A, high ee H/ “CH,0,R?

..................... -~ 1,2- H transfer

path C, Low ee

Scheme 10. Possible mechanisms of the asymmetric N—H insertion reaction.



—J5. 2007 4 Zhou BT LV X 7 L @fillit A2 R L7\ o T A8 IR Y N-H A X
JENE STz, -V T Y AT NET = v O4 [ NFH ARG IZIBW T, BX
FXH U AR & U THIMAATEE D) Z il e U THWD & e 98% ee &
VD R 7R ME CHEA RS DI T35 Z & #5200 L7 (Scheme 11)'Y,

Zhou et al. (2007)
CuCl (5 mol%)

N, Ligand (6(mo|%1/) HN/Ph
NaBARF (6 mol%
OEt -~ OEt
MG)H( + PhNHz - Me)ﬁ(
O CH,Cl,, 25°C, 2 h O

94%, 98% ee

Ligand

Scheme 11. Chiral Cu(I) mediated asymmetric intermolecular N—H insertion reaction of a-diazoesters 8 and anilines.

A4 Fu b b a-7 2/ BOARNE B & LB O KGR 2 HE L= (Scheme 12)!7),
Zhou DGR TIL, 7=V VFEERE AW ICIIB 2R A2 5 25—, I8
BT X TIERISDEITE T, AN A = NTET78IRkE RS2, =, FubdO*x7
EI/E Y DU A WA RISR TN ANA — R e T 2= VT VT AT L
ZROG S D &L B 95% ee THIASUR ST U7z, NS HEITT 5 7291215, AgSbFs
DIFENRMEATH Y . ~NaF VR FES L TW R WiEERED SRS R D Ak =) > T4
R EICEETHOAS Z L 2R LTV D,

Fu et al. (2007)

CuBr (7 mol%) Me~ ; Me
N i Q I
2 t Ligand (8 mol%) M MeFeM
o'B Ar =S < j
Ar)l\[( ) + R-NH, AgSFs (6 mol%%) %O& &N_N Oé

0]

0 CICH,CH,Cl,it  RHN H :
Me éeD Me
up to 95% ee MeQMe
Me Ligand

Scheme 12. Chiral Cu(I) mediated asymmetric intermolecular N-H insertion reaction of phenyldiazoacetates and

anilines.

—RENCAFPONEIT OB, RERE L THWON S A Tl e LCixL-7 1 Y
vRvyatrTaha, R EOSTRNICAFSEZ L ALEMNET NS, bl
FERICEFITFE L, HBHZMTH LD AT LT, BRcy a7 arhaeA R
FAFIRE LI STARHIE T < > OAFTE L, Bl O@mEHIL, 1912 4£0 Bredig ©H DX
VAT TR ROYVT /e KU AR TH 5D (Scheme 13 )20,



Bredig et al. (1912)
OCHj

“
N OH

H Quinine Quinidine CN
+ HCN >

<10% ee

Scheme 13. Utilization of cinchona alkaloid for steric regulation on addition reaction.

BUfEECIZyratraias Reie 5680 Faiicix, S 6ICERBAIMR
53, (DHQD).PHAL, (DHQD),PYR, (DHQD)LAQN D K 9 72432k & L%t « Bk S
AR & 41TV % (Scheme 14)2129),

Cl

) cinchona alkaloids ?H )
RIS > RIR
Dihydroxylation OH
R', R? = Et: 20% ee 25-83% ee 20-88% ee
= Ph: 88% ee [Sharpless, Hentges, 1980] [Sharpless et al, 1988]

stoichiometric'92) catalytic'%)

Scheme 14. Sharpless asymmetric dihydroxylation.

vraFTaiad RERFRE Lo D0 A D L_USERIZ L DA% N-H ffi AKX
JEAY, 2010 4F Saito, Miyairi © (2 & > T &4172(Scheme 15 )%, ZONIGTIE 7 ==
NOTITET— MeEE L, &FEEEALE LT Rh(TPA), AEFRAEEE LTy
FTTNTaA RThde Ruira=HWT, &k 1% e T 2= 7 U v U iFE
ERELNT, ZORINE, 5 FRICRFREFFTZ720 Rho(TPAW BN 7 Y 4, J1v
NUGERIZES- L, Y raF T ainA ROFEICE D AFRRETF LICAFEHET D
R SO —o &2 b b,



Saito, Miyairi et al. (2010)

=
Rhy(TPA), (1 mol%) |

)’]‘\2 Hydrocinchonine ( 0.1 mol%) H, NHAr
- ArNH g -
’ 2 Ph” ~CO,Bu
Ph™ "CO,Bu > 90% yield 2 (l)//\(l)/
up to 71% ee Rh—Rh
Rhy(TPA),4

Scheme 15. Asymmetric N-H insertion reaction catalyzed cooperatively by achiral dirhodium(II) carboxylates and

cinchona alkaloids.

ARFE N-H FABIS X, AFE C-HFEASE & g UCHRE, RO AEIER”
IZIREMTH D, KELERDUT AW E LIS 2 bR N T == T
77— N EOREPEE NS EMAEEN L o Tng, £70, ERFUCEHL
THEHEEBRET I VT IR, IANRRA— MERWEER KIS THY . &0 bR
WRT 2 v & BTSSR D T e, = O HIE Lewis et 2 1594 B 7- 12 Lewis
WIRTHDT IUNEAL L, SESEEPIEENEZ RS 7D Th D, Lizdi> T, fEl
BT X 2 AW ROSFR ORI N-H fiALURICBIT 2 HERREDO—D L lg> T
oy

ATl ARSI K D AFFH RO O A2 BRY & Lo, N-H AKX
SIS I T D AR AR B LB R AR AR 2 7 HEE OBRRAFIE, T2 b NSRRI TH
L R ENTZ8AR LT 0 ) U8RI LD N-H AL ZEFRIH LZ, X/ 3/l
b5T X BHERAT Y v v = U BHIEMADIER G BAITE, ([ZOW TR T 2,



A G

F1E N-HFEARGCOARAFZHBET LI aF 7oA Ko a7 HEEOfRA

Saito, Miyairi 5L 5 0 Y7 AAER L v aF T a4 RO tETIC LS
AF N-HFFASE 2B NT, ¥y AADEEANR T F 7L Th 0 SLASRIRME DR FLIC
XraFraiad ROREREE LTS EWIFERIL, ZORICHEMZ BT 5
FCRERBEEN, F2C, vratTaha, ROXFI -7 ) T3 — LESN
TUE=U LAY RICEA L2\ BERRERIRE A R CRURHEITT D & OIRGELZ ST
T, TF U FABRRMEORBICEE 2 a T ha A ROEsHEGEEH LTS
28, XVHMAHEEE LOB-T X ) T a— DX T AT O TRIGICKIET
2% fEt L 72 (Scheme 16),

(]
N, Rh complex H NHAr / “\ ‘.
organocatalyst y CO.R =
CO2R _Ar 2
oo s
CH20|2, rt RHZ-RH
77

>90% vyield up to 92% ee

Rhy(TPA),4 Hydrocinchonine etc.

H

Q/LCOZR

N-H insertion product

"Enantiomeric" /@
@/@ proton shift N

Hydrocinchonine

Scheme 16. Proposed catalytic mechanism of cinchona alkaloids.
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TRDOB-7 I 7 T a— L ZHWT N-H fHARSZIToT2 8 24 4 EHOWTID
T TN a— VEMERUZBCL SR TEMN T2 N-H AR 6a 353 54, 31~
51%D &4 AR FEZE (enantiomeric excess; ee) , T 7RO HARFHBENVBIER I NT-, FFiC
SHT VX VEBAIOT X ) T a— )b 2a ZHWAERE, IEE 99% (51% ee (R) THRYE
T 5 N-HIFEALK 6a 3G o7, ZORERIT, Y Revra=va2FH L EBICES
M7= IR 94% yield (59% ee (R)) & [FI%:Td - 7-(Scheme 17), FHW/=B-7 X/ 72— v
IZIZ 2 20F% ZAHLBFEET D, XF LT, FT7/HLN 1T DOERB-7I /T /va—
NDOD-7al ) — L TIRERMEITEIRThoT, 7. X TR T I ThDH(H)-
AIGVT A R(—)-T IV v Rho(S-PTPA)s DZEAGEN. D N-7 Z 0 A )b-L-7 = =)L T
T HDHBNNEIFTINART AN ERH TG EICB O TH AREFNR TR TR H D
T o7 (Scheme 18), Z 16 DEBRFERIL, o aF T mu A oMM L5 N-H
FABISDARFREUNL, TOMEIZEENDIFTINRB-T I/ TAa—AREETH
HZERRBLTEY, A% v F AREICEN DAL A2 32532 ECoa AR mA
L72015D,

Rhy(TPA),4 (1 mol%)
Additive ( 2mo|%) x "CO,Me

. wl
@Jﬁ'& @Ai;?j

Dihydrocinchonine 2a 2b
94% 59% ee (R) 99%, 51% ee ( 96%, 51% ee (S)

OH

S H
Q 19
CHy

3b

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

Scheme 17. Chiral a-aminoalcohol 12 - 15 catalyzed asymmetric N—H insertion reaction.
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pe
Rhy(TPA), (1 mol%)
@COZMe /@ Additive (1 mol%) Co,Me
+
H2N CH2C|2, 23°C
1a

5a
Structures of additives
N
<N>"’CH20H N
" )
D-Prolinol (-)-Sparteine (-)-Brucine
99% vield, <1% ee 82%, 5% ee (S)

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

Tx
o7 OH 070 ™
N-Phthaloyl-L-Phe

07 0™
Diethyl L-malate Diethyl L-tartrate
97%, 2% ee (S) 67%, 0% ee

97%, 0% ee
Scheme 18. Chiral B-aminoalcohol catalyzed asymmetric N—H insertion reaction

WIZ, 2-7 2 J-1-7z=)L7aN) — )LFEEREZHNTAES

REDFHm 2175 = &
& L7=(Table 1), 2-7 2 /-1-7 = =)L 7 /% ) — LEFERC i%ﬁﬁ%@%@ﬁﬁﬁﬁ
62@ﬁk%h%h®i%/%ﬁv—@ﬁﬂﬁ@mmeHMbwmw%@ﬁbto

FTOWR, 2a D F U FA~—ThHd 2b NI &, R, =) F A RIRME
ERIZEZ2 NS AR OSNLARECE S Wils LT,

Ji. BTy LEEKRTY R Tﬁm
% i Rho(PTTL)s & W C o) o F A RIRME~ DB L G U705, ARARE 2 35 L

BRWGBIZIZ T B IR EONTZ, 2D Z ENBARKNR
FX AR D STAREIR M

BWT, B YT Ao A
IZREE L 7oy & D BULBRIE WS IR NS S Tz,
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Table 1. Enantioselective N—H insertion reaction of phenyldiazoacetate and aniline using Rh(II) and chiral 2-

N2 Rh(ll) complex (1 mol%) HN
O)‘\COZMG O/NHZ Organocatalyst O)\COZMe
+

Solvent, 23 °C, 3h

amino-1-phenylpropanol delivatives [

1a 5a

a-Amino esters

Entry Rh(I) Organocatalyst (mol%) Amine (equiv.). Solvent
Yield (%) Ee (%)

1 Rhy(TPA), Hydrocinchonin(1) 1.2 CH.Cl, 83 58 (R)
2 Rhy(TPA), 2a (10) 1.2 CH.Cl, 96 48 (R)
3 Rhy(TPA), 2a (10) 1.2 CHCl, 87 33 (R)
4 Rhy(TPA), 2a (10) 1.2 toluene 91 44 (R)
5 Rhy(TPA)4 2a (10) 1.2 hexane 45 21 (R)
6 Rhy(TPA), 2a (5) 1.2 CH.Cl, 97 50 (R)
7 Rhy(TPA), 2a (2) 1.2 CH.Cl, 99 51 (R)
8 Rhy(TPA), 2a (1) 1.2 CH.Cl, 95 45 (R)
gl Rhy(TPA), 2a (2) 1.2 CH,Cl, 75 39 (R)
10 Rhy(TPA), 2a (2) 1.2 CH,Cl, 92 45 (R)
11 Rhy(TPA), 2a (2) 2.0 CH.Cl, 88 45 (R)
12 Rhy(TPA), 2a (2) 5.0 CH.Cl, 74 38 (R)
13 Rhy(S-PTTL), 2a (2) 1.2 CH,Cl, 86 43 (R)
14 Rhy(S-PTTL), - 1.2 CH.Cl, 89 rac
15 Rhy(R-PTTL), 2a (2) 1.2 CH.Cl, 89 46 (R)
16 Rhy(TPA), 2b (2) 1.2 CH,Cl, 96 51 (R)
17 Rhy(TPA), 3a (2) 1.2 CH.Cl, 93 31(R)
18 Rhy(TPA), 3b (2) 1.2 CH.Cl, 88 33 (R)

[a] Reaction conditions: diazo ester (0.2 mmol), toluene (4 mL).
[b] Isolated yield (based on diazo ester).

[c] Determined by HPLC (Daicel Chiralpak AD-H).

[d] The Reaction was carried out at 0 °C.

[e] The Reaction was carried out at reflux.

5T, OGS 22 2 N CTIRETHL U7 MEEW 2L NCT =V v OE
FERRI DOV TRBEORT 21T o0 & 2 A, IWERB L VT v F A S UEIT
FIEFAEORER L 72 o 7(Table 2), ZOFERNDL, 2-7 X /-1-7 0 /3 ) — VEHBERNA
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FasEAE L LT, EMRIEOREIEICED O FHET 2 Z L BHL Lo Tz,

Table 2. Enantioselective N—H insertion reaction of phenyldiazoacetate and aniline using Rh(II) and chiral 2-

o
N2 , Rha(TPA) (1 mol%) HN
©)‘\002R1 /O/R 1a (2 mol%) O)\CO2R1
+
HoN CHyCly, 1t, 3 h

amino-1-phenylpropanol delivatives [

1a-c 4a-g 5a-h
Diazo ester Aniline a-Amino ester
Entry
R' R? Yield (%)@ Ee (%)™

1 1a Me 4a H 5a 99 51

2 1b Et 4a H 5b 94 430
3 1c ‘Bu 4a H 5c 90 42
4 1a Me 4b F 5d 90 40
5 1a Me 4c Cl 5e 94 45
6 1a Me 4d Br 5f 94 45
7 1a Me 4e I 59 93 41

8 1a Me 4f Me 5h 95 40
9 1a Me 49 OMe No Reaction

[a] Isolated yield (based on diazo ester).
[b] Determined by HPLC (Daicel Chiralpak AD-H) unless otherwise stated.
[c] Determined by HPLC (Daicel Chiralcel OJ-H).

HE LIS CH 2\ BRINEBIREEICBWTC, AFEZFHET H7-0I12iTe K
XUOGEENELE THD I ENBEALNEDT, £ FaF i AFULLET I /T
Jva— UK 2¢ ZHWCEEROR)GE T -T2 2 A, TREBV AN 7 EIKEL
TH B AL/ (Scheme 19), Z OFEBRFEREIT, ARISITH T HAFHIUTITE Fu X 5o
FAENEETHDL Z EarmE L TRV, \BRIREBIRE O RISHE T T L ORFLAE
FIob0Tho,
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N g
2 Rhy(TPA), (1 mol%) HIN
©)\002Me ) /@ 1c (2 mol%) CO,Me
H2N CHzclz, rt, 3 h

1a 94% 5a

racemic

Scheme 19. Chiral B-aminoalcohol catalyzed asymmetric N—H insertion reaction.
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H2E HARLT 4 U U RE RO NCHFEAKIGIZ L D5EX /) afyAF
o= RO S Ak

%1 APIEOE R

Fram Cilk 7= Merck #EIC £ B F =~ A v U GRA L D N-H #ALREZ O H
PED B Z DRI AEYIEVEWE DA RUCFIH ST E 72, 2017 41 Moody HidH
VI LIINNR) A RIZE D N-HFFARICZ S TR E L, Streptomyces sp. 7> b HLEfE S 472
RY T =TT REAEYE Goadsporin DA A 1T - 72 (Scheme 20)*7, 7 > T A
T ARG & T VR XY I RFEARE Rho(OAc)s Z il & LC N-H fAKISEIT -7
. AIMBRALEOS T, X% — VEREZ R LT,

Moody et al. (2017)
Me

Me /i\
o H
Me Rha(OAC)s N._CO,Me BochN” =N 7o
NH, M)H((:one4> BocHN — CO,Me /17
BocHN + Me o W/ Rh—Rh
N M
o N (0] e Me /w /
Rh,(OAc),
M
Me (o} € Me
Q N 0,H
i N e
Me H o H : \
Me o \ 0™ “Me
OTBDPS
dto Lo
N N\)k N P
[¢] 4 N N/\Wé
Me I H H /
NH g (0] (0] HN
o H OJ\%QN : Me NGO w §
- 2 N o}
e ha T ° M]YMW\“HQ’
>‘NH 5 0 o = S / HN
e Ve COH

Goadsporin

Scheme 20. Total synthesis of Goadsporin via N—H insertion reaction of rhodium carbene complex.

Nemoto © (3 azabicyclo[4.2.1]nonane ‘B 4§ DIEEIZ 3 #k 7 X K& AW 2477 N-H ffi A
it & . FOEBIREETH DAY REFIH L7 Stevens #5712 KV | Anabaena flos aquae
(Lyngb.)> 0 BB S U7 FE Anatoxin-a D7 T LA — )V TCORKELE K EH®E LT
V)% (Scheme 21)%),
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Nemoto et al. (2016)

Me.,
o , —Me
o Me Me
VBN Rhy(NHCO®Bu), © ?/f\'w
—_—
- N—PMB — Rh—Rh
! 93 % /N7
2 Anatoxin-a
Rh,(NHCO'B
u)s

Scheme 21. Formal total synthesis of anatoxin-a was performed on a gram scale by using rhodium-catalyzed

intramolecular amide insertion reaction.

ZIHOWMEIT N-H FHARISNEBAEREOEADOLE LT HHER REMLE
MOBERITIGCHARETH D Z L2 RB L TW5, &BA%E V- N-H A
Yates |2 &A1 THA SNTLR, a7 TMbEWE L OVEREE V72 S5
MPEINTERE D, TROHOKGTHWOLNLZERFICEE T L, FHEHKET IR
TR, IR A = R REN—RTH D O, 2o OERPFUTILET 2RI E RN
1O Lewis HEHEMENLLEIFINZ ENETF oD, ZOHEEBEE LTIHE, Lewis A%
AT EEFERED Lewis BB A R T @B FICEAL L, 2 OfEYENE 2 508 (#5)
XL THD, O LD, BRI Lewis A2 R TIEMIET 2 v &2\ =
N-H fABUGIEL Z AV E TITHEFIA D72 < ON-H FABUSIZHB T 2ED—2 L 7> T
W5 PN N-HIFASES THW BN BB BIE RO T T2 —a U A5 RIE,
LS N T Y e R b o — T, B YT AD B E Lewis BAME/N S T I T &
LT EZITOTV, e Uy AR E WS N-H FARSEEEFRT I 007 2
REBRP|E LTREFNITZEH D00, BNiET I 2 HWe N-H AL I3
AT E A ERN 2D Livant S 1XE @ W7 L LR Z O 2 BN T 2 &2 W T,
SARREIZ LD o 0 AR OHFEZIE | N-HIRARSBEIT T2 2 L 2 60T L
72(Scheme 22)*?,

Livant et al. (2001) Me
R o)/\o
N2 .o Rh,(OAC), H_ N-R2 N
-N. R _
Me0O,C~ ~CO,Me R1" °R? MeO,C~ ~CO,Me / | / |
10-85%
Rhy(OAC),

ENcachat ath okone!

Scheme 22. Rhy(OAc)4 catalyed N—H insertion reaction applied to sterically hindered secondary aliphatic amines.
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F 72 Perekalin O X HEZ R U ABE(R cyclobutadiene rhodium complexe [(C4Ets)Rh(p—
xylene)] Z W TEFEDORENET 2 12 L5 N-H ffAKIGE#E L TV 5 (Scheme
23)43)O

Perekalin et al. (2018) Et Et
3 =
I

N2 H [(C4Et4)Rh(p-xerne)] H N_R2 Et + Et _
fN, ———————— X

Ph)J\COZMe R!"” °R? Ph™ ~CO,Me @
78-93 %

[(C4Ets)Rh(p-xylene)]

iPr H
_ ; HoN N §
“R2 H,N-"Bu [ j NIy
ipr o)

Scheme 23. N-H insertion reaction catalyed cyclobutadiene rhodium complex [(C4Et4)RhCl],PFs.

ZT

R'”

BYY AEERUSMT b B, LT = AL SRR L LB T X v & s NS A
ARISIZB LTV S0 iE i % 24, Zotto HIFAT =0 A& tbaR e Lz —
¥ NA v TFHEEZ S D cyclopentadienylbis(triphenylphosphine)ruthenium (II) chloride
[CpRu(PPh3):Cl1Z& VT, Flix DRRNIGET X 2% H P E Lz N-H fASUS 2 8E L
2o Z DT CpRu(PPhs)Cl (T & % N-H i ASS D AR & 7R L. 20 6 AHofig
Bz L0 RSERDIEIIIE T L N L B2 =TI W2 & &2 LTV 5 (Scheme
24)34)0

Zotto et al. (1999)

=

CpRU(PPh3)20|

O _Et O IIEt R
N + HN N. e
Me)v ’ “Et CHCl, Me)J\/ gt PhsP” | Cl
PPh;
60 °C
CpRuU(PPhs),Cl
98 % pPRu(PPh3),

Schme 24. N-H insertion reaction of half-sandwich ruthenium complex CpRu(PPhs),Cl.

2019 4E Zhou B, NEBWERER AN LR — MU H 2 Fa bl copper()-
hydrotris(3,5-dimethylpyrazolyl)borate (TpCu)Z VT, £k 4 72 U7 VL& L O
T EOTF U F ARG N-H #AKS % 85 L7 (Scheme 25)%°, Z ® X 9 7251
7 2 & o N-H #ABOSIT 31T D MR RREHEL 240 E TITHE B8 e o 72,
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Zhou et al. (2019) H
|
4 Me Me Bz, Me
R M X1
TpCu e “
3 _R3 N =
J\t + HN/R - 3 H><N R R2= %—{—Me 4 E /l\ll E:}
R"” “COOR? R MTBE, R'” "COOR? Ph AL
25 °C Mé M N Me
60 - 99 % TpCu

Schme 25. N-H insertion reaction involving a wide variety of diazo esters and aliphatic amines catalyzed by a copper

(I) complex comprising the bulky homoscorpionate ligand.

—J7 Woo BT T TIZ A DFLERE b ORNLT 4 U RS BNIGRT I Ik b
N-H i A S & EET L Z O THULE RIS 3 il D #k % F7-D tetraphenylporphyrin iron (I11)
chloride [Fe(TPP)CIIREH THDH Z EZHALNI L TWen, TOHREEHWLNT-IE
Wil T X EBRER 72 H DT - 7= (Scheme 26)°7,

Woo et al. (2007) Ph
PN
N Fe(TPP)CI y HN™ Ph
J g, ———— X Ph Ph
H COOEt H,N Ph CH,Cl, H COOEt
rt
Fe(TPP)CI

Scheme 26. Fe porphyrin complex catalyzed N-H insertion reaction using aliphatic amine.

ARV T 4 U UERIE N-H fASICB W THW LN S B Y0 ASIRSOHISEAR & It
NRTELAZME 22 TS M, Gross HITEEARNL T 4 U U8 KEZHANWNT, 72T
T AZ W N-H fAMGCESRE L TEY, (R#EAZHWDLZ L2 a7 I /AT
JUAE I 2 4 L 72 (Scheme 27)%,

Gross et al. (2006)
N, Fe(TPP)CI NH,

N o
H™ ~COOEt (Gas) H™ ~COOEt
100 %

Scheme 27. N-H insertion reaction applied to non protected ammonia gas as a nitrogen source.

ZIVE TR TENENIET X 2 & 7z N-H i ABOS TIEHge A @R © N-H
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ANERELNTWDEHOD, FEELTHWONL YT ML EMII=TF ALY T Y T 1 T
— e lorT ke e LI EMNA ORISR Z D IZ< W D THY | &=
FFTHLT IV OMELIRENTH D, FHICHEETHL YT Y = A7 VO P O
PSIZOWTIH IS N TS LTV 2T, KREARPFEO—2TH D,

AF Y\ = UWEIE 1959 IR 512 K > TINTFE. (Mucuna pruriens var. utilis)7)> &
PO THBESNTIEX VRV BT I VB THH Y, L-DOPA LARK IS & HEL
ENTWDEEMTH Y ZVF I VIRZRRITHT D ABEEZ 5 9, 2F>m
E=UiE, ARTCTEARPEDNRESNDGT L I7E 0 R hakzEox ) I
LEENTEY, RV ZEENLIRNBRINE I VBESREOT I=A K, T2
g AU UEROAERATERAR & HEE S 40TV 5 (Scheme 28)*4, K7 W4 212 L 5 HEIE
WITEI DB L E 1~2 BRZICEBL L R x> FROMAR, FR2— A UL ik
‘f‘)lfé_%) Z DFHEA 72 TR D & R R R E OFFE BT 2503 8 < fThiv T& 72

 REEHIIEE > T RN P 2B O—o 1, ABIEEEMRFT 25 LT3
fi?ﬁmqjﬂﬁ.{lﬁé\%@liﬂ;%ﬁfﬁé ZEmFETLNRD,

H. OH
HO COOH OHC COOH o COOH
:O/Y — HOO/C\J/\A/ . .y
HO NH> Ho  ~~  NM HooC™ 2
L-DOPA

H
o N._O

COOH U
0 , —COOH
—_— | —_— HOOC / 1y ™

NH,

HoOC™ - &COOH

N
H

L-Stizolobinic acid Acromelic acid A

Scheme 28. Biosynthetic pathway of L-stizolobinic acid and acromelic acid A.

Al DO BRI 23 ZHE TIZ 3 Bl ST 5 %9, 121X, Baldwin 5
FAEGHBRRZE LT 2 — L ORBERBAEZ RN L T e U EROMELITV, #EL
BTHD7 I/ HDOEAIZ SV TIX Erlenmeyer #i 4 % VTV 5 (Scheme 29)°°),
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Baldwin et al. (1997)

OBn Q
BnO CHO HOOC™ N a X COOMe
+ H -
MeO 72% E 95% Me |
F3
CF

(0]
c HO;@/\/COOMG o COOH
HN O
MeO X | NH,

quant.

3

a) Ac,0, NaOAc, 100 °C b) MeOH, Na,COg, heat c) 10%Pd/C, MeOH, H,, rt

Scheme 29. Biomimetic synthesis of stizolobinic acid.

Al FaIZAF Y B =V BBAROETEETH D 7 2/ HOE TSN T, HE N-
H 8 A S % W 2885 2 42X L 72(Scheme 30), 97205, H/RUHIERIKE 72507
SMEEME A L, N-H AL » TR AT 2 Ry &8 A, Baldwin 5 23845
L7zAF Y r b= e R~ BTSRRI TH D, Z OREOFEIX
ERFOWELET T 52 & TERFREANE R D8~ RERIEEMDERKIC %m%
T&EHmE, AIEOE Y AFIROPINT L D SEARFIEN TE D REMNH D 2 & BT
HIVDH, ZAUREIRMBRCEIRLIFIEEICI O TYAE L 72 D HEETE B OMFHCE
WCTHLAHTHD, B, WEERAHZYTY 727 aXve 27 )V ERENET
YW N-H fARISIZZNE TIZHER DR RN D TH YD . Z DGR & T
THZENTENEN-HIFARSOEAGHEIER TE D EEZDND,

[0} OH OPG OMe

o COOH HO COOMe PGO COOMe MeO CHO
‘ - — —
N NH, Ny
HOOC MeO MeO
Stizolobinic acid a-Diazo ester

PG : protecting group

jij/w/coowle CFs
+ H2 /\©/

Scheme 30. Retrosynthetic analysis of rac-stizolobinic acid.
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281 N-HEARUGCOEELRDZVT AWM TT Y 7 2= AT aF R — NEEED
AR

EFTN-HFAICDOIEE L BT MW7 Y 7 = =7 a B4 % — MNFER
D% % 4T - 72 (Scheme 31), Kaisalo © O &G IZHEVY, HBMEIZ 2,3,4-trimethoxy-
benzaldehyde Z 38R L, =HifbA 75 % H T 2,3-dihydroxy-4-methoxybenzaldehyde ~ &
THLLT= 5D, IRWTHT a2 — NPk EEE benzyl JECR#E L7215, KFELKTES b
JULTELL, b7 Vv a— Va2t F A=V TUELZE Z A, EEITHEL
MG LT, W\ T, Tt Mg A F L2 HWTCREEREOS 21T, U7 k%
7O ZEICE DV INRUFIBIETHLY T Y AT NV EH/ES, LnLaens, U7
TATULTLC ETHE 1 ARy R THHHDOD, NMR TIIAHMPO L — 27 BAFAEL T
B BENNEETZ -7,

OMe OH OBn OBn
MeO:©/CHO a HO i CHO BnO:©/CHO . BnO:©/CH20H
MeO MeO MeO MeO

87 % 87 % 97 %
6 7
OBn OBn 0 OBn o
BnO CH,CI BnO
d n :@/ 2 e BnOMOMe f n :@/\n/u\oMe
N2
quant. MeO 77 % MeO 0" Me 33 % MeO

a) BCl3, CH,Cly, rt b) NaH, BnBr, DMF , rt c) NaBH,4, EtOH, rt d) SOCI,, CH,Cl,, rt
e) NaH, CH;C(O)CH,COOCH3, DMF, 80 °C ) MsN3 DBU, CH,Cly, rt

Scheme 31. Preparation of diazo substrate for the N—H insertion reaction.

ZIT HEERDVT VAT VDT AT VAR e A F VNG 2 FVIEITER L,
%72, Danheiser 5DFELSHZIZ, VT Y M7 AT 7 —IZBWT trifluoroacetyl 73
B L 72D L5, 7& MFFBATFLORDVICNY 74 a7 & Mg T V&2
7239, ZORER, =FATT YV ZRATEMMLE L THES Z LN TE T (Scheme 32),

OBn OBn 0 OBn o
B
Bn0:©/CH20| e Bn0:©/j/fu\o|§t f n0:©/\ﬂ/u\oEt
Ny
MeO 38% MeO 0~ “CF4 33% MeO

e) NaH, CF;C(0)CH,COOCH,CH;, DMF, 80 °Cf) MsN3 DBU, CH,Cly, rt

Scheme 32. Preparation of diazo substrate for the N—H insertion reaction.
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WIZ, VTV T AT AT IVEIREL Lz N-H ARG OBRZ2BIE Lz, RIS
m-trifluoromethyl benzamide Z T, i X7 I FEZ LR P E L7z N-H fFARILT—
IXEIC AV 510D Rha(OAc)s 2R L 72 (Scheme 33), < Ofifid, N-H ffi AT &< 5
ST, FEFME L TUF IM AT ANELNTZZ LD, N-HHAKICR L TH
TN 1,2 KBBENDMER L TWAZ ENbhotz, £/, BlIARME LT, R#ELETH
HRUDNHE TN A RITL D5 TN C-HFEASS DAL SR S T,

OBn
BnO COOEt

MeO
a) N-H insertion
CF

not obtained

OBn B ]
Bnoij/YCOOEt gj O
N2 b) intra molecular
Rh,(OAc b
MeO™ > 2(OAc), (j\ o H’B C-H Insertion o COOEt
o) o COOEt B0
FsC
3 NH, c Crnh O
MeO a MeO
L 0 _ minor
FsC °
NH,

OBn
Bnojij/\/cooa
MeO

major

c) intra molecular
1,2-hydride elimination

Scheme 33. N-H insertion reaction of diazoester and benzamide derivative catalyed by Rho(OAc)a.

LTI T, BT a— VORGERLRE DNV ED D tert-butyldimethylsilyl ether (TBS %) (2
ZEW L7= (Scheme 34), Mz T, ~VU 74 n7 & MERT 2T 0T K 5K EHBN
BT DIER oo, Bk XY FOSEDOEWRFB BB T 52 L, 7
Ja—)L 9%& =RALY TR EEIIZT R I N 10257, KOTRERTHL YT
A WRIBAR DA RICBWT, R ZAad a7 F L EOEAICL->THERETSY
T EW & OSBECIIRMEIZ R o T2 D T, AT A GIIATF AT ATV E LT,
Tbb M) 7AFdaT ' MNEBRATFLVERNT, 78u 3 & ORKERRKICZIT> T2,
WNTHEIBICTY T Y NI U AT 7 = 54TV, DIVRUFIBREO YT Y 227V 12 %
ftEme L v 6 TR, IR 41% THIZ, ALY T Y = A7 /0 12 Z VT N-H ffi
A& % gt LTz,



OMe OH OTBS OTBS

MeO CHO A HO CHO b TBSO: i CHO ¢ TBSO: i CH,OH
MeO

MeO 87% MeO quant. MeO 88%
6 7 8 9
OTBS OTBS OTBS
4 TBSO CHpBr o TBSO COOMe TBSO COOMe
- E— B — N,
quant. MeO 71% MeO 0~ CFj3 81% MeO
10 11 12

a) BCl3,CH,Cl,, it b) TBSCI, imidazole, DMF, rt  ¢) NaBHy4, EtOH, rt d) PBr3, CH,Cly, rt
e) CF3C(O)CH,COOMe, NaOtBu, toluene, rt  f) MsN3, DBU, CH,Cl,, rt

Scheme 34. Preparation of modified diazo substrate for the N—H insertion reaction.
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3 FEx O&BHEERE V- N-H ARG OB

%2 FPIZ m-trifluoromethyl benzamide, fiftiiEiZ Rho(OAc)s & H VT N-H #fi A K& & et
L7223, N-HIEEAKRIZ 2SN oT, EEFDIIVFIMATALTHY, DT
N 1,2 KEBEDMELE L TS Z Enbooiz, N-H #ASUGIZERS T, B A2SEN%
RBHICERLINT DTV = AT LG EHWTEBEFE NSRS T, 57N 1,2
KFEBEZHIET 22 &0 N-H ffASSIIBITAMESTH D Z L1, 3 Clas s
T3 9 Hashimoto 1% C-H A B W TG 7 Z LA 2 RFEKREZ R
HFUH L RELTHBAATZSATH D R(PTTL)s & —78°COUGSA: FTHWS Z
& T, BRI FNI2 KEBIZHIE CTE 5 Z L 2WAE LT 5 (Scheme 35)°0,

Hashimoto et al. (2005)

o)
t)
Co,Me e &?3
Rhy(S-PTTL), .CO,Me H
N 2 K 2
Ph toluene “on Ph th/—th/
-78 °C /| /|
100 : 0

Rh,(S-PTTL),

Scheme 35. Temperature dependent chemoselectivity in Rh-catalyzed Intramolecular C—H Insertion.

% 2 ClREE ORI < IR TR 2T TR, U I 2T LV OICRITEN &
T ARKEUSEMZ E D 53 FN 1,2 KFEBEZ80HH TE 5 2 & 22 L 72(Scheme 36),
LU, N-HfFAKIZE<BELNT, EAEFME L T2—t FrF U AR GEoNZ L
WD, SRHFOKE DN A RBEOER L, O-H ARG EIT Lz EHEE LT,

OTBS o OTBS
TBSOWCOOMe F3C. : lLNH Rhy(S-PTTL), TBSOIj/\(COOMe
+ 2 H»
HN__O
MeO N2 CH,Cl, MeO
-78°C
12
CFs
14
Not Obtained
OTBS OTBS
TBSO COOMe  TBSO x._COOMe
.
OH
MeO MeO

13b

trace

Scheme 36. N-H insertion reaction of diazoester and benzamide derivative catalyzed by Rho(PTTL)a.
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TTN12 KFEBEZIHI T2 TFERELT, VA= ADBAIZT FrE2HDB-7 B
DT T =T a R — b EIARCHIRMEE T ORKEEEZ, BT NV T S T
=7 a et R — FOEE KT L7=(Scheme 37), B-7 N T VT AT EE L L,
EZFFE L TTY I FZHWE N-H fARISIZZAVE TIZW L O OHEFIRH Y ),
N-HfASIEDO%, BAAERITLTH I ETHNETHAF Y v B = VEERIBRIAR~ L <

PR 2 HEE LTz,
TBSO o 0 TBSO O
. 2 >
N HN
MeO 2 MeO °
CF,4
TBSO
Reduction TBSO COOMe
HN_ _O
MeO

14

Scheme 37. B-Keto-diazophenylpropionate applied to amide N—H insertion reaction of rhodium carbenoid.

LML RE, WS OPOAERRE ARSI L2000, Wb BET 5 B--7 by
TV T =7 a AR — N OGRKITER T X 722> 72 (Scheme 38, 39),

TBSO o
TBSO Oxidant
:Cj/KMe TBSO. Ve
MeO MeO
X
RO” “OR
Pathway 2 MeMgBr Base
Pathway 1
N
MeO o TBSO ¢ H){COR TBSO ¢ TBSO o
MeO ., 1B TBSO:@*H 2 TBSO:(j/{k/COOR TBSO@)H(COOR
- . - 4 - .
2.TBSCI,
MeO MeO MeO Ne

imidazole MeO
6 8
Pathway 4
Pathway 3 TBSO o
TBSO TBSO ¢
TBSO o PBry TBSO COOR Oxidant TBSO COOR
o o 7
MeO 07 >CF, MeO 07 >CF,

Meo F CMOR

Base

Scheme 38. Synthesis of 3-keto-diazophenylpropionate.
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Pathway 5

Nz
MeO o Aco A MeO o . TBSO ¢ SO o
MeO 2 MeO COOR : TBSO COOR TBSO COOR
4&?’ > —
2.TBSCI, N
MeO MeO imidazole MeO 2

6
Pathway 6
HO o
HO COOR
Me
Base
MeO
7

Scheme 39. Synthesis of B-keto-diazophenylpropionate.

Scheme 36 |28 W T, FIZED N-H FASIGHEE 2o B BHO—>E LT, 7I R
BRI OREEORENEBEZOND, £Z T, XU XTI I HERFTOREME
MENRU DLT R UFERE VT N-H FEASIG TV, HE< BERRIZ L D 2T
Ve = R A &8 SRR A B 42 L 72 (Scheme 40),

(6]
HoN CF;

OTBS OTBS

TBSO COOMe TBSO COOMe
/i

N 7 HN.__O
MeO 2 MeO
12
CF
CF, " 14
HZN/\©/ OTBS Oxidation
TBSO:©/\/COOM6

HN

MeO ?
CF

13a

3

3

Scheme 40. N-H insertion with aliphatic amine.

EIBWIET X &2 W 7e N-H 3 A LSS O 53 & % FE 42 OffEZ-on T, —i%HY
ﬁﬁﬁ%#?%é?&mm%?y%%ﬁkb IR F IR T R EIT o T2
Lol WINOMBES OMTIEE A EHEIT LR T27eH, X EmWiaz s> hr
T AZEFE L, 80 °Cfﬁ$%®$ﬁ§#%ﬁo7‘:(mg 2,Table 3), Entry 1,2 ® Rhy(OAc)s =°
Rhy(TPA)s % W24, N-H fiAMRIZIZE A EB LN, BT AT VAN AR
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MThoTleZ &b 12 KEBERELL WL ERDbM>7, Entry 3 O
methylrhenium (VII) trioxide (MeReO3) TlZ, (FIEFEIAEEMIZEIIN SN2 Z EN D, ¥
TG RED S OPEIT L TR EHEEL LT, Entry 4 @ TpCu IFXRHEROHE Y | Zhou ©H
RS TPHEDE S PR SN TWD A, AR THO N N-H ffiAKIEN &
THU, 1L A EDFEBILTH -7, Entry 5 T dichloro(p-cymene)ruthenium (II) dimer
([RuClx(p-cymene)2) & W 7255 A . N-H ffAMKRITESETH Y . FIT 1,2 KFEBE) D
T3 22 eBbhote, FEHIEMLE L2 o772, %D Re, Cu filtfll & lb~T, K
FEIH L0y 7V ofiEtEE 6oL B 2 B, Entry 6 O CpRu(PPhs):Cl 1% 67%
& PR DILERT N-H ARG DA, R X T VFHERS 30%4R L Tk
D, 12— KFEBERHA L TWNDH I ERbooT,

Me a IT'
)\ Me Me /T»,,,// Me

0, —~0 0,—~0 Me ¢ N=
2 7 1/ i /NG N
Rh—Rh Rh—Rh oc X0 =N_ ‘ N
/‘ /‘ /‘ /‘ o MeMe\\C;| Me
Rhy(OAc), Rhy(TPA)4 MeReO; TpCu
R

Cl—Ru-ClI | R
Cl-Ru—Cl Phsp” | Cl
Me PPh3
R
[RuCly(p-cymene)], CpRu(PPh3),ClI R=Ph :Fe(TPP)CI FePC

= C¢Fs : Fe(TPFPP)CI

Fig. 2. Structure of various metal complexes.

Entry 7 DR T 4 U UEEIRD—-D T % tetrakis(pentafluorophenyl)porphyrin iron (I11)
chloride [Fe(TPFPP)Cl|Z H = & &, 2 FE TOMFHIIBW T b @ W IEE T N-H ffi A
KRG BN, R entry 8 @ Fe IRV 7 ¢ U 88K Fe(TPP)Cl % W 72354, 48 I
Rt b ROSNERE T, RS 52%I2E EF oz, T OB, 48%DF RN B S iz
ZEMMBIEICKT D YTV RIEENMEN D ERPHEEINTE, 2D 2 DO ORE
EEOEBNIV T FOT7 2=V EOT7 v RBIRTOFETHDL, VH L N7 vER
+ % FfD Fe(TPFPP)Cl |Z Fe(TPP)Cl & b~ HLL @8 T % Fe @ Lewis Bt = < . A&
Bkt Ly 7 Yy ofiEttz b ot B2 bivd, £io, AR 2T VEHOIEN
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i DfE & FE XTI L . BiET D0 1,2 KEBENIK L, N-H i ASUS MBI
ITLTWD Z EDDD, Entry9 THILAED 2 i iron (1) phthalocyanine (FePC) Tl
N-H ffAEOALRITEETH Y 1T A ENFEHEIZ 572, ZDZ &G, Fe fill
ISV T Y RRENE B R TIZIE Fe 343 OFB{EE Z Fi o B E S R Sivle, E£72, filili
EMZOVGEE, RN EERMIZER SN2 20D, UKDV T Vit Z - T

UW7RW & B % B LT (Bntry 10),

Table 3. N—H insertion reaction of diazophenypropionate and benzylamine derivatives.

Catalyst OTBS OTBS
NH, (5 mol%) TBSO COOMe TBSO N
12 + * COOMe
toluene MeO MeO
CF; 80°C
(1.1eq.) 13a 13b
CF;
Yield (%)[b] Recovery (%)[b]
Entry Catalyst Time(hr)

13a 13b 12

1 Rhy(OAC), 20 7 61 -

2 Rhy(TPA), 48 - 72 -
cl CH3ReO; 48 - ; 93
4l TpCu 48 6 - 83
5 [RuUCly(p -cymeme)], 48 2 55 -

6 CpRu(PPhs),ClI 24 67 30 -

7 Fe(TPFPP)CI 8 77 14 -
gLl Fe(TPP)CI 48 52 - 48
olel FePC 48 - - 92
10¢! - 48 - - 91

[a] Reaction conditions: diazo ester 7 (0.05 mmol), m -trifluoromethylbenzylamine

(0.055 mmol), toluene (2 mL)
[b] Isolated yield (based on diazo ester 7)

[c] Reaction was not complete after 48 hours.

DI % HAEIZ, CpRu(PPhs)Cl & Fe(TPFPP)Cl # W T & BIZHEt&1T o7, F
. CpRu(PPha)oCl Z W25, SEDOREESRE R 2 B UL B3 N-H #fi A SIS & A
T 551N 12— KFEBEOMHINFEE & B 272, CpRu(PPhs)Cl IZMEUZ LY —>D |k
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U7 2=V AT 4 VEDREEL . TOBROME T 16 EF LRI ETYT V5
fRIEYE Z 7777 (Scheme 41)*Y, ANRDIEY | 31N 12— KBBINISONRE L TIF5 2
ETHHITE D Z B SN TWB A, CpRu(PPhs).Cl OS2 Z 45 & Kb
BEZ TIF5Z EiddE L< eV, Zotto HIFFE~ @ CpRu(PPh;)Cl 7 v 7 & &Rk L,
T RIE A R TIRE L U Y FIEEOFHBEICOWTHE LTS ¥, 22T, &
DAKVREECTH U7 VRN Al EE7: CpRu(PPh3)Cl 7 e 7 & H\W5 Z & TRIGIRE %
T2 EnmaRel 2, 2 FN 12— KEBEDNIHI TE 5 LB R T2, Zotto H D
T, 7 ey VI a U EOE TR IPEE L 2 AGA A TG AT
DT EEE A R TIRAEA 80 °CLLET, AT EoE G EEIL A Lo
AITIE 30~40 °)CTY T V' fRiEEZ R Uiz, bU 7 == ViR AT 4 VIEOBEED LS
STV VRS E T 2= VEORAEAIC L o TEbT D, 7 == LD AL ML A F L
K 8 O5EIIE, 7 = = VEREOMRIKBIZ LV FEGANRKREL 25720, b
U7 2= ViR AT 4 VEPTBELCT < 5, [FGE TIEX. PPhs ZEDH 0 IT PQ2-
MePh)Ph, 2 & $HAGA A TEH 6 20 °CLL R T T VY oGtz R~ LT 5,

|
|
U
.Ru
PhsP" | Cl
PPh;
heat
- PPh,
= .
H NR3R* Ru_ R R
N Phsp”  Cl
R"” "R? diazo decomposition
N-H insertion
product N2
: ]
| RuU
v ~Cl
H NR3R4 \‘\\‘RAU\CI Ph3P 1J|\R2
e PPh,
R
%philic attack
NHR3R*

Scheme 41. Proposed mechanism of N-H insertion catalyzed by CpRu(PPh3)CI.

30



ZOWEIZESE, il 4TV D pentametylcyclopentadienylbis(triphenylphosphine) —
ruthenium (II) chloride [PentamethyCpRu(PPh3)Cl| % = & Z A filliE & 20 mol%., 40 °C
D ISFAEIT I TULEE 74% T N-H i AR 2345 54172 (Scheme 42), CpRu(PPh3)Cl % H
W23A TIE 60 °CLA T Tt N-H fABUSHET LN En D ZORERIL Zotto ©
DHEEZFFTHHLOTHD, LonL, T ORGSR CIIARBEED 20 mol% ML ETH Y |
FOSOBEBMENRZ Lo T, S HIZRIRTY T Vo fiEiE: % 1 -5 CpRuP(2-MePh)PhoCl 1%
TSN TW W, BERE S EBIZERERA TN, O R ZE S D2 IZEKT D
ZEMMTER)N o7 (Scheme43)%), ZHHDFERNS . LV EVFNHNLTWEER LT ¢
Uk & LTHRETZITO 2 &1L,

OTBS OTBS Me Me
TBSO COOMe catalyst ( 20 mol%) TBSO COOMe
. NH, Me™ & ~Me

N HN 'Me

MeO 2 toluene MeO Ru_
CFsy 40°C PhsP* | ~Cl

12 PPhj

(1.1 eq) o,
v 13a CF3  PentamethylCpRu(PPhj3),Cl

Scheme 42. N-H insertion reaction catalyzed by pentamethyl CpRu(PPh3)CI.

Cl
| Me P /RU\
CI/RU\ ' @ ' \© EtOH RPhoP™ | I
Cl PPh,R
reflux 2

1hr R=2-MePh

Scheme 43. Synthesis of CpRuP(2-MePh)Ph,Cl

Fe(TPFPP)CI % V7= N-H 8 A B O BSOS GG 2 /<9 (Table 4), £, SUGHEE:
[ZOWT, BRA S i S DOIAIE 23R L 7= (entry 1—7), DMF & W25 %2FRE,
PTG [FFREDINRIZ 72, ZDZ & 06, Fe(TPFPP)Cl OfffEMEIZ RN E
E A ERBET | xR OV T LA MT I VEA~EATE S AR H D,
AREOGRIZBNTIEL, N-H fFARS TR TH D M= U 2R IR LT, RIS
FEIZEIR F 7208 40 CCTIEULDTERE Lo T2y, B % B 512210 ThUnEFE 2
JOAE L7z (Bntry 8—11), SUGDTERE L7 60, 80, 100 °CTITILRIZIXZEN IR D> T2 D3,
BOGIRE D EFILRISE OIS 2 7 B OGRS 2 5| X i Z RN H 5
7o, 80 CCMI & B 2 Tee WITHBEEZRE Lz L 2 A, MIE&ED 1 mol%D&H T
b BOGSIETERE Ly IEROIR TIE -7 b DD, SOSFFHITRIEIZIER L7 (Entry 12—
15), XUUNAT I U OYER A LIGAIC b N OIEE S L S 472 (Bntry 16
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—18), ZAILHDFRERND | ARIERITINT D il 72 541X entry 3 DRSS LB % 7=,
S OIT UG AT =& 1052 LTESEE THICROE kIR0 o722 &2 5 (entry 19),
KRB BT D RA — )V CORIGIZ S T 5 i REME N E W,

Table 4. Optimisation of N-H insertion condition using Fe(TPFPPCI)

NH, Fe(TPFPP)CI (X mol%)

12 + 13a
Solvent
CF3 Temp.
(Yeq)

Entry Solvent Temp. X Y Time  Yield (%)
1 benzotrifluoride 80 5 1.1 10 78
2 chlorobenzene 80 5 1.1 9 77
3 toluene 80 5 1.1 8 77
4 o-xylene 80 5 1.1 6 71
5 1,4-dioxane 80 5 1.1 10 76
6 1,2-dichloroethane 80 5 1.1 12 74
7 DMF 80 5 1.1 10 58
gl toluene rt. 5 1.1 48 22
gl toluene 40 5 1.1 48 60

10 toluene 60 5 1.1 12 76

11 toluene 100 5 1.1 2 75

12 toluene 80 1 1.1 48 75

13 toluene 80 2 1.1 36 76

14 toluene 80 3 1.1 20 78

15 toluene 80 10 1.1 3 75

16 toluene 80 5 2 18 77

17 toluene 80 5 5 24 74

18! toluene 80 5 10 48 70

19 toluene 80 5 1.1 8 79

[a] Reaction conditions: diazo ester 7 (0.05 mmol), toluene (2 mL)
[b] Isolated yield (based on diazo ester 7)
[c] Reaction was not complete after 48 hr.
[d] Reaction conditions: diazo ester 7 (0.5 mmol), toluene (10 mL)
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48 N-HFEARISICBITDERNT 1 U 8RO K tE

Woo HIZ XV  N-HIFASISITIIT D8RI T ¢ U 5RO M AERE AHRIE KT
% (Scheme 44)°7, Z DG LIZ L D 8RRV T ¢ ) U EERN DT VSR OTENE Z R T2
[ZiE, PR FSZT I VBRI L, FOBILIRENE(LT A2 XLERH D, FHxr D
SISRIZBNTH YT Y AT )V 7 LD I % 80 °CTHUL S H A ITIE 24 FRR
% T O RISEIT Lo 1o, SRRV 4 U AL, 2o X 9 Ao &)@ b
BlZiFhnwa=—r B 2B THZ 0D, TIVICLHHHEOEELZITIZL L,
NEWGIET 2 VIFE FICB W T OO T Y SRNEITT 5 L &£ 25N 5,

$1
cl R*NH Cl
/R: 2,r\llH Fe(iii) porphirin complex
R
1
2 HN L R _
R? =
/
— HN
\RZ
— 1 +
R1
R2.\ _
o NH cl
|
H N—-R? N3
N-H insertion diazo decomposition
— o+
_R! R’ N,
AN R\ .
R? Cl
R R4
Stable

Scheme 44. Proposed mechanism of N—H insertion catalyzed by iron(III) porphyrins.

T, BEONRUBERIZIO DU AR T U AER L LR TEETH D Z ENHRIE S
NTED, 8RN UBERE L E U CTHEEL 7285 S H 25 %, N-H A SUS D S5
BEIZRBWT, BV U LARNLT =0 AGEKRERWTEGEIZIIT T Y ot & &g 7 v~ o
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KON & 72 D08, Sk NA_UBERIZIZDORES DT, GEFLEMDOREL
BENFGER & 70 5 350D KSR THW YT Y 7= 7 a A — MIRHRO@E Y |
BIROEE LT 1,2 KEBEINHEAT 5, BRIREICBT20Y 07 5007 =7 A
BN AGERD = RV X — AL, RGP L D A L 7 ¢ RO S MR ASR
I HENT RV WL L 70D Z EPRHRESNTND B0 ZpZ b, rYT A
RNT =T DTN EERITER I NS BER L ASRZETH Y . — RN IBOG
L0 H TARIGCHEE LT W EOBERIC L RRIGRICEBWTH TN 1,2 KERE
B2 T D IIEAFTH D, ARIOERERS ZOWRELZFFTLHDEEZ LD,
—J7. BEANARUGERITE OLEMRITM A, WMBHZ X D2 F L7 ¢ AR KD BEASUG
DI DERIRFE D = 1)L F —HELLMER O b b | BRI A BERITAENIRT X >
{EE TR W T S AR SR S 41, N-H i ARISOEITT 5 & & 2 bz,
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58 2F Vv b =rBOBRLER

BHH72 N-H ffARIZBIT DR DT 2 DR AN RIS ER LT 5 54
ZReEt L7z, BR{b#) & LT tetrabutylhydroperoxide (TBHP) /1, % VN 7z /s Tl TLC _EiZ
THIMDOEREMER TE 72, RuCls # HWTZHEICHRTEEHDOAR Y F3H 1 |
BHORIIEDEIT N I T, Fo, BV UL LT TBHP / Zinc acetate
[Zn(OAc)] % 721X Iron(IIT) chloride (FeCls) & F N2 SR & 4T 5 7253, W AL S IER T 10%
UTFTho7™, bl L LT RuCls, NalOs Z HW TR REE R LTz & 2 A, U=
49% Tl E W) 14 %1572 7379,

OTBS OTBS OTBS
TBSO COOMe RuCl; , NalO, TBSO COOMe TBSO CHO
HN g +
MeO AcOEt, H,O MeO HN o MeO
minor
CF3 CF4
13b 14 (49 %) 8

Scheme 45. Oxidation of benzylic position

AR 14 O 'TH NMR B L ONCOSY IZBITH 7 ==L T a BF U EHO AT 7 b
Y(BH4.75 1Hm), X2 I NAAL7 a R (8H 3.09 - 3.16, 2H m)72 & ONZ BC NMR (28T 5
7 RBIVAR=)VIE KD > 7 ) (8C 166.0 ppm) 35 L X HMBC (281) % m-trifluoro-
methylphenyl 2 2 >D A /L MDD 7KFE(SH 8.00 ppm (1H, s) and 7.72 ppm (1H, d, J = 6.0
Hz)) & 7 I RAVAR=)VERFEOFEBIL, BRI OREE %2 58 < 38 L TV 72 (Fig. 3).

8 3.09 (2H, m)

8 4.75 (1H, m)

OTBS //
TBSO COOMe
HNw 0

5c 166.0
‘\ COSY H—H
51 8.01 (1H, s)

MeO

7N
CF4 HMBC H c

Fig. 3. Structure elucidation of amide 9.

COSY: correlation spectroscopy; HMBC: heteronuclear multiple-bond correlation spectroscopy.
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%2, BRLIK 14 O TBS H:% tetrabutylammonium fluoride (TBAF)IZ & 0 liifRi# L |
Baldwin & O#EIZH D ATF Y v B BEOFBEA 15 Z{LEa% 6 LV 9 TR, = 16%

TEKT 5 Z LTI LTZ (Scheme 46),

OTBS OTBS
TBSO COOMe e TBSO COOMe
HN HN__O
MeO 49% MeO
CF; CF;
13a 14
Formal synthesis o
TL, 1997, 38, 2771. 0™ CO-H
- AN NH,

HO,C

e) RuCl,, NalO,, CCl,, MeCN, H,0, rt  f) TBAF, AcOH, THF, 0 °C

OH

f HO:©/\(COOMe
' HN._O
MeO

quant.

CF3
15

Scheme 46. Formal total synthesis of Stizolobinic acid was accomplished via N—H insertion reaction.

36



i R

AiwiE, C-N FEAERDO FIEO—>Th D4R V88 KE W - N-H i AKX
JRIZDOWT, B YT ATV EER & RO OF R 236 1 B RE 5 L SO A O i
B, BLOEH N—HHEASISOBI E T 2 BiFERERA~DISHE B E L TET
L7eWgEic oW TRk L7 b D TH b,

1 ETIE, AFBEISEEOMBP O, N—H fFHFASICB T 2 AT HRORE
BUZ B2 G D o TS DRR 21T o7z, TORR, a7 rhas Reh
R L L THWer U0 AR UEERO AT N-H A DOV TR R 2
TV, Yratrraiuef ROMEIZEENDFXFTINR2-T I /-1-T ==L asx ) —
JABTEDN, REHEICEHER O ETH L 2HLNI LT (FREH),

Me
' N OH  Alkyl OH nBu
\/ * *
" * N * N
—> Ar/L\T’ SAlkyl T nBu
Me Me

Hydrocinchonine Core structure 2-Amino-1-propanol derivative

E5I12, 227X -1-7 =7 a ) — VFEERICBITAE R VR RKHLIC
MWETHDHZELHLMNE o2 b ARG L L TIE L TV B\ BERER
REEET VO AE R+ 5 enTcEz (FREMR),

NBIRBBIRE

SBOPEE LT, K EWARFNEEZEDL DDA IRSEKZEME D 2-7 3/ -1-
7 2= aoR ) — VRGBSR OB B L OGN T 5 a0, DR RIE, v
yaFTadiaA ROBEIZESFBAFHEREL b oMo T A - HEIZKE
FHETDHHLDOTHD,
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F2ETIE, N-HFEAKSICB I 2 K& D —>oT
bo, BRIFELRHEWOEBAEKHOI T Z B E LT
AR OWRKE 21T o To, ZO/RER, ZHETHEEE S
NCTEEEERET IV T 7= v a4 32— F
D&EJFEHI N A4 REFED N-H ARSI OWT, gR
VT 4 ) AR TH D Fe(TPFPP)Cl (AXBIR) BNA AT
b LA THD THLMNT Lz, AIEZIEVIRT 2 CFs
VERWERSE ST 12— KEBEBOIH &V O BILE
DALY N-H RIS OMBREE TR L i Th 5, Fe(TPFPP)CI
EDIE, ZON-HFEAKEZHETREE LT, ¥/ 2\ THHAF Y v E= U BROH]
BMARAERRICOEHAT A2 EICEIIL, 77 ARX T —VOREGHRIZHEHAETH -
7= (TR&H),

CeFs

C6F5 C6F5

'N-H insertion’
OTBS OTBS

TBSO COOMe amine TBSO COOMe 0
- —_— o COOH
MeO N2 cat. Fe(TPFPP)CI  MeO HN J e
HOOC 2
Stizolobinic acid
7% CF

3 (Mushroom poisoning)

AR
Clitocybe acromelalga

(Hidt: (LR R A BT SERT)

BRANT 4 U R IO TEARF RIS OBRFER SR DORE RS TH 5705, JBVIRT
SUVORNAMEEBET DL, 12— KBBINC L DEIERY 2D Z &R PrEo N-H
FRADUSINET T 28RN T 4 U R Z A L2 2 L OEFRITRE VY,

TahuA RICRE SN L GERMEEMIROREMTENL AT 52 L 08%<, 2D
et brzy— Megme LTERMIUSHINTO O BEZFET LI N6, &
HR LA O FEEBIEDORFEMFETIE KM O TOEERETH S, LED
ZEXY . RBIEIC K DD NIRRT, BRI L B LA ORRICET
LDbDEERD,
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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;
On 0.00, CDCls; 81 7.26). Data are presented as follows: chemical shift (5, 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 JNM — ECX500 (125 MHz) spectrometers. The following internal
reference was used: CDCls (8 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. Electrospray ionization (ESI) mass analyses were
carried out with a Waters Xevo G2-S Q-Tof. 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 F,s4 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 (fr) 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 CH2Cla, toluene, and o—xylene were purchased from Kanto Chemical Co. Inc. Rha(S—
PTTL)4 Rhao(R—PTTL)4were purchased from TCI. TpCu and Rh2(TPA)4 were prepared by published procedures
2979 Other catalysts and reagents were purchased from TCI or Sigma-Aldrich. Cinchona alkaloids:
Dihydrocinchonine was purchased from Aldrich. Cinchonine, cinchonidine, quinine, quinidine and 3 —

isocupreidine were purchased from TCI.
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E1E
Typical Procedure for Preparation of a-Diazophenylacetates: Preparation of Methyl phenyldiazoacetate
(1a).
N, This compound was prepared according to the protocol reported by Davies.”® To a solution
: I COsMe of methyl phenylacetate (2.25 g, 15.0 mmol) and p —acetamidobenzenesulfonyl azide (4.0
g, 16.7 mmol) in MeCN (25 mL) at 0 °C was added 1,8 —diazabicyclo[5.4.0lundec—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 EtoO (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,SOy. 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 3a (2.2 g, 82%) as an orange
oil. It was identical to the material described in literature.
"H NMR (600 MHz, CDCl5): 6 3.86 (s, 3H, CO,CH3), 7.18 (tt, J= 1.0, 7.2 Hz, 1H, ArH), 7.38 (tt, /= 1.0, 7.2
Hz, 2H, ArH), 7.48 (dd, J= 1.0, 7.2 Hz, 1H, ArH).

Ethyl phenyldiazoacetate (1b)’”. Yield 50%; an orange oil, "H NMR (600 MHz, CDCl3) 8 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

’ (tt, J= 1.4, 7.6 Hz, 2H, ArH), 7.49 (dd, J = 1.0, 7.2 Hz, 1H, ArH).
[ j/ “CO,Et

Isobutyl phenyldiazoacetate (1c). Yield 77%; an orange needle, Ry= 0.70 (hexane/EtOAc = 8:1); mp 3940 °C
N, Me (hexane); "H NMR (600 MHz, CDCI3) 8 0.98 (d, J = 6.9 Hz, 6H, CH(CH5)2), 2.01
Wo%m (m, 1H, CH(CHa),), 4.06 (d, J = 6.5 Hz, 2H, OCH,CH), 7.18 (tt, J=1.1, 7.2 Hz, 1H,
0 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 (CH2), 123.9 (2 x CH), 125.6 (C), 125.7

(CH), 128.9 (2 x CH), 165.2 (C); HRMS (EI) calcd for C12H14N202 (M) 218.1055, found 218.1058

Typical Procedure for Intermolecular N—H Insertion Reactions Using Rhy(TPA)4 and 1a (Table 1):

Preparation of (R)-Methyl 2-phenyl-2-(phenylamino)acetate (5a) from 3a using Rhy(TPA)s and p —
aminoalcohol 2a (Table 1, entry 7).

A mixture of 1a (35 mg, 0.20 mmol) and aniline (22 mg, 0.24 mmol) in CH2Cl, (1

mL) was added to a solution of Rho(TPA)4 (2.8 mg, 2.0 x 10~ mmol, 1 mol%) and 1a

HN (1.1 mg, 4.0 x 1073 mmol, 2 mol%) in CH>Cl> (I mL) over 10 seconds at room

OMe o
temperature. After 3 h of stirring at the same temperature, the whole was concentrated in

(R)
vacuo. The crude product was purified by column chromatography (15g of silica gel,
hexane/EtOAc = 15:1 as an eluent) to afford (R)-5a (47 mg, 99%, 51% ee) as a colorless needle.

(R)-5a7): R;= 0.32 (hexane/EtOAc = 8:1); § 3.72 (s, 3H, CO,CH), 4.95 (d, J = 5.8 Hz, 1H, NH), 5.08 (d, J =
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5.8 Hz, 1H, ArCHCO»), 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). 3C NMR (125 MHz, CDCls) § 52.8 (CH3), 60.7 (CH),
113.3 (2 x 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).

The enantiomeric exess of 5a was determined to be 51% 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 = 9.0

min (major), 10.0 (minor).
Ethyl 2-phenyl-2-(phenylamino)acetate (5b)’® (Table 2, entry 2). Yield 94%; a colorless needle; Ry = 0.52

HPLC: using Daicel Chiralcel OJ—H; hexane/PrOH = 9:1 as an eluent; flow rate = 1.0

*_ _OEt mL/min; detector: ultraviolet absorption at 254 nm; tr = 16.3 min (minor), 17.4 (major).
m "H NMR (600 MHz, CDCls): & 1.21 (t,J= 7.2 Hz, 3H, CH.CH3), 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, J = 5.8 Hz,

1H, NH), 5.06 (d, J = 5.8 Hz, 1H, AtCHCO,), 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).

/@ (hexane/EtOAc = 8:1); The enantiomeric exess of Sb was determined to be 43% by chiral
HN

Isobutyl 2-phenyl-2-(phenylamino)acetate (5c). Yield 90%; a colorless needle; Ry = 0.58 (hexane/EtOAc =
/@ 8:1); The enantiomeric exess of 5S¢ was determined to be 42% by chiral HPLC: using
HN Me Daicel Chiralpak AD —H; hexane/PrOH = 9:1 as an eluent; flow rate = 1.0 mL/min;

N O\)\M o detector: ultraviolet absorption at 254 nm; fr = 7.9 min (minor), 8.9 (major).
o "H NMR (600 MHz, CDCls): 8 0.80 (d, J = 6.9 Hz, 3H, CH(CH5)2), 0.81 (d, J= 6.9
Hz, 3H, CH(CHj3)2), 1.87 (m, 1H, CH(CHs)»), 3.89 (dd, J = 6.5, 10.7 Hz, 1H, one of CO,CH>CH), 3.93 (d, 1H,
J=16.5,10.7 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 (m,
2H, ArH), 7.50 (m, 2H, ArH); 3C NMR (125 MHz, CDCl3): 8 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 C13H21NO> (M) 283.1572, found

283.1577; Anal. Calcd for C1sH21NO2: C, 76.29; H, 7.47; N, 4.94. Found: C, 76.32; H, 7.56; N, 4.88.
Methyl 2-(4-fluorophenyl)-2-(phenylamino)acetate (5d)’?. Yield 90%; a colorless needle; Ry = 0.38

F (hexane/EtOAc = 8:1); The enantiomeric exess of Sd was determined to be 40% by
/©/ chiral HPLC: using Daicel Chiralpak AD—H; hexane/PrOH = 9:1 as an eluent; flow
HIN rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tr = 11.8 min (minor),
13.1 (major).
A colorless needle; "TH NMR (500 MHz, CDCl;3): 6 3.73 (s, 3H, CO,CH3), 4.84 (brs, 1H,
NH), 5.01 (s, 1H, ArCHCO), 6.49 (dd, J= 2.0, 9.0 Hz, 2H, ArH), 6.82 (t,J=9.0 Hz, 2H, ArH), 7.29-7.33 (m,

1H, ArH), 7.34-7.38 (m, 2H, ArH), 7.47 (d, J= 7.0 Hz, 2H, ArH).

o)
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Methyl 2-(4-chlorophenyl)-2-(phenylamino)acetate (5e)3”. Yield 94%; a colorless needle; Ry = 0.43
(hexane/EtOAc = 8:1); The enantiomeric exess of 5e was determined to be 45% by
/©/ c chiral HPLC: using Daicel Chiralpak AD —H; hexane/PrOH = 9:1 as an eluent; flow
HN rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; fx = 11.8 min (minor),
OMe 13.1 (major).

(o) A colorless needle; 'H NMR (500 MHz, CDCls): 6 3.73 (s, 3H, CO,CH3), 5.02 (brs,
1H, NH), 5.03 (s, 1H, ArCHCOy), 6.47 (d, J = 8.5 Hz, 2H, ArH), 7.05 (d, J = 8.5 Hz,

2H, ArH), 7.29-7.38 (m, 3H, ArH), 7.46 (d, J= 7.0 Hz, 2H, ArH).

Methyl 2-(4-bromophenyl)-2-(phenylamino)acetate (5f)’%. Yield 94%; a colorless needle; Ry = 0.39

Br (hexane/EtOAc = 8:1); The enantiomeric exess of 5f was determined to be 45% by

/©/ chiral HPLC: using Daicel Chiralpak AD —H; hexane/PrOH = 9:1 as an eluent; flow

HN rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; fr = 12.9 min (minor),
14.1 (major).

A colorless needle; '"H NMR (500 MHz, CDCIs): 8 3.73 (s, 3H, CO,CH3), 5.02 (s, 1H,

NH), 5.02 (s, 1H, ArCHCO), 6.42 (d, J=8.7 Hz, 2H, ArH), 7.18 (d, J= 8.7 Hz, 2H, ArH), 7.29-7.38 (m, 3H,

ArH), 7.58 (d, J= 7.0 Hz, 2H, ArH).

OMe
(0]

Methyl 2-(4-iodophenyl)-2-(phenylamino)acetate (5g)®". Yield 93%; a colorless needle; Ry = 0.45
| (hexane/EtOAc = 8:1); The enantiomeric exess of 5g was determined to be 41% by
/©/ chiral HPLC: using Daicel Chiralpak AD —H; hexane/PrOH = 9:1 as an eluent; flow
HN rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; fr = 14.5 min (minor),

15.3 (major).
0o A colorless needle; "H NMR (500 MHz, CDCls): & 3.71 (s, 3H, CO,CH3), 5.02 (s, 1H,
ArCHCO), 5.04 (brs, 1H, NH), 6.32 (d, J=7.0 Hz, 2H, ArH), 7.28-7.36 (m, 5SH, ArH), 7.45 (d, J= 8.0 Hz, 2H,

ArH).

Methyl 2-(4-methylphenyl)-2-(phenylamino)acetate (Sh)’. Yield 95%; a colorless needle; Ry = 0.42
(hexane/EtOAc = 8:1); The enantiomeric exess of Sh was determined to be 40% by
/©/ Me chiral HPLC: using Daicel Chiralpak AD —H; hexane/'PrOH = 9:1 as an eluent; flow
HN rate = 1.0 mL/min; detector: ultraviolet absorption at 254 nm; tr = 10.7 min (minor),
OMe 12.5 (major).
(o) A colorless needle; 'H NMR (500 MHz, CDCls): 8 2.19 (s, 3H, ArCH3), 3.71 (s, 3H,
CO,CH3), 4.81 (brs, 1H, NH), 5.05 (s, 1H, ArCHCO), 6.48 (d, J= 8.5 Hz, 2H, ArH),
6.93 (d, J=8.5 Hz, 2H, Ar—H), 7.29 (t, /= 7.5 Hz, 1H, ArH), 7.34 (d, J= 7.5 Hz, 2H, AtH), 748 (d, J=17.5
Hz, 2H, Ar—H).
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2,3-Dihydroxy-4-methoxybenzaldehyde (7)°” To a solution of 2,3,4 — trimethoxybenzaldehyde (25 g, 130
mmol) in CH»Cl, (300 mL) at 0 °C was added boron trichloride (260 mL of a 1 M

OH
HO cHo solution in CH2Cly, 260 mmol) dropwise slowly. The mixture was stirred at room
temperature (rt) for 16 h under Ar atmosphere. To the reaction mixture was then added
MeO saturated NaHCOj3 aq.; the resulting mixture was stirred for 30 min, and its pH was

rendered acidic with 1 M HCL The organic layer was separated from the aqueous one, and the aqueous phase
was extracted with CH>Cl, (2 x 50 mL). The combined organic layers were washed with brine, dried over Na;SOs,
and filtered. After the solvent was evaporated in vacuo, the crude product was purified by column
chromatography (100 g of silica gel, CHCl; : CH3OH =40 : 1 as an eluent) to provide 7 (19 g, 87%) as a yellow
solid. The properties of this solid were identical to those described in the literature. mp: 115-116 °C; 'H NMR
(600 MHz, CDCl3): 61 3.99 (s, 3H, OCH?3), 5.54 (s, 1H, OH), 6.62 (d, J=8.4 Hz, 1H, ArH), 7.14 (d, /= 8.4 Hz,
1H, ArH), 9.76 (s, 1H, CHO), 11.12 (s, 1H, OH).

2,3-Bis|(tert-butyldimethylsilyl)oxy]-4-methoxybenzaldehyde (8) To a well-stirred solution of 7 (1.7 g, 10
OTBS mmol) in anhydrous dimethylformamide (50 mL) at 0 °C was added imidazole (2.0 g,
TBSO CHO 30 mmol) under Ar atmosphere. The reaction mixture was stirred for 10 min.
Subsequently, tert-butyldimethylsilyl chloride (4.5 g, 30 mmol) was added in portions.
MeQ The reaction mixture was stirred for 12 h, and, subsequently, H>O (20 mL) was added
to it. The organic layer was separated from the aqueous phase, which was extracted with ethyl acetate (EtOAc,
2 x 100 mL). The combined organic phases were washed with brine, dried over anhydrous Na,SOs, filtered, and
their solvent evaporated in vacuo to yield the crude product, which was purified by column chromatography (50
g of silica gel, hexane : EtOAc =20 : 1 as an eluent) to afford 8 (3.3 g, 83%) as a colorless solid. The properties
of this solid were identical to those described in the literature. mp: 55-56 °C; 'H NMR (600 MHz, CDCls): §
0.15 (12H, s, 2 x Si—(CHs)2), 0.99 (9H, s, Si—C(CHs)3), 1.05 (9H, s, Si—C(CHs)3), 3.85 (s, 3H, OCH3), 6.63
(d,J=17.8 Hz, 1H, ArH), 7.48 (d, /= 9.0 Hz, 1H, ArH), 10.23 (s, 1H, CHO).

{2,3-Bis|(tert-butyldimethylsilyl)oxy]-4-methoxyphenyl} methanol (9) To a stirred solution of 8 (2.1 g, 5.3
mmol) in anhydrous ethanol (20 mL) at 0 °C was added NaBH4 (1.8 g, 5.3 mmol) in

OTBS
ortions. The reaction mixture was stirred for 30 min at rt, and the reaction was
TBSO CH,0H P
quenched by the cautious addition of H,O (10 mL). Solvents were removed in vacuo,
MeO and the aqueous phase was extracted with EtOAc (2 x 50 mL). The combined organic

phases were washed with brine, dried over anhydrous Na>SOs, and filtered. The filtrated organic solvents were

evaporated in vacuo, and the crude product thus obtained was purified by column chromatography (50 g of silica
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gel, hexane : EtOAc =20 : 1 as an eluent) to provide 9(1.7 g, 87%) as a colorless solid. The properties of this
solid were identical to those described in the literature. mp: 75-76 °C; '"H NMR (600 MHz, CDCI3): § 0.09 (s,
6H, Si—(CHs).), 0.13 (s, 6H, Si—(CHs)2), 0.97 (s, 9H, Si—C(CH3)3), 1.03 (s, 9H, Si—C(CHs)3), 1.81 (t, J =
6.0 Hz, 1H, OH), 3.75 (s, 3H, OCHj3), 4.59 (d, /= 6.0 Hz, 2H, CH>), 6.50 (d, /= 8.4 Hz, 1H, ArH), 6.87 (d, J=
8.4 Hz, 1H, ArH).

{[3-(Bromomethyl)-6-methoxy-1,2-phenylene]bis(oxy)}bis(zert-butyldimethylsilane) (10)%? To a well-

OTBS stirred solution of 9 (2.4 g, 6 mmol) in dry CH>Cl, (50 mL) at 0 °C was added PBr3

TBSO CH,Br (0.6 mL, 6.6 mmol). The reaction mixture was stirred for 15 h at 0 °C under Ar

atmosphere; H,O (20 mL) was then added to it. The organic layer was separated, and

MeO the aqueous phase was extracted with CH,Cl, (2 x 50 mL). The combined organic

layers were washed with brine, dried over anhydrous Na;SOs, and filtered. Compound 10 (2.7 g, 5.9 mmol,

quantitative yield) was obtained as a tan—colored solid, which needed no further purification. mp: 7879 °C;

"H NMR (600 MHz, CDCls): § 0.11 (s, 6H, Si—(CH3)2), 0.13 (s, 6H, Si—(CHs)2), 0.97 (s, 9H, Si—C(CHs)3),

1.07 (s, 9H, Si—C(CHs3)3), 3.76 (s, 3H, OCH3), 4.52 (s, 2H, CH>Br), 6.50 (d, J=9.0 Hz, 1H, ArH), 6.93 (d, J =
8.4 Hz, 1H, ArH).

Methyl 2-{2,3-bis|[(fert-butyldimethylsilyl)oxy]-4-methoxybenzyl}-4,4,4-trifluoro-3-oxobutanoate (11)
OTBS Sodium fert-butoxide (1.0 g, 10 mmol) dissolved in toluene (20 mL) was
TBSO COOMe  .noled to 0 °C, and methyl 4,4,4-trifluoroacetoacetate (1.5 g, 9 mmol) was
MeO 0”7 “CF, added dropwise. After the addition was complete, a solution of 10 (2.7 g, 6
mmol) in toluene (10 mL) was added. After the reaction mixture was stirred
at rt for 15 h under Ar atmosphere, 1 M HCl aq. (10 mL) was added. The organic layer was separated, and the
aqueous phase was extracted with EtOAc (2 x 50 mL). The combined organic layers were washed with brine,
dried over anhydrous Na>SOs, and filtered. The organic solvents were evaporated to dryness, and the crude
product was purified by column chromatography (20 g of silica gel, hexane : EtOAc = 15 : 1 as an eluent) to
provide 11 (1.3 g, 71%) as a colorless oil. R;= 0.35 (hexane : EtOAc = 6 : 1); 'H NMR (600 MHz, CDCl;): &
0.05 (s, 3H, Si—CH3), 0.09 (s, 3H, Si—CH3), 0.10 (s, 3H, Si—CH»), 0.14 (s, 3H, Si—CH3), 0.96 (s, 9H, Si—
C(CH3)3), 0.99 (s, 9H, Si—C(CHs)3), 3.10 (dd, /=9.0, 14.4 Hz, 1H, CH>),3.23 (dd, J=7.2, 14.4 Hz, 1H, CH>),
3.65 (s, 3H, CO,CH?3), 3.72 (s, 3H, OCH?3), 4.32 (dd, J = 6.6, 8.4 Hz, 1H, CH), 6.40 (d, J= 7.8 Hz, 1H, ArH),
6.55 (d, J=9.0 Hz, 1H, ArH); *C NMR (150 MHz, CDCls): § —4.2 (CH3), —3.7 (2x CH3), —3.3 (CH3), 18.4 (3
x CH3), 18.8 (3 x CH3), 26.1 (C), 26.2 (C), 26.3 (CH>), 30.4 (CH), 52.8 (CH3), 55.0 (CH3), 104.9 (CH), 121.0
(CH), 122.3 (C), 137.3 (C), 145.7 (C), 152.0 (C), 167.3 (C), 171.3 (C), 186.5 (q, J = 144 Hz, CF3); high—
resolution mass spectrometry (HRMS) electron ionization (EI) calcd for CasHaFsNOgSi> [M+Na]* 605.2554,
found 605.2553.
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Methyl 3-{2,3-bis[(fer+-butyldimethylsilyl)oxy]-4-methoxyphenyl}-2-diazopropanoate (12)

OTBS To a solution of 11 (900 mg, 1.6 mmol) and methanesulfonyl azide (290 mg,
TBSO COOMe

24 mmol) in CHxCl, (25 mL) at 0 °C was added 1,8-

N2 diazabicyclo[5.4.0]Jundec-7-ene (365 mg, 2.4 mmol) in CH,Cl, dropwise. The

MeO
obtained mixture was stirred at rt for 5 h under Ar atmosphere. The orange-colored reaction mixture was
partitioned between CH,>Cl, (100 mL) and water (50 mL). The organic layer was washed in succession with 10%
NaOH agq. (50 mL), water (2 x 50 mL), and brine (50 mL), and dried over anhydrous Na2SO4. Filtration and
evaporation yielded the crude product, which was purified by column chromatography (20 g of silica gel,
hexane : EtOAc =20 : 1 as an eluent) to provide 12 (710 mg, 92%) as a yellow solid. Rf = 0.50 (toluene : diethyl
ether=20:1); mp 91-92 °C; 1H NMR (600 MHz, CDCl3): 8 0.07 (s, 6H, Si—(CH3)2), 0.12 (s, 6H, Si—(CHs)2),
0.97 (s, 9H, Si—C(CH3)3), 1.00 (s, 9H, Si—C(CH3)3), 3.56 (s, 2H, CH>), 3.73 (s, 3H, CO,CH3), 3.76 (s, 3H,
OCHs), 6.47 (d, J=7.8 Hz, 1H, ArH), 6.73 (d, J = 8.4 Hz, 1H, ArH); '3C NMR (150 MHz, CDCl3): § —3.8 (2 x
CH3), —3.4 (2 x CH3), 18.5 (3 x CH3), 18.8 (3 x CH3), 24.1 (CH>), 26.2 (C), 26.3 (C), 52.0 (CH3), 55.0
(CH3),105.1 (CH), 121.3 (C), 121.6 (CH), 137.2 (C), 145.8 (C), 151.7 (C), 168.0 (C), 171.2 (C); HRMS (EI)
caled for Ca3HaoN205Si> [M+Na]* 503.2373, found 503.2375.

Typical procedure for the N—H insertion reaction (Table 1, entry 7) to produce methyl-3-{2,3-bis|(terr-
butyldimethylsilyl)oxy]-4-methoxyphenyl}-2-{[3-(trifluoromethyl)benzyl]amino}propanoate (13a) and
methyl (2)-3-{2,3-bis|(tert-butyldimethylsilyl)oxy] —4 —methoxyphenyl}acrylate (13b) A mixture of 12 (24
mg, 0.05 mmol) and m-trifluoromethyl benzylamine (9.6 mg, 0.055 mmol) in toluene (1 mL) was added to a
solution of Fe(TPFPP)CI (2.7 mg, 2.5 umol, 5 mol%) in toluene (1 mL). The obtained solution was warmed to
80 °C. After stirring for 8 h at the same temperature, the reaction mixture was concentrated in vacuo. The crude
product was purified by column chromatography (15 g of silica gel, hexane : EtOAc = 15 : 1 as an eluent) to
afford 13a (24 mg, 77%) as a brown oil and 13b (3.1 mg, 14%) as a colorless solid.

OTBS 13a: Ry = 0.35 (toluene : diethyl ether = 20 : 1); '"H NMR (600 MHz,

TBSO COOMe CDCI3): 6 0.05 (s, 3H, Si—CHjs), 0.05 (s, 3H, Si—CHs), 0.10 (s, 3H, Si—

HM CHs), 0.14 (s, 3H, Si—CHs), 0.95 (s, 9H, Si—C(CHs)s), 1.00 (s, 9H, Si—

C(CHs)s), 2.76 (q, J = 7.8 Hz, 1H, CH>), 2.98 (q, J = 7.2 Hz, 1H, CH>),

3.54 (s, 3H, CO2CHs), 3.50-3.59 (m, 2H, CH>), 3.74 (s, 3H, OCHs), 3.79

CF3 (d,J=13.3 Hz, 1H, CH), 6.43 (d, J = 8.4 Hz, 1H, ArH), 6.62 (d, J = 8.4

Hz, 1H, AtH), 7.35-7.41 (m, 2H, ArH), 7.46 (d, J = 7.8 Hz, 1H, ArH), 7.49 (s, 1H, ArH); *C NMR (150 MHz,

CDCls): § —4.1 (CHs), —4.0 (CH3), —3.5 (CHs), —3.1 (CH3), 18.5 (3 x CHs), 18.8 (3 x CHz), 26.2 (C), 26.3 (C),

35.1 (CHa), 51.3 (CHa), 51.8 (CH3), 55.0 (CHs), 61.5 (CH), 104.7 (CH), 122.1 (CH), 122.3 (C), 123.4 (CH),

123.9 (C), 125.1(CH), 128.7 (CH), 130.5 (q, J = 127 Hz, CFs), 131.7 (CH), 137.1 (C), 140.9 (C), 146.0 (C),
151.4 (C), 175.5 (C); HRMS (EI) calcd for C31H4sF3NOsSi> [M+H]* 628.3105, found 628.3104.

MeO
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13b: Ry=0.55 (toluene : diethyl ether =20 : 1); mp: 85-86 °C; 'H NMR (600

OTBS
TBSO « MHz, CDCLs): § 0.10 (s, 6H, Si—(CHs)2), 0.11 (s, 6H, Si—(CHs)2), 0.99 (s, 9H,
Coome  SiTCCH)), 101 (s, 9H, Si—C(CH:)3), 3.69 (s, 3H, CO:CH:), 3.79 (s, 3H,

e
MeO OCH3), 5.81 (d, J= 12.6 Hz, 1H, C=CH), 6.51 (d, J = 9.0 Hz, 1H, ArH), 7.10

(d, J = 12.6 Hz, 1H, C=CH), 7.34 (d, J = 9.0 Hz, 1H, ArH); *C NMR (150 MHz, CDCl5): 5 —3.8 (2 x CHs),
~3.5 (2 x CHs), 18.6 (3 x CHs), 18.8 (3 x CHs), 26.2 (C), 26.3 (C), 51.2 (CHs), 55.0 (CHs), 104.3 (CH), 116.6
(CH), 121.6 (C), 123.2 (CH), 136.5 (CH), 141.2 (C), 146.6 (C), 153.3 (C), 167.1 (C); HRMS (EI) caled for
C23H4005Si; [M+Na]* 475.2312, found 475.2314

Methyl 3-{2,3-bis|(tert-butyldimethylsilyl)oxy]-4-methoxyphenyl}-2-[3-(trifluoromethyl)benzamido]-

propanoate (14)
OTBS
RuCl3 (0.4 mg, 0.2 umol) and NalO4 (34 mg, 0.16 mmol) were added to a
TBSO COOMe
solution of 13a (13 mg, 0.02 mmol) in EtOAc (1 mL), and H,O (3 mL). The
HN (0]

MeO resulting mixture was vigorously stirred at rt until disappearance of the
starting material. The organic layer was separated, and the aqueous phase

CF, Was extracted with EtOAc (2 x 30 mL). The combined organic layers were

washed with brine, dried over anhydrous Na,SOs, and filtered. The organic
solvents were evaporated to dryness, and the obtained crude product was purified by column chromatography
(50 g of silica gel, hexane : EtOAc =6 : 1 as an eluent) to provide 14 (6.5 mg, 49%) as a colorless oil. Ry=0.33
(hexane : EtOAc =4 : 1); 'H NMR (600 MHz, CDCls): § —0.07 (s, 3H, Si—CHs), —0.04 (s, 3H, Si—CHs), 0.10
(s, 3H, Si—CH3), 0.19 (s, 3H, Si—CH3), 0.91 (s, 9H, Si—C(CH3)3), 1.02 (s, 9H, Si—C(CH3)3), 3.09-3.16 (m,
2H, CH»), 3.72 (s, 3H, CO>CH3), 3.74 (s, 3H, OCH3), 4.75-4.80 (m, 1H, CH), 6.49 (d, J = 7.8 Hz, 1H, ArH),
6.73 (d, J=8.4 Hz, 1H, ArH), 6.95 (d, J= 6.6 Hz, 1H, NH), 7.50 (t, J= 7.8 Hz, 1H, ArH), 7.72 (d,J= 7.2 Hz,
1H, ArH), 7.83 (d, J = 7.8 Hz, 1H, ArH), 8.01 (s, 1H, ArH); '3*C NMR (150 MHz, CDCl3): 6 —4.1 (CH3), —3.8
(CHs), —3.5 (CH3), —3.1 (CH3), 18.6 (3 x CH3), 18.8 (3 x CH3), 26.2 (C), 26.3 (C), 32.1 (CH»), 52.4 (CH3), 55.0
(CHs), 55.2 (CH), 105.6 (CH), 121.2 (CH), 122.2 (C), 122.8 (C), 124.6 (CH), 128.2 (CH), 129.1 (CH), 130.0
(CH), 131.2 (q, J = 132 Hz, CF3), 135.0 (C), 137.1 (C), 145.8 (C), 151.6 (C), 166.0 (C), 172.1 (C); HRMS (EI)
calcd for C31H46F3NOgSiz [M+Na]" 664.2714, found 664.2714.
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NMR COSY spectrum of 14
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NMR HMBC spectrum of 14
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Methyl 3-(2,3-dihydroxy-4-methoxyphenyl)-2-[3-(trifluoromethyl)benzamido]propanoate (15)

OH To a solution of 14 (6.4 mg, 0.01 mmol) in THF (5 mL) and acetic acid (1
HO COOMe mL) at 0 °C was added tetrabutyl ammonium fluoride 1 M in THF (0.02
MeO HN___O mmol). The obtained mixture was stirred at 0 °C for 1 min, before being
concentrated in vacuo. The obtained crude product was purified by column
chromatography (15 g of silica gel, CHCI3 : CH30H =40 : 1 as an eluent) to
afford 15 (4.1 mg, quant.) as a colorless oil. Rr=0.31 (CHCI3 : CH30H =
20 : 1); 'TH NMR (600 MHz, CDCl3): 8 3.17-3.26 (m, 2H, CH>), 3.76 (s, 3H, CO.CH3), 3.82 (s, 3H, OCH3),
4.84-4.88 (m, 1H, CH), 6.40 (d, J = 8.4 Hz, 1H, ArH), 6.60 (d, J = 8.4 Hz, 1H, ArH), 7.45 (d, /= 6.6 Hz, 1H,
NH), 7.50 (t,J = 7.8 Hz, 1H, ArH), 7.71 (d, J = 7.8 Hz, 1H, ArH), 7.92 (d, /= 7.2 Hz, 1H, ArH), 8.03 (s, 1H,

CF3
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ArH); 3C NMR (150 MHz, CDCL): § 31.8 (CH,), 52.6 (CHs), 54.7 (CHs), 56.1 (CH), 103.4 (CH), 116.0 (C),
121.4 (CH), 124.4 (C), 124.4 (C), 128.3(CH) 129.2(CH), 130.4 (CH), 130.8 (q, J = 127 Hz, CFs), 132.7 (CH),

134.7 (C), 142.3 (C), 146.5 (C), 166.1 (C), 172.2 (C); HRMS (EI) calcd for C1oH;sFsNOg [M+Na]* 436.0984,
found 436.0984.
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