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VT VAR L @ RMIENC X 5 RAET DEB- I NN U EEEIEE O RUGSTEE & RHEEY 722 RS
PEIZE Y, B O EEZFMEE L TREYERER & EOEBEEYEOEMRICISH ShE
BABEERZLTCHWD, UL, VTV EMDOELIETT Y AT ARICELI, £
FEA~ORFANRCBEEISIZBN T, IUE, STEEBRRME, M3 & 723k 2R A3 7%
ENTND, £ZT, KX TiE, SFETICRWEX RERILEIN T VLA WEEHHICE
U, ZO&B- DN UGERORSEEREIT S Z & CB-HEARIG, 7TV ARRE=1r T
OB AREFT L 7 n 7 a /U MEESE, VT VARV AT—TF VEOREI N BB S, T
TFNYT TR NT I REOBEEFER~O I N UBEIRE 7 & OBFEARFE DO BEIS
DRFEITo T2,

W1 ETIE, IAVUDRER, TOBBE DN URIERIEE LTODT I LEMOERKRE LS
FEB~D I NN UBEI ST & OIS EIZOWTE & o, 8 2 2T, Ru(ll)-Pheox filtfitod B3,
DR, F L THEBE~D AN BRIV ClIRL LIFZE E 8% BR L,

8% 3 BT, Ru(ll)-Pheox fillfiiz k5 B-H & ~DOFRE AN BEIFUL O BRI OV TOHF
RPN DWTE LT, VT I EEMBEOBHEDRPIASICR T, BERBERTHD Z L
ME Mo Tz, RIREBREZ SLEBEOREIVEAEMIZT 5 Z & T, SR E & < 6l
TEAZENRENTZ(98%ee), 2, a-7 V=NV TV T AT NFEERWD Z LT, BlERMZ
P&, BIRTHEBR VRLEWNEOND Z L2 52T LT (94%I0F) ,

% 4 BT, Ru(l)-Pheox LI LA 7T VWK R =TT VEHE VT T AT VA E OIEFTE
W a T a AL EIRORRBIZOWTE LD, TIALY T VEHOBGE, REINLRUBEIK
JSEPRICEIT U, IR, B ERRECEMOREF I vy s ara X bEWEamk L
(99% yield, 95:5 d.r., 99% trans ee), =T VEOEE . MEBERI VT VEIZITER A
EEHELTWARD, REIANXCBEIFICOFISMENMET 2528, 7 AT VABEREL T
F U F ARIREISEN R AR LT (61% yield, >99:1 dr., 99% trans ee), & B2, ISHE LT,
PR AHKITH % Imatinib-7 PHLHIV IEFEEOBEERGHLEMEBSICERTED Z LR LT,

B ETIE, PTYE RIS U7 IR bn—F DX A I URREET &R
NARUEERERPCER L. BiEE & ZEEG~OMELRRE X UBRIRIS & B L2 DR
HBArFE Lz, X512 RudD-Pheox iz L AV 7 Vb KTV D45FP C-H ARG &R B4
HATRBE T Y — VEOBHRARER B LZ(80%IXER), %7z Ru(l)-Pheox filifiiz L5 o-P7
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VAXRV LT NEF VT 4 OPID TOMPBERIARE > 7 v a ARG & BRFE L £ DRUE
A F L 72 (99% yield, 80:20 d.r., 98% trans ee, 99% cis ee), MZ T, RREDIGHAE LT, voru”
BN R AT TN R NS D RREMEETRECH L FEE I e o e XA F L
T X RO A RS BT LT,

BOETIL, kxR 7F AU 7Y 78 M7 I FEEFIRICER L, R Ru(ll)-Pheox fillfiiic &
D IEBHRER~D T NSNS % B U7z, Buchner BRIL KRG OB EETHD /A h TP
FEEMNE, BT FBRRETER L72(99% yield, 99% ee), AL, YT 25 U=z &
ONHHRE Y Cidle S BEIMOYZIEE ) VB TV U ERT DR E L THIO THRETH D,

BT ETIIRRERICOVWTRIE LIz, £/, B8 EITIT, HI3ENLEEHETOETOR
FSEBR OFEM & BEREICLE R YT —Z B L OF ORI T — 4 2% & iz,
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Metal-carbene complexes generated by various diazo compounds and metal catalysts have
long been used as important reactants in synthetic organic chemistry due to their high reaction
activity and characteristic reactivity. These applied reactions play an important role in the
synthesis of bioactive substances such as natural products and pharmaceuticals. However, in
the asymmetric carbene transfer reaction of various bonds of functionalized diazo
compounds, there are still challenging problems in yield, stereoselectivity and catalytic
efficiency.

Recently, we developed a series of Ru(Il)-Pheox complex, which is efficient in carbene
transfer reactions, in particular, asymmetric intermolecular and intramolecular carbene
transfer reactions and C—H, Si—H, N—H insertion reactions in high yields with high
enantioselectivities. Thus, I focus on catalytic asymmetric intermolecular and intramolecular
carbene transfer reactions, C—H, B—H insertion reactions using Ru(I)-Pheox catalyst and
functionalized diazo compounds.

Chapter 1 summarizes the discovery of carbene, its characteristics, the method of
synthesizing a diazo compound as a carbene precursor, and the application of the carbene
transfer reaction to o and 7 bonds.

Chapter 2 outlines the development of Ru (II)-Pheox catalysts, their characteristics, and the
carbene transfer reactions to each bonds and presents the research objective of this thesis.

In Chapter 3, we developed the highly enantioselective B—H bond insertion reaction of
a-methyl-a-diazoesters and o-aryl-a-diazoesters with phopshine- and amine-borane adducts
via a Ru (II)-Pheox-catalyzed carbene transfer reaction to a single bond. It was clarified that
the substituent effect of diazo compounds is an important factor in this reaction system.
Specifically, it was suggested that the stereoselectivity can be highly controlled by using a
compound having a large steric hindrance as the terminal substituent (98% ee). The highest
enantioselectivity was achieved in the case of dinaphthylenyl diazopropionate with
triphenylphosphine-borane adducts (95% ee, 81% yield). The new a-aryl-a-diazoesters such
as dinaphthylenyl diazophenylacetate and dinaphthylenyl diazo(4-chlorophenyl acetate) were
synthesized to advance the highly efficient catalytic carbene transfer reactions. Moreover, by
using a-aryl diazo esters, by-products were prevented and organoboron compounds were
obtained in high yield (94% yield).

In Chapter 4, we developed a Ru(ll)-Pheox-catalyzed optically active cyclopropanation
reaction between of allyl- and vinylsilanes with diazoesters. In the case of allylsilanes, the
asymmetric carbene transfer reaction proceeded smoothly, and the desired asymmetric




silylcyclopropane compounds were successfully synthesized with high yields and high
stereoselectivities (99% yield, 95:5 d.r., 99% trans ee). In the case of vinyl silanes, silanes
with large steric hindrance are directly bound to the double bond, which slows the reactivity
of the asymmetric carbene transfer reaction and reduces the yield, but excellent
diastereoselectivity and enantioselectivity (61% yield, > 99:1 d.r., 99% trans ee).
Furthermore, the silylcyclopropane could be applied for the productions of enantioenriched
cyclopropylcarbinol derivatives, which are essential building blocks for the synthesis of
pharmaceuticals and natural products.

In Chapter 5, Metal carbene complexes from imine forms, such as diazohydrazone and
diazo oxime ether were developed and applied to carbene transfer reactions to ¢ and @« bonds.
Pyrazoles were obtained via Ru(Il)-Pheox-catalyzed intramolecular C—H insertion reaction of
diazohydrazone (80% yield, 2% ee). The first catalytic asymmetric cyclopropanation of
a-diazo oxime ethers and olefins in the presence of a Ru(ll)-Pheox catalyst was developed
(99% yield, 80:20 d.r., 98% trans ee, 99% cis ee). In addition, the catalytic efficiency of
Ru(Il)-Phoex resulted in a high TON (5500) and TOF (455). As an application, we have
developed a synthetic pathway for optically active cyclopropylmethylamine derivatives,
which are useful bioactive intermediates starting from the cyclopropyl oxime ethers.

In Chapter 6, various naphthyldiazoacetamides were newly synthesized and applied
asymmetric Ru(Il)-Pheox-catalyzed carbene transfer reaction to the aromatic ring. The
desired product norcaradienes, which are intermediates of the Buchner ring expansion
reaction, were synthesized with high yields and high enantioselectivities (99% yield, 99% ee).

Chapter 7 provides the general conclusion for the research outcomes.

Chapter 8 provides the experimental and analytical data for chapters 3 to 6.




