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AFLlL, R Z v b7 2 REL a2 A Lz Ed CoARhIID DAL E . C-H A B RERALSISE~DIE T DW=
HLOTHD,

FFam T, & CpXRh filtif 2 7= JR B KBRS A B RERALI G %2 . DARBEEYEO M F, 207 & 3 L ONLAREIR MO @)
b, bFER MO m Lo 3FFICHFH L., TRENRORIEE AWV STV 5 &l CpXRh iz SV Tl 7z, IR,
&fifi CpXRh fitift % H\ 2 Z & T, Cp*Rh il Cld7e Lo Tm i FEBMEZER TE D L IR TND N, $ED
THEOEEL SNSMBEDON) =2 g AIRENTWEZ ENHETH 72, T 2T, BHREEANLIROES
o b7 X RN EA T % CpAR il & VT SRRl & RS ORBRZAT 5 2 & THBL T W E~D IS A
W CcE bz L ERRT,

A —2 MEM CpARh(ITD) Az AV 7o a X R X7 I RBLXOT7 7 U AT I FFEE L N7 L%
v & DOIEAH Lossen W& 2 /9 2 ELAI [3+2] BRALSUG ) Tid, v &> 7 2 REML 24 L2 & CpARh(I11) %
HAONT T oaF e RUOXT I RENTT VX v & ORISORF 21T 72 & 2 A )72 Lossen 507 & (LAY [3+2]
BACROG SRR EAT U, et 22 EHA » F—AFEEPINELCELNDL I L2 RE L, Fio, XU XT7 3
REFEERIZT TR, T2 VAT 2 RFERICK L THORFE1To7c & Z A, X 72 Lossen Ba(7 & FE{biy [3+2] 81k
FOBREGANCHEIT L, SR T 52 EB Y n — Vi EEMEOND Z L2 A L, 1ERIETIE. AEERTFI FE
HZEERE L THWTW R, KRETREERERTHAT 7 VAT I NFbEEELT 4770y 7 & LTHRA
THZENTE D0, ARILFHRERELEHELEDE TS, ISA T = AL E LTIE, AW =X NEREB L0
FALRHER M R ORER, 7 BRa XA 7 VA SR Lossen S35 E1T L. MeOH O L OSETTHIML
BENEITT 5 2 L CHIHOZEWA > F—AGFEREZ 525 1 DO A 7 L CORISRE ZIE LTz,

%% MEM CpARh(IID) filfilZ W2 M7 o a3 AT a— A B LREFTT I REWNET LE 2 & DI Lossen
AL R D 77 = BROG & BEAY [3+2] BRAL G TlE, ~T 2 — /L VR T 2 REWNET AT K LT, &
fifi CpARh (I11) $8k % filfit & L CIEA &7 & 2 A, Y Lossen $5077 5 O [3+2] BRALSIS ST T2 D T /e < |
C-C fEEERDHPHEIT LI T NV =T a BEERILEWN., EAERME L THREOND Z L2 RN L, kDA
ECREARGERA~NT =T 2 U EHREERE L THWARERS 7208, BERFECHE~T o —L VRS T
SREEAT 477y L LTRATELZFETH Y ALFENZ2EREL/RELEDE WD, £o, FERFRT IV
X 0 O HHEE A HPAO A 2D TO L T SRR B T V% v & V541X, TERXH 72 Lossen #5070
WHDT N = ALIGEDR D VT, [3+ 2] B LG HETT L7 [5, 5l fEsR~T n— L2 EAEEM E LTE -, Bbh
72 (5, B]fEER~7 7 —Lid, AEWTEH LA O BB ICEEIL T\ 5, BB Lossen i 2 B 1o Z OB A — KX
. BRI SSRFIC B W TR EE B E R CTX 5720, FRRT e Z{bEMOAREBEETH D,

B A =B R— LI ARF LT I RE T AT L ORI+ ISICRB T D EA CpXRh(IID)
ik O EHAFN R Tix, CpARh 5RO LIRHYE L OVE T-RUBREE 2 F0i L 7 B Ha LS, W L OSSR T7T v b1 v
R—=ABI O a — - 1-HVRF T I RO 428G IR TR MR L ONLERIRME I K& e B a2 5.2 5
Z N bnot, Cp*Rh $5AIC T, BEARBIGEE DM _EITBIH S o edy, RIE7 A% & ORIGIZBWT,
PEIEINMED R ERA DT, REISO X 572, C-H A YIRS O ETIc AR BN R ET 5 £ 9 7 RITxk LT,
Rh FOETFHES TS 7-[CpFRhCll: LV &, EEOBN FHEE 2 hr—v$ 25 k57 Cp B EOBETFRIFRE L O
RUH BT I FLEOBEBEILOEY) /2RI TE 5 [CpARhCLl D F BN T -, Z DOfEFIT. & CpXRh &4 %
W CH A BERERLRISZ1T 9 LT, MUIRHADRIIE L SEBERMA THD EEXTND,

PLEX0EFIE, R F v b7 2 N2 AT 5E4 CpARhIID Z AV 5 2 & T, C-H A B REEILG Db IR
MR LONEBIREOM EE2FER LT, ZOBRFHIED, XU Z 0 87 2 REMoEBRES KO Cp B EOEHILIC K
LETERE L k35 2 & T, OFRA72 Lossen SR OEME, @FEE OB T ORI K 5 S Ot DS vf
RTHD VI BERMANG LN,

4%, CpARh $EARDOHEIEERIC LY, S 5R0FMEO M LW IS ~ORBAHFFIN D, 512, CpARh
SEARD Y =B L O F U BT X REICAFRAZEAT 5 Z & T, ¥ 7/ CpARh il O AR & <% C-H #&
AERBMEG~OIGH LS D,
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This thesis that is composed of the introduction and three chapters described the synthesis of
cyclopentadienyl Rh(III) complexes bearing a pendant amide moiety and application of C-H
functionalizations.

In chapter 1, I found that a cyclopentadienyl Rh(III) complex with two phenyl groups and a
pendant amide moiety catalyzes the formal Lossen rearrangement/[3+2] annulation cascade of
N-pivaloyl benzamides and acrylamides with alkynes leading to substituted indoles and
pyrroles. Mechanistic studies revealed that this cascade reaction proceeds via not the Lossen
rearrangement to form anilides or enamides but C-H bond cleavage, alkyne insertion, and the
formal Lossen rearrangement.

In chapter 2, I found that a cyclopentadienyl Rh(III) complex with a pendant amide moiety
catalyzes the formal Lossen rearrangement/alkenylation cascade of N-pivaloyl heterole
carboxamides with internal alkynes, leading to alkenylheteroles. Interestingly, the use of
sterically demanding internal alkynes afforded not the alkenylation but the [3+2] annulation
products ([5,5]-fused heteroles). Importantly, the alkenylation and annulation products have
not been prepared from the corresponding N-carbonyl aminoheteroles due to their low
stability and limited availability.

In chapter 3, I found that the effect of substituents on carbamoylmethyl-cyclopentadienyl

(Cp™) ligands on the neutral rhodium(IIl)-catalyzed oxidative [4+2] annulation of indole- and
pyrrole-1- carboxamides with alkynes, in which the C-H bond cleavage is the partially
rate-limiting step, was investigated.
Interestingly, a rhodium(III) complex with an electron-deficient
di(ethoxycarbonyl)-substituted Cp ligand (Cp~) that shows showed low catalytic activity
toward the reactions with both terminal and internal alkynes, in which the C-H cleavage is the
rate- 11m1t1ng step. The ligand effects above provide important guidelines for the application of
our Cp and Cp" ligands to the rhodium(III)-catalyzed C-H bond functionalization reactions.

As described above, in this thesis, I found that the pendant amide moiety of the CpRh(III)
complex catalyzed various C-H functionalization. In particular, as a result of optimizing the
structure of the catalyst, two important findings 1) accelerate the formal Lossen
rearrangement reaction and 2) controls the coordination equilibrium of substrates were
obtained.
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