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Kz, Ta vy AR X 5 REBAKEFEATEHALIZIE S < A FRILAE W OEE D VR X 2 ALK
L, FFim, Aa_F, BIXUORENOHERENL TV,

[Fi) Tk, ZhE THMBEERILEY O RFARB/BETEEC-H BEAETEEIICE S e RRERED
FAEERTEL SN TWRNT & b N i bRFE(CO) & i L D B HHE A B SREEA & A2 8 & S 741
LELEFIZRESNTND I EIZOWVWT, TNETHEINTFEZEN LN bR, £, ZhbE—D
DY A 7 WA IATe Z & TRV B Ve EOBMGFHRAL G OB VR X AL Z T > ol 2 E
TIZ72 <, 2O XD IS EA AL FINC R BBREN 5 B ETh 5 L ik~ 7,

45— %) <%, [RhCl(deype)la(deype =1,2-E (P27 AL ARRAT f ))TH )8 AF LT L
2 = U ARORAE AT BAE FRACE W O SRR B VR 5 O AU D SR, 72 S NS — R O
BEITo TR BRI OV TRz, £, FREISREIZOW TR Z1TV, WEE O Bl 5 F RS WIFET.
[RhCl(dcype)le & A F AT A =7 AFISHIE LT AlMers(OEY) 15 2 FVy, @ & L < DMAW,N-Z A F LT
v F7 2 R & TMUW,N,N'N-T b T AFIVRF)EMZ 1 KRIED CO2 PR T TMENVT 2 & fie b i\ i [a] i
ORISR ETTHZ 2 RAH L, £EARISICEB W ISR & S OSEMEREN K& WVIE EFENZ <
AL, —HF CHOOBEFEANR A BOEEPIME SND ZEEHALNCLE, EHIZEDFREOMRHZITV,
COz: DIEFRIEFEN K EZWIT E C-H FBATEMH L O#ET A TH 2 RhMe(deype) N5 EHEILEM D C-H #EG OT%E
{bERZFTED I CO2 G L, EDORBEEENER LD EHEE LTz, SV TERE—HEIC O W T HEE
MR EITV., RRIGRZAA Ry, T2V —LOL I RETRE - EFEET L—r0ftl, XY 7
TDEIBATaBEFRAEHR T 2t b EATFRETH Y . ARISOEWEE —EEEZH NI LT,

[F—% B _f) Tk, ETAERE AV CHRERCHEEOSFREEZRIET 2 & & bla, MRSt
B DR SUSSIERENT 21T o 72, £9 C-H #EEIEHIBE LUOD AR EF v Lo EF MK RhMe(deype) &
RhPh(dcype) D& T /L& & LT RhMe(PCys)(deype) & RhPh(PCys)(deype) Z ikt L. T D AR « HEEIZHRL) L
oo ETENOMNEBIC C-HFEATEMHAL « IAVRFIALIIEREZ TR T Z 2N E L, S DICZE ORI E
fi#HT %8 U C 2 OGN PCys O FEATAOMEREIC L 0 4 U748 E P & RhMe(dcype) & RhPh(dcype) % #%H1 4
5L EERCHL M L, £72. [RhCl(dcype)ls % W 7o SIS S 38\ TR & 2238 B Fi i [T 7R %0
ERBHEND Z L2 RE L, ARSOFERBEMES CHEAEMELTHDL I EEHLNE LTz, EHICAKIGIZ
BOTIEABEY A 7 VNICHFIET 540 200 ASERTREKEHEAT VI = AL OMIZ N T v A X ZAKIZ X
LIEMRIEE L, TOEORPICHEET L ETO R P 7 LK1 H 5 [RhCl(deype)ls & LTHELLELENT
WD EW D BURIEOE R 2T,

[BE %] CTlix, v vy il &AW 2872 e o BE S RALA W) O AR 27 VR % O WALRS D
BAR 21T -T2, FOREE, WEMAET, HELLTRUEy, filliie LTeyyn 1) $EKkaHVWs L B
ISBETT A Z R R L, S OISO REIEZITo MR, BEE LT M= 2N THY HIRT
S &ATO BRI L& £ L8 PCys ZTRINIT 5 2 & THLmEIEEE 9 B2 TxG T2 MY AR AE S Z LITAR
LT,

MFE] T, AFEOMRZE DD &L b, BMBERFRILEYE “BILIRFE LD DDA IVER B E AR
T2 IFEOBFICKI L ERIC OV TR,

PLE. KESUTIE, Y0 AL A F LTV =7 AROGH 2 W T BS B RS F RO 7 VR % 2 Abx
OB EITV, ZNETIC2WVEW—REEZFE T A0 EEZBL LTz, 512, T ORKIGHERBIT 21TV, AKX
DRSO Z B D E Uiz, o, vV U AR EEEEZH W b= OV ERF VB RISIZ D0
T, ARG EER TS Z LIRS Lz, 25 ORRIT C-H #EATEMALE S « CO2 BHAGIZHT 7= 7207
Eamr I 260 TH D,
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Transition-metal-catalyzed synthesis of carboxylic acids from hydrocarbons and CO2 via C-H bond
activation has been a formidable challenge in organometallic chemistry. In this thesis, Rh-catalyzed
carboxylation of simple aromatic compounds with COz was achieved. Furthermore, its detailed mechanism
was also investigated.

Treatment of benzene with a catalytic amount of [RhCl(dcype)l2 (dcype:
1,2-bis(dicyclohexylphosphino)ethane) and AlMe15(OEt)15 as a stoichiometric reductant in the presence of
N,N-dimethylacetamide and N,N,N’,N*-tetramethylurea under 1 atm CO: resulted in formation of desired
benzoic acid (TON 37). A wide range of simple aromatic compounds was applicable to this reaction. For
instance, alkyl-substituted arenes (cf. xylene), electron-deficient arenes (cf. fluorobenzene), electron-rich
arenes (cf. anisole), heteroaromatic compounds (cf. benzofuran), and even ferrocene were carboxylated in a
similar manner. Regioselectivity of this reaction was mainly determined by steric repulsion of each
substituent, but ortho-position of fluorine atom and 2-position of heteroaromatic compounds were
exceptionally preferred. Such selectivity is distinct from those of known carboxylation of aromatic compounds
(Kolbe-Schmitt, Friedel-Crafts reaction), of which is determined by electron density of HOMO orbital of
aromatic ring.

14-electron RhMe(dcype) and RhAr(dcype) were postulated to be the key intermediates of C-H bond
activation and carboxylation. Detailed analysis of model compounds, RhMe(PCys)(dcype) and
RhPh(PCys)(dcype) revealed that the C-H bond activation and carboxylation reaction included dissociation of
PCys, strongly indicating they proceeded via the postulated intermediates RhMe(dcype) and RhPh(dcype).
Furthermore, generation of acetic acid and methane under catalytic conditions also supported the
intermediacy of RhMe(dcype). Because acetic acid should be derived from carboxylation of RhMe(dcype) and
methane should be produced during the reaction of RhMe(dcype) and Ar-H to give RhAr(dcype).

Competition experiment between benzene and benzene-ds under catalytic conditions showed large KIE. It
suggests the rate-determining step is the C-H activation step in this reaction.
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