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ortho-C—H Bond Functionalization of Carboxylic Acid Using
Carboxyl as a Traceless Directing Group Based on the
Strategy of “Two Birds with One Stone”

Fu, Zhengjiang™ Cao, Xihan' Yin, Jian® Gou, Zhenyu Yi, Xuezheng Cai, Hu*
(College of Chemistry, Nanchang University, Nanchang 330031)

Abstract Since C—H bond is the basic unit of organic compounds, it’s considered to be a concise synthesis method to im-
plement direct functionalization of C—H bond. As carboxylic acids are widely found in nature, carboxyl group can act as both
directing group and leaving group to drive transition metal-catalyzed controllable transformation of ortho-C—H bond func-
tionalization of carboxylic acid that not only avoids the extra introduction and removal of the directing group in the process of
C—H bond activation, but also highlights the simplicity of C—H bond activation and green of decarboxylation with “one
stone and two birds” strategy of the carboxyl group. Therefore, basing on the strategy of “two birds with one stone”, ortho-C—
H bond functionalization of carboxylic acid using carboxyl as a traceless directing group can provide a new strategy and
method for controllable and directional synthesis, which has considerable significance in synthetic chemistry. According to the
types of coupling partners involved in the transformations, transition metal-catalyzed ortho-C—H bond activations of carbox-
ylic acids with multiple-bond-containing reagents, arylating compounds and heteroatom-containing chemicals are reviewed
respectively based on the strategy of “two birds with one stone”, and the relevant reaction mechanisms are discussed.
Keywords carboxylic acid; traceless directing group; C—H bond activation; decarboxylation; functionalization
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H SE P KIW2, 3 2 B e i B LAl C—H
B ReAIAk, gk AT T ) R A E A S0 T B B AT
2, AT BE GBS (1T B AP IR, TR 3 1) S 1) B D AE
Tl ke, BTk AR B A C—H B RE
VAT A4 P 3 238 0 PR T 3 1) 5 (4] i 25 1) T %2 (Scheme 1).
AR SCBR A A, W LB B IR T AR PR R
(carboxyl)!\ MEAK(sulfoxide)), i 4 I 3748 (sulfoxonium
ylide)Pl\  Z. W 5 (acetamide)®) . ML B 4 2 (picolina-
mide)!”, N-JEAHFE(N-nitroso)®, N-SF AW (N-oxide)l).
fit /i (N-nitrone)!'% . 2H-BK M (2H- imidazole)!' . X %
(halogen)!" 2 fl1i (hydrazone)! 3145,

G T T O
| " e | ;.
¥ H [TM], "FG = G
[TM]
AR 2T S
next step(s)
e N
R — R P
™ FG
one-pot
ToIR T [ 4]

B 1 W C—H S SN AN R R T v 5 4]
Scheme 1 Different types of directing groups involved in C—H
bond activation transformations

JRAE T IR T 7 SRS BE % 3Bt S A 2 3 1) 2 T
PR, SR L3R KR 73 17 3 AN RAFAE T R4 73
T, R HLFEY > T oINS RSB AN, K
S 17 ik R 250 R A A 20 1 S BB ORI e Ak i e
BRI, EAERRRZ, RIR) T ZAET BRI,
FELRE, WHIHH 4 IRMIEFREMSTEI T
F gL, BEAh, BRCRIEHE LR AERN Co A
TSRIABE. R, BRI B N TR 3 i 2 A ) 5 R
PLF, BEMS AR D L3 To IR 3 A SRS BT A7-4E (1 1]/l

FARIRS 5 RN, R sl R BRI REm] AR 3
[ 3 U], AT DA B 5 L IUSL Bk, 5] A AR
T AR ARARIE 1 I R A BRI 3 ) HLAT A C—
H 8565 & BBl 57 S uGRItsl, SR eie)
Lo T R 2005 B RS - B - 2% B Y OB 55— T
SelR R TSR BRI P, IR
FeEA B, 57 He A AR g AL PS5 B RE 4L S OBE. TE e,
K E3R T 2 A 3 ARy A Al OR, KR T
“ AT FREREE TR S AL C—H R RE
LR, Ree s i C—H SV AL D R S PR S R
IR RERtul, fEA b B RAT B35 R

ST ZITEN ORI S B, RET “—
A 757 FIRIFREE TR S 1 AR C—H #E eItk
I TS AT 5 AU BT SR, 51 T E Ak
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M) 2 5. ASOIUR LR S I ARG C—H BE fE
P B — SaAR G [ BB BEAT 4R, JF2 2 5 IR
IPRRAIRRL, K230 “RIR S & EHART K &
27\ “HRIR S T7 HAL I RN A “IRIR 5 Ak
WG JLA I

1 HRSSERAFNRN

FIFREM IR S IR, BL Cu(OAc)H0 NE
k5], Miura 55 Satoh 2£20I7E 2008 HE4R1E T Pd 1AM R
V)5 N-BURIENG| W3- R C-2 fi7 C—H % AL 13 34k,
SNL, B0, TR R R 2 T ARG N-H SR k-2-
PR, N-HIEEMEnE -2- IR . CRJF)RRIE-2-H R . (RTF)
WEWy-2- R ZEAE NI 205 3R 2- R B, RIET Pd
AR S5 2440538 2-FRIRIKIIIN C-3 Lr)dtb e B
(Scheme 2, a). JELAH[F & AF T N-F LRk C-3 i C—H
VG L S5 A AR I 1 RS EG, B T BRI S N-HL
ARIEI| WE-3- R BN 1 1) C-2 47 C—H #EG LA & K
BAEH. St DR EEHENR Y, 7 PdTER R )
TG (R R AN C—H S AL SR, 7R Cu 2
fieit Pd(0)/PA(ID)HITEA A, tEAh, WINF LiOAc )
YEFI AT e TR OACE AL FAR LA PA(0) K i,

CO,H ’
(:[§HH W
N RN N
R Y=NR, O, S R

R
H Pd(OAc), Cu(OAc); Hy0
s, LiOAc, 4A MS N
¢ ] Y—coH -
~ETTTTY E; T N\ H
< Y
(b) R
CO,H R
[:I§FH ® Ve
N R——R N R
R Y=0,s R
Pd(OAc),, Cu(OAc), H,0 R R
H

LIOAc, 4A MS .
T Scom 2
<~ -~ Y ~-%~ R'

B 2 Miura 55 Satoh A IRIE K Pd LR T HRIR S
S B )

Scheme 2 Pd-catalyzed reaction of (hetero)aromatic carboxylic
acids with alkenes or alkynes reported by the group of Miura and
Satoh

bja, ZBREAPIRI AR T Pd ECERIE TR T
ff1] N-HUIE NG De-3- F R 55 X AR R 5 1 1,2,3,4- DU BRI
W R B AL B, I R B s 2% 07 R IR IR e 21 1
N-FISEIE RS -2- FHR . (ORI )RR -2- R R S SR I 19 -2-
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R Z: L AW (Scheme 2, b). Fl LA i FE OIS H) 2,
ZR NG 4 T R3S Pd AL N-ERAR FE RG] E-3-
IR C-2 i C—H HiEAb BRvddA S iR B UK
ANLLRGE G RS R, JRTT, Glorius 5 T M EE28K
L “— 8Tk PA/NY BEMEAL 2-RIEIK R 5 R &
C—H M C—C B & AR [4+ 20 M [ B, PR A
FBE R NASBEHERR R AL S 1) Pd 4L C-2' C—H ##i51k/
FR ) N it 2 T RE .

#—2F, Miura 5 Satoh 2514 DLt JE 4 )& Rh i
1, KT 160 C&AMF FARIETCIR T M Rh/Ag ALK
IR A G480 C—H T5 4 52K L0 BIE R R B (Eq.
). 6T ZMNRERAL C—H iHALAE IS fERER AN 4%
PR EEAT, TS P BRI R T B AR, BRI, AT
RIET 120 CHMET Rh/Ag AL FER 545 & AR I
R, KBEEH 160 CHMT Ag k407 L2 i
PR 2 2R 1 H bR =) ) B IR B, th4h, T E T
TCAR SRR IR IR 2 TR, MATEsRA TRET
JR 517 Rh/Cu AL FL G4 5 AR IR AR AL C—H G 1L 52K
I BT AR IR BB,

COH [CP*RNClyl;
o H AgOAc N XA
R-— + PN R-- )
L~ " DMA, 160 °C S

FIF 5 LR Rh/Ag 4k 1A &, Nakamura /2
HBNSZHL T Rh/Ag AL STREME-4-HIER C-5 7 C—H 5k
FEL 0 JEC A A s S5 R T4 % 4k (Scheme 3, a); 7E
%N AT E DL NaOAc VRN, 28R4 1 —
B R E T Rh/Ag (AL ST IEM-4- R C-5 137 C—H 5 AR
T 748 Py G 2 I PR 4K S N (Scheme 3, b).

N-O
A R2 /
RN/ (a)
[CP*RhClyl, AgoCOs \
H R2
N-O
A~y — o 0 ch
R H g N-O
COH R? CHy il )
[CP"RhCl],, AgSbFg ! i
NaOAc @)

B33 Nakamura #EHIIE N Rh/Ag 1L FIEM-4-HF R 5
555 BT AR 37 A8 1) 2

Scheme 3 Rh/Ag-catalyzed reaction of isoxazole-4-carboxylic
acids with alkenes or sulfoxide ylides reported by the group of
Nakamura

DA R B N R BE KW, Hong 2020 & A iR I
FRUEIRME T —FRER R, BETRELRS M
HHg Pd/Ac-lle-OH AL — 055 LR 51Z Y& AT
AW B B (Scheme 4). BIFFEAIEBH, B0 0770 % e o )
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SN AL S5 3 (R U PR 3 20080, OB 4e T M IOR
310 Pd AL T C—H $ Heck J B KBt Al 2 57
FIALPIRE. Studer TRARAPILL 2,5- 38 C —Ji-1- R IR AT
YoNERL, SR - A SE L RE, Sl T
BHRANZEAT T (60 CYRIETIZ A Pd AL g0 AL S

G~ 7 R IR RN, % RN SR MM C—H X
TR/ SR TR PR £ IR S

COH Pd(OAc),, Ac-lle-OH
| A | X (/ K,COs;, BQ, O, | X N
+ —_— .
[ X CoR i~ >,
R HH R? R R
RO,C

(i) carboxylate-directed (

C—H bond vinylation iii) decarboxylative

aromatization

CO,H (i) carboxylate-directed CO,H
secondary C—H bond
vinylation

B4 Hong M RIEN Pd AL =5 3 28 5 NG IR BRI
I

Scheme 4 Pd-catalyzed reaction of diaryl acetic acids with
acrylates reported by the group of Hong

DLIRIR 5 R 6 W N K 4, Baidyal®* . Acker-
mann), F74E%EBC Prabhul71%% 7> 5]#iE T Ru B¢ Rh
TEARTRARAL C—H FTE A5 B SR IE i (1) & 05 R4t/
PR R P B B NA(Bq. 2). %ISR N UG 0 R 3
S HARAL C—H B I I 5 R AR TMIE A R R4
JEA LR FIER[TM]—C 82, o155 15kt
W fadd N B [TM]—C B R B i v R s g g-H,
R TCiE R AL S Heck RN, TA&SRAFERMEA B T I
LRI = . (AR IER SR, Ackermann [P M. 25
fal B8, RN, HIRER Y Re % 9 e 24 B R IR
AP ) TAEN RS Baidya [N IR JE, LARFEA
IS T KA SR AL B ek, 27N
HHAAKRERNHYE, Baidya FIJH1Z 5 1EE KR T % W
FHYHRITH) 1-5555-3-(2,3,4- = F AR LR JE)- 1 - gt
2,5- Wit &Y, ARENE K T BEAEA LR LT
BRI f% (spirosuccinimide).

CO,H o)

H
H N-R'
Ry\f + [ Nr N @)
e Re,J o
O

Ackermannl®4l: [Ru(O,CMes)(p-cymene)], DCE, 110 °C
Baidyal®®): [Ru(p-cymene)Cl,],,Cy3PO, NaHCO3, DCE, 100 °C
Shil®8l: [Ru(p-cymene)Cl,],, NaH,PO,4, H,0, 85 °C

Prabhul®”l: RhCp*(OAc),, HOAc, DCE, 100 °C
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T 5 ik &M A FE ) [Ru(0,CMes)x(p-cymene)]
AT, PLRCHBECRY), Ackermann ZEBSISLEL T &R
AT Ru BEWRETLIR SRR C—H iEE
IR E T A R B, B —20, TE1% R N 2515 o
A Vo0s WINF, 345 T FERE R h R TR T MR IR
L84 C—H AL 54510 Heck BIE S MBS, JLF 5 b H
e, Goossen f @ ZH Boha ik 4% [ B 2544, IR 3R
SRS RMNEBNEE, CRERICAT, 100 C%
T 3K T [Ru(p-cymene)lo], 146 AE S B 5 R BRAE
‘AmylOH/H,O W& I ARAL C—H B IEAG SR, Sk
P S5 RIEAE ‘AmylOH 357 4R A C—H B4 ZE AL/
IR a-TEJEdE-y- N BRI [ % (Scheme 5, a, b). LA
A 2-FFEOEBE Y Us A, W ORI AR AR M FE R,
=P KR T #BIE TR 'TF M [Ru(p-cymene)Cl], LR
FRARAL C—H &b 5 R H i B 4% B 4K S B (Scheme
5, ). b4k, PA[(CeMes)RuCly]y/ FH R BY [Ru(p-cymene)-
(OAC) /5 I AMEAR R, Goossenl“OVFIEX i fiy S 14175
ARGE TR T S ERRR A C—H S RN,
M fERIEEAL R DA E BUR 206 2R S — 4
ERBL, & RS — DR R B, FRER/ P B L 45 ek
f, SOSLIE MR, AT A A I A B i) 7 2R
R T 1 I SR

[Ru(p-cym)lz],
guanidine carbonate

. CO2H
p — 1, @
'AmylOH/H,0, 100 °C R/ A ar

R
-CO,H as classical DG
--Y_COH [Ru(p-cym)lz], o
i \[ guanidine carbonate
VeNoo t o e
R . H AmylOH, HOAc, 100 °C Lo (b)
o R'= CH(OH)-R" e "
Ar—=—R' R R
decarboxylative Ar
pathway -CO,H as transformable DG
Ru(p-cym)ClI
[Ru(p-cym)Cla], Yo H

guanidine carbonate
o Ol (©
HOAc, 2-picoline R Zan
r
PhMe, 120 °C iy
-CO,H as deciduous DG

B 5 Goossen VR E KRR 5 e BAS FI R AL 54
)

Scheme 5 Synthesis of different types of compounds through
the reactions between carboxylic acids and alkynes reported by
the group of Goossen

HT TSR S, AR ST VR DL R e ]
i C—H BHHE IR PG R =Y. ST ik, Lar-
rosa PR AR IR 2544 R TS W Hu R FH AR 5 12 5 CO,
(1125 Kolbe-Schmitt &R SR ER H R4, 1T
[Ru(CsMeg)(OAC) AR EETCIR T ) HLARAL C—H B8
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A5 P RRAR I AR B AL 12 77 S Bi(Scheme 6). MBI
SCESRYL, BIEAE G RN T “RTER. &
ToiER” HIETEIR.

F

" sec-BuLi (1.0 equiv.) F
0 N then CO, balloon - C02
R P R1-
H N
F
H
R>—=—R® RIS
U R2
[Ru(CgMes)(OAC),] ‘

HOAc, DCE, 100 °C R3

B 6 Larrosa BB AR IE B RACTT e SRR T I8
Scheme 6 Relay reaction between fluoroarenes and alkynes
reported by the group of Larrosa

B T BB XU BB Bk £ Bk R 0 2 5 0 U 4 R AL
RETOR G HAL C—H 85 AL N A, A
A SR IREE AL T LS 5 28 e . DL
R RIREE AINCO NIEY, 4% 53 5 W
100 C%M FERE T 3T NaOAc ) Rh f#4L ArNCO 5
F5RRIRANL C—H B/ N-BUFRA 2K — ik
WP % (Scheme 7, a). #t— BRI R, 4]
76150 CHAF AR T LK HPOL ABE R IE IR F 1)
Rh/Cu {213 - FIREE 5 75 FRFR AN AL C—H #ig 0/ iR
G R N-75 5828 R (1 Ak (Scheme 7, b)4L Bl S, LA
KH,PO, fil KoHPO, 4G 40, A ATTiE4RkIE T Ru fEAL
F5EEFRIRANAL C—H BEIE LS AINCO IR %t/ it 72
FAE “—H4” [ J¥i(Scheme 7, b). EIXEE Wi, 753K
FR AN AR A TCBURSE, HRER S 5 RN

R —
[CP*RhCIl \\ )
NaOAc, dioxane, 100 °C @)
COH -H0 0N 0
H |
=
I +Ar—N=Cc=0 — Ar
O\ . R
R [Cp RhC'Q]z, CU2O \—
K,HPO,, dioxane, 150 °C N\ /
or (b)
[RuCly(p-cymene)],, K,HPO, O H
KH,PO,, dioxane, 130 °C /NH
_ COz Ar

BR7 A% SBUESFHER T ERR S AINCO [ M
Scheme 7 Reaction of aryl carboxylic acids with ArNCO re-
ported by Shi and Li

Fefelib, PLRARFE ALY RNCS NEKY), Swamy B8
IO AN 2 R (80 TSI T R EEEIE T Pd i
1 N-HUACEERG| W3- FR R C-2 fir C—H BE AL Rk A
L. AT R R R SR 4 e £ 2H-ZK It e -3- FH R
WKL FE[1,2-a]HEmE -2- FH R . N-FJEIG| Wk-2- FR R . V- F 3
ML -2- PR L A IR MR -2- FF TR B A I ey -2- TP IR A5 4
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a8, A, REEY) RNCS 1 R E A5 75 5,
R R AR A

B 1T IR SO, J3 7 N AT R AR FE TG IR 5 1)
HALS B—H 8t C—H WS & HE L G S,
PEFR R RIE | R FE TR T 1] [Cp* IrClL], AL SRk
%5t (o-carborane) 2 FEARAL B—H ##iH 1k 5 vty ok 1) 45
R ; A[Ru(p-cymene)Cl], NHELT, XIF| 5 FEEL
GUSTR R T KA & Ru {0 N-J5 B0t 05| -3 - 3R 1R 47
T C-2 7 C—H BEEAL 5 I 4% & 9l e & 34 T A
IR R S S (Eq. 3), FIFZITEAATE & B T 141
& D2 244 i (prostaglandin D2 receptor antago-
nist).

CO,H

X
R T Dn

!
Z N \\/\/\COZR'

H
X CO,R'
RW ’ ®3)

2 REBRSFENRATIRRN

PLIF Rtk ArX (X=Br, CI)N75 LI, Lee 49
FIF S & 1) PA(0)-R MR, SR8 THREL
JR'F M) Pd A N-HUAIEM|WE-3-FH R C-2 fir C—H Bi%
T 57 A SN, SR, 2% N AR R TR A B T N-HX
AR E-3- R,

WIRRIEWS S LR R NSRRI 1,2- 1 £
Heck {HEEF=#7120) XTI, Goossen BRI, ArX NF5
FIR, B TR T RRIESEIL T Pd/Cu W4 &
L AAERR AR S ArX A K 1,1- 553 205 () S b (Scheme
8). %N S BT HIE Pd LIS ArX IEALINEL,
Wi J5 4 C-Pd & @A iid N R B B-H T8 BRI A2 B
B - IEIEER, 4t Culidt iR IR T4k A i 2%
M 1,1- 5B 0G0, W5 B, Lewis R CuBr X
TE R B AR =40 2 B EAEF, T Lewis iR Sc(OTo);
TS T B E b = P R e R PR R EE.

FIFELL Arl 75 3EJR, Larrosa 2B 5 se il T
HOAc R IE IR T 1) Pd/Ag (Rt &1 A BUAR S 3 2
% C-6 i1 C—H 5L 5 Arl & e BURER 5546 & Vit
J%(Scheme 9, a). HLEESZIGIIEAH T #4L7] Pd il 1 3t
ARAL(Co A)C—H BTG Ak 5 B A R 1 B s R DA
NMesCl B8 AgoCOs HISEIRIRIE T Ag I1EH 2145
ERJEEY) Arl (1.

ERERRE, MATSILCRE MR, #—P KR
T RMTERME S CO, R AL Kolbe-Schmitt 474 1k

[Ru(p-cymene)Cl,],
052003, 02, HZO-MeOH
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Scheme 8 Reaction and mechanism of potassium cinnamates
with aryl halides reported by the group of Goossen

TR R A, BE 5 RETCIR T M Pd/Ag WK
FRAAT C—H fEILS Arl fBIBER “—8” B RN
(Scheme 9, b). HEI T H AT RAEW S CO, KAEFK
Kolbe-Schmitt 514152 A0 T BOR TR [A] 441421, i i 68 2k
ToIR SRS, Z IR ANE I T Pd/Ag EALFACTS
KA C—H ##iE 15 75 FE ) () 75 b 12 71 ) i
S IR ML ) [N S AR AR RO BT Z, SR TR BEAE
MHRASRAILH T RIS, HTGER” MSRLIR. A
AR R, FIHIZICIR S 8 SRS, A 1053-59L ) 5l 5
AR5 18 R ih TR i 1 TR 7 AR 1) 5 J5 19 B0 26 i
RIF R EAE, i3 —2345 7 H TSR BT /R R ER
99 B -3 Wb B 1] 751) (p-secretase inhibitor).

CO,H .
@ RO Pd, AgCO; R Ar
| +Arl ———@— X
e AcOH |
. S

R = Halo, CF5, NO,, OMe, OH R’
(b) H

o .
HO_~H KOH, 50 °C, 10 min Ho_K A
| + py _then CO; (2.5 MPa), 190°C, 2 h |
/ then Arl, Pd/Ag, HOAc, 130°C, 16 h  AF
one-pot process R

B 9 Larrosa ¥EIALHUENY S SER MRS AR 55 SBULY)
R

Scheme 9 Reactions of aryl carboxylic acids or phenols with
aryl iodides reported by the group of Larrosa
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TRETIRF M Pd GRS ERIRAAL C—H J7 4k
/R I AL I ) N (Scheme 10, a). I FH BT 3R15 1) =1
K (triphenylene) &4, H— BT & R T BT
=R ) HAA R SR AR R S T M S R I AR
BAEHSS),

- COH
I
R1'_©[ ] COyH
H N s
RT/ H
H R1\, —=

Pd/Ag

B 10 TKE KA Je 2 SR IE I 55 FR R 5 30 05 FE g
R B HR BRI IR
Scheme 10 Reactions of aryl carboxylic acids with cyclic dia-

ryliodonium salts or arene carboxylic acids reported by Zhang
and Shi

J5 EER TR IR TR 0T AR D7 BRI, DLOY BRI N
), Ag MR, AR ESHGE T Pd LR T
I3 T A8 XM AR B R A B R BB 05 6 & 011
SN (Scheme 10, b). % N A8 & A= 76 P AN [F] 1 7%
% 5y F 2 7], 0] DAZEAS [R R HR R 43 -2 ).

T B3R5 R (7 2 A s 05 R R), it T
FE C—H s AL IR 07 I B B A [ T & Gr I s
B, 7 Goossen LAEPOIERE - Maiti Z58150 | LZE. H
K CIRB W RAEIRYIRER, RIE T HRETIR S
Pd/Cu & @Rt AEERR S LR 5% C—H B & K
L1-Z 05 B IR R B, AEF AR MRS N PA(ID)
FHMHITRE C—H B Ar-Pd HEE, FRES
Goossen X NIOSRIREFE. SR, BTH IR, oA
AN C—H BB X B, 2B TR =4
PR AE.

H—, BT RSHCIER ST TRET R
FRETIR T Rh/Ag LS ERIRAAL C—H 5WHEW -
C—H [ C—H BAEI R B(Eq. 4). TEE N NIZR BT
SV T Rh A0 SR FRAN AT C—H B8 75 B0 I T8
T Ag R REE A PR M E R B 78R BLE N7
2,2,6,6-VY FHIEIR IE AL YI(TEMPO)A BT Rh(I)/Rh(III)
AL, DA ORI, B DS F Al C—HY
C—H EBGIREM T, R0, NERYPR N R AR
TR IR, (AR, TR AR %
b Em AR T 178- R SR AR 1 (17p-
HSD )M 7). JL-F5 BE A A, 355 AL 52 56 == 100 i
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RW/Ag HEALAR RS 7%, (EARARIE A4 05 e
JERDTE B, AN O3 % S 7 (R RO ) ME Wy A (R
FFYRI, AL 2k ST R AT ]

R’ R’

CO,H H
el N SO R3 RNAg o 4
A + (_/7/ base S “)
H | )R

Ak, AR AECISCEL T Rh A 2-05 BRnth i 4847
C—HE 5 &S R-3-RI KA C-4 A 3LHuhns/C-3 I
G B 4- 0 R -2 ) S N SREHIE B, A HR-3-R
BRI C-3 DRI 1% N AT 2 S0 FL B FR VA N1 (1)
IO R T B A FE 1, 528 m R MR

3 RERSEREFRMNBEN

B TR TR T D RE, Gossen PREIALIIFE
Cuw/Ag M RMER R T EIE T Cu fEMITIIRIRABLL
C—H Bl Ag ek R AR R 1L b [ 42
e, SEILY C—O BAIMIE(Eq. 5). FFxike Akt
e, MEF a2l T bR R lR S he B, AT ST R I e
SEONEE I RCR BTG 25 P IRAIR Cu IR R O,
S, e RO R EE B LR . TEE DR
P A FEAL I SR RAE T Ag RS IR 3E SRR HYBR i
., B, RO JCBRIERT, JRAL R 2 3 T s
i, WMAZ B/ Cu EARIRAAL C—H B E AL,
— BB E TN TIRIR AL, FHRMRA A Ag (et
JiR S L, e LA TR ERARAL 57— C—H B A A
fk.

X _CO,K
T Cu(OAc), Ag,CO5 XM
R )+ BoR) 0 R )
H ' OR'
X =CH, N

PRI SIFE S T DL Bi(NO3)3+5SHL0 A%
TnFRl, SEEl T RIETSIR T M) Pd/Cu HEALAT AN L H IR 2R
&4 C-6 i C—H &5 NaX (X=1, Br)4 Sifik— i
BRI MN(Eq. 6). 5P TAESIRMIRI 2, 1% 8
SEIA T Pd AR T M HARS, C—H ISR T Cu
TRHEBR TR A6, BT Lewis 2 Bi(NO3)3+5H,0 REUSH
AR B AR PA(IT) H 0 HEL -8 B2 DA PA(TT) i 14, (11T A )
TFARAY A R C-6 i C—H Gk

NO
2 COOH Pd(OAC),, Cu,0 NO2 y
1 N BI(NO3)35H20, 02 f N
R~ _ + NaX R1— (6)
H =
X =1, Br X

B T L - B AR - s B T R RIS, /N
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SRR 2t N R 2T Rh (AL TR B A& i P I5F
(1B S A B TR B R B 4K DA 7 22 BUAR e WK SRk & 4
(Eq. 7). ZMJHE T Rh b NI ER 1 A7 I B C—H 2t
TE A T A IR SO e R, R B S R R A R i
2. NIRRRIEDAST C—H BELAER T C—N &, it
bb, FREBRBELSBRER T C—C . [FFE, fit
TIRIF BRI 1,2,3,4- DA iE /=4, #—5 AT
AT TR 7 BT R IR BRI 1 Ath AT AR (tacrine) S LA

R3
R* } R4
1
' —>\
\\Rz Y NG \ -CO,, H,O ‘\Rz N/ —
R

4 RE5RE

BT RIRI RN H1F ERELH, RSP TS
FEIFERONE PR R TRT “— A =197 HIKAR
ToIR T A e Jm AL AR AL C—H B E REHIL SN
XL S SR T LT C—H BRI TR eI N
TIPS HENE T RRERRED, N C—H#
AL BRI 1 5 R S R OR A, Dyt — B A
FRIRIEHE 19T B AT,

RAgmtt, 2T “—0 757 FRRFETLIRS AT
B R AL AL C—H B E BRI S BT A ROK ) 2
B[] (D)RBRIED EZEL T T sp? FAUCGIE)I7 2L
B2, Wl seE SRR IRI(BAE sp® ALK RRIR) S
5 R PLEARE SR QFRFRIRIRMISY, S5 RN
IR MR B ez B, SEELG| Bk S A A 5 2 55
AN 2 RE A Rt — 2B (3) e R s
w1, AR R SEAFIRA SN (4) K 2 BB R 1 5t
SIRAEAT, KRN IT R ML, A BIFERX
JSLFSAS LA 5 S LS. A 9 — A 736 71 5 Bk )
BRI, BE%E C—H 8 5 HRFALKIRA KR,
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