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Abstract

Through rational design of N-heterocyclic carbene (NHC) ligand scaffolds, synergism metal-ligand
interactions, and precise modulation of catalytic system, NHC transition metal complexes demon-
strated exceptional catalytic efficiency in carbon-carbon bond formation. This review highlights ad-
vances in catalytic C-H activation for C-C bond formation mediated by NHC-transition metal com-
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plexes in the recent 5 years.
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1. 51§

1968, Ofele [1]H1 Wanzlick [2]%F 7241 53 BIAZHRIE T iU £ 8 B A R = (NHC) & AW B IR & e
35T NHC LA I [ A e 1 AR (1) HE - ST AR, X SRR Re % 5 i % 4 8 0 A e I 4%
Y, mb R R RV PEE IR A VLB S, FEENLE AR S Tz
N3] fi BBCAAR B 22 3V BT SR R IR AER TS, 2R RS EWTEm - DR TR R
HR A 5 1) R A 3 MR X 3 B ST AR A e B, RN AE Mizoroki-Heck, Suzuki-Miyaura A1 Buchwald-
Hartwig %558 AR R, JR I H 500 B e E 52 1 5 IR & P [4] [5]. C-H b B R @ oA
R - DREE N EE RN, LR I T e A TR A M R (A AU S P s e A L),
I 2R 5 U R A A R I R N 2 R A ST (P T A

2. B&F C-H ELHIER - BRER(EK
21 FEURFRITEDEER

75 HAGIR T JRAT A E N A NVESE, T2 AT T RN DIREM L R 2500 53 7 3. WBEW /K
VR /W AT A TR 24 A 5 8 DR 2 35 AR TR PR 4% 52 O . AR B0 6 I 1Mt Negiishi s Suzuki-Miyaura 555 43 )&
AR AR R N, B IE M, (A &8 R R = A i 2 DRI K m AR S R PR M. ML T,
Pd Ak 75 XA ) 5 2 5 R I BB C-H D7 AL e, Ei BB TR BE AP BR, COBUNM IR (%) 75
SE A B TR T 6] 7]

2021 £, N. Hamdi i f54H[8]F) ] Pd-NHC-PEPPSI #2844 1la~g # i m U LA R, INSEEL T 2-
T SE R /E Gy K 2-N-TA JEMERE 55— 22 51 55 SR K C5 A AT B 05 4k (Wi 1 FioR). 14k RAERA
Z1F(1 mol% L 14 &, KOAC/DMAC k%, 150°C) FIEHULF I C5 ff ik # 1 SRR, 5145
RIFEMR R M0E LFR). HARRR, SRR EITEZ RRPNERYE, A2 PR r 5
SR J AR A, ESOSIE Y A L O B R AR O . TR AR R b 5 o i F T NHC L
Ml 3f)FesE midh Pd Hh A TS0 PR ECRER IR AT &t KOAC @i CMD Ll SE iR AE % C-H
51k 150°C A5 AR Ui )24 5 20 7 25 B o 622 200 [R) Ve 80244 R TE 1 mol% 71 2k &L T SEI i AU AL.
A R BCE TS RPN G, A A YRS HE DS SRt T T S vy & .

2024 4F, David Sémeril 15ARZ[91HRIE T PURh E/Z-4 247 52 FEmk R 25 4] ) SR 24 B0 - e —— 4T (1)
TR 2a~b fEAL IR IR FIMEY 5T A2 ) 5 05 BRI A SUB IR S B (1] 2 i) o BT AR R B 6 A, e
PL 1 mol% (E)-NHC-Pd Mk, KOAc fE N, DMAC 1E N {E 120°C ] 3h N 7Elt
AT, BRI 75%~100%, PR N 75%~97%. W T A[EIEY), & W 1-FE 1 55 FE B A4 I i
PEEL T, T A R O B IR IR S A
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1a: R = H, R' = CH,OMe
1b: R = 3,4-Me,, R' = CH,OMe

N § /4 1c:R=H,R =naphthyl
RT P Pd"N. »/ 1d:R=34-Me,, R’ = naphthyl
N Cl 1e:R = 3,4-Mez, R'= 4-MeC6H4-
N 1f: R = 3,4-Me,, R’ = 2,3,5,6-Me,CgH
1 R 19: R = 3,4-Me,, R' = fluorenyl

— Y —
73\ 5 Pd-NHC-PEPPS|. a-g, KOAc__j/ \
HY PN o R™>%7 N\ K
X R" DMAc, 150°C, 2h R

0O,S R =-COMe, "Pr
C,N R" = H, Me, OMe, CHO

Figure 1. Structure of complexes 1a~g and catalytic Cs arylation coupling reaction
E 1. 1L &4 la~g RIS R BN Cs FE B R X

Table 1. Pd-NHC-PEPPSI catalytic Cs arylation coupling reaction
= 1. Pd-NHC-PEPPS| #1 Cs BEALBEL R 2

HUAR B RY FREMEALH Co- 75 HEAL 7= % (%) 5 HE IR AL % (%)
S 7K VLN BE la 68~89 82~99
SRR 7K /P 25 A7 B 1f 82~98 96~100
N IA 1g 40~93 60~78

/ \ — cat. 2a~b, KOAc I\ /= @[ }Pd Ny />
ansr \_. DMAc, 120°C,3h" R N 2

X X R'
)2a X=H
X=0,S R=0Me, CHO,'Bu EZ))gg §=Ik:|
R =H,OMe, Me ¥ (E)Zb X=F

Figure 2. Structure of complexes 2a~b and catalytic coupling reaction

2. (L&Y 2a~b VB R H AL IBEC R

2024 4, Neslihan Sahin BRI [10]30E T — RFIET N-F IR R4 R =% 59 3a~g X
F 77 I B AR SL (U] 3 BToR),  BIVIE I f A2k 75 R ( 2- 1E T BRI L 2- 0 PSRRI A 2-1F
PNHEMERY ) Cs {7 1) C-H 48 5 77 BRI KR A [ BE,  SEBR C-C BT A, M1 2105 B4k =4 . Atk
%M, 120°C, UL 1mol%i] 3g ML, KOAC ANil. DMAC AEFIN 1 /N, (ALt i, 7~
HIKF] 99%. MEAL, HLTRUBIN SNSRI R, SR AR R DT BRI S RS M, HL 2-1E
FEIEE 1) Co o7 SR M 150 5o A5 FE S 375 12k vy T LA R P IS4
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»/ 3a:R = -CH2C6H5
N Cl 3b: R = naphthyl
>_P'd_N T 3c:R= 4-C|C6H4-
v :\ /> 3d: R = 4-OCH3CgHy-
Cl 3e:R = 4-CH3C6H4-
R) 3 3f: R = 4-C(CH3)3CgHg4-

39: R =2,3,4,5,6-Mejs

X Y
/l _ cat. 3a~g, KOAc 7\ —
Pr/<Y HY Br@R pr—L

DMAc, 120°C, 1h X N\ <

X=0,S
Y=C,N R = H, -CHs, -OCHg, -NO,, -CHO, et al.

Figure 3. Structure of complexes 3a~g and catalytic direct arylation of heteroarenes reaction

3. (LAY 3a~g VMR HENUR SR EESEUR N

2024 4, Naceur Hamdi @ 41[11)3RIE T 2K FHBKIE Pd (11)-NHC 2859 da~h AL 1) 24 55 1 B 12 75 2
B 4 BToR). BL 2- CBERRIAE NI 5 AN RN, AR N, RILEL KOAC N
B~ DMAC AEF 150°C VL 2 /NI R Bt TEULSRAFE T, 2R I S A 3 R P 28 (s 2 fir
TR) o TEAZ AL A 2, R FF KT AR 1R NHC BC A4 & LR 3, ml AR e 8 o0 R (2 3E Pd (1) ZEBR(KOAC)
AU I JFE A Pd Q)4 F# o BRiHT /K P/ rb 2507 BELERAR B (1 FF 5 3 L BT JE 75 08 R 11l 2 1) R
5L Gae 7, WEkE G i A7 BH FHAS 75 BRI A A in e, SOl i g /KA FH 38 565 JE AR P TR 4 (A ok eg 47
PRI, SRTHERE . [FIN, DMAC VENMRIEIERT &7, PIVE AL SRy, (edt ey 124y
Hl AT E . KOAC AMYAE NIHIF I 3E Cs 75 T LATEAL C-H B, 825 Pd (0)ILERL, T RUEALTEER
(et %, AL RER, Pd () Ze#b 5N Pd (0), F5 3R AL NG 4 2 35 ION A 174,
NATTIEE R T W IR R, BBk LR, TEANLE B MU B .

R 4a: R = Morpholine, R' = 2,3,5,6-Me4CgH-
4b: R = Morpholine, R' = 2,3,4,5,6-Me5Cg-

N I?r — 4c: R = Morpholine, R' = 4-CICgH,4
:@[ >—Pd-N /> 4d: R = Morpholine, R' = CgHs

N g N 4e: R =23,4,56-MesC-, R' = 2,4,6-Me;CgHo-

) 4

4R = 4-C(CH3)3CGH4-, R'= 4-CH306H4-
R' 49: R = 2,4,6-Me3C6H2-, R'= 2,4,6-Me3CsH2-
4h:R = 4-C(CH3)3C6H4-, R'= 2-Me-4-C(CH3)3CsH3-

7\ . Br@ Pd-NHC-PEPPSI. 4, KOAc ® N2
%~ "H \_#r " DMAc, 150°C, 2h A /"R

o X=0,8 0o
R

ﬂ . — Pd-NHC-PEPPSI. 4, KOAc /A —
5 H Br \ ’<R' R \ hd

DMAc, 120°C, 2h @)

R =-CH,COOCHj3;, -CHO R'=H, -CH3, -OCH3, -CHO

Figure 4. Structure of complexes 4a~h and catalytic direct arylation of heteroarenes reaction
4. L E da~h VAR B EX AT REREFENUR L EY 2a~b G R E MBI R K
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Table 2. Pd (I11)-NHC catalytic Cs arylation coupling reaction
5z 2. Pd (I1)-NHC 1k Cs FEMBR R

AR A AL Cs- 75 F: 4072 (%) 75 IR AL 5 (%)
KN R 4a. 4c. de 75~93 80~97
CE7 e e s A E| 4b. 4d 79~96 85~100
W N AN 4h 52~92 65~93

2.2. BUE. HIELTEYRE R

FT NHC e (3 I <5 Ja (A 4 R AE T BE AR e A0 2 U Jle I ke L 35 . DI IR @A S I AE
SARIBAR F 9G], IR R Bt 5 R UL EC HE0S F U AL, SEIL T 2 BEAG I KB SR AR EAL
B, EBMEAL I S A FL =90 F R R 6 (14 52 SUIB IR B ML [12], s HL T4 PER) NHC BeiAmT 225
BEABICHERE, i & 1 RSB W ARG RAT A . 2R RV R, AGEM TR
PUEIRIRY), 0T & 2 BREEBUBUR B R B (s . FUEE) B 20 T IRIFEA R AThREIEM R R AR
BAL G BOTRE TR ig e, BB E LI NHC I R 2% S IR AE R AL BRI RT A 5 1 S rh R B
A0SR R PEATE FE0E o AR MRS o 5 57 B s (e R AR S 2 P 18], s PR S B2 2, i F53E 1
Bl TSR A, SEIL T IF B A S I e B A AR 2R NAE IR AN R N2
BVR R R AT, HO Rt . GRS H TS ] BB AT RUF At W@ B e AT E R it 7
LS. 2022 4F, Qing-An Chen PRAERZI[14] 1 XHRIE T — PRSI R SRR £h 5 A3h 22 IR Stk
57 I IR RIS (1] 5 ), #id T BA ZE LA O IR ERT A o L ZTRAN 9B, IO
N, 772 A 98%, ee {H A 97%, [FIN IRAIR EVE ) o S M4 RAUER] 1 il id S 3k R s i
AL SN T I3 C-C ABIBAR R AR B B 2, FL 2 B 05 AL S 00E T % S B

0 R" 0 R
R { R< N
N N 7 7" Ni(cod)/5 N Ph
AN N T A
o” >N~ N 0~ "N" "N
| R | R h
R= H, CH3, -CH2C6H5, CH20CH3, (CH2)2CH3 ot

R' = CH3, CH2CH(CH3)2, CH206H5
R" =H, CH3, (CH;),CHz, CH,CgHs, (CH,),CH(CH3),

Figure 5. Structure of compound 5 and catalytic asymmetric heteroarylative cyclotelomerization of isoprene reaction
B 5. k&Y 5 NEMRERUERIFTER N

2022 4, Ming Joo Koh {f#IZH [15]438 T NHC i A5 35 6 FIRUA S AL I Mg B ide-1,3- 01 1,2-—
F5HEA SL(AN ] 6 FITR) o 120 38 Tk Aty KB A A S BB 1,2-BR AR R N, T bR AR R (] Ak . TE
TRAIRAEAL T, BRI 13- T iB I 5 = 05 Bl S A ML & Bk Es &, AT IX IR Rk 1,2- 05 5
R, W] ARG — R B EA = ek DU b 0 C-C B4, [FINEH R T — 25 BA AR B
NG -1,3- 0, B TEH HURIE R TEIRAIE = HURIG R 724, 3 8577 30N 70%~89%, [X ik
FEMER T 55T 91%. UERH T 7E NHC—Ni fEAGTIIAFIE N iz R Bk R GG R EHE, S8
DI PEME R 1,2- 295 BB, 48 AT = B0 O A S UL K H 22 Th RS AR T 4 AT A 1
&Y.
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R R - ,
J . R Ar

alk IM __Nilcod),/6 N Ar'! Ph Me Me Ph

4 . Ar'-Mm, Ar-oTf alkyl —

R R N N
N

M= MgBr, ZnCl AI’1 = CGH5, CGH4OCF3, CeH4Me Me Cr
A2 = 4-MeCgHq-, CeHs, CsHaMe, CeHsOMe, CoHaF Me Me Me
alkyl = "hexyl, Me, CH,Bn Ph 6 Ph

R=H,Me R'=H,Et R"=H, Me

Figure 6. Structure of compound 6 and catalytic Diarylation of aliphatic-1,3-Dienes reaction

E 6. (L&Y 6 SR A ENGEE SRR M

2023 4, Lionel Delaude VR @IZH[16]Rk1E T —Fh & # BB 0 R = ELAK Pd-PEPPSI 4554 7Ta~c fi
1. Mizoroki-Heck 1 C(sp?)-H 75 340 e N (Ui 7 FlTzn) o 5T 2K £ 0 55 FE IR ) Mizoroki-Heck v, 1
N AT, AE 100°C KR NBHR AT, A 7Ta~c HiEE N 1 mol%, DL K.COsfE AN, SLiuss
R R B T B B S BOE PE B sy, RE g 3RAS s IR A0 32 (44%~98%) ;% T 07 ZE IR AR A4
BN C(sp?)-H 5 AL, Ak S B 25 A, 1- FF - 2- e S 1) 5 AL G A R B0k 99%, 7= % 85%.
3,5- — F R R IEMET) Co 7 AL AL R ik 80%, 77 FK 69%. i FUEIT RS LA =R SR TE
%‘E, 7R T HCAR S AR R SRR 2 T MR R o BEOL T 8L B 5 s BRI i, R R &%

A A R R T BB,

\ A(O
¢ @ Pd-NHC-PEPPSI. 7a~c, K,CO, o/~ o N
\_ ¥ i-PrOH/H,0, 100°C, 3h =\ Ra :S:<
, I r-N_N-g
~y-? P @ Pd-NHC-PEPPSI. 7a~c, KOAc RN /= YEF-Y
\ D /,
X DMA, 120°C, 4h \ /™ N |
R "
R
Ny
X=C,0 R = H, -COMe, CHO, CH3;, OMe 7a:X=H,Y=|R=R'=Me,
Y=C,N R'=H, CHO 7T'a:X=Cl,Y=Cl,R=R =Me
Z=C,N R"=H, Me 7b:X=H,Y=Cl,R=R'=Me

7¢:X = H, Y = CI, R = CH,CH(CHs),

Figure 7. Structure of complexes 7a~c and catalytic arylation of heteroarenes reaction
7. 4L EH Ta~c NG REN T RN R E

2023 4, Nosheen Beig PRI [17]4RIE T TLARHT A MEME R S0 2 AR S A il AL 77 8a~e MEALIYT A3 Bk
SSL(UE] 8 Fr7R) o LA I MEME T E-Cu(1)2% 5 40(0.1 mol%) A fEAL T, R 2B, 1 i R (1) 56 R R 2 1D TR
AR T DUR e 17 3 25 BB I BRI R (W02 3 FIow) e BE4h, BETTREL, 7 NHC-Cu()#% &
% Ba~e fAIEMIMHIL T, HIEE LS Culiyiefr, MIGBEEWEERE 1. LU IE A LA L A 17 L

T, BEVPPIEHIPRIZ G, E B RBEREAR, SN AIR

\ 1 >—CuBr
M R t. 8a~e AR k
Ph—C=C—H + 0=C, + HN —8-%8%€ . p,_c=c-C-N
R R" MeCN, 160W R R" R)
R= 4-C|C5H4-, 4-N02C6H4- 8a:R = 06H5, R'=Ph 8b: R = CH206H5, R'=Me
R' = Et, -(CHy)s-, -(CH2),-, -O-(CHy)2- 8c: R = 4-NO,CgHy-, R' = 2,3-Me, 8d: R = 4-NO,CgHy, R' = Ph
R" = Et, -(CH5)5-, -(CH3)-, -O-(CH>),- 8e: R = 4-FCgHs-, R' = 2,3-Me,

Figure 8. Structure of complexes 8a~e and catalytic A3 reaction of phenylacetylene with a secondary amine and aldehyde
reaction

8. L&Y Ba~e HILEHI R HLIEML ASIBEXR Y
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Table 3. Cu(l)-NHC catalytic A3 coupling reaction
& 3. Cu(l)-NHC #1¢, A3 8B R K

B A TEALF) A3 MBI 2 (%) AL 2R (%)
SEIK LM BH 8e 82~91 82~91
SRR KA e A BH 8a. 8d 84~96 84~96

2024 £, Zheng Huang i RZH [18]43E T — 2 41(PCCanc) ItHX (X = Br 8 1) T4k 4 44 9a~c AL 1
C-H iE (i 9 FroR). [EIRALERBT TR, (PCCane)lr 1EFINEJG T B M AL ARG YR (PCChikc) Ir-
HMe(CO) i Ay ot Fi B2 H B 55 B . LA EtOH iy H-3 406 — e ke idb 47 i sk Btk & s N,
AL TR 25 M (PCCc) Ir (k) #5259 (PCChinc) ItHMe(CO) I, 52 87 31K 1 €0 M 25 €0 A8 i i, B
SN C L TR, R I VAR K s T DA e Rk 3R A5 (2)-1,2- R BRI R, i AR R B T2 R B e T 2
SR AL TR S 5 S48 (1 (CatSICC) S WS Sy — e I (R IR e AL S A s RO B 1 07 %80 oo
SRI R 2 S ROE B EE WU R NGBS R, WA TR A Z b () B St T R

cat. 9a~c, NaO'Bu E=N 9a: R=Me, X=I
EtOH, 75°C, 1h alkyl alkyl 0

NN - R= -
) ) 9b: R=Bn, X=Br
BUth’?Ir"J\N\ 9c: R=Pr, X=I

X R

alkyl alkyl

alkyl = Et, 'Bu, "Pr, Cy

Figure 9. Structure of complexes 9a~c and catalytic cis-selective semihydrogenation reaction
E 9. {LE4D 9a~c BVEEH R HAR LI E M SR B

2.3. HATEYRER

2024 4£, Liu-Zhu Gong BRFZH[19]#R1E T Pd-BIAN-NHC & %1k 33 AL 75 F itk 10 5411
Buchwald-Hartwig 22 SUHEE S (W1E] 10 FroR). i EATIZE AL S B i R B s v, AR Ak S v 2% A
120°C, CH:OK 7E A6, 0.5 mol% [Pd(BIAN-Pr)(u-CNCI] fE AL, F5 R4k J5 3 &AL 5 e AE
RN 8 /NI, RIS R 98%. [N HEE [ NI JEAVE L, 12 PR A TR o 5 A T AR R U R P 1) J
MAEATEER . B SARFERE A ki), HRER . RIS B LAY R A BRI, T
G 1,3-X0(2,6- 57 P FE L) K m-2- WP FE e A& . [PA(BIAN-Pr)(u-CI)CI]2 J2& H B SCHR IR IE B L s S
Pd(I1)-NHC T4, FEXEVERIA S AT T ERRE PO iEAL, W TR (& A A 2459 )5 A o R 1414

R2

e X H [P(BIAN-Pr)(u-Cl)Cl],. 11, CH30K =\ D'pp Q
T N S PN Dipp CI Pd~< '

R2 R3 toluene, 120°C, 8h R N

10: X =Br. Cl R1 H, 4-Me, 4-OMe, 3-OMe, 4-CN, 4-Ac, 4-CF3 U >——Pd—CI Dlpp 0
= CHy;Me, CH,Ph, Me, 4-MeCgHg, 4-FCgHy D
R3= CH,Me, CH,Ph, Ph, 2-OMeCgHy iop’ 1: [Pd(BIAN -Pr)(u-CI)Cll,

Figure 10. Structure of complex 11 and catalytic Buchwald-Hartwig coupling reaction

10. k&4 11 94549 K E 4814 Buchwald-Hartwig {185 & 2

2022 4, Chun-Lin Zhang BR&ZH [20]4RE 1 —FhOG R B E U IA-R AT ASH 2R 12 ARSI AL (ke A4, 1]
BRI 5 RN AT A 38 AL I e IR AL S S (W) 11 FToR), 3RA3 C-C ABIRF=W) . MR R 4h
JETEET, AOUEH TS A FEBURIER 2T 1-2005E 25 FLEE L DU B A F U IR 44 55 &
Rl CRHEE, TE T e, EL APRTRO AR . SRR R e A B RE
(B BYHZ) (1 s AR e RN o= AT A8 A2 A AU L PR S A4 o 75 DAY SA B B S VR A e B 00 2644
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FAREIRBIE LAECE 2 S At - 2 R 07 A B AN fi] B ot 2k s (LD AT B 5 LB R A K
AR RS . BEAh, XA ITHEAN T EANED GBI SN R I SR .

o)
Pd(OAC),/12 o
N N —
RO 7 7 ® +alkyl=X 5 ED 36W, rt,
_ 1,4-dioxane

X=1,Br
R = H, OMe, Bu, Me, Ph, -OAc, F, CF3, CN, CHO, NO,
alkyl = TMS, Et, Cyclohexyl, -C(CH3)3, CF3, CgH4Br

Figure 11. Structure of compound 12 and catalytic alkylacylation of alkenes reaction
11. L&Y 12 S R E U E IR R 2 B L &

2022 4F, Tejraj M. Aminabhavi PR @IZH [21]4k1E T —Fh2E T 2RIk R NHC—Pd 4554 13 AL IR
FEUEE ORI EME | AN ] N-EUAC IR R R ) i S S8 A AR B s B (A (] 12 FiTzR),  BAREE C-C . SIBRiF B
7 0.5 mol% R A& R, AL IERE 0 B3, X — R A W T AL B BRI ) o e
KUEWEA ZHRIEHYE, RS S =3 MR R IR T —Fh B B - BRI -
BT FITEMAET TN EBAT IR, B R ReRI, NE RS E SRS
(A BLAT T3 AR T 3907 A JE B R SR

N O —
i N X !
3 __cat13 \ ;@: >—Pd-N
©:X>_H DMSO, 110°C ©:X>—<\Nj© N

R

O,S N
H, CH206H4C| CH20H(CH3)2 ”hexyl C- CgH5-CH2-

Figure 12. Structure of complex 13 and catalytic dehydrogenative oxidative homo-coupling reaction

12. L&Y 13 MER R RN S ENHBER X

2022 4, Dongju Zhang AL [22] & RARGE T &R R = AT RSA £ 14, XUMEL K MAD 3 [F1E i
At 528 Z @R C-H B3tk S S (0 13 FaR). FEiZ AR Ak A 28 v % R AR 1R 26 2006 R e
FLF5 BAT S PP AR IR Z2 R (2K 2075 AL 35 0] FAE A7 - MAD 1958 52 5 BT 14 R 2 [ 255w A A7 e S 75
Bl i PR BA s T BRI B R A X e B, 2R A A 5 I ) e A 32 rimni 98.5:1.5, [X ik
PERIA 98:2. @i DFT tHERIL, NHC 754 B I SR 205 BB o - HEB AR, 1202 SLB ) IR L

P, TR PR S MV BE A OB, JE DA B A e A C-H %@E’J{ﬁ%%ﬂﬁ%élﬂc, REWS &5 R AT
TROGRPERE . BEMESE IR

H R"
. . R MAD, Ni(cod),114,_
N cyclohexane, 50°C R
N

y

R

K

npy N i %/ +
H, Me, Et, "Pr, "Hex, CH(CH3),, '‘Bu, Bn

H, OMe, O'Bu, Ph, NMe,, Pyrrolidone, Pyrrolyl
M

R
R
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Figure 13. Structure of compound 14 and catalytic pyridyl C-H activation reaction
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Figure 14. Structure of compound 15 and catalytic enantioselective hydroarylation reaction
E 14. L&Y 15 SRR EELERENET SR K

2023 ¢, Chun-Lin Zhang BRARZH [24141E T %A FF R TR £ 16 FOMS FREE M 10 i — AR 1) Xk
fb B 5 RA bR BB C-H e b AR s I s B (0 Pl 15 FIToR) . LA Cs2CO3 Al THF N7, 1E
NI 24 h, DL 83%[I 7= FRTGER . M A AR RIKPIVEE V2, AE 2 B0 AN R B it g H
W, WEORSIENR I S . SR R OB, T E R CRR. AEIR R & 2 M EREE). = R/(F
MR AR B 75 B k) . RIS B 2 A EUR) R BIE A, TER T2 R S R e A
ERE, VIR E A AR T T S

N 9 Pd(OAc),/16
z | H ., Ber ‘Bu-Xantphos
N Ph THF, 24h, r.t.

o]

P Brx R' Pd(OAc),/16 'Bu-Xantphos
> + .
Ar H R R" THF, 24h, r.t.

Ar = Quinolyl, Quinoxalinyl, Thiazolyl, 4-Chloropyridine
R =H, Me

R'=H, Me, Et, CH,Ph, CH(OMe),, CgH4CN

R" = H, Cyclohexyl, THP, Me, CH,COOR-

Figure 15. Structure of compound 16 and catalytic C-H alkylation and diacylation reaction
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Figure 16. Structure of complex 17 and catalytic vinylation reaction
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Figure 17. Structure of compounds 18~19 and catalytic ketones from aldehydes via alkyl C(sp3)-H functionalization
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