BRFRE /T SRV AR F IR F[a] C-H FE
BRIKF KRB, L
1. BRI A TSR 2R, BRI W/RET 150080;
2. BIILAE SRS BRI TR S HORE G skie s, BAILE W/KIET 150080
(New Journal of Chemistry 2019.05.21)
) IR F AR

HOCHRHE:  DURIFIRMEA S E, DL 2- (4-HEIRIGE-1-08) 2R RIRIE, JFR T BRI 2 75
KRB RE T %8, W27 0T AT (83 LA R 4P 077 F 300G — RAT ERTIEAT AN . SRR
HIREL 2- (4-FRIEIRIE-1-08) LN RUEACRIE,  HTFIKIE 3 (R DG 95 56/ 28 7 261 C (sp2) -H ik
R T 20 F 2- CTH-ZRIF[dIBKME-2-58) J7 RS RGP, Hdf 19 MovBib . 4k, @i
SAFH AN W) 2- (IH-ZRIF[d]BRIE-2-38) R 78 3) JJERbs ™ R & B T PR TTH-5F
[4,5]0KPE[2,1-a] 05| Bk 11-F - (74 5a).

FXHEE: A new protocol for Cu(OAc),-mediated cyanation of the arenes using benzimidazole as directing
group with 2-(4-methylpiperazin-1-yl)acetonitrile as the cyano source was developed. A series of cyano
derivatives were facilely and conveniently obtained in moderate to good yields by using this method. The C-H
activation catalytic system was originally applied to the C(sp?)-H cyanation of the aryl/heteroaryl to synthesize
2-(1H-benzo[d]imidazol-2-yl)aryl nitriles. There were 19 new compounds in the synthesized 20 cyanide products.
In this reaction, 2-(4-methylpiperazin-1-yl)acetonitrile as cyano source was originally employed to the C(sp®)-H
cyanation of the arenes. In addition, a fluorescent material 5a was obtained by derivative reactions of the obtained

cyanide product 3.

REEE.  HEEL CHIELL; ZEIFBRME; BERREA; 2- (4-FEEIREE-1-3) ZfE

EF I FID0 (1968-), 55, BEILM/RIEN, Bz, WitASm, EENFEAPE K.



2~ 75 H— LH- 2R 3 [d ] Wk A1 Ay 5B (1 45 My BT 2 AFAE T 9006 bkl . BRMRIEE 25+, ™
REEEGIN 2-77 3 LA 281 [d] DKM 97 3L TR A 2 (LA-4F [d]KME-2-38 ) 55 BEfig ]
DLE MR (B 1), “itkdh, ST LA I B R B 1 348 oA S A ALk
B R 2 F R L RIR [T IR, FURS S ARG AE — L SOER kL BURERIZG 4 (1)

DRk E AP
(e gL

the treatment of pain

Z
Z

mPGES-1 inhibitors and inflammation
(0]
XN N of
R D 3 cl
ST oA
Ph Cl
0 o o &
Lightfast pigments for Fluorescent materials

resins and coating
K1 ARERIER 2- (IH-2RJF [d]kme-2-38) J7 360 K AT

W, 2- (LAZRIFLdImkme—2—08) J5REIE & i@l 1, 2- “E AR S 2- ML i
5 2-FIEIE RGBT . IR LR A — S PR, 50 el T 5 B L LAIRAS
MARA, #EZI SN 2E5 . DRIk, T4 — i 1R ) B T VR R AR R . R )
JUAEH, s G ) AR B A I S R AL C-H FURAL N E M TR 2 C-ON . Pk
8 C-H B LT 5 75 A P B SR U SR A &, langT ke BAR e AL . A
SN R (1 3o 5 4 B R A5 A0 I R A A U B S R AT AT A 70, 9 BB 4Rl T i
C—H B2 B REAL AR AL R B S R . ilTn, 7E 2016 4F, Venugopal ""#ii& 7 Cu (I1) / HAP
AL 22 E I EUL (18 2(a) ). i, Liang " HRAE 7 S ERAR AL I 55 FEM R UL 5
DMEDA / DMF / H.0 & &, CsCNAENFIEYR (B 2(b) ). X EL4RE AL 2 A 8w AL 1G4,
7E C-H FAL I B BA BT P i

C-H B Re 5T K H 3 M R B Re A 5l AT TR AL E . Hodr, S A3 i mkme, it
i A g P UAIE W C-H I A 7 i B Ak 51 S5 (DGs) . T 2-95 56 1H-2K 3 [d]
KR C-H Ak, 2R FF keI [ th v A S 10 3L [ DA A K 2- (TH-ZR I [d]-mkme-2-38) 553
fi. FIRFRBEFEFNEREE, LA RFEHOTEIE R TR NacN P
CuCNM.  Zn(CN),!"™! 1 K [Fe(CN)o] UO4%, 3EIFR T AE “CN” KIGEFEIE, ey
DMF!'7, FRFER NH,F'S! | NH,HCO; #1 DMSO™, 3540k, SEFRE KA ML RIS 5] 7
JZEAE, I N-FUE-N-ZE -0 B 2R e (NCTS) P (8% — 7 T IS (AIBN), TMSCNIL,
t-BuONO P = HI3Epy — 5 P4 1 BnCNPM&%, BAREALTITR T & MAEHLEIERA, H
XU I NAE B A 2 T AL TR D B B AT S, K2 HURAGTR S AR R, OB AR tAR
B, R, R TA s 5655 08T i RN SE I R i, e e d il A G 7 B 5 TR A5
EFEER SR C-H U4k, RIEHFHEM . 76 2018 4F, L. Wang PR T AR %
VENFALH, B 2,4,6-=5&-1,3,5- =1 (TCT) i L 2RI T A MR AR AL SR (B 2(c) ).
To 4 B FAFRA T VE M T EAFAE . 2017 45, BATRI/NIRE T Cu(TFA), 1L C-H Fiik
e, T 255 ST R A S S R IR AN P G B S B (B 23d))s

B, BANRBE RN T AL S 2S00 C-H BB P¥, e pbdtnt B, 3147
VAR BRI (O ARV AL, S 2-95 - 1H-ZE R [dK M B 3 C-H B URAL . AR



PRI RS, AR, SRRRERREE TX %K. RATIFKT Cu(OAc), it
TR IR G ) R TR SR, ] 2- (4-FRIENRIGR-1-25) SN EFEA A& R 2- (1H-
HIF[dIKME-2-38) FFIEFERUEY) (B 2(e) Do AJFRHH] A1 EUL ) R o 2 0 B W Ak
B, 2- (4-WIRLIRER-1-JE) L5 REAR R ERN . (EAERRZ, % C-H MHINEE X
F T 2R IR T 1] (1) 5 K2 1) C (sp2) -H BN

Venugopal's work

NH4HCO; (1.5 mmol)
o Cu(Il)HAP

X \
@ R4 N+ § . - R/ \/
H N/ 3 0,, 140°C, 18 h CN
CH; (2mL)
Liang's work
H)2 Cul (1 mg) CN
DMEDA (2 uL)
(b) + CsCN
DMF/H,0 (3:1) 200 uL
150° i
OMe 50 °C, 5 min OMe
Wang's work
@\ NiBr, (10 mol%)
(© 0 dcype (20 mol%) CN
NTXN . oﬁ Zn (60 mol%)
®\0/H\N/)\O/® K/NVCN K3POy dioxane

130 °C, 24h
Our work

NiBr; (10 mol%)
() (0] (0] dcype (20 mol%)
N + Zn (60 mol%)
N
\ N H O ey K3POy4,dioxane
Z (R 130 °C, 24h
Our design of direct cyanation

N \N/\ u(OAc),
) o (L %{ )
C[H K/N\/CN DMF, 130°C, 6 h

Air [O5]
E 2. C-HESHRNKRE

S b

[F1%5H 6mL DMF (17545 [Bl A B I R SO I SR 1 (0.4mmol), LR
7 2a (2- (4-FIRLIRIEE-1-3) Zf5) (0.6mmol), ## K5PO, (0.8mmol) LT Cu(OAc),
(0.48mmoD), 7EZSH 130°C NI 6 /NN 4535 A ) S TN 40mL 7K, 48
LSRR =K, HIHAHU, (KRR TEa A, g, EMERAERIEE A, fFH
1:3 LR CBE R BEGE L, 2T 8, RENRE AR AR 2- (IH-ZRFE[d]mRme-2-25) J5 5
NERAAEY 20 Fle H BT

N - Cu{OAC), N NG

5 . N KsPO4 e
Ry | IR B g Ry

N v L_N_cN DMF, 130°C, 6 h Z =N

R, Rz Ry Ry Rz Rs

1 2a



GRS

—. LR R A I

TG, DA 2-OREEIRIF[AIRME (1a) NRBJEY),  Cu(OAc), NfEALF, 2- (4-FIFEIRIG
15 2l a) NFREAEGHIE P AW (DMAc) H1 130°C RHE 6 /NEF. =%
5&, R 3a PL T3% P2 R85 (R 1, 268 Do IR, AT T RRM%

frrgitl, SR 1.
x 1 MUREES"

N Catalysi

N + "CN"Source —__———— ———*>

N solvent, Temp. Time
H

2
s e CGa Cla
2a 2b 2c 2d
Entry “CN” mediated Solvent Base T Yielf
source (°C) (%)

1 2a Cu(OAc), DMAc K3PO, 130 73

2 2b Cu(OAc), DMAc K3PO, 130 25

3 2¢ Cu(OAc), DMAc K3PO, 130 36
4 2d Cu(OAc), DMAc K3PO, 130 42

5 2a Cu(TFA), DMAc K3PO, 130 46

6 2a Cu(NOs), DMAc K3PO, 130 0

7 2a CuCl DMAc K3PO, 130 15

8 2a Cul DMAc K3PO, 130 12

9 2a - DMAc K3PO, 130 0
10 2a Cu(OAc), DMF K;PO, 130 82,79°,80¢
11 2a Cu(OAc), DCE K3PO, 130 0
12 2a Cu(OAc), DMSO K3PO, 130 46
13 2a Cu(OAc), THF K3PO, 130 0
14 2a Cu(OAc), Dioxane K3PO, 130 0
15 2a Cu(OAc), DMF K,CO;4 130 37
16 2a Cu(OAc), DMF KHCO; 130 5
17 2a Cu(OAc), DMF Cs,CO;4 130 20
18 2a Cu(OAc), DMF -- 130 0
19 2a Cu(OAc), DMF K3PO, 120 69
20 2a Cu(OAc), DMF K3PO, 140 81
21 2a Cu(OAc), DMF K;PO, reflux 77
22 2a Cu(OAc), DMF K3PO, 130 75, 82°

* N4 1a (0.4mmol), 2a (0.6mmol), B (0.8mmol), {HALFT] (0.48mmol) FIVEF] (6mL) FEFS
g DRHSCTEEE CRRL S NN R TN SHEALF] (0.4mmol); THEALTF (0.56mmol).

i 2- (ZCEZAE 4fF (2b), 2-Mkigke-1-JE 4 (2¢) Al 2-URIE-1-FE 4 ffF (2dD,
B3 AL 25%, 36%F1 42% 133 7A=Y (R 1, % H 2-4). H Cu(TFA), A&
Cu(OAC), fE AT, P23 N 46% (3R 1, 4 H 50 2R, MERBIIR N &M T, Cu(NOs),
KA B TR FAT=Y) 3a GR 1, H 6). fERMEMFINE (D # (CuClF Cul) A2



BE15%M 12% 19723 (R 1, %H 7-8), RAMNEA AT AR ML (K1, %H
9). IR IAEFIIHEIE, KINN-"HIEFE A (DMF) 1L H 82% 725, N R (&
1, 6H 1 A110-14). il K,CO5;. KHCO; fil Cs,CO3 18# K3PO, 1E Bl 545 4 Nl 1
iR GR 1, ZH L1517 WAHTHIRBIIAN, Z2EABMEB=N (R 1, %H 18),
DRAT T AR A AL B B s 2 e S 2L . SR OBAR R L Ass, R B 130°C IRk
AR T HABIEE, 77 82% (K 1, 26H 10 A1 19-21). HRIEA[F SR a) i e, R
6 /N R B AR BT [E],  FE HR SIS AN IE KA N A (BB 1, 26 H 100, 4L AIES
FRE M B0 B 1.0 MER, RS2 RMEE 2 FEIG SmE] 1.4 L8R, RN RM%
FHA (R 1, 2H 10 f122). Ft, 1.2 & Cu(OAc), & iEN . Fitk, C-H F R H
AR Cu(OAc), TE NI, 2- (4-HIFEEIREE-1-J5) ZE1E AR, KsPO4 1E N
#£ DMF 1 130°C 2 ¥ 6h.

= BlRNRYR R

R SN2, AR ETE AR, SKIRa R W& 2.
2. fAfEL C-H BB UHNRARE

NC
Cu(OAc), N
! O g~
CN DMF, 130°C, 6 h N
R, R Ry Ry Ry
1 2a 3 -
3a 82% 3b, 71% ) 3¢, 66% M 3d, 74%
NG
N N
OO Cc“»@ X \FQ O
N N N
H 3, 78% A 31 80% H3glf|% " H 3n75%%)
N NG NC NC NG
CyQ D D o
N
Hogr H oo N F
31, 78% 3), Trace 3k, 57% 31, 69%
3|n 0% “In. 0% .
30 0% 3p B6%
NG
N\
Cr @ @c@w @@
H
s 5% O 3r Tme 3v, 85% 3,91%
o g o g CL CE ¥
H 3w gan 3v, B5% 3w, 83% 3x. 87%
) @ . NG | NC
@EH} Cr CLr GO
non il H H
Iy, 55% 3z, Trace 324, Trace 32y, 0%
NC NC. NC
O O OO
N
CL, g \_/
323, 25% 3z, Trace 3z, T6% -

*RPEAF: 1 (0.4mmol), 2a (0.6mmol), K;PO, (0.8mmol) 1 Cu(OAc), (0.48mmol) ] DMF (6mL)
W, EZSH, 130°C T RN 6 /M.



HARLAY) 3b F1 3¢ RN 71% 1 66%, (KT 3a. FIRERIE A2 NH 78 _ERHUR
Rl TRV HA R AR A, SRS R I 4 B AL R RIAE — e REFE R 2RI B
W B LA, AR 3d-30 (177 A A L AR L RE IS NI FE AR, H 2 3m-30
T Z AR (TLC) KA &A% HF3EH] (-N(CH3),, -OH, -OCH3, -CHj, -Ph, -PhF,)
W, BEELGHETREIRIGEMN, oY 3p-3w BRI, SRKY, BRI ina R T
RN WeAh, I Cy BRI (3d-3f, 3t F1 3p) MIFIEL RN EAFT C3 BURE (3g-3i,
3u f3q) Al C BUARIE (3j-31, 30 Al 3r), X3 HHZS B ALBENT SN A IR Ks2m . Ho H brr=
Yy (3§-3D W= 2R A X2 25 5 B BN B, RIS BR T F=4 0k, FRA11520 T i i =4
3a, B X ZEES AN, 3a M= EG N, RTE C-H AL R B A AELESEAZ B AE A
RIS o CAZE ARG SR MR, TEZ N 20 F A3 BAsr=4, R4 TLC mTLA
K 3z F1 3z1 (2R, (HEREATRA AT . ZRKIF LASRIE 72 H] (-CF3) %A 3k
3 EFRF=) 3220 OUE TR R A1, 2-2RFE IR R RERRRN 2-7 L e 15 30 A0 B 1K 724 323 F 325,
FEERAY RN 25% 1 76%, SR 2- 2K FEIR FEMER A SR AL IR 5 KT AH L= 4 3240 b il FIAZ 5 2%
AT T B4 3a LAAMPIESRAG T 19 FloBr AL =40

=, R NKIN A

AT R RS, BATE IR TA Bk (5a) PO (B 3). %%, I KOH
(4ND JKAEF=) 3a, 133 13%ICRM 2- (TH-ZEH[d] -kme-2-38) ZKHIR (4a), RJGTE
Ac,O PRI N & BRI B Sa, 77305 68%. HLARTHIITIEAEL, 207k 1 & ot
A RE, AT ASR A 7 R A i

NC HOOC N
2
N 4N KOH N Ac,0
W _— » —_— N
reflux reflux
N N
H H 0
3a 4a 5a .

B 3. 2RI EL Sa (6 b B

V9. OSLATLEERF ) SE 5

TSR BRI LI, RATEAT T e RS (B 4). YR RS RE AR
F CuCN 8% Cu(OAc), 1 2a I, 3a FI/=Z2fER (B4, TTHE-D. 248 RERINA
sl CuCN AR HEAT . 24 2.0 2811 2,2,6,6-V1 FFEIRIE S LY (TEMPO) T e Mk,
SN DURREEAT (B 4, T7HE-2), XRARNA R B HEER NS b, % e
N, “UR P A REAR G 4T, X R WIZd A2 — e R OB T2 (1) O, IR (B 4,
TRE-3). BbAh, BURIEH-FRON sz b (5% 3, THE-4), RINEEERNIRY), 5
FI a4 N L 13:80 FIELBIFR ML 3d F1 3t, XKL HFIRPBI R IZRNE R TH. T
Ky TGN (B 4, J7FE-5), B RMNVEAGER A 5 /N, B2 76%(H)
3a, fEEUR TR 82%M 3a. MNETAA 6 /N, 7EZSFIASUR N33 82%M1 3a.
DRI, R AT AE 2 SRR R AT .

Fiv RN

7E iR g FASCHRP P I nt b, BRAVEH T 5 PRI ATRENLEE. ¥ Je@id C-H
TEALFIEEY) 1a 5 Cu(OAc), BLAI AL Cu (ID Ak A, BEJ5EE S 2a BRI CNHIB
B YRS AY B 5 BB Cu(OAc), BiAb I, thiE{k B 4R 5 4 E ALk CuIID
HEAR Co frfaIalA C BEATIE R BRI 4774 3a Ml CuOAc, A SH O L AT



Cu(OAc),, TERIEEANMENTEI,

NC.
N — N
@[ \ +  CuCN DMF, 130°C. 6 h @: \>_©
i N
H

3a, Trace

N ~n standard condition
b * /\j
@ k’N CN TTEMPO (2 equiv) C[:

Ja, 80%

NG

1d (0.2 mmol) + CN standard conditions u

@cf’@ Srev s

1t (0.2 mmol) 3d, 13%; 3t, 80%

NC
™~ standard condition
N\ + N /\1 E—— N\ eg-5
H Lv N *-./’C N N
H

3a
0 Air
Time {5h) 3a: 82% 3a: 76%
Time (6h) Ja 82% 3al 82%

B 4. S RAHLEERTTE

™~ standard condition
N\ + N ,\j -— " N\ eq-3
l\/NvCN M2
H

3a, 12%

1
[Aif] O, a
>/, Cu(DAC);
3a CuOAc HOAc
w0 D
~N SN
E‘:um eul
NC OAc OAc
c A
VYt K;PO.,
HN’Q CI\F)+ —N  +N= [ j
A
Cu(OAc), =N
Ayl CN
‘CN 2a
B

Bl 5. JEHL 3a AT RENLAI



AR 2RI K 3 ) RE T R 1 — R (S A IR A 3 I BT 12 C (spy) -H
SEAC SN TG o SRR 2-97 5/ 28 07 JE- TH-SR IR [d KON IR, LR S5 28 RIFIIP R 5
J Tk 20 FAH NI DT 3/ 205 RIS AT AN, ok 19 ML G . ERERIE, 2- (4-
FIJEIRIR-1-55) s HAEF IR C (sp2) -H IEEALIEEEIE . S 4MEH Bisfe &4
3a EONNERL, IR AL 2D & R E R DM KL 5a.
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