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Copper(ID) and Cobalt(l) Complexes with Arene-Linked Pyrazolyl Methane:
Syntheses, Structures and Mimicking Catalytic Activity in Brominating Reaction
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Abstract: Two complexes [Cu (L))Cl,] -0.5C,HsOH (1) and Co (L))CL, (2) (L,=1,4-bis ((1H-pyrazol-1-yl)methyl)
benzene) were designed and synthesized in the anhydrous ethanol system. The spectrum and structural
characters of the two complexes were analyzed by elemental analysis, IR spectrum, thermogravimetric analysis,
powder X-ray diffraction and single crystal X-ray diffraction analysis. The structural analysis shows that the
coordination numbers of metal in complexes 1 and 2 are five and four to form square pyramidal and distorted
tetrahedron geometry, respectively, and ligand L, is in bidentate coordination mode. In addition, complexes 1 and

2 had the mimic catalytic activity during brominating reaction process. CCDC: 1032364, 1; 1032365, 2.
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TH (R G T BL I BE A 9 10 05 25 A Ak R A TG P B 5T
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P 45 WU AE A7 A AL IRAG Bl 0 2% USRI 9T | AR S0
FH 1, 4- 80 (bt s FRY S 288 (1) A B AR, 45 18 2 o (9 1
A W[Cu(L)CL,]-0.5C,HOH (1)F Co(L,)CL, (2), 31
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1 SEBEHES

1.1 {EEMIRF

Bruker AXS SMART APEX II CCD #! X 5 £kt
i AT 914 ;B rukerAdvanceD8 8 X 5 26 Ky K A1 4t
X ;JASCO FT/IR-480 ! {fi HL A% 6 21 4 S 3 A (H
A JASCO A ), KBr JE K, #2500 200~4 000 cm™;
PE 2400CHN #ICZ 73 Hr 4L (L [E PE 28 A]); Perkin
Elmer Diamond TG/DTA I #443 #7114 ; UV-1000 %Y B4
FEHEE AN AT WA S E BT X5 S AR A A (T
FEFE ] 0~320 °C, b3t 28 s A AR A BR A 1)) IR R R
Tolk g X —H 28 S A ALER memk DMSO Bk &
BE  CuCly+2H,0 ,CoCly-6H,0 A M 21 VR AL4R  30%
HEAR . BERE AR SN Rk Al
BC A 1, 4- 80 (ki B J56) 28 (L)) 1 G 1L 2 2% SCRUSIY 7
2.
1.2 BREMHEK

Bt 5 ¥ [Cu(Ly)CLy] -0.5C,H;OH (1) HY & B ;T
& 1,(0.011 7 g,0.05 mmol)Fl CuCl,-2H,0(0.017 0 g,
0.1 mmol)iF T 15 mL /K LB =R M+E 3 h )5
153 B ¢ AW, IR A W A% 2 ARR SO A L 7E 80
CHA T I 48 h, R HIG T UEAS W I 4 (IR TR,
Hi T HE 6 d R EaMmIk, FRE 0.0137 g,/"
. 70%(VABCAA Ry HEETHIE)  m.p. :218.1~219.7 C.,
JCE AT (C1sHN,00sCLCu) I 52 1H(%) . C,45.35; H,
4.27;N,14.28 ; it 8 (%) . C,45.52;H,4.33;N, 14.16,

BLE Y Co(Ly)Cl, (2)19 4 B . ¥ B 4K 1,(0.012 0
2,0.05 mmol) Al CoCl,+-6H,0(0.012 1 g,0.05 mmol)¥#
T 15 mL K Sl IR 3 h 53 EIR A 0
VW, KR A A% AR R g8t 7E 80 CA&RME T
[\ 24 h, 15 28 O FRE 0.015 6 g, 7% 85%
(LA B R O 3 1 F 5 mep.: >300 °C, JC &K 4 #r
(CyH N, CLCo) M 5 K (%) : C,45.26 ;H,3.54;N,15.09;

(A (%) C,45.68;H,3.83;N,15.22,

L & 9 [Cu(L,)CLy), (3)i L SCRRMy vk il &, FF
Be & 1.,(0.023 8 g,0.1 mmol) Al CuCl,-2H,0 (0.017 0
2,0.1 mmol)i& T 15 mL Jo/K S B i+ 3 h
JE B E SR, FRE 0.0136 g, % 73%((LARLR
S FEUWETHIR)  JCE T (C L H LN, CLCu) I E fH (%) < C.,
45.03;H,3.85;N,14.96; FL i {H(%) . C,45.11;H,3.79;
N,15.03,
1.3 X-S&uRERlE

PEHER /N R 0.48 mmx0.35 mmx0.16 mm Y Fic
A1 M 046 mmx0.32 mmx0.15 mm KL &4 2
W) fl A, 7E Bruker Smart APEX I CCD A! X 44k
AT ) F 296 K FEH & A S
Mo Ka 435 (A=0.071 073 nm), Lk @-w 34 77 KL
AT HTECE AW 1 LU B 4 922 AT AL B
R ST AT A3 545 iR A 3 066 A (I>20 (D) T
SERRNT B G 2 JLIAE R 4 842 AT HT A Horp
ST A3 251 A, 5 AL 2 306 (1520 (1) FH T4
FASET , AT 5o B RHE 28 Lp NP AGIE | A AR 28548 Fh
HEEM, ModE AR 7R SR 2EE
Fourier & P Bl 22 5 X FE A 3E SR T A b AT 4%
] S M IR B DR AT e M R I RE B I TR
SR T AR bR S N SRR T, A T T
Pentium(ll) PC 15 #L L i F§ SHELX-97 F# Jy o174k
HOEAY 1M 2 WA S TR 1 R
KFEMIN TR 2, BAY 1 2 5454 Ko
18] 55 A9 A EAE A LA Diamond 3.2 2 7 1 1

CCDC:1032364,1;1032365,2,
14 FERERELRUHINERARTZ

DAFCR L, 5 & @R A& .
[Cu(L,)Cl,] -0.5C,H;OH (1), Co(Ly)Cl, (2) F1[Cu(L,)CL],
@) A EAF kAR B 2L B IR Y , 7R id A AL R
FEAE N S5 G150 B I8 TS M i 30 5 ) 7 S ) e
e 5 0 A A A Ak 70 i e ] 25 A A= s R 1 %) TR '
JE O W i B E R IR e AT L A 0 TR b
TEPE R 2T (R-H) PPk 0 5 B AT LR RN
Br+H,0,+R-H+H* — RBr+2H,0!"" i T A~ 1R fk
F AR B G 4% BRI 23 BT E A 400 A A TR AR T
S LA ) R A Ty ik 00 B SE SR 2T TR
T R E L EE TR R LR R R
ZENECE W R, TR AT M m i
BEHOIMAGE BRI 2T RGBT W R R 28 P
T U C A 0 RN 3 Sk S R AR R SR T
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Table 1 Crystal data and structure refinement for complexes 1 and 2
Complex 1 2
Empirical formula CisHpN.OpsCLCu CuHuNLLCo
Formula weight 395.77 368.12
Temperature / K 296(2) 296(2)
Crystal system Triclinic Monoclinic
Space group Pl P2,
a/nm 0.788 7(3) 0.803 6(3)
b/ nm 0.847 0(3) 1.109 9(4)
¢/ nm 1.273 2(5) 0.896 2(3)
01/ 93.907(6) 100.694(7)
V/nm? 0.824 2(6) 0.785 5(5)
A 2 2
D./ (g-cm™) 1.595 1.556
Absorption coefficient / mm™ 1.654 1.429
F(000) 404 374
Range of 6/ (°) 2.48~27.10 2.31~28.38
Reflections collected 4922 4 842
Independent reflections 3 545 3251
Observed reflections (/>20(1)) 3 066 2 306
Data / restraints / parameters 3545727218 3251/1/191
Goodness of fit on F? 1.051 0.987
Final R indices (I>20(1)) R=0.034 1, wR,=0.096 1 R=0.046 6, wR,=0.087 5
R indices (all data) R=0.040 5, wR»=0.100 6 R=0.078 9, wR»=0.099 7
(3p)uss (Ap)uin / (e+nm) 574, -282 734, =365
Flack 0.28(3)
F2 BEWIM2HEERRKOmFERC)
Table 2 Selected bond lengths (nm) and angles (°) of complexes 1 and 2
Complex 1
Cu(1)-N(3)#1 0.198 2(2) Cu(1)-N(1) 0.198 6(2) Cu(1)-Cl(2) 0.227 41(9)
Cu(1)-Cl(1)#2 0.232 98(9) Cu(1)-CI(1) 0.265 11(11)
N(3)#1-Cu(1)-N(1) 168.80(8) N(3)#1-Cu(1)-C1(2) 89.02(7) N(1)-Cu(1)-CI(2) 88.60(7)
N@3)#1-Cu(1)-CI(1)#2 89.57(7) N(1)-Cu(1)-CI(1)#2 91.34(7) Cl(2)-Cu(1)-CI(1)#2 172.36(3)
N(3)#1-Cu(1)-CI(1) 95.38(6) N(1)-Cu(1)-CI(1) 95.81(6) Cl(2)-Cu(1)-CI(1) 99.79(4)
CI(1)#2-Cu(1)-CI(1) 87.82(4)
Complex 2
Co(1)-N(1) 0.202 3(4) Co(1)-N(3)#3 0.203 4(4) Co(1)-CI(1) 0.225 14(17)
Co(1)-Cl(2) 0.224 79(15)
N(1)-Co(1)-N(3)#3 105.16(15) N(1)-Co(1)-C1(2) 116.07(12) N(3)#3-Co(1)-C1(2) 109.33(12)
N(1)-Co(1)-Cl(1) 108.51(13) N(@3)#1-Co(1)-Cl(1) 104.40(12) C1(2)-Co(1)-CI(1) 112.49(6)

Symmetry code: #1: —x+1, —y, —z+1; #2: —x+1, —y, —z; #3: —x+1, y+1/2, —2+1

il 2 50 G 5 K HECE 78 30 cclE KA | 2
TR 2 NS5 . (1) F S & 90 195 W43 %ﬁmA

Y 1~3 WU, H UV-1000 4 BA5GH 4R Ah/m] I 43
HeHEE T P K 350~650 nm Y2 F N & FE 5 min
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il — UK, 15 30 V8 W JEE DR A Ak ) il 2 AR i
LT AE W 4 443 nm FITR 0 105 AR5 0F 082 00 3%
K 592 nm Ab WK BE A AR Ak e W s R A &R R
25 (2) R C A 90 1 TR 2 50 K TR e B A T B
1~3 M3, FH UV-1000 B G A S A0/ 0T W43
FETHTE R 592 nm 2R 5 min 9 — K, 743
VoS TR ' s T AR Ak 2R K 3 R A TR —
VA R VA TR 14D W Y R i ST i) 725 A 1 iy £ 22 ) A D
b P[] — B IR] PN 3 A B 6 9 VS T I W Y B BT
Sy ML 0 0 A AR TR AR BN 305 1

2 HR5WR

2.1 EEEUHERRMER

BG4 1 F0 2 #RAETE 80 CTF LA JC/K S R s
FE T AR TES R BAY 1 RESR TR
N H SRR AR R, MRS 2 2&7E 80 ¢l
AR BRI A 1 M 2 B 5% T DMF
H DMSO, 1% T H B CEEFK , BG4 1 F 2 38
Ry R X SR AT 5 (PXRD) 23 BT LAl A L & 4 B
(I RE S 50 I A5 1 06 57 5 TIC 5 A4 1 e 37 2 —
5 1) (Supporting Information Fig.S1~2), 3 W L 5 ¥
B2 Al
22 EEVHBRESEHSH

Bi A 1 [Cu(L,)CL]0.5C,H;OH (1))@ T =&HH &,
P1 A TRE, N 1 Fos , AL T CuE 5
BCAR L, 2 4 N s (NL,N3#1) 3 &+
(CI1,CI12,C11#2)(Symmetry code:#1:-x+1,-y,—z+1;
#2: —w+1, —y, —z) JE BUHL h 09 DY A R EC A7 f R
(CuN,Cly), H ' Cu-N fil Cu-Cl £ 1 [l 5 51 J2
0.198 2(32)~0.198 6(2) nm Fl 0227 41(9)~0.265 11(11)
nm, N-Cu-N 5“4 168.80(8)°,N-Cu-Cl 5 ffi Ui il /&
88.60(7)°~95.81(6)° , C1-Cu-C1 # ff1 315 [Fl J& 87.82(4)°~
172.36(3)°, FEEH 2 4~ Cu 5+ (Cu, Cu#l)i# i 2 4~
Ly FEAR 73 51 R F 5 BRI 2R OB 8 1 4> “H”
TR AR TT, HP Cu--- Cuf#l Z I8 WY HE B2
0.948 08(36) nm, [A] —ECHA L, Hr iy 2 A nikmg B 5 2%
R Z 8]0 1 £ 4390 81.34(0.10)°F1 89.91(0.09)°,
2 ML mE BR 22 R (1 A R 29.76(0.18)°, AHSER I 2
A H IR G5 BT ) 2 M SR (CLL, CL1#2)
B IE B — % B FIE W — R 50 b Cu
- Cu#2 Z [ EE 2 /& 0.359 53(13) nm FL 5 1 5
TR P SFE M TE B A [ Cu(Ly)CLy), (3)EA AHARLTY
SRR HE R T EAITMEALEON F S ZBCE AT

T AN ] B T2 A4 80 K — AEBEARZ5 40 . TE5 9 3 vk
Oa R CulE B 4, T8 RCAHL il 7Y T R 7Y
FCA A AL Gl ECAR L M HIE R — A5l 4T Y — 4
i,

l

Hydrogen atoms are omitted for clarity; Symmetry code: #1: —x+1,
-y, —z+1; #2: —x+1, -y, ==
1 A 1 ol e AL 3R I5E K — 4 AR 25 4
Fig.1 Local coordination environment of the Co(Il) atom
in the complex 1 and a view of a chain structure

of the complex 1

BL G Co(L)CL(2) J& T HRl S &, P2, 25 M HF
ERAXFREITZEH 14 Co)FE T 14 L, BLiAFI
24 CLEFAIRL, 048 Coll)+ 52k F Rk
L, 12 MAJE T (N1 N3#3, Symmetry code:#3; —x+
1,y +1/2,—z+1)F1 2 AU (C11 L CI2) 08 B i Y
AT A TAC 57 44) 24 (CoN,CLy) (&1 2(a)), XFTECHR L, 05, E
12 NREEF R R A S 2 4 Co S

(@
7l
o
.k d o3 E
(b)

ydrogen atoms are omitted for clarity; Symmetry code: #3: —x+1,

y+1/2, —z+1
K2 (a) FoAY 2 Col)M LA IR BE, (b)AC &4 2 1)
. N
Fig.2 (a) Local coordination environment of the Co(Il)
atom in the complex 2; (b) A view of a chain

structure of the complex 2
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0.203 4(4) nm F10.224 79(15)~0.225 14(17) nm, N- 3 120 em™ &b ; W A C-H A 45 9= 2 i 2L 7E
Co-N % i & 105.16 (15)° ,N-Co-Cl ## ffi iz [l /= 29252 856 em™ &b ;1 635.1 517 A1 1 411 em™ 1)
104.40 (12)° ~116.07 (12)° ,Cl (1)-Co-Cl (2) 5 ff1 W& IHJE Jy C=C . C=N ¢ ik 45 48 3h 0% ;1 072
112.496)°, 43+ N 2 DML IR 5OR R Z [0 A om™ AL WIS UE I J& Ay Mt 3R 1Y C-N R AE o 407 4
53520 82.96(0.14)°F1 85.51(0.14)°,2 M HkMEIR Z 0] Zhlg

M) N 10.33(0.36)°, TERCG Y 2 MHERRSS Y 24 HESH

T A SRS Co T (Co, Co#t3)il o FLAAR L, 742 mE 3 e, BAY 14 20~800 °Cil Pk
W — 2t AT 0 —4E 55 (] 2(b)), 5E N AHABEY Co-- EA 2 DHr BB — B Be A 110~199 °C, R E R R
Co#3 Z IRl FHEJE 0.783 61(19) nm, A& 1 HECE  5.90%, 5% % 0.5 DR K 19 BLIE 2K T {H(5.82 %)
Y12 1 Flack 164 0.283) Al Al LI S Y & — 1o AW S, % B h 199~800 C, KHEFEN

THBEA R, Bl T WA T 8 B o4, 53.06% , FHCAR L, B3S 2 FAH (53.13 %)MH— 3L,
2.3 LIk R ZBRAR W LA Cu 1R AL Y R AL W) I8 X AF A

BLE9 1 B L, 2R RIE e SR R A FLA 9 2 7F 30~1 000 CIE Fl N R AT 2 4> B B
1) C-H Mg IR BAE 3 111 em™ &b WH R C- 5B —B Bl 294~663 °C,RE RN 56.77 %, SHCAK
H P 4 42 2 B 3 AE 2 937.2 868 em™ 4b ;1 639, Ly MYFRIB R FAA(57.12%) M — 0, 5 B Bt 663~
1515 11 411 em™ WYY IEIH)E B C=C .C=N %¥ 1 000 C,KEHHN 1998 %, 5Kk L2 1MAE T
TEAR 45 R 5h 06 51 068 em™ bW I A J&8 Atk e 38 FIS KR FAH (19.07% ) MW &, e & FE R Y LA Cu 11
LB C-N FRIE AR, FeA 2 IR L, B SRS AAE,
ZE R I e BRI C-H R 45 IR 3 AR
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Fig.3 TG curves of complexes 1 and 2
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BBl N B0 5 min FHH— U0, A5 20 1RO B Rl 1
Ak R AT LUUZE I FE 592 nm 4b =)
TR WA A U AU R T AR B | I TE 443 nm A )
T 2T 110 WA A 08 3 R 55 | Ul I T 0 2 A TR AL
RN IE M [FEE 30 HBC& 9 1 fn 3 AR e
HH 2 TR Hh 2R I AR A 1
3 YA AL

&l Sa~f R ZR AN ]V B A IC & 0 1~3 ¥ WK

592 nm
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Fig.5 Activity of the complexes 1~3 during the mimic catalytic brominating reaction process
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HRAIRZE AL e IR YLLK A HUR Y 43 B B 5 4 1~
3 AT O AR AL TR AR TS M oY |, SCER 4 R R A
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Supporting information is available at http://www.wjhxxb.cn
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