30 B 2 Al 1k 2% 2% Eild Vol.30 No.2
2014 4E 2 f CHINESE JOURNAL OF INORGANIC CHEMISTRY 264-270

=B MEAR A NI A B R ETR

Koo ARREN wAR? E s XK KEF' EZHKRB! GRE?
(TR FHFHIER KE 116029)
CATMERFAGHAFFR, KE  116029)

Cobd ol & R FSLHESLFF FL 032300)

SR, 1 . = R RIS LA 2, 4- (3,5~ P I )-6-— 2 MEME-1 |3, 5- = W (bpaeaT) R HA 16 FE 7K 2, 16 o
Fld AT 2 M A Y Cuy(mpzFeaT-Et0),(N5),Cl, (1)F1 Cuy(mpz*eaT-MeO)y(Ny), (2)(mpzFeaT-EtO:2-(3,5-— H F Mt )-4- 2 B-6-
T LERE-1,3,5- =% ;mpzFeaT-MeO ; 2-(3,5- = F SEnk ) 4-H B -6-— Bk -1 ,3 | 5- = 1%, B m R AT ZLAMGiE LA
AR 3T LA B Xoray B4R AT 56 05 EE X IC S W0 EAT T 3RAE JF 30T T HOGIE RS RRAE , SRS RIS 1R T =R F
Pl Z[#0=0.994 9(2) nm,b=1.021 6(2) nm,c=1.148 0(2) nm,a=115.11(3)°,8=106.99(3)°,y=100.39(3)°, V=0.946 0(3) nm?, Z=1;
BEY 28 THRAR P2 /c = HEE,a=1.546 4(5) nm,b=1.400 8(5) nm,c=0.890 5(3) nm,B=103.227(5)°,V=1.877 9(10) nm’, Z=
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Synthesis, Structures and Spectrum Study of Copper
Complexes with Triazine-Pyrazole Derivative
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Abstract: Two copper complexes: Cuympz*eaT-EtO),(N;),Cl, (1) and Cuy(mpz*eaT-MeO) »(N3), (2) (mpz*eaT-
Et0=2-(3,5-dimethyl pyrazole)-4-ethanol-6-diethylamine-1,3,5-triazine, mpz*eaT-MeO =2-(3,5-dimethyl pyrazole)-
4-methanol-6-diethylamine-1,3,5-triazine) were synthesized with the tridentate chelate triazine-pyrazole derivative
2.4-di (3,5-dimethyl pyrazole)-6-diethylamine-1,3,5-triazine (bpz*eaT) in the anhydrous ethanol and anhydrous
methanol system, respectively. The complexes were characterized by elemental analysis, IR spectroscopy, UV
spectrum thermal gravimetric analyses and single crystal X-ray diffraction. The crystal of complex 1 belongs to
triclinic system, Space group P1, a=0.994 9(2) nm, b=1.021 6(2) nm, ¢=1.148 0(2) nm, a=115.11(3)°, B=106.99(3)°,
v=100.39 (3)°, V=0.9460 (3) nm’, Z=1; The crystal of complex 2 belongs to Monoclinic, Space group P2/c, a=
1.546 4(5) nm, b=1.400 8(5) nm, ¢=0.890 5(3) nm, 8=103.227(5)°, V=1.877 9(10) nm?, Z=2. Structural analyses
have revealed that the center copper atom is five-coordinated to form distorted pyramidic geometry. CCDC:

935290, 1; 935291, 2.

Key words: copper complex; 1,3,5-triazine derivative; synthesis; structure; spectrum
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Gy AAE 6 IR F 1 o F L0 B M T L
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B R AETEE . WA RG] A SRR A
B — e BUR TR A IR BC AR R T AU T L R
HL AR N 22 BRBCAR Y 7 HL T 2 6 7F U - T
I REAEE T 1A ARBCRT H 3306 3 58 i iR
FIBECOLRE Sy ML A SR | = i 28 e A iy T L
PR i A AR A AL, T LS 0 U 4 B 8 i LA
2 AL SRR PR 1 T B A 920 BRI 3k
Pt 45 W 0 G B A 3 T GEUR g H T A
Z = WES SRR AW RARE | ik =R 8 S
SRR S XN E A SRR IS e, T L
TR, BR KL NGBS EEI G C &%
B, A8 R AF DG TE A 5 R T B ) 256 i AR I A6 A8 2 1Y
Bl &) 245/ il | mife & it b b T 48R
] A AL AR SO — 58 3 5 kR R 22 1Y C-N
VBT S0 19 1A A7 4 P 45 0 B A G, ARG, TR
IR 2,4-—(3,5- - Lt me)-6- — 2 e 3-1,3,5-=
W& (bpz*eaT) N 55 — FC A, & FUBA 0 58 AR, &1t
HHT 2 DH AL B W) Cuy(mpzFeaT-EtO),(N3),Cl,
(1)F! Cuy(mpz*eaT-MeO),(Ny), (2), H-X Ho 72549 Fil
IR EAT T 0T,

1 SEWHES

11 S FtH

X-5 0 AR A5 A (IR BE B 0~320 °C L, dbaT
Z AR A R 7)) ; JASCO FT/IR-480 #Y A FL i 742
LT HMGIEAL(H 7R JASCO A Fl),KBr K1, 40k
200~4 000 cm™;JASCO V-570 %£5MEIEAX, Kl
Fil 200~1 100 nm([# 2 +E) ; BrukerAdvanceD8 % X
SR K R AT S, PE 2400CHN #9043 Hr % (35 16
PE A 7l);Perkin Elmer Diamond TG/DTA % #4453 ¥y
X, #i+ Bruker 28 AV-500 % #% 2 4= 1 (CDCL,
JEER TMS R INAR), —REF 3,5- 2 H Hhnkmk
=g PUE W K O BE JEK AT CuCl, -
2H,0 428 5 B 451

1.2 BAEREREDHER
121 2,4-2(3,5- 3Lk mg)-6-— 2 e F-1,3,5-
=R

T8 2o e gk SRk Y s A R e AR bpz*eaT!" bEs
1.85 (0.01 mol) = HH 50 mL PUZ WL & T 100
mL B = R A, S=RAHE 1 h 55 2.88 2(0.03
mol) 3, 5- F S nt s Zp-HE I A S B R, R S
ml, = 5 I T 02 RN R S E R BT 1
h J5 ¥ AR R 2 80 CRYMVA T IR HEHE 5 h,
T 05 W o 8 BT A R 4 IS HROK BE AR B
T lE A 2.88 g, 77 % 85%, m.p. 99.6~100.6 °C;'H
NMR (500 MHz;CDCly),6:6.02 (s,2H,4-H MEmEEF)
3.67 (q,4H,Ji=/=7.1 Hz,-CH,,-NCH,CH;),2.69 (s,
6H,5-CH; MEMEIR) 232 (s,6H,3-CH, MEIEIF), 1.25
(t,6H,J,=/,=7.1 Hz,-CH;,-NCH,CH5);*C NMR (126
MHz;CDCly), 167.78,163.68,151.78 ,143.33,110.98
42.29,15.63,13.64,12.86,, JC % 73 M7 (C,H o, Ng) I 22 {EL
(%):C,59.87;H,7.08;N,32.96; i1 (%) C,59.98;
H,7.11;N,32.92,
122 FAY CuympzFeaT-EtO),(N3),Cl, (1)

¥ bpzteaT (0.034 g,0.1 mmol) CuCl, -2H,0
(0.034 g,0.2 mmol) Al NaN;(0.020 g,0.3 mmol)i# T
15 mL B JCK g R RE 3 h, i iE15 i 4k
VT, S TR IR B S A5 2 R IR FRE 0.073 g,
7RO .85% (LA M R ME I ), gt E M
(CosHuN50,CLCuy) M fH (%):C,38.93;H,5.10;N,
29.28 ; i fH (%) . C,38.98;H,5.22;N,29.22,
1.2.3 BB CuympzteaT-MeO)y(N), (2)

¥ bpzteaT (0.034 g,0.1 mmol) CuCl, -2H,0
(0.017 g,0.1 mmol) #1 NaN;(0.020 g,0.3 mmol)i& T
15 mL B JEK B SRR 3 h, b uE A 0
W, R BOR G AR B A YO R, FRE
0.035 g, 77 % .83%(LAMI A FEMETTE), TR
(CaoHagN5,0,Cup) M %€ 16 (%):C,36.76;H,4.83;N,
39.61; #iB1H (%) C,36.83;H,4.76;N,39.65,
1.3 X H&BRERNE

P K /NN 0.22 mmx0.12 mmx0.08 mm Bt &
P71 F10.221 mmx0.116 mmx0.079 mm BC5 4 2 /)
A 7F Bruker Smart APEX I CCD %Y X H 4% 5
A L, F 293 K RS A B BT Mo Ka
JEUE (A=0.071 073 nm), A @-o 35 T 4L AT 5
B A 1 RIS 7 439 AT AL, ook
it A5 3 322 N (R,,=0.027 8), 15207 (1) 1T 0 A7 5
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Table 1 Crystal data and structure refinements for complexes 1 and 2
Complexes 1 2
Formula CasHuCLCuN 50, CasHaoCuNx O,
Formula weight 862.81 847.90
Crystal system Triclinic Monoclinic
Space group Pl P2//c
a/ nm 0.994 9(2) 1.546 4(5)
b / nm 1.021 6(2) 1.400 &(5)
¢/ nm 1.148 0(2) 0.890 5(3)
al (%) 115.11(3)
B1(° 106.99(3) 103.227(5)
v /(% 100.39(3)
V[ nm?® 0.946 0(3) 1.877 9(10)
A 1 2
D./ (g-em™) 1.515 1.500
Crystal size / mm 0.22x0.12x0.08 0.221x0.116x0.079
F(000) 446 876
(Mo Ka) / mm™ 1.320 1.195
07 3.16 to 25.00 1.99 1o 24.57
Reflections collected 7 439 8 503
Independent reflections (I>207(1)) 3322 (2 783) 3 146 (1 645)
Parameters 235 249
Largest difference peak and hole / (e-nm™) 412 and -270 408 and -405
Goodness of fit 1.053 0.978
Ry (R all data) 0.033 7 (0.043 2) 0.052 6 (0.116 6)
wR; (R, all data) 0.080 4 (0.083 8) 0.118 4 (0.152 2)

MR 2 783 A, FEA W 2 JLI AR F 8 503 AT AT,
Horp ol 57 AT 58 453 146 4 (R,=0.062 4),I>20 (1) 1]
WA /R 1 645 A A7 5o B B 48 1p 1
FEIEM SRR ZE A4 i 3 220 Fourier A L2
X T A R S A b R4S 1) S IR R P A T
HE /N T RBAEIE W BT AR AR AR R B
WIS T8 € A TR ITE Pentium(l) PC 35
ML Efifi ] SHELX-97 F2 /5204038 | B 54 1 F1 2 1Y
RS TR 1, BAY 12 5145 &
4y F 18155 (% 4 5 /E H#E SHELX-97 2% #l Diamond
3.2 Bp i
CCDC:935290,1;935291,2,

2 SRS

21 & M

1 Scheme 1 s, LA bpz*eaT ,CuCl,+2H,0 HI
Na;N 24 1:2:3 I B i i Z L TETOK CBER R
ECA I 1, Y4 bpz*eaT .CuCly-2H,0 Fl NaN 194

B Z HO 1:1:3 I, £ JCK B B IA 2 v 5 i
G2, VGRIRIER bpzreaT A AL F1E E 75 TC
KRB & h T ROV A LEC S ) 1 2, A A
1) & BLIC & W) T AN FEAE bpareaT, FRATIN N A
X B4 1 5P TR S AR I A W B it B
KA T A BB . B 46 A R A Al AR A A I5C
N bpz¥eaT o' 1 /> 3,5- W kit e 5 = 15 34 v (1Y
C-N HEWr 24 A 5t 1 [E] 72 ¥ a(mpz*eaT-EtO) #l b

2CuCl,2H,0+3NaN
E(OH
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(mpz*eaT-MeO), a #l b 15 & J& LA & AR AR
BRI G 1 A0 2,
2.2 FRIL4FE
22.1 “aHMiE

BC A9 1R I w_ o AR 4R 3 1 AE 3 113
em™ b L p PR R B BLAE 2 971.2 931 em™
A 52 075 em™ &b B WL T JE S N 46 7R B
1 615.1 591 Fl 1 474 em™ WA )R N C=C .C=N
FRAE AR 47 IR 06 5 1 058 em Ab W AL U4 1 i Sy bt g
L N-N FROEAP 4 PR 2l 06 BC &4 2. Ik 35 I
vy AR HITE 3 111 em™ 4,2 976 .2 933
em™ WU R L | C-H 4R iR 3h 14 2 064 .2 034
em™ AL (I U I JE S N> 4E 2 5 51 6191 589
F1 1508 em™ WU IH & Ry C=C .C=N H#1Efif 45 P
Bl ;1042 em™ A0 W W I g A otk v 3R E Y N-N
FRAE g IR sh i, o BL G 2 762 AR A RHE
RENEAN A BE R A 1A VAR A 2
S R R ARAETE IR OO 2k 5 254 4 r 45 2R
—3, FA YR B AMEAE S T3 2,
222 HHMLIE

BL G Wi AN E iR B LG 1 M 2 78 204
296 1 214 302 nm A ¥A 2 A FEAEWE W W] A S
FBCAR H B o BT A,,.=434 1 392 nm 4k
F14) R A A 53] WA i Sy TR A R v s 4 S S ) A
iE % BRE (LMCT) ; 75 A, =706 1 854 nm &b 1)
WU 53 330 hy 42 )& Cu(IDIY d—d* BRIEPY,
2.3 REHW

WE 1 s, BiEAY 1 1E 30~1000 °CHl Bl &
E 3B BB 30~276 °C, KRERN
271%, S5KRE2ANCEIEM 2 AN F 1
PSR FE A (27.16%) 5 AW &, 5 Bl 276~
498 °C,RKEHN 31.82%, 5K % 2 4 bprreal BLik
S 3, S-S H SR ke A 2 A B AR AR A IS
R HAH(31.78%) VI & ;55 =B B.h 498~1 000 C,
K& bprreal FLAK S T =B | wA TR L
CusN, Al CuCl, WIEAEAE . BLA W 2 78 30~1 000

CHENREAR 3 BB —F Bl 30~256 C,
RAEHRN 2421%, 5K % 2 4 bpzreal BLAAsr+h
(1) - 35k Ji TN FR 4R 35 B 2 {1 (24.3490) HH — 3
B BBt R 256~591 °C, R FE RN 47.22% , 5K %
2 > bpz¥eaT B Zr i i — R FR AR ER | DL K% 2
A~ R AR 1 IR 2K 1 (H (46.8%) FH W) & 3 5 — I B,
4 591~1 000 °C, K LF A 2 B AR | &5
YILL CusN, B XA AE

100
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Fig.1 Decomposition curves of complexes 1 and 2

24 EAEYMHREEHASH

X ML AR R W AW 1 a1
SRR P AR, AW 1R K A
Bl s T3 3, W 2 Fron AL L Cu BT

@R

Thermal ellipsoids at 50% probability; Part of hydrogen atoms

were omitted for clarity; Symmetry code: # —x, —y, —z

2 AWM T
Fig.2  Crystal structure of complex 1
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Table 2 IR data (cm™) for complexes 1 and 2

Complex V_cn Ven, V- Ve Veoy Van
1 3 113w 2971m, 2 931Im 2 075s 1 615s, 1 591s, 1 474s 1 058m
2 3111Im 2 976m, 2 933m 2 064s, 2 034s 1 619s, 1 589s, 1 508s 1 042s

Note: s: strong; m: medium; w: weak.
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Table 3 Selected bond lengths (nm) and angles (°) of complexes 1 and 2

Complex 1
Cu-Cl 0.225 33(10) Cu-N(1) 0.200 0(2) Cu-N3) 0.223 1(3)
Cu-N(6) 0.197 3(2) Cu-N(6)" 0.206 1(2)
N(6)-Cu-N(1) 166.26(9) N(6)-Cu-N(6)" 76.43(9) N(1)-Cu-N(3) 75.70(9)
N(3)-Cu-Cl 103.11(7) N(6)"-Cu-Cl 146.75(9) N(1)-Cu-N(6)" 90.80(9)
N(6)-Cu-N(3) 103.70(10) N(6)"-Cu-N(3) 110.15(10) N(6)-Cu-Cl 96.04(8)
N(1)-Cu-Cl 97.45(7)
Complex 2
Cu-N(6) 0.195 4(5) Cu-N(I) 0.226 3(4) Cu-N(5) 0.202 4(4)
Cu-N(9) 0.200 4(5) Cu-N(9)” 0.199 7(5)
N(9)-Cu-N(1) 97.61(18) N(9)™Cu-N(9) 78.6(2) N(5)-Cu-N(1) 74.22(15)
N(6)-Cu-N(5) 91.51(19) N(6)-Cu-N(9)"” 91.2(2) N(9)™Cu-N(1) 108.80(18)
N(9)™Cu-N(5) 175.40(19) N(9)-Cu-N(5) 97.7(2) N(6)-Cu-N(9) 159.4(2)
N(6)-Cu-N(1) 102.63(18
Symmetry code: 1:  —x, —y, —z; 2: # —x+1, —y+2, —z+1.
k4 BEEWIM2HER
Table 4 Hydrogen bonds of complexes 1 and 2
D-H---A d(D-H) / nm d(H---A) / nm d(D--A) / nm ZDHA / (°)
Complex 1
C6-H6A---N8" 0.093 0.262 0.344 5 149
Complex 2
C9-H9B---N11* 0.096 0.259 0.348 9 157

Symmetry code: 1: ® x, v, 1+z; 2: ® 1-x, 0.5+y, 0.5-z.

5 mpzFeaT-EtO H119 2 > N i+ (N1,N3).2 > N*
BT I N6 N6 JE T, L K — A~ SR (CHEL AT
FHERY 2 A Cu JR 3 2 4~ 2 R AR LA i i 16
W ABAIE BZ L5, 85T 7=|B—-al/60°2 53 B K
HC R R R A o o AL B R L Cu SR
Bl R 2 N, ERBCOIR R Y AR
1.0 B2 BT M AERG AL Y ¢ (HHET 0.0 I 38 =41
MHER L, 7=1166.26-146.751/60°=0.33 , 15 ] 44 75
S A U FR AR Y S N B IR PR (N T, N2, CS,
C6,C7)5 =¥ (N3,C1,N5,C3,N4,C2)Z [a] (1) - Ifi
74 4.92(0.13)°, Cu-N #1975 FlE 0.197 3(2)~
0.223 1(3) nm,Cu-Cl # K 4 0.225 33(10) nm, H 4
J& Cu Z B FEES 4 0.317 04(12) nm, N-Cu-Cl 5
FAYEE 2 97.45(7)°~146.75(9)° ,N-Cu-N ) £ 1 3 [l
H 75.70(9)°~166.26(9)°, M4 B G 1 ThAEE—Fh
R KA AL TR 4 AR 4
C6-HO6A---N8%(0.344 5 nm, 149° ¥ x y 1+z) A5 AE

FH IV 0l — 25 AR 45 40 (18] 3), i — 20 1858 T 40 F 1
FREME,

X G R F R R AW 2 MEiE)E T
PR R P2/ 2 RIRE A 2 19 FEHK A
a5 T8 3, WE 4 fis A 2 A S5 ELG
WRpL,58AY 1ML, 5 Ca B CLRT
PE R, 50 & @4 Cu 5T EL A /Y R
& mpz*eaT-EtO L EtO #% MeO MUt 81t r=|3-

Part of hydrogen atoms were omitted; Symmetry code: ® x, y, 14z
B3 EGW 1 i SV B TG R — R R AR A A
Fig.3

Infinite 1D chain hydrogen bonding structure of

complex 1
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al/60° 3BT 15 5 7=0.27, /] L5 2 (48 74 41
ity A O A e LA R Y A3 F Y R R RE B (N, N2, CS,
C6,C7)5 =¥ (N5,C1,N3,C3,N4,C2)Z [a] () — i
A4 4.85(0.31)°, Cu-N #KBEFEN 0.195 4(5)~
0.226 3(4) nm, P4 J& Cu Z AU EE 54 0.309 68(8)
nm,N-Cu-N 18 3 Fl & 74.22(15)°~175.40(19)°
Be 54 2 AL AR AE — ol o3 7 ) U, L5 K 5 A 41
T3k 4 AR5 T8 i C9-HOB---N11%(0.348 9 nm,
157°,%1-x,0.5+y,0.5~2) ZVHAEHIE BL—A> —4E4h
F(E 5, — R T T g e v,

Thermal ellipsoids at 50% probability; Part of hydrogen atoms

were omitted for clarity; Symmetry code: ® —x+1, —y+2, —z+1

K4 FCSY 2 M0 T4
Fig4 Crystal structure of complex 2

Part of hydrogen atoms were omitted; Symmetry code: ® 1-x, 0.5+

y, 0.5—z
K5 WeG P2 i it SR I B Ak A5 R

Fig.5 A view of two-dimensional hydrogen bonding

network in complex 2

XTLCBC A 1 F 2 S5 R, BCAR mpzteaT
B2 LA 145 A B 7 20 5 4 S A T A R AR LA
PRI B AR SS9 1 AL DU IR 1 7 =0 42
24 Cu T TERLA W 2 1 BR AR A0 38 L it 3 i
LT NS &8 Cu M, X TR S 1,Cu-N, #
KL Cu-N, BEEK IS ARS8 2, Cu-N,
SR L Cu-N,, SRS, BCA 9 1 2 i Pl 4
JR A BB AR AT, P C S 0 B A . N,-Cu-N,, F1 2

AHRIR B R BRAR S PO G ) 09 A R/MAHGE Tl
FCAZ 5 Cu BRI IR 3 MM, BEEY 13K
THEAY 2, 2 MECGPHK HAM A 225 i) BB
T g B A B SR T B AR AR

3 & it

FKATLA2 ,4-—(3,5- P REmt b y-6-— 2 e -1,
3,5- =W R BCAR 75 TC K £ TR R s 500 S e
AR JEORHE LB E IR G T 2 AN ET IS, BT
O LLAMOGIE | S AN ETE RN X5 £k 5 AR A S X
Be & W EAT T HRAE  JFRESE T L& W i #A R E 1
i, FATR A5 KOL G R ST TR IR, o
P8 7T G G R v R AR Y R S B BLR S
HE— B AT FE R IE 5 W 00 & A D RE AR P 4R AL T
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