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Abstract: Two copper(I) complexes with diimine and diphosphine ligands, [Cu,(Dpq),(dppBz),] (SCN),+0.5Dpq-
3CH,0H (1) and [Cuy(Dppz),(dppb),](BF,),2CH,OH - 2H,0 (2) (Dppz=dipyrido[3,2-a:2',3"-c]phenazine, Dpq=pyr-
azino[2,3-f][1,10]phenanthroline, dppBz=1,2-bis(diphenylphosphino)benzene, dppb=1,3-bis(diphenylphosphine)bu-
tane), were prepared in the mixed solution of methanol and dichloromethane. The structure of these two complexes
were determined by X-ray single crystal diffraction and characterized by elemental analysis, NMR, FT-IR, UV-Vis

absorption spectrum, fluorescence spectrum and terahertz time-domain spectroscopy (THz-TDS). The unit cell of 1
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contains two independent metal centers and half uncoordinated Dpq molecule, and similar structures are very rare.

However, complex 2 are novel binuclear structure formed by the bisphosphine ligand. Through the analysis of inter-

molecular forces, 1 is a three-dimensional stacked structure, which contains unique C—S---7 interactions. But 2

forms one-dimensional infinite chain through C-=H---7 and 7---7. The existence of a large number of weak interac-

tions makes the complexes more stable. The emission spectra showed that the peak of complex 1 was at 578 nm,

however, complex 2 emitted green light (at 547 nm). The sharp peak at 1.2 THz in THz-TDS spectrum of complex 2
is caused by the interactions of C-=H---F. CCDC: 1991845, 1; 1991844, 2.

Keywords: copper(I) complexes; fluorescence; intermolecular force; terahertz time-domain spectroscopy
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(0.2 mmol) L % 0.046 4 ¢ dppBz (0.2 mmol)i# fift £ 5
mL AT S mL A IR G AW . SRR
W6 ho NMZEH G U8, EIRERE R .. 293 d
J5 A5 B A B 0037 W B SR, 72 300 78%(H: T Cu
Y. FAY 1AL XN CHuCu,N,,P,S, -
3CH,0H, JCZE /T HTHIBME (%): C,66.22;N,9.27;H,
4.50; SEAE (%) : C,65.97;N,9.23;H,4.54, '"H NMR
(600 MHz, DMSO-d,): 8 9.54(d, J=8.1Hz, 4H),9.31(s,
4H), 8.70(d, J=4.5 Hz, 4H), 8.02(dd, J=8.2, 4.8 Hz,
4H), 7.89(dd, J=7.8, 1.0 Hz, 1H), 7.56(dd, J=7.8, 1.2
Hz, 1H), 7.35~7.30(m, 8H), 7.28(d, J=7.7 Hz, 4H),
7.22(t, J=7.4 Hz,8H),7.10(t, J=7.3 Hz, 16H),7.03(1, ]
=7.7 Hz, 1H),6.95(dd, J=11.9,5.7 Hz, 16H), 6.64(dt,
=7.4, 3.1 Hz, 4H), 6.45(dd, J=7.5, 1.6 Hz, 1H), IR
(KBr, em™): 3 422(s), 3 051(m), 2 311(w), 2 054(s),
1 682(m), 1 577(m), 1 477(m), 1 434(s), 1 041(s), 1 386
(s), 1 335(w), 1 160(w), 1 095(m), 1 080(s), 1 051(w),
998(w), 839(w), 812(m), 745(s), 696(s) , 666(w) , 520(s),
495(m),439(w),421(w).

Dpq = pyrazino[2,3-f][1,10]phenanthroline

P P
dppBz = 1,2-bis(diphenylphosphino)benzene

Scheme 1

Scheme 1

1.2.2  [Cuy(Dppz),(dppb),](BF,),*2CH,0H-2H,0 (2)

PR & 0.062 9 g [Cu(CH,CN),IBF, (0.2 mmol),
0.056 4 ¢ Dppz (0.2 mmol) LA } 0.085 3 ¢ dppb (0.2
mmol), SN Z51F 5 LAHIA] . 2 4 d 45 086 3 (005 B
POk i, 7= %R 67% (34 T Cu it 8. BLEaY 21
k2% 2 CyH, Cu,NP,B,F-2CH,0H-2H,0, JC %
3BT BRI (%) : C, 62.09; N, 6.16; H, 4.88 5 SZ I
(%):C,61.54;N,6.09; H,4.93, '"H NMR(600 MHz,
DMSO-d,): 6 9.64(d, J=8.0Hz, 2H), 9.59(d, J=8.0 Hz,
2H), 8.99(d, J=4.6 Hz, 2H), 8.47(dd, J=6.4, 3.4 Hz,
2H), 8.41(dd, J=6.4, 3.4 Hz, 2H), 7.25(t, J=7.4 Hz,
12H), 7.13(t, J=6.0 Hz, 8H), 2.04(d, J=31.4 Hz, 4H),
1.87(s,4H). IR(KBr,cm™):3 437(m),3 052(w),2 932
(w), 1 630(w), 1 574(w), 1 435(m), 1 417(m), 1 358(m),
1.339(w), 1 283(w), 1 231(w), 1 061(s), 843(w), 819(w),
737(s),696(s), 638(w), 617(w), 578(w), 517(m), 489(w),
425(w)o
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Dppz = dipyrido[3,2-a:2',3'-c]phenazine

A
0

dppb = 1,4-bis(diphenylphosphine)butane

B A4 1 R0 2 Fp A G 45

Structure of the ligands in complexes 1 and 2

X=SCN L =Dpq L,=dppBz

CH,OH/CH,CL,
CuX +L +L, — 3 2]

[Cu,(Dpq),(dppB2),J(SCN),0.5Dpq-3CH,OH (1)

X=BF, L =Dppz L,=dppb

[Cu,(Dppz),(dppb),](BF,),"2CH,0H-2H,0 ?2)

Scheme 2 &4 1R 2 A& A2

Scheme 2 Synthetic routes of complexes 1 and 2
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x1 BREWMIM2HNREFHTE
Table 1 Crystal data for complexes 1 and 2

Complex 1 2
Empirical formula Cy;HgoCu,N,,P,S,-3CH,0H Cg,Ho4Cu,NgP,B,F-2CH,0H-2H,0
Formula weight 1813.72 1818.30
T/K 108(2) 172.99(10)

Crystal system Monoclinic Monoclinic
Space group C2/e P2,/n

a/nm 3.895 70(11) 1.170 05(10)
b/nm 2.243 36(6) 2.160 15(10)
¢/nm 2.189 06(6) 1.851 09(10)
B/ 107.629(3) 98.331 0(10)
V/nm? 18.2327(9) 4.629 23(5)
A 8 2

D,/ (g cm™) 1.252 1.233
F(000) 7080 1767.5553
Goodness-of-fit on F'2 1.051 1.0152

R, 0.036 0 0.030 4

R, [I>20(D)]* 0.056 1 0.035 4

wR, [[>20 ()]’ 0.1420 0.100 1

R, (all data)* 0.079 8 0.0400

wR, (all data)® 0.158 2 0.103 1

“R=3 (IF J-IF )/ IFJ; "wR=[ 3. (wlF P~IF PP/ S wlF 2]

x2 BEEWIF2HNFERERKOm)FER(C)
Table 2 Selected bond lengths (nm) and angles (°) for complexes 1 and 2

Complex 1
Cu(1)-P(1) 0.223 92(9) Cu(1)-P(2) 0.223 65(9) Cu(1)-N(1) 0.204 8(2)
Cu(1)-N(2) 0.203 6(3) Cu(2)-P(3) 0.221 52(10) Cu(2)-P(4) 0.223 02(10)
Cu(2)-N(3) 0.2017(3) Cu(2)-N(4) 0.203 6(3)
P(2)-Cu(1)-P(1) 87.87(3) P(3)-Cu(2)-P(4) 92.18(4) N(1)-Cu(1)-P(1) 121.79(8)
N(1)-Cu(1)-P(2) 123.77(8) N(2)-Cu(1)-P(1) 122.05(8) N(2)-Cu(1)-P(2) 124.22(8)
N(2)-Cu(1)-N(1) 81.83(10) N(3)-Cu(2)-P(3) 130.83(8) N(3)-Cu(2)-P(4) 123.05(8)
N(3)-Cu(2)-N(4) 82.50(10) N(4)-Cu(2)-P(3) 113.68(8) N(4)-Cu(2)-P(4) 116.31(8)
Complex 2
Cu(1)-P(1) 0.222 51(5) Cu(1)-P(2) 0.224 73(5) Cu(1)-N(2) 0.205 51(14)
Cu(1)-N(1) 0.210 22(14)
P(2)-Cu(1)-P(1) 118.337(18) N(1)-Cu(1)-P(1) 110.21(4) N(2)-Cu(1)-P(1) 120.83(4)
N(1)-Cu(1)-P(2) 110.18(4) N(2)-Cu(1)-P(2) 110.57(4) N(1)-Cu(1)-N(2) 79.88(5)
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X5 Z i i 8 1 2 UBC & [ Cu(POP)(DPSO) [BF, A
P, BAFARIR Cu-P IHE  {H Cu-N BB 5%,
X o AUBC AR Y 2 T2 BH Y . BiE A4 N-
Cu-N F £ 705 Bl & 81.83(10)°~82.50(10)° , P-Cu-P 5 fi
T [l 2 87.87(3)°~92.18(4)° , 1fif N-Cu-P % £ 70 [l 2
113.68(8)° ~130.83(8)° , 55 #{ 47 4 Bt & ¥ [Cu(phen)
(dppb)|BF PAH FE AR A AR L

55 40 B VR 140 1 2 B 1 Sk — 4 ST R Mk R4
¥y, Ferp 40 & 4 Rl 21 18) C-H--- 7 VE (K 2a), C10-
H10---Cg20 5 Cul B A7 14 dppBz #2451 H 5 Cu2
e (7T WY TR Y, C17-H17---Cg24 ,C29-H29
--Cg27 H1 5 Cul B A A4 dppBz 3L A H 43 51 5 24

C29

C30

M S7 43 J8 U B Y dppBz 3R R R i, A I
D78 Dpq 43 Tl i C96-H96- -+ Cgb Fa & FEAE T A
ghiklrh o 6 o3 Ta) SRR AR AR 1 23 LA KB 5 5
32 (E 2b), Hoh I i C88-H88---N6 [ H N 5K A
Dpq, H B 205 ) 38 5 A [m] 467 ¥ 79 H 5 SCNTIE .
S5 R O AEAE — B U X 3 R A B2 i AN
Ko HAMERREE R T AEAE D WA C=S--- 7 VEHT,
M8+ 5 dppBz FE AL R IR B (18] 2¢). BLEPH
B T 5 AH AR PR EE 51 T8 3~7

B a2 ophih 2, P2 /n 2SR BE(E 3). Bdd
X PHATT R W 2 Ry WU 454, B Cu(D B 11
AR AR 24 N 5 Cu(D B TR, 2B A
dppb 4 A HFBREC A , 3% #2200 4546 H 1 2 4> Cu(1) 2
T BAY 2K Cu-N KI5 Bl & 0.205 51(14)~
0210 22(14) nm, Cu-P 58 3 [l J2& 0222 51(5~0.224 73(5)
nm , X F =AML A XUAZ 25 #4) (PNNP)Cu,Br, ™, B
JLTAHIA . N-Cu-N HI5# ok 79.88(5)°, P-Cu-P £ f
“h 118.337(18)°, 1 N-Cu-P 4 £ 35 [l & 110.18(4)°~
120.83(4)° , 5 [Cu,(dmp),(pnaa)](BF,),” 4 It , P-Cu-P
PR AR, 302 PR 2 IR ) 223 ) 57 BHL 385 B A o

HEFRZE G Sy A R WIBC G4 2 38 8 55 40 5 AE HDE
8 — AT FREE (18] 4), Horh—Fh 31 [0] 77+ ar SRR

Symmetry code: * 1-x, v, 3/2—z

SRR/ B VR 1)

Fig.1 Single crystal structure of complex 1
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Most of hydrogen atoms and some of benzene rings are omitted for clarity; Symmetry codes: 'x, 1=y, —=1/2+z; 1 1/2—x, 1/2-y, 1-z;
W1/ 2=x, 1124y, 3122 " %, v, 2

K2 (a) FCAH 1) = ZESC HMERRSEHY; (b) 1RGSR rp A 7 B9 U8 (o) 1A FE R IRR Y C=S- - A

Fig.2 (a) Three-dimensional stacking structure of complex 1; (b) Hydrogen bonds in complex 1; (¢) Novel C-S---7

weak forces in complex 1

*x3 WA 2HEREMFHNSTFEC-H---71EH

Table 3 Intermolecular C—H---7r interaction in the stacking structures of complexes 1 and 2

Complex C-H---Cg d(H---Cg) / nm £C-H---Cg/ (%) Ce
1 C10-H10---Cg20' 0.298 116 €g20=Cu2, N3, C79, C80, N4
CI17-H17---Cg4i 0.268 145 Cg24=C45~C50
€29-H29---Cg27' 0.295 136 Cg27=C63~C68
C96-H96---Cg6 0.284 167 Cg6=C1~C6
2 C17-H17---Cg9¥ 0.268 151 €g9=C35~C40

Symmetry codes: ‘x, 1=y, =1/2+z; 1 1/2—x, 1/2~y, 1=z; 1 1/2—x, 1/2+y, 3/2—z for 1; ¥ix, —1+y, z for 2.

x4 BEAEMLEREMFNIFAC-H--7ER

Table 4 Intramolecular C—-H:- 7 interaction in the stacking structures of complex 2

C-H---Cg d(H---Cg) / nm £C-H---Cg/ () Ce
€26-H26---Cgl 0.281 154 Cgl7=Cul, N1, C6 ,C5, N2

x5 EAEWMIEREHPHC-S -#1ERA

Table 5 C-S---77 interaction in the stacking structures of complexe 1

C-S---Cg d(S++Cg) / nm £C-S-+-Cg/ (%) Cg
€89-82-+-Cg8 0.370 83 129 Ce=CI3~CI8
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Table 6 Intramolecular hydrogen bonding in the stacking structures of complexes 1 and 2

Complex Donor—H---Acceptor d(D-H) / nm d(H---A) / nm d(D---A)/ nm /D-H--A /(%)
1 C21-H21---81" 0.095 0.272 0.356 63 149
C27-H27---N9i 0.095 0.252 0.343 98 163
C75-H75---82i 0.095 0.283 0.370 12 153
(83-H83---S1ii 0.095 0.281 0.345 83 126
C87-H87---S1i 0.095 0.274 0.358 34 149
C88-H88--- N6 0.095 0.253 0.339 59 152
2 C34-H34B---F2 0.097 0.251 0.343 98 162

Symmetry codes: x, 1=y, 1/2+z; 1 1/2—x, 1/2=y, 1=z; i —x, y, 1/2—z; ¥ —x, 1=y, 1=z for 1.

x7 EAEMIEREMFHSTFHSE

Table 7 Intermolecular hydrogen bonding in the stacking structures of complex 1

Donor-H---Acceptor d(D-H) / nm dH-+-A) / nm d(D--+A)/ nm £D-H---A/(°)
C97-H97---N10 0.095 0.243 0.276 35 100

c1s  Cl6
C14/~ ;
Y C17

—&

_,:y ci3 CI8
cl2 N3

N
/> ; s
& / Cl4v C27% /ng"
C

16 C28"

Symmetry code: " 1-x, 1-y, 1—z

K3 LS 2 05 AR A

Fig.3  Single crystal structure of complex 2

Most of hydrogen atoms and some of benzene rings are omitted for clarity; Symmetry code: Yix, —1+y, z

K4 a2 08 550 AR ) —4E JC PR Bt

Fig.4 One-dimensional infinite chain formed by weak interactions of complex 2
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Cg4=N3-C12-C11-N4-C11-C13, 53 F-[a] 77---ar HEFH )
JE OB A 0.387 74 nm, AH AR 7 SF- 1T (1) 18 £ R 0°
MM C17-H17---Cg9 W t Dppz #E AL H 5 dppb #2 11t
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Fig.5 Solid state luminescent emission spectra of
complexes 1 and 2 at room temperature
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Fig.6 UV-Vis absorption spectra of complexes 1 and 2
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Table 8 Terahertz spectra data for the ligands, complexes 1 and 2

Compound Terahertz spectra peak / THz
dppBz 035 044 053 062 1.03 1.08 1.33 1.64 1.67 1.82 196 205
2.11 217 228 243 257 263 278
Dpq 032 038 079 093 099 1.20 1.26 131 1.38 1.44 1.52 1.58
1.70 179 202 214 228 234 240 246 255 264 278
Dppz 032 044 058 070 082 091 0.99 1.09 1.17 1.55 1.67 1.82
1.91 202 220 228 249 264 276 284 290 295
dppb 029 038 046 056 064 073 082 091 0.99 1.09 1.17 1.23
1.46 1.67 1.82 193 208 222 237 246 255 263 275
1 0.47 1.70 1.93 205 228 246 2.69
2 038 044 06l 072 082 1.32 1.51 1.67 173 1.88 194 214

2.19 231 2.49 2.58 2.66
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Fig.7 Terahertz spectra of complexes 1, 2 and the ligands at room temperature
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