%6 M ol
2005 4 6 J1

CHINESE JOURNAL OF INORGANIC CHEMISTRY

e L

2 2 Eie Vol.21 No.6

Jun., 2005

g\\/‘/\\/“/\/\‘/\/v‘/\_/‘/-\'{a

m%ﬁﬁ§
)

Q‘/’-\%\/-‘/\%\_/-‘/\%\

[RGB — AL R IR SE()BEL & 9

AW EHAT

(HRRFHFRIFER, R

KEER IR A Y ; 296 ARG K
FESZES . 0614.121 XHkERIRAD: A

210093)

XEHE: 1001-4861(2005)06-0941-04

A Luminescent Copper(1)-Olefin Complex Obtained Through
in situ Hydrothermal Ligand Synthesis

DU Mei

WANG Xi-Sen™

(School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210093)

Abstract: The solvothermal reaction of 1-(Benzyl diallylamine)-2-naphtholallyl ether and CuCl yields a unexpect-

ed copper(I)-olefin complex, CueCls (diallylamine) 1, which bears twelve-membered ring oligomeric structure and

displays red fluorescent emission in the solid state at room temperature. CCDC: 272088.
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Comment

Copper-catalyzed addition of carbanions to o, -
unsaturated carbonyls and copper-catalyzed cyclo-
propanation of alkenes by R-carbonyl diazoalkanes in-
volve copper(I)-olefin complexes as catalytically active
species or resting state'.  Copper(I)-ethylene com-
plexes may also participate in a variety of stress re-
sponses and developmental processes, as in the small-
est plant hormone, an ethylene group binds tightly to
the copper receptor site ETR™. Recently the rational
design and self-assembly of olefin-copper(I) coordina-
tion polymers with highly thermal stability and physi-
cal functions have achieved intensive interest™. These
polymers not only display general characters of metal-
organic coordination polymer, but also remain Cu-
olefin complex features, such as Cu-7 coordinating
bond labile. Due to these properties, the Cu(I)-olefin

complexes have found wide applications in fluorescent
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sensor, olefin separation and chiral enantiosepara-
tion®.

In situ solvothermal ligand preparation not only
provides a powerful synthesis method for organic lig-
ands those are not readily accessible, but also repre-
sents a potential new direction for novel inorganic-or-
ganic hybrid network construction through crystal en-
gineering. These reactions are often quite complicated
and may involve in situ hydrolysis, oxidation and cy-
cloaddition ect. The products generated under hy-
drothermal conditions cannot normally be obtained by
direct mixing of solutions of metal ions and ligands'®.

We have combined the above-mentioned synthet-
ic strategies and designed 1-(Benzyl diallylamine)-2-
naphtholallyl ether as a building block to construct a
novel copper(I) complex with n>olefin binding mode,
CugClg (diallylamine) (1) (Scheme 1) which, to the best
of our knowledge, represents the first example of a

copper(I)-olefin complex obtained through in situ hy-
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drothermal ligand synthesis although this complex was
obtained by alternating current electrochemical syn-
thesis.

Herein we report the synthesis, solid-state

structure and fluorescent property of 1.

Ph NH_/: ,5(
+cucl Solvothcrm::ll HN (Cueclo)
] ! O McOH, 70 C \?é

Scheme 1

Compound 1 was prepared under solvothermal
conditions by the reaction of CuCl and ligand 1-(ben-
zyl diallylamino)-2-naphtholallyl ether. EPR spectra of
indicating that
Under
the ligand 1-(benzyl diallylamino)-2-

single crystal samples of 1 is silent,
the valence of Cu atoms in 1 is monovalent.
such condition,
naphtholallyl ether decomposes to 1-benzyl-2-naph-
tholallyl ether and diallylamine because there possibly
exists a little HCL.

The X-ray crystal structure analysis of complexe
1 illustrated that there are a unique CugClg cluster and
three different coordination spheres copper atoms in
compound 1¥. Cul possesses a trigonal planar coordi-
nation environment formed by two halide atoms and a
C=C bond moiety in diallylamine that was in situ syn-
thesized. Similarly, Cu2 was surrounded by two chlo-
ride atoms and C=C to give a trigonal pyramid where-
as the coordination environment of Cu3 can be best
described as tetrahedral which formed from three
chloride atoms and one nitrogen atom of diallylamine.
Thus,
spacer which links three Cu(I) ions by using one N

the ligand diallylamine acts as a tridentate

atom and two olefin moiety to give rise to a olefin-
The Cl atom
bridging mode to

copper(I) polymer, as shown in Fig.1.

adopts a bidentate (or tridentate)
link two (or three) Cu atoms to form a dimmer (CI3-

Cu3-CI3A-Cu3A)
Cu2-Cl3-Cu3-Cl15), respectively, all the Cu atoms was

and six-membered ring (Cul-Cl6-

connected together by the Cl atom in compound 1 to
form a twelve-membered ring which can be regard as
five Cu,Cl, dimer adjoined to each other sharing one
Cu atom and Cl atom (Fig.2). Furthermore, it can be
found from crystal packing view of 1 that one of Cl
atoms from the six-membered ring (one part of twelve-
membered ring) still takes part in the weak coordina-

tion of Cu(I) atom which comes from another twelve-

membered ring to result in the formation of 2D net-

work, as shown in Fig.3.

Fig.1 = Crystal structure of complex 1

Fig.2 Simplified twelve-membered ring representation of
compound 1

The black lines stand for pseudo-linking line.
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Fig.3 (a) 2D network representation of compound 1
through weak Cu-Cl interaction (red line);
(b) Simplified 2D representation of compound 1 in
which each twelve-membered ring is connected by
weak Cu-Cl interaction and the diallylamine

ligand is abbreviated
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The C-C double bond distances (0.134 4 (6) ~
0.1354(6) nm) are slightly longer than those found in
[Cu (HB (3,5-Me,PZ);(C,H,))] (0.132 9(9) nm)P, [Cu,
(COT)(hfacac),] (0.131(1)~0.133(1) nm)™*!, but slightly
shorter than those found in [Cu,Cl,(CsHg)] (CsHg=2-
methylbutadiene) (0.135 8(7) nm)™, [CuCl-(CsH0)]
(CsHs0=1-penten-3-one) (0.138 3(8) nm)® and [CuCl
(C4H0,)](C,HO,=methylpropenoate) (0.137 0(8) nm)™!,
It is interesting to note that the C-C bond lengths of
the coordinated olefin in the two copper(I) 7-com-
plexes, Cu,CLL (0.133(2) nm) and Cu,Br,L. (0.134(2)
nm) (L=C;Hg,
cubane core are slightly shorter than that of 1° while
those of the copper(I) 7-complexe Cu,Br,L (0.1346(2)
~0.144 2 nm) (L=TTT) are slightly longer than that of
1™, Finally, the lengthening of the C-C double bond
may be typical of ethylene ligands that are n*-bonded

[10]

1,4-pentadiene), containing a CuyXy

to low valiant electron-rich transition metals

The diffuse-reflectance UV-VIS spectrum of 1
shows only a low-energy band at ca. 429 nm, which
can be assigned to the metal-to-ligand charge transfer
(MLCT) band™. The strong red emission spectrum of
1 in the solid state at room temperature is shown in
Fig.4, with a maximum peak at ca. 622 nm (A,.=363
nm). A clear bathochromic shift occurs in 1 relative to
[Culy(py)] (Aen=580 nm) and [Cu(3,4-bpyBr) (A=
580 nm)!", which is probably due to 7-back-donation
from the filled metal D7 orbital to the vacant anti-

bonding 7" orbital of the coordinated olefin™.
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Fig.4 Fluorescent emission spectra of CugClg
(diallylamine) in the solid state at room

temperature (A..=363 nm)

In conclusion, the solvothermal synthesis tech-
nique provides a powerful synthetic method to give

organometallic compounds, which are not readily ac-

cessible through classical solution synthesis.
Experimental

Preparation of compound 1. CuCl (3.0 mmol) and
1-(Benzyl diallylamine)-2-naphtholallyl ether (1.0
mmol) were placed in a thick Pyrex tube (ca. 20 ¢m

in length). After addition of 2 mL of MeOH, the tube

was frozen with liquid N,, evacuated under vacuum,
and sealed with a torch. The tube was then placed in-
to oven at 70 °C for 2 days to give pale-yellow block
crystals. Anal. Found: C, 45.24; H, 2.76; N, 6.45.
Caled: C, 45.39; H, 2.86; N, 6.62. TR (KBr, cm™):
3442(brw),2961(w), 1 621(s), 1 561(w), 1 479(s), 1 388
(m), 1357(w), 1 319(w), 1 305(w), 1 266(w), 977(w), 949
(w), 934(w), 778(m),746(w), 736(w), 695(w), 528(w),
428(w).
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