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Summary: Two carbonyl-bridged copper polymers,f@tCO)- pyrazolyl)borate¥. Since then, a variety of copper(l) carbonyls
L2]n (L = isonicotinate and nicotinate), ha been synthesized ranging from mononuclear species containing mordi-, tri-,
by sobothermal reaction and structurally characterized. Both and tetracarbonyisto di-? tri-, and tetranuclear complexés,
compounds contain a dicopper unit with one carbonyl bridge and then to polymet$ have been prepared and structurally
and two carboxylate bridges and & a two-dimensional  characterized. Most of the structurally known copper(l) carbo-
network structure with carbonyl-bridged dicopper units as nodes nyis are terminal CO-bonded species, and those with CO
and isonicotinate or nicotinate as connectors. bridging two copper(l) atoms, which is believed to be of interest
for metal-promoted CO activation, are extremely rare. Only three

Introduction

carbonyl-bridged dinuclear copper complexes, AGIN)2(u-
PhCQ)(u-CO)][BPhyj] (NN = N,N,N',N'-tetramethylpropylene-

Copper(l) carbonyl complexes have been extensively studieddiamine orN,N,N',N'-tetramethylethylenediamin@)and [Cl-

due to their importance in purification of industrial streams,
catalysis® bioinorganic chemistry, and understanding and

(NN)2(C404)(u-CO)] (NN = N,N,N',N'-tetramethylethyle-
nediamine)i3 have been reported so far. All of these copper(l)

refining the distinction between classical and nonclassical metal carbonyls bear a dicopper skeleton with one carbonyl bridge
carbonylst The first evidence of copper(l) carbonyl complexes and one carboxylate bridge (skeleton A) and are stabilized by

can be traced back to 150 years &gopwever, the crystal

structure of this type of compounds was not reported until 1975,

additional chelating diamine ligands.
On the other hand, only a limited number of copper(l)

when M. |. Bruce et al. presented the structural characterization coordination p0|ymers Containing a €O unit have been

of the compleX Cu[HB(pz)%](CO)} (HB(pz);~ = hydrotris(1-
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O 100 200 300 400 50 600 Figure 2. View of the coordination environment of copper in
Tempurature ('C) Selected bond lengths (A) and angles (deg): €01 2.065(3);
Figure 1. TGA traces ofl and2. Cul—02A 2.055(3); CuxN1B 2.000(4); Cu+C7 1.915(7); Cut

CulA 2.4036(11); C*0O3 1.131(9); O+ Cul—-C7 114.65(12);
O1-Cul-02A 112.50(14); N1B-Cul—-0O2A 98.25(14); N1B-
Cul-C7 118.6(2). Symmetry codes: (A)x+2,y, —z+3/2; (B)
x+1/2, —y+1/2, —z+1.

structurally characterized. All reported copper(l) carbonyl
polymers with polydentate ligands, either with N-containing
bridging ligands such as diazabicyclo[2.2.2]octane, piperazine,
N,N'-dimethypiperazine, and 1,2-di-2-pyridylethylétéor with
polyoxygen anions such as ethyl sulfonate, hydrogen sulfate,
and trichloroacetat&a%eexhibit chain structures. Only [CuCl-
(CO)lh, a compound without a supporting organic ligand, shows
a hexagonal honeycomb layer structiifeand it represents the
only reported two-dimensional copper(l) carbonyl polymer.

We present herein the syntheses and structures of two
unprecedented two-dimensional copper(l) carbonyl polymers,
[Cux(u-CO)Ly]n (L = isonicotinate (INA,1), nicotinate (NA,
2)). Both compounds display a new dicopper skeleton with one

Selected bond lengths (A) and angles (deg): -€€01B 2.064(4);

Ear?ﬁ”y' b”dgtf] and t""?h Ca}fb‘zxy'ate blr'dgfs (Ske'e(}.on t.B)' Cul—-02A 2.045(4); CutN1 1.989(4); CutC7 1.894(8); Cut

urthermore, they are ihe Tirst example of a coordination 1 5 384(2): c703 1.118(10); O1B-Cul-C7 114.19(16);
polymer containing carbonyl-bridged copper units, as well as 51g_cy1—02A 102.67(17); N+ Cul-02A 108.49(17); Nt
the first example of an organic-ligand-supported two-dimen- cy1-C7 110.7(2). Symmetry codes: (A-1/2, y+1/2, z (B)
sional copper(l) carbonyl polymer. —x+1/2,y+1/2, —z+1/2; (C) =X, y, —z+1/2.

Figure 3. View of the coordination environment of copper2n

Results and Discussion Compoundl begins to decompose at 226 and loses 47.8%

Solvothermal synthesis has been extensively used to produceOf its weight in the first stage In the range 22888 °C and

C 13.7% in the second stage in the range 2385 °C. The
metal coordination compound$however, as far as we know, o 0 . .
such a synthetic approach has never been used in the preparatioﬁ]efr? m]fi)roi"t'?n Oﬁiit?;]ts ?t rzlls(;{rlyggfé 3962 /; 82'(2/3 ‘?\;eL%ht
of copper(l) carbonyls. By a solvothermal synthesis procedure, id St sa%eth ; i a2%§55°c Th ?m inih (\)/v i hte
we obtained successfully two new copper(l) carbonyl polymers. seco OS age eo ange - 1he remaining weights
Reaction of Cu(MeCg,, Mo(CO)s, and isonicotinic acid or of 38'5/0 an_d 39.8% foll and2, resgectlvely, correspond to
nicotinic acid in a molar ratio of 3:2:5 in a mixed solvent of the final _reS|duaI of CuO (calc 39.8%).
H,0O and THF at 60C for 3 days afforded crystals Gfor 2 in The smgle-crystgl X-ray structural ?”a'yses reveal that
moderate yield. The two compounds have been characterizedc?]r.rl]poundL crys:jalzhzes mt tﬁ'.e orthorhomblclspaEeZ/grd?épnt?]
by elemental analysis, IR spectroscopy, thermal analysis, and\(’:vor'ne Igoerzp?]:ne aciyz?d'léeesnslgnr;lorr:(;f Irc])lrck cc():hs's(t)'n of
X-ray single-crystal structural analysis. The phase purities of ~. plex Ve a two-dl ! W Isting
the two compounds were confirmed by similarities between their dimeric copper units bridged by a carbor)yl qnd two carboxylate
simulated and experimental powder X-ray diffraction (Figures groups. Figures 2 fand 3 show the COOI:dInatlon structures of the
S1 and S2). The infrared spectra of the compounds show adlmenc copper units of and?2, respectively. The copper ions
strong peak. at 1950 crd for 1 and 1946 cm® for 2 are all four-coordinated by the carbon atom of the bridging
corresponding to the vibration of the bridging CO. A series of carbonyl, the pyridyl nitrogen atom of a INA or NA. Ilgand,
peaks at 1604, 1592, 1546, 1392 dnand 1615, 1591, 1565 and two carboxylate oxygen atoms from two organic ligands.

1390 cnr! for 1 and2, respectively, due to the vibrations related T:ic?r:get?o ZE)(O:?JLtmttl’lzf tcr;e C—éf:l;tlgrtr(]arer;cgont,)eth(reeccr)g;?:taetéor;s a
to the organic ligands, are observédand?2 are quite stable in g y PP y P

air. The thermal analyses @fand2 in air atmosphere (Figure ;;tgr;g?fztrrgh;ga?ggeoi%@( g';t?g?s(\)/\fl ;l-(;fisi(h? é;‘%55-
1) show that both complexes decompose in two separate stage distances of 1.915(7) and 1.894(8) A foand2, respectively,
(14) (a) Kesanli, B.; Lin, W.Coord. Chem. Re 2003 246, 305. (b) are all longer compared to thosg found for the carbonyl-brlqlged
Gao, H.-L.; Yi, L.; Zhao, B.; Zhao, X.-Q.; Cheng, P.; Liao, D.-Z.; Yan, dinuclear copper complexes with only one carboxylate bridge
i--P-lgr?rg- Cgecn;gggﬁlgg 5193%% ((Cc)j)RQOWSIEIJ”, J. I\_/\'/C';P Yaghi, OAMIV reported previous§?*3which can be ascribed apparently to the
m. em. S0 . uellette, ., Prosvirin, A. V.; H H e i H H H H
Chieffo, V.; Dunbar, K. R.; Hudson, B.; Zubieta, lhorg. Chem.2006 !ncreasmg sterlp Imerac.tlon between bridging Ilgands .Wlth the
45,9346, (€) Cheng, L.; Zhang, W.-X.; Ye, B.-H.: Lin, J.-B.; Chen, X.-M.  increase of the Ilgqnd bridge from skele.ton AtoB. Addmonally.,
Inorg. Chem.2007, 46, 1135. the Cu-C elongation can also be attributed to the electronic
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Table 1. Crystal and Structure Refinement Data for

Complexes 1 and 2

1 2
empirical formula G3HgCN20s Ci3HsCpN20s
fw 399.29 399.29
cryst syst orthorhombic monoclinic
space group Pbcn Qlc
a(A) 13.728(3) 13.668(14)

b (A) 7.050(2) 8.401(9)
c(A) 13.559(3) 12.406(13) A
S (deg) 90 96.961(13)
V (A3) 1312.2(6) 1414(2)
z 4 4
calcd density (mgn—3) 2.021 1.876
absorp coeff (mm?) 3.267 3.031
T (K) 298(2) 298(2)
6 range (deg) 2.971025.01 2.851t0 25.00
limiting indices f, k, ) —16, 15; —16, 16;
-6, 8; -9,9;
—13,16 —12,14
no. of refins collected 6186 3517
no. of indep refins 1160Rn = 1242 Rt =
0.0606] 0.0481]
R (data withl > 20(1)) R, =0.0328 R; = 0.0381
wR, = 0.0746 wR, = 0.0859
goodness-of-fit orfF2 0.999 1.040
F(000) 792 792
no. of restraints/params 0/101 6/101
largest peak and 0.363,—0.325 0.692;-0.612

hole (eA—3)

dimensions of approximately 8.0 8.0 A. All dimeric copper
units are in one plane and are parallel to each other in the Cu
Cu orientation running in the direction of theaxis. The
bridging carbonyl ligands are also parallel to each other, and
each points to the center of a rhombohedral grid in the direction
of the invertedb-axis.

In conclusion, 2-D coordination polymers with a new
carbonyl-bridged dicopper skeleton supported by two organic
bridging ligands have been successfully synthesized by solvo-
thermal reaction. The new carbonyl-bridged dicopper skeleton
is of substantial interest for structural models in understanding
the mechanism of copper-promoted activation of CO and other
small molecules, and the results could have important implica-
tions in the construction of microporous coordination polymers
with reactive or catalytic sites. Further synthesis of analogues
with other organic bridging ligands and the properties and utility
of these types of compounds are the subject of ongoing study.

Figure 5. View of the two-dimensional network d¢f.

effect relating to the back-bonding of Cu to the CO ligand. The
weaker back-bonding of Cu to CO, as indicated by the higher
CO stretching frequencies compared to that in the compounds
in refs 12 and 13, leads to a longer €0 separation in
compoundsl and 2. Consistent with the trend of the €€
bond elongation, the €0 distances of the CO ligands in the
two compounds are shorter than those in the complexes
mentioned above. The CGtCu distances are very short due to
a triple bridging interaction between the two copper atoms:
Cul—CulA=2.4036(11) Ainl, Cul—CulC= 2.384(2) Ain
2. These distances are considerably shorter than that in copper
metal (2.55 A), indicating the existence of a coppeopper
bonding interactior®1® Materials and Methods. All the starting materials were pur-
Both INA and NA function as aus-bridging ligands. chased commercially as reagent grade and used without further
Connection of each dimeric copper unit to four adjacent dimeric purification. Elemental analyses were performed on a Perkin-Elmer
copper units via four INA or NA ligands forms a two- 2400 Il elemental analyzer. IR spectra were obtained in KBr pellets
dimensional network ofl or 2, as shown in Figures 4 and 5. On @ Nicolet 360 FTIR spectrometer in the range 46900 cnv*.
Differences between the structures of the two-dimensional Thermogravimetric analyses were carried out in air using a Perkin-
networks of1 and 2 due to the difference of the positions of ~EMmer Thermal TGA7 at a heating rate of 10-min-*.
the coordination sites in INA and NA are obvious. Viewed along _ Synthesis of L.isonicotinic acid (0.0308 g, 0.25 mmol) was
the b-axis, compoundL exihibts a square grid network with dissolved in water (3 mL)', and the pH of thg solution was adjusted
. X . . . to ca. 6 with NaOH solution (0.5 M), to which Mo(C§){0.0264
grid dimensions of 9.80% 9.803 A. The dimeric copper units 0.1 mmol) dissolved in THF (10 mL) and Cu(GEDOy-H,0
in the network are not located in one plane but approximately ?0 0'300 0.15 mmol) dissolved in water (2 mL) were add;d The
1.7 A apart. The adjacent dicopper units are perpendicularly - g - i

. N L resulting solution was transferred and sealed in a 25 mL Teflon-
oriented to each other along the €Gu direction. The bridging  |ined stainless steel vessel, heated af60for 3 days, and then

carbonyl ligands orient alternatively in two opposite directions ,jed to room temperature. Light green crystals wre harvested

parallel to the crystallographig-axis, that is, perpendicular to i, 3 yield of 38% based on Cu. Anal. Calcd frCysHgCuN,Os;

the plane on which the dicopper unit lies. Compo@riisplays ¢, 39.10; H, 2.02; N, 7.01. Found: C, 38.76; H, 2.09; N, 7.11. IR

a rhombohedral grid network in tha,b-plane with grid (KBr, cm™): 1950s, 1604s, 1592s, 1546s, 1392s, 774m, 696m.
Synthesis of 2The compound was prepared by the same method

described forl using nicotinic acid (0.0308 g, 0.25 mmol) instead

Experimetal Section

(15) Kdmel, C.; Ahlrichs, R.J. Phys. Chem199Q 94, 5536.
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of isonicotinic acid. Yield: 45%. Anal. Calcd foR, Cj3Hg- in calculated positions and refined as riding atoms. Crystallographic
CwN0s: C, 39.10; H, 2.02; N, 7.01. Found: C, 38.89; H, 1.97; data and processing parameters are listed in Table 1.

N, 7.24. IR data (KBr, cmt): 1946s, 1615s, 1591s, 1565s, 1390s,

755m. ) .
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