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The crystal and molecular structure of the title compound has been deter- 
mined by a single crystal X-ray diffraction study using standard Patterson and 
Fourier methods. The structure was refined by a block-diagonal least-squares 
procedure to a final R value of 0.16 for 3454 reflections. Crystals are mono- 
clinic, space group P2Jc, with 4 14.007(5), b 12.224(5), c 28.358(S) A, 
p 99.60(l)“, and 2 = 4. 

The molecule consists of a central rhombus-type core of copper atoms to 
which the alkenyl and aryl groups are bound in a bridging fashion (two elec- 
tron-three center bonding)_ The two alkenyl and the two aryl groups each 
occupy adjoining edges of the Cuq core. The dimethylamino groups of the 
alkenyl ligand coordinate to copper, whereas those of the bridging aryl ligand 
are free. As a result the copper core is made up of copper atoms which are 
alternatingly two- and three-coordinate. 

The structure is discussed in terms of structural information now available 
for organocopper compounds. The geometry of the CuzC (bridge) moiety in 
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organocopper cluster compounds as expected varies little with the nature of 
the bridging one-electron organ0 ligand (alkyl, alkenyl, alkynyl or aryl). 

Introduction 

In the course of their classic study of the reactivity of organometallic com- 
pounds towards organic molecules containing functional groups Gihnan et al. 
as early as 1936 have pointed out the synthetic potential of organocopper com- 
pounds [l] _ However, it is only during the past two decades that organocopper 
compounds have found wide acceptance as particularly valuable tools of the 
synthetic organic chemist [ 23. The extreme versatility of organocopperlithium 
compounds, first synthesized by Gilman et al. in 1952 [ 31, as reagents for C-C 
bond formation [4,5] has further stimulated interest in synthetic applications 
of organocopper compounds. Relatively few pure organocopper compounds 
have been isolated. As a result of the lack of availability of single crystals 
suitable for X-ray analysis structural aspects of organocopper compounds had 
remained largely unexplored. However, during the past decade considerable 
progress has been made and detailed structural information based on X-ray 
analysis is now available for representatives of alkyl- [6,7], alkynyl- [8,9] and 
aryl- [9-121 copper compounds (for a review including other methods of 
structure elucidation see ref. 13). In general these studies have shown that 
organocopper compounds have polynuclear structures consisting of a central 
copper core to which the organ0 groups are bonded by two electron-three 
centre (electron-deficient) carbon-metal bonds. The structure of a mixed 
aryl/alkyny!copper species of the type [CU&~(C=CA~‘)Z] [9] is particularly 
illuminating in this respect. 

So far structural information concerning alkenylcopper compounds has 
been lacking. In our search for pure organocopper species suitable for X-ray 
structural investigation we have recently isolated tetranuclear alkenylcopper 
compounds of the type [Cu,Vi,Br,] in which Vi is a substituted 1,2-diaryl- 
propenyl group [ 14]_ Mixed alkenyl/alkynylcopper and alkenyl/arylcopper 
compounds were found to be accessible via ligand-substitution reactions of 
[ Cu4Vi2Br2] with appropriate lithium arylacetylides or lithium aryls [ 141. The 
results of elemental analysis and cryoscopic molecular weight determinations 
revealed that replacement of bromine in [CuaVizBrz] by the 2-Me2NC& group 
takes place with retention of the tetranuclear structure [ 14]- Single crystals of 
[Cu.+{ (4-MeC6H,)MeC=C(C6H,ez-2)j 2 (C6H4NMez-2)2] have successfully 
been grown. In the present paper we report the results of an X-ray crystallo- 
graphic study of this mixed aIkenyl/arylcopper compound. Results concerning 
the thermal behaviour and chemical reactivity of this type of alkenyicopper 
compounds has been recently reported [ 153. 

Experimental 

The preparation of the title compound is described in ref. 14. Single crystals 
were obtained by slow distillation of pentane into a solution of the compound 
in benzene. 
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TABLE I 

CRYSTAL DATA AND DETAILS OF THE DATA COLLECTION FOR C52H,+hqNq 

Crystal data 

a 14.007(5) & fl 99.60(1)” 
b 12.224(5) A 

c 28.358<8) 8 v 4787(3) R3 

Spacegroup P21lc 2=4 

Formula CszH6oCu4N4 
Mol. wt. 995.27 F(000) 2064 electrons 
D(calc) 1.381 g/cm3 

Data collection 

Diffractometer: CAD3 radiation: MO-Ka (Zr-filtered) 
e max !w h 0.71069 A 
Scan mode: w scan angle: Aw = 1.13 + 1.83 tg(0) 
Total number of scanned reflexions: 9122. 

Total number of observed (I > 20(I)) reflexions: 3454 

Crystal data, structure determination and refinement 
Table 1 gives the pertinent data on the structure determination of the title 

compound. Reflexion data were collected on a CAD3 diffractometer using zir- 
conium filtered MO-K, -radiation. It turned out during the structure determina- 
tion that the data-set at hand was not optimal, because of a combination of 
poor crystal quality and diffractometer malfunction. However, it was con- 
sidered sufficiently accurate for the main topological purpose of this structure 
investigation. 

The copper atoms were located from a Patterson map. All other non-hydro- 
gen atoms were found by standard Fourier techniques. Hydrogen atoms were 
introduced in the subsequent blocked-full-matrix least-squares refinement on 
calculated positions and refined in the riding mode on the bonding non-hydro- 
gen atom. All non-hydrogen atoms were refined with individual isotropic ther- 
mal parameters except for the copper atoms that were assigned anisotropic 
thermal motion parameters. Refinement was stopped at R = 0.16 for 3454 ob- 
served reflexions. A final difference Fourier -synthesis showed no significant 
features. Table 2 lists the final values of the refined parameters. 

The structure determination and refinement was carried out on an in-house 
ECLIPSE S/230 mini-computer with a locally adapted version of the SHELX’IG 
package named ILIAS. All derived geometry calculations and structure illustra- 
tion were done with the locally developed EUCLID package that includes a 
modified and extended version of PLUTO. 

Results and discussion 

The crystal structure of the title compound consists of four discrete molecu- 
lar units per monoclinic unit cell. The shortest observed intermolecular contact 
is between two molecules related by a screw axis and is represented by the non- 
bonded distance C(ll)-C(36) 3.36(5) 8. Figure 1 presents an overview of the 
molecule along with the adopted numbering scheme. A view along the line 
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Fig. 1. Minimum overlap view with adopted numbering scheme. 

Cu(4) --f Cu(2) shown in Fig- 2 reveals that this line basically runs parallel to a 
pseudo-molecular twofold axis. Figure 3 depicts the copper core together with 
the bridging aryl and alkenyl carbon atoms and the atoms completing the 
chelate rings formed by the olefinic ligand. Relevant bond distances and angles 
are presented in Fig. 4 and Fig. 5. 

Based on the structure of [Ar&u6Brz] in which the two bromine atoms 
bridge bans-edges of a square Cue arrangement [ll] the bromine atoms in 
[Vi,Cu,+Br,] had been assumed to bridge tram-edges of the Cu4 core and a 
mutual trans-arrangement of the two aryl and the two alkenyl ligands in the 
title compound had accordingly been proposed [ 143. The X-ray study now 
reveals the c&position of the two aryl (C(40) and C(48)) and alkenyl (C(9) and 
C(27)) carbon atoms (Fig. 3). The Vi,Cu,Br, compounds reported earlier [14] 
therefore will probably have the two alkenyl groups and the two bromine 
atoms in &-position. The Me,N(aLkenyl) groups coordinate to copper resulting 
in the formation of CuC3N chelate rings, but the Me,N(aryl) groups are non- 
coordinating (Fig. 1). As a result the trcms-positioned Cu(2), Cu(4) pair is two- 
coordinate, whereas Cu(l) and Cu(3) are three-coordinate. These coordination 
geom.etries are retained below room temperature upon dissolution in benzene 



Fig. 2. View along Cu(4) -Cu(2) showing the pseudo twofold symmetry of the molecule. 

Fig. 3. The central core of the molecule. 
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Fig. 4. Bond distances (b) and angles (“) within the Cu4C4 framework. 

as revealed by a dynamic ‘H NMR study of the Me&(alkenyl) and Me*N(aryl) 
groups [ 141. 

The observed structure confirms that both the alkenyl and the aryl groups 
are bound to the copper .core via two electron-three center (electron-deficient) 
bonds. The molecular orbitals describing the aryl-to-Cuz [9,10,16] and alkenyl- 
to-(3.1~ [9,14] bonding have been discussed before. 

The title compound has a total number of..52 cluster electrons and thus 
supplements the 4% ([Cu4(CHzS&le,)4] 163) and 56- [Cu4(C6H3CH2NMe2-2- 
M~-EJ)~] [lo] --electron tetranuclear organocopper clusters reported earlier. 
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Geometry of the central Cu&, moiety (Fig. 4) 
.The four central copper atoms are arranged in an almost planar rhombus pat- 

tern. A least-squares plane through the four Cu atoms gives the following dis- 
tances of the CuqC4 atoms to this plane: Cu(1) + 0.08(Z); Cu(2) - 0.07(l); 
Cu(3) f O-07(2); Cu(4) - O-08(2); C(9) + O.!%(4); C(27) - 0.64(4); C(40) - 
0X34(4) and C(48) + 0.55(5) A. The observation that in this 52-electron cluster 
the four bridging C atoms are alternatingly positioned above and below the Cu, 
core represents a striking difference with the planar Cu4C4 unit in the 4%elec- 
tron [Cu,(CH,SiMe,),] cluster [6] _ The aryl-bridged Cu-Cu distances (2.474(6) 
and 2.475(6) Bi) are closely similar to the alkenyl-bridged distances of 2.451(6) 
and 2.426(6) A., These values fit very well into the range of Cu-Cu distances 
bridged by one-electron organ0 ligands observed for a variety of polynuclear 
organocopper compounds (assisted Cu-Cu bonding, cf. ref. 9): 2.417 [6] for 
alkyl-, 2.521 [9], 2.377 [lo], 2.48 [11] and 2.472 A [12] for aryl- and 2.45 
[8] and 2.474 A [9] for alkynylcopper compounds. Unbridged Cu-Cu dis- 
tances (2.69 [8], 2.84 [9], 2.63 [11] and 2.726 A [12]) and three-electron 
halogen- (2.70 A [9]) or alkoxy-bridged (2.709 A [17]) Cu-Cu distances in 
polynuclear copper compounds are appreciably longer. We have earlier rational- 
ized these findings [9]. The remaining two non-bridged Cu-Cu vectors which 
make up the diagonals of the rhombus are appreciably longer (Cu(2)-Cu(4) 
2.931(6) and Cu(l)-Cu(3) 3.931(6) A) an re d p resent a non-bonding situation. 

That the four Cu atoms are arranged in a rhombus and are not accommodated 
in a square as in [Cu4(CH,SiMe,),] [6] arises from the different coordination 
geometries of the two Pans-pairs of Cu atoms (Fig. 3). The two-coordinate 
Cu(2) and Cu(4) are forced into forming obtuse angles (105.2 and 107.4”) with 
the neighbouring Cu atoms, whereas the three-coordinate Cu(1) and Cu(3) form 
angles of 73.5 and 73-l”, respectively. The Cu(2) and Cu(4) atoms form CCuC 
interatomic bond angles of 149(l) and 157(2)” with bridging C(alkeny1) and 
C(ary1) atoms, respectively (cf. CCuC angles of 168” [9] and 164” [ 111 for 
copper atoms linearly coordinated to two bridging C(ary1) atoms; see molecular 
orbital picture outlined in ref. 18). The four Cu atoms in the 56electron cluster 
[Cu&Z6H&H2NMe2-2-Me-5).+] which are three-coordinate as a result of Cu-N 
coordination adopt a butterfly arrangement intermediate between square planar 
and tetrahedral [lo]. 

The CuC(alkenyl)Cu (75(l)” and 70(l)“) and CuC(aryl)Cu (77(l)” and 
74(2)“) angles do not appreciably differ from CuC(bridge)Cu angles observed in 
other organocopper compounds, e.g. CuC(alkyl)Cu 73.8” [6], CuC(alkynyl)Cu 
74.6” [9] and CuC(aryl)Cu 75.3” [11] and 74.7” [12]. The Cu-C(alkenyl) 
(mean 2.06 A) and Cu-C(aryl) (mean 2.02 8) distances are in the range previ- 
ously observed for Cuz-C(alkyl) (2.02 A [6]), Cuz<(aryl) (2.05 [9], 2.08 [lo], 
2.02 [11] and 2.04 A [12]) and Cu,-C(alkynyl) (2.02 [8] and 2.03 A [9]) 
bonds. The X-ray results obtained thus far for various types of organocopper 
compounds clearly show that the geometry of the Cu&(bridge) moiety varies 
little with the nature of the bridging one-electron organ0 ligand (alkyl, alkenyl, 
alkynyl or aryl). 

The non-bonding distance between the two bridging alkenyl carbon (C(9)- 
C(26)) and aryl carbon (C(4O)-C(48)) atoms is 3.95 and 3.92 A, respectively. 
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Geometry of the Cd-I,NMel-2 ligand (Fig. 5a) 
Both ligands are observed to be essentially planar. The distances from the res- 

pective least-squares planes, as determined by the atoms of the phenyl rings, are 
within their standard deviations except for the atoms C(37) and C(45) which 
deviate by O-25(10) and O-33(10) A. The distances of C(37) to Cu(2) and Cu(3) 
and of C(d5) to Cu(1) and Cu(2) amount to 3.23(4), 3.22(4), 3.15(4) and 
3.25(4) 8. 

The observed planarity of the C6H4NMe2 ligand which might suggest appreci- 
able mesomeric electron-release of the Me,N group towards the aryl ring is not 
uncommon. A screening of Me,N-substituted aromatic compounds present in 
the Cambridge Crystallographic Data Base revealed a whole range of geometries 
varying from tetrahedral (sp’) to planar (sp’) for the nitrogen atom. The 
observed planarity here may be steric in origin. 

The aryl ligand pianes make angles of 80 and 84” with the Cu---Cu vectors, a 
perpendicular position enabling maximal orbital overlap for the Cu&(aryl) bond 
[9,10,16]. 

Geometry of the (4-MeC,H,)MeC----C(C6H4NMez-2) ligand (Fig. 5b) 
For the 1,2-diarylpropenyl ligand in the title compound the Z-configuration 

had been predicted [ 143 based on the synthesis method for the E-propenyl- 
lithium starting material [19] and on the reasonable assumption (cf. refs. 20 
and 21) that the transmetallation step used for the preparation of the starting 
compound (E-ViLi + Z-Vi2Cu,Brz) 1141 proceeds with retention of configura- 
tion *. This stereochemistry is now confirmed by the X-ray study. 

An analysis of both propenyl ligands in terms of torsion angles reveals essen- 
tially similar C-C bond conformations except for the fact that the signs of the 
torsion angles about the C(28)-C(30) bonds are opposite to those about the 
corresponding C(lO)-C(12) bond. This is reflected in the inter phenyl plane 
angles of 50(2)” and 3(2)“, respectively. 

The planarity of the alkenyl moieties may be assessed from the values of the 
relevant torsion angles: C(8)-C(9)-C(lO)-C(ll) -13(5)“, C(8)-C(9)-C(lO)- 
C(12) -173(3)“; C(26)-C(27)-C(28)-C(29) lO(5)’ and C(26)-C(27)-C(28)- 
C(30) -175(3)“. The phenyl rings are planar but not coplanar with the alkenyl 
planes. 

The position of the alkenyl planes with respect to the bridged Cu---Cu vectors 
is essentially perpendicular as may be assessed from the Newman plots pre- 
sented in Fig. 6 and the angles Cu(3)-C(9)-C(lO) 132(2)“, Cu(4)-C(9)-C(lO) 
101(2)“, Cu(4)-C(27)<(28) 120(2)” and Cu(l)-C(27)--C(28) 116(2)” ._In the 
bonding picture presented for the Cu,-C(alkenyl) interaction [14] orbital over- 
lap is”o$mal, if the orientation of the alkenyl ligand is perpendicular. How- 
ever, the observed carbon-carbon double bond distances of l-33(5) and l-30(4) 
A are not appreciably different from that observed in e.g. trans-stilbene 
(l-338(2) A [23]) suggesting that the alkenyl groups like alkynyl ligands [9] 
strictly act as one-electron donors and that m-contributions to the Cu,-C (alke- 
nyl) bonding Cl41 are not important. Likewise, in the only other structure 

* The configurations of E-Viii and Z-Vi2CuqBr2 are the same. because the E-and Z-configurational 
rules are based on atomic weights [22]. 
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C(8) c(“) 

along C (10) - C(9) along C (28) - C (27) 

Fig. 6. Newman pIots about the carbon-carbon double bond of the alkenyl ligands. 

determination of an alkenyl-bridged system, i.e. [Al2 (,+CHCHBu-t),(Bu-i)J , 
the plane of the alkenyl group is perpendicular (89.3”) to that of the Al& 
moiety [24]. 

The Cu-N bond lengths of 2.26(4) and 2.33(4) ,& in the chelate rings formed 
by the alkenyl ligands differ little from those observed in [Cu4(C6H3CH2NMeZ- 
2-Me-5)4] (2.21 A mean) [10,16]. The chelate rings are puckered, Cu(1) and 
Cu(3) being 0.9(l) and 1.4(l) s out of the least-squares planes through the C&N 
part of the chelate rings. 

The results reported in this paper further confirm our earlier finding that 
multi-center bonding is the preferred bonding mode of organic groups in organo- 
metallic compounds of the Group IB elements copper and silver [13 J . In this 
respect the organometallic chemistry of copper appears to be closely related to 
that of the Group IA metals where it has been known for some time that e.g. 
organolithium compounds are polynuclear with bridging organ0 ligands both in 
the solid and in solution [ 251. 
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