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Bis-Ortho-Chelated Arylcopper Compounds. Synthesis and 
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A novel arylcopper(1) compound has been prepared from the reaction of lithiated C8H4!CHzNMe2)z-o,o’ 
with CuBr. An X-ray crystal structure determination on this new compound revealed it not to be [Cu- 
(C6H3(CHzNMe2)2-o,oq] but its 1:l CuBr adduct ( C U , B ~ ~ C ~ ~ H ~ ~ N , ;  orthorhombic; Pcab; a = 18.167 (3), b 
= 19.462 (3), c = 17.036 (2) 8; 2 = 8). The determined molecular structure shows a highly asymmetric 
[ C U ~ ( C ~ H ~ ( C H ~ N M ~ ~ ) ~ - O , O  j2Br2] molecule containing four differently coordinated copper atoms. The copper 
atoms, which are all three-coordinate, are in a butterfly arrangement which is kept together by two bridging 
C ipso atoms of the aryl ligands [Cu-C distance 2.074 (5) 8, (mean)] and two bridging bromine atoms [Cu-Br 
distance 2.397 (1) 8 (mean)]. The Cu-Cu distances for the two adjacent C-bridged bonds are 2.412 (2) 
and 2.406 (2) A and for the Br-bridged bonds are 2.429 (2) and 2.737 (2) A. The coordination pattern of 
the CH2NMe2 side arms is such that each of the copper atoms is N-coordinated [Cu-N distance 2.176 (4) 
A (mean)], thus making them all three-coordinate. Variable-temperature ‘H NMR measurements in the 
temperature range 233-373 K show that this asymmetric structure is not retained in solution and that 
a more symmetric molecule is formed. These spectra also show the existence of complex fluxional processes. 
Reaction of [Liz(CBH3(CHzNMez)z-o,o q2] with C U B ~ { P ( O M ~ ) ~ )  afforded an arylcopper compound whose 
formulation based on elemental analysis and ‘H NMR data is [CU~(C~H~(CH,NM~~)~-O,O~B~{P(OM~)~]~]. 

Introduction 
During the last decade considerable progress has been 

made in the structural elucidation of arylcopper com- 
pounds.2 Important factors determining the structure of 
these compounds appear to be the presence of bulky 
groups near the Cu-C bond and of either “inter”- or in- 
tramolecular coordinating groups. As a common property 
arylcopper compounds show a strong propensity to form 
aggregated species involving electron-deficient three-center, 
two-electron copper-carbon bonds. 

To examine the influence that intramolecular coordi- 
nating groups have on the structures of arylcopper com- 
p o u n d ~ , ~ - ~  we have studied phenylcopper derivatives with 
various nitrogen-containing ortho substituents. It was 
found that there was a strong tendency of the copper atom 
to coordinate to the nitrogen atom and the adopted 
structure appeared to be determined by the chelating 
properties of the amino aryl group. These latter properties 
depend on the orientation of the N lone pair substituent 
relative to the copper atom as well as on the flexibility of 
the chelate ring formed. These factors are reflected, for 
example, in the different structures of [Cu4(C6H3- 
(CHZNMe2)-2-Me-5),l3 and [ C ~ ~ ( n a p h t h y l N M e ~ - 8 ) ~ ] ~  in 
which the aryl NMez group acts as a chelating group and 
of [ C U ~ ( C ~ H , N M ~ ~ - ~ ) , B ~ Z ] ~  and [Cuz(5-MeC6H3-oxazo- 
line-2),I6 containing bridging aryl heteroatom groups. 
When, on the other hand, the ortho substituents 
CH2NMez, NMez and oxazoline are not coordinated, they 
function as sterically demanding bulky groups. 

In the course of these studies on arylcopper complexes 
we were prompted to investigate the effect of heteroat- 
om-containing substituents in both ortho positions of the 
aryl ligand. Interest in these species3 arises because there 
is a model system, comprising of a Cu(I) complex of a 
1,3-disubstituted aryl ligand which mimics the dioxygen 
reactivity found in copper monooxygenases.8 In this 
system the Cu(1) complex (see Scheme I) readily reacts 
with O2 to give a phenoxocopper(I1) complex. The in- 

’ Bis[o,o’-bis[(dimethylamino)methyl)phenyl] tetracopper di- 
bromide. 
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termediate stages of this aromatic hydroxylation reaction, 
involving the copper-mediated conversion of an aromatic 
C-H bond with O2 into an aromatic C-OH bond, are not 
known. The question then arises as to whether similar 
systems with an aromatic C-Cu instead of a C-H bond 
could readily undergo oxygenation to phenoxocopper(1) 
derivatives. To help answer this the (C6H3(CHzNMe2)2- 
o,o)- group was selected since it has already often been 
shown to be very well suited for bis-ortho chelation of the 
metal that is a-bound to the aryl ring.g In the present 
study we have reinvestigated the synthesis and structure 
of CU[C~H~(CH~NM~~)~-O,O’ I  (l).3 On the basis of previous 
structural studies of the related arylcopper compound 
[CU(C,H,(CH,NM~~)-~-M~-~)~~~ and the lithium com- 
pounds [Li{C6H4(CH2NMe2)-2)1,’0 and [Li(C6H- 
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C a b 
Figure 1. Solid-state structures of [ Cu(C6H3( CH2NMe2)-2-Me-5)] (a), [ Li(C6H4(CH2NMe2)-2]] (b), and [ Li( C6H (CH2NMe2)4-2,3,5,6}] 
(C). 

(CHzNMe2)4-2,3,5,6)]2,11 it is anticipated that the second 
ortho substituent will have a large effect on the structural 
features of this compound. 

Results and Discussion 
The 1:l reaction of Li(C6H3(CHzNMe2)2-o,o~ with CuBr 

in diethyl ether afforded a solid yellow product which, 
according to its elemental analysis, still contained bromide 
even after washing with diethyl ether and other organic 
solvents. Elemental analyses on samples from several 
different reactions showed variable amounts of bromide, 
and the formation and isolation of a mixture of LiBr and 
CuBr adducts of Cu(C6H3(CH,NMe2),-o,o 3 in varying 
ratios were suspected. However, a yellow complex, 1, with 
a well-defined [ C U ~ B ~ ( C ~ H ~ ( C H ~ N M ~ ~ ) ~ - O , O  31 stoichiome- 
try was isolated when the aryllithium compound was re- 
acted with an excess of CuBr. 

Pure 1 could, furthermore, only be obtained when the 
[Li2(C6H3(CH2NMe2)2-o,o q23 used was prepared via the 
l i thium bromide exchange reaction of o,o’- 
(MezNCHz)zC6H3Br with n-BuLi in diethyl ether and not 
when it was prepared from the metalation reaction of the 
aryl bromide with metallic lithium. In the latter case 
(extra) LiBr is present and this appears to interfere with 
the isolation of the 1:l organocopper-copper bromide ad- 
duct. 

Reaction of 1 with Me2SnBr, resulted in formation of 
known [(C6H3(CH2NMe2)2-o,o jSnMe2]+Br- (characterized 
by ‘H NMR12), consistent with the presence of a copper- 
carbon bond at  the aryl 1-position in 1. 

Reaction of Liz(C6H3(CH2NMez)z-o,o~2 with CuBr{P- 
(OMe)3] afforded a white product which, on the basis of 
its ‘H NMR spectrum and its elemental analysis, is for- 
mulated as the copper bromide adduct [Cu(C6H3- 

(10) Jastrzebski, J. T. B. H.; van Koten, G.; Konijn, M.; Stam, C. H. 
J. Am. Chem. SOC. 1982, 104,5490. 

(11) Smeets, W. J. J.; Spek, A. L.; van der Zeijden, A. A. H.; van Koten, 
G. Acta Crystallogr., Sect. C: Cryst. Struct. Commun. 1987, C43,1429. 
van der Zeijden, A. A. H.; van Koten, G. R e d .  Trau. Chim. Pays-Bas, in 
press. 

(12) van Koten, G.; Jastrzebskki, J. T. B. H.; Noltes, J. G.; Spek, A. 
L.; Schoone, J. C. J. Organomet. Chem. 1978,148, 233. 

(CHzNMez)2-o,o ‘ ~ - C U B ~ { P ( O M ~ ) ~ ) ~ ]  (2) (see Scheme 11). 
Both 1 and 2 (vide infra) react with 02, though solid 1 can 
be handled in air for short periods. They are stable in a 
nitrogen atmosphere to a t  least 100 “C. 

The formation of CuBr adducts is a well-established 
feature of the chemistry of arylcopper compounds5JJ3 and 
strongly depends on the ortho substituents present. 
Normally this adduct formation can be prevented by 
careful addition of CuBr to the corresponding aryllithium 
comp~und . ’~  However, in the reaction of Li2(C6H3- 
(CHzNMez)2-o,o jz with CuBr this procedure is not suc- 
cessful. Apparently, the arylcopper compound formed 
reacts faster with any metal halide (LiBr or CuBr) present 
than the unreacted aryllithium reagent. Moreover, the 
arylcopper-copper bromide adduct is almost unreactive 
to further reaction with the aryllithium reagent. This lack 
of reactivity of the 1:l CuBr adduct with excess lithium 
reagent resembles that reported earlier for the vinyl- 

(13) (a) ten Hoedt, R. W. M.; van Koten, G.; Noltes, J. G. J. Organo- 
(b) Smeets, W. J. J.; Spek, A. L. Acta 

(14) van Koten, G.; Noltes, J. G. J. Organomet. Chem. 1975,85, 105. 

met. Chem. 1979, 179, 227.  
Crystallogr., Sect. C :  Cryst. Struct. Commun. 1987, C43, 870. 
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Table I. Fractional Coordinates of the Non-Hydrogen 
Atoms of [Cu4Brz(C6H3(CHzNMez)z-o ,Ojz] with the Standard 

Deviation in Parentheses 
atom X N 2 u,, A2 c2i9 

"C 8 

Figure 2. Molecular structure of [Cu4Brz(CBH3(CHzNMe?)z-o,o la]  
(1) along with the adopted numbering scheme. Note that Br(2) 
is bridging the Cu(3)-Cu(4) edge and that each of the copper 
atoms is three-coordinate. For an ORTEP figure, see supplemantary 
material. 

copper-copper bromide compound [Vi2Cu4Br2] (Vi = (2- 
Me2NCH2C6H4)C=C(Me)C6H4Me-4),'3 which contains a 
potentially coordinating NMe2 group. In this case the 
steric hindrance of the bulky vinyl group is thought to 
prevent the formation of a pure ViCu aggregate and to 
favor the Complexation of CuBr, so forming the less hin- 
dered mixed aggregate. This explanation is also likely to 
be valid for the formation of our [ArCu2Br], complex. 
Here the aryl group contains two bulky substituents ortho 
to the Cu-C bond that would hamper the formation of 
stable (ArCu), aggregates. The binding of metal halides 
(LiBr or CuBr) is then favored to form discrete, stable 
aggregates. Furthermore, when the copper atoms in or- 
ganocopper compounds are involved in coordination with 
heteroatoms, they prefer to be three-coordinated, which 
can only be achieved in this bis-ortho-substituted aryl- 
copper species by complexation of CuBr or LiBr. This 
view is supported by the fact that the copper species 
containing only one CHzNMe2 substituent ortho to the 
Cu-C bond does form a stable ArCu aggregate in which 
each of the copper atoms is three-co~rdinate.~ 

Arylcopper compounds often have complicated struc- 
tures. In the case of 1 a complex solution structure was 
indicated by its 'H NMR spectrum (vide infra). An X-ray 
structure determination was therefore undertaken to es- 
tablish the nature of [ C U ( C ~ H ~ ( C H , N M ~ ~ ) ~ - O , O  qCuBr] in 
the solid state. Crystals suitable for analysis were obtained 
by crystallizing 1 from a mixture of diethyl ether and 
hexane a t  -20 "C. The molecular structure with the 
adopted numbering scheme is shown in Figure 2, while 
fractional coordinates and relevant bond distances and 
angles are compiled in Tables I and 11, respectively. 

The structure of 1 consists of four copper atoms posi- 
tioned in a butterfly arrangement (Cu(2) and Cu(3) a t  the 
"wing tips"). In this aggregate two adjacent copper edges, 
Cu(l) .4h(2) and Cu(l)-.Cu(3), are each bridged by CipW 
of an aryl group with three similar copper-carbon distances 
of 2.003 (8), 2.029 (lo), and 2.090 (10) 8, whereas the fourth 
distance Cu(l)-C(13) is somewhat longer, namely, 2.172 
(9) A. These Cu-C distances are consistent with those 
usually found for three-center, two-electron bonded aryl 
groups in arylcopper species. The two remaining copper 
edges Cu(3)-Cu(4) and Cu(2).-Cu(4) are bridged by two 

0.42798 (9) 
0.49188 (10) 
0.38027 (10) 
0.35089 (14) 
0.41650 (9) 
0.35391 (8) 
0.2455 (5) 
0.4131 (7) 
0.4398 (6) 
0.5720 (6) 
0.3338 (7) 
0.3402 (8) 
0.2819 (9) 
0.2208 (10) 
0.2125 (8) 
0.2702 (7) 
0.2598 (7) 
0.1890 (9) 
0.2257 (10) 
0.4047 (8) 
0.4849 (11) 
0.3581 (12) 
0.5458 (7) 
0.5947 (8) 
0.6562 (8) 
0.6735 (8) 
0.6256 (8) 
0.5613 (7) 
0.5137 (8) 
0.4387 (9) 
0.3842 (9) 
0.5824 (8) 
0.5450 (8) 
0.6428 (8) 

0.14117 (9) 0.31129 (IO) 
0.16193 (10) 0.18948 (11) 
0.03300 (9) 0.26558 (11) 
0.11725 (13) 0.16516 (16) 
0.20285 (9) 0.09025 (9) 

-0.01131 (7) 0.14220 (8) 
0.1544 (5) 0.1986 (7) 

-0.0384 (6) 0.3550 (7) 
0.2307 (6) 0.3880 (7) 
0.0879 (6) 0.1352 (6) 
0.0970 (7) 0.3507 (8) 
0.0505 (7) 0.4165 (9) 
0.0444 (9) 0.4714 (8) 
0.0847 (9) 0.4622 (9) 
0.1286 (9) 0.3970 (10) 
0.1357 (6) 0.3412 (8) 
0.1850 (8) 0.2773 (9) 
0.1049 (9) 0.2020 (10) 
0.2109 (9) 0.1425 (14) 
0.0052 (8) 0.4252 (9) 

-0.0719 (11) 0.3499 (12) 
-0.0946 (8) 0.3566 (12) 

0.1486 (7) 0.2909 (7) 
0.0949 (7) 0.2766 (8) 
0.0863 (7) 0.3210 (9) 
0.1293 (8) 0.3830 (11) 
0.1841 (7) 0.3979 (7) 
0.1948 (7) 0.3525 (7) 
0.2561 (7) 0.3668 (8) 
0.2041 (9) 0.4685 (9) 
0.2856 (8) 0.3806 (12) 
0.0473 (7) 0.2091 (9) 
0.0470 (9) 0.0703 (9) 
0.1212 (9) 0.1120 (10) 

0.0436 (9) 
0.0489 (IO) 
0.0469 (IO) 
0.0789 (16) 
0.0653 (9) 
0.0542 (8) 
0.049 (6) 
0.061 (7) 
0.055 (7) 
0.054 (7) 
0.052 (8) 
0.058 (8) 
0.068 (10) 
0.078 (11) 
0.071 (10) 
0.051 (7) 
0.061 (9) 
0.074 (11) 
0.095 (13) 
0.066 (9) 
0.097 (14) 
0.091 (13) 
0.044 (7) 
0.055 (8) 
0.061 (9) 
0.069 (IO) 
0.057 (8) 
0.048 (7) 
0.054 (8) 
0.072 (10) 
0.083 (12) 
0.059 (9) 
0.070 (10) 
0.068 (9) 

Table 11. Relevant Bond Distances (A) and Angles (deg) of 
the Non-Hydrogen Atoms of [Cu4Br2(C6Ha(CHzNMez)2-o ,0j2] 

with the Standard Deviation in Parentheses 
Cu(l)-Cu(2) 2.412 (2) Cu(3)-Br(2) 2.322 (2) 
Cu(l)-Cu(3) 2.406 (2) Cu(3)-N(2) 2.146 (9) 
Cu(l)-Cu(4) 2.894 (2) Cu(3)-C(l) 2.090 (10) 
Cu(l)-N(3) 2.188 (8) Cu(4)-Br(1) 2.414 (2) 
Cu(l)-C(l) 2.029 (9) Cu(4)-Br(2) 2.533 (2) 

C U ( ~ ) - C U ( ~ )  2.737 (2) C(I)-C(2) 1.446 (14) 
Cu(2)-Br(l) 2.317 (2) C(I)-C(6) 1.388 (13) 

C~(l)-C(13) 2.172 (8) Cu(4)-N(l) 2.124 (7) 

Cu(2)-N(4) 2.247 (8) C(13)-C(14) 1.393 (13) 
C~(2)-C(13) 2.003 (8) C(13)-C(18) 1.409 (12) 
C U ( ~ ) - C U ( ~ )  2.429 (2) 

N(3)-Cu(l)-C(l) 102.8 (5) C~(3)-N(2)-C(10) 100.0 (9) 
N(3)-Cu(l)-C(13) 86.9 (4) C~(3)-N(2)-C(ll) 119.7 (9) 
C(l)-C~(l)-C(l3) 155.8 (4) Cu(3)-N(2)-C(12) 107.7 (9) 
Br(l)-Cu(2)-N(4) 107.7 (3) Cu(l)-N(3)-C(19) 102.1 (7) 
Br(l)-Cu(2)-C(13) 164.3 (2) Cu(l)-N(3)-C(20) 106.0 (8) 

Br(2)-Cu(3)-N(2) 117.3 (3) Cu(2)-N(4)-C(22) 94.3 (8) 
Br(2)-Cu(3)-C(l) 140.0 (3) Cu(2)-N(4)-C(23) 116.5 (8) 

Br(l)-Cu(4)-Br(2) 126.12 (10) Cu(l)-C(l)-Cu(3) 71.5 (5) 
Br(l)-Cu(4)-N(l) 110.6 (3) Cu(l)-C(l)-C(2) 116.9 (8) 
Br(2)-Cu(4)-N(l) 113.4 (3) Cu(l)-C(l)-C(6) 115.7 (8) 
Cu(B)-Br(l)-Cu(4) 70.66 (10) C(2)-C(I)-C(6) 119.8 (10) 
Cu(3)-Br(2)-Cu(4) 59.85 (8) Cu(l)-C(13)-Cu(2) 70.4 (5) 

N(4)-C~(2)-C(13) 87.4 (5) Cu(l)-N(3)-C(21) 117.3 (8) 

N(2)-Cu(3)-C(l) 90.2 (5) C~(2)-N(4)-C(24) 112.9 (7) 

Cu(4)-N(l)-C(7) 102.8 (7) C~(l)-C(13)-C(14) 127.3 (7) 
Cu(4)-N(l)-C(8) 115.8 (8) C~(l)-C(13)-C(18) 96.9 (8) 
Cu(4)-N(l)-C(9) 107.1 (8) C(14)-C(13)-C(18) 118.8 (10) 

bromine atoms (Cu-Br distances varying from 2.322 (2) 
to 2.533 (2) A). The C(1)-Cu(k)-C(13) angle is 155.8 (4)O, 
somewhat smaller than predicted for a three-center, two- 
electron Cu-C bond (1640)15 but similar compared to that 
in [CU~((~-M~C~H~)M~C=C(C~H,NM~~))~(C~H,NM~~- 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 2
9,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

10
3a

01
2



Bis-Ortho-Chelated Arylcopper Compounds 

2),].15 Two copper atoms, Cu(2) and Cu(3), are coordi- 
nated to one bridging Cipso atom of an aryl group, one 
bridging bromine atom, and one nitrogen atom. Of the 
other two copper atoms, Cu( 1) is only coordinated to two 
bridging Ci, atoms and a nitrogen substituent and Cu(4) 
is bonded to two bromine atoms and a nitrogen substitu- 
ent, thus making each of the copper atoms three-coordi- 
nate. The Cu-N distances vary from 2.124 (7) to 2.247 (8) 
A and fall in the range for Cu-N(sp3) bond lengths.2 The 
copper-copper distances within the Cu, core show great 
variation. The Ci,,-bridged Cu-Cu distances of 2.412 (2) 
and 2.406 (2) A, are compatible with previously established 
values for such distances in polynuclear arylcopper com- 
pounds,, whereas the two bromine-bridged C w C u  edges 
have widely differing separations of 2.429 (2) and 2.737 (2) 
8, comparable with those in polynuclear arylcopper copper 
bromide c ~ m p l e x e s . ~ J J ~ ~  The copper atoms positioned at  
the wing tips, Cu(2) and Cu(3), have a separation of 3.475 

The structure of the present compound reflects certain 
features expected for arylcopper compounds, Le., a strong 
tendency to aggregate and to form three-center, two- 
electron copper-carbon bonds., However, whereas pre- 
viously established structures were all highly symmetrical,% 
an interesting feature of this structure is the asymmetry 
of the aggregate; see Figure 2. There is only one aryl Cim 
center ((313)) which bridges two Cu atoms that are also 
coordinated to the two ortho CH2NMe2 substituents. This 
structural feature resembles the situation found in the 
corresponding bis-ortho-chelated aryllithium compound 
Li2{C6H(CH2NMe2),-2,3,5,6)2' (see Figure IC). In principle 
a second aryl group could also coordinate to this Cu2- 
(c6H3(CH2NMe2),-o,o) unit in the same way to afford a 
dimeric structure as in Figure IC. However, this is unlikely 
because it would produce four-coordinate copper sites, and 
this situation has only been achieved so far by ligands with 
special requirements as in [Cu(naphthylNMe2-8)14 tet- 
ramer: Another possible aggregate bonding involves three 
coordination at  each Cu center as has been found in 
[CU,(C~H~(CH~NM~,)-~-M~-~)~~.~ This can be only realized 
for [CU,(C~H,(CH~NM~~)~-O,O 3,] when other CuX species 
are involved in the cluster. In 1 it is in fact a combination 
of two CuBr units with two bis-ortho-chelated (ary1)Cu 
units that is observed (Figures 2 and 4). 

The butterfly arrangement for the copper atoms was also 
observed previously in [ Cu4(C6H3(CH2NMe2-2)-Me-5),] ,3 
It  can be regarded as a distorted square-planar arrange- 
ment, which seems to-be the general geometry for Cu, 
 aggregate^,^ as a result of the coordinating properties of 
the CH2NMe2 substituents to form a butterfly. 

Furthermore, it shows an interesting structural resem- 
blance to the [Vi2CuBr2] (Vi = (2-Me2NCH2C6H4)C=C- 
(Me)CGH,Me-4) complex reported before.13 Herein the 
alkenyl groups and the bromine atoms are also mutually 
cis positioned. Until now two structural types of CuBr 
organocopper compounds have been characterized, namely, 
a [ (RCu),CuBr] complex (R = C6H,NMe2-2, C6H,(OXaZO- 
lir1e)-2)~ having a 2:l RCu:CuBr stoichiometry and a 
[ (RCu)CuBr] complex (R = (2-Me2NCH2C6H4)C=C- 
(Me)C6H4Me-4),'3b C6H3(CH2NMe2),-o,o') having a 1:l 
RCu:CuBr stoichiometry. A possible explanation for these 
different stoichiometries is the steric bulkiness of the or- 
ganic group, favoring a 1:l stoichiometry with increasing 
bulkiness. 

(4) A. 
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(15) van Koten, G.; Jastrzebski, J. T. B. H.; Noltes, J. G. Inorg. Chem. 

(16) Noltes, J. G.; ten Hoedt, R. W. M.; van Koten, G.; Spek, A. L.; 
1977, 16, 1782. 

Schoone, J. C. J. Organomet. Chem. 1982,225, 365. 

373K 

A RH 
NMe, 

oCH2 

293K A 

90 80 70 60 50 LO 30 20 10 00 

Figure 3. Temperature-dependent 'H NMR spectra in tolu- 
ene-d,. 

Solution Studies. A cryoscopic molecular weight de- 
termination of l in benzene afforded a molecular weight 
of 823 which corresponds to  a dimeric [(RCu)CuBr], 
composition. Variable-temperature 'H NMR measure- 
ments (see Figure 3) in toluene-d8 (250 MHz) indicate that 
the asymmetry found in the solid is most probably not 
retained in solution and that fluxional processes are op- 
erative. At 233 K the spectrum shows four signals for the 
NMe, groups and two AB patterns for the CH2 protons, 
while the aryl protons give rise to a single ABC pattern 
(Figure 3a). These data exclude, a t  this temperature, the 
structure found in the solid state since this would give rise 
to eight NMe, signals, four AB patterns, and two aryl 
patterns owing to the inequivalence of all the CH,NMe, 
substitutents. To explain this experimental data, it is 
possible to propose the more symmetric structure, sche- 
matically shown in Figure 4, when the following assump- 
tions and restrictions are made. (i) The dimeric structure 
is retained in solution a t  233 K. (ii) There is only one 
species present in solution. (iii) Possible compounds in 
which triangular Cu3 faces are bridged by one aryl ligand 
(for which there are no precedents) are not considered. 
The proposed solution geometry consists of four copper 
atoms, in a distorted square-planar arrangement,, kept 
together by two adjacent bridging aryl units and two 
bridging bromide atoms. Two CH2NMe2 substituents are 
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H A  

Wehman et al. 

. .  
Br 

Figure 4. Schematic representation of the proposed structure 
in solution a t  233 K on the basis of 250-MHz 'H NMR spectra. 

coordinated to the same copper atom, so making it four- 
coordinate, whereas the other two substituents are coor- 
dinated to two opposite copper atoms. Owing to the co- 
ordination pattern a t  the copper atoms, the aggregate is 
chiral." This molecule can be attained from the solid- 
state structure by a change in coordination of one 
CH2NMe2 substituent. When the CH2NMe2 substituents 
are coordinated, pyramidal inversion a t  the N atom, that 
is normally a fast process, is blocked.18 This leads to 
inequivalence of the methyl groups on each N atom (see 
Figure 4), Le., Me, and Meb, on one hand, and Me, and 
Med, on the other, thus providing four NMe2 signals. 
Similarly, this structure would give rise to the two AB 
patterns for the CH2 protons and the magnetically in- 
equivalent aryl protons observed. 

When the temperature is raised, the spectrum begins 
to change and at 239 K the spectrum shows two, somewhat 
broadened, signals for the NMe2 group though still two AB 
patterns for the CH2 protons. The most likely explanation 
for this is a fluxional process involving coordinated and 
uncoordinated CH2NMe2 groups. When uncoordinated 
fast pyramidal inversion at  the N atoms is possible making 
Me,, Meb and Me,, Med, respectively, equivalent, but Me,,b 
and Me,,d remain inequivalent. Because the chiral ag- 
gregate is still rigid at  this temperature, the CH2 protons 
are observed as two AB patterns and HA and Hc are in- 
equivalent. 

On further warming to 373 K both the NMez and the 
CH2 protons afford singlet resonances and the aryl protons 
are now seen as a single AB2 pattern. These observations 
are consistent with fluxionality of the entire aggregate, for 
example, involving rotation of the aryl groups around the 
Cu2C(ipso) bonds. Such a process has also been proposed 
to occur in Cp-tolyl)C~'~ and [ C U ~ ( C ~ H ~ C H ~ N M ~ ~ : ~ ) ~ ~ . ~ ~  
The variable-temperature behavior of this cluster is fully 
reversible. 

The molecular weight of [ C U ( C ~ H ~ ( C H ~ N M ~ , ) ~ - O , O  1- 
CUI~~(P(OCH,),)~] (2), determined by cryoscopy in benzene, 
was 594 (concentration independent), corresponding to the 
monomeric unit. The 'H NMR spectrum of 2 (C6D6, 293 
K) shows singlets for the CH2 and NMez protons whose 
chemical shifts are consistent with the presence of unco- 
ordinated CH2NMez substituents. On the basis of these 
data the structure depicted in Figure 5 is proposed for this 
compound. During attempts to crystallize this compound 
crystals of the interesting phenoxocopper(1) compound 

(17) van Koten, G.; Noltes, J. G. J .  Am. Chem. SOC. 1979,101, 6593. 
(18) This inversion is a low-energy process with a barrier amounting 

to 6 kcal/mol; Busweller, C. H.; Wang, C. Y.; Reny, J.; Lourandos, M. 2. 
J .  Am. Chem. SOC. 1977, 99, 3938. 

(19) Hofstee, H. K.; Boersma, J.; van der Kerk, G. J. M. J.  Organomet. 
Chem. 1978, 144, 255. 

2 3 
Figure 5. The  reaction of [CU~B~(C~H~(CH~NM~~)~-O,O l(P- 
(OMe)3)2] (2) (proposed structure) with O2 yielding the phen- 
oxocopper(1) complex (50% yield; for X-ray structure determi- 
nation see ref 20). 

[ C U ( O C ~ H ~ ( C H ~ N M ~ ~ ) ~ - O , O  ~ C U B ~ { P ( O C H ~ ) ~ ~ ~ ]  originating 
from a reaction of 2 with oxygen were formed. This 
phenoxo compound, which is the first example of a phe- 
noxocopper(1) complex, has a structure very similar to that 
of the model copper(I1) cationic compound for the aro- 
matic hydroxylation, shown in Scheme I, is published 
elsewhere.20 The isolation of this compound, which has 
a Cu'-.Cu' distance of 2.853 (5) A, nicely supports the 
proposed reaction route by Karlin et al. (see Scheme I and 
Introduction) involving a copper-mediated oxygenation of 
an aromatic C-H bond. However, particularly interesting 
of this compound is the simplicity of the organic system, 
whereas it was thought that the oxygenation reaction could 
only be achieved with copper complexes containing special 
ligand systems.21 

Experimental  Section 
Syntheses were carried out by using standard Schlenk tech- 

niques in an atmosphere of purified nitrogen. The solvents were 
dried prior to use. The  following compounds were prepared 
according to the literature methods: CuBr,22 C U B ~ ( P ( O M ~ ) ~ ~ , ~ ~  
o,o '-(Me2NCHz)zC6H3Br.24 

'H NMR spectra were obtained on a Bruker WM 250 spec- 
trometer. Elemental analyses were carried out by the section 
Elemental Analyses of ITC/TNO, Zeist, The Netherlands. 

Synthesis of [CU~B~,{C~H,(CH,NM~~),-O,O~~] (1). To a 
solution of freshly distilled o , o ' - ( M ~ ~ N C H , ) ~ C ~ H ~ B ~  (1.23 g, 4.54 
mmol) in diethyl ether (25 mL) was added a solution of n-BuLi 
in hexane (7.3 mL, 1.6 M, 4.54 mmol). The solution was stirred 
for 1 h, and then CuBr (1.29 g, 9 mmol) was slowly added por- 
tionwise. The resulting suspension was stirred for 1 h and sub- 
sequently filtered. The yellow solution was concentrated in vacuo. 
Addition of hexane afforded 1.40 g of yellow crystalline 
[CU~B~~{C~H~(CH~NM~~)~-O,O?~] (1) (yield 55%). Analysis. Calcd 
for ClzH19NzBrCuz: C, 36.29; H, 4.58; N, 7.06; Br, 20.12; Cu, 31.95. 
Found: C, 36.03; H, 4.93; N, 6.75; Br, 19.97; Cu, 31.46. FD-MS 
(C6H6, 20 mA): m/e 795 (calcd for [CU~B~~(C~H~(CH~NM~~)~-~,O~, 
m/e 794). Molecular weight determination: 823 (cryoscopic in 
benzene concentration independent in the range 0.04-0.13 mol/L). 

Synthesis of [CU~B~(C~H~(CH~NM~~)~-O,O#P(OM~)~),] (2). 
To a solution of o,o'-(Me2NCH,),C6H3Br (5.13 g, 19 mmol) in 
diethyl ether (25 mL) was added a solution of n-BuLi in hexane 
(12 mL, 1.6 M, 19 mmol). The resulting solution was stirred for 
1 h, and subsequently a solution of CuBr{P(OMe)31 (2.35 g, 19 
mmol) in benzene (100 mL) was slowly added. After additional 
stirring for 1 h the volume of the suspension was concentrated 
to one-third of the initial volume. The resulting white precipitate 
was filtered off, washed with diethyl ether, and dried in vacuo 
to give 3.0 g of white [CU~B~{C~H~(CH~NM~~)~-~,~?(P(OM~)~)~~, 

(20) Wehman, E.; van Koten, G.; Knotter, D. M.; Erkamp, C. J. M.; 
Mak, A. N. S.; Stam, C. H. Recl. Trau. Chim. Pays-Bas 1987, 106, 370. 

(21) Sorrell, T. N.; Shen, C.-C; O'Connor, C. J. Inorg. Chem. 1987,26, 
1755. 

(22) Brauer, G. Handbuch der Praparatieven Anorganischen Chemie: 
Ferdinand Enke Verlag; Stuttgart 1962; Auflage 2, Band 2, p 888. 

(23) House, H. 0.; Umen, M. J. J. Org. Chem. 1973, 38, 3893. 
(24) Grove, D. M.; van Koten, G.; Ubbels, H. J. C.; Zoet R.; Spek, A. 

L. Organometallics 1984, 3, 1003. 
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(2) (yield 20%). And. Cdcd for C18H&rN2P206Cu2: C, 33.50; 
H, 5.63; N, 4.34; P, 9.60; Br, 12.38; Cu, 19.66. Molecular weight 
determination: 594 (cryoscopic in benzene, concentration inde- 
pendent in the range 0.026-0.08 mol/L); calcd 645. Found: C, 
32.71; H, 5.73; N, 3.96; P, 9.20; Br, 12.52; Cu, 18.87. 

Reaction of [ C U ~ ( C ~ H ~ ( C H ~ N M ~ ~ ) ~ - ~ , O ~ ~ B ~ ~ ]  with 
Me2SnBrz. To a solution of [Cu(C6H3(CH2NMe2)-o,o~CuBr] (0.5 
g, 1.25 mmol) in diethyl ether (15 mL) was added Me2SnBr2 (0.38 
g, 0.5 mmol). The resulting suspension was stirred at room 
temperature for 1.5 h and filtered. The filtrate was evaporated 
to dryness to afford white [(C6H3(CH2NMe2)2-o,o$3nMez]+Br- 
which was characterized by comparing ik 'H NMFt spectrum with 
that of an authentic sample. Yield: 0.42 g, 80%. 

Crystal Structure Determination. Transparent yellow 
crystals of the title compound Cu4Br2CaHMN4 are orthorhombic, 
space group Pcab with eight molecules in a unit cell of dimensions 
a = 18.167 (3) A, b = 19.462 (3) A, and c = 17.036 (2) A. A total 
of 5655 independent intensities (20 < 130O) were measured on 
a Nonius CAD4 diffractometer, at 25 "C, using graphite-mono- 
chromated Cu Ka radiation (X(Cu Ka) = 1.5418 A. A total of 
2587 reflections were below the 3 4 0  level and were treated as 
unobserved. 

The Cu and Br positions were located by means of the symbolic 
addition program set SIMPEL.26 The positions of the C and N 
atoms were obtained by standard difference Fourier techniques. 
After isotropic block-diagonal least-squares refinement an em- 
pirical absorption correction (DIFABS26) was applied (crystal 

(25) Overbeek, A. R.; Schenk H. In Computing in Crystallography: 
Schenk, H., Olthof, R., van Koningsveld, H., Bassi, C. G., Eds.; Delft 
University Press: Delft, The Netherlands, 1978. 

(26) Walker N.; Stewart, D. Acta Crystallogr. Sect. A Found. Crys- 
tallogr. 1983, A39, 158. 

dimensions 0.25 X 0.33 X 0.33 mm; p = 64.3 cm-'). 
Continued anisotropic refinement converged to R = 0.066 (H 

atoms were introduced at calculated positions). Continued re- 
finement, anisotropic for Cu, Br, C, and N (the H atoms were kept 
at their idealized positions) converged to R = 0.065 (R, = 0.112). 
An extinction correction was applied and a weighting scheme, w 
= lf(9.3 + F,, + O.O12F?), was employed. The anomalous dis- 
persion of Cu and Br were taken into account. The scattering 
factors were taken from ref 27 and were corrected for anomalous 
dispersion.28 
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Aliphatic versus Aromatic C-H Activation and the X-ray Crystal 
Structure of [ IrH(H20)(7,8-benzoquinolinato)(PPh,)2]SbF, 

Maryellen Lavin,+ Elizabeth M. Halt,",' and Robert H. Crabtree*,+ 
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Stillwater, Oklahoma 74078 

Received March 8, 1988 

The crystal structure of [ (bq)IrH(H20)(PPh3)2]SbF6 (2, bq = 7,8-benzoquinolato) shows that benzo- 
quinoline cyclometalates under conditions which give only a C-H-M bridged system with 8-methylquinoline. 
2, a rare example of an organometallic.aqua h dride complex, crystallizes in space group E 1 / c  with a = 
13.330 (4) A, b = 18.131 (5) A, c = 21.777 (7) 1, @ = 98.86 (3)O, and 2 = 4. The possible intermediacy of 
qz-arene species is considered and rejected, and a transition state (7) for the C-H oxidative addition is 
proposed. 

The question of aromatic versus aliphatic C-H bond 
activation has aroused considerable interest over the last 
few It is generally agreed that examples of C-H 
bond oxidative addition (eq 1) are much more numerous 
for aromatic than for aliphatic or benzylic C-H groups. 

,. 

Two types of explanations have been advanced to ac- 
count for this observation. One suggestion, based on ki- 

t Yale University. 
t Oklahoma State University. 

netic arguments, is that the arene group can bind to  the 
metal, for example, in an  q2 fashion and that this binding 
leads to  oxidative addition.2 A second explanation is 
thermodynamic. On this idea, the deciding factor is the 
greater bond strength for an M-C(ary1) over an M-C(alky1) 
or M-C(benzy1) bond in eq l.'B Part of our motivation 
for this study was an attempt to throw some light on this 
problem by using a ligand for which the first of these 
explanations would be unlikely to hold. We had already 
shown that  8-methylquinoline (mq) reacts with [Ir- 

(1) Crabtree, R. H. Chem. Rev. 1985, 85, 245. 
(2) Jones, W. D.; Feher, F. J. J. Am. Chem. SOC. 1982, 104, 4240. 
(3) Halpern, J. Inorg. Chim. Acta 1985, 100, 41. 
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