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Summary 

The compound of empirical formula C,,H,,BrNiO, prepared by Gowling and 
Kettle in 1964, originally formulated as the dimer [(C,Ph,)Ni(CO)Br],, but subse- 
quently reformulated as the monomer [(C,Ph,)Ni(CO)Br] has now been shown by 
an X-ray study to be the dimer. The two nickel atoms are held together by two 
bridging bromine ligands, and the metal center is additionally coordinated by a 
carbonyl group and an $-cyclopropenyl ring in a tetrahedral environment. Crystal 
data are: a 11.331(6), b 10.790(5), c 8.160(4) A, (Y 71.15(7), /I 76.12(g), y 78.96(7)‘, 
triclinic, space group Pi, Z = 1. The structure was solved by the heavy atom method 
and refined by full-matrix least-squares techniques to R and R,. of 0.054 and 0.050, 
respectively, based on 1291 observed reflections. 

Introduction 

The cyclopropenium cation C, R 3+, which is the smallest r-aromatic ring, plays 
an important role in organometallic chemistry, owing to its wide versatility, and in 
its interaction with organometallic substrates a wide variety of modes of coordina- 
tion and reactivity are possible [l]. 

The X-ray structure determinations of cyclopropenylmetal complexes have shown 
that the C,Ph, ring can present a continuum of geometries, going from an 
q3-coordination [2] to an oxidative addition with ring cleavage and formation of a 
four-membered metallocycle [3]. In particular in the [M(C,Ph,)(PPh,),]+ complexes 
(M = Ni, Pd, Pt), in which the metal achieves the 16 valence e- configuration, the 
C,Ph, ring is not symmetrically bound to the metal [4]. These cations display 
fluxional behavior and the ring-whizzing motion of the ML, fragment over the 
cyclopropenium ring has been demonstrated. 

Since cyclopropenium complexes, though of general interest are still compara- 
tively rare, and since X-ray analysis appears the only means of determining the 
bonding mode of the ring, we undertook the X-ray structure of the first reported 
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cyclopropenium complex. prepared by cowling and Kettle in 1964 [S]. This complex 
was originally formulated ah the dimer, [(C,Ph,)Ni(CO)Br]2. hut subsequentI! 
reformulated as the monomer, [(C,Ph,)Ni(CO)Br]. h\ analng~ v,,ith the corrcspnnd- 
ing tri-t-butylc\clopropenvl deri\,ative. on the basis of 5olutiiw :nolec~ular ~eigtit 
determinations-[6]. 

Nou we have succeeded in obtaining crystals suitable for Y-r+ anal\sis h\ ‘I 
simple variation of the origirwl method. 

Results and discussiou 

The molecular structure consists of centrosymmetric dimeric complex molecules 
[(C,Ph ,)NiCOBr] ,, shown in Fig. 1. Selected bond distances and angles are lihted in 
Table 1. 

The two metal centers are held together by tv,v bridging bromine atoms. If the 
cyclopropenyl ring is considered to ~KUI~V one c~wrdination site. the nickel atom 

display5 a distorted tetrahedral geometr>. involving coordinaric~n I>\ I\\0 bromine 

atom>, one car-bony1 group ‘inil one cqclL>propenyl ring. vith anglch ranging from 
96.9( 1)~~122.0(4)“. Since the cyclopropenyl cation donates I\\(> clecirt)ns the nickel(O) 
atom achieves an 18~ configuration. 

The triphenylcyclopropenyl ring is symmetrically bound to the metal. with Nip <‘ 
bond distances (1.95(l) -2.OOi 1 ) A) which appear to t-w chcmicall~ equi\slcnt. ‘The 
distance of the nickel atom from the centroid of the ring ih I .80f 1) A. Thesc \YI~LICZS 

are comparable with the wrrespondin g values for other q’-c)clopropelilr.lnicke! 

complexes. such as (C,Ph,)Ni(‘ltPy)? [2b] (NiLC, 1.896 l.Y6X A. Ni K 1.76 -1). 
(v-C,H,)Ni(r-C,Ph?) [2a] (Ni c’. I.953 1.968 A. Ni K 1.78 .A). 

Within the cyclopropenyl rin g the carbon carbon distance< ha\c an a\ crnpe \~luc 
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TABLE 1 

SELECTED BOND DISTANCES (A) AND ANGLES (DEG) 

Ni-Br 2.482(2) 

Ni-Br’ 2.482(2) 
Ni-C 1.861(14) 
Ni-C(1) 1.948(11) 

Ni-C(2) 2.001(12) 

Ni-C(3) 1.987(12) 

Ni-R” 1.804(11) 
Ni Ni 3.293(3) 

Br-Ni-Br’ 96.9(l) 
Br-Ni-C 105.1(4) 
Br-Ni-R 113.4(4) 
Br’-Ni-C lOLO(4) 

Br’-Ni-R 114.9(4) 

C-Ni-R 122.0(4) 

Ni-C-O 175.1(14) 

C(l)-Ni-C(2) 42.2(4) 

C(l)-Ni-C(3) 41.6(4) 

C(2)-Ni-C(3) 41.3(4) 

Tilt angles of phenyl groups (“) ’ 

(‘WJ-C(6,1)) 23.3 

(C(L2)-C(6,2)) 13.8 

Twist angles of phenyl groups (“) ” 

WWF-C(6>1)) 24.6 

(CW-C(6,2)) 1.6 

c-o 
C(l)-C(2) 

C(l)-C(3) 

C(2)-C(3) 
C(l)-C(l,l) 

CWC(12) 

C(3)-C&3) 

C(2)-C(l)-C(3) 

C(2)-C(l)-C(1.1) 

C(3)-C(l)-C(l,l) 

C(l)-C(2)-C(3) 

C(l)-C(2)-C(1,2) 

C(3)-C(2)-C(1,2) 

C(l)-C(3)-C(2) 

C(l)-C(3)-C(1,3) 

C(2)-C(3)-C&3) 

1.105(13) 

1.422(14) 

1.399(14) 

1.406(15) 

1.467(13) 

1.456(14) 

l-467(13) 

59.8(8) 

142.8(10) 

142.8(10) 

59.3(8) 

147.2(10) 

148.0(11) 

60.9(10) 

145.2(10) 

147.0(11) 

15.6 

20.9 

a R is the point at the center of the cyclopropenyl ring. b Tilt and twist angles are defined as in ref. 2a. 

of 1.409(7) * (within *la), which is somewhat larger than that in the free 
cyclopropenium ligand (1.377 A) [7]. This lengthening was expected, and is char- 
acteristic of metal a-complexes of aromatic ligands [8]. The average value of the 
exocyclic C-C bond distances, 1.463(5) is only slightly shorter than that expected for 
a C(sp2)-C(sp’) single bond, but is consistent with the values usually found in this 
type of compound, a contraction generally being observed as the exocyclic angles 
deviate from 120” [2]. In the present case the exocyclic angles range from 142.8(10) 
to 148.0(11)“. 

The three phenyl rings are tilted out of the plane of the cyclopropenyl ring away 
from the nickel, the tilt angles being 23.3, 13.8, 15.6”, and are twisted around their 
axes by 24.6, 1.6, 20.9”, respectively, so that a propeller arrangement results. The 
Ni-Br bond lengths both are 2.482(2) A, this value being comparable with those 
commonly found in bromine-bridged nickel complexes [9]. 

Experimental 

Preparation. A tetrahydrofuran solution of Ni(CO), prepared by bubbling 
carbon monoxide through a solution of Ni(COD), (2 mmol) in 20 ml of THF, was 

* The estimated error on the mean was calculated according to [Z:,( d, - d)2/n (n - 1)]“2. 
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intensities were assigned standard deviations calculated as described elsewhere [lo], 
a value of 0.03 being used for the instability factor p. Of 3214 total reflections, 1291 
having / > 3a(I) were considered observed. Intensity data were corrected for 
Lorentz-polarization effects, but not for absorption. 

Solution and refinement of the structure. All the calculations were carried out 
using the SHELX76 crystallographic system of programs [ll] on a SEL 32/77 
computer in this Institute. The atomic scattering factors for non-hydrogen atoms 
were taken from ref. 12, while those for hydrogen atoms were taken from ref. 13. 
Anomalous dispersion terms, both real and imaginary, were introduced into F, for 
all the non-hydrogen atoms [14]. The function minimized during refinement was 

Cw(l F, I - IF, ID*> where w = l/a2( Fa). A three-dimensional Patterson function 
yielded the positions of bromine and nickel atoms. All the non-hydrogen atoms were 
located from successive Fourier maps. Full-matrix least-squares cycles with isotropic 
thermal motion on all the non-hydrogen atoms were followed by cycles where 
anisotropic thermal vibration was assigned to bromine, nickel, and the carbonyl 
groups. During the refinement the phenyl rings were treated as rigid bodies of Dch 

symmetry. Hydrogen atoms were introduced in their calculated positions but were 
not refined. The refinement converged to R and R, factors of 0.054 and 0.050, 
respectively. Final parameters are reported in Tables 2 and 3. Tables of thermal 
parameters and structure factors may be obtained from the authors. 
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