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of hydrogen bonding N-H . * . Br are 126 (3) which seem 
to be acceptable values.z1 

Finally, we compared the N .  . . Br distances found in 
the present study with those predicted with the relation 
of Bellamy and Owen:22 Av = 50(x2 - x), in which 
Av is the difference in infrared maxima between the 
gaseous ligand (3540 ~ m - l ) ~  and the complexed ligand 
(3310 cm-1)2 and x = (d/R)6 with d = 3.95 A.14 This 
formula predicts R = 3.35 A, whereas values of 3.34 
and 3.37 A are found (Table V). 

and 2 that in the present compound hydrogen bonding 
also plays a role and is responsible for some interesting 
structural features. (1) There is a movement of the 
imino nitrogen toward the Br- ion, as reflected by the 
Mn-N-N angles of 123' and the Mn-N-C angles of 
133". (2) There is a movement of the Br- ion from 
the perpendicular position toward the N-H groups. (3) 
There are short Br-N distances of 3.34 and 3.37 A for 
Br-N(3) and Br-N(4'), respectively, compared with 
Br-C distances of 3.71 and 3.68 A for Br-C(l) and 
Br-C(2') (see Figure 2 for indicated distances). This 
feature is of course related to (1) and (2). (4) The 
orientation of the five-membered rings is nearly per- 
pendicular. A more flattened orientation would be ex- 
pected on the basis of ligand-ligand repulsions. ( 5 )  
The rather long Mn-Br bond is 2.727 A. Comparable 
literature values for Mn-Br bond lengths are 2.52 A 
(in the rather covalent Mn(CO)6Br),17 2.49 A (in five- 
coordinate Mn(Me&ren)Brz),ls 2.68 and 2.72 A (in one- 
dimensional polymeric MnBr2 * ~ H L O ) ,  lg and 2.72 A 
(in the layer structure of MnBr2).20 (6) The angles 

(17) L. F Dah1 and C. H.  Wei, Acta Crystallogr., 16, 611 (1963). 
(18) M. DiVaira and P L Orioli, ibid., Sect B, 24, 1269 (1968). 
(19) B. Morosin, J Chem Phys. ,  47,417 (1967). 
(20) E. 0. Wollan, W. C. Koehler, and M. K. Wilkinson, Phys. Rev , 110, 

638 (1958). 
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The crystal and molecular structure of r-triphenylcyclopropenylchlorodipyridinenickel(O)-pyridine, [(r-C3(C&,)s)NiCI- 
(CsHsN)g] * CbHsN, has been determined from three-dimensional single-crystal X-ray data collected by counter methods. 
This compound crystallizes as well-separated molecular units in the monoclinic space group P21/c with four molecules in a 
unit cell of dimensions a = 16.570 (3), b = 10.538 ( l ) ,  c = 22.483 (5) A, and p = 129.14 (1)'. The structure has been re- 
fined by full-matrix least-squares methods to a conventional R factor of 0.081 for the 2361 reflections with I > 2.0u(I). When 
the triphenylcyclopropenyl group is assumed to occupy one coordination position, the coordination geometry about the 
nickel atom is a distorted tetrahedron. The triphenylcyclopropenyl group is complexed in true r fashion, the three nickel- 
cyclopropenyl carbon distances being 1.896 (8), 1.958 (8), and 1.968 (8) A. Carbon-carbon distances in the cyclopropenyl 
ring are equal within experimental error to an average value of 1.421 ( 7 )  and are lengthened significantly in this complex 
compared with the free ligand in (C~(CBH~)S)(CIO~). The nickel-chlorine and average nickel-nitrogen (pyridine) distances 
are 2.322 (3) and 2.024 (5) A, respectively. 

Introduction 
The stability of the cyclopropenium cation as im- 

plied by the simple Hiickel 4n + 2 rule (n = 0) was 
confirmed by the synthesis of the triphenylcyclopropen- 
ium cation1 and more recently the parent2 ion, C3H3+. 
However, the first attempts to obtain transition metal 
P complexes of this aromatic species were unsuccess- 
fUL3r4  In 1964 Gowling and Kettle6 presented evidence 
that the reaction of (C3(CeH5)3)Br with Ni(C0)4 gave a 

(1) (a) R. Breslow and C. Yuan, J. Amer. Chem. Soc., 80, 5991 (1958); 

(2) R. Breslow and J. T. Groves, ibid., 92, 984 (1970). 
(3) C. E. Coffey, ibid. ,  84, 118 (1962). 
(4) J. Chat t  and R. G. Guy, Chem. Ind .  (London), 212 (1963). 
( 5 )  E. W. Gowling and S. F. A. Kettle, Inorg.  Chem., 3, 604 (1964). 

(b) R. Breslow and H. W. Chang, ibid., 83, 2367 (1961). 

dimer complex of the formulation [ ( R - C ~ ( C & ) ~ ) N ~ B ~ -  
(C0)]2 which contained this carbocyclic ring R bonded 
to the nickel atom. In order to determine whether 
this was the mode of bonding and to gain a better un- 
derstanding of the bonding of small aromatic ring sys- 
tems to  transition metals, an X-ray structural deter- 
mination of a closely related monomeric derivative,6 
[(?T-C~(C~H~)~)N~CI(C~H~N)~] C6H5N, was undertaken. 

Experimental Section 
Preparation.7-Reaction of the dimeric complex [ ( T - C ~ ( G , H ~ ) ~ ) -  

( 6 )  A preliminary account of this work has been given: 

(7) E. W. Gowling, Ph.D.  Thesis, Sheffield University, 1965. 

D. L. Weaver 
and R.  M. Tuggle, J. Amer. Chem. Soc., 91 ,6506 (1969). 
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NiCl(C0)lz with excess pyridine gave air-stable red crystals of 
the pyridine adduct [?r-C3(C,H,),Ni(Cl)(py)z] 'py. Anal. Calcd 
for NiC3eH3&;3Cl: Ni, 9.81; C, 72.21; H ,  5.05; N, 7.02; C1, 
5.92. Found: Xi, 10.24; C, 71.40; H ,  4.80; N,  7.35; C1, 
6.24. Single crystals suitable for X-ray examination were ob- 
tained from pyridine-hexane mixtures. 

Magnetic Susceptibility Measuremerit.-The susceptibility 
was measured by the Faraday method using P t  as a calibrant 
and the complex was found to be diamagnetic. 

Infrared Spectrum .-The infrared spectrum was recorded 
on a Perkin-Elmer Infracord spectrometer using a KBr pellet. 
Major absorptions in cm-' are 3100 (s), 1680 (m), 1600 (s), 1555 
(m),  1495 (s), 1455 (s), 1370 (m), 1350 (m), 1220 (m),  1155 (m),  
1070 (s), 1040 (s), 760 (s), and 695 (s). 

Electronic Spectrum.-The electronic spectrum was obtained 
on a Carp Model 14 recording spectrophotometer. 

Collection and Reduction of the X-ray Data 
Crystals of [(?r-C3(C6Hs)3)NiCl(py)z] 'py, prepared as described 

above, were shown to be in the monoclinic system from preces- 
sion and Weissenberg photographs. The observed systematic 
absences h01, I odd, and OkO, k odd, are consistent with the 
uniquely determined space group P21/c ( C52h). Unit cell parame- 
ters were determined on a G E  XRD-5 diffractometer using Cu K a  
radiation (A 1.5418 A)  by least-squares treatment of the 28 values 
for 21 reflections (34 < 28 < 54"). The values thus obtained 
were a = 16.570 (3),  b = 10.538 (l), c = 22.483 ( 5 )  A, and 
p = 129.14 (1)'. For four formula units of the monopyridine 
solvate the calculated density is 1.31 g/cm3 which compares well 
with the observed density of 1.30 g/cm3 determined by the flota- 
tion method. 

A single crystal of approximate dimensions 0.1 X 0.3 X 0.05 
mm along the a, b ,  and c* directions was mounted on a glass 
fiber with its b* axis coincident with the (o axis of a G E  XRD-5 
diffractometer. Measurement of the kinematic intensity profile8 
(takeoff angle 4') by the w-scan method showed a peak width of 
0.38" a t  half-maximum intensity for several reflections. 

Intensity data were collected by the 8-28 scan technique using a 
symmetric 28 scan range of 3' and a rate of 2'imin. Ten-second 
stationary-background counts were taken a t  both extremes of 
the scan range. Crystal and electronic stabilities were moni- 
tored by three standards. These standards, which showed a 
uniform decrease of 2YG during data collection, were used to 
place all intensities on a common scale. CU K a  radiation, ob- 
tained by passing the primary beam through 0.35 mil of nickel 
foil, was employed for data collection. The pulse height an- 
alyzer was set for approximately a 90% window when centered 
on the Cu K a  peak. Nine reflections whose intensities exceeded 
the linear response range of the scintillation counter were re- 
measured by reducing the current on the X-ray tube. 

All of the 3365 independent reflections for 28 5 100" ((sin 
e)/x 5 0.50) were measured. These intensities were reduced 
to  values of F 2  by correction for background, Gorentz, and polari- 
zation effects. Standard deviations of the intensities were com- 
puted using the formula 

u(1) = [C + 0.25(tS/tB)*(BI + B2) + (P1)*1"? 
where I is the net intensity, C is the total integrated scan count 
obtained in time t s ,  tg is the time required for each background 
count B1 and B z ,  and p is a factor introduced to  account for 
random fluctuations which occur during data collection. For this 
structure, p was chosen to be 0.03. The 2361 reflections for 
which I > 2.0a(I )  were classified as observed and used in the 
solution and refinement of the structure. For this complex the 
linear absorption coeficient of Cu K a  radiation is 19.2 cm-'. 
The crystal studied had transmission coefficients which ranged 
from approximately 0.91 to 0.83 and no absorption corrections 
were made. 

Solution and Refinement of the Structure 
Application of the standard heavy-atom techniques including 

a three-dimensional Patterson function located the nickel and 
chlorine atoms. Least-squares refinement of the structure 
factors phased on these two atoms gave an R1 of 0.468 and Rz 
of 0.570. The residuals throughout the text are defined as RI = 
xllFol - / F , ~ / / z ~ F , /  and Rz = [ Z w ( / F o l  - IFel)2/ZwFo211/2 with 
the weight w = 4Fo2/u2(Fo2).  The function minimized by the 
full-matrix least-squares refinement was Z W ( I F . I  - IFo/ 1'. Scat- 

(8) L. E .  Alexander and G. $. Smith,  Acta  C v y s t d o g v . ,  16, 983 (1962). 

tering factors used for the neutral light atoms except hydrogen 
were those of I b e r ~ . ~  The hydrogen and nickel atom scattering 
factors were those of Stewart, et  aZ.,1° and Cromer and Waber," 
respectively. The values of the nickel and chlorine scattering 
factors were corrected for the real and imaginary components of 
anomalous dispersion usipg the tabulation of Cromer.12 

Fourier and least-squares methods located the remaining 
nonhydrogen atoms and yielded RI = 0.113 and Rz = 0.143 
when all atoms were assumed to vibrate isotropically. When the 
nickel, chlorine, three cyclopropenyl carbon, and two coordi- 
nated nitrogen atoms were assigned anisotropic temperature 
factors, the residuals fell to an R1 of 9.7ye and an Rz of 1O.9ye. 
Examination of a difference Fourier map phased on these struc- 
ture factors showed 16 peaks of density 0.56-0.20 e-/A3 (u(Ap)  = 
0.06 e-/B3) in reasonable locations for hydroge? atoms. Also 
noted on this map were six peaks (0.56-0.51 e-/'A3) a t  positions 
which were staggered with respect to the atoms in the pyridine of 
crystallization. These peaks and the high thermal parameters 
for the atoms in this group suggest disorder or severe thermal 
librational motion for the pyridine ring. 

A model composed of two staggered six-membered carbon atom 
rings with partial occupancy factors was chosen to represent the 
pyridine of crystallization in the final cycles of least-squares re- 
finement. All parameters were varied except the occupancy 
factors which were readjusted by hand after each cycle subject 
to the two constraints: (1) that the sum of the two ring oc- 
cupancy factors must equal unity and (2 )  that  the average tem- 
perature factors of the atoms in each ring must be identical. 
During this final stage of refinement hydrogen atom coordinates 
were varied but their thermal parameters were fixed a t  a value for 
B of 6 A2.  Convergence occurred for a 6 5 / 4 a  disorder of the pyr- 
idine ring. The Anal values of R1 and Re were 0.081 and 0.086, 
respectively. 

During the final cycle of least-squares refinement the largest 
change in a nonhydrogen atom parameter was 0.9% ( y  coordi- 
nate of atom C(12)) and the average change was 0 . 0 5 ~ .  The 
three highest peaks (0.79-0.71 e-/i13 or about one-fifth the 
height of a typical carbon atom) on a final-difference Fourier 
map were in the vicinity of atoms C(12) and C(13). A final 
structure factor calculation for the 1004 unobserved reflections 
showed two reflectiotls for which IF,I was greater than twice the 
minimum observable. The major programs used in the elucida- 
tion of this structure were Prewitt's SFLS-5 for structure factor 
and full-matrix least-squares refinenent calculations, Zalkin's 
FORDAP for Patterson and Fourier synthesis, and Johnson's 
ORTEP for pictorial representation. 

The positional and thermal parameters obtained in the last 
cycle of least-squares refinement are given in Table I .13 

Description of the Structure 
The crystai structure is made up of discrete molecular units of 

( T - C ~ ( C ~ H ~ ) ~ ) N ~ C ~ ( ~ ~ ) Z  and pyridine. X projection of the mole- 
cule on the plane of the cyclopropenyl ring is shown in Figure 1 
while Figures 2 and 3 give projections of the crystal packing 
down the crystallographic b* and c*  axes, fespectively. The 
bond distances and angles obtained from the final cycle of least- 
squares refinertied are given in Table 11. 

The,nickel atom is surrounded in a distorted tetrahedral fashion 
by a chlorine a t o p ,  two nitrogen atoms of the coordinated pyr- 
idine molecules, and the cyclopropenyl ring. The angles around 
the nickel atom range from 96.1 (2) to 125.5 (2)' with an average 
value of 108.7'. (These angles were calculated with reference 
to a Ni-R(3), vkctor where R(3)  is a point in the center of the 
three-membered ring.) 

An average Xi-C(ring) distance of 1.941 (5) .k was determined 
for this complex which may be compared wiih the average Ni-C- 
(cyclopropenyl ring) distance of 1.961 (4)  h found in ( r -CfiH~)-  
hTi(r-C3(C&)3). See Table 111. Apparently the electronic 

(9) J. A. Ibers in "International Tables for X-Ray Crystallography," 

(10) R. F. Stewart, E. R.  Davidson, and W .  T. Simpson, J .  Chem.  Phys. ,  

(11) D. T. Cromer and J. T. Waber, Acta Cvystallogv., 18, 104 (1965). 
(12) D. T. Cromer, i b i d . ,  18, 17 (1965). 
(13) A listing of structure factor amplitudes will appear following these 

pages in the microfilm edition of this volume of the journal. Single copies 
may be obtained from the Reprint Department, ACS Publications, 1155 
Sixteenth S t . ,  S . W . ,  Washington, D .  C. 20036, by referring t o  author, title 
of article, volume, and page number. Remit check or money order for 
$3.00 for photocopy or $2 00 for microfiche. 

Vol. 111, Kynoch Press, Birmingham, England, 1962, p 202. 

42, 3175 (1965). 
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TABLE I 
Final Positional and Thermal Parametersa 

X 

0.17039 (10) 
0.1521 (2) 
0.3106 (6) 
0.3722 (7) 
0.3897 (11) 
0.4413 (12) 
0.4832 (8) 
0.4710 (8) 
0.4180 (8) 
0.7271 (6) 
0,7364 (6) 
0.7310 (7) 
0.7380 (8) 
0.7485 (8) 
0.7555 (8) 
0,7490 (7) 
0.6967 ( 6 )  
0.3537 (6) 
0.6304 (8) 
0.5833 (9) 
0,4539 (9) 
0.4377 (8) 
0.3861 (8) 
0.0972 (5) 
0.1163 (8) 
0,0798 (9) 
0.0275 (8) 
0.9897 (8) 
0.9531 (7) 
0.9525 ( 5 )  
0.9543 (8) 
0.1335 (8) 
0.1244 (8) 
0.0292 (8) 
0.9450 (7) 
0.755 ( 5 )  
0.670 (3) 
0.663 (3) 
0.238 ( 5 )  
0.857 (3) 
0.843 (3) 
0.717 ( 5 )  
0.660 (3) 
0.282 (4) 
0.817 (4) 
0.862 (4) 
0.791 (4) 
0.340 (7) 
0.392 (6) 
0.729 (6) 
0.727 (6) 
0.658 ( 6 )  
0.549 (7) 
0.481 (6) 
0.376 (6) 
0.162 (6) 
0.125 (6) 
0.016 (6) 
0.961 (6) 
0.952 (6) 
0.811 (7) 
0.005 (6) 
0.875 (7) 

Y 
0,05531 (12) 
0.2608 (2) 
0.0453 (7) 
0.1235 (8) 
0.0828 (14) 
0.3249 (15) 
0.2168 (10) 
0.3152 (10) 
0.2334 (11) 
0.4201 (8) 
0.2924 (8) 
0.1868 (10) 
0.0645 (11) 
0.0483 (10) 
0.1527 (10) 
0.2772 (9) 
0.4986 (8) 
0.0062 (8) 
0.3987 (10) 
0.4104 (12) 
0.0236 (12) 
0.1336 (10) 
0.1190 (10) 
0.0791 (6) 
0.1846 (10) 
0.1958 (11) 
0.0978 (10) 
0.4928 (11) 
0.4847 (9) 
0.4828 (6) 
0.0358 (9) 
0.4920 (10) 
0.1096 (10) 
0.3357 (10) 
0.3819 (9) 
0.157 ( 5 )  
0.090 (3) 
0.001 (3 
0.482 (4) 
0.052 (4) 
0.132 (3) 
0.121 ( 5 )  
0.046 (6) 
0.482 (3) 
0.016 (4) 
0.100 (6) 
0.149 (3) 
0.134 (8) 
0.266 (8) 
0.202 (8) 
0.014 (8) 
0.320 (8) 
0.346 (9) 
0,023 (8) 
0.189 (8) 
0.255 (8) 
0.264 (8) 
0 ,406  (8) 
0.407 (8) 
0.117 (8) 
0.466 (8) 
0.262 (8) 
0.349 (8) 

e 

0.22525 (7) 
0.1810 (1) 
0.3164 ( 5 )  
0.3854 ( 5 )  
0.4520 (9) 
0.0171 (8) 
0.0157 (6) 
0.4528 (6) 
0.3895 (6) 
0.2124 ( 5 )  

0.2256 (6) 
0.2028 (6) 
0.1489 (6) 
0.1156 (6) 
0.1365 (5)  
0.2462 ( 5 )  
0.2194 ( 5 )  
0.3076 (6) 
0.3421 (7) 
0.1571 (6) 
0.1817 (6) 
0.2125 (6) 
0.2708 (4) 
0.3100 (5) 

0.3548 ( 6 )  
0.1851 (6) 
0.2265 ( 5 )  
0.3756 (3) 
0.0864 (5 )  
0.4852 (6) 
0.0183 (6) 
0.4803 (6) 
0.4096 (5 )  
0 I474 (3) 
0.431 (3) 
0.379 (2) 
0.109 (3) 

0.1920 (5) 

0.3533 (7) 

0.450 (3) 
0.492 (2) 
0.464 (3) 
0.396 (3) 
0.124 (2) 
0.419 (3) 
0 ,480  (3) 
0.496 (2) 
0.434 ( 5 )  
0.344 (5) 
0 , 2 6 8  ( 5 )  
0.230 (5 )  
0.313 ( 5 )  
0.326 (5) 
0.126 (5 )  
0.226 (5 )  
0.314 (4) 
0.389 (5 )  
0.192 (5 )  
0.253 ( 5 )  
0.104 ( 5 )  
0.493 (5 )  
0.492 (5 )  
0.378 ( 5 )  

E ,  d2 
3 .  38b 
4.46b 
3.35b 
3.69 (18) 
9 .31  (40) 

10.32 (41) 
5.79 (24) 
6 .35  (26) 
5 .67  (25) 

3.54  (18) 
4.85 (22) 
5.92 (25) 
6 .21  (25)  
5.63  (24) 
4 .33  (20) 
3.44b 

3.47b 

3.42 (18) 
5.20 (24) 
6.58 (30) 
6 , 6 1  (27) 
6 , O l  (25)  
4.87 (23) 
3.74b 
4.69 (22) 
6 , 2 7  (27) 
6.02 (25)  
5.53  (24) 
4 18 (20) 
3 ,  21b 
4 .31  (21) 
5 .53  (25)  
6.24 (23) 
4 .67  (22) 
3 , 8 2  (19) 

11.1 (21) 
7 . 2  (8) 
7 . 0  (8) 
8 . 7  (12) 
8 . 4  (9) 
6 . 2  (7) 
6 . 6  (10) 
8,8 (13) 
5 .9  (9) 
6 .5  (9) 

1 0 . 5  (21) 
5 . 3  (9) 
6.0e 
6.0 
6 . 0  
6 . 0  
6.0 
6 .0  
6 .0  
6 . 0  
6.0 
6.0 
6 .0  
6 . 0  
6 . 0  
6 . 0  
6 . 0  
6 . 0  

Anisotropic Temperature Factors' ( X  lo4) 
Atom 811 @?1 I933  Bia Pi3 B93 

Ni 58.6(11) 73.4(15) 29.4(6) ' -5.8(11) 29 .2(7)  -7 .9(8)  
C1 92 .5(21)  73.2(25) 43.9(11) 1 .6(18)  47.4(13) -0 .6(13)  
C(10) 63.2(68) 49.1(89) 34.0(37) -18.8(64) 31.5(44) -7.8(50) 
C(20) 51.9(66) 64.5(97) 32.9(38) 0 . 1  (62) 25.6(45) 2.6(48) 
C(30) 55 .3(69)  72.7(88) 31.4(38) -3 .4(63)  28.3(47) -2.9(47) 
N(4) 72.6(68) 68.7(77) 36.3(31) -7.1(56) 38 .0(38)  -7 .3(40)  
N(6) 5 0 . 4  (54) 79.9 (79) 23.2 (26) - 2 . 5  (52)  22.1(34)  0 . 4  (36) 

a Numbers in parentheses are esd's in the last figure quoted. 
Equivalent isotropic B's. c One atom in the C(60) series and 

the C(60A) series is, in fact, a nitrogen atom. Hydrogen atoms 
have the same numbers as the carbon atoms to which they are 
bonded. e Hydrogen atom temperature factors fixed a t  0.0 Az. 

Anisotropic temperature factors are of the form: exp[-&h2 + Pzzk' + Pad2 -t 2Plzhk -I- 2P1shl-t 2Pzsk l ) l .  

demands of two pyridines and a chlorine are approximately 
equivalent to that of a cyclopentadienyl ring. For nickel 
derivatives of this type there is a decrease in the average Ni-C- 
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C(231 

(251 

Figure 1.-A molecule of (n-Cs(CeHs)sNi)Cl(py)l projected on 
the plane of the cyclopropenxl ring. The 50y0 probability ellip- 
soids are given for atoms refined anisotropically; the ellipsoids of 
atoms refined isotropically are fixed a t  4.0 Az. 

I/------ 

Figure 2.-Molecular packing of [(n-Cs(CsHa)s)NiCl(py)z] ' py  
projected on the crystallographic ac plane. 

____ 

! T 
Figure 3.-Molecular packing of [(~I-C~(C~H~)~)N~C~(~~)Z] ' py 

projected on the crystallographic ab plane. 

(ring) distances as the size of the b-membered carbocyclic ring is 
reduced, viz., Ni-C(n-CsHs), 2.125 Ni-C(x-Ca (CHs )r ), 

(14) (a) R .  M. Tuggle and D. L. Weaver, Inorg. Chem., 10, 1504 (1971); 
(b) M. D. Rausch, R.  M. Tuggle and D. L. Weaver, J .  A n w .  Chem. Soc., 
$2,  4981 (1970). 
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TABLE I1 
SELECTED INTRAMOLECULAR DISTANCES ASD ANGLES~ 

Ni-C1 
Ni-N(4) 
Ni-N(5) 
Ni-R (3)b 
Xi-C (10) 
Ni-C (20) 
Ni-C(30) 
Wtd  a v  of 3 Ni-C 
C(lO)-C(ZO) 
C(20-C (30) 
C(30-C(10) 
W t d  av  of 3 C-C 
C(lO)-C(11) 
C(ZO)-C(21) 
C(30)-C (3 1) 
W t d  av  of 3 C-C 
N(4)-C(41) 
C(41)-C(42) 
C(42)-C(43) 
C(43)-C(44) 
C(44)-C(45) 
C (45)-N (4) 
N (5)-C (51) 
C(51)-C(b2) 
C (52)-C (53) 
C(53)-C(54) 
C(54)-C(55) 
C(55)-N(5) 

Cl-Ni-R(3) 
Cl-Ni-N(4) 
Cl-Nik(5) 
R(3)-Ni-N (4) 
R(3)-Ni-N(5) 
N(4)-Ni-N(5) 
C(30)-C(l O)-C(ZO)  
C(lO)-C(20)-C(30) 
C(20)-C (30)-C (10) 
C(30)-C(1O)-C(ll) 
C(20)-C(1O)-C(ll) 
C (  lO)-C (20)-C (21) 
C(30)-C(2O)-C(21) 
C(20)-C(3O)-C (3 1) 
C (lO)-C (30)-c (3 1) 
C(30)-C(31)-C(32) 
C (3 1) -c  (32)-c (33) 
C(32)-C(33)-C(34) 
C (33)-c (34)-C (35) 
C(34)-C(35)-C(36) 
C(35)-C(36)-C(31) 
C (36)-C(3 1)-C (32) 
C(36)-C(31)-C(30) 
C(lO)-C(ll)-C(12) 
C(ll)-C(12)-C(l3) 
C (12)-C(13)-c(14) 

Bond Dist 
2.322 (3) 
2.037 (7) 
2.011 (6) 
1.759 
1 .896  (8) 
1.968 (8) 
1.958 (8) 
1.941 (5) 
1.429 (11) 
1.414 (11) 
1.422 (11) 
1 ,421  (7) 
1.459 (12) 
1 ,461  (12) 
1 ,456  (11) 

1 . 3 3  (1) 
1.42 (1) 
1 . 3 6  (2) 

1.40  (1) 
1 . 3 2  (1) 
1 . 3 3  (1) 
1 .40  (1) 
1 . 3 7  (1) 
1.36 (1) 
1 , 3 8  (1) 
1 , 3 6  (1) 

1.459 (7) 

1.34 (2) 

Angles, 
118.6 (2) 
9 8 . 2  (2) 
96 .1  (2) 

116.4 (3) 
125 .5  (2) 
96.5  (2) 
69.5  (5) 
60 .0  (6) 
60.5 (6) 

144,4  (7) 
144.7 (8) 
144.2 (8) 
148.4 (8) 
146.8 (8) 
142 .1  (8) 
121.3 (8) 
119.6 (9) 
120.0 (10) 
122.1 (10) 
115.9 (9) 
124.1 (9) 
117.9 (8) 
120.7 (8) 
119 .8  (9) 
116.9 (12) 
120.7 (13) 

ances, A 
c (1 1)-C(12) 
C (12)-C( 13) 
C(13)-C(14) 
C(  14)-C( 15) 
C (1 5 )  -C (16) 
C(  16)-C(11) 
C(Zl)-C(ZZ) 
C(22)-C(23) 
C(23)-C(24) 
C(24)-C(25) 
C(25)-C(26) 
C(26)-C(21) 
C(31)-C(32) 
C ( 3 a - C  (33) 
C(33)-C(34) 
C(34)-C(35) 
C (35)-C (36) 
C(35)-C(31) 
W t d  a v  of 18 

phenyl C-C 
C (60)-C(61)' 
C(61)-C(62) 
C (62)-C (63) 
C (63)-C (64) 
C(64)-C(65) 
C(65)-C(60) 
W t d  a v  of 6 C-C 
C(60A)-C(61A)C 
C(61A)-C(62A) 
C(62A)-C(63A) 
C(63A)-C(64A) 
C(64A)-C(65A) 
C(65A)-C (BOA) 
Wtd av  of 6 C-C 

Deg 
C (1 3)-C (14) -C (1 5 )  
C(l4)-C(l5)-C(l6) 
C (14)-C (15)-C (16) 
C (15)-C (16)-C (1 1) 
C (16)-C (1 1)-C(12) 
C(16)-C( 1 l)-C(lO) 
C (20)-C(2 1)-C (22) 
C (2 1)-c (22)-C (23) 
C (22)-C (23)-C (24) 
C(23)-C (24)-C (25) 
C (24)-C(26)-C (26) 
C(25)-C(26)-C(21) 
C(26)-C(21)-C(22) 
C (26)-C (21)-C(20) 
N(4)-C(41)-C(42) 

C (42)-C (43)-C (44) 
c (41)-c(42)-c (43) 

C(43)-C(44)-C(45) 
C(44)-C (45)-N(4) 
C(45)-N(4)-C(41) 
N(5)-C(51)-C(52) 
C (51)-C(52)-C (53) 
c (5a-C (63)-C (54) 
c (53)-C(54)-C (55) 
c (54)-C (55)-N (5) 
C (55)-N(5)-C (51) 

1 , 4 0  (2) 
1.50  (2) 

1.34  (2) 
1.40  (2) 
1.36  (1) 
1 . 3 8  (1) 
1 .42  (2) 
1.34  (2) 
1 . 3 8  (1) 
1 . 4 2  ( I )  
1 . 4 0  (1) 
1 , 3 9  (1) 
1 . 4 1  (2) 
1 . 3 5  (2) 
1 , 3 8  (2) 
1.41 (1) 
1 . 3 5  (1) 
1.387 (4) 

1 , 3 0  (7) 
1 . 4 5  (6) 
1 , 4 9  (7) 
1 , 4 6  (7) 
1 , 3 7  (5) 
1 , 2 9  (7) 
1 .39  (3) 
1 .42  (8) 
1 , 4 7  (7) 
1 .32  (7) 
1 .38  (8) 
1 .52  (8) 
1 .00  (8) 
1.36 (3) 

1 , 3 5  (2) 

120.2  (10) 
119 .8  (10) 
119 .8  (10) 
124 .0  (10) 
117 .4  (10) 
122 .7  (8) 
121 . o  (7) 
119 .1  (9) 
122 .0  (10) 
119 .6  (10) 
1 2 0 , 6  (9) 
1 1 9 . 1  (8) 
119 .6  (8) 
119 .3  (8) 
120 .3  (9) 
119 .9  (10) 
118.7 (10) 
119 9 (10) 
122.4 (9) 
118.9 (8) 
122 9 (9) 
119 .5  (10) 
118 .3  (10) 
120.0 (9) 
1 2 2 . 6  (8) 
116 .7  (7) 

Angles of Tilt of Phenyl Groups, Deg 
[C(11), , , , ,  C(16)ldme 1 9 . 4  ' [C(31), , , , ,  C(36)I 2 0 . 2  
LC(21). , , , , C(26)I 16.7 

Angles of Twist of Phenyl Groups, Deg 
[C(11), , , , ,  C(16)ld,f 8 . 4  [C(3l ) ,  . , , , C(36)I - 18.9 
[C(21), . , , I  C(26)l 

a Figures in parentheses are the estimated standard deviations 
in the last figure quoted. b R(3)  is a point a t  the center of the 
cyclopropenyl ring. One atom in the C(60) series and in the 
C(60A) series is, in fact, a nitrogen atom. [C(11), . , . , C(l6)l  
refers to the phenyl group containing carbon atoms C(l1)  through 
C(16). e The ti l t  angle is the supplement of the average of the 
R(3)-C (10)-C (1 1) and R(3)-C( 10 )-C (14) angles. The other 
two tilt angles are similarly defined. J The twist angle is the 
complement of the dihedral angle between the [ C ( l l ) ,  . . , ,  
C(l6)l plane and the [Ni, R(3), C(10), C(11), C(14)] plane. 
The two remaining twist angles are similarly defined. 

13 .4  

R.  M. TUGGLE AND D. L. WEAVER 

TABLE I11 
COMPARISON OF STRUCTURAL DATA FOR 

TRIPHEKYLCYCLOPROPENYL DERIVATIVES~ 
(Cr (CaHd 8) - I( vC8 (CsHs) s) - 

M-c (av), 8, . . .  1 . 9 4 1  (5) 1 . 9 6 1  (4) 
M-c (range), b . . .  1.896-1.968 1.953-1.968 

Cyclopropenyl C-C (av),  d 1.373 (5) 1 . 4 2 1  (7) 1 . 4 2 8  (5) 
Exocyclic C-C (av), b 1,436 (5) 1 , 4 5 9  (7) 1 .452  (4) 

( a-CsHs) Ni- 
(Clodb NiCl(py)zl ,pyc  (n-C3(C~Hn)a)~ 

M-Cs ring (I), b . . .  1,759 1.779 

Tilt angles,' deg 0 .0  1 9 . 4  2 0 . 1  

Twist angles,e deg 7 . 6  8 . 4  19 .9  

1 . 1  1 6 . 7  1 9 . 2  
0 . 8  2 0 . 2  1 9 . 7  

21 .2  13.4 20 .1  
12 1 -18 .9  23 .5  

a The esd's are given in parentheses. * M. Sundaralingam and 
L. H. Jensen, J .  Amer. Chem. Soc.,  88, 198 (1966). This work. 

R. M.  Tuggle and D. L. Weaver, Inorg. Chem., 10, 1504 (19il) .  
e The tilt and twist angles are defined in Table 11. 

2.019 and N~-C(?T-C~(CGHE)~),  1.950 A.14b However, per- 
pendicular Ni-ring distances remain relatively constant despite 
ring size; the range for all nickel complexes of n-ring systems is 
about l . i2-l . i8 A.14a An angle of 3.6" was found between the 
Ni-ring center vector and the normal to the cyclopropenyl ring. 
This finite angle results from the fact that  one of the Ni-C(ring) 
distances is significantly shorter than the other two. No chemi- 
cal significance in terms of localized bonding to  the C3 ring is at- 
tached to the unequal Xi-C(ring) distances, particularly in view 
of the equality of the three C-C distances within this ring (vide 
infra). 

The average Ni-N(py) bond length is 2.024 ( 5 )  A and the Xi-C1 
distance is 2.322 (3) A. An internally consistent value of about 
1.34 A for the tetrahedral Ni(0) covalent radius can be obtained 
from these bond lengths since none of the bonds should be ef- 
fected by appreciable multiple character. Other pyridine com- 
plexes such as trans-Co(acac)2(py)216 and trans-r"i(acac)2(py)2,'6 
where acac is the acetylacetonate anion, similarly show no evi- 
dence of significant metal-pyridine x bonding. 

Table 111 gives a comparison of some pertinent bond distances 
and angles for C ~ ( C ~ H S ) ~ +  and two nickel complexes of this ligand. 
Carbon-carbon distances in the S3 ring are all equal (within la )  
to an average value of 1.421 (7) A for the present complex which 
is significantly longer than that found in the free ligand." This 
lengthening is characteristic of metal n complexes of aromatic 
ligands.'* Inspection of Table I11 also shows that the average 
exocyclic C-C bond distance is essentially equal for the two 
nickel complexes and C ~ ( C G H E ) ~ + .  All of these lengths are shorter 
than the value of 1.48 A expected for a C(spz)-C(spz) single bond. 
A contraction of this type results from an increase in s character 
of the orbitals directed toward the phenyl groups as the exocyclic 
angles become greater than 120'. Conjugation between the Ca 
ring and the phenyl groups may also contribute to these shortened 
bond lengths. 

The phenyl groups are tipped out of the plane away from the 
nickel atom by about 19". These groups are also twisted (not 
all in the same sense) about the cyclopropenyl-phenyl bonds by 
-14". Departures from planarity of this type, which are due 
to a combination of hybridization and steric effects, have also 
been observed in similar compounds such as (?r-C4(C6H&)Fe- 
(C0)3.18 Within the phenyl groups, the geometry is that  nor- 
mally observed. 

It is interesting to note the different attitudes assumed by the 
coordinated pyridine molecules with respect to a plane parallel 
to the cyclopropenyl ring; the two pyridine rings are parallel and 
perpendicular, respectively, to this plane. These two orienta- 
tions are presumably positions of minimum intramolecular re- 
pulsion between the pyridine and phenyl groups. Distances in 
the coordinated pyridine rings are equal within experimental 
error to those previously determined in two pyridine adducts.'6,16 
The disordered pyridine of crystallization is reasonably planar 
and Table I\' gives some pertinent weighted least-squares planes. 

Most of the closest intermolecular distances result from ap- 
proach of the two coordinated pyridine molecules which are 

(15) R. C. Elder, Inovg. Chem., 7 ,  1117 (1968). 
(16) R. C. Elder, i b i d . ,  1, 2316 (1968). 
(17) M .  Sundaralingam and L. H. Jensen, J .  Amer. Chem. Soc., 88, 198 

(1966). 
(18) P. J .  Wheatley, Pevspect. S ~ Y U C ~ .  Chem., 1, 1 (1967). 
(19) R. P. Dodge and 1'. Schomaker, Acla Cvystallogv., 18, 614 (1965). 
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TABLE IV 
Weighteda Least-Squares Planes in the Form: 

A X + B Y + C Z + D  = Ob 
Atoms A B C 

C(lO), C(20), C(30) 0.6815 -0.3550 0,6399 
C(l,l), . . . , C(l6)’ 0.8065 -0.4689 0.3601 
C(21), . . . , C(26) 0.7002 -0.0150 0.7138 
C(31), . . . , C(36) 0.4046 -0.1454 0.9029 
N(4), , , . , C(45) 0.4657 -0.3705 0 ,7995 
N(5).  . , , , C(55) -0.6406 -0.6200 0.4531 
C(60). . . . , C(65) -0.1982 -0.7217 0.6632 
C(6OA), . . . , C(65A) -0.1892 -0.7770 0.6004 
C(60), , . . , C(65A) -0.1851 -0.7488 0.6364 

D 
-3.8069 
- 2.3998 
-3.8595 
-4.6464 
-2.4214 
- 1,7214 
-3.2552 
-2.8165 
-3.1270 

Distances of Atoms from Mean Planes, a 
C(11), -0,029; C(12), 0.063; C(13), -0.041; C(14), -0.008; 

C(15), -0.004; (16),0.019 
C(21), 0.004; C(22), -0.001; C(23), -0.006; C(24), 0.010; 

C(25), -0.005; C(26), -0,001 
C(31), 0.009; C(32), 0.010; C(33), -0.036; C(34), 0.032; C(35), 

0.000; C(36), -0 ,015  
N(4),  -0.003; C(41), 0.002; C(42), 0.000; C(43), 0.001; C(44), 

-0,005; C(45),0.006 
N(5), 0.001; C(51), -0.002; C(52), 0.000; C(53), 0.004; C(54), 

-0,004; C(55),0.002 
C(60), -0.109; C(61), 0.051; C(62), 0.009; C(63), 0.000; C(64), 

0,012; C(65),0.037 
C(60A), 0.041; C(61A), -0.054; C(62A), 0.027; C(63A), 0.005; 

C(60), -0.172; C(61), 0.017; C(62), 0.033; C(63), 0.043; C(64), 

C(6OA), 0.080;  C(61A), -0.080; C(62A), -0.025; C(63A). 

C(64A), -0.030; C(65A), 0.011 

0.017; C(65), -0.010 

-0.006; C(64A),0.022; C(65A),0.082 
Dihedral Andes. Den - I  I 

Planes Angle Planes Angle 
1 , 2  18 .8  1 .4  2 5 . 2  
1 , 3  20 .1  7 , s  4 . 8  

a Atoms are weighted by the reciprocals of their variances. 
The direction cosines were computed in an orthogonal coordi- 

nate system in which X, Y, and 2 are parallel to a, b ,  and c*,  
respectively. C(11), . . ., C(16) refers to the plane of the 
phenyl group containing atoms C(11) through C(l6). Other 
planes are similarly defined. 

related to one another by a cepter of symmetry. A perpendicular 
interplanar distance of 3.44 A was found for these two aromatic 
rings. 

Discussion 
(a-Co(C~H&)NiCl(py)2 is diamagnetic and can be 

approximately described as a tetrahedral complex of 
Ni(0) where the cyclopropenyl ring occupies one coor- 
dination position. With the four ligands each donating 
a pair of electrons the complex attains the expected rare 
gas configuration. Qualitatively the nickel-ring bond- 
ing can be envisioned as arising from the overlap of an 
sp3 hybridized orbital on the metal and the lowest en- 
ergy a1 combination (C3v localized symmetry) of pn  or- 
bitals which is localized largely on the three C3 ring car- 
bon atoms. A pathway for nickel-wing back-bond- 
ing is provided by the e combination of pn orbitals on 
the cyclopropenyl ring. However, there is no experi- 
mental evidence for an appreciable metal to ring bond- 
ing interaction of the latter type (vide inj~a). 

Use of this model aids in understanding the electronic 
spectrum of the complex given in Figure 4. Compari- 
son of this spectrum with that of uncomplexed pyridine 
and C3(C6Hb)3+ shows that i t  is a composite of the two 
free-ligand absorptions and one additional lower en- 
ergy band a t  -29,000 cm-1 ( E  2300). This new peak is 
assigned to the metal to ligand transitions d(e, tz) + 
R*(C~(CCH~)~+).  Splitting of the e and t 2  levels is pre- 
sumably small and not resolved in the spectrum. As 
expected, the P -+ R* transition in the coordinated pyri- 
dinez0 is unchanged from that of the free ligand. I t  is, 

(20) H. H. Schmidtke in “Physical Methods in Advanced Inorganic 
Chemistry,” H. A. 0. Hill and P. D a y ,  Ed., Interscience, New York, N. Y., 
1968, p 145. 
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Figure 4.-The electronic spectrum of (d21(C6H6)3)NiC1(py)2. 

however, perhaps surprising that there is no appreciable 
alteration in the spectrum of the bonded cyclopropenyl 
group. Two reports in the literature support this ob- 
servation. First, the lowest energy a1 combination of 
PR orbitals21 on the ring which is presumed to be re- 
sponsible for the principal bonding interaction in the 
nickel complex is not involved in the R j. R* transition 
observed in the spectrum. Second, the electronic spec- 
trum of the C3(C&,)3+ cation has essentially the same 
bands as its covalent derivatives1 such as 1,2,3-tri- 
phenylcyclopropenyl methyl ether. 

Further support for these spectral assignments and 
the bonding description comes from the following con- 
siderations. (1) Electronic spectra of the approxi- 
mately tetrahedral nickel complexesz2 Ni (PCBHS(OR)~)~, 
where R = methyl or ethyl, exhibit a lower energy band 
in addition to those of the free ligand and this absorp- 
tion has been assigned to nickel + n*(ligand) transi- 
tions. (2) Semiempirical molecular orbital calcula- 
tions2$ indicate that there is little d-orbital contribution 
to the R bonding in Ni(C0)4. Indeed, Shriner and 
Brown concluded that there is considerably less net T 
bonding in Ni(C0)4 than in Cr(CO)6 or Fe(CO)b. Fur- 
thermore, photoelectron spectroscopy resultsz4 for Ni- 
(CO)r and Ni(PF3)4 give a separation of about l eV for 
the e and t t  levels. In (n-C3(C6H,j)3)NiCl(py)z where 
there is less T bonding this splitting should be dimin- 
ished which is consistent with these levels not being re- 
solved in the electronic spectrum. 
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