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set yielded the positions of the remaining nonhydrogen atoms. A 
difference map computed after full-matrix isotropic refinement showed 
electron density in a region where no atoms were expected. This was 
interpreted as a disordered methanol molecule and fitted isotropically 
with one oxygen and two disordered carbon atoms. Several cycles 
of blocked least-squares refinement were then undertaken in which 
the atomic coordinates were refined in one matrix and the anisotropic 
temperature factors and the scale factor in another. The methanol 
parameters were not refined. A subsequent difference map then 
revealed the six methyl hydrogens. The other hydrogen atom positions 
were calculated by using a C-H bond length of 1.0 A; all positions 
showed appreciable electron density. The hydrogen atoms were given 
isotropic temperature factors 1.0 AZ larger than the isotropic tem- 
perature factors of the atoms to which they were bonded. The final 
refinement of the 334 parameters, not including the parameters for 
the methanol or hydrogen atoms, was performed with the same two 
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matrices by using all 4703 reflections with I > u(l). The final R index 
was 0.066. The only features above 0.7 e/A3 on a late difference map 
were near the copper atoms. 

In the above model, one of the two copper atoms (Cu2) exhibited 
an unusually elongated thermal ellipsoid. A difference Fourier map 
in the plane of the two largest principal ax= suggested disorder; several 
more cycles of refinement were run in which the anisotropic copper 
was replaced by two isotropic copper atoms and a population factor. 
This second model has the same number of parameters as the first. 
It converged as well to an R of 0.065. The final goodness of fit, 
Cw(kzF,2 - F>)2/(n - p ) ,  where n is the number of observations and 
p the number of parameters, was 1.48. Another difference map in 
the same plane indicated that this model was indeed slightly better 
in representing the observed electron density. A final difference Fourier 
map of the entire asymmetric unit was essentially featureless. 
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The structure of bis(triphenylphosphine)(tetrachlorodiazocyclopentadiene)chloroiridium(I) toluene solvate, IrC1- 
(NzC5C14)(PPh3)Z.C7HB, has been determined crystallographically and consists of discrete molecules of the neutral diazo 
complex and solvent. The complex crystallizes from toluene-hexane in the monoclinic space group Czh5-P2,/c with four 
formula units in a unit cell of dimensions a = 12.136 (4) A, b = 24.276 (15) A, c = 17.849 (7) A, p = 121.13 (2)O, pobd 
= 1.56 (3) g/cm3, and paid = 1.584 g/cm3. The structure was solved by Patterson methods. Least-squares refinement 
has led to a final value of the conventional R index of 0.048 based on 5704 reflections. This complex of iridium(1) possesses 
square-planar geometry with trans phosphine ligands, P(  l)-Ir-P(2) = 176.46 (7)O; the neutral diazo ligand N2C5C14 is 
trans to Cl( l ) ,  Cl(1)-Ir-N(1) = 172.72 (19)O, and possesses the singly bentseometry Ir-N(l)-N(2) = 174.6 (6)’ and 
N(l)-N(2)-C( 1) = 141.2 (7)’. The substituted cyclopentadiene ring displays regular planar geometry with average C-C 
distances of 1.39 (2) A and angles of 108.1 (16)O. Some important molecular parameters are Ir-N(l) = 1.824 (6) A, 
N(l)-N(2) = 1.163 (7) A, N(2)-C(1) = 1.347 (9) A, Ir-Cl(1) = 2.297 (2) A, Ir-P(1) = 2.338 (2) A, and Ir-P(2) = 
2.350 (2) A. 

During the past 10 years, there has been a growing interest 
in the synthesis and structures of transition-metal compounds 
containing the aryldiazo ligand, N2R+.ll2 Aryldiazo complexes 
have been reported for all the members of the Cr, Mn, Fe, Co, 
and N i  triads with the exception of Ni and T c . ~ - ~  Part of the 

interest in aryldiazo and other diazo ligands has been generated 
by their close relationship to dinitrogen and nitrosyl ligands. 
Aryldiazo ligands, like nitrosyl ligands, have been found to 
adopt varying modes of attachment to transition  metal^,^^^ and 
such variations may be used as a sensitive probe of the metal 
center and its reaction c h e m i ~ t r y . ~ ~  In spite of the fact that 
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a number of neutral diazo molecules, N2R, are found in the 
literature,'O studies on the coordination and reaction chemistry 
of these ligands are just beginning to be undertaken." The 
use of neutral diazo molecules as ligands to form transition- 
metal-diazo complexes presents a special challenge since loss 
of dinitrogen from these molecules is very facile.12 However, 
on the basis of our recent work on the complexe~'~ Ni(dia- 
zofluorene)(t-B~NC)~'~ and RUH~(N~B~~H~SM~~)(PP~~)!,'~ 
it appears as though the bonding modes and the reaction 
chemistry of neutral RN2 species with transition metals will 
differ considerably from the more heavily studied RN2+ 
species. 

In complexes containing either coordinated RN2+ or RN2 
ligands the use of infrared v(NN) stretching frequencies has 
proved invaluable in predicting the geometries of these lig- 
ands.16 The complex IrC1(N2C5C14)(PPh3)2,'7 prepared by 
the reaction of IrC1(N2)(PPh3), with N2C5C14, shows a very 
weak infrared v(NN) stretching frequency at approximately 
1858 cm-'. However, this complex shows a strong band in the 
resonance Raman spectrum at 1872 cm-'. Since this value 
of v(NN) lies in the region expected for the "singly bent" 
geometry,16 and thus represents a new coordination geometry 
for neutral diazo complexes, we decided to determine the 
structure of the compound IrCl(N2CsC14)(PPh3)2. A prelim- 
inary report of this work has been published." 

Experimental Section 
Crystal Preparation. The title compound was prepared by addition 

of the diazo species N2C,C1,18 in chloroform solution to a chloroform 
solution of IrC1(N2)(PPh3)219 at  0 OC. After addition of the ligand, 
the solution became dark green and was stirred at  0 OC overnight. 
The solvent was removed under vacuum, and the dark green solid was 
dissolved in a minimum amount of toluene. Crystallization from 
toluene-hexane gave the final product as dark green, slightly air- 
sensitive prisms, yield 96%. Anal. Calcd for C48H38C1SIrN2PZ: C, 
53.66; H, 3.54; N, 2.61. Found: C, 52.50; H, 3.41; N, 2.66. 

Crystallographic Data. In a drybox crystals were mounted in glass 
capillaries under an inert atmosphere of dinitrogen. Preliminary film 
data showed the crystals to belong to the monoclinic system with 
systematic extinctions (OM),  k # 2n; hOl, I # 2n) consistent with the 
space group C2h5-P21/c. Accurate unit cell dimensions were deter- 
mined by a least-squares analysis of the angular positions of 12 
hand-centered reflections in diverse regions of reciprocal space (in 
the range 57' 2 26'(CuKal) 1 50'). See Table I for pertinent crystal 
information and details of data collection. 

Data collection was carried out a t  room temperature on a Picker 
four-circle diffractometer. Background counts were measured at both 
ends of the scan range, with both the counter and the crystal stationary. 
The intensities of six standard reflections were measured every 100 
reflections. These were found to decrease linearly by about 15% during 
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Table I. Summary of Crystal Data and Intensity Collection 

compd IrcI(NzCP,)(P(C,H,),), *C,Ha 
formula C 4 & 3 a & N P 2  
fw 1074.26 
a 12.136 (4) A 
b 24.276 (15) A 
c 17.849 (7) A 
D 121.13 (2)" 
V 4502 A 3  z 4 
P 

cryst dimens; V 
cryst shape 

temp 21.3 "C 
radiation 
P (Cu Ka) 94.0 cm-I 

receiving aperature 

takeoff angle 4.5" 
scan speed 2.0" in 20/min 
scan range 1.0" below Ka, to 1.0" above Ka,  
bkgd counting time, total 20 s 
28 limits 5-121" 
final no. of variables 222 
unique data used 5704 FOz > 3u(FO2) 
error in observn of unit wt 2.27 e 
R 0.048 
Rw 0.064 

the course of data collection, presumably as a result of crystal de- 
composition. Intensities for reflections kh,-k,+l were measured out 
to 28 = 121' by using Cu Ka radiation. A value of p = 0.04 was 
used in the calculation of U ( F ~ ) . ~ ~  Of the 7255 reflections measured, 
5998 were unique, and of these 5704 have F 2  > 347:). An ab- 
sorption correction was applied to the data by using Gaussian inte- 
gration.21 

Solution and Refinement of the Structure. The iridium, chlorine, 
and phosphorus atoms were located readily from a sharpened, ori- 
gin-removed Patterson synthesis. Full-matrix least-squares refinements 
and difference Fourier syntheses were used to locate all remaining 
atoms. The functions Cw(lF,I - lFC1)* was minimized, in which lFol 
and IFJ are the observed and calculated structure amplitudes and 
where the weights, w, are taken as 4F,2/u2(F,2). Atomic scattering 
factors were taken from the usual tabulation.22 Anomalous dispersion 
terms for Ir, P, and C1 were included in FF.23 

Each phenyl group was treated throughout the refinement as a 
planar rigid body with uniform C-C distances of 1.395 8, and in- 
dividual isotropic thermal parameters for each carbon atom. The 
toluene solvate was also treated as a rigid body with a fixed C- 
(methyl)-C(ring) distance of 1.530 8,. Owing to the high thermal 
parameters of the carbon atoms of the toluene solvate, the occupancy 
of the entire toluene ring was varied in the final two cycles of 
least-squares refinement; the final refinement converged to an oc- 
cupancy of 0.83 (1) for the toluene molecule. However, because the 
thermal parameters and the occupancy are strongly correlated, we 
take the toluene solvate to possess full occupancy. The ring carbon 
atoms of the diazo ligand were refined as individual atoms with 
anisotropic thermal parameters. All phenyl hydrogen atom positions 

1.584 (calcd), 1.56 (3) (obsd)g/cm3 

0.32 X 0.36 X 0.70 mm; 0.050 mm3 
prism with boundiEg planes {loo}, 

space group cfi 5 - ~ 2  I IC 

{011}, {010), (103) 

Cu Ka (h(Cu Ka,) = 1.540 562 A) 

transmission factors 0.057-0.223 
4.1 mm wide X 3.1 mm high; 33 cm 

from the crystal 
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Structure of IrC1(N2C5C14)(P(C6H5)3)2C7HB 
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Figure 1. Resonance Raman spectrum of IrCl(N2C5C14)(PPh3)2 using 
4 5 7 9 4  Ar+ excitation. 

were idealized; the C-H distance was assumed to be 0.95 8, with 
normal C-C-H bond angles. The isotro ic thermal parameter of a 

parameter of the carbon atom to which it is attached. All hydrogen 
atoms were included as fixed contributions in the final anisotropic 
refinements. 

The final agreement indices, based on 5704 significant observations 
and 222 variables, are R = 0.048 and R, = 0.064. An analysis of 
Cw(lFol - as a function of IFoI, setting angles, and Miller indices 
shows no unusual trends other than slightly higher error values at 
lower 28 values. This trend is indicative of an inadequate description 
of the toluene solvate. The highest peak in the difference Fourier 
map of 1.2 (1) e A-' is located near carbon atoms C(34) and C(35) 
and is about 20% of the height of a typical carbon atom in this 
structure. 

The final positional and thermal parameters of atoms and groups 
appear in Tables I1 and 111, the idealized positions of the hydrogen 
atoms in Table IV,24 and the root-mean-square amplitudes of vibration 
in Table VaZ4 A listing of the observed and calculated structure 
amplitudes is a~ai lable .2~ 

Resonance Raman Spectroscopy. The resonance Raman spectrum 
(Figure 1) of the title complex was recorded on a 0.85-m Spex 1401 
double-monochromator spectrometer with photon-counting detecti0n.2~ 
A light-stabilized Spectra Physics 164 Ar+ laser was employed; the 
spectrum was taken at  room temperature with 4579-8, excitation by 
utilizing the 180" backscattering geometry and spinning samples. To 
avoid excessive decomposition, we employed a power of 20 mW, with 
10 mW at  the sample. 

The UV-visible spectrum of the complex is shown in Figure 2. The 
4000-A band in this spectrum is probably a Ir-L chargetransfer band 
since use of the 4 5 7 9 4  excitation line did result in a Raman band 
at  1872 cm-I which we assign to v(NN). When the 5145-A excitation 
line was used, no Raman band at  1872 cm-' was observed. 

(24) Supplementary material. 
(25) Shriver, D. F.; Dum, J.  B. R. Appl. Spectrosc. 1974, 28, 319-23. 

hydrogen atom was assumed to be 1.0 1 * larger than the thermal 

Inorganic Chemistry, Vol. 19, No. 5, 1980 1233 

A (A)  

Figure 2. UV-visible spectrum of IrC1(N2C5Cl4 j(PPh3)* (-) and 
N2C5C14 (e-) in toluene solution. 

PI 1) 

Figure 3. The coordination sphere with some bond distances and angles 
for IrCl(N2C5C14)(PPh3)2. Vibrational ellipsoids are drawn at  the 
50% probability level. 

RING 

RING 6 A 

e RING 3 

WRING I 

Figure 4. Drawing of an individual molecule of IrC1(N2CSC14)(PPh3)2. 
Vibrational ellipsoids are drawn a t  the 50% probability level. The 
H atoms have been omitted for the sake of clarity. 

Results and Discussion 
The crystal structure of IrC1(N2C5C14) (PPhJ2*C7H8 consists 

of the packing of four molecules of the iridium complex and 
four toluene molecules in the unit cell. The labeling scheme 
for this complex, together with some bond distances and angles, 
is shown in Figures 3 and 4. A stereodrawing of the unit cell 
is shown in Figure 5. There are no significant intermolecular 
contacts, the shortest being H(22)-H(35) = 2.50 A, H- 
(55)-H2C(77) = 2.48 A, and H(72)-H3C(77) = 2.23 A. 
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Table 11. Positional and Thermal Parameters for the Nongroup Atoms of IrCI[N,C,Cl,J [P(C,H,),] ,C,H, 
A 

ATOM X Y 1 E l l B  8 2 2  8 3 3  812 8 1 3  823 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 R  0.0487001271 0~2184001131 -0~2439601191 91.761341 21.7617) 45.221171 -3.271111 34.91118) -3.70181 
P I 1 1  -0.lZ4161171 0.2443971821 -0.22865112) 97.2117) 22.491391 57.221851 -2.371681 37.31101 -3.911471 
PI21 0.221061171 0.1974781861 -0.2b3751121 98.7118) 23.101381 51.541931 0.181681 40.11111 -1.171491 
CL111 0~182101181 0.2666531911 ~0~11b151121 109.0(181 32.331491 52.551911 -6.69174) 32.41111 -10.851531 

CL12) -0~038011251 0.053111121 -0.245441371 192.213kI 30.611551 83.61151 l ~ b l l l l  3 4 . 3 1 1 8 1  6 .341 71 1 

C L O I  -0.238311311 -0.054701111 -0.360371251 233.21431 2 5 . 2 5 1 5 5 1  171.11301 -9.71121 9 2 . 5 1 3 0 1  4.1110) 
CL141 -0.43368128) - 0 ~ 0 1 3 3 2 1 1 3 1  -0.568561221 204.61361 43.241771 125.51221 -42.61141 78.6124) -37~31111 
CLl5I -0.358901301 0~119291131 -0~586741161 243.81411 50.551851 56.4112) -36.8115) 46.91181 -5.471801 
N I A I  -0.057541561 0.173331241 ~0~33k811381 11Zo'+lb41 21.31121 50.7131) -1.31231 45.01391 -2n51161 
HI21 -0.133341571 0~146971261 - 0 . 3 9 3 3 2 1 4 0 )  112.8l651 24.11141 51.71311 -7.41251 4 3 , 0 1 3 9 1  -6.71181 
(111 -0.185301741 0.09b16133I -0~412131511 130.41871 22.31161 6 0 . 9 1 4 2 1  ~ 1 2 ~ 1 1 3 1 1  51.31521 -10.21221 
Cl21 -0.155221791 C~.051631361 -0.35376158) 129.0193) 24.21191 73.11511 - 5 . 5 1 3 3 1  52.81571 -5.9125) 

C ( 3 1  -0.234031911 0~009281361 -0.39734166) A6b.1111 23.21181 81.7150 -8.6071 64.3169)  -6.1lZ61 
( 1 4 1  -0~314B91891 0~026571411 -0.4655G1711 154.1111 31.71241 95.2167) -24.21231 7U.71741 -22.1132) 
(15) -0.2854eini1 o.oeooz1381 -0.49471153) i47.1101 29.41211 57.81441 -15,81371 55.21561 -11.21241 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
' E S T I R A T E O  STANOARO O E V I A T I O N S  I N  1HE L E A S T  S I G N I F I C A N T  FIGUREIS) A R t  G I V E N  IN PARENTHESES I N  THIS A N D  A L L  SU8StOUENT TABLES. 'THE 
F O R M  OF THE ANISOTROPIC THERMAL ELLIPSOID 1 s t  EXP[-IBllH * 8 2 2 K  *833L *2812HK*ZB13HL*2823KLll~ T H E  OUANTITltS G I V E N  IN THE T A B L E  
A R E  THE THERMAL COEFFICIENTS )I 10 

2 2 2  

-- Table 111. Derived Parameters for the Rigid-Group Atoms of IrCl[N,C,Cl,] [P(C,H,),] ,.C,H, 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  X V 1 88 A A T O M  B I A  

2 

- 0 ~ 1 6 2 2 1 1 4 9 1  

-0.073651401 
-0. 10141 154 I 
-0.217731621 
- 0 ~ 3 0 6 2 9 1 4 6 1  

-0.27853( 45 I 
-0 0 2762 5 I40 I 
- 0 . 3 4 2 4 5 1 5 9 1  

- 0 . 4 5 6 0 2 1 4 9 1  
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The complex itself exhibits normal square-planar geometry 
with trans phosphine ligands and a singly bent diazo ligand. 
The bond angles about the iridium atom are very close to 90': 
N(1)-Ir-P(1) = 90.07 (18)', N(1)-Ir-P(2) = 90.68 (IS)', 
Cl(1)-Ir-P(1) = 88.26 (7)O, and Cl(l)-Ir-P(2) = 91.42 (7)O. 
The Ir, P(1), P(2), C1( I) ,  and N( 1) atoms lie approximately 
in a plane; the distances of these atoms from the least-squares 
plane are 0.0023 (3 ) ,  -0.068 (2), -0.072 (2), 0.022 (2), and 
0.21 1 (6) A, respectively. 

The metal-ligand distances (Table VI) are normal. Thus 
the Ir-P distances of 2.344 (9) A in IrCl N2C3C14)(PPh3)2 
(I) are very similar to those of 2.338 (5) 6 in IrCI(CO)(P- 
( o - t ~ l y l ) ~ ) ~  (11),26 2.327 (6) A in trun~-1r(C~H~)(CO)(PPh~)~ 
(111),26 2.315 (3) A in IrCI(C2H4)(PPh,)2 (IV),26 and 2.358 

(26) Restivo, R. J.; Ferguson, G.; Kelly, T. L.; Senoff, C. V. J .  Organomer. 
Chem. 1975. 90. 101-9. 

(27) Haymore, B'. L.; personal communication. 
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Figure 5. Stereoview of a unit cell of IrCl(N2C5C14)(PPh3)2C7HB. The x axis is pointing toward the top of the page, they  axis is horizontal 
to the right, and the z axis is perpendicular to the paper pointing away from the reader. Vibrational ellipsoids are drawn at  the 20% probability 
level. 

Table VI. Selected Distances (A) and Angles (Deg) in IrCI(N,CP,)(P(C,H,),),.C,H, 
Bond Distances 

1.412 (11) I 

1.345 (11) C-C= 1.391 (30) 1 
C(l)-C(2) 
CU)-C(5) 1.397 (11) 
C(2)-C(3) 
C(3 )-C(4) 1.421 (11) 
C(4)-C(5) 1.378 (12) 

2*338 (2) 1 Ir-P = 2.344 (9)a 2.350 (2) 
2.297 (2) 
1.824 (6) 
1.163 f7) 

Bond Angles 
172.72 (19) CI(2)-C(2)-C(l) 
90.07 (18) CW-C(2)-C(3) 
90.68 (18) W)-C(3)-C(2) 
88.26 (7) C1(3)-C(3)-C(4) 
91.42 (7) C1(4)-C(4)-C(3) 

176.46 (7) C1(4)-C(4)-C(5) 
174.6 (6) Cl(5)-C(5)-C(1) 
141.2 (7) C1(5)-W)-C(4) 
127.5 (7) 
124.1 (8) 
108.4 (7) 
108.9 (8) 

109.7 (8) 
106.0 (8) 

C(3 1 )-P(1 )-C(21) 
C(3 l)-P(l)-C(ll) 
C(21)-P(l )-C(ll) 
C(5 l)-P(2)-C(41) 
C(5 l)-P(2)-C(6 1) 
C(4 1 1 )  )-P(2)-C(6 

107.0 (8) C-C-C= 108.0 (15) I 

CI-C-C = 126.0 (17) 

Ir-Pcl)-ccll) 114.2 (2) \ 

112.3 (2) Ir-P-C= 113.5 (12) I 1r-~i i&ci21  j 113.7 i2 j  
Ir-P(l )-C(3 1)  
Ir-P(2)-C(41) 112.2 (2) 
Ir-P(2)-C(51) 115.5 (2) 
Ir-P(2)-C(61) 113.3 (2) 

a The figure in parentheses following an average value is the larger of that estimated for an individual value from the inverse matrix or on the 
assumption that the values averaged are from the same population. 

A in [Ir C1(N2Ph)(PPhJ2][BF4] (V)?' (see Table VII). While 
the Ir-Cl bond distances of I and V are comparable, 2.297 
(2) and 2.28 1 A, respectively, they are significantly shorter 
than the Ir-Cl bond lengths in I1 and IV, 2.43 (1) and 2.371 
(2) A. Thus the trans influence of these ligands is N C 5 C 4  
= N2Ph+ << C2H4 < CO. The Ir-N (1.824 (6), 1.794 a) and 
the N-N (1.163 (7), 1.159 A) bond distances of I and V are 
also very similar. 

The tetrachlorodiazocyclopentadiene ligand assumes the 
singly bent geometry in this complex. Comparisons of the 
geometries of this ligand are limited as the structure of the 
free molecule is unknown and the present structure is $he first 
to be reported in which this ligand occurs. The Ir-N(l)-N(2) 
angle of 174.6 (6 )O  is very nearly linear, while the N( 1)-N- 
(2)-C(1) angle of 141.2 (7)' is much larger than the expected 
value of 120' for an sp2-hybridized nitrogen atom. The N- 
(1)-N(2) distance of 1.163 (7) A is comparable to that found 
in [IrCl(N2Ph)(PPh3)]BF4] (V) (1.159 A) and corresponds 

Table VII. Comparison of 11-P and Ir-Cl Bond Distances (A) in 
Square-Planar Ir(1) Complexes 

no. compd Ir-Cl k-P (av) 
I IrCl(N,C,CI,)(PPh,),a 2.297 (2) 2.344 (9) 
I1 IrCl(CO)(P(o-tolyl),),b 2.43 (1) 2.338 ( 5 )  
I11 Ir(C,F,)(CO)(PPh ),b ... 2.321 (6) 
IV IrCI(C,H,)(PPhJ,b 2.371 (2) 2.315 (3) 
V [IrCl(N,Ph)(PF'h,) ,] [ BF, ] 2.35 8 2.281 

a This work. Reference 26. Reference 27. 

to a bond order intermediate between a double ( N 1.24 A) and 
a triple (-1.10 A) N-N bond. 

The bond distances in the cyclopentadiene ring of the title 
complex show some similarities with those of the a-bonded 
cyclopentadienyl ring in [(~1-C5Cl,)Mn(CO)5]~8 namely, two 

(28) Day, V. W.; Stults, B. R.; Reimer, K. J.; Shaver, A. J.  Am. Chem. Soc. 
1974, 96, 4008-9. 
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short and three long carbon-carbon bonds. However, if the 
C-C bond distances of the coordinated N2C5C14 ligand are 
also compared with those of v5 complexes such as [($- 
C5C15)W 1 ,5-CgHd1 ,29 [(v5-C5H5>Fe(Co>~l 2(S02),30 and 
C~~-(.II~-C~H~)~F~~(CO)~(SO~),~' it appears as though there is 
significant contribution from both canonical structures a and 
b. Owing to the large errors in the C-C bond lengths of the 

Schramm and Ibers 

(N,Ph)(PPh,),] [BF,] (V) (1.794 A, 124.8'). Presumably the 
formally neutral N2C5C14 ligand cannot accommodate as great 
a flow of electron density from the metal d orbitals into the 
a *  orbitals of the N-N fragment as can the formally cationic 
NzPh+ ligand. As the degree of a overlap is further decreased, 
one would expect the N-N-R angle to increase, until a limiting 
value of 180' is reached, whereupon the ligand behaves as a 
pure 0 donor. This indeed seems to be the case for the complex 
RUH,(N~B,~H~SM~~)(PP~~)~ (N-N-R = 172.7 (S)', N-N 
= 1.115 (8) A).'s 

Recent  experiment^^^ indicate that there is competition 
between the metal and the cyclopentadiene ring for K donation 
into the a *  orbitals of the N-N fragment. Obviously, even 
for the title complex, I, there is significant a donation from 
the cyclopentadiene ring into the dinitrogen moiety. This could 
result in a slightly lengthened N-N bond, although such a 
lengthening relative to the N-N bond in V is beyond detection 
by X-ray methods and is not reflected in the corresponding 
v(NN) values (1872 vs. 1868 cm-') for I and V. In fact, the 
low intensity of the N-N stretch in the infrared spectrum of 
I is probably the result of this extended delocalized a system 
and the competition which exists between the metal and the 
cyclopentadiene ring for i~ donation into the nitrogen anti- 
bonding orbitals. It seems very likely that this competition 
has the net effect of making the electron density of these two 
nitrogen atoms equivalent or nearly equivalent, resulting in 
the loss of a permanent dipole necessary for infrared activity. 

Since the M-N2C5C14 system is formally neutral as opposed 
to M-N2Ph+ systems and since the electronic nature of the 
NZC5Cl4 ligand is different from that of the N2Ph+ ligand, the 
marked differences in the reaction chemistries of IrCl- 
(NzC5C14)(PPh3)z17 and [IrC1(NzPh)(PPh3)2] [BF4]33 are not 
surprising. What is surprising perhaps is the very close sim- 
ilarity in the structures of these two compounds. This singly 
bent geometry is the only presently known arrangement 
adopted in common by both N2R and N2R+ complexes of 
transition metals. Other bonding modes displayed by NzR 
complexes include the totally linear arrangement15 and v2 
c ~ o r d i n a t i o n . ' ~ ~ ~ ~  Neither of these modes is known for NzR+ 
complexes which display, in addition to the singly bend ge- 
ometry, the doubly b e d b  and intermediate g e o m e t r i e ~ . ~ ~  
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a b 

coordinated diazo ligand, more detailed comparisons cannot 
be made. However, structure b might be expected to pre- 
dominate, since the formal negative charge on the C( 1) carbon 
atom in structure a has been stabilized by incorporation into 
an aromatic C5 system in structure b. 

The 11 atoms of the diazo ligand, N(I),  N(2), C(1), C(2), 
C(3), C(4), C(5), C1(2), C1(3), C1(4), and C1(5), all lie in a 
plane; the deviations of these atoms from the least-squares 
plane are-0.070 (8), -0.008 (8), 0.03 (I) ,  0.01 (I), -0.01 (I) ,  
0.008 (14), 0.031 (12), 0.011 (4), -0.007 (5),-0.011 (4), and 
0.011 (1) A, respectively. The plane of the diazo ligand is 
approximately perpendicular to the plane determined by Ir, 
P(1), P(2), and C1(1), the dihedral angle being 89'. This 
disposition of the diazo ligand is very effective for the creation 
of an extended delocalized a system utilizing the carbon pa 
orbitals of the cyclopentadiene ring, the nitrogen pa orbitals, 
and the filled iridium d, orbitals as shown. 

t / \  

~r N(1) N(2) 

According to the conventional formalism adopted for M- 
N2Ph complexes, the singly bent geometry has been designated 
N2Ph+ whereas the doubly bent geometry is designated NzPh-. 
By analogy, the singly bent geometry of the neutral diazo 
ligand in IrCl(N2CsC14)(PPh3)z may be considered to be a 
coordinated N2R species. This description of the -C5C14 
fragment as an aromatic C5C14- moiety rather than as a diene 
is based on the relative contributions of canonical structures 
a and b; thus a useful formal description of the present ligand 
is N2+C5C14-. 

The longer Ir-N bond length and the larger N-N-C angle 
(1.824 (6 )  A, 141.2 (7)') reflect a smaller degree of M - L 
a overlap in this complex (I) in comparison with [IrCl- 

(29) Day, V. W. J .  Chem. SOC., Chem. Commun. 1975, 403-4. 
(30) Churchill, M. R.; DeBoer, B. G.; Kaka, K. L. Inorg. Chem. 1973, 12, 

(31) Churchill, M. R.; Kaka, K. L. Inorg. Chem. 1973, 12, 1650-6. 
1646-SO. 
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