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in the high- and the low-spin forms. In  the present case, xo 
can be as large as 0.2 A for the P and N(3) donor atoms taking 
into account bond-distance and -angle variations. This effect 
does not appear evident from the data  of Table V. The ratio 
of the values a t  room and low temperature appears to be 
normal. Also the root-mean-square displacements for the two 
room-temperature structures appear to be quite similar. The 
only exception is that of the parameters for the Co and N(2)  
atoms which appear to be larger for the intermediate-spin 
complex. However, these differences can be hardly ration- 
alized as the Co-N(2) bond distance does not change on 
cooling. 

Finally, although the interpretation of the X-ray diffraction 
da ta  still leaves some problems open, I R  and ESR data  are  
in favor of the hypothesis of a disordered spin state. 
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Thallium benzotriazenide has been prepared from benzotriazole, thallium(1) acetate. and triethylamine in ethanol. The 
compound serves as a convenient starting material for the synthesis of organometallic benzotriazenides. It reacts with 
[Ir(CO)(acetone)(PPh,),] [PF,] to yield the tetramer [Ir(BTA)(CO)(PPh,)],, where Ph = phenyl and BTA = benzotriazenido. 
A similar reaction with RhC1(CO)(PPh3), yields the hexamer [Rh(BTA)(CO)(PPh,)],. Direct reaction of TI(BTA) with 
IrC1(CO)(PPh3)2 yields Ir(BTA)2(CO)(PPh3)T1.C6H6. A methanol solution of this material rapidly changes color from 
violet to yellow and from this solution the compound Ir(BTA)(CO)(PPh,), is obtained. On the basis of an X-ray crystal 
structure, the Ir atom in Ir(BTA)(CO)(PPh,), is coordinated by trans P atoms, the C O  ligand, and the BTA ligand in 
nearly a square-planar arrangement. Despite the symmetric nature of the N3 portion of the BTA ligand, the ligand is 
coordinated to the Ir atom through atom N(1). The ligand makes an angle of approximately 78' with the Ir(CO)P, plane. 
The compound crystallizes with four molecules in space group C2h5-P21/n of the monoclinic system in a cell of dimensions 
a = 13.508 (3) A, b = 20.225 (4) A, c = 13.372 ( 3 )  A, and 0 = 103.36 (1)'. The structure has been refined by full-matrix 
least-squares methods to a final R index of 0.035 for 199 variables, based on 6321 observations. 

Introduction 
Structure  and bonding in transition-metal triazenido 

complexes have attracted much interest in recent years. The 
triazenido ligand may function as a bridging group between 
two metal centers (I), a bidentate, three-electron donor (11), 
or a monodentate, one-electron donor (111). Reported 

I I1 111 

structures of triazenido complexes have been s ~ m m a r i z e d . ~ . ~  
The  conjugate base of benzotriazole, 1, is a particularly in- 
teresting triazenido ligand 2, because of the conformational 

2 H 

1 

rigidity imposed by the fused benzene ring and the anticipated 
delocalization energy associated with the cyclic C2N,- system 
2. This paper reports the synthesis of rhodium(1) and m d -  
ium(1) derivatives of 2 and the structure of bis(tripheny1- 
phosphine)carbonyl(benzotriazenido)iridium(I), I r (BTA)-  
(CO)(PPh3),, where BTA = benzotriazenido. 
Experimental Section 

All analyses were performed by Schwarzkopf Microanalytical 
Laboratory, Woodside, N.Y. The method used for the analysis of 
Ir is that of Ayres and Molecular weights were determined 
by vapor pressure osmometry. 

Syntheses. Thallium Benzotriazenide [TI(BTA)]. Thallium(1) 
acetate. 5.26 g (20 mmol), was dissolved in 100 mL of hot absolute 
ethanol. The solution was filtered and to it was added 2.24 g (20 
mmol) of benzotriazole and 20 mmol of triethylamine in 15 mL of 
absolute ethanol. After the solution was cooled for 2 h in an ice bath, 
the thin flakes of thallium benzotriazenide were collected on a filter, 
washed with cold ethanol, and vacuum dried; yield 4.1 g (63%). The 
product is sufficiently pure at this point for synthetic purposes. An 
analytical sample was obtained as blades from hot water. Anal. Calcd 
for C6H4N3T1: C, 22.35; H, 1.24; N,  13.04; T1, 63.35. Found: C, 
22.28, H, 1.22; N, 13.44. T1, 63.50. IR (Nujol): 1475 (m), 1270 
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(w), 1250 (w), 1150 (w), 1125 (m), 1085 (s), 900 (m), 775 (m), 730 
(s), 680 (w), 625 (m), 540 (w) cm-'. The Raman spectrum in water 
shows a strong band at 1023 cm-' (5145-A excitation) which we 
attribute to the N-N stretching vibration. Electronic spectrum 

Ir(BTA),(PPh,)T1.C6",. A mixture of 0.38 g of IrC1(CO)(PPh3)2 
(0.5 mmol) and 0.17 g (0.53 mmol) of TI(BTA) in 20 mL of de- 
oxygenated l :  l benzene-acetone was refluxed and stirred under 
dinitrogen for 20 h. The reaction mixture was filtered in a drybox 
and the filtrate slowly diluted with n-hexane to precipitate the product 
as violet microcrystals. The crystals were washed with n-hexane and 
vacuum dried; yield 0.30 g (60%). Anal. Calcd for C#29IrN,@PT1: 
C, 44.40; H, 2.90; C1,O.OO; Ir, 19.20; N, 8.40; P, 3.10; T1,20.40; mol 
wt, 1000. Found: C, 44.22; H, 3.31; C1, K1.0, Ir, 20.33; N, 8.00; 
P, 2.61; T1, 20.34; mol wt (C&), 1122. IR (toluene): 1980 cm-'. 
IR (Nujol): 3040 (w), 1980 (s), 1475 (m), 1435 (m), 1090 (m), 775 
(w), 740 (s), 690 (s), 535 (m), 515 (s) cm-I. 31P NMR (toluene): 
6 -21.9. Electronic spectrum (Nujol): A,,,,,, at 525, 405 (sh) nm. The 
acetone-benzene insoluble phase was identified as thallium(1) chloride 
from its X-ray powder pattern. 

[Ir(BTA)(C0)(PPh3)l4. A mixture of 0.76 g of IrC1(CO)(PPh3)2 
(1 mmol), 0.25 g of AgPF6 (1 mmol), 15 mL of toluene, and 50 mL 
of acetone was stirred for 15 min under dinitrogen. Then 0.32 g of 
Tl(BTA) (1 mmol) was added and stirring was continued for 20 h. 
During this period, the color of the mixture turned from orange to 
purple to orange again. The reaction mixture was filtered in air 
through Celite, and the solvents were removed from the filtrate under 
vacuum. The residue was dissolved in methylene chloride and 
chromatographed on a 10 in. X 0.5 in. silica gel column, eluting with 
the same solvent to remove a yellow band. The material thus obtained 
was twice recrystallized by slow evaporation of an acetone-cyclohexane 
solution. The yellow crystals weighed 0.36 g (60%) after vacuum 
drying. Anal. Calcd for [C2SH191rN30P]4: C, 50.00; H, 3.16; CI, 
0.00; Ir, 32.00; N, 7.00; P, 5.17; TI, 0.00: mol wt 2402. Found: C, 
49.55; H, 3.17; CI, <0.4; N, 6.69; Ir, 30.81; P, 6.29; T1, <0.2; mol 
wt 2200 (CHCl,). IR (CHCI3): 1973 cm-'. IR (Nujol): 3040 (w), 
1980 (s), 1510 (w), 1580 (w), 1475 (m), 1435 (s), 1180 (s), 1090 
(s), 990 (w), 835 (s), 780 (m), 740 (s), 690 (s), 600 (w), 555 (m), 
530 (s), 515 (m), 500 (w) cm-I. Mp > 240 OC dec. ,'P NMR 
(CH2C12): 6 -17.2. Electronic spectrum (1,2-C2H4CI2): A,,, 448 
(2.61), 387 (3.15), 340 (3.42), 272 (3.90) nm. Crystal data: a = 
16.98,b= 17.46,~=16.60A;a=97.5,P= 111 .0 ,y=77 .0° ;po~s~  
= 1.79, Pcalcd = 1.784 g/cm3 for two tetramers in the triclinic cell. 

[Rh(BTA)(CO)(PPh,)], was prepared in a similar manner but the 
chromatography step was omitted. The yield of yellow microcrystals 
from acetone-toluene was 0.4 g (78%). Anal. Calcd for 

20.16; T1. 0.00; mol wt 3068. Found. C, 58.31; H, 4.08; CI, C0.2; 
N, 7.63; P, 6.59; Rh, 20.59; T1, <0.2; mol wt 3070 (CHCl,). Mp 
>240 "C dec (vacuum). IR (CHClJ: 1990 cm-'. IR (Nujol): 3040 
(w), 1985 (s), 1575 (w), 1475 (m), 1435 (m), 1305 (w), 1175 (s), 
1140 (m), 1090 (s), 1020 (w), 990 (w), 885 (s), 780 (m), 740 (s), 
690 (s), 585 (w), 570 (m), 545 (m), 530 (s), 510 (s) cm-I. 'lP NMR 
(CH2C12): 6 -43.5, JRh-P = 153 Hz. Electronic spectrum (1,2- 
CzH4C12): A,,, 364 (3.31), 315 (sh), 274 (4.11), 268 (4.09) nm. 

To 0.30 g (0.3 mmol) of Ir(BTA)2- 
(CO)(PPh3)T1.C6H6 in 10 mL of methanol sufficient toluene was 
added to give a clear solution. Triphenylphosphine, 0.1 g, was added. 
The solution was warmed gently and stirred in air as the color turned 
from purple to yellow. The solution was filtered and taken to dryness 
under reduced pressure. The residue was twice recrystallized by slow 
evaporation of a methylene chloride-methanol solution to give 0.1 5 
g of bright yellow rods; mp 235-237 OC (vacuum). Anal. Calcd for 
C43H341rNOP2. C, 59.86; H, 3.94; Ir, 22.27; N, 4.87; P, 7.19; mol 
wt 863. Found: C, 60.02; H, 4.04; Ir, 24.00; N, 4.53; P, 6.85; mol 
wt 928 (c6H6). IR (CHC13): 1974 cm-'. IR (Nujol): 3045 (w), 
1970 (s), 1480 (m), 1435 (s), 1305 (w), 1180 (m), 1095 (s), 995 (w), 
775 (w), 740 (s), 690 (s), 605 (w), 520 (s), 510 (s) cm-'. ,lP NMR 
(CHzC12): 6 -24.6. IH NMR (CDCI,): complex multiplet centered 
at  6 -7.6. Electronic spectrum (1,2-CzH4C12): A,,, 450 (3.00), 390 
(2.19), 280 (4.38) nm. 

X-ray Diffraction Determination of the Structure of Ir(BTA)- 
(CO)(PPh3)z. On the basis of preliminary Weissenberg and precession 
photographs Ir(BTA)(CO)(PPh3)2 was assigned to space group 
CZhs-P2,/n of the monoclinic system. Unit cell parameters, obtained 
from angular data on 15 reflections hand-centered on a Picker FACS-I 

(CH30H): A,,, 274 (log t = 3.98). 

[ C ~ ~ H I ~ N ~ O P R ~ ] ~ :  C, 58.71; H, 3.72; CI, 0.00; N, 8.22; P, 6.07; Rh, 

Ir(BTA)(CO)(PPh3)2. 
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Table I. Crystal Data and Data Collection for Ir(BTA)(CO)(PPh,), 
compound Ir(N,C,H,)(CO)(P(C,H,),), a,  A 13.508 (3) 
formula C43H34IrN3 OP, b ,  A 20.225 (4) 
mol wt 862.92 c, A 13.372 (3) 
space group C2,,P2,/n p ,  deg 103.36 (1) 
Pobsd, g/cms 1-58 (2) V,A3 3554 
Pcalcd, g/cm3 1.612 

crystal shape 

crystal vo1, mm3 
p ,  cm-' 
transmission factors 
radiation 

takeoff angle, deg 
aperture 

scan range 

scan speed 

complex, of approxigately equant habit with 
bou_n_ding faces {l!l}, {llO}, (0211, (Oll), 
(01 11, (0251, (025) 

0.104 
38.82 
0.184 to 0.270 
Mo Ka (h(Mo Ka,) = 0.709 30 A) monochro- 

2.7 
3.9 mm wide by 4.9 mm high, 32 cm from 

0.8" in 2 0 below Ka, to 0.8" in 2 8 above 

2"/min in 2 e 

matized from mosaic graphite 

crystal 

Ka? 

background counts 
2 0 limits 

10 s with rescan option 
3.5 to 54.0" 

reflcts obsd i h,k,l 
No. obsd 8369 
unique data with 6321 

Fo2 > 3o(Fo2) 

diffractometer, are given in Table I. Intensity data were collected 
by methods standard in this laborat~ry,~ and important details are 
also given in Table I. 

The structure was solved from a three-dimensional, origin-removed, 
sharpened Patterson function and was refined by methods and with 
computer programs standard in this laborat~ry.~ The six phenyl rings 
were refined as rigid groups, with each carbon atom being assigned 
its own variable isotropic thermal parameter. The other heavy atoms 
were refined anisotropically. The positions of the four hydrogen atoms 
on the BTA ligand and the 30 hydrogen atoms on the phenyl rings 
were idealized (C-H = 0.95 A, B(H) = B(C) + 1.0 A') and the 
contributions of these atoms were held fixed in the final cycle of 
full-matrix, least-squares refinement. This refinement of 199 variables 
converged to conventional and weighted R indices on F, of 0.035 and 
0.043, respectively, and to an error in an observation of unit weight 
of 1.44 electrons for the 6321 observations. A final difference Fourier 
map displayed electron density as high as 2.1 (1) e/A3 in the vicinity 
of phenyl ring 2 and somewhat less density near other carbon atoms 
of the phenyl rings. Such density presumably arises from the lim- 
itations of the isotropic model for vibration of these atoms. Of the 
1756 F, values omitted from the refinement because F: <3a(F$) 
only 8 have IF$ - F21 > 347:). An analysis of Cw(lFol - IFC1)' 
as a function of IFoI, setting angles, and Miller indices displays no 
unexpected trends. 

Table I1 presents the final parameters for the nongroup atoms, along 
with their estimated standard deviations. Parameters for the phenyl 
groups are presented in Table 111. Table IV6 presents the values of 
10IFol vs. 10IFcl for the reflections used in the refinement. 

Results and Discussion 
T h e  thallium salt of 2, Tl(BTA), is a convenient starting 

material for the synthesis of organometallic benzotriazenides. 
It is readily prepared from benzotriazole, thallium(1) acetate, 
and triethylamine in ethanol. This salt is indefinitely stable 
in a i r  and, indeed, may be recrystallized from hot water. A 
strong band in the infrared spectrum a t  1085 cm-I (Nujol 
mull) and in the Raman  spectrum a t  1023 cm-' (aqueous 
solution) is attributed to  a n  N-N stretching mode. This 
absorption is at lower energy than the 1205-cm-' absorption 
in 1 attributed7 to v+~,  since structure 2 implies an averaging 
of N=N and  N-N bond lengths. 

Reaction of Tl(BTA) with [Ir(CO)(acetone)(PPh,),] [PF6], 
prepared from IrC1/CO)(PPh3)2 and AgPF6 in acetone, yields 
[Ir(BTA)(CO)(PPh,)], (3). The molecularity of 3, established 
by vapor pressure osmometry on a chloroform solution, is 
consistent with the fact that  the unit cell accommodates two 
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Table 11. Positional and Thermal Parameters for the Nongroup Atoms of Ir(BTA)fCO)(PPh,), 
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tetramers. The  aggregation observed in 3 most probably 
results from the benzotriazenido unit bridging two iridium 
atoms. There is precedence for this.* The  use of infrared 
spectroscopy to infer structural features in metal triazenides 
has been a source of c o n t r o v e r ~ y ~ ~ ~ ~  which this work does not 
resolve. However, a comparison of the infrared spectra of 3, 
IrC1(CO)(PPh3),, benzotriazole, and Tl(BTA) indicates a 
unique band of medium intensity at  1185 cm-' in 3 which may 
be assigned to an N-N stretching mode. 

A similar reaction starting with RhCl(CO)(PPh,), produces 
the rhodium analogue of 3, [Rh(BTA)(CO)(PPh,)] ,  (4). 
While the Ir complex is tetrameric, the solution molecular 
weight on the R h  analogue, as determined by vapor-phase 
osmometry, is consistent with its being hexameric. In the 
infrared spectrum, vco a t  1990 cm-' and an N-N stretching 
band at  1140 cm-' are observed. The 31P ('HI N M R  spectrum 

is a doublet: 6 -43.5 (vs. H,PO,) with J31p-IO3~h = 153 H z  (cf. 
RhCl(CO)(PPh,),, 6 -20.1, = 124 Hz)." These data 
are  consistent with a square-planar rhodium(1) center and 
bridging benzotriazenido ligands. 

The  direct reaction of Tl(BTA) and IrC1(CO)(PPh3)2 in 
benzene-acetone, without prior removal of the chloro ligand, 
affords, after addition of hexane to the filtered reaction 
mixture, Ir(BTA),(CO)(PPh3)T1,C~H6 ( 5 )  as violet micro- 
crystals. A toluene solution of 5,  in which solvent the com- 
pound is monomeric, exhibits vco a t  1980 cm-' and a band 
a t  1185 cm-' which we assign to an N-N stretching mode. 
The structure of 5 is not obvious from spectroscopic data. W e  
may consider an ionic formulation 5a, with tight ion pairing 
to account for the observed molecular weight and solubility 
in hydrocarbons, or covalent formulation 5h, with an iridi- 
um-thallium bond. Precedent for the latter structure may be 
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Figure 1. A stereoview of the unit cell of Ir(BTA)(CO)(PPh,),. Th 
which have been drawn artificially small. 

Table V. Selected Bond Distances (A) and Angles (deg) in 
Ir(BTA)(CO)(PPh, ), 

Ir-P(l) 2.316 (1) P(l)-C(21) 1.820 (4) 
Ir-P(2) 2.328 (1) P(l)-C(31) 1.819 (4) 
Ir-C( 1) 1.821 (6) P(2)-C(41) 1.829 (3) 
Ir-N(l) 2.074 (4) P(2)-C(51) 1.821 (4) 
C(1)-0(1) 1.150 (7) P(2)-C(61) 1.814 (3) 
P(l)-C(11) 1.826 (3) 

Ir-C( 1)-0( 1) 178.6 (5) C(21)-P(l)-C(31) 102.7 (2) 
C( l)-Ir-P( 1) 90.9 (2) C(41)-P(2)-C(51) 103.8 (2) 
C( l)-Ir-N( 1) 178.4 (2) C(41)-P(2)-C(61) 104.7 (2) 
C( l)-Ir-P(2) 91.1 (2) C(51)-P(2)-C(61) 105.6 (2) 
P( l)-Ir-N( 1) 89.4 (1) Ir-N(1)IN(2) 121.8 (3) 
P( l)-Ir-P(2) 169.3 (1) Ir-N(1)C(2) 130.1 (3) 
N( l)-Ir-P(2) 89.0 (1) C(7)4(2)-N(l) 131.5 (5) 
C(ll)-P(l)-C(21) 105.0 (2) N(3)-C(3)<(4) 131.1 (5) 
C(ll)-P(l)-C(31) 104.3 (2) 

le 20 
B 

% probability ellipsoids are shown, except those for hydrogen atoms 

found in the work of Kuyper et a l l 2  and, indeed, the long- 
wavelength absorption in the electronic spectrum of 5 appears 
inconsistent with a simple IrX2(CO)(PPh3)-  salt. 

Tf Ph3P-Ir-N 

I co 
Sa 

,co 
N-Ir 

'PPh3 

5b 

In the solid state, the thallium compound 5 is stable t a  air. 
However, solutions quickly turn from purple to yellow, whether 
or not PPh3 is added. The yellow product was identified as 
tran~-1r(BTA)(C0)(PPh,)~ ( 6 )  on the basis of elemental 
analyses and spectroscopic properties. Carbonyl stretching 
frequencies have been tabulated for a large series of compounds 
of the type trans-IrX(CO)(PPh,),. The vco band in 6 at 1974 
cm-' (CHC13), which may be compared with 1976 cm-' for 
X = NCS, 1971 cm-' for X = ON02, and 1965-1966 cm-' 
for X = C1, Br, I, and N,, indicates that benzotriazenide (as 
an q' ligand, see below) is a moderately strong n acceptor. I t  
has been reportedI4 that strong n-acceptor ligands stabilize 
the T b ,  level in t r a n ~ - M X ( C 0 ) ( P P h , ) ~  (M = Rh, Ir) com- 
plexes, lowering the energy of the long-wavelength transition. 
This transition in 6 occurs a t  450 nm, also consistent with 
n-acceptor behavior of benzotriazenide. In order to confirm 
the proposed structure of 6 and to explore further the bonding 
in transition metal triazenido complexes, the structure de- 

Figure 2. An overall view of the Ir(BTA)(CO)(PPh,), molecule. 
Hydrogen atoms are omitted for clarity. The 50% probability ellipsoids 
are shown. 

C(6) 
Figure 3. The inner-coordination sphere of Ir(BTA)(CO)(PPh,),. 
The labeling scheme and principal bond distances are shown. The 
50% probability ellipsoids are shown. 

termination of this material has been carried out. 
The crystal structure of I r (BTA)(CO)(PPh,) ,  consists of 

well-separated molecular units (Figure l ) ,  with the shortest 
H-H contact being 2.38 A. The overall molecular structure 
is shown in Figure 2, while Figure 3 displays the inner-co- 
ordination sphere, the labeling scheme, and some of the bond 
distances. Tables V and VI give bond distances and angles. 

The Ir center is essentially in a square-planar environment, 
although deviations from this geometry are significant. Thus, 
the P(1)-Ir-P(2) angle is 169.5 (4)'. In other terms, the best, 
weighted, least-squares plane through atoms Ir, P( l ) ,  P(2),  
C(1),  0 ( 1 ) ,  and N ( l )  has the equation 8 . 6 8 3 ~  + 1 2 . 6 7 6 ~  - 
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Table VI. Comparison of the BTA Ligand in Ir(BTA)(CO)(PPh,), 
with Benzotriazole 

distance, A, or Ir(BTA)(CO)- 
angle, deg (PPh,),= Benzotriazoleb 

N(l)-N(2) 1.344 (6) 1.346 
N(2)-N(3) 1.335 (6) 1.310 (7) 
N(3)-C(3) 1.358 (7) 1.362 (35) 
C(3)-C(2) 1.383 (7) 1.389 (10) 
C(2)-N(1) 1.366 (6) 1.366 (14) 
C(3)-C(4) 1.416 (8) 1.409 (9) 
C(4)-C(5) 1.376 (9) 1.368 (10) 
C(5)-C(6) 1.387 (9) 1.405 (10) 
C(6)-C(7) 1.370 (8) 1.367 (5) 
C(71-W) 1.398 (7) 1.404 (8) 
C( 2)-N( 1)-N(2) 107.8 (4) 110.3 (1.3) 
N( 1)-N(2)-N(3) 110.4 (4) 108.8 (8) 
N( 2)-N(3)-C(3) 106.8 (4) 108.2 (4) 
N(3)-C(3)-C(2) 108.8 ( 5 )  108.4 (3) 
C(3)-C(2)-N( 1) 106.1 (4) 104.2 (8) 
C(3)-C(4)-C(5) 116.9 (6) 116.2 (7) 
C(4)-C(5)-C(6) 122.0 (6) 122.2 (4) 
C(5)-C(6)-C(7) 121.9 (7) 122.7 (1) 
C(6)-C(7)-C(2) 116.8 (6) 115.3 (5) 
C(7)-C(2)-C(3) 122.3 ( 5 )  122.7 (7) 
C( 2)-c(3)-c(4) 120.1 ( 5 )  121.5 ( 5 )  

a Present work, Reference 15. In benzotriazole the H atom 
is attached to  a tom N(1). A given standard deviation of a single 
observation for benzotriazole is obtained from the agreement 
among the four independent molecules in the asymmetric unit. 

7.7162 = -0.204, and the deviations from this plane are  
-0.0080 (2), 0.218 ( l ) ,  0.190 ( l ) ,  -0,009 (6), 0,000 (6), and 
-0.065 (4) A, respectively. 

The  BTA ligand is nearly planar. The least-squares plane 
through the nine atoms of the plane has the equation 3 . 8 4 7 ~  
+ 1 1 . 5 2 0 ~  + 9 . 1 5 1 ~  = 5.619 and the deviations from this plane 
are the following: N(1) ,  -0.014 (4); N(2) ,  -0.019 (4); N(3),  

C(5), -0.035 (8); C(6) ,  -0.018 (7); C(7),  0.016 (6) A. The 
Ir atom is -0.235 A from this plane. The BTA plane makes 
an angle of 78.4" with the Ir basal plane described above. 

The  metrical details of the BTA ligand in the present 
complex are compared with those of benz~ t r i azo le '~  in Table 
VI. Except for the N(2), N(3 )  region, the agreement is very 
good. Even the possibly significant alternation of bond lengths 
in the six-membered ring persists in the complex. Thus, 
substitution of (Ph,P),(CO)Ir for H appears to affect mainly 
the N 3  portion of the triazenido moiety. In a formal sense the 
present ligand, in view of the equivalence of the N-N bond 
lengths, may be thought of as I r - N Z N E N ,  whereas in 
benzotriazole itself the formal representation is H-N- 
N = N  I 

The only other example of the q' coordination of a triazenido 
ligand to a transition metal is in ci~-Pt(PhN"Ph)2(PPh,),.~ 
Here the Pt-N( 1) distance is 2.089 (6) A and the N (  1)-N(2) 
distance is 1.336 (6) A, values which do not differ significantly 
from their counterparts in the present structure. However, 
in the unconstrained P h N N N P h  ligand, the N(2)-N(3) 

0.020 (5); C(2),  0.032 ( 5 ) ;  C(3),  0.016 ( 5 ) ;  C(4),  -0.018 (7); 

Brown, Ibers, and Siedle 

distance is 1.278 (6) A, significantly shorter than that of 1.335 
(6) 8, found here. 

The  q2 coordination of the benzotriazenido ligand has been 
found in the structure of hexakis(benzotriazolyl)hexakis(al- 
lylamine)trinickel(II),16 where the ligand bridges two N i  atoms 
through atoms N ( l )  and N(2). Curiously, the N-N distances 
of 1.333 (7)  and 1.328 (7) 8, do not differ from one another 
nor from those found in the present structure. On the other 
hand, in the compound (1 -N-allylbenzotriazo1e)tricarbonyl- 
iron" the N (  1)-N(2) distance of 1.35 (1) 8, possibly differs 
from the N(2)-N(3) distance of 1.30 (1) A. In this compound 
the Fe atom is bonded to atom N(2) ,  while the allyl group on 
atom N ( l )  also coordinates to the Fe atom. 

In the two known cases of benzotriazenido ligation to 
transition metals, the N-N distances remain equivalent and 
consistent with the formulation N;-;Kc'-N. In neither the Ni  
structure16 nor the present one does there appear to be suf- 
ficient room to enable the benzotriazenido ligand to interact 
with the metal in a H fashion, reminiscent of r-allyl. In fact, 
no such bonding mode for any triazenido ligand has been 
observed. Nevertheless, on the basis of the present results it 
would appear that the benzotriazenido ligand might be capable 
of such 7r coordination in a sterically acceptable environment. 
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