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Fourier program, the AGNOST absorption program, and Busing and Levy’s 
ORFFE function and error program. Our least-squares program NUCLS, 
in its nongroup form, closely resembles the Busing-Levy OR= program. 
The diffractometer was run under the disk-oriented Vanderbilt system 
(P. G. Lenhert, J .  Appl. Cystallogr., 8, 568 (1975)). 

(15) D. T. Cromer and J.  T. Waber, “International Tables for X-Ray 
Crystallography”, Vol. IV, Kynoch Press, Birmingham, England, 1974, 
Table 2.2A; D. T. Cromer, ibid., Table 2.3.1. 

(16) See, for example, R. Eisenberg and J .  A. Ibers, Inorg. Chem., 4, 773 
(1965). 

(17) W. C. Hamilton, “International Tables for X-Ray Crystallography”, 
Vol. IV, Kynoch Press, Birmingham, England, 1974, Table 4.2. 

(18) Supplementary material. 
(19) For the complexes M(N0)2(PPh3)*’ (M = Co, Rh, Ir) we have noted 

a correlation between the average corrected nitrosyl stretching frequency 
v8,,’ (ref 10) and the M-N-0 angle, w .  This correlation is given by the 
unit-weighted least-squares line w (deg) = 0.231~~: - 230 (cm-I). From 
the w,’for [C~(NO)~diphos][PF~] of 1749 cm-l we predict that the average 
value of the Co-N-0 angle is 174O, in excellent agreement with the 
observed value of 174.4 (14)’. 
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The structure of RuH2(N2B,oHsS(CH3)2)(P(C6H5)3)3’3C6H6 has been determined crystallographically and consists of discrete 
molecules of the diazo complex and solvent. The complex crystallizes from benzene-methanol in the triclinic space group 
CI1-Pi with two formula units in a unit cell of dimensions a = 23.80 (1) A, b = 12.683 (6) A, c = 12.793 (6) A, CY = 105.63 
(2)’, p = 99.16 (2)O, y = 101.00 ( 3 ) O ,  pexptl = 1.25 (3) g/cm3, and pcalcd = 1.242 g/cm3. The structure was solved by 
Patterson methods. Least-squares refinement has led to a final value of the conventional R index for Fa > 347, )  of 0.072 
based on 5590 reflections. This complex of Ru(I1) possesses pseudooctahedral geometry with cis hydrido ligands and meridinal 
phosphine ligands. The diazo group N2B10H8S(CH3)2 is trans to H( 1): H (  1)-Ru-N( 1) = 173 (2)’. The RuNNB segment 
is essentially linear: Ru-N(l)-N(2) = 175.9 (6)’ and N(l)-N(2)-B(l) = 172.7 (8)’. This is the first reported example 
of a transition metal-diazo complex containing the totally linear M N N R  linkage. The boron cage possesses regular bicapped 
Archimedean antiprism geometry; the B-B distances within the square plane are 1.83-1.87 A with B-B-B bond angles 
of approximately 90’. The B-B’ distances of bridging boron atoms range from 1.76 to 1.81 8, with B-B’-B angles of 
approximately 60’. Some important distances are Ru-N(1) = 1.889 (S), N(l)-N(2) = 1.115 (S), and N(2)-B(I) = 1.50 
(1) A. 

Introduction 
Current interest in aryldiazo ligands arises not only because 

of their close relationship to nitrosyl and dinitrogen ligands 
but also because of their varied modes of bonding and their 
utility as intermediates in the synthesis of aryldiazene and 
arylhydrazine The varied coordination geometries 
attainable by nitrosyl and aryldiazo ligands are indicative of 
their chemical versatility: 

A B C  D E 

Structural studies have shown that the aryldiazo ligand can 
adopt a doubly bent geometry (B)l0,l1 and a singly bent ge- 
ometry (A)l2-I6 and can bridge two metal atoms (D).” In 
these bonding modes the aryldiazo ligand (RN,’) is similar 
to the isoelectronic nitrosyl ligand; indeed, nitrosyl and 
aryldiazo ligands have been compared structurally in almost 
identical coordination e n v i r ~ n m e n t s . ’ ~ ~ ~ ~ * ’ ~  

In the search for as yet unobserved bonding modes (e.g., 
C )  and for intermediate geometries,’O the use of infrared 
v(NN) stretching frequencies and especially of empirically 
corrected frequencies v’(NN) 1,14 has proved invaluable. The 
complex RUH~(N~B~~H~SM~,)(PP~~)~ (Ph = phenyl; Me = 
methyl), prepared by Knoth” by the reaction of RuH2- 
(N2)(PPh3)3 with N2BloHsSMe2, shows a value of v(NN) of 
2060 cm-’ and an empirically corrected value J (NN)  of 1910 
cm-’. This complex is thus a prime candidate to be the first 
example of the totally linear coordination mode (C). 

Moreover, on the basis of our recent work on the Ni(diazo- 
fluorene)(t-BuNC), complex,20%22 in which bonding mode E 
was observed for the first time, it appears as though the re- 
action chemistry and the bonding modes of neutral RN2 species 
with transition metals will differ considerably from those of 
the more heavily studied RN2+ species. We have thus begun 
a systematic investigation of the bonding and chemistry of 
transition metal-RN2 species. Here we report the structure 
of RUH~(N~B~~H~SM~~)(PP~~)~ which indeed does provide 
the first example of the totally linear bonding mode (C). 
Experimental Section 

A sample of RUH~(N~B,~H~SM~~)(PP~~)~ was kindly supplied by 
Dr. W. H. Knoth. Recrystallization of the yellow powder from 
benzene-methanol yielded yellow, slightly air-sensitive crystals. 
Because the crystals slowly lose benzene of crystallization, freshly 
prepared crystals were mounted in capillaries in an atmosphere of 
the solvent in order to prevent desolvation during data collection. 

Preliminary film data showed the crystals to belong to the triclinic 
system with no systematic absences. The centrosymmetric space group 
PI was shown to be the correct choice on the basis of successful 
refinement of the structure with acceptable positional parameters, 
thermal parameters, and agreement indices. Accurate unit cell 
dimensions were determined by a least-squares analysis of the angular 
positions of 14 hand-centered reflections in diverse regions of reciprocal 
space (in the range 37 1 28 1 30’). See Table I for pertinent details 
on the crystal and data collection. 

Data collection was carried out on a Picker four-circle diffrac- 
tometer. Background counts were measured a t  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. The 
deviations of these standards were all within counting statistics. The 
intensities of 6759 reflections (all -h, *k,  and il reflections) were 
measured out to 28 = 95.00° using Cu KCY radiation. A value of p 
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Figure 1. Stereoview of a unit cell of RuH2[N2BloH8S(CH3)2] [P(C6H5)3]3.3C6H6. The x axis is almost vertical pointing toward the bottom 
of the page, t hey  axis is perpendicular to the paper pointing away from the reader, and the z axis is horizontal to the right. Vibrational ellipsoids 
are  drawn a t  the 20% probability level. 

of 0.04 was used in the calculation of u ( F , ~ ) . ~ ~  Of the 6759 reflections 
measured, 6544 are unique and of these 5590 have Fo2 > 30(F>). 
An absorption correction was applied to the data using Gaussian 
i n t e g r a t i ~ n . ~ ~  

The ruthenium and phosphorus atoms were located readily from 
a sharpened, origin-removed Patterson synthesis. Full-matrix 
least-squares refinements and difference Fourier synthesis assuming 
the centrosymmetric space group P1 were used to locate all remaining 
atoms. Initially the quantity minimized was Cw(lFoI - IFc1)2 where 
lFol and IFc[ are the observed and calculated structure amplitudes and 
where the weights, w, are taken as 4F,2/u2(F,2). In the final two cycles 
of refinement, the quantity minimized was Xw(F:  - F 2 ) 2  and w = 
1/u2(F2).  The agreement indices are defined as R = CIFo2 - 
Fc21/CF2 and R, = [Cw(Fo2 - F,2 )2 /CwF,4]1~2 .  For refinements 
on lFol the agreement indices are R = CllFol ~ IFcll/CIFol and R, 
= [Cw(lFol - IFcl )z /CF2] ' /2 .  Atomic scattering factors were taken 
from Cromer and Waber's t a b ~ l a t i o n . ~ ~  Anomalous dispersion terms 
for Ru, P, and S were included in Fc,26 

Each phenyl group was treated throughout the refinement as a 
planar rigid body with uniform C-C distances of 1.392 A and in- 
dividual isotropic thermal parameters for each carbon atom. All phenyl 
hydrogen atom positions were idealized; the C-H distance was assumed 
to be 0.95 A with normal C-C-H bond angles. The positions of the 
boron hydrogen atoms and the methyl hydrogen atoms were found 
in a difference Fourier map and were idealized; the B-H distance 
was assumed to be 1.12 A. All hydrogen atoms on the ligand were 
included as fixed contributions in the final anisotropic refinements. 
The positions and isotropic thermal parameters of the two hydrido 
ligands were also refined. 

The final agreement indices, based on refinement of F: with 6544 
reflections (including F: 5 0) and 324 variables, are R = 0.105 and 
R, = 0.177. The conventional index on F, for F: > 30 (F:) is 0.072. 
An analysis of Cw(F> - F:)* as a function of F:, setting angles, 
and Miller indices shows no unusual trends. 

The highest peak in the final difference Fourier map of 2.6 e A-3 
is approximately equidistant from the S, B(10), C(1), and C(2) atoms. 
This peak cannot be explained by us as resulting from methyl disorder 
nor can we make chemical sense out of it. 

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,27 and the root-mean-square amplitudes of vibration 
in Table V.*' A listing of the observed and calculated structure 
amplitudes is available.27 

Discussion 
The crystal structure of RuH~(N~B~~H~S(CH~)~)(€'(C,~- 

H5)3)3-3C6H6 consists of the packing of two molecules of the 
ruthenium complex and six benzene molecules in the unit cell, 

Table 1. Summary of Crystal Data, Intensity 
Collection, and Refinement 

Compd RuH,(N,B, oH,S(CH,),)(P(C,H,),), * 3C6H6 
Formula C,4H79B10N2P3RuS 
Formula wt 1330.63 
a 23.80 (1) A 
b 12.683 (6) a 
C 12.793 (6) A 
cy 105.63 (2)" 
P 99.16 (2)" 
Y 101.00 (3)" 
V 3558 a3 
z 2 
Density 
Space group cil -Pi 
Crystal dimensions 

Crystal shape 

Temp 25 "C 
Radiation 
d c ~  Ka) 30.45 cm-' 
Transmission factors 0.555-0.733 
Receiving aperture 

the crystal 
Takeoff angle 3.8" 
Scan speed 2.0" in 20/min 
Scan range 
Background counting 20 s 

1.242 (calcd), 1.25 (3) g/cm3 (exptl) 

0.18 mm X 0.32 mm X 0.17 mm; 

Prism with bounding planes {ITO}, 
0.7 x lo-' mm3 volume 

{OOl}, {lOO}, and {lOT} 

CU Kcu, (A 1.540 562 A) 

5.0 mm wide X 4.0 mm high; 33 cm from 

0.9" below Ka,  to 0.9" above Kcy, 

time, total 
20 limits 2.8"-95 .OD 
Final no. of variables 324 
Unique data used 
Error in observation 2.63 e 2  

R 

R w  0.177 (on PoZ) 

6544; for F,,' > 3u(FO2), 5590 

0.105 (on F,'); 0.072 (on F ,  for Fo > 
of unit wt 

WF,)) 

A, shown in the stereodrawing (Figure 1) .  There are no 
significant intermolecular interactions between molecules of 
the complex, the shortest distance being 2.41 8, between 
HlC(15) and HlB(8). The closest contact between solvent 
molecules and the complex is 2.42 8, between HlC(103) and 
H3C( 1). A perspective view of the complex together with the 
numbering scheme is shown in Figure 2. Phenyl rings 1, 2, 
and 3 are bound to atom P( l), rings 4, 5 ,  and 6 to atom P(2), 
and rings 7 ,  8, and 9 to atom P(3), as shown in the stereo- 
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A 8 2 
2 811 OR 8 . A  822 833 R12 823 2 It! * d 0 li * (I * u * i* 9 (I (I * d * u 0 (I Y I 0 'I I * * Y * * 0 I) (I (I 0 0 0 (I 0 * * Y 0 I * 0 (I Y 0 *o I( * * * (I * 0 0 I( ** 0 0 I) * 0 (I * * 0 u * * **(I * * 0 * 0 1  * (10 *(I * * I) I II * 0 **(I Y I O  (I II I * P! 2* I 0 *(I * y * (I ***(I 0 * 0 * 

RU 

5 0.40563(17) 
N ( 1 1  0.27539(27) 
N(Z) 0.?9155(291 
C(I) 0.43193(691 
C i 2 )  0.47158153) 
R I I )  0.3182?(451 
H(21 0.3169?149) 
H (3) 0.38542 (491 
fl(41 0.28823(50) 
R ( 5 )  0.35583154) 
Rl61 0.31354(60) 
R(7) 0.38259(53) 
H(B1 0.41064157) 
Ri91 0.34198166) 
R i 1 0 )  0.37748(65) 
H ( I )  0.2151(321 
H i 2 1  0.2840(32) 

0.32071(18) 
0.24664 ( 1 R )  

0.09708(17) 
-0.27928(33) 
0.11212(58) 
0.04708(62) 

-0.3762(141 
-0~18921111 
-0.02828 ( 8 3 )  

-O.O3OBb(Y2) 
0.00029(95) 

-0.15228(91) 
-0.1226(10) 
-0.1679(10) 
-0.0595(10) 
-0.1274 (13) 
-0,2328 ( I  1 )  
-0.1943(12) 
0.3316(61) 
0.3060(62) 

17.31 (53) 
17.34 (53) 
17.51 (52) 
44.9 ( 1 1 ) 
15.5(17) 
17.8118) 
67.1 (541 
24.3 (34) 
23.8 (28) 
25.4(29) 
24.3(29) 
27.8(32) 
32.6 (351  

37.81411 
3 3 . 5 ( 3 3 )  
26.4(35) 
50.8(47) 
4 I .5 (44) 
5.2(20) 
8.0(20) 

61.8 ( 1 9 )  

58.1 ( 1 9 )  

56.4(18) 
1 70.0 (4 14 

49.6(60) 
7 1.5 (691 

240. (20) 
382. (24) 
72.7(95) 
85.(10) 
87. ( 1 1 )  
97.(11) 

1 1  I .  (12) 
1 0 0 . ( 1 3 )  

112. (121  

1 9 0 . ( 1 8 )  

171.(16) 
126. (15) 

72.5 (20) 
68.4( 19)  

63.7(19) 
187.1 (43) 
69.9 (65) 
77.8 (70) 

280.(20) 
163. (15) 
70.6 (93) 
87.(101 

1 0 5 . ( 1 1 )  

86.1101 
121. ( 1 3 )  

105. (12) 
102.(12) 
160. ( 1 6 )  

99.(12) 
135.115) 

5.52 (79) 
8.17 (78) 
9.53 (78 I 
38.3 ( 1 7 )  

8.6 (25) 
14.1 (29) 
55.41851 
50.1 (771 
20.2(42) 
14.2 (44) 
14.5(45) 
27.2 (49) 
24.5 I531 
26.2 (58) 
30.4 I521 
3 1 . 1  166) 
54.1173) 
38.0 (67) 

Figure 2. The coordination sphere with some bond distances for R u H ~ [ N ~ B ~ ~ H ~ S ( C H ~ ) ~ ]  [P(C6H&],. Vibrational ellipsoids are drawn at  
the 50% probability level. 

Figure 3. Stereoview drawing of an individual molecule of R u H ~ [ N ~ B ~ ~ H ~ S ( C H ~ ) ~ ]  [P(C6H5)3]3. Vibrational ellipsoids are drawn at  the 50% 
probability level. The H atoms have been omitted for the sake of clarity. 

drawing of the complex (Figure 3). The complex has oc- 
tahedral coordination geometry but is somewhat distorted 
owing to the steric interactions of the bulky phosphine ligands 
with the boron cage and the small bulk of the hydrido ligands. 
The three meridinal phosphine groups are bent away from the 
boron cage by differing amounts: P(3)-Ru-N(1) = 91.7 (2)O, 
P(2)-Ru-N(1) = 98.1 (2)O, and P(1)-Ru-N(l) = 104.7 (2)O, 
thus causing the P(l)-Ru-P(2) angle to decrease to 144.99 
(8)' (see Table VI). 

The Ru-H distances of 1.53 (7) and 1.74 (7) A, as well as 
the Ru-P distances of 2.333 (3), 2.329 (3), and 2.431 (3) A, 
are in the range expected for ruthenium-hydridophosphine 
complexes.28-30 The Ru-P(3) distance of 2.431 A is signif- 
icantly longer than the Ru-P distances of the trans phosphine 
ligands. This lengthening of the M-P bond as a result of the 

trans influence of the hydrido ligand has been observed before 
in metal-hydridophosphine c o m p l e ~ e s . ~ ~ - ~ ~  A comparison of 
bond distances for phosphine ligands cis and trans to the 
hydrido ligand is given in Table VII. 

The Boron Cage. The boron cage possesses regular bicapped 
Archimedean antiprism geometry; the average B-B distance 
within the equatorial plane is 1.84 A with average B-B-B bond 
angles of 90.0°. The average apex-equatorial B-B distance 
is 1.65 A with Be-B,-Be = 67.6' (e = equatorial; a = axial); 
the average B-B distance between equatorial planes B(2)- 
B(3)-B(4)-B(5) and B(6)-B(7)-B(8)-B(9) is 1.79 A with an 
average bridging B-B-B angle of 61.8'. These values compare 
quite favorably with those determined by Dobrott and Lip- 
scomb for C U ~ B , ~ H ~ ~ . ~ ~  

The geometry about the apical boron atoms in the coor- 
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Table 111. Derived Parameters for the Rigid-Group Atoms of RuH,[N,B,,H,S(CH,),] [P(C,H,),] 
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2 2 
8,A A T O M  f, ! % h u 0 ., * c. L( u (I 1 * Y a li (I (i 0 "*I) e 0 * (i L * o  a (I * * a *  * **(I * I*+! * t **** 0 0 0  0 ** * Y  0 " 0  I) ****I **(I * I) * v * 0 0 il10 .I * ****  *P* * * I) *: Y *** 0 I )  (I v u 0 (I Y (I u f (i I) u * * *  (I Y (I 0 (I u !: !* * (I (i 

c i i i )  0 . 3 ~ ~ 6 4 1 2 2 1  

C 1 1 2 l  0 .4037h l25 l  

C1131 0 . 4 5 0 2 h l 2 4 l  

C1141 0.481651241 

C 1 1 5 I  O.4bh531271 

C l l h 1  0.4200312RI 

C l 2 l l  0.305?0126)  

C1271 0.300591?91 

~ 1 2 3 )  0 .279691311  

C l 2 4 1  0 . 2 6 3 9 2 0 1 1  

C1251 0.269041311 

~ 1 2 6 1  0.2d993129)  

C1311 0.360841251 

C132) 0 .32614(1 f l I  

C 0 3 l  0 . 3 5 2 l h l 7 7 1  

C1341 0 .41280129~  

C l 3 5 1  0.447461191 

C l 3 4 1  0.421471231 

C1411 0.10095118l  

C1421 0.089701271 

C 1 4 3 1  0.032251261 
C144 t  -0 .01395(191 

C l i . 5 1  -0.00271 1221 
C1-h) 0 .054741261 

C1511 0.196201241 

C 1 5 7 1  0.145051221 

C 1 5 3 l  OllY4?R1291 

C 1'541 0.23465 (30 1 

CIS51 O.265H01221 

C 1 5 6 )  0.246571?41 

Clhll O . I 7 0 7 1 1 ? 4 l  

CIbZ'l 0.36593175) 

C l h 3 l  0.158291?71 

t l h 4 l  0 .15543(771 

C 1 b'. 0 e I6077!25l 
r i 6 6 i  o . 1 6 7 ~ 5 ( ~ 4 1  

0.25733147) 

0,19637150l 

0.143051501 

0 .1506Y153~  

0 .21 l661561  

0 .2649d1501  

n . 2 ~ 2 7 ~ 1 4 1 1  

0.35942 ( 5 1  I 

0.307681531 

0.40922161l  

0.485861461 

0.460961461 

0 .45HOt I I  3 R l  

0 . 5 2 ~ 8 2 1 5 1 ~  

0.627411*91 

0.66725 I 4 0 1  

n .6n251(521  

0.497921481 

I .  2299 7 146 1 

0 .26 96 4 I 4 5 1 

n . 2 5 0 5 ~ 1 5 1 1  

a . I 9 I 74 I 55 I 

0.152i l7150l  

0.1711914HI 

1 ) . 3 R I B b l  1 7 1  

0.46H041531 

0 ,5 7 7 3  b 1 4 h  ) 

~ . h O h ~ 1 1 3 7 l  

0 .57673111l  

0 .417211 ' t4 l  

0 . 1 5 5 A 4 1 3 ~ 1  

D.I9625(J31 
O. l2?6HI4H l  

n . o n ~ 7 ? 1 - 4 1  

-0.079691 3 1 )  

0.043C*1411 

4.28 118) 

4.94 120 1 

6.02 1271 

6.76 1251 

6.64 I251 
5.59 1271 

4.21 118) 

5.52 (221  

7.10126l  

7 - 3 0  I 2 7 1  

7.57 1281 

5.891231 

4.121181 

5.44 ( 2 1  I 
6.641251 

h.781251 

6.37 124) 

5.29121) 

3.601 171 

4.34 119)  

5.67122' 

6.41 (241 

6.51 I F 4 1  

4 - 9 6  I 2 0  I, 

3.75 1 1  71 

5.84 1271 

7.49 1281 

b.93 I 2 6  1 

5.53122) 

4.711191 

3.52 I 1  7 I 

't.721191 

5.921231 

5.41 I 2 1  1 

'+ .83 crn I 
3.461171 

c1711  

c1721  

c1731  

C l 7 4 l  

c1751  

C l 7 6 l  

C181) 

Cl82l 
C l 8 3 1  

C l 8 4 1  

CI851 

~ 1 8 6 1  

C l 9 I l  

c1921  

C1931 

C1941 

C(951  

C196L 

C 1 1 0 1 1  

C I I O ? ~  

C 1 1 0 3 ~  

C ( 1 0 4 )  

c11051 

C l l D 6 l  

C l 1 1 1 l  

C11121 
C l l 1 3 1  

Cl1141 

C l 1 1 5 l  

C l 1 1 6 ~  

CII21l 
C I 1 2 ? 1  

C IL231  

C l 1 2 4 1  

C11251 

C l 1 2 b l  

0 .1446212LI  

0.16824 1181 

0 0 I 3 4 7 7  I251 
0.07768123) 

0.054fl6 (181 
n .087531221  

O . l 4 1 2 9 ( 2 I l  

0 .09544124)  

n .057911211  

n . 1 1 1 7 8 1 ~ 5 1  

O. l49n l1201  

0.238521231 

0.287381261 

0 .06604(231  

0.32616123) 

0.316081271 

0.267211301 

0.22843 1231 

0.39243142)  

0.419721441 

n.436741391 

0 .42848(41 )  

0 .40220141l  

0 .38417137)  

0.13695130)  

0.12054 137)  

0.061751441 

0.01937129) 

0.035791391 

n.094581461 

0.09424 157 I 

0.06439(351 

0.093271551 

n.152001561 

n . 1 ~ 2 ~ 7 1 5 7 1  

n . l 8 IR61361  

0.33347136)  

0.28311 (451 

0 e 18544 146 I 

0 . I3813138 l  
0.18850145)  

0.28617[431 

0 .53730(41 l  

0.54567 ( 4 5 1  

f l .613221501 

0.67241 1461 

0 . 6 6 4 n 4 ( 4 5 1  

0.596491461 

0.53496 (451  

n .5oonh1o2)  

0.668561541 

n . 7 0 3 4 6 1 ~ 1  

0 . 0 4 9 ~ 3 1 7 5 1  

0.5hbM51571 

0.63666 (491  

0.02Y601h7I 

O . l165 (1O l  

0 . 2 2 3 6 3 ( 8 1 )  

0.243R61631 

0.156961931 

- 0 . 0 8 2 3 5  ( 7 8  I 

- @ . 0 4 @ ~ 3 1 6 6 1  

-0.067331151 

-0.136941801 

-0.179261691 

-0. l51971751 

-0.54037 (831  

-0.532571861 

-0.466591981 

-1).40841 1831 

-0.41622 I 9 4 1  

-0 .4822110~  

3.24 116 1 

4,..t91 1Y I 
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dinated N2BloH8SMe2 ligand agrees very well with that found 
for B5H9 by Dulmage and L i p ~ c o m b . ~ ~  Here the B,-B, 
distance is 1.66 A with Be-B,-B, = 64.6'. The B-B distance 
in the equatorial plane is 1.77 A, with B-B-B = 90' by 
imposed symmetry on the molecule. 

The Diazo Ligand. The dinitrogen portion of the diazo 
ligand N2BloH8SMez assumes the totally linear (C) geometry 
in this complex. The Ru-N(1)-N(2) angle (175.9 (6)') and 
the N (  1)-N(2)-B( 1) angle (172.7 (8)') are very nearly linear; 
thus both atoms N(l)  and N(2) appear to possess approximate 
sp hybridization. Atom N( 1) lies in the plane defined by Ru, 
H(1), H(2), P(3), and N(1); the distances of these atoms from 
the least-squares plane are 0.0001 (6), -0.20 (7), 0.05 (7), 

-- _ _  - 
- 

0.000 (2), and -0.000 (6)& respectively. 
Lipscomb and  redd^^^ have reported the structure of 

B10H12(CH3CN)2; the B-N-C group is linear, also indicating 
sp hybridization of the nitrogen atom. The B-N distance of 
1.523 (7) A for the acetonitrile compound can be compared 
-%ikh the N(2)-B(1) distance of 1.50 (1) A for the 
N2BIOH8SMe2-caordinated ligand. 

The most striking feature of the metrical details of the diazo 
ligand in this ruthenium complex is the unusually long 
Ru-N(l) bond length of 1.889 (8) A. This distance is sig- 
nificantly longer (-0.1 A) than comparable distances in Ru 
and Os aryldiazo and nitrosyl c ~ m p l e x e s . ' ~ ~ ~ ~ ~ ~ ' - ~ ~  Only 
OsH( CO) (NNPh) ( PPh3) and [Os( C0)2(NO) ( PPh3)2] [Clod] 
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Table VI. Selected Distances (A) and Angles (deg) in RuH,(N,B,,H,S(CH,),)(P(C,H,),), .3C,H, 

R u-P( 1 ) 
Ru-P(2) 
Ru-P(3) 
Ru-N(l) 
Ru-H(l) 
Ru-H(2) 
P( l ) -C(l l )  
P(l)-C(21) 
P(l)-C(31) 
P(2)-C(4 1) 
P(2)-C(51) 
P(2)-C(61) 
P(3)-C(7 1) 
P(3)-C(8 1) 
P(3)-C(91) 
N(l)-N(2) 
N(2)-B(1) 
B( 1 0)-S 
S-C(l) 
S-C(2) 

P( l)-Ru-P(2) 
P( l)-Ru-P(3) 
P(2)-Ru-P(3) 
P( l)-Ru-N( 1) 
P(2)-Ru-N(1) 
P(3)-Ru-N(1) 
Ru-N(l)-N(2) 
N(l)-N(2)-B(l) 
N(2)-B(1 )-B(4) 
N(2)-B(l)-B(5) 
N(2)-B( 1)-B(3) 
N(2)-B(l)-B(2) 
Ru-P(l)-C(ll) 
Ru-P(1)-C(21) 
Ru-P(l)-C(31) 
Ru-P(2)-C(4 1) 
Ru-P(2)-C(5 1) 
Ru-P(2)-C(6 1 ) 
Ru-P(3)-C(7 1) 
Ru-P(3)-C(8 1) 
Ru-P(3)-C(9 1) 
C(1 l)-P(l)-C(21) 
C( 1 1 )-P(l ) - a 3  1 ) 
C(21)-P(l)-C(31) 
C(41)-P(2)-C(5 1) 
C(4 l)-P(2)-C(6 1) 
C(5 1)-P(2)-C(61) 
C(7 1)-P(3)-C(8 1) 
C(7 1)-P(3)-C(91) 
C(81)-P(3)-C(91) 

Bond Distances 
2.333 (3) B(1)-B(2) 
2.329 (2) B(l)-B(3) 
2.431 (2) B(l)-B(4) 
1.889 (8) B(1)-B(5) 
1.74 (7) B(6)-B(10) 
1.53 (7) B(7)-B( 10) 

B(8)-B(10) 
B(9)-B(lO) 
B(2)-B(3) 

B(3)-B(5) 
~ ( 2 ) - ~ ( 4 )  

1.843 (6) 
1.833 (6) 
1.848 (6) 
1.825 (5) 

1.826 (5) 
1.841 (4) 

1.852 (7) 
1.115 (8) 
1.50 (1) 
1.89 (1) 
1.71 (1) 
1.75 (1) 

144.99 (8) 
101.27 (8) 
104.30 (8) 
104.7 (2) 
98.1 (2) 
91.7 (2) 

175.9 (6) 
172.7 (8) 
129.5 (8) 
131.0 (8) 
126.4 (8) 
125.2 (8) 
118.76 (18) 
115.69 (20) 
112.87 (21) 
119.25 (23) 
109.76 (18) 
117.40 (21) 
111.06 (19) 
112.01 (21) 
11 3.45 (20) 
104.76 (31) 
101.25 (28) 
101.16 (29) 
103.25 (30) 
101.46 (25) 
103.81 (28) 
102.80 (23) 
103.10 (25) 
102.30 (28) 

B(4)-B(5) 
B(6)-B(7) 
B(6)-B(9) 
B(7)-B(8) 
B(8)-B(9) 
B(2)-B(6) 
B(2)-B(7) 
B(3)-B(7) 
B(4)-B(6) 
B(4)-B(9) 
B(5)-B(8) 
B(5)-B(9) 

Bond Angles 
B(2)-B( 1)-B(3) 
B(2)-B(l)-B(4) 
B(3)-B(l)-B(5) 
B(4)-B(l)-B(5) 
B(6)-B(lO)-B(7) 
B(6)-B(lO)-B(9) 
B(7)-B(lO)-B(8) 
B(8)-B(lO)-B(9) 
B(2)-B( 1)-B(5) 
B( 3)-B( 1)-B(4) 
B(6)-B( 10)-B(8) 
B(7)-B( 10)-B(9) 
B(6)-B( 2)-B(7) 
B(7)-B(3)-B(8) 
B(6)-B(4)-B(9) 
B(8)-B(5)-B(9) 
B(2)-B(6)-B(4) 
B( 2)-B(7)-B( 3) 
B(3)-B(8)-B(5) 
B(4)-B(9)-B(5) 
B(3)-B(2)-B(4) 
B(2)-B(3)-B(5) 
B(2)-B(4)-B(5) 
B(3)-B(5)-B(4) 
B(7)-B(6)-B(9) 
B(6)-B(7)-B(8) 
B(7)-B(8)-B(9) 
B(6)-B(9)-B(8) 
B(6)-B( lO)-S 
B(7)-B( 10)-S 
B(8)-B(lO)-S 
B(g)-B(lO)-S 
B( 10)-S-C( 1) 
B(l O)-S-C(2) 
C(1 )-S-C(2) 

1.87 (1) 
1.83 (1) 
1.84 (2) 

1.85 (2) 
1.83 (2) 
1.83 (2) 

1.76 (2) 
bridging Be-Be = 1.79 (2) 

1.77 (2) 
1.78 (2) 
1.82 (2) 
1.80 (2) 

68.4 (6) \ 
67.1 (7) 
67.5 (7) 

Be-Ba-Be = 67.5 (12) 

103.8 (8) 
104.0 (8) 
104.1 (9) 
102.9 (9) 

bridging Be-Be-Be = 61.9 (10) 
62.1 (7) 

62.2 (6) 
63.1 16) 

61.8 (6) ' 
89.6 (7) 
89.6 (7) 
90.6 (7) 

89.3 (9) 
89.9 (8) 
90.1 (9) 
90.6 (8) 

124.9 (9) 
126.3 (9) 
130.95 (97) 
130.7 (9) 
104.2 (7) 
101.4 (6) 
100.3 (8) 

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. 

Table VII. Comparison of Bond Distances (A) for Phosphine Ligands Cis and Trans to a Hydrido Liganda 

Compd M-P(trans to H) M-P(cis to H) A(trans - cis) 
0.002 (3) IrH(CO),(PPh,),b 2.377 (2) 2.375 (2) 

RuH(C,,H,)(Me,PCH,CH~PMe,)C , 2.333 (3) 2.291 (16) (av) 0.032 (2) 
OsH,[P(C,H,),Phl 3d 2.339 2.296 (av) 0.143 
OsHBr(CO)(PPh,),e 2.56 2.34 0.22 
RuH,(N,B,,H,SMe,)(PPh,),f 2.431 (2) 2.331 (4) (av) 0.100 (4) 

a Abbreviations: Ph, C,H,; Me, CH,. Reference 31. Reference 30. Reference 32. e Reference 33. f This work. 

have comparable M-N( 1)  distance^.'^,^^ However, when the 
title complex is compared with the dinitrogen complex of 
ruthenium, [Ru(N3)(N2)(en)*] [PF6lN (en = ethylenediamine), 

the Ru-N( 1) distances are virtually identical. This similarity 
is also reflected in the N(l)-N(2) distances and the NN 
vibrational frequencies; the N( 1)-N(2) distance of 1.1 15 (8) 
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Table VIII. Some Bond Distances and Angles for Aryldiazo Ligands and Dinitrogen Ligands" 

Comod M-N(l) N( lbN(2)  N(2bX M-N-N N-N-X dNN) f u ' ) b  

M-N-N- AI 
OsH(CO)(NNPh)(PPh3),c 1.867 (6) 1.211 (8) 1.460 (10) 171.1 (6) 118.5 (7) 
RuC1, @-NNC6 H,CH,)(PPh3),d 1.784 (5) 1.158 (6) 1.376 (6) 171.9 (5) 137.1 (5) 

Mo(HBPz,)(CO),(NNPh)f 1.825 (4) 1.211 (6) 1.43 (2) 174.2 (1) 121.2 (2) 
[Fe(CO),(NNPh)(PPh,), ]LBF, ] g  1.702 (6) 1.201 (7) 1.404 (8) 179.2 (5) 124.2 (6) 

[IrCl(N Ph)(PMePhJ3][PF6li 1.835 (8) 1.241 (11) 1.421 (11) 155.2 (7) 118.8 (8) 

ReC1, (NNPh)(PPhMe,), e 1.77 (2) 1.23 (2) 1.43 (2) 173 (2) 119 (2) 

[RhCl(NNPh)(ppp)][PF, 1 1.954 (8) 1.17 (2) 1.43 (1) 125 (1) 119 (1) 

N,Phtf 1.10 

M-N-N 
[Ru(N3)(Nz)(en), ][TF, I h  1.894 (9) 1.106 (11) 
[Rh("3 )s (Nz 11 C1, 2.10 (1) 1.12 (8) 

ReCl(N, )(PPhMe, ), 1.97 (2) 1.06 (3) 
Mo@" 1, (Ph,PC, H, PPh,), 2.01 (1) 1.10 (2) 

N Z1 1.10 

M-N-N-X 
[(",I R u N , R u ( ~ H 3 ) , I [ B ~ l , o  1.928 (6) 1.12 (2) 
MoCl, (N,ReCl(PPhMe,),}, 1.75 (4) (Re) 1.28 (5) 1.99 (4) (Mo) 
(PPhMe,),ClReN MoCl,(OCH3)4 1.79 (Re) 1.21 1.89 (Mo) cNi [ p(c6 1 3 1 f N z  ' 1.77 1.12 1.79 
RuH, (N,B,, H,SMe,)(PPh3)3S 1.889 (8) 1.115 (8) 1.50 (1) 

179.3 (9) 
Linear 
171.8 (11) 
177 (1) 

178.3 (5) 
Linear 
Linear 
178.2 178.3 
175.9 (6) 272.1 (8) 

1543 (1563) 
1881 (1851)t 

-1535 (1585)u 
-1590 (1660)' 

1723 (1593)w 
1603 (1513) 
1619 (1559) 
2285 

2103 
2105 
2020, 1970 
1922 
2330 

2100 
1800 
1660 
2028 
2060 (1910) 

a Distances given in angstroms; angles given as degrees. Abbreviations: Ph, C,H,; Me, CH,; Pz, C3H3N,; en, NH,CH,CH,NH,; ppp, 
PhP(CH,CH,CH,PPh,),. Frequency given in wavenumbers (cm-') for the phenyldiazo and dinitrogen complexes; see ref 11 and 14 for ex- 
planation of v ' .  Reference 13. Reference 14. e Reference 40. f References 6, 7, 12. g Reference 15. Reference 11. ' Reference 
42. I C. Romming and T. Tjornhom, Acta Chem Scand, 22, 2934 (1968); C. Romming, ibid., 17, 1444 (1963); P. G. Wilkinson,Astrophys. 
J . ,  126, 1 (1957). Reference 40. Reference 47. Reference 50. Reference 51. Reference 43. p Reference 44. 4 Reference 45. 
' Reference 46. This work. Reference 4. This is the approximate value for the bis(phosphine)-ammine complex ReCl,(NH,)(NNPh)- 
(PPhMe,). ' This is only approximate owing to resonance coupling with phenyl vibrational modes; see ref 6 and 7. References 6 and 7. 

A is the shortest such distance reported for a coordinated diazo 
ligand, and the U" value of 2060 (d  1910 cm-I) is the highest 
yet observed. Coordinated aryldiazonium ions possess N-N 
bond distances ranging from 1.17 to 1.24 A and exhibit d 
values ranging from 151 1 to 1851 cm-1.6,7,11-15,41,42 With either 
terminal or linearly bridging dinitrogen groups, coordinated 
dinitrogen complexes exhibit N-N bond distances from 1.06 
to 1.28 A and N N  stretching frequencies from 1922 to 2155 
cm-I (Table VIII).43-5' Thus the N-N bond distance and 
stretching frequency of RuH2(N2BI0H8SMe2) [P(C6H5),] fall 
within the range observed for coordinated dinitrogen com- 
plexes. If the diazo ligand is described as a two-electron donor, 
then the title complex formally represents a neutral diazo 
complex of Ru(I1); more specifically the diazo ligand can be 
described as dinitrogen bridging ruthenium and the boron cage. 

In earlier publications,21t52 the diazo ligand N2BloH8SMe2 
has been described as an ''inner diazonium salt" analogous to 
+N2B12-H8N2+. The known chemistry of BIoHl2- resembles 
that of a highly activated organic aromatic species2' and its 
substitution derivatives form strongly electron-donating ligands. 
Knoth has suggested the transmission of electronic effects via 
apical-apical conjugation in certain B10HIo2- derivatives.*' 

From a simplistic viewpoint, binding of the neutral 
N2BloH8SMe2 to a transition metal removes electron density 
from the nitrogen bonding orbitals through u donation to the 
metal. This reduces the N N  bond order, as does any R 
back-donation from the metal to the nitrogen H* orbitals; thus 
the integrity of the nitrogen triple bond could be easily lost. 
The B,oH,02- group, as a u-electron donor, could replenish 
electron density to the N-N bond and thus maintain the 
integrity of the triple bond. In analogous reactions using 
phenyldiazonium salts, the phenyl group acts as an electron 
acceptor and thus further destabilizes the N N  triple bond. 
This is reflected in the N N  distances and vibrational fre- 
quencies of bound phenyldiazo ligands as shown in Table VIII. 

The halogenated analogues 1,10-BloX8(N2)2 (X = C1, Br) 
and their substituted derivatives have also been prepared;52 
further spectroscopic and structural studies on the effects of 

halogen substituents on the coordination geometry of the bound 
diazo ligand would help elucidate the nature of metal-nitrogen 
bonding and the reactions of ligands containing nitrogen- 
nitrogen multiple bonds. 
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Methyl-5,10,15,20-tetraphenylporphinatothallium(III), CH,TlTPP, and methyl-2,3,7,8,12,13,17,18-octaethylporphina- 
tothallium(III), CH3T10EP, are obtained by the reaction of diacetatomethy1thallium(III) with TPPH2 and OEPH2, respectively. 
The molecule CH3T1TPP displays a square-pyramidal coordination geometry for the thallium atom and crystallizes in the 
monoclinic space group P2,/c, with a = 10.046 (2), b = 16.244 (3), c = 23.373 ( 5 )  A, @ = 115.5 (l)’, and Z = 4. The 
compound previously assumed to be aquohydroxy-5,10,15,20-tetraphenylporphinatothallium(III), (H20).0HT1TPP is 
isomorphous with CH,TITPP and is shown by x-ray analysis to be chloro-5,10,15,20-tetraphenylporphinatothallium(III), 
ClTlTPP, a = 10.064 (2), b = 16.177 (2), c = 23.354 ( 5 )  A, and /3 = 115.3 (1)’. Measurement of diffracted intensities 
employed 8-28 scans with graphite-monochromated Mo Ka: radiation on a four-circle diffractometer. The structures were 
solved using the heavy-atom technique. Full-matrix least-squares refinement gave a final value of 0.045 (0.046) lfor 
CH3T1TPP(C1T1TPP)I for the conventional unweighted residual, R, for 2751 (2782) unique reflections having I t 3 4 .  
In these isomorphous complexes there are significant differences in coordination geometry, notably the displacement of 
the thallium atom from the porphyrin mean plane. CH3T1TPP Cp-TI, 0.979; T1-N, 2.29 (1); TI-C, 2.147 (12) A. ClTlTPP: 
Cp-Tl, 0.737; TI-N, 2.21 (1); TI-C1, 2.420 (4) A. The I3C and ‘H N M R  spectra of CH,TlTPP and CH,TlOEP show 
marked differences in the 205Tl-’3C and 205Tl-lH coupling constants when compared with their chlorothallium porphyrin 
analogues, ClTlTPP and ClTlOEP. 

The interpretation of NMR parameters of complexes 
containing heavy metals is of considerable current interest.’ 
A knowledge of molecular structures in solution is a prere- 
quisite for any detailed analysis of the factors influencing these 
parameters. For example, it has been e~ tab l i shed~-~  that the 
coupling constants of several heavy-metal organometallic 

derivatives are dependent on solvent-complex interactions. As 
an extension of a program to establish the nature of these 
solvent interactions in organothallium complexe~ ,~ .~  coordi- 
nation environments have been sought which either preclude 
coordination of solvent molecules or allow exchange of solvent 
a t  a single site only. Alkylthallium porphyrins were selected 


