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92.39", y' = 90.04O, and 2 = 4; the corresponding transforma- 
tions2 x' = --1/2(x - 0.5) + z, y' = 1/2(x - OS), z' = y yield 
coordinates that are compatible with the symmetry of C2/c es- 
sentially within the reported esd's for all atoms except the pair 
C(81), C(81A), which are disordered and for which convergence 
was not attained in the earlier refinement.] 

We have obtained satisfactory refinement in C2/c, based on 
the original intensity data; the revised coordinates are given in 
the supplementary material. The change in space group requires 
the cation to have C2 symmetry, but there are no substantive 
changes in bond lengths or angles. 
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Stable imine complexes of the two d6 metal ions Ru(I1) and 
Os(I1) have been prepared by various methods. A condensation 
reaction of O S ( N H ~ ) ~ , +  and R u ( N H ~ ) ~ ~ +  with a-diketones in 
conjunction with a complex redox reaction afforded (NH3)20s- 
(diimine)22+ and (NH3)4Ru(diimine)2+.2 Analogous diimine 
chelates of Ru(I1) were produced by O2 oxidation of R~(en) ,~+ . ,  
Complex ions containing monodentate p-benzoquinone diimine 
(bqd) were prepared by oxidation of the pentaammine- 
ruthenium( 11) complex with p-~henylenediamine.~ Owing to the 
strong d-x* interaction, all of these imine complexes show a 
considerable shift of the reduction potentials to more positive values 
compared with those of the parent hexaammines. Another dis- 
tinctive feature is a very strong absorption band in the visible 
spectral region. This note reports the synthesis and spectroscopic 
properties of the novel osmium( 11) complex with p-benzoquinone 
diimine. 

A 136-mg (1-mmol) sample of l-amino-4-(dimethylamino)- 
benzene is dissolved in 20 mL of MeOH containing 0.5 mmol of 
HTr  (Tr = triflate, CF3S03-). A 720-mg portion of 
[(NH3)SOsTr]Tr2 (1 mmol) is added. The mixture when stirred 
under oxygen at  30 OC develops a crimson red color. For about 
4 days a steady increase of the absorbance at 560 nm is observed. 
After 5 days addition of 10 mL of ether precipitates 500 mg of 
a solid, which is redissolved in MeOH. Vapor diffusion of ether 
produces a microcrystalline crimson red solid. Anal. Calcd. for 
[(NH,)50s(NJV-Me2bqd)]Tr3: Os, 22.2; C, 15.4, H,  3.1; N,  11.4; 
S ,  11.2; F, 19.9. Found: Os, 21.6; C, 15.2; H, 3.2; N ,  11.2; S, 

(1 )  Institut fiir Organische Chemie, Universitat Bern. 
(2) Evans, I. P.; Everett, G. W.; Sargeson, A. M. J.  Am. Chem. SOC. 1976, 

98, 8041. 
(3) Elsbernd, H.; Beattie, J. K. J .  Chem. SOC. A 1970, 2598. Lane, C. C.; 

Lester, J. E.; Basolo, F. J .  Chem. SOC., Chem. Commun. 1971, 1618. 
(4) Rieder, K.; Hauser, U.; Siegenthaler, H.; Schmidt, E.; Ludi, A. Inorg. 

Chem. 1975. 14. 1402. 
~ I .  ~ 

(5) Lay, P. A.; Magnuson, R. H.; Sen, J.; Taube, H. J .  Am. Chem. SOC. 
1982, 104, 7658. 

Table I. Visible and Near-Infrared Spectra for (NH,),0s2+ and 
(NH,),Ru2' Complexes with p-Benzoqninone Diimines 

metal diimine h", *" (%,ax) 

os HN e;, - 2a 526 (36 000), 1410 (900) 

t i ~ o i i c ~ ~ ) ~ '  - 562 (39500), 1410 (1300) 

Ru , , ~ s , '  523 (43 800), 1240 (140) 
- 

H N ~ ~ ~ c H ~ ) ~ '  - 560 (47 O O O ) ,  1220 (200) 

a In  MeOH. In H,O, D,O. 

11.2; F, 19.8. The compound [(NH,),Os(Hbqd)]Tr, is prepared 
by an analogous procedure. Anal. Calcd for [(NH3),0s- 
(Hbqd)]Tr3: Os, 22.9; C, 13.0; H,  2.7; N ,  11.8; S ,  11.6. Found: 
Os, 21.8; C, 13.0; H,  2.7; N,  11.8; S ,  11.5. 

The formation of the p-benzoquinone diimine complex of Os(I1) 
is assumed to occur in a reaction sequence similar to that for the 
corresponding ruthenium c o m p o ~ n d . ~  The absorption spectra 
(Table I) measured in MeOH, H20,  and D20 exhibit a weak band 
in the near-infrared and an intense absorption in the visible part 
of the spectrum. The same general pattern has been observed 
for Ru(I1) and Os(I1) complexes with pyrazine and its derivativs6 
Referring to a simple Huckel M O  approach' (Figure l) ,  we assign 
the intense visible band to the allowed transition 5a" - 6a" (point 
group C,) with y,z polarization; z coincides with the meta1-N- 
(imine) bond, and x is perpendicular to the plane of the diimine 
ligand. Since the two orbitals have comparable metal and ligand 
parentage, it appears unreasonable to label the strong absorption 
as either metal to ligand or ligand to metal charge transfer. The 
weak low-energy absorption is attributed to a forbidden transition 
(x polarization) between the nonbonding 2a' or la' orbital and 
6a". 

Whereas the 'H  N M R  spectra for the quinone diimine com- 
plexes with (NH3),Ru" do not exhibit any unexpected special 
features,* the osmium complex shows a dramatic temperature 
dependence of the signals for the ring protons (Figure 2, Table 
11). This study was confined to the N,N-dimethyl compound 
because the two imine protons for the complex derived from 
1 ,Cdiaminobenzene have chemical shifts very similar to those for 
the ring protons. Otherwise, the 'H NMR spectra for the =NH2 
and =N(CH3)2 complexes were virtually identical. The most 
obvious change is observed for the two protons H 2  and H6, their 
signals coalescing at about 0 "C. The available experimental data 
do not allow assignment of the two separate low-temperature 
resonances to either hydrogen atom. The dynamic process that 
is manifested by the observed line broadening and coalescence 
of the H2,6 signals is attributed to a rotation of the p-benzoquinone 
diimine molecule about the coordinated N=C bond. Such a 
rotation would primarily affect the two H2,6 protons. The H3,5 
and methyl hydrogens would be affected to a considerably lesser 
degree. Owing to rapid exchange of the imine proton with traces 
of water in the solvent, no signal corresponding to this atom was 
found in the spectrum. 

Given the coalescence temperature T, and the shift difference 
6v (Hz) of the separate H2,6 signals, the free energy of activation 
of this restricted rotation can be calculated by using the ap- 
proximation9 

AG* = 19.13TJ9.97 + log (Tc/6v)] J mol-' 

The experimental data T, = 273 A 10 K and 6 v  = 155 f 5 Hz 
correspond to AG* = 52 f 2 kJ mol-I, the estimated error arising 
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Table 11. 'H NMR Data for (NH,),Os2+ and (NH3)5R~2+ Complexes with N,N-Dimethyl-p-benzoquinone Diimine" 
T, O C  cis NH, trans NH, H3,5 H2,6 =N(CHA 

OS 25 10.26 (12.3) 9.90 (3) 6.60 (2.2) 5.26 (1.9) 3.60 (6.1) 
0 10.33 9.96 6.56 5.2 3.6 

-60 10.66 10.14 6.5 5.8 4.3 3.6 
Ru 25 3.54 (12.3) 6.50 (3) 7.70 (2) 8.00 ( 1 )  8.36 ( 1 )  1.88 (3) 1.84 (3) 

"Chemical shifts are in ppm, with number of protons in  parentheses; 

6 a" 

5 a" 

3 a"  

A 

L a" 

i I 

Figure 1. Hiickel MO diagram for (NH3)sM(Hbqd)'+ using the fol- 
lowing parameters: a(C) = 0; a(N) = 0.58; a(N+) = 28; a(Ru) = 0.38; 
a(0s) < ~ ( R u ) ;  @(Ru-N) = 0.38; o(C-N) = 8; P(C-C) = 8 (cf. ref 7). 

mainly from the uncertainty of T,. This energy is much smaller 
than the barrier to rotation for normal C=N double bonds, which 
exceeds 160 kJ mol-'.Io The osmium complex may be best 
compared to the two quinone diimine derivatives A and B. For 

/ 
Et A 

B 

compound A the barrier to rotation about the C=N bond has 
been estimated to be approximately 80 kJ mol-' (398 K); the 
corresponding energy for B with even more reduced double-bond 
character is about 50 kJ mol-' (260 K).l0 We conclude that the 
C=N bond in the osmium-benzoquinone diimine complex is 
significantly weakened and that therefore rotation about this bond 
becomes possible. This interpretation of the temperature de- 
pendence of the 'H NMR data is in complete agreement with the 
enhanced back-bonding capacity of Os(I1) compared to that of 
R u ( I I ) . ~  The actual electronic structure of the novel osmium 
complex may thus be described as an intermediate between the 
following two limiting valence structures: 

R = H . M e  

This view is also supported by the chemical shift data of the 
ammonia protons (Table 11). Their signals occur a t  significantly 
lower field for the Os than for the Ru complex, indicative of a 

(IO) Jackman, L. M., Cotton, F. A., Eds. "Dynamic Nuclear Magnetic 
Resonancc Spectroscopy"; Academic Press: New York, 1975; pp 
203-250. 
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solvent CD,-CO-CD,; numbering scheme given in Figure 2. 

7 H3.5 6 5 4 
I h ~ ~ i ~ ~ , ~  I L I , ~ I I I ~  1 1 1 ,  , I , , ,  ~ I a ~ r ~ J  

* 
0% 4 n i c I' 

Figure 2. 'H NMR spectra (Varian XL-100) at different temperatures 
for (NH3)SOs(N,N-Me2bqd)3+. Shaded peaks represent the ring protons; 
asterisks label impurity signals with integrated intensities roughly 
equivalent to one proton (probably a condensation product of l-amino- 
4-(dimethylamino)benzene). 

higher formal charge on osmium. 
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While copper(I)2 and ~ o p p e r ( I 1 ) ~  carboxylates have been 
prepared and characterized, the only known sulfur analogues have 
been the copper(I1) sulfinates, e.g. copper(I1) ben~enesulfinate~ 
and copper(I1) p-t~luenesulfinate.~ We wish to report convenient 
preparations of copper(1) benzenesulfinate (1) and copper(1) 

(1) New Copper Chemistry. 8. Part 7: Bertz, S. H.; Dabbagh, G.; Cook, 
J. M.; Honkan, V. J .  Org. Chem. 1984, 49, 1739-43. 

(2) Edwards, D. A.; Richards, R. J .  Chem. Soc., Dalfon Trans. 1973, 
2463-8. 

(3) Lewis, J.; Mabbs, F. J .  Chem. Soc. 1965, 3894-7. 
(4) Knoevenagel, E,; Romer, A. Ber. Dtsch. Chem. Ges. 1923, 56,215-7. 
(5 )  von Meyer, E. J .  Prakf .  Chem. 1901, 171, 167-83. 

0 1985 American Chemical Society 


