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Solution (H NMR, Evans method magnetic susceptibility, resonance Raman) and X-ray crystallographic
spectroscopic studies of intertriad heterodimeric [(OEP)MoOs(OBR)[(OEP)WRuU(OEP)] 4), [(OEP)MoOs-
(TPP)]PK (5%), and [(OEP)WRU(TPP)]RH6") metalloporphyrins are reported (OEP 2,3,7,8,12,13,17,18-
octaethylporphyrinato; TPE 5,10,15,20-tetraphenylporphyrinato). Evans method magnetic susceptibility data
indicate that3 and4 contain two unpaired electrons in the ground electronic configuration. Resonance Raman
spectra of3, 4, 5%, and 6" suggest that WRu bonds are-50% stronger than corresponding MoOs species.
Structural characterization 6f and6™ demonstrates metametal bond lengths of 2.30 (WRu) and 2.24 (MoOs)

A, respectively. The possibility of a special stability associated with polar heterometallic multiple bonds is discussed.

Introduction

Our recent successes in the preparation of intertriad hetero-

metallic metal-metal-bonded complexkshave now been
extended to the study of porphyrin dimers withARu and Mo~

Os multiple metat-metal bonds. An interesting component to
the discussion of MoOs and WRu dimers is the effect of polarity
on metat-metal bond length and strength. Until now such
studies have only been possible between homodimers, (Mg)

and heterodimers (MoW) and have been complicated by the

fact that the nonpolar species are axially symmeig) while
the polar species are ndt4,), as well as the observation that

the homodimers are composed of either two second-row metals

or two third-row metals, while the heterodimer contains one of
each? For MoOs and WRu metalmetal-bonded dimers, both

compounds are members of the same symmetry group, both

contain one second-row metal and one third-row metal, and
WRuU is expected to be substantially more pdlar.

The studies presented in this paper were conceived upon
comparisons of X-ray diffraction and resonance Raman data

for analogous homo- and heterodimers such as [Ru(tPR)]
(11)* and [(OEP)MoRu(TPP)]RH2").10 As discussed in the
immediately preceding manuscri@! exhibits two structural
isomers: one with porphyrin ligands eclipsed and an MO
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Collman, J. P.; Harford, S. T.; Franzen, S. F.; Eberspacher, T. A.;
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To a first approximation, Mo and Os are situated in the periodic table
in a fashion analogous to O and CI while the positions of W and Ru
are analogous to those of S and F. Our initial approximation that WRu
should therefore be more polar is supported by inspection of the
Pauling electronegativities (see: Pauling, The Nature of the
Chemical BongdCornell University Press: Ithaca, NY, 1960) as well
as thelH NMR spectra of each complex. We have not been able to
produce quantitative measurements of the dipole moments due to
experimental difficulties in handling these compounds.

3

~

diagramo?7*627*1 (2a") and one with staggered ligands and
MO description g27*0"%7*1 (2b™). Comparison of the MO
diagram corresponding t@b™ with the MO diagram corre-
sponding to [RU(TPP)PF; (021%0%0*27*) indicates that both

1+ and 2b* exhibit metal-metal bonds of the same order and
the same net composition dand 1.5z bonds) with two 4d
metals in the same oxidation states. Thus, one should expect
comparable metalmetal bond lengths and metahetal bond
strengths. However, the X-ray structural data indicate a signifi-
cantly shorter bond for the heterodime?io™ (2.18 vs 2.29 A).
Similarly, our immediately preceding discussion of [(OEP)WOs-
(OEP)] and [Os(OEP;)]reported a substantially higher force
constant for the WO bond despite the fact that both are
expected to exhibit homologous double bonds. Previously,
researchers in this field have used these same criteria to propose
a “special stability” inherent to heterometallic bonds upon
comparison with analogous homodimeér$o provide further
insight into the effects of polarity on metametal bond length
and strength, we have undertaken structural and vibrational
studies of homologous MoOs and WRu porphyrin dimers and
present our results herein.

Experimental Section

Materials. H,OEP® H,TPP!/ Mo(OEP)(PhGCPh)¢ W(OEP)-
(PES),° Os(OEP or TPP)(pyriding}° and Ru(OEP or TPP)(pyriding)
were synthesized according to published procedures. Diethylpyrrole
was donated by Pharmacyclics and distilled immediately prior to use.
Cobaltocene and ferrocenium hexafluorophosphate were purchased from
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J. P.; Hodgson, K. OJ. Chem. Soc., Chem. Commu®89 1360-
1362. (b) Tait, C. D.; Garner, J. M.; Collman, J. P.; Sattelberger, A.
P.; Woodruff, W. H.J. Am. Chem. Sod 989 111, 7806-7811. (c)
Collman, J. P.; Prodolliet, J. W.; Leidner, C. R.Am. Chem. Soc
1986 108 2916-2921. (d) Collman, J. P.; Harford, S. lhorg. Chem.
1998 37, 4152-4153.
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68—77.
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Chem. Soc1981, 103 1850-1851.
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Strem and used as received. Benzdgand tolueneds were purchased Oxidation. In a nitrogen-atmosphere glovebox, the reaction mixture
from Cambridge Isotope Laboratories and vacuum distilled from sodium is dissolved in benzene (7 mL); to this is added.l3Pk (4.4 mg,
benzophenone ketyl immediately prior to use. Solvents used for the 13.3umol, 0.75 equiv relative to [(OEP)WRu(OEP)]). The mixture is
metalation (decalin, chlorobenzene) and manipulation (benzene, toluenestirred overnight and then filtered through Celite. The precipitate is
hexanes, and dichloromethane) of the dimers were distilled from sodium rinsed with benzene and then eluted with dichloromethane. The solution
benzophenone ketyl or,®s under argon before introduction into the  is concentrated under vacuum to yield [(OEP)WRu(OER)|PF
glovebox. Reduction. To this solid is added an excess of LCp'" in benzene
Physical MeasurementsA nitrogen-filled Vacuum Atmospheres (5 mL) and stirred for 4 h. The solution is concentrated while heating
drybox equipped with a Dri-Train inert-gas purifier was employed for under vacuum to remove unreactechCp and side product GBoPF.
manipulations carried out under anaerobic conditi#HNMR spectra The residual solid is analytically pure [(OEP)WRuU(OEP)]; neither of
were recorded on a Varian XL-400 or Varian-Oxford 500 MHz FT- the homodimers is observed in either #i#eNMR or mass spectrum.
NMR spectrometer using benzedg-or tolueneds as a solvent. The yield of [(OEP)WRU(OEP)] is 7.6 mg, 59.6%.
Resonances in thiél NMR were referenced versus the residual proton UV—vis [nm (log €)]: Soret Ru(OEP) 360 (4.66), Soret W(OEP)
signal of the solvent. 396 (4.86), 520 (4.16), 568 (4.2014 NMR (ppm, GDs): 6 —90.0 (s,
Resonance Raman samples were prepared in the glovebox and flaméH, W Hnesd; —16.10 (s, 4H, RU Kesd; 23.90 (m, 8H, W-CH>CH),
sealed under vacuum. Excitation for the RR experiments was provided 20.45 (m, 8H, W-CH,CHj); 7.08 (m, 8H, Rt-CH>CHs), 6.40 (m, 8H,
by an Ar* ion laser (Spectra Physics). Typical laser powers were 20 Ru—CH:CHg); —0.80 (t, 24H, W-CH,CHg); 1.95 (t, 24H, Ru-
30 mW on resonance. Scattered light was collected by an f/1 5 cm CHCHs). uerr (tolueneds): 2.80 us. Mass spectrum, LSIMS (Csl
focal length lens and focused onto the slit of a SPEX 0.6 operating as calibration): simulated (relative intensity), 1350.6 (1.00), 1349.6 (0.85),
a spectrograph to disperse the light onto a Photometrics CCD camera1351.6 (0.81), 1352.6 (0.80), 1348.6 (0.75), 1347.6 (0.51); found
Typical data acquisition times were 20 min. Because the precision of (relative intensity), 1350.9 (1.00), 1351.9 (0.82), 1349.9 (0.80), 1348.8
the depolarization ratiopf was+0.1, only general information such ~ (0.77), 1352.9 (0.75), 1347.8 (0.55).
as whether bands were polarizeg,(@odes), depolarized {pand by), Preparation of [(OEP)WRu(TPP)] (5). Vacuum pyrolysis of a
or anomalously polarized 43 could be determined. Sample integrity ~ mixture of W(OEP)(Ph&CPh) (35 mg) and Ru(TPP)(py25 mg) at
following irradiation was confirmed byH NMR and electronic 6 x 107® Torr and 210°C (4 h) yields 32 mg of a mixture of 14%
absorption spectroscopy. [W(OEP)L, 78% [(OEP)WRu(TPP)], and 8% [Ru(TPR)lsolation of
Crystals of the [(OEP)WRu(TPP)]RRlimer suitable for X-ray the mi)_<ed species is _effected by'redox titration exactly as_described
diffraction were obtained by vapor diffusion of benzene into a saturated @P0ve in the preparation df The yield of [(OEP)WRu(TPP)] is 11.0
dichloromethane solution. A lustrous blue crystal with dimensions 0.20 MJ; 46.5%.
x 0.20x 0.01 mm was chosen and mounted on a glass fiber in paratone  UV—Vis [nm (CHe, log €)]: Soret Ru(TPP) 371 (4.63), Soret
N oil at —80 °C using an improvised cold stage. The same method W(OEP) 391 (4.89)'H NMR (ppm, GDs): 0 —74.2 (s, 4H, W Hes9;
was also used to mount a 0.300.30 x 0.007 mm crystal of [[OEP)- ~ —5.8 (s, 8H, Ru H); 20.10 (m, 8H, W-CH;CH;), 23.31 (m, 8H,
MoOs(TPP)]PEgrown by layering of a dichloromethane solution with ~ W—CH2CHa); 7.19 (d, 4H, Ru end@-phenyl), 8.65 (t, 4H, Ru endo
pentane. All measurements were made on a Siemens SMART diffrac- mphenyl); 5.75 (d, 4H, Ru ex@-phenyl), 6.25 (t, 4H, Ru exo
tometer with graphite-monochromated MaxKadiation. mrphenyl); 7.35 (t, 4H, Rip-phenyl); —0.20 (t, 24H, W-CH,CHa). -
Both structures were solved by direct methods (SHELXS-86) and Mass spectrum, LSIMS (Csl calibration): simulated (relative intensity),
expanded using Fourier techniques (DIRDIF92). All Mo, Ru, Os, W, 1430.5 (1.00), 1429.5 (0.85), 1431.5 (0.84), 1432.5 (0.82), 1428.5

P, F, and Cl atoms were refined anisotropically. Carbon and nitrogen (0-74), 1433.5 (0.50), 1427.5 (0.49); found (relative intensity), 1429.6

atoms were refined isotropically. With hydrogen atoms included at (1.00), 1428.6 (0.88), 1430.6 (0.84), 1431.6 (0.81), 1427.6 (0.77),
1426.7 (0.54), 1432.7 (0.51).

idealized positions, the final cycle of full-matrix least-squares refine-

ments converged t® = S ||Fo| — |Fd|/3|Fo] = 0.109 (MoOs) and ‘Preparation of [(OEP)MoOs(TPP)] (6). Vacuum pyrolysis of a
0.072 (WRU) andR, = [(SW(|Fo| — |Fe|)7IWFo2)]Y2 = 0.134 (MoOs) mixture of Mo(OEP)(Ph&CPh) (20 mg) and Os(TPP)(pyi21 mg)
and 0.088 (WRu). at 6 x 107® Torr and 210°C (4 h) yields 23 mg of a mixture of 23%

Preparation of [(OEP)MoOs(OEP)] (3). Vacuum pyrolysis of a [Mo(OEP)E, 65% [(OEP)MoOs(TPP)], and 11% [Os(TPP)olation

: f the mixed species is effected by redox titration exactly as described
mixture of Mo(OEP)(Ph&CPh) (23.8 mg) and Os(OEP)(py(23.2 0 . . ; .
mg) at 6x 10-° Torr and 21C°C (4 h) yields 33.1 mg of a mixture of above in the preparation df The yield of [(OEP)MoOs(TPP)] is 10.4

0,

18% [Mo(OEP)}, 73% [(OEP)MoOS(OEP)], and 8% [Os(OER)] M9 39:6%. _
Isolation of the mixed species is effected by redox titration exactly as YV ~Vis [nm (CfHG* log €)]: Soret O.S(TPP) 359 (4.65), Soret Mo-
prescribed below in the preparation 4fThe yield of [(OEP)MoOs- (OEP) 399 (4.93)'H NMR (ppm, GDg): 0 —32.5 (s, 4H, MO Ihes9;

UV—vis [nm (log€)]: Soret OS(OEP) 358 (4.46), Soret Mo(OEP) ~ CH2CHh): 9.80 (d, 4H, Os endw-phenyl), 8.10 (t, 4H, Os endo

. . m-phenyl); 6.95 (d, 4H, Ru exm-phenyl), 7.51 (t, 4H, Os exo
396 (4.72)3H NMR (ppm, GD): & —67.92 (s, 4H, Mo Hes): —50.93 _ :
“ 4(H O)s o 2(§P3p6 (n(f 8‘2' M&CHZC(Ha) Mo '(#;S‘)SH e mphenyl): 7.95 (t, 4H, Rup-phenyl); 1.01 (t, 24H, Me-CHCHs).

CH,CHy): 10.31 (m, 8H, Os CH,CHs), 9.20 (m, 8H, Os CHCHs): Mass spectrum, LSIMS (Csl calibration): simulated (relative intensity),
- 1432.5 (1.00), 1431.5 (0.91), 1430.5 (0.82), 1433.5 (0.79), 1434.5

0.20 (t, 24H, Mo-CH,CHs); 0.87 (, 24H, OS CHyCH). er (toluene- — —y 709"17059 &' 6 70y 14285 (0.61); found (relative intensity). 1431.5

dg): 2.72 us. Mass spectrum, LSIMS (Csl calibration): simulated Pte , o . ol Y), .

(relative intensity), 1342.4 (1.00), 1343.4 (0.99), 1344.4 (0.99), 1341.4 (114'22)’5 (15‘37%)5 1(2'2%8%' (346383)'5 (0.93), 14305 (0.92), 1429.5 (0.86),
(0.93), 1340.4 (0.78), 1345.4 (0.71), 1339.4 (0.59); found (relative ~ &5, - (5-09)-
intensity), 1342.1 (1.00), 1343.1 (0.99), 1344.1 (0.98), 1341.1 (0.92)
1340.1 (0.79), 1345.1 (0.76), 1339.1 (0.59).

_Preparation of [(OEP)WRu(OEP)] (4). Vacuum pyrolysis of a IH NMR. Chemical shift and Evans methddmagnetic
mixture of W(OEP)(PE), (29.1 mg) and Ru(OEP)(py)21.2 mg) at susceptibility data for [[OEP)MoOs(OEP)B)( [(OEP)WRu-
6 x 1076 Torr and 210°C (4 h) yields 35.1 mg of a mixture of 16% (OEP)] @), and [Re(OEP)Jare presented in Table 1. In fashion
[W(OEP)E, 32% [(OEP)WRU(OEP)], 48% Ru(OEP)(RJe! and 4% similar to the NMR results presented for MoRu and WOs
[RU(OEP)}. dimers, the data in Table 1 suggest a paramagnetic ground

© Col - electronic configurationg?7*0%7*2, to be in effect for the
9) Collman, J. P.; Garner, J. M.; Woo, L. K. Am. Chem. Sod 989 i
111 8148148, heterodimers3 and4.
(10) Antipas, A.; Buchler, J. W.; Gouterman, M.; Smith, P.JDAm. Chem.
Soc 1978 100, 3015-3024. (11) Evans, D. FJ. Chem. Sacl959 2003-2005.

'’ Results and Discussion
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Table 1. 'H NMR?2 and Magnetic Susceptibilityof d'© ((OEPMOOS(TPP)PF ¢

-1
Metal—Metal-Bonded Porphyrin Dimers 3000 316em
Py Mo 417 cm 1
) Ueft O(Hmeso O(—CHy) O0(—CHjs) > 2800 4
dimer (us) ) a) ® £ 2000 ~ 327¢cm ! <— 409 cm -}
[Re(OEP)} <0.8 6.45(s) 3.73,3.98 1.65 £ 1500 o Vg
[(OEP)M0OOS(OEP)]  2.72-50.93 (Mo) 9.20,10.31 (Os) 0.87 (Os) c
—67.92 (Os) 16.7,20.4 (Mo)  0.20 (Mo) g 100
[(OEP)WRU(OEP)]  2.80-16.10 (Ru) 6.40,7.08 (Ru)  1.95 (Ru) S 500 YWR ((CEPYWRUAPPYPF ¢
—-90.0 (W) 20.5,23.9(W) —0.80 (W) . | /\_Solvent (MeCl »)
2 All spectra taken in toluends. ® Evans method in toluends at | | | ' - .
20 °C. ¢ No effect observed. 250 300 350 200 450 500
Raman Shiffcm ~
304 cm ! Figure 2. Low-frequency RR spectra upon excitation at 363.8 nm for
v . .
— MOOS/V ((OEPMOOS(OER) 5+ and 6*. Assignment of the bands near 345 ¢nto OEP-based
o 8 breathing modes was made according to the descriptiongaidvss
£ in ref 13. An analogous mode for TPP core-breathing is expected near
$ 1000 - <308 A 410 cn? (ref 14), and the observed bands at 408 and 417*¢rave
= cm been thus assigned
= ((OEPYWRU(OEPY)) ’
8 500 7 Table 2. Vibrational Data for MoOs and WRu
Z Metal—Metal-Bonded Porphyrin Dimers
0 SOIvelm (d'mm?ne) 1 | | dimer vum (cm ™) k(mdyn/A)  bond order
300 400 500 400 700 [(OEP)MoOs(OEP)] 304 3.47 3.0
Raman shift cm ~ [(OEP)WRU(OEP)] 308 3.65 3.0
Figure 1. Low-frequency RR spectra upon excitation at 363.8 nm for  [(OEP)MoOs(TPP)]P& 316 3.75 3.5
3and4. Samples were prepared in toluetiesolution and flame sealed.  [((OEP)WRU(TPP)]PE 327 411 35

Solvent resonances were not subtracted from the raw data but are given

for comparison. All spectra are baseline corrected. Sample stability waswith the depolarization ratios and subtraction of monomeric

confirmed by*H NMR analysis following excitation. spectra. Similarly, the spectra in Figure 2 may be assigned with

MM, Vs, and a metal-TPP core-breathing mode analogous to

The chemical shift data in Table 1 also imply that the WRU ,,; The TPP breathing mode (19MNC,, 17%vCiCpp, 16%

dimer exhibits a significantly more polarized metahetal bond OMNC,, 14% GoCpiCpr)4is predicted to exist near 410 cih

than does the MoOs dimer, as would be expected from the gnd pands are seen at 409 EmWRW") and 417 cm?!

relative positions of the metals in the periodic table. The (MoOS"). The existence of a similar band for [(OEP)MoRu-

W(OEP) resonances exhibit much larger isotropic shifts than (TPP)]PF at 408 cnm lends further support to this assignment.

do the corresponding Ru(OEP) resonancet suggesting that The |ocation ofvs is expected between 340 and 360érand

the antibonding HOMO (containing the 2 unpaired electrons) corresponding features are seen at 340 cft/Ruf+) and 341

in the WRu dimer is predominantly W in character. In contrast, .1 (very weak, MoO%"). The only remaining nonsolvent

the MoOs dimer exhibits comparable isotropic shifts for both pangs, at 316 cnt (MoO$+) and 327 cm? (WRWE), are now

halves of the dimer, consistent with a much closer match of 5gsigned asyy. Enhancement of the metainetal stretches

electronegativites for Mo and Os. To date we have not yet beeny;i Soret excitation is consistent with numerous existing reports

able to directly measure the dipole moments in the two dimers, anq has been previously discussed at leRgth.

but such an experiment is expected to demonstrate a significantly Force constants associated with each metatal bond have

Iarggr dlpole moment for WRu. . - been calculated with the diatomic oscillator approximéfi@amd

Vibrational Spectroscopy.Experimental difficulty has thus 516 presented in Table 2. The force constants for these dimers,
far prevented us from obtaining thermochemical data in an g4ch containing one 4d metal and one 5d metal, are intermediate
attempt to compare metametal bond enthalpies in these and 1, the force constants obtained for analogous-4d (MoRu)
similar complexes. However, the metahetal bond force _ and 5d-5d (WOs) dimers. Comparisons between the MoOs and
constants from two sets of analogous MoOs and WRu porphyrin\wru dimers indicate that the WRU metahetal bonds may
dimers have been obtained with resonance Raman vibrationalbe slightly strongerthan corresponding MoOs bonds, but the
spectroscopy (Figures 1 and 2) and provide reasonable estimate§jterences are small and may be the result of influences outside
for the relative metatmetal bond strengths. the diatomic oscillator approximatiofi.

Resonance enhancement of the metaétal stretching vibra-
tion in the neutral dimers [(OEP)MoOs(OEP}) @nd [(OEP)-
WRU(OEP)] @), as well as in the monocations [(OEP)MoOs- 4525, (b) Abe, M.; Kitagawa, T.; Kyogoku, Y. Chem. Phys1978
(TPP)]PR (57) and [(OEP)WRU(TPP)]RF(6"), has been 69, 4526-4534.

i i itati (14) Atamian, M.; Donohoe, R. J.; Lindsey, J. S.; Bocian, DJ.FPhys.
achieved with UV excitation at 363.8 nm. For the neutral Chem 1989 93, 22365243,

complexes (Figure 1), only two Iow-frequency bands WEIe (15) k= (3.55x 1012, wherek = force constant (mdyn/A); = reduced
observed for each dimer. On the basis of normal coordinate mass of the two metal atoms (g), anek vibrational frequency (crh).

analyses of [(OEP)MMOEP)PE® and NiOEP!3 the bands near (16) Our analysis assumes the metaletal bond stretches to be purely

(13) (a) Kitagawa, T.; Abe, M.; Ogoshi, H. Chem. Physl978 69, 4516~

350 cni! may be assigned ag, an OEP core-breathing mode diatomic, but they may contain a small dependence on metatak-N
(23% QmeCa, 18% VMN, 16% Vcac/}, 12% 6C¢1NC(1)-14 The
remaining bands near 300 cfare assigned asgyy, consistent

(12) Cotton, F. A.; Walton, R. AMultiple Bonds Between Metal Atoms
2nd ed.; Clarendon Press: Oxford, U.K., 1993.

bending, metatN stretching, or other ligand-based modes. We have
published a simple normal coordinate analysis (ref 2b, Supporting
Information) for vibrational study of metalloporphyrin dimers, and
our results indicate a metametal stretch which is ca. 90% diatomic

for these complexes. Thus, the small difference between observed force
constants for MoOs and WRu dimers may not reflect a stronger bond
for WRu.
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Table 3. Selected Structural Parameters (A) for [[OEP)MoOs(TPR)[BE) and [(OEP)WRu(TPP)]RH6")

N—M-M'—N'4 MO diagram

M—M' Mo—Nzor W—Ny4 Os—Ngor Ru—N'4 Ns—N'4 dihedral angl& (bond order)

5t 2.238(3) 0.581(4) 0.309(4) 3.14(1) 42.1 0?*d%m*1 (3.5)
6" 2.297(2) 0.609(4) 0.294(4) 3.20(1) 29.9 o?m*0%m*! (3.5)

a Geometric mean given in deg.

@) Qi A, G
R A ey L
SRRy EAGY
| w
(b)
Figure 3. (a) 50% probability ORTEP plot &": Mo—Os= 2.238- Figure 4. (a) 50% probability ORTEP plot &": W—Ru= 2.297(2)

(3) A; N,—N'; =3.14 A; Mo—N, = 0.581 A; Os-N'; = 0.309 A. (b) A; N,—N'y = 3.20 A; W—N, = 0.609 A; Ru-N'; = 0.294 A. (b)
ORTEP plot of5* as viewed down the MeOs bond axis: porphyrin ORTEP plot of6' as viewed down the WRu bond axis: porphyrin
cores are rotated 42.1 cores are rotated 29.9

X-ray Crystallography. The monocationic complexes [(OEP)- analogous to that reported for the two conformations exhibited
MoOs(TPP)]PE (57) and [(OEPWRU(TPP)JRFE") have been i the structure of [(OEP)MoRu(TPP)]RFn each case tighter
structurally characterized by X-ray diffraction. Attempts 10 jteral angles of rotation are seen to associate with longer
obtain X-ray-quality single crystals of the corresponding neutral porphyrin-porphyrin separations. The inverse correlation of
complexes have so far been unsuccessful. porphyrin—porphyrin separation with internal twist angle is most

Surprisingly, the X-ray structures & (Figure 3) and6* likely a result of the increased nonbonded repulsions incurred
(Figure 4) display more differences than similarities. Whereas by the more eclipsed conformations.

5% crystallized in the space grodmna(No. 52),6" crystallized Interestingly, the sums of metaN, displacements in both
in an altogether different group?4/nmm (No. 129). The 5+ and 6" are ’nearly identicat0.89 A (Mo—N, + Os—N's)
porphyrin—porphyrin twist anglesy) are also significantly and 0.90 A (W-N, + Ru—N"'s). Bécause of this similarity, the

different; the WRu compound exhibits a mear W—Ru—N' shorter N—N'4 separation (by 0.06 A) for the MeOs dimer
dihedral angle of 29.9 while th_e MO.OS entity is closer to Fhe translates into a shorter metahetal bond length. Although it
perfle Ctl?f staggerr]ed conformatllon \.N'thla mean MOBOS;fN is often tempting to invoke the traditional correlation between
ang el$b4251' These ;\let ang te)s 'dmp ya s_'gongﬁlz OR or h bond length and bond strength, these heterodimeric compounds
WRubut because the MoOs bond is significantly shorter, the indicate that a variety of factors contribute to the determination

;ﬁlit'vihexﬁ?kntf 0b Oviiz:i?p tiretnc;t atbzlsolutekli);] cI?arr. Fu:rt]r;err]-t of an equilibrium metatmetal separation. For example, the
ore, the fikely possibility that crystal packing forces might g, pond may be longer because it is inherently weaker,

|dn_;Ifuence the mofleculzi_r geor(;]etry al n?llnduce t_thesi Sllg)tle but there is also the possibility that crystal packing forces impart
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Polyhedron1996 15, 57—62. monocations. Extremely weakbonding interactions<5 kcal/



WRu and MoOs Porphyrin Dimers Inorganic Chemistry, Vol. 38, No. 9, 1992097

mol), if any, are indicated by the dihedral angles of [[OEP)-  Acknowledgment. We thank the NSF (Grant CHE 9123187-
MoOs(TPP)]PE (42.1°) and [(OEP)WRuU(TPP)]RF(29.9), A4) for financial support. Special thanks to Dr. Doris Hung at
respectively. Comparison of the bond lengths and force constantsNorthwestern for mass spectra, Dr. Fred Hollander at the
for several WRu and MoOs species indicates that their bond university of California at Berkeley for X-ray data collection,
strengths are nearly identical. Although two independent sets and Pharmacyclics for their generous gift of diethylpyrrole used
of resonance Raman data produce force constants which argy, ihe synthesis of bDEP. S.F. and A.P.S. are grateful for the

5—10% larger for WRu species, the difference is small enough support of a Director’s Fellowship from Los Alamos National
that we may not confidently conclude the existence of a Laboratory

significantly stronger bond for WRu. Likewise, the bond length
of a MOOS, dimer is seen to be 0'95 A shorter than the Supporting Information Available: Tables of structural parameters
qurespondlng WRu complex, S}JQQGSt'"g that th'e MoOs bond for 5t and6™. This material is available free of charge via the Internet
might be stronger. These data indicate that steric factors may http://pubs.acs.org.

play an important role in the exact description of the complexes

and that their metatmetal bond strengths are similar. The 1C9810337

existence of a “special stability” associated with the more polar
WRu bond is therefore not clear, and we are considering further 1g) gursten, B. E.: Cotton, F. A.; Cowley, A. H.; Hanson, B. E.; Lattman,
studies (EAS, PESjin order to further address the situation. M.; Stanley, G. GJ. Am. Chem. Sod 979 101, 6244.






