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Table I. 1D !3C and 'H NMR Spectra of Purified Regioisomers of Cy[0sO,(4-rert-butylpyridine),],

13C peaks for 4-tert-butyl- possible
isomer Cgo moiety® C-0 peaks pyridine signals® symmetry structures®
2 30 (equal intensity) 2 2 G, c,g(f)
3 30 (equal intensity) 2 2 C, f(c, g
4 32 (4 half intensity) 2 2 C, a, b, e wx
5 32 (4 half intensity) 3 (ratio 1:1:2) 3 (ratio 1:1:2)¢ 42 d (v, z)

4See supplementary material for a complete peak listing. ®All '*C and '"H NMR peaks resolve except as noted for isomer 5. °Assignments in
parentheses are consistent with 1D spectra but ruled out by 2D spectra. ¢C(2)-H shows two peaks (ratio 3:1) and the rert-butyl signals overlap.
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Figure 2. Histograms of coupling constants ('J¢¢) in isomers 3 and §
showing distinction of C—-C—O bonds (white), 6,5 ring fusions (shaded),
and 6,6 ring fusions (black).

Figure 3. Pattern of coupling constants in isomers 3 and 5: 45-47 Hz
(wedges), 53-59 Hz (solid lines); 67-74 Hz (bold lines). Dots indicate
O-bonded carbons; dashed lines indicate undiscernible couplings.

in monoosmylated Cg,* we used the more powerful C—-C HO-
HAHA technigue® to assign the 30 and 32 types of carbons in
bisosmylated isomers 3 and 5.!° The O-bonded carbons are the
furthest upfield (103-105 ppm), the adjacent carbons tend to be
downfield (149-157 ppm), and the remaining carbons are dis-
persed between 136 and 151 ppm (see supplementary material
for complete assignments). Long-range couplings aided peak
assignments. With isomers 3 and 5 identified, isomers 1, 2, and
4 can be tentatively assigned as shown in Figure 1 on the basis
of the symmetries of isomers 2 (C,) and 4 (Cs) and the elution

(9) Nunlist, R.; Ball, G. E.; Meyer, A.; Hawkins, J. M. Manuscript in
preparation.

(10) 2D spectra were obtained of 3 (44 mg) and 5 (35 mg) in CDCl, at
100.627 MHz on a modified Bruker AM-400 using a 5-mm probe at 26 °C.
A HOHAHA'' sequence with 10 ms MLEV-17 mixing time was used. The
spectral width was set to 7042 Hz in both dimensions; 4K or 8K points were
sampled in F, and 1024 to 2048 points were sampled in F|. The files were
processed on a Bruker X32. After application of an exponential broadening
of 4 Hz in F, and squared cosine multiplication in F,, 4K points in F, and 1K
points in F, were transformed with zero-filling to a final 4K X 4K complex
matrix. Coupling constants were measured from individual rows.

(11) Bax, A.; Davis, D. G. J. Magn. Reson. 1985, 65, 355.

order on HPLC (assuming that polarity increases as the angle
between the osmyl groups decreases). These assignments agree
with the steric and electronic control proposed above to account
for the formation of five regioisomers of Cg,[OsO,(py),],, i.e.,
steric blocking of the hemisphere proximate to the first osmyl
group and addition of the second osmyl group to a 6,6 ring fusion.

Coupling constants ('J¢¢) for isomers 3 and 5 indicate three
types of bonds within the Cq, clusters: bonds to the O-bonded
carbons (45-47 Hz), 6,5 ring fusions (53-59 Hz), and 6,6 ring
fusions (67-74 Hz) (Figure 2). Thus, these difunctionalized Cg,
derivatives with differently contoured band-shaped w-systems
exhibit confined local distortion at the sites of osmylation, with
the remainder of the carbon framework showing bond alternation
corresponding to the two types of bonds in Cg, (Figure 3).
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Note Added in Proof: 2D NMR analysis of isomer 2 confirms
the assignment given in Figure 1.

tary Material Available: Listing of °C and '"H NMR
peaks for isomers 2-5 including peak assignments for isomers 3
and 5 (2 pages). Ordering information is given on any current
masthead page.
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interest."? Recent work has focused on early transition metal
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catalysts which are proposed to polymerize silanes via a ¢-bond
metathesis mechanism.? However, oxidative addition-reductive
elimination steps may be more important for the late metals such
as platinum.2** In the course of examining platinum-mediated
dehydrogenative coupling of silanes, we have investigated the
reactions of disilane (H,SiSiH;) and 1,2-dimethyldisilane
(MeSiH,SiH,Me) with cis-(dcpe)PtH, (1) (dcpe = 1,2-bis(di-
cyclohexylphosphino)ethane).* We now report the synthesis of
the first isolated example of a platinum complex containing
terminal disilanyl (Si;Hs) groups® as well as an unusual Pt,Si,
ring system containing bridging disilene (Si,H,) units.®

Rapid addition of H;SiSiHj to toluene solutions of 1 between
25 and 40 °C results in an immediate yellow color which disap-
pears after 1015 s, producing only (dcpe)Pt(SiH,SiH;), (2a) and
[(dcpe)Pt],(u-SiH,SiH,); (3) in a 4:1 ratio.” A slower rate of
disilane addition increases the amount of ring compound 3 such
that a near 1:1 ratio of 2a to 3 is obtained. Complexes 2a and
3 arise from simple oxidative addition-reductive elimination steps
involving the initial formation of the disilanylplatinum hydride
4a, which further reacts with disilane giving 2a (Scheme I). In
the presence of excess 1, complex 2a undergoes a ring-closing
oxidative addition-reductive elimination sequence to give 3. In-
dependent reaction of 1 with 2a at room temperature produces
3 quantitatively.

The new complexes 2a and 3 have been isolated as white
crystalline solids.® The bis(silyl) complex 2a is air-sensitive,

(1) (a) Tilley, T. D. In The Chemistry of Organic Silicon Compounds;
Patai, S., Rapporport, Z., Eds.; Wiley: New York, 1989; Chapter 24, pp
1415-1477 and references therein. (b) Aitken, C.; Barry, J.-P.; Gauvin, F.;
Harrod, J. F.; Malek, A.; Rousseau, D. Organometallics 1989, 8, 1732, (c)
Chang, L. S,; Corey, J. Y. Organometallics 1989, 8, 1885. (d) Campbell, W.
H.; Hilty, T. K.; Yurga, L. Organometallics 1989, 8, 2615. (e) Woo, H.-G.;
Walzer, J. F; Tilley, T. D. Macromolecules 1991, 24, 6863. (f) Zhang, Z.-F;
Babonneau, F.; Laine, R. M.; Mu, Y.; Harrod, J. F.; Rahn, J. A, J. Am.
Chem. Soc. 1991, 74, 670. (g) Corey, J. Y.; Zhu, X.-H.; Bedard, T. C.; Lange,
L. D. Organometallics 1991, 10, 924-930.

(2) (a) Woo, H.-G.; Tilley, T. D. J. Am. Chem. Soc. 1989, 111,
3757-3758. (b) Woo, H.-G,; Tilley, T. D. J. Am. Chem. Soc. 1989, 111,
8043-8046. (c) Tilley, T. D. Comments Inorg. Chem. 1990, 110, 37-51.

(3) (a) Eaborn, C.; Metham, T. M,; Pidcock, A. J. Chem. Soc., Dalton
Trans. 1978, 22122214 and references therein. (b) Curtis, M. D.; Epstein,
P. S. Adv. Organomet. Chem. 1981, 19, 213. (c) Brown-Wensley, K. A.
Organometallics 1987, 6, 1590-1591.

(4) Reactions of some polyhydromonosilanes with cis-(dcpe)PtH, have
been recently described: Recatto, C. A.; Fink, M. J. Presented at the 24th
Organosilicon Symposium, El Paso, TX, April 12-13, 1991, manuscript in
preparation.

(5) The complex trans-{(Cy,P),Pt(Si,Hs)H] has been previously reported;
however, attempted isolation led to decomposition. Ebsworth, E. A. V.;
Margonian, V. M.; Reed, F. J. S, J. Chem. Soc., Dalton Trans. 1978, 1167.

(6) An unusual complex containing a u-'n,'n-PhHSiSiHPh ligand bridging
Pt(IV) centers has been recently characterized: Heyn, R. H,; Tilley, T. D.
J. Am. Chem. Soc. 1992, 114, 1917-1919.

(7) Caution! Disilane is a pyrophoric gas which forms explosive mixtures
with air. Proper precautions should be observed in the handling of this
material.

Communications to the Editor

Figure 1. Molecular structure of 3 showing Pt,Si, ring core. Hydrogen
atoms have been omitted for clarity. Significant bond lengths (A) and
angles (deg): Pt(1)-Si(1), 2.378 (1); Pt(1)-Si(2), 2.369 (1); Pt(1)-P(1),
2.301 (1); Pt(1)-P(2), 2.293 (1); Si(1)-Si(2), 2.355 (2); Si(1)-Pt(1)~
Si(2), 83.13 (5); Pt(1)-Si(1)-Si(2), 116.97 (7); P(1)-Pt(1)-P(2), 87.13
(3.

whereas the unsual ring compound 3 is stable to air both as a solid
and in solution. An X-ray structure of the toluene solvate 3
4PhCH,; is shown in Figure 1. The central ring of complex 3
adopts a chair conformation and represents the first example of
a Pt,8i, ring core.

Much slower additions of H;SiSiH; to 1 in toluene produce
yellow solutions whose colors do not dissipate with time. NMR
analysis reveals, along with 3 (28%), the formation of a new orange
compound [(dcpe)Pt],(u-SiH,), (58) in 51% yield. Similar ring
systems have resulted from the reaction of monosilanes with
low-valent platinum species;’ however, this is the first example
of such a ring with only hydrogens on silicon.

We believe that 5a arises from reaction of the bis(silyl) complex
6a with 1 in a2 manner parallel to the formation of 3 from 2a and
1. Supporting evidence is provided by reaction of the closely
related disilane, MeSiH,SiH,Me, with 1. Rapid addition of 1
equiv of MeSiH,SiH,Me to 1 in toluene at 25 °C gives a quan-
titative yield of the bis(silyl) complex 6b.' In contrast, slower
addition at 40 °C gives exclusively the two geometric isomers of
[(dcpe)Pt],(u-SiHMe), (5b). Independent reaction of 6b with
1 at 40 °C affords 5b quantitatively; similarly, 6a is found to react
with 1 at room temperature to give 5a.!!

The formation of the bis(silyl)s 6a,b is unexpected and involves
the cleavage of an Si-Si bond from the unstable disilanylplatinum
hydrides 4a,b. The reaction of 1 equiv of MeSiH,SiH,Me with
1 in toluene-d; was monitored by NMR. Addition of
MeSiH,SiH,;Me to 1 at =80 °C results in rapid oxidative addition
to give the Pt(IV) intermediate, fac-(dcpe)Pt(SiMeHSiMeH,)H;.
Upon warming to —25 °C, this octahedral complex loses hydrogen,
producing the disilanylplatinum hydride 4b. Further warming
to room temperature results in the disappearance of 4b with
concomitant formation of the bis(silyl) 6b.

The transformation of disilanylplatinum hydrides to bis(si-
lyl)platinum complexes represents a key step in the platinum-
catalyzed redistribution reactions of 1,2-dihydrodisilanes. Yam-
amoto proposed that these reactions proceed via an a-silyl shift

(8) The X-ray structure of 2a has been determined: Michalczyk, M. J.;
Calabrese, J. C.; Recatto, C. A,; Fink, M. J. Unpublished results.

(9) (a) Zarate, E. A.; Tessier-Youngs, C. A; Youngs, W. J. J. Am. Chem.
Soc. 1988, 110, 4068—-4070. (b) Anderson, A. B.; Shiller, P.; Zarate, E. A.;
Tessier-Youngs, C. A.; Youngs, W. J. Organometallics 1989, 8, 2320-2322.
(c) Zarate, E. A ; Tessier-Youngs, C. A.; Youngs, W. J. J. Chem. Soc., Chem.
Commun. 1989, 577-578. (d) Tessier, C. A.; Kennedy, V. O.; Zarate, E. A.
In Inorganic and Organometallic Oligomers and Polymers; Harrod, J. F.,
Laine, R. M., Eds.; Kluwer Academic Publishers: Dordrecht, The Nether-
lands, 1991; pp 13-22.

(10) Bis(silyl) platinum complexes have also been observed from the re-
action of PhSiH,SiH,Ph with Pt(PEt;);; see ref 6.

(11) The formation of Pt,Si, rings from the reaction of 1,2-diphen¥ldisilane
with (Et;P),PtCl, and Na has been recently reported (ref 9d). An n*-disilene
platinum complex was proposed as an intermediate.
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to give a Pt(IV) silyl-silylene intermediate.'> Similar a-silyl shifts
have been proposed by Pannell and by Ogino in photochemical
reactions of polysilyl iron complexes.’* However, an alternative
route is via n*-disilene intermediates, followed by fast back-reaction
with dihydrogen. Stable platinum n?-disilene complexes have been
reported by Pham and West to undergo facile hydrogenolysis of
the silicon—silicon bond to yield platinum bis(silyl)s.* Investi-
gations into the nature of this process are currently in progress.
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and temperature factors, hydrogen coordinates, and intramolecular
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observed structure factors of 3 (19 pages). Ordering information
is given on any current masthead page.

(12) (a) Yamamato, K.; Okinoshima, H.; Kumada, K. J. Organomet.
Chem. 1970, 23, C7-C8. (b) Yamamato, K.; Okinoshima, H.; Kumada, M.
J. Organomet. Chem. 1971, 27, C31-C32. (c¢) Okinoshima, H.; Yamamato,
K.; Kumada, M. J. Organomet. Chem. 1975, 86, C27-C30.

(13) For leading references: (a) Pannell, K. H.; Sharma, H. Organo-
metallics 1991, 10, 954-959. (b) Ueno, K.; Hamashima, N.; Shimoi, M.;
Ogino, H. Organometallics 1991, 10, 959-962.

(14) (a) Pham, E, K.; West, R. J. Am. Chem. Soc. 1989, 111, 7668-7670.
(b) Pham, E. K.; West, R. Organometallics 1990, 9, 1517-1523.
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Despite extensive theoretical interest, relatively few experimental
reports exist concerning nonphotochemical intramolecular elec-
tron-transfer (ET) kinetics, at least for chemically reversible (i.e.,
thermodynamically well-defined) redox systems.'* Nevertheless,
the few that do exist’? have yielded important insights concerning
donor-acceptor electronic coupling and solvent reorganization,
especially over longer distances. We wish to report here an ex-
periment which adds in an unusual way to the limited list of both
chemical systems and chemical methodologies for inducing in-
tramolecular ET.# Our approach is based on the ability of added
solvent to influence redox potentials, and therefore oxidation-state
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Figure 1. Visible absorption spectra for the following: (NH;);Ru'(4-
methylpyridine)** in NM (—); (bpy),CIOs"(TMB)Ru"(NH;)s** in
NM (--); (bpy),ClOs"(TMB)Ru}(NH,)s** in 88% NM, 8% CH,CN,
and 4% DMSO (-+); (bpy),ClOs'(4-methylpyridine)* in 88% NM, 8%
CH,CN, and 4% DMSO (---). (Residual Os" absorption for the nom-
inal Os"(TMB)Ru" probably orginates from slight redox isomerization.)

distributions, in selected asymmetric mixed-valence systems.*S

The system we have examined is a trimethylenebipyridine-
bridged ruthenium/osmium complex (1) in nitromethane (NM)
as the parent solvent:’

4+
DMSO
[(bpy)zc'Os’"N@/\/\@NRu"(NHa)5 l _—

44+

[(WY)20|OS“N©/\/\©NRU]"(NHs)sl OMSO (1)

As shown by Figure 1, addition of as little as 4 vol % dimethyl
sulfoxide (DMSO) is sufficient to convert the visible absorption
spectrum from one largely characteristic of (NH;)sRul'(pyri-
dine-CH,) to one indicative of the presence of a (bpy),ClOs!
(pyridine-CH,) fragment.® (Note that the metal(III) fragments
are nearly transparent in the green and red portions of the
spectrum.) Quantitative spectral experiments show that, when
4% DMSO is present, redox trapping at Os is favored by 16-fold
(AGg, = -1.6 kcal mol™) over trapping at Ru. From previous
studies®® the redox isomerization is known to arise from negative
shifts in the Ru—ammine formal potential. The shifts are asso-
ciated with preferential solvation and stabilization of the Ru(III)
oxidation state via specific ammine/solvent interactions.

To time resolve the electron transfer we have employed a rapid
(microsecond) mixing technique: pulsed accelerated flow (PAF)
spectrophotometry. PAF is a highly efficient (in terms of time
and reagent consumption) multiple-velocity variant of continuous
flow spectrophotometry and has been described in detail by
Margerum and co-workers.! In our experiments a solution of
1in 100% NM was rapidly mixed with a solution containing 72%
NM, 20% CH,CN, and 8% DMSO. (Acetonitrile was required
in order to achieve refractive index matching and eliminate
Schlieren scattering effects’ which can accompany mixing.) The

(1) Organic systems: (a) Closs, G. L.; Calcaterra, L. T.; Green, N. J;
Penfield, K. W.; Miller, J. R. J. Am. Chem. Soc. 1986, 90, 3673. (b) Closs,
G. L,; Miller, J. R. Science 1988, 240, 440. (c) Johnson, M. D.; Miller, J.
R.; Green, N. S.; Closs, G. L. J. Phys. Chem. 1989, 93, 1173. (d) Penfield,
K. W,; Miller, J. R.; Paddon-Row, M. N.; Cotsaris, E.; Oliver, A. M.; Hush,
N. 8. J. Am. Chem. Soc. 1987, 109, 5061.

(2) Inorganic systems: Isied, S. S.; Vassilian, A.; Magnuson, R. H.;
Schwartz, H. A.; J. Am. Chem. Soc. 1988, 110, 635.

(3) Representative studies of irreversible systems: (a) Lee, G. H.; Della
Ciana, L.; Haim. A, J. Am. Chem. Soc. 1989, 111, 2535. (b) Isied, S. S.;
Vassilian, A.; Magnuson, R. H.; Schwartz, H. A. J. Am. Chem. Soc. 1985,
107, 7432. (c) Schaffer, L. J.; Taube, H. J. Phys. Chem. 1986, 90, 3669.

(4) For an imaginative discussion of potential experimental strategies for
iln;dsuscir}g ;rg;amolecular ET, see: Richardson, D. E. Comments Inorg. Chem.

(5) (a) Hupp, J. T.; Neyhart, G. A; Meyer, T. J. J. Am. Chem. Soc. 1986,
108, 5349. (b) Curtis, J. C.; Roberts, J. A.; Blackbourn, R. J,; Dong, Y.;
Massum, M.; Johnson, C. S.; Hupp, J. T. Inorg. Chem. 1991, 30, 3856.

(6) See also: (a) Curtis, J. C.; Blackbourn, R. L.; Ennix, K. S.; Hu, S;
Roberts, J. A.; Hupp, J. T. Inorg. Chem. 1989, 28, 3791. (b) Ennix, K. S,;
McMahon, P. T.; Curtis, J. C. Inorg. Chem. 1987, 26, 2660.

(7) {(bpy),ClOs(TMB)Ru(NH;);]J(PF,); was prepared and purified
essentially as described in ref 5a for the pyrazine-bridged analog. Anal.
Caled: C, 27.5;H, 3.15;N, 11.1. Found: C, 29.2; H, 3.34; N, 11.35. The
mixed-valence form was prepared in methanol, but isolated as a solid by using
Br, vapor as the oxidant. No differences in ET reactivity were seen with
different oxidants.

(8) (a) Nemeth, M. T ; Fogelman, K. D.; Ridley, T. Y.; Margerum, D. W.
Anal. Chem. 1987, 59, 283. (b) Jacobs, S. A.; Nemeth, M. T.; Kramer, G.
W.; Ridley, T. Y.; Margerum, D. W. 4Anal. Chem. 1984, 56, 1058.
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