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H
Typically, the complexation reduces the electron density of the ﬂ ® k
m-electrons, leading to unusual nucleophilic substitution of B. Alkali Metal Reduction

arenes by a three-step process consisting of the complexation,

the reaction with nucleophiles, and oxidative removal of the H H M

metallic species. Several organometallic clusters in which arene ‘ _
ligands are bonded to dual metal atoms were recently synthe- O‘O
sized and characterized by several groups includifgusSince O‘
coordination to multimetallic centers could affect the arene H O H H H
reactivity by affording an electronic nature and steric factors
that are different from those observed in monometallic arene
complexes, it is of keen interest that novel transformation of only way to access different isomers of acenaphthylene or
aromatic compounds may be possible via complexation to aceanthrylene is alkali-metal reduction d& or 1b, which
clusterst In this paper, we report the first clear example of affords 1,5-dihydroacenaphthylene or 2,6-dihydroaceanthrylene
multimetallic coordination of aromatic compounds resulting in (Scheme 1, route B). We discovered a clue to synthesizing
the successful synthesis of new aromatic compounds which had4a in our previous study, in which hydrogenation of a
never been achieved by other methods. triruthenium carbonyl clustei2@) having acenaphthylene as a
The two aromatic compounds 4,5-dihydroacenaphthylédle (  face-capping ligand resulted in the formation 8. The
and 4,5-dihydroaceanthrylenéty) have not yet been reported.  mojecular structure dashowed that the dihydroacenaphthylene
The simplest possible synthetic route to these compounds isjigand is bonded to two ruthenium atoms withandz-cyclo-
s_elective hydrogenation of a carbecarbon double bond in the pentadienyl g2:7%%% coordination modes; however, it is
six-membered ring in acenaphthylede)or aceanthrylenelp). formally considered that 4,5-dihydroacenaphthylene is bonded
However, either catalytic hydrogenatfoor treatment with 4o ruthenium atoms. Thus, if we find a method to remove

stoichiometric amounts of reducing reagénsclusively af- he metal species frorBa, 4a could be isolable. After trial
forded acenaphthene or aceanthrene as shown in Scheme 1, rou d error, we discovered that isolation4z or 4b was easily

A, because the carbertarbon double bond at the peri position . -
of 1a or 1b is the most reactive toward hydrogenation. The accomplished by .treatment 68 or 3b with CO. .
A hexane solution oBa (50 mg, 0.076 mmol in 5 mL of

(1) General reviews fat-arene organometallic compounds: Silverthorn, hexane) was stirred under a CO atmosphere at room temperature
W. E. Adv. OrganometChem 1975 13, 47. Muetterties, E. L.; Bleeke, J. ) P P

R.. Wucherer. E. J.; Albright, T. AChem Rev. 1982 82, 499. for 4 h, resulting in formation of an orange suspension. The
~(2) Reviews onz-arene organometallic compounds in organic synthe- yellow supernatant was separated by decantation and passed
sis: Watts, W. E. IlComprehensie Organometallic ChemistryVilkinson, through a short alumina column by elution with hexane. From

G., Stone, F. G. A,, Abel, E. W., Eds.; Pergamon Press: Oxford, 1982, . . . . o i
Vol. 8, Chapter 59." Semmelhack, M. F. Iew Applications of Organo-  the resulting pale yellow solutiodawas isolated in 91% yield

metallic Reagents in Organic SynthesiSeyferth, D., Ed.; Elsevier: (10.6 mg)? The solid material in the orange suspension is-Ru

Amsterdam, 1976; p 361. . _ (CO)i2, which was obtained in over 90% yield by purification
(3) Recent excellent reviews arnarene organometallic clusters: Braga, - . . - : .

D.; Dyson, P. J.; Grepioni, F.; Johnson, B. F. Ghem Rev. 1994 94, with an aIu_mma column following elution with dichloromethane.

1585. Wadepohl, HAngew Chem, Int. Ed. Engl. 1992 31, 247. The reaction can be drawn as follow8a + 5CO — 4a +

(4) Johnson and co-workers investigated the reaction of arene osmium _
clusters with nucleophiles, but these did not give any more distinguished Ru(CO)2 + H2 (Scheme 2). A deuterated compound, 4,5

reactivities than known arerenetal compounds. Gallop, M. A.; Johnson, didegterioacenaphthylene, was obtained usipgif@atment of
B. F. G.; Lewis, J.; Wright, A. HJ. Chem Soc, Dalton Trans 1989 481. 2awith Dz (8 atm) at room temperature for 12 h affordgat-

195? i\'f‘é}?%ﬂ?g’ H.; Fukahori, T.; Aoki, K.; Itoh, K. Am Chem Soc ds; in 62% yield, and subsequent carbonylation gave 4,5-
(6) (a) Hydrogenation of acenaphthylene: Jardine, F. H.; Osborn, J. A.; dideuterioacenaphthylendg—d,)° in 63% yield.

Wilkinson, G.J. Chem Soc A 1967 1574. Bradley, J. S.; Hill, E; i _ i
Leonowicz, M. E.; Witzke, HJ. Mol. Catal. 1987 41, 59. Amer, |.; Amer, A similar three-step process can be adopted to synthdbize

H.; Ascher, R.; Blum, J.; Sasson, Y.; Vollhardt, K. P. £ Mol. Catal. reaction of aceanthrylene with RCO). afforded a triruthe-
é987h3% 135-A(?) Hy,\(/lirgggnati%r;]of ai:ggztgrgylez%%g Pllémnl”(ler, E'- E; Al- nium cluster2b in 90% yield. HydrogenationRy, = 4 atm)
aigh, Z. Y.; Arfan, M.J. Org. Chem , . Becker, H.-D.; ; ° ; 0% i ;
Hansen, L. Andersson. K. Org, Chem 1985 50, 277. of 2b in CH,CI, at 50°C for 18 h gave3b in 38% yield with
(7) DeWit, D. G.; Folting, K.; Streib, W. E.; Caulton, K. @®@rgano-

metallics1985 4, 1149. Hou, Z.; Taniguchi, H.; Fujiwara, Y>hem Lett (8) (a) Ristagno, C. V.; Lawler, R. Gietrahedron Lett1973 159. (b)
1987 305. Ho, K. M.; Chan, M.-C.; Luh, T.-YTetrahedron Lett1986 Rabideau, P. W.; Mooney, J. L.; Smith, W. K.; Sygula, A.; Paschal, J. W.
27, 5383. J. Org. Chem 1988 53, 589.
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Scheme 2 suggested that hydrogenation of acenaphthylene was slightly
endothermic £0.1 kcal/mol), whereas that of aceanthrylene is
A exothermic by 3.0 kcal/mol. Thus, thermodynamically not very
A i Rug(CO)12 Ao favorable hydrogenation frotta or 1b to 4aor 4b was achieved
‘O OC:Riu:Ru—CO in the coordination sphere of the cluster. The thermodynamic
A oc” ,”\Cfo‘co stability among the isomers was increased in the odder
oc 1,5-dihydroacenaphthylene acenaphthene, andb < 2,6-

A=H; 1a . .
AA = -CH=CH-CH=CH-; 1b 2a, 2b dihydroaceanthrylene: aceanthrene. There is a great energy

difference betweeda and acenaphthene (21.1 kcal/mol)dr
and aceanthrene (17.5 kcal/mol). These calculations are con-

o (D A, H RR 4a sistent with facile dehydrogenation (DDQ, room temperature,
2(Dz) A < H co 1 h) from4aor 4bto 1aor 1b, respectively, and base-catalyzed
OC—rt 4a-d, isomerization (alcoholic KOH, room temperature, 24 h}af
OC/RIU\RU——CO or 4b to acenaphthene or aceanthrene, respectively.
gg/‘"}”\H “co 4b Besides the sensitivity toward dehydrogenating reagents or
oC " bases, the diene moiety conjugated to the benzene ring is thought
3a, 3b to be reactive with radicals. In facta and4b are metastable
4+H, yellow solid and gave a yellow intractable product within a few
RU(CO)12 1 hours, probably derived from radical polymerization, upon
storage in a solid state. In dilute solutions where the collision
)/ < of molecules is rare, these compounds are stable for several
5CO 5C0O days. High reactivity ofla and4b leading to their instability
3 ) would be the primary reason why these compounds have not
yet been synthesized, and the success of isolation by the cluster
\‘< method described above is attributed to the mild reaction
2Hs conditions (room temperature under neutral conditions) at the
formation of4a and4b.
a recovery of2b (12%)1° Since3b is not very stable under Consequently, the discovery that the metallic species can
these conditions, raising the conversion close to 100% causecdeasily be removed from the arenrithenium clusteBa or 3b
a decrease in the yield 8b. Treatment o8b with CO(P-o = made possible the three-step hydrogenation methotiaair
20 atm,—20 °C) gave4b® in 55% yield. 1b, which selectively affordeda and4b as a novel isomer of

The selective hydrogenation of a carbararbon double bond ~ acenaphthene or aceanthrene. The triruthenium moiety was used
in the six-membered ring dfa or 1b can be attributed to the ~ as a template to activate;kand to control the hydrogenation
effective blocking of the most reactive carbecarbon double  site effectively, and it was recovered as recyclablg(RQ).»
bond at the peri position byt-cyclopentadienyl coordination — at the final step of the reaction. The mild reaction conditions
to the ruthenium atom i@aor 2b. Although the resultingc,: at the final step make possible the successful isolation of
nL:y5-coordination mode inBa or 3b is resistant to further ~ metastabldaor 4b. We believe that this is an interesting entry
hydrogenation, it readily reacts with CO, presumably through t0 a cluster-assisted organic reaction, and that many new
interconversion to the,:n%*mode consisting of three-bonds reactions using the cluster species as a template of the reaction,
bound to the metals, which are easily replaced by CO to form which cannot be achieved with mononuclear organometallic
4aor 4b. Semiempirical molecular orbital calculations (PM3) compounds, will appear in further investigaticns.
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