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Summary: (-trindane)Mn(CO)3;*BF,~ (1) reacts with
BU'OK in THF in the presence of alkyl halides (CHsl,
CH;=CHCH,Br, CH,Cly) to yield the corresponding (7°-
C15H18)MN(CO)2X, where X = 1, Br, Cl. In contrast, 1
and BU'OK react, in the presence of a donor ligand, to
generate (7°-C15H15)Mn(CO),L, where L = CO, P(OMe)s,
PPhs, in which the metal has migrated from the central
ring onto a peripheral ring that has lost three hydrogens;
(n%-indane)Mn(CO)3*BF,~ behaves similarly. A mecha-
nism is proposed in which the initially formed (8-
trindane)Mn(CO),CO,But suffers loss of CO, and iso-
butene to yield the hydride (35-trindane)Mn(CO),H,
which in turn undergoes three successive C—H insertions
with concomitant loss of 2 mol of dihydrogen.

In a continuation of our studies on metal complexes
of tricyclopentanobenzene (trindane),’? we chose to
attempt the alkylation of the exo-benzylic positions of
the ligand using the now classic Astruc methodology.3
Eyman has already shown that [(hexamethylbenzene)-
Mn(CO)z]" readily undergoes abstraction of a benzylic
proton to yield a corresponding cyclohexadienyl system
that reacts with electrophiles to functionalize the ben-
zylic site.* We here describe the reaction of [(trindane)-
Mn(CO)3]"™BF,;~ (1) with potassium tert-butoxide and
subsequent addition of alkyl halides or phosphines that
led to unexpected rearrangement products.

When [(trindane)Mn(CO)3]*BF4~ (1) and ButOK were
mixed as dry solids and then treated with allyl bromide
(or methyl iodide) in THF, the major product, after
chromatographic separation, was a deep red crystalline
material whose NMR, mass, and infrared spectra indi-
cated it to be (trindane)Mn(CO).Br (2) (or the corre-
sponding iodide, 3). The X-ray crystal structure® of 2
appears as shown in Figure 1 and is reminiscent of the
geometry previously reported for (CsMeg)Mn(CO),Cl,
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Figure 1. X-ray structure of (y8-trindane)Mn(CO),Br (2)
(30% ellipsoids).

whereby the tripod is staggered relative to the alkyl
substituents.® Moreover, the cyclopentene rings in 2
(and 3) adopt envelope conformations such that the
“wingtip” methylene groups are folded endo with respect
to the plane of the central six-membered ring, as was
previously found in both (trindane)Cr(CO); and (trin-
dane)RuCl,[P(OMe)3].12

Replacement of a carbonyl by a phosphine or a halide
in [(CsMeg)Mn(CO)s]* requires either photolysis or use
of Me3NO;5-8 therefore, it was somewhat surprising that
the formation of the (trindane)Mn(CO),X species 2 and
3 should have occurred so readily. Since (CsMeg)Mn-
(CO)2H is known to yield (C¢Meg)Mn(CO),CI in the
presence of CCly or CHCI3 (but not CH,CI,),® one is
tempted to invoke the intermediacy of (trindane)Mn-
(CO)2H (4). Eyman has shown that (CsMeg)Mn(CO)l
reacts with tert-butyllithium to yield thermally stable
(CsMeg)Mn(CO),H, apparently via loss of isobutene from
the presumed tert-butyl intermediate.® Since the cationic
complexes [(arene)Mn(CO)s]* (arene = CgHg, CsMeg)
react with methoxide in methanol to yield the rather
unstable esters (arene)Mn(CO),CO,Me,® one might
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propose that a reaction between 1 and Bu'OK could
generate the tert-butyl ester 5, which readily eliminates
both isobutene and carbon dioxide via a very favorable
six-membered transition state to produce 4, as depicted
in Scheme 1. Treatment of 1 with ButOK in CH,ClI, gave
(trindane)Mn(CO),Cl, suggesting that 4 is more reactive
than (CsMeg)Mn(CO),H toward alkyl halides.

Numerous attempts to synthesize 4 by treatment of
(trindane)Mn(CO),Br (2) with BusNTBH,4~ or to detect
the hydride signal by NMR at low temperature were
unsuccessful. Consequently, we chose to try to intercept
the purported hydride 4 either as (trindane)Mn(CO)-
(PR3)H or as the formyl complex (trindane)Mn(CO)-
(CHO)(PR3).

When the cation 1 and Bu'OK were treated with
trimethyl phosphite in THF and stirred at 40 °C for 20
h, to our surprise, the two products, after chromato-
graphic separation, were the yellow crystalline materi-
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Figure 2. X-ray structure of (1°-C15H15)Mn(CO),[P(OMe)3]
(7) (30% ellipsoids).

als 6 and 7, whose 1H and 13C NMR spectra indicated
that the 3-fold symmetry of the trindane ligand had
been broken. The mass spectra of 6 and 7 exhibited
parent peaks at m/z 334 and 430, respectively, indicat-
ing a molecular formula of (C1sH15)Mn(CO),L, where L
= CO for 6 and L = P(OMe)3 for 7. The latter product
was definitively characterized by X-ray crystallogra-
phy!! (Figure 2) as an 5®>indenyl complex in which the
manganese has migrated from the central arene onto a
five-membered ring that has evidently lost three hy-
drogens.

The analogous complex where L = PPhs is also
preparable in this manner. Likewise, the corresponding
reactions of (7%-indane)Mn(CO);™ and ButOK vyield the
known complexes (°-indenyl)Mn(CO),L, where L =
P(OME):;, PPh3.12

We suggest that, in the absence of an alkyl halide,
the initially generated (trindane)Mn(CO),H (4) under-
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goes a hydrogen migration from an endo-benzyl site onto
the metal, thus producing the cyclohexadienyl complex
8, which in turn loses dihydrogen to give 9. A second
endo-benzyl hydrogen migration to yield the isoindene
framework 10 is followed by the final hydrogen migra-
tion, producing 11. Loss of dihydrogen and incorporation
of either a carbonyl or a phosphite ligand would give
the observed products 6 and 7, respectively, as depicted
in Scheme 2.

In seeking a precedent for the proposal outlined
above, we note the report by Ustynyuk!3 whereby (7°-
indenyl)Cr(CO)sMe undergoes a “ricochet reaction” in
which the methyl is delivered onto the five-membered
ring and the tricarbonylchromium fragment migrates
to the six-membered ring. DFT calculations by these
workers indicate that the reaction proceeds through an
isoindene structure in which the chromium is bonded
to the diene portion of the six-membered ring and one
double bond of the cyclopentadiene ring and provide
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some justification for the structures 9 and 10 proposed
in Scheme 2. Similar intermediates are also invoked in
the 7% to 7% haptotropic shifts observed for (fluorenyl)-
ML, or (cyclopenta[deflphenanthrenyl)ML, systems,
where ML, = [Cr(CO)3]~, Mn(CO)3.1*

Other experiments to probe the detailed mechanism
and generality of this novel rearrangement are in
progress and will be the subject of a future report.
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