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Abstract: Both endo- and exo-(nﬁ-l.4-dimetl\yltetrahydroquinoline)Ru(Il)Cp-PFﬁ complexes were found to undergo alkylation at
the benzylic position upon treatment with NaH and an electrophile. The resulting benzylic quaternary carbon center was formed by
reaction of the electrophile exclusively from the face opposite the CpRu(Il) fragment regardless of the stereochemistry present in
the starting complex. The stereoisomeric Ru(1l) complexes of 1,3-dimethylindoline exhibit similar reactivity.
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Organometallic complexes of the type (n’-arene)ML, are well-recognized as valuable intermediates in
organic synthesis as a consequence of the facility with which the aromatic ligand can be functionalized. n°
Arene tricarbonyl chromium complexes serve as the prototypical example for this family of compounds and
useful synthetic procedures which exploit the susceptibility of the coordinated ring to undergo substitution by
reaction with nucleophiles’ and ring deprotonation® have been developed. The chromium moiety also
enhances the acidity of benzylic hydrogens in addition to acting as a stereodirecting element, hence providing a
means for the stereocontrolled manipulation of sites adjacent to the coordinated arene nucleus.'" In contrast,
the chemistry of isoelectronic (716-aren<=,)Ru(II)Cp+ (Cp=cyclopentadienyl) complexes has received
comparatively little attention, in spite of the mild conditions under which these complexes can be prepared and
the observation that the cationic nature of these materials results in a more activated arene ligand. Indeed,
nucleophilic aromatic substitution reactions of Ru-coordinated halo- and nitroarenes proceed under extremely
mild conditions to afford functionalized substrates inaccessible via Cr-based methodology.> The activating
effect exerted by the CpRu(II) moiety also should be manifested at positions conjugated to the arene ligand
(benzylic and homobenzylic); however, manipulation of side-chain functionality has been limited to reports
describing a few reactions (e.g., conjugate addition,™ hydrogenation,*® Diels-Alder cycloaddition®™) of the C=C
in “styrene-type” ligands.

It is well-known that benzylic functionalizations of (n°-arene)Cr(CO); complexes which involve
deprotonation-alkylation sequences occur with high levels of stereoselection.’>® In general, only benzylic
hydrogens oriented anti to the Cr(CO); fragment (i.e., exo) are susceptible to deprotonation. Electrophilic
reactants approach the resulting Cr-stabilized carbanions from the sterically less-hindered exo face to provide
the substituted products.* Benzylic hydrogens that are constrained to project toward the endo face of these
complexes are unreactive. Benzylic alkylations of (n°-arene)Ru(II)Cp* complexes, however, may not be limited
by the requirement of an exo-oriented benzylic hydrogen owing to the enhanced reactivity of the coordinated
arene. While reports which describe the benzylic per-alkylation of certain structurally related (n6-arene)Fe(II)Cp
cations have appeared,’ side-chain alkylation reactions of arene - Ru(II) complexes have not been examined. It
is noteworthy that complete alkylation of benzylic positions in such complexes may offer a potentially general
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method for construction of benzylic quaternary carbon centers, and the present study was designed to address
the viability of this approach for accessing this important structural motif.®

At the outset, an arene ligand which would permit one to assess not only the reactivity of exo- and
endo-oriented benzylic hydrogens but also the stereoselectivity of subsequent alkylations was desired.
Consequently, the CpRu(Il) complex of 1,4-dimethyltetrahydroquinoline (1)’ was prepared (Eq. 1).

CH3 R R CH,

. [(CH3CN)3RuCP)[PF6] g NaH z
- —_— (1

N CICH,CH,CI XA THF o

] CHs 20°C CpRu*PFg CHs CpRu CH,
95% 2 R=CHg; R'=H 4
3 R=H; R'=CHj3 1 H20, 90%
2:3=1.5:1.0
2:3=1:15

Complexation was effected in high yield by treatment of the arene with [(CH;CN);RuCp][PFs] in accordance
with literature procedures.® The resulting complex was isolated as a 1.5:1.0 mixture of stereoisomers (2/3)
epimeric at C4.>'° Without separation, the isomeric mixture was subjected to conditions expected to result in
benzylic deprotonation (NaH, THF, reflux, 12 h). Under these conditions, the relatively insoluble complex
gradually dissolved with concomitant production of a golden-yellow solution, presumably indicative of
formation of the neutral species 4. Quenching of the reaction with H,O led to 90% recovery of the starting
complex, now present as a 1:15 mixture of isomers favoring the endo-methyl derivative 3. Thus, it appears the
endo-oriented benzylic hydrogen present in the conformationally rigid CpRu(II) complex 2 is indeed susceptible
to deprotonation.

Next, the reactivity of putative intermediate 4 toward a variety of organic electrophiles was examined
(Eq. 2). In each case, 4 was generated under the conditions described above followed by addition of a slight
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excess of the electrophile and continued reflux for 1 h. After addition of H,O, the THF was evaporated and
NHPFs was added to the remaining aqueous residue. Extraction of the mixture with CH,Cl, followed by
addition of Et,O resulted in precipitation of the products, which were isolated by suction filtration as white to
yellow air- and moisture-stable solids. In some cases, a small amount of unreacted starting material was present
in the crude product and recrystallization from CH,CL/Et,O was necessary to obtain spectroscopically
homogeneous materials. Each electrophile examined afforded functionalized Ru(Il) complexes possessing a
quaternary benzylic center in yields ranging from good to excellent.'® Significantly, complexes 5-12 were
obtained as single stereoisomers in which the newly generated quaternary centers were formed by approach of
the electrophile exclusively from the face opposite the metal. Stereochemical assignments were made on the
basis of 2D NOE experiments, which revealed a correlation between the Cp hydrogens and the hydrogens on
the endo C4 methyl substituent. Further support for this stereochemical assignment was provided by single-
crystal X-ray analysis of acetyl-substituted complex 11 (Figure 1).""

Figure 1 Molecular structure of complex 11 (PF, counterion omitted for clarity)
Using a similar reaction sequence, 1,3-dimethylindoline'> complex 13 (obtained as a ~1:1 mixture of
endo and exo isomers)'® also was found to undergo stereoselective benzylic alkylation with the two
electrophiles examined thus far (Eq. 3). It is interesting to note that benzylic deprotonation of
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(indoline)Cr(CO)s complexes has been reported to result in electrocyclic opening of the five-membered ring, "
Products arising from such a process were not detected in this study.

Finally, an important consideration in synthetic procedures involving (n’-arene)-metal complexes is the
ease with which the aromatic ligand can be liberated from the metal center. With respect to the Ru(Il)
complexes used in this study, decomplexation can be effected under mild photolytic conditions which permit
isolation of the metal-free arene as well as recovery of the CpRu(Il) fragment in a reusable form. To illustrate
this point, an acetonitrile solution of complex 6 was irradiated overnight at rt in a Rayonet photochemical
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apparatus in accordance with literature procedures® to afford tetrahydroquinoline derivative 16 as a colorless oil
and [(CH:CN);RuCp)[PFs] as a yellow solid in isolated yields of 76% and 80%, respectively (Eq. 4).
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In conclusion, this study demonstrates the feasibility of stereoselectively constructing benzylic
quaternary carbon centers via alkylation of (n°-arene)Ru(II)Cp cations. The ease of preparation coupled with
decomplexation methods which allow for the recovery of the CpRu(Il) fragment, and the enhanced reactivity
exhibited by coordinated arene ligands, render these materials attractive synthetic intermediates relative to other
arene - metal complexes. Current efforts are focused on optimizing and extending the scope of this
methodology to include functionalization of a variety of arene ligands with a range of electrophilic reaction
partners. In addition, intramolecular variations may provide concise, stereocontrolled routes to structurally
elaborate polycyclic compounds. Potentially, optically pure planar-chiral (arene)Ru(II) complexes could be
used to facilitate construction of quaternary carbon centers with control of absolute stereochemistry.
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