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ABSTRACT

(i) CH,CHCH, Br, KOH/THF, tt

(D—~®

(i) [Ru=CHPh)CI,(PCy3),]

MHCly, 1t

The CpFe* group activates the perallylation of the benzylic groups of arenes using KOH and allylbromide under ambient conditions. This
reaction can be followed by ruthenium-catalyzed RCM metathesis using Grubbs’ catalyst at room temperature to give polycyclic aromatic
derivatives in high yields, and these products are easily separated from the catalyst by extraction using ether. Alternatively, the RCM metathesis
can be best carried out in ionic liquids at 80 °C, and extraction using ether is then facile.

Sequential, multistep, and tandem reactions mediated bynatural compounds. We now report a two-step, high-yield
transition metals are becoming a major goal in synthetic route at room temperature from simple alkyl aromatics to

chemistry in order to minimize costs and wasfgenes and

olefins are obvious candidates for such a strategy because
they are abundant at low cost. The transition-metal-catalyzed

polymerization of olefins and tandem reactions including
olefin metathesisare remarkable examples along this line.
Cyclopentene derivatives are easily functionalfzeohd

heterobifunctionalizedand are precursors of unnatural and
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[FeCp(if-arene)f 7 (Cp = #°-CsHs), as exemplified in eq 1 The first step is the CpFeinduced perallylatioria—1b,
(FE = [>-CpFe]' PRs). etc. (Table 1) in the benzylic position of alkyl arenes, which
has been known for some time in the case of polymethyl-
() CH2CHCHBr, KOH / arenes. We now find tha.t.this reactio.n can be carried out
THF,RT 1 under more S|mple conditions at amblent temperature using
(ii) cata [Ru(=CHP)CI4PCya),] Q KOH, allyl bromide, and THF, and that it can be extended
1a CH.Cl,, RT 1c to the iron complexe®a, 4a, 5a, 7a, and9a. The first
example using a binuclear biaryl complebg, leads to the
remarkable diiron dodecaallyl dendritic catb and its iron-

decomplexatiof? after the CpFé-induced transformation free dodecaallyl organic analogue. A perfect selectivity is
also proceeds in high yields, so that new families of observed in all the cases, and high yields are obtained for

sophisticated organo-iron complexes in Table 1 and the freeMOSt compounds.
aromatic derivatives become available. The second reaction is the ring-closing metathesis (RCM)
using Grubbs’ commercial catalyst [ReCHPh)CH(PCys),],>1°
which readily proceeds at room temperature in NMR tubes
using CDC} as well as in CHCI in Schlenk tubes yielding
1c—9c(Table 1). This reaction can be carried out on the
metal complexes. Alternatively, the perallylated iron deriva-
substrate peralylation metathesis (1, yield tives can be decomplexed in MeCN by photolysis using
product produ ct (%) visible light in the presence of PR providing excellent
yields of the metal-free perallylated arerdes-7d. The role
4 85 of the CpFe group is also important for solubility and
selectivity reasons in the metathesis reactions, however.
Indeed, the RCM reaction can then be successfully applied
60 with a good selectivity to iron-free organic compounds for
the syntheses @eand6e, but notle or 2e (vide supra and
Figure 1).

Temporaryr complexation of the areng&as well as their

Table 1. Perallylation (in THF) and RCM (in C}Cly)
Product3

65
74

1e 2e 6e

Figure 1.

In all the cases of RCM metathesis, it is much more
convenient to use the former method with the iron complex,

(6) The alkyl arene complexes are synthesized in high yields and large
scale by reaction between ferrocene and the arene in the presenc€lgf Al
overnight around 100C or at reflux of the arenéDecomplexation of the
arene after activation is usually carried out by photolysis using visible light
in MeCN in the presence of PRlor in the case of arylamine complexes
9b and 9c, by exergonic single-electron reduction using 1 equivgpe
(7°-CsMee)].7
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however, because the ruthenium catalyst can be very easilydecomplexation ofL.c, whereas it is not available in pure
separated from the cationic iron complex after the metathesisform by metathesis of the iron-free derivatitd (Scheme
reaction. The catalyst is extracted using ether in which the 1). The same situation arises in thexylene serieRa—g.
iron complexes are not soluble. The separation of the catalys_
has appeared as a non-trivial problem in the myriad of

publications dealing with the RCM of organic substréftes Scheme 1. Selectivity Effected by the CpFeMoiety in the
and has been the special subject of very recent papafeer Metathesis Reactions

metathesis of the iron complexes, separation of the ruthenium / (i) 7 @ o)
catalyst is followed by the easy observation of its methylene 7 — = (@ e A =
signal at 19 ppm vs SiMeén *H NMR, as reported by Grubbs 1b Q 1f @

ic
for the less active complex [R&CH,)Clo(PCys)s] in which ] NGy
the benzylidene ligand has been replaced by the methylene (i ) (i)
Y

)
group coming from the terminal olefi?.An excellent green y
alternative is to carry out the RCM reaction of the neutral, #
iron-free aromatic compoungd in the ionic liquid 1-butyl- L1d \ ) 1o J T 9 @

3-imidazolium hexafluorophosphate ([bmingprat 80 °C,
which gives a 75% yield aBeafter extraction of the neutral
methathesis product using etHer. 2 (i) 5% [Rq(=CI—ig)(__:_I2(P(éy3)2], CHLCl, 1t, 1 h; (ii) hv (vis),
The case of toluenep-xylene, mesitylene, and tetra- g/loeoccl\'l,sl dz(ill;';v(:?l)'oﬁcg'%I_\,lL?(:/é’:L'z)uc(:Izgj'éi?z']z’(':t’c?)é]éyi’f"‘4C'2'
methylbiphenyl leading to triple allylation at each benzylic
carbon is distinct from the others for which only two allyl
groups are found in the benzylic position (Table 1). The Interestingly, the iron-free arer8al resulting from CpFé-
RCM reaction rapidly forms a cyclopentene ring in benzylic mediated nonallylation of mesitylene 3 gives the RCM
position, and the third allyl group is left, which is not the reaction selectively since its CM reaction is slow, again
case when only two allyl groups are present. Thus, the third probably for steric reasons. Both the RCM and RENCM
allyl group can potentially give rise to cross metathesis (CM) products are of interest. The RCM products are hetero-
in the case of the mono- and polymethylaromatics except bifunctional. For instance, the RCM products provided from
when methyl groups are adjacent (6a-36ind8a—8IF¢ in 3b and4b are heterobifunctional dendritic cores. The RCM
which Co = 7°-CpCd", PFRs). This possibility has been + CM products will have potential in materials chemistry
scrutinized in the example of toluene. Its iron-free, triallylated since linear polymers should be available frpmylene by
derivativeld gives competitive RCM and CM reaction, and ADMET and dendritic polymers should be accessible from
no selectivity is observed. It is only possible to isolate the mesitylene'! This aspect of the research line is under study.
organic bis-arene produdtg resulting from concomitant In conclusion, we have provided, from very simple arenes,
RCM and CM ofld. On the other hand, CM is considerably a general and facile method of synthesis of a new class of
slowed in the CpFecomplexlb, probably for steric reasons, organometallic and organic polycyclic cyclopentenyl aryl
whereas RCM proceeds readily. Thus, the RCM prodect ~ derivatives. The CpFemoiety not only provides a straight-
is selectively obtained with the iron compléb at 20°C; forward polyallylation method under routine conditions,
the corresponding free arehecan be obtained by photolytic ~ providing new, remarkable topologies, but also plays a key,
useful role in the metathesis process for the separation of
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