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Quinone methides (QMsl) are highly reactive transient
compounds involved in many chemical and biological processes.

7119
Scheme 1

R

Re ‘ C C )
o o
[e] |
I +

R, M M

R, quinone methide form  zwitterionic benzyl form

an isomeric form of ary*-methylenep-phenoxy zwitterionic
metal complex (Scheme 1). The benzyl bromid® was
synthesized by silylation of 2,6-dért-butyl-4-methylphenol
(BHT) with (Me3Si),NH and bromination of the resulting silyl
ether byN-bromosuccinimide (NBS). Serving as a BHT-QM
precursor,1 contains a benzyl bromide moiety as an anchoring
point to metal centers, whereas the protecting silyl ether prevents

They were proposed as important intermediates in natural productsthe base-catalyzed conversionlointo BHT-QM.12

chemistry® and implicated as the active forms of antitumor
drugs? They are highly reactive toward both nucleophiles and
electrophiles, and polymerize upon concentration of their dilute
solutions, hindering their isolation and characterization. Itis also
difficult to study their behavior in biological systems due to
incompatibility with protic media. This is especially true for
simple quinone methides,(R,=H), i.e. not bearing substituents
on the methylene group, which so far have not been isolated,
except in very special cases.

Recently, we demonstrated that QMs can be stabilized and iso-

lated by complexation to a late transition metal cefferThe
crystal structure of tw@-QM Rh(l) complexes have been re-
ported. However, in these complexes the QM moiety is part of
a specifically designed bis-chelating PCP-type ligand and is there-
fore very strongly coordinated to the metal and essentially inert.
We now report on (1) a novel synthetic route that leads to the
first stable simplg-QM complex, in which the QM is coordinated
to the metal center only via the exocyclic double bond; (2) the
crystal structure of this complex; and (3) thentrolled release
of the coordinated QM into solution. We demonstrate our
approach by the stabilization of the biologically relevant 2,6-di-
tert-butyl-4-methylene-2,5-cyclohexadienone (BHT-QWY, a
metabolite of the antioxidant 2,6-tkrt-butyl-4-methylphenol
(BHT), and the toxicology of which has been extensively studlied.

Electron-rich chelating bisphosphine palladium and platinum
centers can form stable olefin complexes due to substantial back-
bonding to the olefif? and are, therefore, good candidates for
QM stabilization. Unfortunately, oxidative addition &fto 3-
and 4-coordinated bisphosphine palladium(0) complexes pro-
ceeded with very low yields and resulted in mixtures. Therefore,
we have utilized (tmeda)PdMétmeda= N,N,N',N'-tetrameth-
ylethylenediamine) which can oxidatively add benzyl bromide
with elimination of GHs.** Upon mixing (tmeda)PdMeand 1
in cold acetone, the benzyl compl@wvas formed in 79% yield.
Addition of 1,2-bis(diphenylphosphino)ethane (dppe) led to the
displacement of tmeda and the bisphosphine benzyl contplex
was quantitatively formed.

Interestingly, wher8 was treated with 1 equiv oh{Bu),;NF-
3H,0 in THF, (dppe)Pd(BHTQM) 4 was obtained in 91% yield.

As shown in Scheme 2, the unobserved ammonium phenoxy
intermediate formed by the SO bond cleavage spontaneously
eliminated (-Bu),NBr to give 4.

The BHT-QM complex4 was fully characterized by IR and
multinuclear NMR spectroscopy, elemental analysis and X-ray
crystallography. ThéP NMR spectrum o#t in CsDe consists
of two sharp doublets at 29.07 and 37.49 ppp € 14.2 Hz),
indicative of two inequivalent phosphorus nuclei in a mutual cis
configuration. The upfieldC chemical shift of the two exocyclic

The synthetic strategy presented here is based on the fact thatiouble-bond carbons and théicoupling to the two inequivalent

an n?>-methylene-coordinateg-QM complex can be viewed as
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phosphorus atomg(CH,) = 51.34 ppm (dJpc = 30.7 Hz) and
0(CRy) = 82.28 ppm (ddJpc = 12.5 and 4.8 Hz), as well as the
doublet of doublets originating from the benzylic protons in the
'H NMR spectrum avy = 3.40 ppm Jpy = 7.1 and 3.8 Hz),
strongly suggest that coordination takes place through the
exocyclic RC=CH, group. The carbonyl carbon gives rise to a
signal in the'3C NMR spectrum at 183.96 ppm (br dhc = 3.7

Hz), in the region observed for other 2,5-cyclohexadienones and
qguinones® The carbonyl moiety exhibits a characteristic, strong
IR absorption band at 1598 crc
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Scheme 2 as a result of back-donation from the metal. This is also
OTMS OTMS OTMS manifested in the loss of planarity around C(2): the exocyclic
R R R R R R methylene is bent out of the ring plane by 10.3@8vay from the
(tmeda)PdMe; dppe palladium atom. Similar structural features were also observed
CHg Me, -tmeda Ph, in other BPd conjugated-olefin complexé&s.
Br AN P Complex4 is a thermally stable compound both in solution
R = C(CHa)s Br/Pd\Nj Br/P"\Pj and in the solid state. No traces of decomposition were observed
1 ,  Me s Ph upon storage of a dry sample #for a month under a dinitrogen
_ Z atmosphere. Remarkably,is stable even toward nucleophilic
- (-Bu)N" attack by water or MeOH and is recovered unchanged after
R o . o heating in agueous methanol at 95 for 10 h. As free BHT-
(n-Bu)yN* F° R R QM is known to react immediately under these conditiths
3 o | T Phe spontaneous dissociationf the QM moiety from the FPd
“MegSiF p 2 | (n-BulNBr i fragment takes place.
pd” j ~p The reactivity of4 was tested with respect to ligand exchange
B~ P Ph, reactions. Addition of the hard ligands acetonitrile or pyridine
Phe 4 did not result in the release of the BHT-QM. However, wien
- B was reacted with 1 equiv of DBA (dibenzylideneacetone) in a
Scheme 3 CsDe solution at room temperatumestantaneouslissociation of
o OH free BHT-QM took place, as was detectedbyNMR spectros-
DBA MeOH copy® with concomitant formation of the known complex (dppe)-
4y —— — = Pd(DBA)8¢ Similarly, substitution of BHT-QM was achieved
-(dppe)Pd(DBA) by the use of diphenylacetylene, although at a slower rate. When
BHT-QM 5 the substitution reactions were performed in methanol, immediate

OMe

trapping of the free quinone methide by a solvent molecule took
place at room temperature to give the 1,6-Michael-type addition
product, 2,6-ditert-butyl-4-methoxymethylphenol5], as was
detected by'H NMR spectroscopy and by GC-M8. When
CDs;0OD was used as solvent, incorporation of the;Oyroup
into the organic product took place. Thus, comptexallows
controlled releasef free BHT-QM into a solution where it can
be effectively trapped by nucleophiles. This together with the
high thermal stability oft and its compatibility with protic media
can make it relevant to selective drug delivery.

In summary, for the first time a simple quinone methide was
generated, stabilized, and released with the aid of a metal center.
The complex formed was fully characterized (including X-ray
structure analysis). It was stable even in protic solvents. A simple
chemical stimulus promoted the controlled release of the quinone
methide which could be trapped by reaction with nucleophiles.
Studies involving other biologically relevant QMs using this
approach are currently underway.

Figure 1. An ORTEP representation of the crystal structuretafith
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Orange crystals of4 suitable for a single-crystal X-ray Supporting Information Available: Text describing the synthesis

diffraction study were obtained by slow diffusion of pentane into and characterization of compounfis4 and tables of crystal data and

a solution of4 in E,0.16 The palladium atom lies in a trigonal structure ref_mement, atomic coordinates, bond lengths and_ angles,
planar environment, coordinated to the two phosphorus atoms andfnisotropic dlspl_acement parameters, and hydrogen atom coordlnates_ for
the exocyclic double bond (Figure B} A practically negligible ﬁfgr%zzgﬁsénp;w;? Zg'ceig(?nz%;ilg;im masthead page for ordering
torsion angle of 2.78is observed between the P{Zd(1)-P(3) '

plane and the Pd(HC(1)—C(2) plane. There is no interaction = JA9809612
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