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o-Quinone methides are reactive intermediates frequently used
in organic synthesis.1 They have been generated by thermal
elimination of phenol Mannich bases,o-(R-hydroxalkyl)- oro-(R-
methoxyalkyl)phenols, by dehydrohalogenation ofo-(chlorom-
ethyl)phenols, by desilylation of disilylatedo-hydroxybenzyl
alcohols, by oxidation ofo-alkylphenols, and very recently via
laser flash photolysis of hydroxyl benzyl alcohols in aqueous
solution.2 o-Quinone methides act as heterodienes in inter- and
intramolecular Diels-Alder [4+ 2] cycloadditions with electron-
rich alkenes to give various substituted chromans and tetrahy-
drocannabinol analogues.3 A spectacular demonstration of the
potential of such cycloaddition is the total synthesis of carpanone.4

o-Quinone methides are believed to act as key intermediates of
several antitumor/antibiotic drugs.5 However, despite this wide
interest ino-quinone methides in organic and biological chemistry,
examples of isolated simpleo-quinone methides, i.e., those not
bearing substituents on the exocyclic double bond, are scarce,
and the parent compound (1) (Figure 1) has never been character-
ized, even in the form of a metalπ-complex.6 In fact, only two
alkenyl-substitutedo-quinone methide complexes are known6a

and only onep-quinone methide complex, in which the metal is
anchored by two strongly coordinating tertiary phosphine groups,
is known.6b In contrast, here we report a general and unprec-
edented synthetic procedure to isolate and fully characterize a
series ofη4-o-quinone methide complexes (6-9) (Figure 1),
including the simplesto-quinone methide, obtained as an iridium
complex [Cp*Ir(η4-C7H6O)] (6). Further the molecular structure
of one complex of this series was unambiguously identified by
X-ray crystallography.

Recently we have described a general procedure fornucleo-
philic phenol functionalization, promoted by the Cp*Ir moiety,7

which allows efficient functionalization of tetralols and steroids.8

Pursuing our research in this area, we discovered that oxo-η5-
dienyl iridium complexes with an alkyl group at C-2 undergo a
regioselective deprotonation reaction at a benzylic position of the
alkyl group with surprising ease to afford the relatedη4-o-quinone
methide complexes in quantitative yields (Scheme 1).
Thus, treatment of the oxo-η5-dienyl iridium complexes2-5

with NaOMe in methanol or more efficiently by tBuOK/CH2Cl2
for several hours at room temperature and subsequent reaction
workup afforded the neutralη4-o-quinone methide complexes
6-9. Compounds6-9were obtained as yellow microcrystalline
substances. All compounds were recrystallized from hexane and
were obtained as analytically pure materials, in the solid state
under argon. The infrared spectra of these complexes recorded
in KBr displayed two bands in the area 1595-1615 cm-1 (s) and
1631-1643 cm-1 (m) similar to what was found for the one
knownp-quinone methide complex.6b Infrared data foro-quinone
complexes were not reported.
The13C{1H} NMR data obtained in toluene-d8 for 6-9 at room

temperature were consistent with the proposed structure for these
o-quinone iridium complexes. For instance, the CdO group
appeared around 185-195 ppm, thedC at 130-141 ppm, and
the freedCR2 (R ) H; R ) Me) group resonated around 103-
110 ppm. The proposed structures for complexes8-9were also
confirmed by 2D experiments; for instance, the 2D1H-1H COSY
spectrum of6 recorded in benzene-d6 displayed two doublet of
doublets and two doublet of triplets centered at 3.61, 3.90, 4.62,
and 4.77 ppm, respectively, and are attributed for the dienone
C-H protons, while the methylene protons (dCH2) appeared as
pair of doublets at 4.39 ppm (JH-H ) 2.5 Hz) and 5.45 ppm,
respectively. We also note the presence of a singlet centered at
1.62 ppm attributed to theη-Cp* methyl protons.
Despite the high solubility of6-9 even in hexane, crystals of

complex 9 suitable for an X-ray single-crystal analysis were
obtained from hexane.9 The structure of9 (Figure 2) clearly
shows the loss of aromaticity in the six-membered ring and
coordination of Cp*Ir to four ring carbons. Loss of aromaticity
is manifested by the irregularity of the C-C bond distances; the
length of the uncoordinated bond C(1)-C(2)) 1.49(1) Å, while
the C(2)-O(1) bond distance is 1.23(1) Å, which is characteristic
of a CdO double and in the range expected for substituted
quinones. Furthermore, the C(1)-C(7) bond distance is 1.34(1)
Å, slightly shorter than that reported for the CdC double bond

(1) For some representative and leading references, see (a) Desimoni, G.;
Tacconi, G.Chem.ReV. 1975, 75, 651. (b) Boger, D. L.; Weinerb, S. N.Hetero
Diels-Alder Methodology in Organic Synthesis; Academic Press: New York,
1987. (c) Wagner, H.-U.; Gompper, R. InThe Chemistry of the Quinonoid
Compounds; Patai, S., Ed.; Wiley: New York, 1974; Part 2, Chapter 18, p
1145. (d) Wan, P.; Barker, B.; Diao, L.; Fischer, M.; Shi, Y.; Yang, C.Can.
J. Chem. 1996, 74, 465.

(2) (a) Katritzky, A. R.; Zhang, Z.; Lan, X.; Lang, H.J.Org. Chem. 1994,
59, 1900 and references therein. (b) Balasubramanian, K. K.; Selvaraj, S.J.
Org. Chem. 1980, 45, 3726. (c) Gutsche, C. D.; Oude-Alink, B. A. M.J. Am.
Chem. Soc. 1968, 90, 5855. (d) Talley, J. J.J. Org. Chem. 1985, 50, 1695.
(e) Chauhan, M. S.; Dean, F. M.; McDonald, S.; Robinson, M. S.J. Chem.
Soc., Perkin Trans. 1973, 1, 359. (f) Marino, J. P.; Dax, S. L.J. Org. Chem.
1984,49, 3671. (g) Matsumoto, M.; Kuroda, K.Tetrahedron Lett. 1981, 22,
4437. (h) Diao, L.; Yang, C.; Wan, P.J. Am. Chem. Soc. 1995, 117, 5369.

(3) Chambers, J. D.; Crawford, J.; Williams, H. W. R.; Dufresne, C.;
Scheigetz, J.; Bernstein, M. A.; Lau, C. K.Can. J. Chem. 1992, 70, 1717.

(4) Chapman, O. L.; Engel, O. R.; Springer, J. P.; Clardy, J. C.J. Am.
Chem. Soc. 1971, 93, 6696.

(5) (a) Thompson, D. C.; Thompson, J. A.; Sugumaran, M.; Moldeus, P.
Chem. Biol. Interact. 1992, 86, 129. (b) Tomasz, A. K.; Chawla, A. K.;
Lipman, R.Biochemistry1988, 27, 3182. (c) Egberston, M.; Danishefsky, S.
J. J. Am. Chem. Soc. 1987, 109, 2204.

(6) (a) Kopach, M. E.; Harman, W. D.J. Am. Chem. Soc. 1994, 116, 6581.
(b) Vigalok, A.; Milstein, D.J. Am. Chem. Soc. 1997, 119, 7873.

(7) Le Bras, J.; Amouri, H., Vaissermann, J.Organometallics1996, 15,
5706.

(8) Le Bras, J.; Rager, M. N.; Besace, Y.; Vaissermann, J.; Amouri, H.
Organometallics1997, 16, 1765.

(9) Yellow crystal, C22H31OIr, fw ) 503.7, triclinicP1h, a ) 10.238(3) Å,
b ) 11.674(2) Å,c ) 18.209(9) Å,R ) 72.72(3)°, â ) 75.24(3)°, γ )
87.50(2)°, V ) 2008 (1) Å3, Z ) 4, D ) 1.67 g/cm3, T ) 22 °C, R (Rw) )
0.042 (0.0487). Details of the crystallographic determinations are provided
in the Supporting Information.

Figure 1.

6171J. Am. Chem. Soc.1998,120,6171-6172

S0002-7863(98)00214-5 CCC: $15.00 © 1998 American Chemical Society
Published on Web 06/06/1998



in duroquinone{cf. 1.352(8) Å}.10 The distances from the metal
to the centers of theπ-bonded carbons are 1.76 Å for the
quinonoide ligand and 1.84 Å for theη5-C5Me5 ligand. The
uncoordinated part of the quinonoid ligand is bent away from
the metal, as the dihedral angle “hinge” across C(3)-C(6) is 33°.
To our knowledge, this is the first X-ray structure of ano-quinone
methide complex reported in the literature.
Deprotonation at the benzylic position of coordinated arenes

to ruthenium and chromium have been reported in the literature.11

However, in the coordinated oxo-η5-dienyl unit, the scenario is
completely different than the previous examples, because from
our previous work7,8 one would expect a nucleophilic attack at
one terminus of the complexedη5-dienyl ligand. We note that
deprotonation succeeds even at relatively hindered isopropyl sites
of 5. This process may occur because of cationic nature of the
Cp*Ir fragment which could enhance and favor the C-H
abstraction. Moreover, although the X-ray structure of6 shows
no significant interaction of the Ir center with the exocyclic double

bond, the transition state for the deprotonation might include some
stabilization by the metal (Scheme 2).
Protonation of complex6 by HBF4‚Et2O afforded primarily

the oxo-dienyl compound2; however, in the presence of an exess
of HBF4‚Et2O, the dicationic species10 was obtained. It is
noteworthy that reactivity of6 toward strong electrophiles is very
much different than freeo-quinone methides, i.e., preferential
protonation of the methylene group relative to the quinonoid
oxygen atom. Oxidation of6 by iodine did not lead to the free
o-quinone methide ligand (1) instead the novel oxo-dienyl
complex11was obtained (Scheme 3). Thus, starting from2-5,
deprotonation followed by electrophilic addition may be a
promising route to new oxo-dienyl complexes and polycyclic
organic products.
In summary, an unprecedented general reaction leading to the

formation of the first stableo-quinone methides is reported. This
is only possible due to the use of the Cp*Ir moiety that stabilizes
these well-known reactive intermediates by formingη4-complexes.
Complete analysis was performed on all complexes including the
simplest o-quinone methides (6 and 7), which do not bear
substituents at the exocyclic double bond. Preliminary reactivity
of these novelη4-o-quinone methide complexes shows potential
for further synthetic transformation, which will be the subject of
future reports. Furthermore, the X-ray molecular structure of one
complex of this series is reported. Our method appears suf-
ficiently general for the preparation of a wide variety of
unprecedented stableo-quinone methide complexes, derivatives
of important species in organic and biological chemistry.
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Scheme 1

Figure 2. Ortep view of molecule9 with thermal ellipsoids at 30%
probability; one of the two independent molecules is being depicted.
The hydrogen atoms are omitted for clarity. Selective bond distances
(Å) and angles (deg): C(1)-C(2) ) 1.49(1), C(2)-C(3) ) 1.48(1),
C(3)-C(4) ) 1.44(1), C(4)-C(5) ) 1.43(1), C(5)-C(6) ) 1.42(1),
C(1)-C(6) ) 1.46(1), C(1)-C(7) ) 1.34(1), C(2)-O(1) ) 1.23(1),
Ir(1)-C(3)) 2.193(8), Ir(1)-C(4)) 2.143(9), Ir(1)-C(5)) 2.122(9),
Ir(1)-C(6) ) 2.169(8), Ir(1)-C(41) ) 2.179(8), Ir(1)-C(42) )
2.220(7), Ir(1)-C(43)) 2.246(7), Ir(1)-C(44)) 2.208(7), Ir(1)-C(45)
) 2.180(8).C(2)-C(1)-C(6)) 109.7(7), C(1)-C(2)-C(3)) 114.7(7),
C(2)-C(3)-C(4) ) 121.4(8), C(1)-C(6)-C(5) ) 120.6(8).
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