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Abstract—The scope of solid-phase reactions utilizing a ‘traceless’ p-arene–chromium linker has been expanded to include the
addition of organo-lithium reagents to a supported ester group, generation and alkylation of an enolate anion, and substitution via
the Mitsunobu reaction. Immobilization of ortho-disubstituted polyfunctionalized arene chromium dicarbonyl species onto the
solid support and subsequent, selective transformation is also reported. # 2002 Elsevier Science Ltd. All rights reserved.

Polymer-supported reagents provide an attractive and
practical method for the preparation of novel chemical
libraries with potential applications in the pharmaceu-
tical industry. To date, solid-phase synthesis techniques
have been successfully employed in the preparation of a
wide variety of compounds including natural products.1

Synthesis of complex molecular libraries requires judi-
cious choice of linker properties as well as a viable syn-
thetic pathway. Therefore, the development of new
linkers and adoption of well-established solution-phase
methodologies to the solid-phase format have attracted
widespread attention over the last several years.2

As part of our program to develop new solid-phase
synthetic methods, we became interested in exploring
the use of polymer-supported p-arene–chromium car-
bonyl complexes. Recently, we reported an approach
for the efficient loading of arene chromium carbonyl
fragments onto a polystyrene resin.3 This loading strat-
egy has been successfully applied to the solid-phase
synthesis of tertiary alcohols and esters. Results from
our group as well as others4 in the area of transition-
metal linkers prompted us to expand the scope of
chemical transformations that could be effected with
polymer-anchored arene–chromium carbonyl compounds.

We first turned our attention to carbon–carbon bond
forming reactions. Polystyrene-anchored ester 1 was
chosen as a model substrate to work out the synthetic

protocol. Treatment of 1 with alkyl- and aryl-lithium
compounds followed by quenching with water afforded
tertiary alcohols 2 in high yields (Scheme 1). Addition of
two equivalents of organo-lithium reagents was
observed exclusively. No intermediate ketones were
detected in the crude product even when excess ester
was used. This observation can be attributed to the slow
diffusion of reagents into the resin.

Previous studies from our group had found that the
solid support suppressed enolization of ketones and
esters in the presence of Grignard reagents.3 However,
enolate-anions are among the most important inter-
mediates in organic synthesis, serving crucial roles in a
diverse array of modern synthetic methods. For that
reason, it was important to find appropriate conditions
for the enolization of polymer-incorporated species such
as 1. Formation of the enolate-anion 3 was readily
achieved through reaction of 1 with lithium diisopropyl-
amide (LDA)5 (Scheme 2). Subsequent treatment of
intermediate 3 with appropriate electrophiles furnished
the corresponding a-substituted esters 4 in almost

0960-894X/02/$ - see front matter # 2002 Elsevier Science Ltd. All rights reserved.
PI I : S0960-894X(02 )00268-8

Bioorganic & Medicinal Chemistry Letters 12 (2002) 1829–1831

Scheme 1.

*Corresponding author. Tel.: +1-313-577-3472; fax: +1-313-577-
3585; e-mail: jhr@chem.wayne.edu



quantitative yields (Table 1). The high yields of desired
products and the absence of side products observed in
the reaction is a characteristic feature of solid-supported
processes. Being attached to the polymeric scaffold, the
bound species can only interact with reagents in the
solvent media. In the current case, contact between ester
and enolate functions was virtually precluded, thereby

minimizing competition from Claisen condensation
pathways and augmenting the alkylation reaction chan-
nel of 3.

We were also interested in investigating the compat-
ibility of a p-arene–chromium linker with the well-
known Mitsunobu reaction conditions. The Mitsunobu
reaction is a useful synthetic tool that allows for the
conversion of an alcohol into a wide variety of func-
tional groups. Reactivities of primary and secondary
alcohols were tested in the present study. The solid-
supported secondary alcohol 8 was prepared in three
steps starting from non-supported ketone 6 (Scheme 3).
The ketone 6 was reduced with sodium borohydride to
give the corresponding alcohol 7 in excellent yield
(98%), which was then converted into the polystyrene-
supported derivative 8 using standard conditions.3 It
must be noted that the level of secondary alcohol frag-
ment loading was found to be much lower than other
substrates (66% vs 84–95%). To our surprise, forma-
tion of 8 was accompanied by partial decomposition
and formation of polymer-bound Cr(CO)5 species. The
search for a more efficient pathway to secondary poly-
meric alcohols is currently in progress.

Alcohols 5 and 8 were found to be amenable to the
Mitsunobu reaction. Mitsunobu esterification took
place using diethyl azodicarboxylate (DEAD) or diiso-
propyl azodicarboxylate (DIAD) with triphenylphos-
phine6 to produce the expected compounds 9 in good
yields (Scheme 4, Table 2). An ethereal solvent such as
THF was the media of choice for this transformation.

As shown in Table 2, employing either DEAD or DIAD
as well as varying the substituents around the phenyl
ring of the nucleophile did not appreciably influence the
yield of 9. Both primary and secondary alcohols exhib-
ited the same reactivity under these conditions. Sig-
nificantly, the presence of triphenylphosphine in the
reaction mixture did not initiate cleavage of the arene–
chromium bond as might be expected, and the resultant
esters 9 were easily separated from the side products
(i.e., the phosphine oxide and the hydrazinedicarboxy-
late esters) by filtration. The ability of the secondary
alcohol 8 to undergo Mitsunobu reaction offers an
attractive opportunity for the creation of a stereogenic
center with control of absolute configuration.

All transformations of polystyrene-supported arene
chromium complexes presented above and reported
before3,4,7 have been effected with benzene or mono-
substituted arene derivatives. To expand the scope and
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Table 2.

Starting
alcohol

Activating
reagents

Nucleophile R R0 Yield
(%)

5 PPh3, DEAD Benzoic acid H C6H5 76
5 PPh3, DEAD 4-Nitro-benzoic acid H p-NO2(C6H4) 69
8 PPh3, DEAD Benzoic acid CH3 C6H5 78
8 PPh3, DEAD 4-Nitro-benzoic acid CH3 p-NO2(C6H4) 71
8 PPh3, DIAD Benzoic acid CH3 C6H5 79
8 PPh3, DIAD 4-Nitro-benzoic acid CH3 p-NO2(C6H4) 74

Table 1.

Entry Electrophile (‘E’) R Yield (%)

1 D2O D 99
2 Benzyl bromide PhCH2 97
3 Allyl bromide CH2=CHCH2 95
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the diversity of the polymer-bound arene chromium
substrates, it has now been demonstrated that poly-
substituted, multifunctional arenes are also amenable to
loading and subsequent chemical transformations on
solid support. ortho-Disubstituted aminoalcohol 108

served as a model compound for this investigation
(Scheme 5). Using a standard two-step approach, one
CO group in 10 was replaced with polystyrene diphe-
nylphosphine to afford exclusively the resin-bound
aminoalcohol 11 in 92% yield. This material was then
selectively converted into the corresponding esters 12
and 13 by acylation with an AcCl/TEA/DMAP mixture
or under Mitsunobu conditions, respectively.9,10

In conclusion, conditions for carbon–carbon bond
forming reactions, via addition of organo-lithium
reagents and alkylation via ester enolates, with solid-
supported p-arene–chromium carbonyl complexes have
been developed. The Mitsunobu reaction has been suc-
cessfully applied to esterification of polymer-attached
p-arene–chromium alcohols, and the capability for effi-
cient loading and derivatizing polysubstituted, multi-
functional arene–chromium carbonyls on solid support
has also been demonstrated.

Acknowledgements

The authors wish to thank the National Institutes of
Health (Grant GM-30771) for their generous support of
this research.

References and Notes

1. (a) For some representative publications, see: Ganesan, A.
Pure Appl. Chem. 2001, 73, 1033. (b) Hall, D. G.; Manku, S.;
Wang, F. J. Comb. Chem. 2001, 3, 125. (c) Pettit, G. R.; Lip-
pert, J. W.; Taylor, S. R.; Tan, R.; Williams, M. D. J. Nat.
Prod. 2001, 64, 883. (d) Lindel, T.; Hochgurtel, M.; Assmann,
M.; Kock, M. J. Nat. Prod. 2000, 63, 1566. (e) Meseguer, B.;
Alonso-Diaz, D.; Griebenow, N.; Herget, T.; Waldmann, H.
Angew. Chem. Int. Ed. 1999, 38, 2902. (f) Lee, Y.; Silverman,
R. B. Org. Lett. 2000, 2, 3743.
2. (a) For same recent papers, see: Vignola, N.; Dahmen, S.;
Enders, D.; Brase, S. Tetrahedron Lett. 2001, 42, 7833. (b)
Rolland, C.; Hanquet, G.; Ducep, J. B.; Solladie, G. Tetra-
hedron Lett. 2001, 42, 7563. (c) Clapham, B.; Spanka, C.;
Janda, K. D. Org. Lett. 2001, 3, 2173. (d) Pan, Y. J.; Holmes,
C. P. Org. Lett. 2001, 2, 2769. (e) Cheng, W. C.; Olmstead,
M. M.; Kurth, M. J. J. Org. Chem. 2001, 66, 528. (f) Wu,
X. Y.; Grathwohl, M.; Schmidt, R. R. Org. Lett. 2001, 3, 747.
3. Rigby, J. H.; Kondratenko, M. A. Org. Lett. 2001, 3, 3683.
4. (a) Semmelhack, M. F.; Hilt, G.; Colley, J. H. Tetrahedron
Lett. 1998, 39, 7683. (b) Gibson, S. E.; Hales, N. J.; Peplow,
M. A. Tetrahedron Lett. 1999, 40, 1417. (c) Maiorana, S.;
Baldoli, C.; Licandro, E.; Casiraghi, L.; De Magistris, E.;
Paio, A.; Provera, S.; Seneci, P. Tetrahedron Lett. 2000, 41,
7271.
5. Backes, B. J.; Ellman, J. A. J. Am. Chem. Soc. 1994, 116,
11171.
6. Devraj, R.; Cushman, M. J. Org. Chem. 1996, 61, 9368.
7. Rigby, J. H.; Kondratenko, M. A. Org. Lett. 2000, 2, 3917.
8. Uemura, M.; Miyake, R.; Hayashi, Y. J. Chem. Soc.,
Chem. Commun. 1991, 1699.
9. In each of the above studies, the evaluation of the efficiency
of substrate loading and the subsequent solid-phase transfor-
mations (Schemes 1–5) was determined by cleaving the organic
substrates from the resin under acetonitrile-assisted3 or pho-
tochemical conditions.4b

10. All new compounds exhibited spectral (1H NMR, 13C
NMR, IR) and analytical (elemental analysis or HRMS) data
fully consistent with the assigned structures.

Scheme 5.

J. H. Rigby, M. A. Kondratenko / Bioorg. Med. Chem. Lett. 12 (2002) 1829–1831 1831


