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ABSTRACT

2-Substituted pyridine, quinoline, isoquinoline, bipyridine, and 1,10-phenanthroline analogues of benzylic acetates undergo SmI 2-promoted
coupling with aldehydes and ketones to afford (2-hydroxyalkyl)heteroaromatics.

Simple one-step, metal-promoted coupling reactions represent
a diverse set of synthetic methods for the construction of
numerous classes of compounds. Among the many types of
substrates that participate in these reactions are allylic esters.1

Allylic acetates are especially commonly employed, due in
large part to their facile, low-cost preparation. The participa-
tion of allylic acetates in coupling reactions is unique
compared to ordinaryalkyl acetates which show quite
different patterns of reactivity mainly associated with nu-
cleophilic acyl substitution and enolate chemistry. On the
other hand, the special reactivity of allylic esters is due to
electronic stabilizing influences on transition states and
intermediates, commonly involving formation ofη3-allyl-
metal complexes.

At least for certain types of reactions, parallel patterns of
behavior are often seen in the reactivity of various types of
allylic and benzylic systems, due to related stabilizing
influences that operate in both systems. Although the more
reactive benzylic halides are commonly employed in many
types of reactions,2 there is a dearth of reports on the use of
benzylic esters in coupling reactions. Among their few uses
are palladium-catalyzed coupling of benzylic carbonates with
active methine compounds and amines,3 Suzuki coupling

with arylboronic acids,4 Negishi coupling with arylzinc
reagents,5 Stille coupling with aryltin reagents,6 hydroxy- or
alkoxycarbonylation reactions,7 and Heck olefination of
benzyl trifluoroacetate.8 In this paper, we report that certain
heteroaryl analogues3,c,e,4-6 of benzylic acetates undergo
useful coupling reactions with aldehydes and ketones to give
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products having many potential synthetic uses. Among these
products are pyridine and quinoline systems that are of
interest in the natural products and pharmaceutical areas9

and as ligands in metal coordination chemistry.10

One of the most versatile reagents for effecting a vast range
of reductive transformations is samarium diiodide.11 In its
role as a single electron-transfer agent, SmI2 has been
employed in many different types of transformations, includ-
ing couplings,12 cleavages,13 and cyclizations.11i,12b,14

Cleavages of suitably activated alkoxy groups are well-
known, and Kato and co-workers have shown that 2- and

4-(1-acetoxyalkyl)pyridines are also cleaved when they are
treated with SmI2.13h,l Consistent with this precedent, we
observed that when 2-(1-acetoxypropyl)phenanthroline (1)
is treated with SmI2, the acetate functionality is reductively
cleaved yielding 2-propylphenanthroline (2) (Scheme 1).

However, when the same acetate1 is treated with SmI2 in
the presence of a ketone, we have found that1 undergoes a
reductive coupling to give alcohol3.

Following this observation, we wished to perform a more
thorough study to test the scope and limitations of this
reductive coupling. We obtained the required substrates by
either of two approaches (Scheme 2). In the simplest cases,
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1497-1498. (n) Banik, B. K.Eur. J. Org. Chem.2002, 2431-2444. (o)
Kagan, H. B.Chem. ReV. 2002, 102, 1805-1806.

(12) (a) Blakskjær, P.; Høj, B.; Riber, D.; Skrydstrup, T.J. Am. Chem.
Soc.2003, 125, 4030-4031. (b) Gross, S.; Reissig, H.-U.Org. Lett.2003,
5, 4305-4307.

(13) For a review of SmI2-promoted cleavage reactions, see: (a)
Williams, D. B. G.; Caddy, J.; Blann, K.Org. Prep. Proc. Int.2003, 35,
307, 309-360. For some specific examples, see: (b) Curran, D. P.; Totleben,
M. J. J. Am. Chem. Soc.1992, 114, 6050-6058. (c) Koot, W.-J.; Ley, S.
V. Tetrahedron1995, 51, 2077-2090. (d) Yang, B. V.; Massa, M. A. J.
Org. Chem.1996, 61, 5149-5152. (e) Studer, A.; Curran, D. P.Synlett
1996, 255-257. (f) Georg, G. I.; Harriman, G. C. B.; Datta, A.; Ali, S.;
Cheruvallath, Z.; Dutta, D.; Vander Velde, D. G.; Himes, R. H.J. Org.
Chem.1998, 63, 8926-8934. (g) O’Neill, D. J.; Helquist, P.Org. Lett.
1999, 1, 1659-1662. (h) Kato, Y.; Mase, T.Tetrahedron Lett.1999, 40,
8823-8826. (i) Kunishima, M.; Nakata, D.; Sakuma, T.; Kono, K.; Sato,
S.; Tani, S. Chem. Pharm. Bull.2001, 49, 97-100. (j) Dahlén, A.; Sundgren,
A.; Lahmann, M.; Oscarson, S.; Hilmersson, G.Org. Lett.2003, 5, 4085-
4088. (k) Concello´n, J. M.; Bardales, E.J. Org. Chem.2003, 68,
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Scheme 1. SmI2 Cleavage and Addition Reactions of a
1,10-Phenanthroline Derivative

Scheme 2. Synthesis of Heterocyclic Acetates
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we began with conversion of commercially available pyri-
dine-2-carbinol directly to the acetate derivative4, or by
conversion of commercially available quinoline-2-carboxylic
acid and isoquinoline-1-carboxylic acid into the correspond-
ing ethyl esters followed by reduction with NaBH4 and
reaction of the resulting alcohols with acetic anhydride to
give the acetates5 and6.15 In other cases, we extended our
previously developed SmI2-promoted coupling16 of 1,10-
phenanthroline with aldehydes and ketones to the analogous
use of 2,2′-bipyridine. The resulting alcohol was then
converted into acetate7.

Each of these heterocyclic benzylic acetates were then
tested in the coupling reaction with aldehydes or ketones
promoted by SmI2. For instance, the corresponding pyridine
derivative4 was found to react with 3-pentanone to produce
alcohol8. Likewise, the quinoline, isoquinoline, and bipy-
ridine substrates all undergo the desired coupling reaction
as shown by the formation of products9 through 11 as
representative examples in Scheme 3.

Several aldehydes and ketones were then used in coupling
reactions with the various acetate substrates (Table 1). In
certain cases, such as the coupling reactions using benzal-
dehyde (entries 3 and 8), pinacol coupling occurred as a
competing reaction which led to lower yields of the desired
products.

To determine whether these reactions are specific to
compounds that have acetoxyalkyl groups adjacent to
nitrogen in a heterocyclic system, a few other examples were
tested. Treatment of 3-(acetoxymethyl)pyridine (14) with
SmI2 in the presence of 3-pentanone gave no coupled
product, and the acetate was recovered unchanged (Scheme
4). Likewise, when 4-(acetoxymethyl)pyridine (15) was
subjected to the same conditions, no coupling product was

observed. Treatment of benzyl acetate (16) with SmI2 in the
presence of 3-pentanone gave only starting material as well.
Also, when 2-(acetoxymethyl)naphthalene (17) was subjected
to the coupling reaction conditions, no product was observed.
One final reaction was attempted using 2-furfuryl acetate
(18) to see whether the reaction was specific to nitrogen-
containing heterocycles, but a complex mixture of products
resulted. This reaction must be investigated in more detail.
From these results, we can conclude that the new coupling
reaction is dependent upon the use of heteroaromatic systems
having a benzylic acetate attachment point immediately
adjacent to the heteroatom. Unlike some benzylic ester
coupling reactions,3-7 carbocyclic systems or heterocyclic
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Scheme 3. Coupling Reactions with Heterocyclic Compounds

Table 1. Additional Examples of Coupling Reactions with
Heterocyclic Compounds and Carbonyl Compounds

a This product was isolated as a mixture of diastereomers.b This product
was isolated as a mixture of diastereomers as well as the cleavage product
(Scheme 1).

Scheme 4. Other Substrates Used in Attempted Coupling
Reactions
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systems having the heteroatom more remotely situated from
the benzylic site are not suitable substrates. The reaction
seems to be driven through chelation of samarium to the
ring heteroatom and the acetate which allows it to compete
effectively with pinacol coupling in most cases. This
chelation effect may also be the reason that the 3- and
4-substituted pyridines are unsuitable substrates for the
coupling reaction. Although 4-(1-acetoxyalkyl)pyridines have
been cleaved with SmI2, the coupling reaction using nonch-
elating 4-substituted substrates may not proceed effectively
enough to compete with the pinacol coupling reaction.13h,l

These SmI2-promoted couplings provide a very direct
method for efficient functionalization of various heterocycles,
including 2-substituted pyridines, quinolines, isoquinolines,
bipyridines, and phenanthrolines with carbonyl compounds.
These reactions should find wide application in heterocyclic
chemistry in general, including alkaloid synthesis and the
preparation of pharmaceutically important compounds. Good
potential exists for developing catalytic and enantioselective

versions of these reactions, for extending these reactions to
imines and other substrates, and for using these reactions to
produce ligands for use in metal-promoted reactions. Our
ongoing investigations are focusing on these points.
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