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ABSTRACT

A Pd-catalyzed cross-coupling reaction of R-alkoxytosylhydrazones with sulfonates derived from salicyl aldehydes gives rise to protected 1,5-
dicarbonyl compounds. Treatment with ammonium hydroxide readily transforms these alkenes into isoquinolines with diverse substitution
patterns at positions 3 and 4. In a similar way, the employment of o-cyanononaflates in the coupling reaction, followed by treatment with an
organometallic, provides isoquinolines that incorporate substitution also at position 1. The combination of both approaches represents a versatile
method for the preparation of isoquinolines substituted at any position of the heterocyclic ring.

The Pd-catalyzed cross-coupling reaction between tosylhy-
drazones and aryl halides1 has been established in recent years
as a very versatile method for the synthesis of substituted
alkenes.2,3Aquite interesting application of this reaction is the
preparation of enol ethers and enamines by employing hy-
drazones derived from R-functionalized carbonyl compounds
(Scheme1a).4 In these reactions, a newmasked carbonyl com-
pound is formed during the cross-coupling process that could
be eventually deprotected or employed in a further transfor-
mation, for instance a heterocyclization reaction.
More recently, proper reaction conditions have been

developed for the coupling reactions of aryl sulfonates and
tosylhydrazones, expanding the applicability of the coupling

reaction to phenol derivatives.5,6 To further exploit the
synthetic potential of these reactions,we turnedour attention
to o-substituted phenols, in particular, to salicylic aldehyde
derivatives, which are commercially very abundant, or other-
wise very easily prepared. We envisioned that the cross-
coupling reaction of a nonaflate I7 derived from a salicylic
aldehyde with an R-alkoxy substituted tosylhydrazone II

would provide the coupling product III that features two
differently protected carbonyl groups in a 1,5-relationship
and that couldbe averyversatile platform for the synthesis of
heterocycles (Scheme 1b).8

Thus, as amodel reaction,we selected the coupling between
nonaflate 1a that features the unprotected formyl group and
the tosylhydrazone 2a. The reaction under the standard

(1) Barluenga, J.; Moriel, P.; Vald�es, C.; Aznar, F. Angew. Chem.,
Int. Ed. 2007, 46, 5587.

(2) (a) Barluenga, J.; Tomas-Gamasa, M.; Moriel, P.; Aznar, F.;
Vald�es, C. Chem.;Eur. J. 2008, 14, 4792. (b) Barluenga, J.; Tomas-
Gamasa, M.; Aznar, F.; Vald�es, C. Chem.;Eur. J. 2010, 16, 12801. (c)
Xiao, Q.; Ma, J.; Yang, Y.; Zhang, Y.; Wang, J. Org. Lett. 2009, 11,
4732. (d) Brachet, E.; Hamze, A.; Peyrat, J.-F.; Brion, J.-D.; Alami, M.
Org. Lett. 2010, 12, 4042.

(3) For a recent review, see: Barluenga, J.; Vald�es, C. Angew. Chem.,
Int. Ed. 2011, 50, 7486.

(4) Barluenga, J.; Escribano, M.; Moriel, P.; Aznar, F.; Vald�es, C.
Chem.;Eur. J. 2009, 15, 13291.

(5) For coupling reactions with aryl triflates: Treguier, B.; Hamze,
A.; Provot, O.; Brion, J.-D.; Alami,M.Tetrahedron Lett. 2009, 50, 6549.

(6) Barluenga, J.; Florentino, L.; Aznar, F.; Vald�es, C. Org. Lett.
2011, 13, 510.

(7) For a review of Pd-catalyzed cross-couplingswith aryl nonaflates,
see: H€ogermeier, J.; Reissig, H.-U. Adv. Synth. Catal. 2009, 351, 2747.

(8) For a different approach to the synthesis of heterocycles based on
the cross-coupling reaction of tosylhydrazones: Rasolofonjatovo, E.;
Treguier, B.; Provot, O.; Hamze, A.; Morvan, E.; Brion, J.-D.; Alami,
M. Tetrahedron Lett. 2011, 52, 1036.



2324 Org. Lett., Vol. 14, No. 9, 2012

conditions previously described for the couplings of aryl
nonaflates produced the desired product 3a in only moderate
yield (Scheme 2, conditions A) probably due to the severe
steric requirements of this particular nonaflate. For this
reason, a reoptimization study was conducted. After some
experimentationwediscovered that the coupling could be best
accomplishedemployingLiOHasabase (1.5 equiv) and in the
presence of 3 equiv of LiCl, leading to 3a in excellent yield as a
3:1 mixture of Z/E isomers (Scheme 2, conditions B). Re-
markably, the reaction proceeds nicely in the presence of the
unprotected aldehyde functionality.
Compound 3a, an unprecedented structure, is indeed a

masked 1,5-dicarbonyl derivative that can be envisioned as a
platform for the synthesis of a large variety of condensed
heterocyclesandcarbocycles.Asaproofofconcept,we initially
focused on one of the simplest transformations, the reaction
with ammonium hydroxide, which should lead to polysubsti-
tuted isoquinolines.9,10Although the cyclization canbe accom-
plished simply by adding a solution of ammonium hydroxide
to the reactionmixture, better yields areobtained if themixture
is concentrated by evaporation of the dioxane prior to the
additionof theammoniumhydroxide solution. In thismanner,
a set of isoquinolines 4was prepared by combining nonaflates
derived from substituted salicylaldehydes 1 with tosylhydra-
zones derived from R-alkoxycarbonyls 211 (Table 1).

The reaction can be employed very efficiently for the
preparation of 4-substituted isoquinolines with different

substitutions on the benzene ring, including both electron-
donating and -withdrawing groups. Notably, chlorine-
substituted isoquinolines can be prepared taking advantage
of the higher reactivity of nonaflates than chlorides in Pd-
catalyzed cross-couplings (Table 1, entry 4).
Variations at position 4 of the isoquinoline can be

achieved starting fromadifferent alkoxyketone and includes
aromatic and heteroaromatic substituents (Table 1, entries
10�12). Interestingly, the employ of the hydrazone derived
from R-diethoxy acetophenone led to the 3-ethoxy substi-
tuted isoquinoline (Table 1, entry 7), while the reaction with
the hydrazone obtained from R-methoxy-R-phenylaceto-
phenone enabled the synthesis of a 3,4-diphenyl isoquinoline
(Table 1, entry 8). Both examples show the ability of this
methodology in the synthesis of 3,4-disubstituted isoquino-
lines. Finally, the reaction with the hydrazone of benzylox-
yacetaldehyde led to the preparation of isoquinolines
unsubstituted in the heterocyclic ring (Table 1, entry 9).
In order to achieve the synthesis of 1-substituted isoqui-

nolines, we examined a similar reaction starting from the
corresponding ketone; however, although the cross-coupling
reaction proceeded with moderate yields, we were not able
to promote the cyclization efficiently. For this reason, we
turned our attention to o-cyano nonaflates 5 with the idea
that the same type of cross-coupling reaction would lead
to o-cyanoalkenes 6, which could be transformed into
1-substituted isoquinolines by addition of an organometal-
lic reagent, as previously describedbyKobayashi et al.12As
expected, the cross-coupling reaction proceeded smoothly
under the reaction conditions developed for the formyl
substituted derivatives 1, leading to the cross-coupling prod-
ucts in high yields. Then, treatment with organolithium de-
rivatives afforded the 1-substituted isoquinolines (Scheme3).
It is noteworthy that, as in the preceding reaction, it is not
necessary to isolate the intermediate enol ether 6, and the
process can be conducted in one pot. The best experimental
conditions found included evaporation of the dioxane once
the cross-coupling has finished, followed by dilution in THF
and addition of the organolithium derivative at �78 �C, to
afford the 1-substituted isoquinolines with good yields.
In summary, we have reported that the cross-coupling

of o-functionalized nonaflates, readily available from
salicyl aldehydes or o-cyanophenols, with functionalized

Scheme 1. Pd-Catalyzed Cross-Coupling Reactions with Tosylhy-
drazones: (a) SynthesisofEnolEthersandEnamines; (b) ThisWork

Scheme 2. Pd-Catalyzed Cross-Coupling between the Tosylhy-
drazone 2a and Nonaflate 1a
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tosylhydrazones gives rise to protected 1,5-dicarbonyl and
1-cyano-5-carbonyl derivatives, which are useful inter-
mediates in the preparation of isoquinolines substituted
at any position of the heterocyclic ring. Further applica-
tions of this methodology, oriented to the preparation of
other types of heterocycles, are underway and will be
reported in due course.
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Table 1. Isoquinolines 4 Prepared by the Cross-Coupling/Heterocyclization Sequencea

aReaction conditions: (1) Nonaflate 1, (0.3 mmol), hydrazone 2 (0.33 mmol, 1.1 equiv), LiCl (0.9 mmol), LiOH (1.5 equiv), Pd2dba3 (3 mol %), XPhos
(6mol%), dioxane2mL; (2)NH4OHsat. aqueous sol. 3mL,110 �C,6�24h. bReaction conductedwithLiOH(3equiv). cReaction conductedemploying tBuOLi
(2.8 equiv) as base, LiCl (1 equiv), H2O (5 equiv). d Isolated yields for the one pot/two step process after column chromatography. ePMP: p-methoxyphenyl.

Scheme 3. Synthesis of 1-Substituted Isoquinolines
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