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A Pd-catalyzed cross-coupling reaction of a-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 halides' has been established in recent years
as a very versatile method for the synthesis of substituted
alkenes.> A quite interesting application of this reaction is the
preparation of enol ethers and enamines by employing hy-
drazones derived from o-functionalized carbonyl compounds
(Scheme 1a).* In these reactions, a new masked 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
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reaction to phenol derivatives.>® To further exploit the
synthetic potential of these reactions, we turned our 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 I’ derived from a salicylic
aldehyde with an o-alkoxy substituted tosylhydrazone II
would provide the coupling product III that features two
differently protected carbonyl groups in a 1,5-relationship
and that could be a very versatile platform for the synthesis of
heterocycles (Scheme 1b).%

Thus, as a model reaction, we selected the coupling between
nonaflate 1a that features the unprotected formyl group and
the tosylhydrazone 2a. The reaction under the standard
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Scheme 1. Pd-Catalyzed Cross-Coupling Reactions with Tosylhy-
drazones: (a) Synthesis of Enol Ethers and Enamines; (b) This Work
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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
experimentation we discovered that the coupling could be best
accomplished employing LiOH as a base (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
heterocycles and carbocycles. As a proof of concept, we initially
focused on one of the simplest transformations, the reaction
with ammonium hydroxide, which should lead to polysubsti-
tuted isoquinolines.”'® Although the cyclization can be accom-
plished simply by adding a solution of ammonium hydroxide
to the reaction mixture, better yields are obtained if the mixture
is concentrated by evaporation of the dioxane prior to the
addition of the ammonium hydroxide solution. In this manner,
a set of isoquinolines 4 was prepared by combining nonaflates
derived from substituted salicylaldehydes 1 with tosylhydra-
zones derived from a-alkoxycarbonyls 2'' (Table 1).

Scheme 2. Pd-Catalyzed Cross-Coupling between the Tosylhy-
drazone 2a and Nonaflate 1a
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A: tBuOLi (2.8 equiv); LiCl (1 equiv); H,O (5 equiv) (64%)
B: LiOH (1.5 equiv); LiCl (3 equiv) (90%)

The reaction can be employed very efficiently for the
preparation of 4-substituted isoquinolines with different
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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 from a different alkoxyketone and includes
aromatic and heteroaromatic substituents (Table 1, entries
10—12). Interestingly, the employ of the hydrazone derived
from a-diethoxy acetophenone led to the 3-ethoxy substi-
tuted isoquinoline (Table 1, entry 7), while the reaction with
the hydrazone obtained from a-methoxy-o-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 described by Kobayashi etal.'? As
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 (Scheme 3).
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
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Table 1. Isoquinolines 4 Prepared by the Cross-Coupling/Heterocyclization Sequence”
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“Reaction conditions: (1) Nonaflate 1, (0.3 mmol), hydrazone 2 (0.33 mmol, 1.1 equiv), LiCl (0.9 mmol), LiOH (1.5 equiv), Pd>dbas (3 mol %), XPhos

(6 mol %), dioxane 2 mL; (2) NH,OH sat. aqueous sol. 3mL, 110 °C, 6—24 h. ® Reaction conducted with LiOH (3 equiv). ¢ Reaction conducted employing /BuOLi
(2.8 equiv) as base, LiCl (1 equiv), H>O (5 equiv). “Isolated yields for the one pot/two step process after column chromatography. ¢ PMP: p-methoxyphenyl.

tosylhydrazones gives rise to protected 1,5-dicarbonyl and
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Scheme 3. Synthesis of 1-Substituted Isoquinolines

Pd,(dba)s (3 mol %)

LiOH (3 equiv) _

mediates in the preparation of isoquinolines substituted
N NNHTe a.t any pos'ition of the heteroc.:yclic ring. Further applica—
©i . oR® XPhos (6 mol %) CN2 tions of this methodology, oriented to the preparatlgn of
ONf R other types of heterocycles, are underway and will be

2 i i OR® .
G 1oy aSSowl | Y reported in due course.
5 2
RLi(1.1 equiv) -78°C, 2h Acknowledgment. Financial support of this work by
THF thenrt, 12h . Ny
DGI of Spain (CTQ2010-16790) and Consejeria de
Mo Ph R Educaciéon y Ciencia of Principado de Asturias (IB08-
A N N 088). A predoctoral fellowship to L.F. from FICYT of
_ P g2 the Principado de Asturias is gratefully acknowledged. We
R are deeply indebted to Prof. José Barluenga for his perma-
Ph Ph 7 .
7a 7b nent stimulus and support.
(99%) (83%)
Bu Me Ph Supporting Information Available. Experimental de-
=N SN SN tails. Characterization data for aryl nonaflates 1, 5 and
= = Z~ph isoquinolines 4, 7. This material is available free of charge
Ph PMP Ph via the Internet at http://pubs.acs.org.
7c 7d Te
(66%) (54%) (60%)

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

The authors declare no competing financial interest.

2325



