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A simple and efficient entry to new tetrahydroisoquinolines 4-spiroannulated to a five-membered heterocyclic ring has been achieved starting
from secondary N-allylamines and involving sequential 2-iodobenzylation/intramolecular Heck reaction/1,3-dipolar cycloaddition. A variety of

Heck cyclization conditions were surveyed. When using Pd(PPh
characterizated.

3)4 @S catalyst, stable o-alkylpalladium iodide complexes were isolated and

Spiroannulated isoquinolines are attractive compounds of

Due to our research interest concerning synthesis of

growing pharmaceutical interest as documented by manynitrogenated heterocyclé§,we envisioned the possibility

recent patents. Their activity as neuropeptide Y antagonists,

of assembling spirocompounds of tyBeaccording to the

SK channel blockers, and Mas receptor ligands make themretrosynthetic sequence described in Scheme 1, namely

useful cardioprotective or neuroprotective agénts.
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through a tandem process involving intramolecular Heck
reaction and intermolecular 1,3-dipolar cycloaddition. Al-
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amines2a—d in the presence of TEA in DMF at 6TC for
Scheme 1. Retrosynthetic Analysis of 4-Spiroannulated 45 min was followed by the addition of Pd(OAcf0.05

Tetrahydroisoquinolines equiv), NaCO; (2 equiv), andn-BuNCI (1 equiv) to
P promote the desired Heck reaction. These conditions match
a 1,3-dipolar those reported for a similar reacti®rfter heating at 120
cycloaddition ° o . .
)] — I C for 6 h, the nitrile oxide3 (1.2 equiv) was added as a
“R R potential reaction partner toward the intermediate 4-hexo-

methyleneisoquinolines.
Hock 4-Spiroannulated tetrahydroisoquinolinks-d were iso-
ec

A B
I , A ;
reaction X 2 lated as the final products. In line with the literature data
pre— @/N\ —
R
c

dealing with nitrile oxide cycloadditions to 1,1-disubstituted
ethylenes? total regioselectivity (by NMR) was observed.
The 4-5' junction of the isoquinolineisoxazole system was
X H established by'H and '3C chemical shifts as well as by
@;Y * o ANR o X Y=BrlOTs geminal coupling constants (greater than 18 YHpf the
methylenic group of the isoxazole ring, which are only
compatible with the 4-position. It must be noted that, when

though intramolecular Heck couplirfgsave found a broad ~ WO dipolarophilic sites were present in the substrate),(
range of applications in tandem processes,the best of no diaddition product was isolated. The overall yields of the

our knowledge such combined methods are the object of only ©N€-POt protocol were in the range of 22—-28%. _
one literature repoft The derivatives, built from C under Despite obtaining the desired products, the observed yields
Heck conditions, should be easily and variously spiroannu- Seémed somewhat unsatisfactory. This prompted us to a
lated at the exocyclic C—C double bond by exploiting the Qetallgd investigation of the single steps of the sequence and,
well-established versatility of 1,3-dipolar cycloadditions for N Particular, to conduct a deeper search for Heck conditions.
the construction of five-membered heterocyclic rifighe ~ FOT this purpose, we isolated the intermedizaeén quantita-
1,1-disubstitution of the dipolarophile should induce complete tive Yield and submitted it to a variety of conditions
regioselectivity in the cycloadditive process. As an example, potentially suitable for the Heck reaction. The results are

nitrile oxides were the 1,3-dipolar species leading to spiro- collécted in Table 1, where entry 1 refers to our initial
isoquinoline-4,5'-isoxazole] structures. experiment. Under these conditions, the cyclized pro@act

was obtained in 34% yield along with sizable amounts of

Aiming for the above target, we selected as suitable
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. (6) Grigg, R.; Millington, E. L.; Thornton-Pett, MTetrahedron Lett.
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one-pot process. As depicted in Scheme 2, the treatment of_ {25058 #2953 {540 h20% 2O (1 §gﬁg;§;“fi(§)2§§_

equimolar amounts of 2-iodobenzyl bromidB @nd allyl- (2)° V = 1404.6(4) A,z = 2, CCDC 613934.
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Table 1. Reaction Conditions and Yields for Intramolecular Heck ReactioBeof

entry catalyst® additive/igand® base® solvent T (°C) time (h) yields of 6a (%)
1 Pd(OAc), BusNCl NasCOs3 DMF 120 6 34
2 Pd(OAc), BusNCl NasCOs3 NMP 120 8 26
3 Pd(OAc), PPhs Cs2CO3 DMF 120 6 55
4 Pds(dba)s-CHCl3 PPhs EtsN DMF 120 5 61
5 Pd(PPhs)4 EtsN CH3CN reflux 24 12

apPd(OAc), 5 mol %; Pd(dbay-CHClz, 2.5 mol %; Pd(PP$4, 10 mol %.° n-BuNCI, 1 equiv; PPk 0.2 equiv.c Na,CQ;s, 2 equiv; CsCOs, 2 equiv;

EtN, 3 equiv.

2,4-dimethylisoquinolin-1(2H)-one (7) and 4-formyl-2-me-
thylisoquinolin-1()-one @) (Scheme 3). The formation of

Scheme 3. Synthesis of Spiro[isoquinoline-4,5'-isoxazots
with Isolation of the Intermediates
DMF, 60 °C
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such byproducts is probably due to the thermally induced

isomerization obato 1,2-dihydro-2,4-dimethylisoquinoline,

which in turn could be susceptible to air oxidation. As a
support to this result, we demonstrated that the prolonged

heating of6ain DMF at 120°C led to a mixture containing

7 and 8. It is known that, under the same conditions, the

2-unsubstituted term of general formuaunderwent an

oxidative aromatization to 4-methylisoquinolife.
Replacement of DMF with NMP (entry 2) did not give

an improved outcome, while the formation 6&a was

markedly improved when using the same catalyst in DMF

at 120°C in the presence of @80; as a base and Ppas

a ligand (entry 3). The best result was observed under

Pdy(dba):-CHCI; catalysis in DMF at 120C in the presence
of Et;N and PPh (entry 4). Conversely, the extent of the
Heck reaction dramatically fell when Pd(P{hwas used
as catalyst in refluxing CECN in the presence of only B
(entry 5). At this point, we first verified that the reaction of
6a with 3 took place in good yield (72%) and then we

realized for each substrate the one-pot sequential procedur

Further evidence is now presented about the unexpected
outcome achieved when attempting the Heck cyclization of
5a using Pd(PP¥), as catalyst. In addition to the cyclized
product6a and to a large amount of unreacted allylamine
5a (47%), a third product was isolated by silica gel column
chromatography. ThéH and**C NMR analysis suggested
the structure of a Pd complex containing a unity of RPh
The same type of product was obtained when the reaction
was repeated on the allylaminés—c (Scheme 4). Two-

Scheme 4. Synthesis and Conversion of Heck Intermediates
9a—c

3 /R
| Pd(PPh,), N |
| Et,N N\ s
3 . / /F’g
N\R CH,CN ¥ ! PPh,
5a-c

reflux
9a-c (55-66%)

= @i‘\
—_—
N a: R = methyl
CH,CN R b: R = allyl

reflux 6a-c (38-46%)  ¢: R = cyclohexyl

dimensional NMR experiments (i.e., HETCOR and COSY),
taken on the compound arising from the diallylamiie,
were consistent with a single diastereoisomer of a stable
o-alkyl-Pd—PPh—iodine complex. X-ray diffractrometric
analysi$? unambiguously confirmed the bridged structure
9b, containing a five-membered nitrogenated palladacycle
with trans disposition of the iodine atom and the methylenic
group (see ORTEP representation in Figure 1). Moreover,
when the reactions were performed with a stoichiometric
amount of Pd(PPJy, the palladacycleS8a—cwere isolated

in 55—66% yield. The NMR spectral data indicate the
products9a and9c were formed diastereoselectively. These
complexes were found to be highly stable toward air,
moisture, heat (ethanol at reflux) and baseBr{NEt and
pyridine in CHC}). The capture otr-alkylpalladium Heck

(13) (a) Clique, B.; Fabritius, C.-H.; Couturier, C.; Monteiro, N.; Balme,
G. Chem. Commur2003 272. (b) Oestreich, M.; Dennison, P. R.; Kodanko,
J. J.; Overman, L. EAngew. Chem., Int. Ed2001, 40, 1439. (c)
Danishefsky, S. J.; Masters, J. J.; Young, W. B.; Link, J. T.; Snyder, L. B.;

@ragee, T. V.; Jung, D. K.; Isaacs, R. C. A.; Bornmann, W. G.; Alaimo, C.

under the different Heck conditions reported in Table 1. The A.; Coburn, C. A.; Di Grandi, M. JJ. Am. Chem. S0d.996,118, 2843.

best overall yields, ranging from 30 to 45%, were achieved

under the conditions of entry 3.
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A.; Jennings, M. COrganometallicsl995 14, 2741. (e) Kwok, D.-1.; Farr,
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s ation. Moreover, a beneficial stabilization of the intermediate

complexes through coordination of the metal with nitrogen
atom is reported? Only refluxing 9a—cin CH;CN and in
the presence of Bl promotes their conversion ®a—c.

In conclusion, starting from 2-iodobenzyl bromide and
secondaryN-allylamines, we have successfully developed
an effective one-pot, three-component procedure providing
new spirofisoquinoline-4,5'-isoxazole] structures. The pro-
cedure is based on a sequential intramolecular Heck reaction
and a regioselective intermolecular 1,3-dipolar cycloaddition.
On considering that the sequence involves the overall
formation of one carbonnitrogen, two carborcarbon, and
one carbon—oxygen bonds, the yields can be considered
satisfactory.

Also, we have brought to light the first example of the

Figure 1. ORTEP drawing of compoungélb. Thermal ellipsoids sys.tematic isolatign and charac;terizat_ion of thalkylpal-
are drawn at the 50% probability level. Hydrogen atoms are given l2dium complex intermediate in an intramolecular Heck
with arbitrary radii. reaction promoted by Pd(PBh

Further work is ongoing to apply the same strategy to a
wider range of 2-halo-substituted aryl systems bearing an
allyl moiety and to other 1,3-dipoles.

intermediates with inhibition g8-hydride elimination is not
unprecedented in the literature, but there are only a few
examples? As highlighted by Balme’s worké*an analogous
bridged palladacycle was isolated only when supported on
a naphthyl nucleus. The results of our experiments, to the
best of our knowledge, constitutes the first example of the
systematic isolation of the-alkylpalladium intermediates

in intramolecular Heck processes. The marked stability of
the complexe®a—cmay be due to the harsh constraint of
the palladacycle imposed by the bridged junction, which
hinders the cisoid conformation essentigbtbydride elimin-
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