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ABSTRACT
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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  3)4 as catalyst, stable o-alkylpalladium iodide complexes were isolated and
characterizated.

Heck
reaction

1,3-dipolar
cycloaddition

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 typeaccording to the

SK channel blockers, and Mas receptor ligands make themretrosynthetic sequence described in Scheme 1, namely
useful cardioprotective or neuroprotective agénts. through a tandem process involving intramolecular Heck
reaction and intermolecular 1,3-dipolar cycloaddition. Al-

T Universitadi Milano.
¥ Universitadell'Insubria.

(2) For intramolecular Pd-catalyzed reactions, see: (a) Beccalli, E. M;

(1) (@) Boatman, D. P.; Adams, J. W.; Moody, J. V.; Babych, E. D.;
Schrader, T. O. PCT Int. Appl. WO 2005063745, 2005em. Abstr2005
143 133293. (b) Takamuro, I.; Homma, K.; Ishida, A.; Taniguchi, H.;
Onoda, Y. Jpn. Kokai Tokkyo Koho JP 2004115450, 2004em. Abstr.
2004 140, 332509d. (c) Saito, S.; Umemiya, H.; Suga, Y.; Sato, M.;
Kawashima, N. PCT Int. Appl. WO 2003095427, 20@31em. Abstr2003
139 395821z. (d) Fukami, T.; Nonoshita, K.; Sagara, T.; Kishino, H. PCT
Int. Appl. WO 2003014083, 2003;hem. Abstr2003 138 170086. (e)
Takamuro, |.; Homma, K.; Ishida, A.; Taniguchi, H.; Onoda, Y. PCT Int.
Appl. WO 2002079189, 200Zhem. Abstr2002 137, 294881.. (f) Fukami,
T.; Kanatani, A.; Ishihara, A.; Ishii, Y.; Takahashi, T.; Haga, Y.; Sakamoto,
T.; Itoh, T. PCT Int. Appl. WO 2001014376, 200Chem. Abstr200],
134, 207809. (g) Poindexter, G. S.; Antal, |.; Giupponi, L. M.; Stoffel, R.
H.; Bruce, M. PCT Int. Appl. WO 2001013917, 200Zhem. Abstr2001,
134, 193416.

10.1021/0l061693c CCC: $33.50
Published on Web 09/02/2006

© 2006 American Chemical Society

Broggini, G.; Marchesini, A.; Rossi, haaialaagean?002 58, 6673. (b)
Abbiati, G.; Beccalli, E. M.; Broggini, G.; Zoni, 2003

68, 7625. (c) Beccalli, E. M.; Broggini, G.; Paladino, G.; Penoni, A.; Zoni,
C. .2004 69, 5627. (d) Beccalli, E. M.; Broggini, G.;
Martinelli, M.; Paladino, G.; Zoni, 2005 2091. (e)
Abbiati, G.; Beccalli, E. M.; Broggini, G.; Martinelli, M.; Paladino, G.
Swalett2006 73. (f) Beccalli, E. M.; Broggini, G.; Martinelli, M.; Paladino,
G.; Rossi, E uailesi<£2006 2404.

(3) For 1,3-dipolar cycloadditions, see: (a) Broggini, G.; La Rosa, C.;
Zecchi, G Synleft1995 1208. (b) Broggini, G.; Zecchi, Guaihasid 999
905. (c) Arnone, A.; Broggini, G.; Passarella, D.; Terraneo, A.; Zecchi, G.
Smmitimiain 1998 63, 9279. (d) Beccalli, E. M.; Broggini, G.; La Rosa,
C.; Passarella, D.; Pilati, T.; Terraneo, A.; Zecchi 200Q
65, 8924. (e) Broggini, G.; Chiesa, K.; De Marchi, I.; Martinelli, M.; Pilati,
T.; Zecchi, G.hakakagsan?005 61, 3525.


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ol061693c&iName=master.img-000.png&w=232&h=48

amines2a—d in the presence of TEA in DMF at 6TC for

Scheme 1. Retrosynthetic Analysis of 4-Spiroannulated 45 min was followed b_y the addition of Pd(OAC_OO-O5
Tetrahydroisoquinolines equiv), NaCGOs (2 equiv), andn-Bu,NCl (1 equiv) to

p—¢ promote the desired Heck reaction. These conditions match

a 1,3|-digglar those reported for a similar reactibrfter heating at 120
cycloaddition o it H ;
L C for 6 h, the nitrile oxide3 (1.2 equiv) was added as a

R Nr potential reaction partner toward the intermediate 4-hexo-
B methyleneisoquinolines.
| 4-Spiroannulated tetrahydroisoquinolinks-d were iso-
ek X H lated as the final products. In line with the literature data
—— @;N\ _— dealing with nitrile oxide cycloadditions to 1,1-disubstituted
R ethylenes? total regioselectivity (by NMR) was observed.
¢ The 4-5' junction of the isoquinolineisoxazole system was

X § established byH and '3C chemical shifts as well as by
©/\/y AR X YEENLOTY geminal coupling constants (greater than 18Hpf the
though intramolecular Heck couplirfglsave found a broad

methylenic group of the isoxazole ring, which are only
compatible with the 4-position. It must be noted that, when
range of applications in tandem processés,the best of
our knowledge such combined methods are the object of only

A

two dipolarophilic sites were present in the substrats),(
one literature repoftThe derivatives, built from C under Despite obtaining the desired products, the observed yields
well-established versatility of 1,3-dipolar cycloadditions for N Particular, to conduct a deeper search for Heck conditions.
regioselectivity in the cycloadditive process. As an example, potentially suitable for the Heck reaction. The results are
. . o o o
Aiming for the above target, we selected as suitable was obtained in 34% yield along with sizable amounts of
known 3,5—d|chIor0-2,4,6-tr|methylbenzon|tr|Ie OXﬁjQS) Baumann, K. IrHandbook of G-H TransformationDyker, A., Ed.; Wiley-
Jones, C. W 12006 348 609.
Scheme 2. One-Pot Synthesis of Shammme 1996 96, 365. (b) Shibasaki, M.; Vogl, E. M.; Ohshima, T.

no diaddition product was isolated. The overall yields of the
Heck conditions, should be easily and variously spiroannu- S€8med somewhat unsatisfactory. This prompted us to a
the construction of five-membered heterocyclic rifighe For this purpose, we isolated the intermedtzaen quantita-
nitrile oxides were the 1,3-dipolar species leading to spiro- collécted in Table 1, where entry 1 refers to our initial
starting materials 2-iodobenzyl bromidg),(a number of 4) () Link ). T.0rg. React2002 60, 160. (b) Brae, S.; de Meijere,
A. ng Reactipde Meijere, A., Diederich,
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(5) For examples of tandem processes involving intramolecular Heck
Spiro[isoquinoline-4,5isoxazole] Compounds 12004 346, 1533. (b) Dounay, A. B.; Overman, L. E.

one-pot protocol were in the range of-228%.

lated at the exocyclic €C double bond by exploiting the detailed investigation of the single steps of the sequence and,

1,1-disubstitution of the dipolarophile should induce complete V& Yield and submitted it to a variety of conditions

isoquinoline-4,5isoxazole] structures. experiment. Under these conditions, the cyclized pro@act

commercially available allylamineé—d), and the long-
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[
|©Q +
Br
1

R = methyl
R =allyl

\L 60 °C, 45 min

ITIH 2) Pd(OAc), (0.05 equiv)
R Na,CO, (2 equiv)
2a-d n-Bu,NCI (1 equiv), 120 °C, 6 h|
3) ArCNO (3) (1.2 equiv)
120 °C, 18 h

4a-d (22-28%) Me  Cl

Ar= Me

a:
b:
c: R = cyclohexyl Me Cl
d:

R = cyclopentyl
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|Broggini, G.; Molteni, G.; Zecchi, Giainifianimign 1994 59, 8271.

(12) Crystal data: triclinic, space grotpl (No. 2),a = 9.458(2) A;b

one-pot process. As depicted in Scheme 2, the treatment of_ 11.332(2) Ac = 13.604(2) Ao = 76.51(1); 8 = 86.68(2): y = 82.32-
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(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-BusNCI, 1 equiv; PPk 0.2 equiv.c Na,CQ;s, 2 equiv; CsCOs, 2 equiv;
EtN, 3 equiv.

2,4-dimethylisoquinolin-1(R)-one (7) and 4-formyl-2-me- Further evidence is now presented about the unexpected
thylisoquinolin-1()-one @) (Scheme 3). The formation of  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

Scheme 3. Synthesis of Spiro[isoquinoline-4;&oxazole]4a 5a (47%), a third product was isolated by silica gel column
with Isolation of the Intermediates chromatography. ThéH and*3C NMR analysis suggested
| the structure of a Pd complex containing a unity of £Ph
TEA ©['/ The same type of product was obtained when the reaction
1 + 2a ——— ;
DMF, 60 °C Nevio was repeated on the allylamin&s—c (Scheme 4). Two-
98% 5a
PA(OAG), 5% 3 ‘s Scheme 4. Synthesis and Conversion of Heck Intermediates
R, _° . 44 9a—c
Na,CO, (I :N Me  DMF -
n-Bu,N*CI~ 6a o | PdPPhy), N
DMF, 120 °C ° I Et,N \Pd/
31% DMF, 120 °C | N. C_H—>30N i ‘opn
R reflux H A
Me CHO 5a-c 9a-c (55-66%)
X X
N< * N
Me Me BN, @il\ .
o) 0o CH3CN N\R g E;far:ley'ihw
L 8 reflux 6a-c (38-46%) ¢ R = cyclohexyl

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-methylisoquinolibe.
Replacement of DMF with NMP (entry 2) did not give

an improved outcome, while the formation 6 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

Pd(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 catalystin refluxing C5CN in the presence of only g (13) (a) Clique, B.; Fabritius, C.-H.; Couturier, C.; Monteiro, N.; Balme,

(entry 5). At this point, we first verified that the reaction of G. Gasssiens?003 272. ibi Oestreich, M.; Dennison, P. R.; Kodanko,

6a with 3 took place in good yield (72%) and then we J: J; Overman, L. E d2001, 40, 1439. (c)
. P 9 y ( 0) . Danishefsky, S. J.; Masters, J. J.; Young, W. B.; Link, J. T.; Snyder, L. B.;
realized for each substrate the one-pot sequential procedurgagee, T. V.: Jung, D. K.; Isaacs, R. C. A.; Bornmann, W. G.; Alaimo, C.

under the different Heck conditions reported in Table 1. The (Ad-): ﬁogurnaIC. Q.; IFDi Grandi,é/l- iﬂmd%allléi 38463.
: H 0, : cCrindle, R.; Ferguson, G.; McAlees, A. J.; Arsenault, G. J.; Gupta,
best overall yields, ranging from 30 to 45%, were achieved A.; Jennings, M. Csamameastelias 995 14 2741 (€) Kwok, D1.; Farr,

under the conditions of entry 3. R. N.; Daves, G. D., Jijminiteisias 1991 56, 3711.

dimensional NMR experiments (i.e., HETCOR and COSY),
taken on the compound arising from the diallylamibie
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 palladacycleSa—c were 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 baseBrfNEt and
pyridine in CHC}). The capture otr-alkylpalladium Heck
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ation. Moreover, a beneficial stabilization of the intermediate
complexes through coordination of the metal with nitrogen
atom is reported? Only refluxing 9a—c in 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-4,5soxazole] 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 carbor-oxygen bonds, the yields can be considered
satisfactory.

Also, we have brought to light the first example of the
Figure 1. ORTEP drawing of compounglb. Thermal ellipsoids systematic isolation and characterization of thalkylpal-

are drawn at the 50% probability level. Hydrogen atoms are given |adium 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—c may be due to the harsh constraint of
the palladacycle imposed by the bridged junction, which
hinders the cisoid conformation essentigbtbydride elimin-

Acknowledgment. Thanks are due to the Ministero
dell'lstruzione, dell’'Universitee della Ricerca for financial
support. We are also grateful to the Centro Interuniversitario
sulle Reazioni Pericicliche and to Fondazione CARIPLO.

Supporting Information Available: Experimental pro-
cedures, characterization data, aHdand*3C NMR spectra
for compounds4a—d, 6a—c, and 9a—c. Crystal data and
experimental procedures for the X-ray structur®bf This

(14) (a) Burke, B. J.; Overman, L. jmismiianaamiio 2004 126, 16820. material is available free of charge via the Internet at
(b) Nilsson, P.; Larhed, M.; Hallberg, /inminiin ©001 123, http://pubs.acs.org.

8217. (c) Buezo, N. D.; ManchienO. G.; Carretero, J. (Qugtaiatt 2000
2, 1451. 0OL061693C

4524 Org. Lett, Vol. 8, No. 20, 2006


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ol061693c&iName=master.img-005.jpg&w=155&h=153

