OChote

Palladium-Catalyzed Arylation and I /Y
Heteroarylation of Azolopyrimidines N N

. . . . X [ K/N‘R
Javier Mendiold, Isabel Castelloté Julio Alvarez-Buillal
Javier Fernandez-Gadé#ntonio GémeZ, and 1
Juan J. Vaquera*

NH

Departamento de Qmica Ordganica, Universidad de Alcala Me-
28871-Alcalade Henares, Madrid, Spain, and Lab. Variolin A: R =
Janssen-Cilag, C/Ri1Jarama s/n, P6gono Industrial,
45007-Toledo, Spain
NH,
juanjose.vaquero@uah.es NTSN
. Br o Variolin B: R = |
Received September 1, 2005 )\/

I VariolinD: R =CO,Me

NH
B
99
Br ‘\\N

Ar(Het)-B(OH),

or Het-SnR, Hinckdentine
;g'(L;,eFi‘f/)'\”eOH @01) FIGURE 1. Indolizines and natural alkaloids with the pyrrolopyri-
,Me o midine heterocyclic system.
13:X = CH
14:X=N

some simple derivatives by a route with significantly fewer steps
than previous approaches. The method is based on the reaction
A comparative study of the palladium-catalyzed arylation between pyrrolecarboxaldehydes and TosMIC anq constitutes
and heteroarylation of 5-bromoazolopyrimidines shows that the Pest propgdure;eported to date for the synthesis of pyrrolo-
aryl and electron-rich heteroaryl boronic acids gave higher [1:2-CIpyrimidines® o

yields than those obtained using the corresponding aryl and . Recently, we also reported a novel heterocyclization proce-
heteroaryl tributyl stannanes. In contrast, the reaction with o!urg 'for the synthesis of a new series of QSUbSt'tUted azglopy-
electron-poor heteroaryl tributyl stannanes gave better resultsiMidines 3 and 4 by reaction of TosMIC® and TosMIC
than the corresponding boronic acids derivatives with bromomethylazoles (Scheme 1).

' Tricyclic compounds3 and4, specifically methoxycarbonyl
derivatives of the pyrimido[1,&]indole nucleus present in the
Indolizines () are compounds that are generally associated hinckdentine alkaloid and derivatives of the pyridgf34,5]-
with pharmaceutical activities such as antiinflammatory (oxy- pyrrolo[1,2]pyrimidine system, which is the heterocyclic core

genase inhibitors), antitumor (alkylating), or even CNS activity. ~of the variolin alkaloids, exhibited interesting vanilloid activity.
A number of aza-indolizines (pyrrolodiazines) (for example,
1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazine derivati@sexhibit (5) (a) Perry, N. B.; Ettouati, L.; Litaudon, M.; Blunt, J. W.; Munro, M.
antihypertensive, ischemic, anxiolytic, and equistomicidal activi- (H; ?:a P”’frfllgrn, DS-i]H%I%er} F%etghﬁ{gﬂ;?%ﬁﬁgt?ggh (R}I Tg:ng{ﬂghltv
L . .. . Fau y, N. B.; Ettouati, L.; Litaudon, M.; Blunt, J. W.;
_t|es, and the pyrrolo[_l,Z:ipyrlm_ldlng SyStem_ (6-azaindolizine) Munro, M. H. G.; Jameson, G. Bletrahedron1994,50, 3993.

IS present in the marine alkaloid hlandentlne, some analogues (6) Minguez, J. M.; Vaquero, J. J.; Garcia-Navio, J. L.; Alvarez-Builla,
of which have cataleptogenic activityand in the variolins, a  J. Tetrahedron Lett1996,37, 4263.

Het = heteroaryl

family of alkaloids isolated from the Antarctic spongérk- (7) Minguez, J. M.; Vaquero, J. J.; Alvarez-Builla, J.; Castafio, O.;
o ) . . = . Andrgs, J. L. J. Org. Cheml999,64, 7788.

_patnckla varialosa, which have antitumor and antiviral activ- (8) Mendiola, J.: Minguez, J. M.; Alvarez-Builla, J.; Vaquero, Ddg.

ity45 (Figure 1). Lett. 2000,2, 3253.

Studies carried out in our laboratory on pyrrolodiazine _ (9) Mendiola, J.; Baeza, A.; Alvarez-Builla, J.; Vaquero, JJJOrg.

. . S Chem.2004,69, 4974.
chemistry led to the synthesis of pyrrolo[ichyrimidine and (10) Baeza, A.; Mendiola, J.; Burgos, C.; Alvarez-Builla, J.; Vaquero,

J. J.J. Org. Chem2005,70, 4879.

T Universidad de Alcdla (11) For a leading reference on vanilloid antagonists, see: Szallasi, A.;

* Poligono Industrial. Appendino, GJ. Med. Chem2004,47, 2717. For recent contributions to

(1) (a) Dalla Croce, P.; La Rosa, Eleterocycles2001,55, 1843. (b) this field, see: (a) Appendino, G.; Daddario, N.; Minassi, A.; Moriello, A.
Basavaiah, D.; Rao, A. Jetrahedron Lett2003,44, 4365. (c) Okano, T.; S.; De Petrocellis, L.; Di Marzo, VJ. Med. Chem2005, 48, 4663. (b)

Sakaida, T.; Eguchi, S. Org. Chem1996 61, 8826. (d) Grigg, R.; Duffy, Swanson, D. M.; Dubin, A. E.; Shah, C.; Nasser, N.; Chang, L.; Dax, S.
L. M.; Dorrity, M. J.; Malone, J. F.; Rajviroongit, S.; Thornton-Pett, M.  L.; Jetter, M.; Breitenbucher, J. G.; Liu, C.; Mazur, C.; Lord, B.; Gonzales,
Tetrahedron1990,46, 2213. L.; Hoey, K.; Rizzolio, M.; Bogenstaetter, M.; Codd, E. E.; Lee, D. H,;
(2) (a) Jdirkovsky, I. L. U.S. Patent 4,188,389, 1980. (b) Romero, G. S.; Zhang, S.-P.; Chaplan, S. R.; Carruthers, NJ.IMed. Chem2005, 48,
Franco, F.; Castaneda, A. C.; Muchowski, J. M. U.S. Patent 5,041,442, 1857. (c) Gomtsyan, A.; Bayburt, E. K.; Schmidt, R. G.; Zheng, G. Z,;
1991. (c) Rover, S. Eur. Patent 521,368, 1993. (d) Seredenin, S.; Voronina, Perner, R. J.; Didomenico, S.; Koenig, J. R.; Turner, S.; Jinkerson, T.; Drizin,
T. A.; Likhosherstov, A. M.; Peresada, V. P.; Moladavkin, G. M.; Halikas, I.; Hannick, S. M.; Macri, B. S.; McDonald, H. A.; Honore, P.; Wismer,
J. A. U.S. Patent 5,378,846, 1995. (e) Kuhla, D. E.; Lombardino, J. G. C. T.; Marsh, K. C.; Wetter, J.; Stewart, K. D.; Oie, T.; Jarvis, M. F;
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Thirasasana, NTetrahedron Lett1987,28, 5561. N.; Han, N.; Kelly, M. G.; Kincaid, J.; Klionsky, L.; Liu, Q.; Ognyanov,
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In an effort to obtain an improvement in the activity, we initiated
a search for new derivatives of these tricyclic azolopyrimidines.
We report here a comparative study involving the preparation
of derivatives from 5-bromo-3-methoxycarbonylpyrimido[1,6-
alindole (5) and 5-bromo-7-methoxycarbonylpyrimida:4,5]-
pyrrolo[1,2-c]pyrimidine (6) through palladium-catalyzed re-
actions (Stille and Suzuki) to introduce aryl and heteroaryl
substituents in the C5 position of both azolopyrimidine systems.

Palladium-promoted cross-coupling reactions have been suc-

cessfully employed in the functionalization of some halopyrroles
and indole¥ and therefore we decided to explore palladium-
catalyzed CG-C bond formation methods to achieve an efficient
preparation of target compound8 and 14. With this aim in
mind, compounds and 6 were prepared according to the
previously reported procedufé.Our initial strategy was to
convert both tricyclic compounds into the heteroaryRimand
heteroaryl boronic acidO derivatives to test the well-known
Stille’®4 and Suzuki>16 reactions with a variety of com-
mercially available aryl and heteroaryl halides. The preparation
of stannané initially seemed a straightforward goal since 2-
and 3-(trimethylstannyl)-7-azaindole have previously been
prepared by reaction of the corresponding lithiated indoles with
trimethyltin chloride!” However, all our attempts to prepa®e

by this methodology were unsuccessful. Attempts to synthesize

heteroaryl boronic aci@lO using either trimethoxyborane or the
more selective triisopropoxylborane as reagents with the (pre-
sumably) lithiated heterocyclé@sand8 (generated by treatment
of 5 and 6 with nBuLi at —78 °C in THF) were also

JOCNote

The one-step procedure reported by Miyaura and co-workers
for the preparation of aryl boronic esters was also te$st@tiis
procedure is based on a palladium-catalyzed coupling reaction
of the pinacol ester of diboron ariland 6, but this approach
also failed and decomposition of the haloheterocycles was
observed. Finally, we studied the formation @fusing the
coupling reaction betweeh and hexamethyldistannane in the
presence of a palladium cataly8tJnder the conditions shown
in Scheme 2, compourkldid not react to any significant extent
and decomposition products, the starting material, tracé&s of
and the homocoupling compoudd (<5%) were identified in
the reaction mixture after 48 h at room temperature. The addition
of a fluoride source and/or a change in the palladium catalyst
did not significantly improve the formation of stanna®and,
in these casesl1 was the main reaction product, albeit in a
very low yield (5%).

The strategy attempted here is based on the synthesis of the
azolopyrimidine stannan@ or boronic acidl0 as partners in
the Stille and Suzuki reactions to introduce diversity in the C-5
position of 5 and 6. However, the failure of this approach led
us to explore the use of these bromo derivatives as electrophilic
reagents with aryl- and heteroaryl boronic acids and stannanes.
A comparative study of both haloheterocycles was carried out
with tributylphenyl stannane and phenyl boronic acid. The
results showed that coupled compounds were formed in these
reactions, although yields were clearly higher on using Suzuki
conditions when compared with those obtained under the Stille
reaction. A summary of the reaction conditions and yields is
given in Table 1 for substrate.

It can be seen that the best yield of the desired coupled
compound13a was obtained with phenyl boronic acid in a
mixture of toluene/MeOH (20:1) as solvent and using palladium
tetrakistriphenylphosphine as the catalyst (Table 1, entry 2).
Although the reaction proceeded much more slowly in the
absence of water, the use of an anhydrous bas€Qk
suspended in toluene clearly afforded a better yield, probably
due to the stability ob to ester hydrolysis under nonaqueous
conditions (Table 1, entry 1).

The reaction ob with tributylphenyl tin was first attempted

unsuccessful. Further studies demonstrated the instability of bothUSiNg typical conditions (Table 1, entry 3). The reaction did

of these bromoheterocycles to different metalation conditions,
with extensive decomposition of the heterocycles observed in
the attempted quenching of the lithiated intermediates with
deuterated water.

(12) (a) Cacchi, S.; Fabrizi, GChem. Re»2005,105, 2873. (b) Li, J.

J.; Gribble, G. W.Palladium in Heterocyclic Chemistry; Pergamon:
Amsterdam, 2000. (c) Lane, B. S.; Sames{pg. Lett.2004,6, 2897. (d)
Castellote, |.; Vaquero, J. J.; Fernandez-Gadea, J.; Alvarez-BuillaQig.
Chem.2004,69, 8668.

(13) (a) Milstein, D.; Stille, J. KJ. Am. Chem. S0d.978,100, 3636.
(b) Milstein, D.; Stille, J. K.J. Am. Chem. S0d.979,101, 4992.

(14) (a) Stille, J. K. Angew. Chem., Int. Ed. Engl986, 25, 508. (b)
Farina, V.; Krishnamurthy, V.; Scott, W. The Stille Reaction; Wiley &
Sons: New York, 1998.

(15) (a) Miyaura, N.; Yamada, K.; Suzuki, Aetrahedron Lett1979,

20, 3437. (b) Miura, N.; Suzuki, AChem. CommuriL979, 866.

(16) (a) Miyaura, N.; Suzuki, AChem. Rev1995,95, 2457. (bMetal-
Catalyzed Cross-Coupling Reactions; Diederich, F., Stang, P. J., Eds;
Wiley-VCH: New York, 1998. (c)Cross-Coupling Reactions: A Practical
Guide Miyaura, N., Ed.; Topics in Current Chemistry Series 219; Springer-
Verlag: New York, 2002. (dHandbook of Organopalladium Chemistry
for Organic SynthesjNegishi, E.-i., Ed.; Wiley-Interscience: New York,
2002.

(17) (a) Fernandez, S. Thesis, Universidad Politécnica de Barcelona,
Barcelona, Spain, 2001. (b) Alvarez, M.; Fernandez, D.; Joule, J. A.
Synthesisl999,4, 615.

not take place at room temperature, and heating the mixture to
80 °C resulted in extensive hydrolysis of the ester group, with
the corresponding acid formed in more than 50% vyield. The
use of toluene as a solvent to avoid ester saponification resulted
in the formation ofl3ain 58% vyield (Table 1, entry 4), but
complete reaction required heating and a longer reaction time.
A slight increase in the solvent polarity (20:1 mixture of toluene/
MeOH) was found to be moderately beneficial for the yield of
the reaction, which increased to 63% (Table 1, entry 5). A
change in the palladium catalyst and the phosphine did not
improve the yield (Table 1, entries 6 and 7). Finally, when the
reaction was conducted in dimethylacetamide (DMA) in the
presence of Rddba)/P(o-tol), 13awas obtained in only 24%
yield (Table 1, entry 8) with the corresponding dehalogenated
compound also formed in 20% yield.

Comparison of the results obtained in the reactio ahd
phenyl boronic acid or tributylphenyl tin shows that they are
very similar to those shown in Table 1 fér Therefore, the

(18) Ishiyama, T.; Murata, M.; Miyaura, NJ. Org. Chem1995, 60,
7508.

(19) (a) Stille, J. K.Angew. Chem., Int. Ed. Engl986, 25, 508. (b)
Azizian, H.; Eaburn, C.; Pidcock, Al. Organomet. Chen1981,215, 49.
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TABLE 1. Optimized Suzuki and Stille Reactions on 5 6 with 3-thienyl boronic acid afforded only a modest yield (40%)
Br Ph of 14h (Table 2, entry 13). Curiously, both benzoazolyl boronic
PhB(OH), or PhSnBu, \ acids failed to react with6 under the optimized reaction
N ’\\‘\ \ conditions used for the other aryl boronic acids. Although a
~ \ =N TCOMe clear correlation between electronic effects and chemical yields
CO,Me
N z 13a cannot be deduced from the above results, the results of the
5 reactions with benzoazolyl boronic acids seem to suggest that
electronic effects have a greater impact on the yield for substrate
stannane/ isolated 6 than for5.
baronic » yield To further explore the electronic effects in the coupling
entry acid conditions (%) . ;i . . . .
reactions withb and6 and, at the same time, to achieve diversity
1 PhB(OH}) tO"é%Qg/ybﬁorg;?&/ K2COs 63 in terms of substitution, electron-poor heteroaryl boronic acids
5 PhB(OH) tquene/Me?)H/PgCO3 Pd(PPH),, 85 were also subjected to the reaction conditions. In sharp contrast
reflux to results obtained with electron-rich heteroaryl boronic acids,
3 BwSnPh DMF/Pd(PPJ/LICI, 80 °C - 5 did not react to any appreciable extent with 3- and 4-pyridyl
g Swgngﬂ to:ue”ejad(opﬁ?ﬁgegux gg boronic acids. This unexpected failure led us to retry the Stille
te=n tor‘:]?lﬂi € (Bl reaction with heteroaryl stannanes as coupling partners for
6 BusSNnPh toluene/MeOH/R(tiba)y/P(o-tol)s, 23 and 6 (Sc.h.eme 3). Our previous studies a@med at pptimizing
reflux the conditions forl3a showed that the highest yield was
7 BusSnPh tO'“%ne/MGOH/Pd(AC@PPm 19 obtained using Pd(PB)R as a catalyst in toluene/MeOH (Table
refiux it H
8 BuwSnPh DMA/Pd(dba)y/P(o-tol) r.t. o4 1, entry 5), and these conditions were therefore used in the

Suzuki reaction was chosen as the most suitable method for

the efficient aryl functionalization of the C-5 position in bdh
and6. A variety of commercially available aryl and heteroaryl
boronic esters were reacted withand 6 under the optimal
conditions shown in Table 1 (entry 2) for the synthesi4 84.
The results of these reactions are shown in Table 2.

It can be seen from Table 2 that the palladium-catalyzed C-5
arylation of compouné is not particularly sensitive to electronic

attempted coupling reactions between some azinyl stannanes
and5 and®6.

These conditions were appropriate to obtain the coupling
product betweer6 and 2-pyridyl stannane or 2-methylthio
4-pyrimidyl stanann® in moderate yields (Table 3, entries 2
and 5). These conditions also proved successful for the synthesis
of the phenylethynyl derivativé6d, albeit in lower yield (36%)
(Table 3, entry 7), but failed to give the coupling product with
3-pyridyl stannane (Table 3, entry 4). The coupling reactions
between these stannanes &ware more problematic, and only

effects and aryl boronic acids bearing glegtron-withqlrawing O modest yields of the coupling product were obtained (Table 3,
electron-donating groups produced similar isolated yields of the entries 1 and 6). The 3-pyridyl stannane also failed to react with
coupled products. The difference in yields seems to be associateds |, 3 final attempt to improve these yields, we explored the

with the solubility of the aryl derivativel3 in the reaction
medium, with less soluble compounds isolated in higher yields.
Compounds exhibits a similar reactivity t& in reactions with
aryl boronic acids, although isolated yields are comparatively
lower in some cased8aversusl4a, Table 2, entries 1 and 2,
and 13f versusl14f, Table 2, entries 8 and 9).

The most significant difference in reactivity betwegmand
6 was observed in the reactions with heteroaryl boronic acids.
The reactions 05 with 3-thienyl boronic acid and 2-benzothien-
yl boronic acid proceeded in excellent yields (87% and 97%,
respectively, entries 12 and 14 in Table 2). Furthermore,
2-benzofuranyl boronic acid afforded the coupled compound
13jin 67% yield in the reaction with, whereas the reaction of

1256 J. Org. Chem.Vol. 71, No. 3, 2006

use of other catalysts [R@bay and Pd(OAc)] and ligands
[P(o-tol); and PPH|, but results showed a very limited influence
of the catalytic system on the reaction yield, which did not vary
appreciably.

In conclusion, palladium-catalyzed arylation and heteroaryl-
ation of 5-bromo-3-methoxycarbonylpyrimido[lafindole and
5-bromo-7-methoxycarbonylpyridd[2":4,5]pyrrolo[1,2€]-
pyrimidine using aryl- and heteroaryl boronic acids and stan-
nanes have proven to be a practical means to introduce aromatic

(20) (@) Majjed, A. J.; Antonseng.; Benneche, T.; Undheim, K.
Tetrahedron1989,45, 993. (b) Avarez, M.; Fernandez, D.; Joule, J. A.
Tetrahedron Lett2001,42, 31.



TABLE 2. Suzuki Coupling of 5 and 6 with Aryl and Heteroaryl
Boronic Acids

Br = A
\/ I Ar-B(OH),/K,CO;, YA

X Toluene/MeOH (20:1) N

P come Pd(PPh,), N~ “COMe
13:X=CH
g i - ﬁH 14:X=N
entry  boronic acid bromo coupled compound yield (%)
azolopyrimidine
| 5 =P 13a(X=CH) 85
®_ % /N\
2 6 L 1da(X=N) 66
N E

3w )— 5 13b 68

s O 5 13 56

5 5 13d (X =CH) 49

MeO*@-
6 6 14d (X=N) 5
7 Mes—@— 5 13e 71

Cl
8 >>: 5 . Bf(x=cH 87
9 o 6 %L 14£(X = N) 60
|
k\N E
CHO

10 5 13g (X =CH) 7

OHCO— '/

Y
1 6 XL | 14g (X =N) 65
I\\N E
"
12 5 U8 13h(X=CH) 89
B O
13 s 6 TN 14h (X =N) 40
k\N E

14 5 13i (X=CH 97

—/j@ ( )

15 s 6 14i (X =N) -
13§ (X = CH) 67
14j (X =N) -

SCHEME 3

Het-SnBu,

Het-B(OH),/K,CO,

——— /= 1518

Het = azinyl

and heteroaromatic diversity on the pyrrole ring of these tricyclic
azolopyrimidines. The Suzuki reaction is particularly useful with

aryl and electron-rich heteroaryl boronic acids when compared
with the Stille reaction. However, the latter approach is the

JOCNote

TABLE 3. Stille Coupling of 5 and 6 and Heteroaryl Stannanes

. Br
A
X N 1
\QN COMe T4

Het

=

Het-SnR, S 3
luene/MeOH (20:1) N
Pd(PPh), Sy coyme
EXN 15:X = CH
16:X=N
entry  stannane bromo coupled compound yield (%)
azolopyrimidine
1 _ 5 152 (X=CH) 23
-
6 16a (X =N) 42
3 N= S 15b (X = CH) -
U
6 16b (X =N) -
MeS,
—N
5 < \ 6 16¢ 63
N
6 <:> _ 5 15d (X = CH) 26
7 6 16d (X =N) 36

method of choice to produce substitution with electron-poor

heterocycles because of the failure of the Suzuki reaction with
electron-poor boronic acids. These reactions give the coupled
products in moderate yields.

Experimental Section

General. General experimental details can be found in the
Supporting Information.

Synthesis of Derivatives 13 and 14. General Procedur&o a
mixture of5 (or 6) (1.0 mmol), the aryl or heteroaryl boronic acid
(1.0 mmol), and KCO3 (192 mg, 1.4 mmol) in toluene/MeOH (20:

1) (25 mL) was added Pd(PBh(57 mg, 0.049 mmol) under argon,
and the mixture was heated under reflux. The workup of the reaction
mixture is detailed for each compound in the Supporting Informa-
tion.

Synthesis of Derivatives 15 and 16. General Procedur&o a
suspension db (or 6) (1.0 mmol) in toluene/MeOH (20:1) (5 mL)
was added the corresponding heteroaryl stannane (1.0 mmol) and
Pd(PPB)4 (12 mg, 0.01 mmol) under argon. The mixture was heated
under reflux for 14 h. The workup of the reaction mixture is detailed
for each compound in the Supporting Information.
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