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Abstract: The efficient and regioselective synthesis of various bis hesane: 0°C- Z
. d . K exane; 0°C; 1th

heterocyclic compounds was performed using a regioselective or@\ > /El

pot lithiation—transmetallation—cross-coupling of 2-methoxypyri- SN~ ome 215080 @35ea) - g o~ SN OMe

dine. . THEF;-78°C; 1h s
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oxy-6-(tributylstannyl)pyridine, 6-bromozinc-2-methoxypyridine HetArX{eq) (& |
toluene ~
reflux; 12h Hetar” N7 “OMe

In the course of our ongoing research on the synthesis of 4

new bis-heterocycles,'~3 we have developed a new basic
system BuLi—-MgN(CH,),OLi (BuLi—-LiDMAE) allow-
ing an unusual and regioselective metallation of 2-hetero-

substituted pyridines at their C-6 positf8.This led us 1) BuLiLIDMAE (eq.) _ [PA°(PPhs),] (Smol%)
to envision the use of the intermediate 2-alkoxy-6-lithi, hexane; 0°C; 1h r /(j\

Scheme 1

| HetArX (2.5eq.) 4
opyridine as a precursor for coupling reactions with he 2 CiSoBu; 2.5¢q) LBMSH N”>OMe|  hexne-THF

eroaromatic compounds. In this context, we have recen A THG78C 1h 2 reflux 150

shown that 2-alkoxy-6-lithiopyridine and 6-lithio-2-meth-scheme 2

ylsulfanylpyridine underwent nucleophilic coupling reac-

tions3¢ Indeed, these intermediates were reactive enough

to perform a direct addition onto the azomethine bond of

pyridines, pyrimidines, pyrazines and quinolines. This

method was found particularly simple and convenient 6 these conditions, bis-heterocycles were obtained in
prepare 2,2'-bis-heterocyclic compounds. yields comparable to the overall ones obtained from iso-
lated2 (31-46%, see Table). Note that the reaction was
performed in a hexane—THF mixture and not in the classi-
ﬁ@l aromatic solvents (toluene or xylene).

On the other hand, the palladium-catalysed couplirig
organozincatésor organostannanesvith (het)aryl ha-
lides appeared as an efficient way to obtain unsymmet
cal compounds. Thus, we thought that this method couldese first results were promising but the moderate yields
be efficiently used to prepare 2,x-bis-heterocycles froappeared as limiting for a synthetic purpose. Thus, we de-
6-lithio-2-methoxypyridine. In this paper we present theided to study the reactivity of in situ generated 6-bro-
in situ preparation of 2-methoxy-6-(tributylstannyl)pyri-mozinc-2-methoxypyridine (Scheme 3) since organozinc
dine and 6-bromozinc-2-methoxypyridine and their colspecies are well known as highly reactive intermediates in
pling reactions with various heterocyclic compounds. ~palladium-catalysed coupling reactions.

We first examined the reactivity of isolated 2-methoxy-6-
tributylstannylpyridine2 (method A) obtained in 78% ) BULLLDMAR (6q) [PaePPhy)] (molte)
yield by transmetallation of lithiated 2-methoxypyridine _ ewne, orc, mor { HOUATK (2.500)

with CISnBy in THF at —78 °C (Scheme 3. 2)ZnBr, (250q) LBan SN~NOMe|  hexane-THF
In the presence of 5 mol% of Pd° (Pd(BPhwe found THE TG th reflux; 12
that 2 reacted with various brominated heterocycles in

moderate 43-57% yields (Table). In addition, the crosSeheme3

coupling proceeded as well with 2-pyridyltriflate. The

main drawback of this method was the isolation of orga- ) )
nostannan@. Consequently we tried to perform the corAAfter some exploratory experiments we determined that

responding one-pot reaction (Method B) (Scheme 2). 2.5 equiva_lents of _angrled to .the best resu]ts with both
heterocyclic bromide and triflate. In addition, only 3
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mol% of Pd°® (Pd(PPRJy) were necessary to obtain the'H and *C NMR spectrawere recorded on a Bruker spectrometer at

products in good 64—74% yields (see Table). 400 and 100 M Hz, respectively, with TMS asinternal standard and
CDCl,; as solvent. GC-M S measurements (El) were performed on a

It appeared that, in all examples, the yields were highgpsg71A spectrometer. Elemental analyses were performed by the
than those obtained with the organotin derivaBiv&his  Service Central d'Analyses du CNRS (Vernaison, France). 2-Py-

observation was in agreement with those of Queguinedy! trifluoromethanesulfonate was prepared according to refer-
and co-workers during the coupling of other methoxyence 7. All other reagents were commercially available and were
bearing heterocycle€éin addition, the organozinc speciegPUrified or used as such. Hexane, THF and toluene were distilled
offered good stability. Indeed, no loss of efficiency wad'd Sored over sodium wire before use.

observgd even Whgn coupling was performed after stirri@g\ﬂ ethoxy-6-(tributylstannylpyridine (2)*: General Proce-
the white suspension of organozincate for 12 h at roof, o ’

temperature. Finally, the efficient recovery of the COoux solution of 2-(dimethylamino)ethanol (720 mg, 8 mmoles) in
pling products was another practical advantage as zinciaéxane (5mL) was cooled at ca. -5 °C and BuLi wag({llp16

ed side products were much more easily eliminated themnoles) was added dropwise under After 30 min at 0 °C, a so-
organotin ones. lution of 2-methoxypyridine (430 mg, 4 mmoles) in hexane (5 mL)

. . was added dropwise. After 1 h a deep green color was observed. The
As a conclusion, we have shown that the direct C-6 m&jution was cooled at —78 °C and a solution of CIS{B25 g, 10

allation of 2-methoxypyridine allowed the efficient prepmmoles) in THF (20 mL) was added dropwise. After 1 h at this tem-

aration of organotin and organozinc species. Their ongerature, the mixture was treated in order to is@ghéethod A) or

pot palladium-catalysed coupling afforded various newsed as such (Method B).

bis-heterocyclic compounds in a regioselective way. H NMR: § = 0.92 (t,J = 7 Hz, 9H), 1.10-1.25 (m, 6H), 1.35 (m,
6H), 1.5 (t,J = 8 Hz, 6H), 3.90 (s, 3H), 6.55 (d, 7.8 Hz, 1H), 7.00
(d,J=7.8 Hz, 1H), 7.35 (1] = 7.9 Hz, 1H).

Table Palladium-Catalysed Coupling of 2-M ethoxy-6-(tributylstannyl)pyridine (2) and 6-Bromozinc-2-methoxypyridine (3) with HetArX

Organometallic Reagent

“ . =
s |
Bussn N™ “OMe BiZu” N7 OMe
2 3
HetArX Product Method? Yield%® Yield%Pbe

& / A 56
s 4 B 46 64
N° "Br
Br A 57
“ O—Q 4 B 37 70
SN

F |N {I‘i A 53
SN Br N 4 B 43 65

Br \(\ N A 55
| B 40 74

z Br A 43
< e B 35 68

N
C
N

A 46

7 4 B 31 65

N/ N
=N N=
OMec
N\ _ /7 N
N= N=
OMc
7N\
_ N=
OMe
N
Y «
N= N=
OMc
/7 N\_/ N
N= N=
OM
5‘ /N
/ N=
OMe
7 N\ _/ N
=N N=
OMe

~ A 53
. O—(t} 4a B 45 70
N OT{

a@Method A: coupling performed on 2 mmoles of 2; Method B: one-pot coupling performed on 4 mmoles of 2-methoxypyridine;
b one-pot coupling performed on 4 mmoles of 2-methoxypyriding;
¢ |solated yields after purification on a Chromatotron (hexane-EtOAC).
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13C NMR: § = 9.6, 13.4, 27, 28.7, 52.8, 108.6, 125.6, 135.5, 162.8,  3-(6-M ethoxy-2-pyridyl)quinoline (4e)

170.3. Mp 87 °C.

o _ o IH NMR: § = 4.07 (s, 3H), 6.75 (d = 8 Hz, 1H), 7.45 () = 7.5
Coupling with 2-Methoxy-6-(tributylstannyl)pyridine (2) Hz, 1H), 7.53 (dtJ = 7, 1 Hz, 1H), 7.65 (df] = 7.5, 0.5 Hz, 1H),
Method A 7.70 (dtJ=7.5, 0.5 Hz, 1H), 7.89 (d,= 8 Hz, 1H), 8.14 (d)= 8.5

To a solution of isolated 2-methoxy-6-tributyltinpyridine 2 1z 1H), 8.70 (dJ = 1.8 Hz, 1H), 9.60 (d] = 2.2 Hz, 1H).
796 mg, 2 mmoles) in toluene (20 mL ere added Pd(PPh
(796 mg, ) in toluene (20 mL) w (PPa)s 15 NMR: 6 = 53.8, 1106, 1135, 127.3, 128.2, 128.8, 129.6,

(115 mg, 0.1 mmol, 5mol%) and the appropriate triflate or halide (2

mmoles). The mixturewas refluxed for 12 h. After cooling at r.t. the 130.15,131.9, 133.7, 139.7, 148.5, 149.8, 152.4, 164.4.
mixture was poured into asat. KF (25 mL). The organic layer was ~ MS (El) vz = 237 (15, M+1), 236 (100, M), 235 (91, M1), 207
then separated, washed with H,O (25 mL) and dried (MgSO,). After  (22), 192 (5), 177 (3), 151 (4), 140 (3), 118 (8), 103 (7), 89 (6), 76
evaporation of the solvent, the crude product waspurifiedonachro-  (10), 63 (4), 51 (3).

matotron using hexane/EtOAC mixtures as eluents. 4-(6-Methoxy-2-pyridyl)isoquinoline (4f)

o . . Mp 95 °C.
E:Ac:tjﬁcl):jngwnh 2-Methoxy-6-(tributylstannyl)pyridine (2) IH NMR: 6 = 3.99 (s, 3H), 6.84 ()= 8.5 Hz, 1H), 7.22 (d] = 7
The solution of 2 in hexane/THF was heated to 25 °C and PdggPh HZ; 1H), 7.62 (dtJ = 7, 0.8 Hz, 1H), 7.71 (dg = 7, 1.5 Hz, 1H),
(230 mg, 0.2 mmol, 5mol%) and the appropriate triflate or halidé 3 (:J=7.5 Hz, 1H), 8.04 (d=8 Hz, 1H), 8.37 (d, 8.5 Hz, 1H),
(10 mmoles) were added. The mixture was refluxed for 18 h. Aft& 70 (s, 1H), 9.30 (s, 1H).
cooling at r.t. the mixture was poured into a sat. KF (25 mL). TH6C NMR:§ = 53.9, 110.3, 118.1, 125.4, 127.6, 128.3, 129.0, 131.0,
organic layer was then separated, washed wjtb 25 mL) and 131.8, 134.2, 139.6, 143.9, 153.4, 154.2, 164.2.

dried (MgSQ). After evaporation of the solvent, the crude produc,(/IS (EN) m/z 237 (14, N#1), 236 (94, M), 235 (100, M-1), 221

was purified on a chromatotron using hexane/EtOAc mixtures ?56) 205 (23), 192 (17), 151 (6), 76 (10), 63 (4), 51 (2)
eluents. ' ’ ' ' ’ ’ '

Coupling with 6-Bromozinc-2-methoxypyridine (3) References

A solution of 2-(dimethylamino)ethanol (720 mg, 8 mmoles) in .

hexane (5mL) was cooled at ca -5 °C and BuLi was (10 mL, 1¢1) Fort, Y.; Becker, S.; Caubére, Tetrahedron 1994, 41,
mmols) was added dropwise under Nfter 30 min at 0 °C, a solu- 11893.

tion of 2-methoxypyridine (430 mg, 4 mmols) in hexane (5 mL) was __ Fort, Y. Tetrahedron Lett. 1995, 36, 6051.

added dropwise. After 1 h a deep green color was observed. The sg&) Brenner, E.; Fort, YTetrahedron Lett. 1998, 39, 5359.
lution was cooled at —78 °C and a solution of anhyd Z(®Bp4 g,  (3) (&) Gros, Ph.; Fort, Y.; Caubere)RChem. Soc. Perkin Trans.
10 mmols) in THE (20mL) was added dropwise. After 30 min at | 1997, 20, 3071. . ,

—78 °C and 30 min at r.t., Pd(P§(140 mg, 0.12 mmol, 3mol%) (b) Gros, Ph.; Fort, Y.; CaubereJ>Chem. Soc. Perkin Trans.
and the appropriate triflate or halide (10 mmols) were added. The 111997, 24, 3597. .

mixture was refluxed for 12 h. After cooling at r.t. the mixture was  (€) Gros, Ph.; Fort, ¥J. Chem. Soc. Perkin Trans. | 1998, 21,
quenched with a sat. N8I (25 mL). The organic layer was then 3515. . ,
separated, washed with,® (25 mL) and dried (MgSQ After  (4) (&) Yamamoto, Y.; Azuma, Y.; Mitoh, i3ynthesis 1986, 564
evaporation of the solvent, the crude product was purified on a chro-  (0) Bell, A.; Roberts, D.; Ruddock, Retrahedron Let. 1988,

matotron using hexane/EtOAc mixtures as eluents. 39, 5013. ) )
(c) Trecourt, F.; Gervais, B.; Mallet, M.; Queguiner,JCrg.

Chem. 1996, 61, 1673.

6-methoxy-2,2'-bipyridine 4a)®8 and 6-methoxy-2,3'-bipyridine (d) Jetter, M.; Reitz, ASynthesis 1998, 829.
(4b)°® were found identical (spectroscopic data) to authentic sam- (e) Miller, J.; Farrell, RTetrahedron Lett. 1998, 39, 6441.
ples. (f) Schmidt, B.; Neitemeier, \Synthesis 1998, 42.

2-(6-M ethoxy-2-pyridyl)pyrimidine (4c) (5) Knochel, P.; Singer, RChem.Rev. 1993, 93, 2117 and refe-

; ited therein.
Oil, 'H NMR: § = 4.09 (s, 3H), 6.87 (dd, 8.75= 0.75 Hz, 1H), 7.25 rences ci
(t,J = 4.8 Hz, 1H), 7.70 (dt, 7.5,= 0.75 Hz, 1H), 8.06 (dd,= 7, (6) gtt:ellgz,tﬁérlé.iZureAppl. Chem. 1985, 57, 1771 and references
0.75 Hz, 1H), 8.87 (d] = 4.5 Hz, 2H). (7) Keumi, T.; Yoshimura, K.; Shimada, M.; Kitajima, Bull.
BC NMR:8 = 53.9, 113.2, 117.5, 120.4, 139.6, 152.8, 157.9, 164.2, " Chem. Soc. Jpn. 1988, 61, 455.

164.7. (8) Pojer, P. M.; Summers, L. A. Heterocycl. Chem. 1974, 11,
MS (El) m/z 188 (6, M+1), 187 (58, M), 186 (100, M-1), 156 303.

(32), 130 (11), 104 (11), 93 (7), 78 (8), 53 (6). (9) Dehmlow, E.; Sleeger, Aiebigs Ann.Chem. 1992, 9, 953.
5-(6-M ethoxy-2-pyridyl)pyrimidine (4d)

Mp 120 °C. Article Identifier:

IH NMR: & = 4.03 (s, 3H), 6.80 (d} = 8 Hz, 1H), 7.37 (d) = 7.5  1437-210X,E;1999,0,05,0754,0756 ftx,en; Z08698SS. pdif
Hz, 1H), 7.70 (dtJ = 7, 0.8 Hz, 1H), 9.23 (s, 1H), 9.35 (s, 2H).

13C NMR: 5 = 53.9, 111.8, 113.4, 132.4, 139.9, 149.5, 155.3, 158.8,
164.6, MS (El) m/z 188 (10, M1), 187 (100, N), 186 (70,
M*-1), 159 (33), 143 (14), 132 (12), 130 (17), 103 (12), 76 (15), 63
(8), 51 (8).
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