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The ability of the methoxy group to facilitate the regioselec-
tive lithiation of aromatic and certain simple heterocyclic sys-
tems at a position ortho to the methoxy group has been well
established 2. In this article, we report the usefulness of the
methoxy group in directing the 5-lithiation of 3-methoxy-2-
phenylimidazo[1,2-a]pyridine (2), permitting the sequential
introduction of substituents into first the 5-position and then
the §-position of 2.

The lithiation of the imidazo[1,2-a]pyridine ring system has re-
ceived little attention*>®, The generation of anions either at
position 5 or position 8 from 2,3-disubstituted imidazo[l,2-
alpyridines has not been reported, although the production of
a mixture of 3,5-dilithio and 3,8-dilithio derivatives from 2-
phenylimidazo[1,2-a]pyridine has been claimed’.

N
‘2
S N7 CsHs
OCH3
2

Compound 2 was readily synthesised by reacting the sodium
salt of 3-hydroxy-2-phenylimidazo[l,2-a]pyridine (1)* with
methyl iodide in dimethylformamide.
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The '"H-N.M.R. spectrum of 2 showed the C-5 ring proton as a doub-
let centred at 5="7.9 ppm and the C-7 and C-6 ring protons as complex
triplets centred at §=7.0 and 6.7 ppm, respectively®'". The C-8 ring
proton appeared together with three phenyl protons as a multiplet
centred at §="7.4 ppm, but was discernable as a doublet on addition of
the shift reagent Eu(fod);. When 2 was treated with one equivalent of
either n-butyllithium or lithium diisopropylamide at —70°C and the
resultant anion quenched with deuterium oxide, the 5-deuterated deri-
vative was the predominant product. 'H-N.M.R. studies, utilising the
characteristic C-5 proton doublet at §=7.9 ppm as an index, indicated
95% deuteration. The same 5-deuterated compound was also obtained
from 2 when two equivalents of lithium diisopropylamide were
used.

A study of the reactions of the 5-lithiated derivative of 2 with
a variety of electrophiles was undertaken (Scheme A and Ta-
ble). Quenching the anion with carbon dioxide gave the 5-car-
boxylic acid derivative 3 in excellent yield. The '"H-N.M.R.
spectrum of 3 showed a predictable downfield shift for the C-
6 proton. When acetaldehyde and benzaldehyde were utilised
as the electrophile, the 5-substituted secondary alcohols 4a
and 4b were obtained.

n-C4Hgli, -70°C
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Benzoyl chloride reacted with the lithiated derivative of 2 to
give a multiple component mixture. However, treatment of the
organo-copper derivative of 2 with benzoyl chloride pro-
duced the required ketone 5 in 30% yield. Two products were
obtained when bromine was used as the electrophile. The ex-
pected 5-bromo compound 6 was obtained in 63% yield to-
gether with a 6% yield of the 5,8-dibromoimidazof1,2-a]pyrid-
ine (7).
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Scheme A

Finally, when the anion of 2 was quenched with either methyl
iodide or dimethyl disulphide at —70°C, the expected 5-sub-
stituted derivatives 8 and 10 were isolated together with small
amounts of their 8-substituted isomers 9 and 11. None of the
minor products 9 and 11 were formed if the anion was al-
lowed to react with methyl iodide and dimethyl disulphide at
0°C.

These results would suggest that 3-methoxy-2-phenylimidazo[1,2-apy-
ridine (2) undergoes kinetic deprotonation to give initially the 8-li-
thiated derivative, which rapidly reverts to the more stabilised 5-li-
thiated derivative. All attempts however, to enhance the production of
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the 8-methylated product 9 by generating the lithium derivative of 1
at —110°C and quenching with methyl iodide at that temperature
failed.

The facility with which the 3-methoxy group directs the lithia-

tion of 2 was highlighted by contrasting the results recorded
in the table with studies of the lithiation of 3-methyl-2-phen-

Table. Reaction of the Anion of 1 with Electrophiles

Prod- Yield m.p. [°C]
uct [%] (solvent)

Molecular 'H-N.M.R. (CDCl5)
formula® o [ppm]

3 Mm 193-194° CsH;3N,0;3 3.8 (s, 3H, OCH3y); 7.15
(acetic acid) (268.3) (m, TH, 7-H); 7.25 (d,
1H, 6-H); 745 (m,
3H.om); 7.65 (dd, 1H, 8-
H), 80 (ma 2 H;m-m)
1.5 (d, 3H, CHj;); 3.85 (s,
3H, OCH;); 5.6 (m, 2H,
CHOH); 7.1 (dd, 1H, 6-
H); 7.45 (m, 5H, 7-H+38-
H+H. om); 8.1 {m,
2Hamm)b
4b 81 219-221° Cy HN,O, 3.7 (s, 3H, OCHjy); 6.25
(DMF) (330.4) (d, tH, OH); 6.6 (d, 1H.
CH); 6.95 (dd, 1H, 6-H):
7.35 (m, 10H, 7-H+8-
H+Hyom); 795  (m,
2 Harom)
CyHigN>O> 3.6 (s, 3H, OCHj;); 6.85
(d, 1H, 6-H); 7.2 (m, 1 H,
7-H); 7.5 (m, 7H, 8-
H+Hiom); 79  (m,
4H,pom)
Ci4H;BrN,O 3.9 (s,3H, OCH;); 6.9 (m,
2H, 6-H+7-H); 7.4 (m,
4H, 8-H+H,wm); 815
(m9 ZHarom)
C14H6Br:N,O 3.9 (s, 3H, OCH;); 6.85
(dd, 1H, 6-H); 7.25 (dd,
1H, 7-H); 745 (m,
3 Hurom); 8.2 (m, 2H,,0m)
2.8 (s, 3H, CHa); 3.8 (s.
3H, OCHs); 6.4 (m, 1H,
6-H); 6.9 (m, 1H, 7-H);
735 (m, 4H, 8H+
Hnmm); 8.05 (ma 2Harum)
2.6 (s, 3H, CHs); 3.9 (s,
3H, OCH;); 6.6 (m, 1H,
6-H); 6.9 (d, 1H, 7-H):
7.4 (m, 3H,..0); 7.8 (d,
1H, 5-H); 8.1 (m,
2Hurom)

42 80  152-153° Ci6H16N20;
(hexane/ (268.3)
toluene)

5 30 147-148°
(ethyl acetate) (328.4)

6 63 100-101°
(hexane/ (287.2)
benzene)

7 6  168-170°
(ethanol) (382.1)

8§ 67 99-101° C;sHuN;O
(hexane) (238.3)

9 8§ 87-88° C1sHuN,O
(hexane) (238.3)

10 64  99-100° CsH14N,0O8 2.5 (s, 3H, SCHa3); 3.9 (s,
(hexane/ (270.4) 3H, OCH,); 6.4 (d, 1H,
benzene) 6-H); 6.95 (m, 1H, 7-H);
735 (m, 4H, 8-H+

Hamm); 8.1 (m, 2 Harum)
1 6  130-131° CisH14N,OS  2.55(s, 3H, SCH;); 3.9 (s,
(ethanol) (270.4) 3H, OCH;); 6.7 (m, 1H,

6-H); 6.8 (dd, 1H, 7-H):
7.35 (m, 3H,m); 7.75
(dd, 1H, 5-H); 81 (m,
2Ht|mm)

a Satisfactory microanalyses obtained: C, £0.3; H, £0.1; N, +0.3;
Br, £0.3; S, £0.3.
b Measured in DMSO-d..
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ylimidazo[1,2alpyridine (12)'%. Lithiation of 12 with n-bu-
tyllithium at —70°C followed by reaction with methy! iodide
gave 3,5-dimethyl-2-phenylimidazo[1,2-a]pyridine (13) in only
14% yield, the major product obtained was the isomeric 3,8-di-
methyl-2-phenylimidazo[1,2-a]pyridine (14) in 69% yield
(Scheme B).

1. n-C4Hsli, -70 °C
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Scheme B

The lithiation of certain of the 5-substituted-3-methoxy-2-phe-
nylimidazo[1,2-a]pyridines listed in the Table was then inves-
tigated. In the case of the 5-methyl derivative 8, lithiation util-
ising n-butyllithium at —70°C, followed by reaction with deu-
terium oxide, gave the 8-deuterated compound as the sole
product. When methyl iodide was used to quench the anion of
8,  5,8-dimethyl-3-methoxy-2-phenylimidazo[1,2-alpyridine
(15) was obtained in 72% yield. Unexpectedly, when the 5-
bromo compound 6 was treated with lithium diisopropylam-
ide' at —70°C and the resultant anion was quenched with
water, only a trace of starting material was detected. Instead
the isomeric 8-bromo-3-methoxy-2-phenylimidazo[l,2-a]py-
ridine (16) was obtained in 60% yield.
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The formation of 16 can be explained by a series of metal-halogen ex-
change equilibria (Scheme D), in which the 5-bromo compound 6 ef-
fectively catalysed the conversion of its anion to the stabilised 5-li-
thiated derivative of 16. A similar “halogen dance” mechanism has
been proposed to explain the base catalysed isomerisation of 1,2,4-tri-

bromobenzene'“.
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In summary, we have demonstrated that a methoxy group can
effectively direct lithiation and facilitate the sequential intro-
duction of substituents into the 5-position and then the 8-posi-
tion of the imidazo[l,2-a]pyridine ring system. The related
thioalkyl group directed 5-lithiation in 3-ethylthioimidazo[1,5-
alpyridine system'® and our method are useful synthetic ma-
nipulations for medicinal chemists. Further studies in this di-
rection of structure-activity relat; nship are in progress.

Melting points are uncorrected and ‘yere determined on a Reichert ap-
paratus. 'H-N.M.R. spectra were ot 2ined on a Varian EM390 instru-
ment. Merck silica gel 60 (70-230 mesh) was used throughout for co-
lumn chromatography.

3-Methoxy-2-phenylimidazol1,2-alpyridine (2):

A slurry of 1 (24.0 g, 0.114 mol) in dry dimethylformamide (200 ml) is
degassed with nitrogen under stirring and then kept under a positive
nitrogen flow. Sodium hydride (6.1 g, 0.127 mol) is added gradually,
keeping the reaction temperature below 35°C. After 10 min, methyl
iodide (18.03 g, 0.127 mol) is gradually added at below 35°C. The mix-
ture is further stirred for 15 min and water (400 ml) is added. The
aqueous phase is extracted with ethyl acetate (2 x 400 ml), the extract
is dried with magnesium sulfate, and evaporated to dryness. The crude
product is purified by chromatography on silica gel with toluene/ethyl
acetate (10:3) as eluent; yield: 15.0 g (60%); m.p. 104-105°C (tolu-
ene/hexane).

Ci.Hi:N,0 calc. C7499 HS5.38 N 1249

(224.3) found 75.3 5.4 12.7

'H-N.M.R. (CDCls): §=3.85 (s, 3H, OCH,); 6.7 (t, 1 H, 6-H); 7.0 (t,
1H, 7-H); 7.4 (m, 4H, 8-H+H,,om); 7.9 (d, 1H, 5-H); 8.05 ppm (m,
2H.rom)-

Reaction of the Anion of 2 with Electrophiles; General Procedure:

A 1.6 mmol solution of n-butyllithium in hexane (6.56 ml, 10.5 mmol)
is added dropwise over 10 min to a stirred solution of 2 (2.24 g, 10
mmol) in dry tetrahydrofuran (22 ml) at —70°C under an argon atmo-
sphere. The mixture is stirred for 30 min and the appropriate electro-
phile (10.5 mmol; Table, for exceptions, see below) is added gradually
over 5 min at —70°C. The cooling bath is removed and the mixture is
then extracted with ether (3 x 100 ml), the extract is dried with magne-
sium sulphate, and evaporated to give the crude product. Compounds
2, 3, and 4 are purified by recrystallisation (Table).

The products from bromine, methyl iodide, and dimethyl disulphide as
electrophiles are separated by chromatography on silica gel with to-
luene/ethyl acetate (9 : 1 in the case of bromine and methyl iodide, 5: 1
in the case of dimethyl disulphide) as eluent.

With carbon dioxide as electrophile: In this case the tetrahydrofuran
solution of the anion is swept by a pressure of argon through a canula
into a stirred slurry of excess of carbon dioxide in dry ether (10 ml)
and maintained at —70°C. After the reaction, the mixture is acidified
with 1 normal hydrochloric acid to pH=2 and worked-up as above.

With benzoyl chloride as electrophile: To the anion of 2 (10 mmol; pre-
pared as described above) is added copper(1) iodide (0.95 g, 5 mmol)
under argon at —70°C and the mixture is stirred for 1 h. The general
procedure is then implemented utilising benzoyl chloride (1.405 g, 10
mmol). The crude product is purified by preparative T.L.C. (Merck sil-
ica gel plates, 2 mm) with ethyl acetate as eluent.

3,5- and 3,8-Dimethyl-2-phenylimidazo[1,2-alpyridine (13 and 14):

A 1.6 molar solution of #-butyllithium in hexane (10.8 ml, 17 mmol) is
added dropwise over 10 min to a stirred solution of 12 (3.12 g, 15
mmol) in dry tetrahydrofuran (46 ml) at —70°C under argon. After
stirring for 30 min, methyl iodide (2.49 g, 17.5 mmol) is added over 5
min at —70°C. The mixture is stirred at —70°C for 1 h and then at
ambient temperature for 1 h. Water (100 mi) is added and the product
is extracted with ether (3 x 200 ml). The combined extracts are dried
with magnesium sulphate and the solvent removed. Column chroma-
tography on silica gel using toluene/ethyl acetate (9 : 1) as eluent gives
first compound 14 as a colourless oil; yield: 2.3 g (69%).

'H-N.M.R. (CDCL,): §=2.6 (s, 3H, CH.): 2.65 (5, 3H, CH.): 6.75 {t,
IH, 6-H); 7.0 (dd, I H, 7-H); 7.3 (m, 3H,m); 7.8 ppm (m, 3H, 5-
H + Hamm)’
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Compound 14 is also characterised as its hydrochloride salt; m.p.
215-216°C (ether/ethanol).

Ci5HysCIN, calc. C69.63 HS5.84 N 1083

(258.8) found 69.6 5.7 10.8

Further elution gives compound 13; yield: 0.47 g (14%); m.p. 89-90°C
(hexane/ethyl acetate).

C,sH 4N, cale. cale. C81.05 H6.35 N12.60

(222.3) found 81.2 6.4 12.4

'H-N.M.R. (CDCl3): 6=2.9 (s, 6 H, CH,); 6.45 (d, 1H, 6-H); 6.95 (dd,
1H, 7-H); 7.4 (m, 4H, 3H o + 8-H); 7.6 ppm (m, 2H,,,.).

5,8-Dimethyl-3-methoxy-2-phenylimidazo|1,2-a]pyridine (15):

A 1.6 molar solution of n-butyllithium in hexane (6.56 ml, 10.5 mmol)
is added dropwise over a period of 10 min to a stirred solution of 8
(2.38 g, 10 mmol) in dry tetrahydrofuran (25 ml) at —70°C under ar-
gon. After 1 h, methyl iodide (1.49 g, 10.5 mmol) is added, the mixture
is further stirred for 1 h at —70°C and then | h at room temperature.
Water (100 ml) is added and the product extracted with ether (3 x 100
ml). The ether extract is dried with magnesium sulphate and evapo-
rated to give a gum, which is purified by column chromatography on
silica gel. Elution with toluene/ethyl acetate (19:1) gives 15; yield:
1.8 g (72%); m.p. 99-100°C (hexane).

CieHsN,O calc. C76.17 H639 NILIO

(252.3) found 75.9 6.5 10.8

'H-N.M.R. (CDCl3): §=2.55 (s, 3H, CH,); 2.7 (s, 3H, CHa); 3.75 (s,
3H, OCH»); 6.3 (d. 1H, 6-H); 6.7 (d, 1H, 7-H): 7.35 (m, 3H,,.m): 8.1
ppm (m5 2Han)m)'

8-Bromo-3-methoxy-2-phenylimidazo|1,2-a]pyridine (16):

A 1.6 molar solution of »#-butyllithium in hexane (5.36 ml, 8.6 mmol) is
added dropwise over 5 min 60 a stirred solution of dry isopropylamine
(0.87 g, 8.6 mmol) in dry tetrahydrofuran (25 ml) at 0°C under argon.
After stirring for 30 min at 0°C, this solution is introduced through a
canula into a stirred solution of 6 (2.5 g, 8.25 mmol) in dry tetrahydro-
furan (25 mil) at —70°C under argon. After stirring for 30 min at
—70°C, water (10 ml) is added, the cooling bath removed and allowed
to come to room temperature. The product is extracted with ether
(3x 100 ml), the ether phase is dried with magnesium sulphate and
evaporated to give a yellow gum. Purification by column chromatogra-
phy on silica gel using toluene/ethyl acetate (19 : 1) as eluent gives 16;
yield: 1.5 g (60%); m.p. 134-136°C (isopropanol).

CmH”Bl‘NzO calc. C 55.46 H3.66 N9.24

(303.2) found 55.1 3.6 9.4
"H-N.M.R. (CDCl,): §=3.9 (s, 3H, OCH,); 6.65 (t, 1 H, 6-H); 7.4 (m,
4H, 7-H+H,,om); 7.9 (dd, 1H, 5-H); 8.1 ppm (m, 2H,,om)-
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