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Imidazo[1,2-a]pyridines. IL.” Ozonolysis of Imidazo[1,2-a]pyridines and Synthesis of Cardiotonic
Agents?

Motosuke YAMANAKA,* Shinji SuDA, Naoki YONEDA and Hideto OHHARA
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The metabolite of loprinone (E-1020) in dogs, 5-(2-aminopyridin-5-yl)-1,2-dihydro-6-methyl-2-oxo-3-pyridine—
carbonitrile (9), was prepared via ozonolysis of imidazo[1,2-a]pyridinylpyridines and evaluated for positive inotropic
activity. Its potency was less than that of loprinone and milrinone. Among compounds related to loprinone which were
synthesized using the versatile intermediates (10a, b) obtained during the preparation of 9, only 5-(2-aminoimidazo[1,2-
a]pyridin-6-yl)-1,2-dihydro-6-methyl-2-oxo-3-pyridinecarbonitrile (27) retained the activity of loprinone. The elec-
tron-withdrawing substituents at the 2-position of imidazo[ 1,2-a]pyridine reduced the activity of the parent compound.
The ozonelysis of imidazo[1,2-a]pyridine derivatives under neutral conditions afforded 2-acylaminopyridine derivatives
in a 30—55% yield independent of the substituents at the 2-position of imidazo[1,2-a]pyridine. It is possible to use
imidazo[1,2-a]pyridines as protected 2-aminopyridines, and 2,3-unsubstituted imidazo[1,2-a]pyridines are convenient
for that purpose from the viewpoint of ease of preparation of the starting material,

Keywords cardiotonic agent; positive inotropic activity; imidazo[1,2-a]pyridine; S-imidazo[ 1,2-a]pyridinyl-2(1 H)-pyri-
dinone; loprinone; 5-(2-aminopyridin-5-yl)-2(1 H)-pyridinone; structure-activity relationship; ozonolysis

Loprinone (E-1020, Chart 1) produced a dose-related
intropic response with only a transient and slight increase
in heart rate when administered intravenously to conscious
dogs.® The drug is presently under development for the
treatment of heart failure. It was shown in a pharmacoki-

monophosphate (cAMP) specific phosphodiesterase (PDE
III), resulting in an increase in cellular cCAMP level. Since
9 structurally resembles milrinone, we intended to prepare
it and evaluate its positive inotropic activity in dogs.
After several attempts, we found that ozonolysis of

netic study of loprinone in dogs that a small portion of

5-(2-aminopyridin-5-yl)-1,2-dihydro-6-methyl-2-oxo0-3- CN
pyridinecarbonitrile (9) was detected in urine. During the = —
. . . g o 4) N / o
early stage of our investigation, milrinone* (Chart 1) was \ Non
reported to be a promising compound that possessed H H
combined inotropic and vasodilator activities. Mechanisti-
cally, these drugs appear to drive their inotropic effects, at loprinone (E-1020) milrinone
least in part, from selective inhibition of cyclic adenosine Chart 1
selective ozonolysis of propenyl group
Ny Mg, EtBr Nar™ i) O3 / hydrochloric acid NarX o
—_— X -~ X
x-&\:'()\ Br ),\_ _&\,N & ii) NazS04 _\\,N 2
1 CHy” ¢ 2 (yield 70—80 %) 3
a:X=H a:X=H a:X=H
b: X = CHg b:X = CHs b: X = CHs
Na N Nar'
i) Me;NCH(OMe), X
) > _&\—N AN N P, X &N Z CN
ii) Na OMe, NCCH,CONH, | | X
N/
5
a:
b:
NaOR or KOR

( R = Me, Pr,PhCHz)

Chart 2
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X =H, R=CHg N - N cN
r——————————
| + |
CH,” N0 CH,” N "OR
H 10
9 a:R=CHg
b:R=Pr
X-Co
N HN | 1 R = Pr I
X_S, N CN i) O3 /AcOEt N CN 48% HBr 55°C
M I iy NazSO, |
CHy” "N” “OR CH,” 'N” "OR OHCNH
8 ]
62:X =Y=H, R=CHs a:X=H,R=CHs X = H, R = PhCH; N I cN
6b:X=Y=H R=Pr b:X=H, R=Pr 0°C =
6¢:X =Y =H, R=PhCH, ¢:X=H, R =PhCH, CH,” R°7o
6d:X=R=CHg, Y=H d:X = CHg, R = CHy u
7:X-H,Y-BI’,R-CH3 x-H,R-PhCHQ
B BRtamam——
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Chart 3
X-co TabLe 1. Alkoxy and Benzyloxy Imidazo[1,2-a]pyridinylpyridines
N ”N i) O /AcOEt N N
x—& ' X
N at -60°C N \ N. / CN
R . R AN
i) NagSO4 Y l
12 CH, ~ ~N“ “OR
la:X=H,R=Br a:X=H,R=Br _
1b: X = CHz, R = Br b:X = CHs, R=Br . Analysis (%)
1e:X = COOE!, R = Br ¢:X = COOEL, R = Br x v R VN Fomua 0 Found
C H N
X = H. R=
2a:X=H,R= d K
68 H H CH, 195—19 85 C,;H;;N,O 6816 459 21.20
e:X=H,R o
cA=T = A (68.38 4.55 20.95)
66 H H  Pr 119—121 855 C,H,(N,O 6983 522 19.17
Chart 4 439 (69.89 5.51 19.29)
6 H H CH,Ph 153—154 88 C,H,NO 740 474 1646
L . . . 467 (7418 4.93 16.44)
imidazo[1,2-a]pyridinylpyridines under neutral conditions, e cH, H CH, 231215 92 C,H, N0 6830 514 19.92
followed by reduction and hydrolysis, was an efficient , H‘ B CH. 194195 8 C ;/631180 (28-33 g;: :zgg)
method for the preparation of 9. Namely, the imidazo[1,2- r } 1 BN (5333 326 16.15)

alpyridine was used as the protected 2-aminopyridine.
2-Aminopyridinylpyridines 10a, ¢, obtained during the
preparation of this method, were attractive intermediate for
the synthesis of compounds related to loprinone, which were
difficult to synthesize by a previously reported method? via
the Grignard cross-coupling reaction, etc. Those com-
pounds contain suitable groups for the investigation of the
effect of substituents at the carbon adjacent to heteroatom
(nitrogen) which may act as a functional equivalent of a
binding feature of the adenine fragment of the anti
conformer of cAMP.*

In this paper, we describe the synthesis of the metabolite
9 and compounds to loprinone, and we also look at their
cardiovascular profiles. In addition, we present which
substituent is suitable for the ozonolysis of imidazo[1,2-
aJpyridine ring and which is susceptible to ozonolysis,
imidazole ring or vinyl group under neutral conditions.

Chemistry Imidazo[1,2-a]pyridinylpyridines required
for the present study were prepared as shown in Chart 2.
As mentioned in the preceding paper,’ selective ozonolysis
of the propenyl group of 2 occurred under acidic conditions,

a) Prepared directly from 4.

and successive reduction with Na,SO, afforded 3a, b in
70—80% yield. Treatment of 3a, b with N,N-dimethyl-
formamide (DMF) dimethylacetal followed by condensa-
tion with cyanoacetamide provided the pyridinones 4a,
b. Compounds 4a, b were converted to chloropyridines
Sa, b, by treatment with POCl;, which were then reacted
with sodium alkoxide or potassium benzyloxide to yield
6a—d. Compounds 6b, ¢ were also prepared direcly from
4a by treatment with n-propyl iodide and benzyl bromide
in the presence of K,CO, in DMF in 43 and 46% yields,
respectively. Treatment of 6a with bromine in CH,Cl,
afforded 7.

The ozonolysis of the imidazo[1,2-a]pyridine ring was
carried out in AcOEt at varying temperatures; 0, — 30, and
—60 °C (Charts 3, 4). The amount of ozone consumed was
not determined. The introduction of ozone was stopped
when the color of the reaction mixture changed to bluish,
or after a fixed period passed and the completion of the reac-
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TasLE II. Ozonolysis of Imidazo[ 1,2-a]pyridinylpyridines
X—(IZO
. N. S HN ' SN
‘§/N P CN i) 0,/ AcOEt N A ON
Y ii) Na,SO, |
CHy;” “N““OR CH,” “N“>OR
. Analysis (%)
Substrat Product . ¥
ubstrate Reaction rodue Yield mp Calcd (Found)
Run temp. o o Formula
o %) €O
X Y R X R C H N
1 6a H H CH, —60 8a H CH, 39 235—237 C,H,;;,N,O, 62.67 452 20.89
2 -30 48 (62.46 4.61 20.84)
3 0 37
4 6b H Pr —60 8b H Pr 35 167—169 C,¢H,(N,O, 64.84 545 1891
5 0 41 (64.68 548 1891)
6 6¢c H H CH,Ph —60 8¢ H CH,Ph 42 201—203 C,H;(N,O, 69.75 4.68 16.27
7 0. 40 (69.46 474 16.17)
8 6d CH, H CH, 0 8¢ CH, CH, 55 230—231 C;sH ,N,O, 63.80 5.01 19.85
(63.60 4.98 19.99)
9 7 H Br CH, —60 8a H CH, 13
10 0 14
TaBLE III. Ozonolysis of Imidazo[ 1,2-a]pyridines
Analysis (%)
R Substrate Product Yield mp F ! Calcd Found
un (%) ¢C) ormula
X R X R C H N C H N
1 1a H Br 12a H Br 30 141—142 C-,H,BrN,O 3585 251 1394 3587 259 14.08
2 1b CH, Br 12b CH, Br 37 174—175 C,H,BrN,O0 39.09 3.29 13.03 39.04 324 13.14
3 le COOEt Br 12c COOEt Br 44 132—133 C4H¢BrN,0, 39.58 3.33 10.26 39.60 326 10.29
12d H 8 79—80  C,;H;,N,0 68.15 6.838 1590 68.26 6.83 1586
4 22 H 0
12e H \/U\ 12 139—140 CyH,(N,0, 60.65 567 1572 60.65 568 15.62
TasLe IV. Hydrolysis of 5-(2-Formylaminopyridin-5-yl)pyridines
Analysis (%)
Run Substrate R Conditions Product Y;eld Tp Formula Caled (Found)
(%) O .
C H N
1 8a CH, r.t. 25min 9 25 >300 C,,H (N, O 63.70 4.46 24.77
(63.90 4.55 24.65)
10a 59 199—200 C,;H,,N,O 64.98 5.04 23.32
(65.07 5.11 23.03)
2 8a CH, r.t. 50 min 9 41
10a 34
3 8a CH, rt. 150 min 9 83
4 8b Pr r.t. 60 min 10b 71 117—119  C,;sH(N,O 67.13 6.02 20.28
(67.38 6.21 20.81)
5 10b Pr 55°C 190 min 9 79
6 8c CH,Ph 0°C 6 min 11 77 265268  C,3H;(N,-1/2H,0 59.30 422 21.29
(59.47 4.22 21.18)
7 8c CH,Ph rt.  30min 9 90

tion was confirmed by thin layer chromatography (TLC).
After expelling excess ozone by the introduction of N,
Na,S0; in H,0 was added. The ozonolysis of 2',3'-unsub-
stituted. imidazo[ 1,2-a]pyridinylpyridines 6a—c¢ produced
2-formylamino-5-pyridinylpyridines 8a—c® in 30—50%
yield independently of the reaction temperature. 2'-Methyl
substituted derivative 6d gave the acetylaminopyridine 8d

in 55% yield. In the case of the 3'-bromo derivative 7,
however, the reaction did not go smoothly and the yield of
8a decreased (14%) (Table II). In the ozonolysis of simple

imidazo[ 1,2-a]pyridines 1a, b, e, 2-acylamino and 2-ethyl

oxaloylaminopyridines were obtained in almost the same
yield as 6a—d. Compound 2a, having a vinyl group, gave
2-formylamino-5-(2-methyl-3-propenyl)pyridine 12d in ad-
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dition to 1-(2-formylaminopyridin-5-yl)-2-propanone 12e.
Formation of 3a, which was the main product from 2a
under acidic conditions, was not detected during the
reaction. These results indicate that the 2,3-bond of
imidazo[1,2-a]pyridine is more susceptible to ozone than
the vinyl group (Chart 4 and Table III).

Hydrolysis of 8a—c with 48% HBr afforded 9, 10a, b
and 11 depending on the reaction time and temperature
(Table IV). Treatment of 8a at room temperature for 25 min
gave 9 and 10a in 25 and 59% yields, respectively, and for
150 min gave 9 in 83% yield. In the case of 8b, treatment
for 60 min gave 10b in 71% yield, and formation of 9 from
10b required higher temperature and a longer reaction time.
On the other hand 8¢ gave 11 in 86% yield by treatment
at 0 °C for 6 min, while 9 was obtained in 77% yield at room
temperature for 30 min.

The synthesis of the acetyl derivative (13) of 9 and
compounds related to loprinone is outlined in Charts S and
6. Compounds 8a, ¢ were converted to 10a, ¢ by treatment
with hydrazine hydrate in AcOH. Compound 13 was
prepared by treatment of 10¢ with acetic anhydride fol-
lowed by hydrolysis at 0 °C with 48% HBr. Condensation
of 10a with 5-bromoacetyl-1,2-dihydro-6-methyl-2-oxo0-3-
pyridinecarbonitrile gave 14, which on hydrolysis gave
the bis(pyridinone) 15. The reaction of 10a, ¢ with ethyl
bromopyruvate in dimethoxyethane followed by refluxing
in EtOH gave 16a and b. Hydrolysis of 16b with 48%
HBr at 5°C afforded the 2-ethoxycarbonylimidazo[1,2-a]-
pyridinylpyridinone 19a. On the other hand, 16a was
hydrolyzed with 1N NaOH to the 2-imidazo[1,2-a]pyri-
dinecarboxylic acid derivative, which was converted to
the carbamoyl derivative 17 by treatment with of ethyl
chloroformate followed by ammonia. Dehydration of 17
with trifluoroacetic anhydride provided the 2-imidazo[1,2-
alpyridinecarbonitrile 18, which gave the dinitrile 19a by
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treatment with 48% HBr. It was observed that the cyano
group at the 2-position of imidazo[1,2-a]pyridine had a
tendency to be more susceptible to hydrolysis under this
condition than that on pyridine ring. That suceptibility
caused the low yield of 19b.

The 2-oxoimidazopyridine derivative 22 was prepared as
follows. The bromoacetamide 20 obtained by treatment of
10c with bromoacetyl bromide was converted to the
2,3-dihydro-2-oxoimidazo[1,2-a]pyridine 21 in an 80%
yield by refluxing it in n-BuOH. Next, debenzylation was
carried out by using 30% HBr-AcOH in order to obtain
22 as HBr salt.

2-Aminoimidazopyridine 27 was synthesized by using the
procedure of Bochis ef al.” Compound 10c was reacted
with p-toluenesulfonyl chloride to yield the sulfonamide
23. Alkylation of 23 with 2-iodoacetamide afforded the
carbamoylmethyl derivative 24 which was heated in
trifluoroacetic anhydride under reflux to give the 2-
trifluoroacetylaminoimidazo[ 1,2-a]pyridine derivative 25.
Hydrolysis of 25 with 2.5N NaOH in MeOH at 50 °C gave
the amino derivative 26, which was converted to 27 with
30% HBr-AcOH.

Biological Results and Discussion Compounds 9, 11, 13
and the compounds in Table V were evaluated for inotropic
activity intravenously in an acutely instrumented anesthe-
tized dog model. The method was briefly reported in the
previous paper.! Heart rate, myocardial contractility
(derived by measuring d P/d¢ max of left venticular pressure),
and systolic and diastolic blood pressure were recorded.

Cardiovascular data are summarized in Table VI.

Compound 9 produced dose-related increases in LVdP/dt
max that were associated with increases in heart rate and
decreases in blood pressure. Its potency was less than that
of milrinone in spite of its structural resemblance. Robert-
son® reported that the presence and orientation of the

NC, NC,
o=l N o= N
Nl RN A A CN 1) 48%HBr -l NN A AN
H cH, l . 1) NH,OH H CH, I
i) Ac,0 N OCH,4 CH, : (o]
u) 48% HBr
13 Tif) NH‘OH 15
R = PhCH, arcu,cog',}o
OMCNH A A
Nz CN  NHNHpHO z° Nz CN 1) BrCH,COCO,Et E‘°°°'ﬂ,u P CN RaCH, .
. ) ) EOH, refiux |
CHy N N OR jil) NaHCO, CH,” "N™ “OR
16
a:CHa a: R CHs a:R=CH;
¢:PhCHy - ¢: R = PhCHg b:R=PhCH, | R=PhCH,
i) 48% HBr
5°C, 10 min
iiy NH,OH
I) 48% HBr
. D 1N NeOH. "2"00_& cN  (CFCORO NC—&N P r.t., 60min Y—&’N CN
W) CICOEt pyridlna/THF - “) NH,OH
ili) NH, CH,” "N“0CH, CH,” NS0
H
19
17 18 a:Y = COEt
b:Y=CN

Chart 5

NII-Electronic Library Service



670

HBr

N
°=<\—N . N CN
I

Vol. 40, No. 3
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N CN
uNcocH,” N CN  (crioon0 pLe
[ — |
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—i-
MeCH CHy” “NZ 0CH,Ph CHy” “N"So
H
26 27
Chart 6

TaBLE V. S-Imidazo[1,2-a]pyridin-6-yl-2(1 H)-pyridinones (15, 19a, b,

22 and 27)
N\~ X
=
N~ X CN
CH,” >N7~0
H
Analysis (%)
mp Yield Calcd (Found)
Y CC) (%) Formula
C H N
NC
15 O / >300 57 C,;H;,N,O, 6443 3.90 21.48
N -1/2H,0 (64.11 3.83 21.23)
H cH,
19a EtO0C >300 60 C,;H,,N,0, 56.43 4.38 15.48
-HCI-1/6H,0 (56.27 4.23 15.32)
19b NC >300 6 C,;sHgN,O 64.73 3.38 25.17
-1/6H,0 (64.87 3.57 24.83)
22 O= >300 47 C,,H,(N,O, 4529 3.56 15.09
(2,3-Dihydro) -HBr-4/3H,0 (45.40 3.60 14.77)
27 H,N >300 51 C,,H;;N;O 45.05 4.06 18.77

‘HBr-3/2H,0 (45.43 3.85 18.39)

hydrogen-bond acceptor site appeared to be critical
determinants of inotropic potency in dihydropyridazinone
cardiotonics. A similar tendency was observed in a series
of imidazo[1,2-a]pyridinylpyridinone cardiotonics.? 2-
Aminopyridine has two nitrogens which may become
hydrogen-bond acceptor sites. According to the calcula-
tion,” the nitrogen of the pyridine ring is more favorable
to accepting a proton than that of amino group. There-
fore, the lower potency of 9 than that of milrinone

TaBLE VI. Cardiovascular Profile of 2(1 H)-Pyridinones in Anesthetized
Dogs following i.v. Administration

0,
Compd. Y Dose % change
me/ke) 1 vap/dr max® HR®  MAP®

9 4 0.100 42 15 -10

11 2 0.100 54 3 5

13 2 0.300 29 1 6

15 2 1.000 10 -5 -24
19a 2 1.000 23 0 —4
19 2 0.100 32 11 —-19

22 2 1.000 23 0 5

27 2 0.100 98 18 —-12
289 2 0.100 131 40 =21
Loprinone 6 0.100 99 28 -9
Milrinone 6 0.100 98 33 —18

a) Number of experiments. b) Maximum rate of rise in left ventricular
pressure. ¢) Heart rate. d) Mean aortic pressure. e) 1,2-Dihydro-6-methyl-5-
(2-methylimidazo[ 1,2-a]pyridin-6-yl)-2-oxo-3-pyridinecarbonitrile: Reference 1.

was presumably due to the improper orientation of its
hydrogen-bond acceptor site. Robertson also reported that
the introduction of an acetamido-like substituent into
6-phenyldihydropyridazinone provided potent cardioton-
ic activity owing to the newly-produced hydrogen-bond
acceptor.®19 So we examined the inotropic activity of 11
and 13, but the acyl groups in these compounds did not
enhance the potency of 9. This is probably due to the same
reason mentioned above.

Among the imidazo[l,2-a]pyridines, compound 15
having a bis(pyridinone) group produced only vasodilator
activity without any positive inotropic activity. Compounds
19a and b, possessing electron-withdrawing groups at the
2-position of imidazo[1,2-a]pyridines, showed reduced

NII-Electronic Library Service



March 1992

activity of loprinone. Compound 22, which is a cyclic ana-
log of 13 and whose hydrogen-bond acceptor site may be
proper, produced only a 23% increase in LVdP/d¢ max at
1 mg/kg. On the other hand, compound 27, possessing an
electron-donating group, was equipotent with the parent
compound. 2-Methylimidazo[ 1,2-a]pyridine derivative 28"
also retained the potency of loprinone. These results suggest
that electron-donating groups as substituents adjacent to
the hydrogen-bond acceptor site are favorable for positive
inotropic activity in pyridinone cardiotonics, although an
electron-withdrawing group (CN) was reported to also be
acceptable in quinolinone cardiotonics.!?

In conclusion, the activity of the metabolite 9 in dogs
was less potent and did not contribute to that of loprinone.
Compound 27 was as potent as loprinone among related
compounds which were prepared via ozonolysis of 2',3'-
unsubstituted imidazo[1,2-a]pyridinylpyridines.

Experimental

Melting points were determined on a Yamato Model MP 12 capillary
melting point apparatus and are uncorrected. Proton-nuclear magnetic
resonance (*H-NMR) spectra were obtained on a Varian Unity 400 or a
JEOL JNM-GX 400 or a JEOL FX-90Q spectrometer with tetra-
methylsilane as an internal standard. Medium pressure liquid chroma-
tography (MPLC) was performed with a Yamazen YFLC-5404-FC sys-
tem. Elemental analyses were within +0.4% of the calculated values,
except where noted otherwise.

2-Chloro-5-imidazo[ 1,2-a]pyridin-6-yl-6-methyl-3-pyridinecarbonitrile
(5a) A suspension of 4a (17.8 g, 0.071 mol) in POCl, (150 ml) and DMF
(1.0ml) was refluxed for 2h. After excess POCl, was evaporated under
reduced pressure, a 20% NaOH solution was added to the residue under
ice cooling until the pH of the solution was adjusted to 6. Then the solution
was adjusted to pH 8 with saturated aqueous NaHCO, and extracted with
CH,Cl,. The organic layer was separated, washed with brine and dried
over MgSO,. After removal of the solvent, the residue was purified by
silica-gel column chromatography (CH,Cl,: MeOH =98 :2) to afford 11 g
(58%) of 5a, mp 185—186 °C. Anal. Calcd for C, HyCIN,: C, 62.57; H,
3.38; N, 20.85. Found: C, 62.85; H, 3.50; N, 20.49. '"H-NMR (CDCl;,
90MHz): 2.60 (3H, s, CH,), 7.08 (1H, dd, J=2, 10Hz, 7-H of
imidazo[1,2-a]pyridine (IM)), 7.68, 7.72 (each 1H, each s, 2 and 3-H of
IM), 7.74 (1H, d, J=10Hz, 8-H of IM), 7.86 (1H, s, 4H of pyridine
(PN)), 8.16 (1H, brs, 5-H of IM). Compound 5b was prepared similarly.
5b: 37% yield, mp 158—159°C. Anal. Caled for C,H,,CIN,: C, 63.71;
H, 3.93; N, 19.82. Found: C, 63.64; H, 4.05; N, 19.80. 'H-NMR (CDCl,,
90 HMz): 2.48 (3H, s, CH; of IM), 2.56 (3H, s, CH, of PN), 6.94 (1H,
dd, J=2, 10Hz, 7-H of IM), 7.34 (1H, 5, 3-H of IM), 7.52 (1H, d, /=10 Hz,
8-H of IM), 7.78 (1H, s, 4-H of PN), 7.94 (1H, brs, 5-H of IM).

5-Imidazo[ 1,2-a]pyridin-6-yl-2-methoxy-6-methyl-3-pyridinecarbonitrile
(68) A solution of 5a (7.8g, 29mmol) and 28% NaOMe in MeOH
(11.2ml, 58 mmol) in MeOH (100 ml) was refluxed for 4h. The reaction
mixture was then cooled and poured into cold water (11). The resulting
precipitates were collected by filtration, washed with water and
recrystallized from MeOH to give 6.5 g (85%) of 6a, mp 195—196°C. Anal.
Caled for C,H,,N,O: C, 68.16; H, 4.59; N, 21.20. Found: C, 68.38; H,
4.55; N, 20.95. *H-NMR (CDCl, 400 MHz): 2.41 (3H, s, CH,), 4.10 (3H,
s, OCH;), 7.08 (1H, dd, J=1.8, 9.3 Hz, 7-H of IM), 7.65 (1H, dd, J=0.7,
1.3Hz, 3-H of IM), 7.69 (1H, ddd, J=0.7, 0.9, 9.3Hz, 8-H of IM), 7.73
(1H, d, J=1.3Hz, 2-H of IM), 7.75 (1H, s, 4-H of PN), 8.07 (1H, dd,
J=0.9, 1.8Hz, 5-H of IM). Compound 6d was prepared similarly,
!H-NMR (CDCl,, 400 MHz): 2.48 (3H, s, CH,), 2.49 (3H, s, CH,), 4.09
(3H, s, OCH,), 7.02 (1H, dd, J=1.8, 9.2Hz, 6-H of IM), 7.39 (1H, d,
J=0.7Hz, 3-H of IM), 7.57 (1H, ddd, J=0.7, 0.9, 9.2Hz, 8-H of IM),
7.73 (1H, s, 4-H of PN), 7.96 (1H, dd, J=0.9, 1.8Hz, 5-H of IM).
Compounds 6b, ¢ were prepared similarly by replacing NaOMe in MeOH
with NaOPr in n-propanol, and KOCH,Ph prepared from benzylalcohol
and potassium tert-butoxide in dimethoxyethane. They were purified by
column chromatography on silica-gel and the results are listed in Table I.
Compounds 6b, ¢ were also prepared as follows.

2-Benzyloxy-5-imidazo[1,2-a]pyridin-6-yl-6-methyl-3-pyridinecarboni-
trile (6c) A solution of benzylbromide (3.66 g, 21.4 mmol) in DMF (5ml)
was added to the mixture of 4a (5 g, 20 mmol) and K,CO; (4.15 g, 30 mmol)
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in DMF (60 ml) with stirring below S °C, then the mixture was heated at
90 °C for 30 min. After removal of the solvent in vacuo, water (50 ml) and
CHC, (100 ml) were added to the residue. The organic layer was separated,
washed with brine and dried over MgSO,. After the solvent was evaporat-
ed under reduced pressure, the residue was purified by column chro-
matography on silica-gel with CHCl;-MeOH (99:1) to give 3.1g
(46%) of 6¢, mp 153—154°C. 'H-NMR (CDCl,, 400 MHz): 2.50 (3H, s,
CH,), 5.56 (2H, s, CH,), 7.07 (1H, dd, J=1.8, 9.3Hz, 7-H of IM),
7.32—7.55 (5SH, m, C¢H;), 7.64 (1H, dd, J=0.7, 1.3 Hz, 3-H of IM), 7.69
(1H, ddd, J=0.7, 0.9, 9.3 Hz, 8-H of IM), 7.72 (I1H, d, J=1.3Hz, 2-H of
IM), 7.75 (1H, s, 4-H of PN), 8.05 (1H, dd, /=0.9, 1.8 Hz, 5-H of IM).
Compound 6b was prepared similarly, 'H-NMR (CDCl,, 400 MHz): 1.07
(3H, t, J=7.5Hz, CH,), 1.87 (2H, tq, J=6.6, 7.5Hz, CH,), 443 (2H, t,
J=6.6Hz, OCH,), 7.08 (1H, dd, J=1.8, 9.3Hz, 7-H of IM), 7.64 (1H,
dd, J=0.7, 1.3 Hz, 3-H of IM), 7.69 (1H, ddd, /=0.7, 0.9, 9.3 Hz, 8-H of
IM), 7.71 (1H, d, J=1.3Hz, 2-H of IM), 7.73 (1H, s, 4-H of PN), 8.06
(1H, dd, J=0.9, 1.8 Hz, 5-H of IM).

5-(3-Bromoimidazo[ 1,2-q]pyridin-6-yl)-2-methoxy-6-methyl-3-pyridine-
carbonitrile (7) To a solution of 6a (2g, 7.57 mmol) in CH,Cl, (200 ml)
was added dropwise a solution of bromine (1.42g, 8.89mmol) in
CH,Cl, (5 ml) at room temperature with stirring. After 10 min, the solution
was washed with 10% K,CO, solution and brine, and dried over MgSO,,.
After removal of the solvent, the residue was recrystallized from MeOH
to give 2.25 g (86.5%) of 7, mp 194—195 °C. 'H-NMR (CDCl,, 400 MHz):
2.50 (3H, s, CH,), 4.11 (3H, s, OCH,), 7.16 (1H, dd, J=1.8, 9.2Hz, 7-H
of IM), 7.70 (1H, dd, J=1.1, 9.2 Hz, 8-H of IM), 7.71 (1H, s, 4-H of PN),
7.78 (1H, s, 2-H of IM), 8.03 (1H, dd, J=1.1, 1.8 Hz, 5-H of IM).

2-Benzyloxy-5-(2-formylaminopyridin-5-yl)-6-methyl-3-pyridinecarboni-
trile (8¢) (Ozonolysis of 6¢c, General Procedure) To a solution of 6¢c (9g,
26.44 mmol) in AcOEt (1000 ml) was introduced ozone produced by an
ozone generator (Nihon Ozone 0-10-2:0, flow 150ml/h at 90mV) at
~60°C for 15min. After expelling excess ozone by introducing N,, a
solution of sodium sulfite (3.5 g) in H,0 (200 m!l) was added. The organic
layer was separated, washed with brine, and dried over MgSO,. After
removal of the solvent in vacuo, the residue was purified by MPLC on
silica-gel with AcOEt-hexane (6:4) to afford 3.86g (42%) of 8¢, mp
201—203 °C. 'H-NMR (CDCl,, 400 MHz): 2.47 (3H, s, CH,), 5.56 (2H,
s, CH,), 6.95, 8.31 (together 1H, each d, J=8.2Hz, exo and endo 3'-H),
7.31—7.54 (5H, m, C¢Hj), 7.59, 7.66 (together 1H, each dd, /=2.4, 8.2 Hz,
exo and endo 4-H), 7.71 (1H, s, 4-H), 8.23 (1H, d, J=2.4Hz, 6-H). 8.30,
8.57 (together 1H, each d, J=1.3, 10.8 Hz, endo and exo NH), 8.53, 9.37
(together 1H, each d, J=1,3, 10.8 Hz, endo and exo CHO). Compounds
6a, b, d and 7 were treated similarly at the fixed temperature and afforded
8a, b, d and 8a, respectively. These results are listed in Table II. ‘H-NMR
of 8a (CDCl,, 400 MHz): 2.47 (3H, s, CH,), 4.07 (3H, s, OCH,), 6.90,
8.30 (together 1H, each d, /J=8.8Hz, exo and endo 3'-H), 7.60, 7.66
(together 1H, each dd, J=2.2, 8.8 Hz, exo and endo 4'-H), 7.69, 7.70
(together 1H, each s, exo and endo 4-H), 8.00, 8.05 (together 1H, each d,
J=0.9, 10.8Hz, exo and endo NH), 8.22, 8.23 (together 1H, each d,
J=2.2Hz, exo and endo 6'-H), 8.53, 9.36 (together 1H, each d, J=1.6,
10.8 Hz, endo and exo CHO).

'H-NMR of 8b (CDCl,, 400 MHz): 1.07 (3H, t, J=7.5Hz, CH,), 1.87
(2H, tq, J=6.6, 7.7Hz, CH,), 4.43 (2H, t, J=6.6 Hz, OCH,), 2.45 3H, s,
CH,), 6.94, 8.30 (together 1H, each d, J=8.4 Hz, exo and endo 3'-H), 7.60
7.66 (together 1H, each dd, J=2.4, 8.4 Hz, exo and endo 4-H), 7.68 (1H,
s, 4-H), 8.15, 8.23 (together 1H, each d, J=0.9, 10.8 Hz, endo and exo
NH), 8.53, 9.36 (together 1H, each d, J=0.9, 10.8 Hz, endo and exo CHO).
!H-NMR of 8d (CDCl,, 400 MHz): 2.26 (3H, s, COCH,), 2.47 (3H, s,
CH,), 409 (3H, s, OCH,), 7.64 (1H, dd, J=24, 8.6Hz, 4-H),
7.69 (1H, s, 4-H), 8.10 (1H, brs, NH), 8.18 (1H, dd, J=0.5, 2.4 Hz, 6'-H),
8.30 (1H, d, J=8.6Hz, 3-H).

Ozonolysis of 6-(2-Methyl-2-propenyl)imidazo[1,2-a]pyridine (2a) Toa
solution of 2a (2g, 11.6mmol) in AcOEt (100 ml) was introduced ozone
(O, flow 100ml/h at 95mV) at —60°C for 7min. After expelling excess
ozone by introducing N,, a solution of sodium sulfite (1.5g) in water
(50 ml) was added. The organic layer was separated, washed with brine
and dried over MgSO,. After removal of the solvent, MPLC on silica-gel,
eluting with AcCOEt-MeOH (98:2), gave 0.14g (7%) of 2-formylamino-
5-(2-methyl-3-propenyl)pyridine 12d, mp 79—80°C. 'H-NMR (CDCl;—
D,0, 90 MHz): 1.68 (3H, s, CHj,), 3.24 (2H, s, CH,), 4.28 (1H, s, =CH),
498 (1H, s, =CH), 6.76, 8.08 (together 1H, each d, J=9 Hz, exo and endo
3-H),7.18—7.26 (1H, m, 4-H), 8.06 (1H, d, J=2 Hz, 6-H), 7.68 (1H, 5, 4-H),
8.40, 9.16 (together 1H, each s, endo and exo CHO), and 0.24 g (12%) of
1-(2-formylaminopyridin-5-yl)-2-propanone 12e, mp 139—140°C. 'H-
NMR (CDCly-D,0, 90 MHz): 2.20 (3H, s, CH3), 3.68 (2H, s, CH,), 6.82,

NII-Electronic Library Service



672

8.16 (together 1H, each d, J=9Hz, exo and endo 3-H), 7.42—7.64 (1H,
m, 4-H), 8.10 (1H, d, J=2Hz, 6-H), 8.4, 9.24 (together 1H, each s,
endo and exo CHO). Compounds 1a—c were treated similarly and af-
forded 12a—c. These results are listed in Table III.

Hydrolysis of 8c (General Procedure) 5-(2-Aminopyridin-5-yl)-1,2-dihy-
dro-6-methyl-2-oxo-3-pyridinecarbonitrile (9) A suspension of 8¢ (0.2g,
0.58 mmol) in 48% HBr (2 ml) was stirred at room temperature for 30 min,
and then adjusted to pH 8 with 28% NH,OH. The precipitates were
collected 'by filtration, washed with water and recrystallized from DMF
to give 0.11 g (84%) of 9, mp>300°C. *H-NMR (DMSO-d,, 400 MHz):
2.22 (3H, s, CH,), 6.04 (2H, s, NH,), 6.45 (1H, d, J=8.4Hz, 3-H), 7.34
(1H, dd, /=24, 8.4Hz, 4-H), 7.84 (1H, d, J=2.4Hz, 6-H), 7.99 (1H, s,
4-H). :

5-(2-Formylaminopyridin-5-yl)-1,2-dihydro-6-methyl-2-o0xo-3-pyridine-
carbonitrile (11) A suspension of 8¢ (0.3g, 0.87mmol) in 48% HBr
(3ml) was stirred at 0°C for 6min and then adjusted to pH 8 with
28% NH,OH. The precipitates were collected by filtration, washed with
water and recrystallized from MeOH to give 0.16g (77%) of 11, mp
265—268 °C (dec.). 'H-NMR (DMSO-d;, 400 MHz): 2.24 (3H, s, CH;),
6.96, 8.10 (together 1H, each d, J=8.6 Hz, exo and endo 3'-H), 7.77, 7.80
(together 1H, each d, J=8.6 Hz, exo and endo 4-H), 8.09 (1H, s, 4-H),
8.23, 8.29 (together 1H, each s, 6'-H), 8.30, 9.29 (together 1H, s and d,
J=10.2Hz, endo and exo CHO), 10.67—10.71 (1H, brd, exo and endo
NH), 12.73 (1H, brs, NH).

Hydrolysis of 8a: A suspension of 8a (1.68 g, 6.26 mmol) in 48 % HBr
(16 ml) was stirred at room temperature for 25 min and adjusted to pH 8
with 28% NH,OH. Then, CH,Cl, was added to the solution. The organic
layer was separated, washed with brine and dried over MgSO,. After
removal of the solvent, the residue was purified by silica-gel column
chromatography with AcOEt to give 0.84 g (59%) of 5-(2-aminopyridin-
S-yl)-2-methoxy-6-methyl-3-pyridinecarbonitrile 10a, mp 199—200°C.
'H-NMR (CDCl,, 90 MHz): 2.42 (3H, s, CH,), 4.02 (3H, s, OCH,), 4.52
(2H, brs, NH,), 6.50 (1H, d, J=9Hz, 3'-H), 7.26 (1H, dd, J=2, 9Hz,
4-H), 7.56 (1H, s, 4-H), 7.90 (1H, d, J=2Hz, 6'-H). In addition, the
precipitate separated from the aqueous layer on standing was collected by
filtration, washed with water and dried to give 0.35g (25%) of 9. The
results of the treatment of 8a, b and 10b with 48% HBr for a longer time
were listed in Table IV. 'H-NMR (CDCl,, 90 MHz) of 10b: 1.06 (3H, t,
J=THz, CH,), 1.86 (2H, sextet, J=7Hz, CH,), 2.44 (3H, s, CH,), 4.40
(2H, t, J=T7Hz, OCH,), 4.64 (2H, br 5, NH,), 6.58 (1H, d, J=9 Hz, 3'-H),
7.36 (1H, dd, J=2, 9Hz, 4-H), 7.64 (1H, s, 4-H), 7.98 (1H, d, J=2Hz,
6'-H).

5-(2-Aminopyridin-5-yl)-2-benzyloxy-6-methyl-3-pyridinecarbonitrile
(10c) A mixture of 8¢ (1.74 g, 5 mmol) and 80% NH,NH,-H,O (1.3 ml)
in AcOH (25ml) was heated at 100 °C for 2h. The cooled solution was
adjusted to pH 8 with 28% NH,OH and extracted with CH,Cl,. The
extracts were washed with brine, dried over MgSO, and concentrated in
vacuo. The residue was purified by MPLC on silica-gel with CHCl,-MeOH
(98:2) to give 1.35g (85%) of 10¢, mp 162—163°C. Anal. Calcd for
C,oH,6N,O: C, 72.13; H, 5.10; N, 17.71. Found: C, 72.20; H, 5.27; N,
17.45. "TH-NMR (CDCl,, 400 MHz): 2.47 (3H, s, CH;), 4.60 (2H, s, NH,),
5.54 (2H, s, CH,), 6.57 (1H, dd, /=0.9, 8.6 Hz, 3"-H), 7.30—7.54 (6H, m,
Ce¢H;s and 4'-H), 7.67 (1H, s, 4-H), 7.98 (1H, dd, J=0.9, 2.4Hz, 6¢-H).
Similar treatment of 8a (3.3 g) gave 2.0 g (68%) of 10a.

5-(2-Acetylaminopyridin-5-yl)-1,2-dihydro-6-methyl-2-0x0-3-pyridine-
carbonitrile (13) A solution of (0.54 g, 1.7mmol), Ac,0 (0.5 ml, 4.9 mmol)
in pyridine (Sml) was heated at 45°C for 4h. After removal of the
solvent in vacuo, saturated aqueous NaHCO; and CH,Cl, were added to
the residue. The organic layer was separated, washed with water, dried
over MgSO, and concentrated in vacuo. The residue was recrystallized
from MeOH to give 0.53g (87%) of 5-(2-acetylaminopyridin-5-yl)-2-
benzyloxy-6-methyl-3-pyridinecarbonitrile, mp  157—158°C. 'H-NMR
(CDCl,, 400 MHz): 2.25 (3H, s, COCH,), 2.47 (3H, s, CH,), 5.56 (2H, s,
CH,), 7.31—7.54 (5H, m, C¢Hy), 7.63 (1H, dd, J=2.4, 8.6 Hz, 4-H), 7.70
(1H, s, 4-H), 8.13 (1H, brs, NH), 8.18 (IH, d, J=24Hz, 6¢-H) 8.29
(IH, d, J=8.6Hz, 3'-H). To 48% HBr (4ml) was added portionwise
5-(2-acetylamino-pyridin-5-yl)-2-benzyloxy-6-methyl-3-pyridinecarboni-
trile (0.4g, 1.12mmol) at 0°C and stirred for Smin. After the reaction
mixture was adjusted to pH 8 with 28% NH,OH, the precipitates were
collected by filtration, washed with water and EtOH, and recrystallized
from DMF-MeOH to afford 0.2 g (67%) of 13, mp > 300 °C. Anal. Caicd
for C,,H{,N,0,: C, 62.67; H, 4.52; N, 20.89. Found: C, 62.49; H, 4.63,
N, 20.75. '"H-NMR (DMSO-ds, 400MHz): 2.09 (3H, s, COCH,),
2.25 (3H, s, CH,), 7.75 (1H, dd, J=24, 8.6Hz, 4-H), 8.08 (I1H, d,
J=8.6Hz, 3-H), 8.11 (1H, s, 4-H), 8.27 (1H, d, J=2.4Hz, 6'-H), 10.57
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(1H, s, NH), 12.54 (1H, brs, NH).

2,6-Bis(3-cyano-1,2-dihydro-6-methyl-2-oxopyridin-5-yl)imidazo[ 1,2-
a]pyridine (15) To a boiling clean sojution of 5-bromoacetyl-1,2-dihydro-
6-methyl-2-oxo-3-pyridinecarbonitrile” (0.53 g, 2.1 mmol) in acetonitrile
(150 ml) was added portionwise 10a (0.5 g, 2.1 mmol). After refluxing for
2.5h, the precipitates were collected by filtration while hot and re-
crystallized from DMF to give 0.3g (36%) of 5-[6-(3-cyano-2-methoxy-
6-methylpyridin-5-yl)imidazo[1,2-a]pyridin-2-y1]-1,2-dihydro-6-
methyl-2-oxo0-3-pyridinecarbonitrile 14, mp>300°C. Anal. Caled for
C,,H,6N0,-0.7H,0: C, 64.60; H, 4.30; N, 20.55. Found: C, 64.94; H,
4.30; N, 20.20. '"H-NMR (DMSO-d,, 400 MHz): 2.50 (3H, s, CH,), 2.62
(3H, s, CH,), 4.04 (3H, s, OCH,), 7.35 (1H, dd, J=1.8, 9.3Hz, 7-H of
IM), 7.66 (1H, d, /=9.3Hz, 8-H of IM), 8.17 (1H, s, 3-H of IM), 8.25
(1H, s, 4-H of PN), 8.52 (1H, s, 4-H of pyridinone (PNO)), 8.68 (1H, dd,
J=0.9, 1.8 Hz, 5-H of IM), 12.60 (1H, brs, NH). A mixture of 14 (0.22 g,
0.56 mmol) in 48% HBr (4 ml) was stirred at room temperature for 2.5h
and was adjusted to pH 8 with 28% NH,OH. The precipitates were
collected by filtration, washed with water and recrystallized from DMF
to afford 0.12 g (57%) of 15, mp > 300 °C. 'H-NMR (DMSO-d, 400 MHz):
2.30 3H, s, CH, of PNO at 6-position of IM (6-PNO)), 2.62 (3H, s, CH,
of 2-PNO), 7.29 (1H, dd, /=1.8,9.3 Hz, 7-H of IM), 7.62 (1H, ddd, J=0.7,
1.8 9.3Hz, 8-H of IM), 8.15 (1H, d, J=0.5Hz, 3-H of IM), 8.18 (1H, s,
4-H of 6-PNO), 8.54 (1H, s, 4-H of 2-PNO), 8.57 (1H, dd, /=09, 1.8 Hz,
5-H of IM), 12.76 (1H, brs, NH), 12.80 (1H, brs, NH).

Ethyl 6-(3-Cyano-2-methoxy-6-methylpyridin-5-yl)-2-imidazo[1,2-¢)-
pyridinecarboxylate (16a) A solution of 10a (1.8g, 7.5mmol) and
ethylbromopyruvate (1.6g, 8.2mmol) in dimethoxyethane (25ml) was
stirred at room temperature for 2h. The precipitates were collected by
filtration and refluxed in EtOH (50 ml) for 3 h. After removal of the solvent,
the residue was dissolved in water. The solution was adjusted to pH 8
with saturated aqueous NaHCO; and extracted with CH,Cl,. The extract
was washed with brine, dried over MgSO, and concentrated. The residue
was washed with AcOEt to give 1.03g (41%) of 16a, mp 234—235°C.
Anal. Caled for C,gH,N,O5: C, 64.28; H, 4.79; N, 16.66. Found: C,
64.13; H, 4.67; N, 16.60. "H-NMR (DMSO-d;, 90MHz): 1.30 (3H, t,
J=8Hz, CHj;), 2.44 (3H, s, CH,), 4.00 3H, s, OCH3), 4.28 2H, q, J=8 Hz,
CH,), 7.34 (1H, dd, J=2, 9Hz, 7-H of IM), 7.64 (1H, d, J=9Hz, 8-H
of IM), 8.16 (1H, s, 4-H of PN), 8.44 (1H, s, 3-H of IM), 8.56 (1H, brs,
5-H of IM). 16b was prepared similarly in 43% yield after purification by
silica-gel chromatography with CH,Cl,-MeOH (99: 1), mp 198— 199°C.
Anal. Caled for C,,H,0N,O;: C, 69.89; H, 4.89; N, 13.58. Found: C,
69.77; H, 499; N, 13.56. *H-NMR (CDCl,, 400MHz): 1.43 (3H, t,
J=1.3Hz, CH,), 2.50 (3H, s, CH,), 4.48 (2H, q, /=7.3Hz, CH,), 5.57
(2H, s, CH,), 7.76 (1H, ddd, /=0.7, 0.9, 9.3 Hz, 8-H of IM), 7.76 (1H, s,
4-H of PN), 8.05 (1H, dd, J=0.9, 1.6 Hz, 5-H of IM), 8.23 (1H, d, J=
0.7Hz, 3-H of IM).

6-(3-Cyano-2-methoxy-6-methylpyridin-5-y1)-2-imidazo[ 1,2-a]pyridine-
carboxamide (17) A mixture of 16a (1.02 g, 3 mmol), 1 N NaOH solution
(9ml) in EtOH (80ml) was stirred at room temperature for 3h and

IN HCI solution (8.9ml) was added under cooling. The precipitates
were collected by filtration, washed with cold water and dried to give 0.86 g
(93%) of 6~(3-cyano-2-methoxy-6-methylpyridin-5-yl)-2-imidazo[1,2-a]-
pyridinecarboxylic acid, mp 240—242°C, which was without further
purification. 'H-NMR (DMSO-d,, 400 MHz): 2.49 (3H, s, CH,), 4.04 (3H,
s, OCH,), 7.43 (1H, dd, /=18, 9.3 Hz, 7-H of IM), 7.70 (1H, ddd, J=0.7,
0.9, 9.3Hz, 8-H of IM), 8.26 (1H, s, 4-H of PN), 8.47 (1H, d, /=0.4Hz,
3-H of IM), 8.66 (1H, dd, J=1.1, 1.8 Hz, 5-H of IM). Ethylchloroformate
(0.3g, 2.8 mmol) was added to a mixture of the acid (0.78 g, 2.5 mmol)
and Et;N (0.28 g, 2.8 mmol) in DMF (30 ml) at 0°C. The reaction mixture
was stirred at 0—5°C for SOmin and then NH, was introduced at 0°C.
After stirring for 40 min at that temperature, DMF was removed in vacuo.
To the residue was added water (120 ml) and the precipitates were collected
by filtration, washed with water, dried and purified by silica-gel column
chromatography with CHCl,-MeOH (9: 1) to afford 0.41 g (53%) of 17,
mp>290°C. Anal. Caled for C, H,3NO,: C, 62.52; H, 4.27; N, 22.79.
Found: C, 62.32; H, 4.40; N, 22.62. 'H-NMR (DMSO-d,, 400 MHz): 2.49
(3H, s, CH,), 4.04 (3H, s, OCH,), 7.42 (1H, dd, J=1.8, 9.3Hz, 7-H of
IM), 7.46 (1H, brs, NH), 7.67 (1H, ddd, /=0.7, 0.9, 9.3 Hz, 8-H of IM).
7.76 (1H, brs, NH), 8.26 (1H, s, 4-H of PN), 8.34 (1H, d, J=0.7Hz, 3-H
of IM), 8.68 (1H, dd, /=0.9, 1.8 Hz, 5-H of IM).

- 6-(3-Cyano-2-methoxy-6-methylpyridin-5-yl)-2-imidazo[ 1,2-a]pyridine-
carbonitrile (18) To a mixture of 17 (0.12g, 0.71 mmol) and pyridine
(0.113g, 1.43mmol) in dioxane (15ml) was added trifluoroacetic an-
hydride (0.45g, 2.14 mmol). The mixture was stirred at room temperature
for 2.5d and concentrated. Ice and 28% NH,OH were added to the residue,
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which was extracted with CHCl,, washed with brine, dried over MgSO,
and concentrated. The residue was chromatographed on silica-gel with
CH,Cl1,-MeOH (96:4) to give 0.14 g (71%) of 18, mp 261—262 °C. Anal.
Calcd for C,¢H,,;N,O-1/4H,0: C, 65.41; H, 3.95; N, 23.84. Found: C,
65.66; H, 3.95; N, 23.78. H-NMR (CDCl,, 400 MHz): 2.50 (3H,'s, CHj;),
4.11 (3H, s, OCH,;), 7.26 (1H, dd, J=1.8, 9.3Hz, 7-H of IM), 7.74 (1H,
s, 4-H of PN), 7.74 (1H, ddd, J=0.7, 0.9, 9.3 Hz, 8-H of IM), 8.07 (1H,
dd, J=0.9, 1.8 Hz, 5-H of IM), 8.10 (1H, d, J=0.7Hz, 3-H of IM).
Ethyl 6-(3-Cyano-1,2-dihydro-6-methyl-2-oxopyridin-5-yl)-2-imidazo-
[1,2-a]pyridinecarboxylate Hydrochloride (19a) A suspension of 16b (0.39
g, 0.95 mmol) in 48% HBr (8 ml) was stirred at 0 °C for 10 min and adjusted
to pH 8 with 28% NH,OH. The precipitates were collected by filtration,
washed with water and EtOH, recrystallized from DMF and converted to
HClsalt 19a (0.2 g, 60%) by treatment of HCI-EtOH in DMF, mp >300°C.
'H-NMR (DMS0-d,, 400 MHz): 1.33 (3H, t, J=7.1Hz, CH,), 2.30 (3H,
s, CH,), 4.37 (3H, q, 7.1 Hz, OCH,), 7.70 (1H, d, J=9.3Hz, 7-H of IM),
7.80 (1H, d, J=9.3Hz, 8-H of IM), 8.17 (1H, s, 4-H of PN), 8.74 (1H,
s, 3-H of IM), 8.79 (1H, s, 5-H of IM), 12.87 (1H, brs, NH).
6-(3-Cyano-1,2-dihydro-6-methyl-2-oxopyridin-5-yl)-2-imidazo[ 1,2-a]-
pyridinecarbonitrile (19b) A mixture of 18 (0.18 g, 0.62mmol) in 48%
HBr (4 ml) was stirred at room temperature for 1 h and adjusted to pH 8
with 28% NH,OH. The precipitates were collected by filtration, washed
with water and recrystallized from DMF-MeOH to give 10.5mg (6%) of
19b, mp > 300 °C. 'H-NMR (DMSO-dg, 400 MHz): 2.31 (3H, 5, CH,), 7.49
(1H, dd, J=1.8, 9.3Hz, 7-H of IM), 7.77 (1H, ddd, J=0.7, 0.9, 9.3 Hz,
8-H of IM), 8.18 (1H, s, 4-H of PN), 8.66 (1H, dd, J=0.9, 1.8 Hz, 5-H
of IM), 8.76 (1H, d, J=0.7Hz, 3-H of IM), 12.83 Hz (1H, brs, NH).
2-Benzyloxy-5-(2-bromoacetylaminopyridin-5-yl)-6-methyl-3-pyridine-
carbonitrile (20) To a solution of 10¢ (0.95g, 3mmol) and N,N-diiso-
propylethylamine (0.86g, 6.65mmol) in CH,Cl, (50ml) was added
dropwise bromoacetylbromide (1.13g, 5.6mmol) at 0°C. The reaction
mixture was stirred for 2 h, then saturated aqueous NaHCO; was added.
The organic layer was separated, washed with brine, dried over MgSO,
and concentrated. The residue was purified twice by MPLC on silica-
gel with CH,Cl,~AcOEt (9:1) to give 0.8g (61%) of 20, mp 212—
214°C (dec.). Anal. Caled for C,,H,,BrN,O,: C, 57.67; H, 3.93; N, 12.81.
Found: C, 57.75; H, 3.91; N, 12.61. 'H-NMR (CDCl;, 400 MHz): 2.47
(3H, s, CH,), 4.05 (2H, s, CH,), 5.55 (2H, s, OCH,), 7.30—7.53 (5H, m,
CeHs), 7.66 (1H, dd, /=24, 8.6Hz, 4-H), 7.71 (1H, s, 4-H), 8.24 (IH,
d, J=24Hz, 6-H), 8.27 (1H, d, /=8.6 Hz, 3-H), 8.78 (1H, brs, NH).
2-Benzyloxy-5-(2,3-dihydro-2-oxoimidazo[ 1,2-a]pyridin-6-yl)-6-methyl-
3-pyridinecarbonitrile Hydrobromide (21) A suspension of 20 (0.75g,
1.71 mmol) in n-buthanol was heated at reflux for 30min. After cool-
ing, the precipitates, which were newly separated, were collected by fil-
tration, washed with CH,Cl, and dried to give 0.6g (80%) of 21, mp
242—244°C (dec.). Anal. Calcd for C,,H,,BrN,O,: C, 57.76; H, 3.93; N,
12.81. Found: C, 57.59; H, 3.94; N, 12.58. 'H-NMR (DMSO-d, 400 MHz):
2.48 (3H, s, CH,), 5.25 2H, s, CH,), 5.55 (2H, 5,-O0CH,), 7.35—7.52 (5H,
m, C¢H;), 7.68 (1H, d, J=8.8 Hz, 8-H of IM), 8.27 (1H, 5, 4-H of PN), 8.45
(1H, d, /=88 Hz, 7-H of IM), 8.91 (1H, s, 5-H of IM).
5-(2,3-Dihydro-2-oxoimidazo[ 1,2-a]pyridin-6-yl)-1,2-dihydro-6-methyl-
2-oxo0-3-pyridinecarbonitrile Hydrobromide (22) A solution of 21 (0.13 g,
0.3mmol) in 30% HBr-AcOH (1.5ml) was stirred at 15°C for 5min.
To the mixture was added diethyl ether (15 ml) and the precipitaes were col-
lected by filtration and washed with diethyl ether. This hygroscopic
solid was dissolved in EtOH. To the mixture was added diethyl ether and
the precipitates were collected by filtration to give 48 mg (47%) of 22.
mp>300°C. "H-NMR (DMSO-d, 400 MHz): 2.30 (3H, s, CH,), 5.25 (2H,
s, CH,), 7.58 (1H, d, J=9.0Hz, 8-H of IM), 8.18 (1H, s, 4-H of PNO),
8.38 (1H, dd, J=1.8, 9.0Hz, 7-H of IM), 8.82 (1H, d, /=18 Hz, 5-H of
IM), 12.94 (1H, brs, NH).
2-Benzyloxy-6-methyl-5-[2-(4-methylbenzenesulfonylamino)pyridin-
S-yl]-3-pyridinecarbonitrile (23) A cooled solution of 10c (5.0g, 15.8
mmol) in pyridine (30ml) was treated portionwise with p-toluenesulfonyl
chloride (6 g, 31.6mmol). The mixture was stirred at room temperature
overnight. The reaction mixture was poured into cold. water. The
precipitates were collected by filtration, washed with water, dried and
recrystallized from EtOH to afford 6.1g (82%) of 23, mp 184—185°C.
!H-NMR (CDCl,, 400 MHz): 2.41 (3H, s, CH,), 2.45 (3H, s, CH},), 5.53
(2H, s, CH,), 7.47 (1H, dd, J=0.9, 8.8Hz, 3-H), 7.28, 7.80 (each 2H
each, d, J=8.2Hz, SO,C¢H,), 7.30—7.52 (5H, m, CH,), 7.57
(1H, dd, /=24, 8.8Hz, 4-H), 7.64 (1H, s, 4-H of CN-substituted PN),
8.37 (1H, dd, J=0.9, 2.4 Hz, 6'-H), 11.60 (1H, s, NH).
2-Benzyloxy-[ 1-(carbamoylmethyl)-1,2-dihydro-2-(4-methylbenzenesul-
fonylamino)pyridin-5-yl]-6-methyl-3-pyridinecarbonitrile (24) To a sus-
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pension of a 60% NaH oil dispersion (0.13g, 3.25mmol) in dry DMF
(15ml) was added 23 (1.4g, 2.97mmol) portionwise. After the mixture
was stirred at 60°C for 30 min, 2-iodoacetamide (0.6 g, 3.24 mmol) was
added in one portion. The reaction mixture was stirred at 60 °C for 2.5h
and then the solvent was evaporated in vacuo. To the residue was added
water and the precipitates were collected by filtration, washed with water,
dried and suspended in CH,Cl,. The precipitates were collected by
filtration, and dried to give 1.1 g (70%) of 24, mp 236—238 °C (dec.), which
was used without further purification. 'H-NMR (DMSO-d,, 400 MHz):
2.33 (3H, s, CHy), 2.47 (3H, s, CH,;), 4.83 (2H, s, NCH,), 5.51 (2H, s,
OCH,), 7.28, 7.68 (each 2H each, d, J=8.2Hz, SO,C4H,), 7.31—7.50
(6H, m, C¢Hs and NH), 7.38 (1H, d, J=9.5Hz, 3-H), 7.77 (IH, brs,
NH), 7.84 (1H, dd, J=2.4,9.5 Hz, 4-H), 8.15 (1H, 5, 4-H of CN-substituted
PN), 8.17 (1H, d, J=2.4Hz, 6-H).

2-Benzyloxy-[2-(trifluoroacetylamino)imidazo[1,2-a]pyridin-6-yl]-6-
methyl-3-pyridinecarbonitrile (25) A suspension of 24 (1 g, 1.9mmol) in
trifluoroacetic anhydride (50 ml) was heated at reflux for Sh. The solid
product was collected by filtration and recrystallized from MeOH to give
0.34g (40%) of 25, mp 249—250°C. Anal. Calcd for C,3H;oF3NO,:
C, 61.19; H, 3.58; N, 15.52. Found: C, 61.28; H, 3.73; N, 15.74. 'H-NMR
(CDCl,, 400 MHz): 2.51 (3H, s, CH,), 5.57 (2H, s, CH,), 7.18 (1H, dd,
J=1.8, 9.2Hz, 7-H of IM), 7.32—7.54 (5H, m, C4Hy), 7.56 (lH, 4,
J=9.2Hz, 8-H of IM), 7.77 (1H, s, 4-H of PN), 8.07 (1H, dd, J=0.9,
1.8Hz, 5-H of IM), 8.22 (1H, s, 3-H of IM), 11.06 (1H, s, NH).

5:(2-Aminoimidazo[1,2-a]pyridin-6-yl)-2-benzyloxy-6-methyl-3-
pyridinecarbonitrile (26) A solution of 25 (0.31g, 0.69 mmol) and 2.5N
NaOH (5ml) in MeOH (40 ml) was stirred at 50 °C for 17 h. After removal
of the solvent, the residue was extracted with CH,Cl,, washed with brine,
dried over MgSO, and concentrated. The residue was chromatographed
on silica-gel with CH,Cl1,-MeOH (98 2) to afford 0.19 g (78%) of 26, mp
150—152°C. Anal. Calcd for C,,H,,N,0.1/2H,0: C, 69.22; H, 4.98; N,
19.22. Found: C, 69.56, H, 4.93; N, 19.56. 'H-NMR: (CDCl,, 400 MHz):
2.48 (3H, s, CH,), 5.55 (2H, s, CH),), 6.95 (1H, d, J=0.4Hz, 3-H of IM),
6.95 (1H, dd, J=0.9 Hz, 1.8 Hz, 7-H of IM), 7.31—7.54 (6H, m, C¢H and
8-H of IM), 7.73 (1H, s, 4-H of PN), 7.84 (1H, dd, J=1.8, 9.2Hz, 5-H
of IM).

5-(2-Aminoimidazo[ 1,2-a]pyridin-6-yl)-1,2-dihydro-6-methyl-2-0xo-3-
pyridinecarbonitrile Hydrobromide (27) To a solution of 26 (0.11g,
0.31 mmol) in MeOH (10ml) was added 30% HBr-AcOH (3ml) under
cooling and the reaction mixture was stirred for 6 min at room temperature.
The mixture was added to diethyl ether (150 ml), then the precipitates were
collected by filtration and recrystallized from MeOH to give 60 mg (57%)
of 27, mp 226—230°C. 'H-NMR (DMSO-ds, 400MHz): 2.27 (3H, s,
CH,), 7.18 (1H, s, 3-H of IM), 7.63 (1H, dd, J=1.6, 9.1 Hz, 7-H of IM),
7.66 (1H, dd, J=0.9, 9.1 Hz, 8-H of IM), 8.15 (1H, s, 4-H of PNO), 8.65
(1H, dd, /=09, 1.6 Hz, 5-H of IM), 12.85 (1H, s, NH).

References and Notes

1) Imidazo[1,2-a]pyridines. I. M. Yamanaka, K. Miyake, S. Suda, H.
Ohhara and T. Ogawa, Chem. Pharm. Bull., 39, 1556 (1991).

2) This work was presented in part at the 12th International Conference
of Heterocyclic Chemistry, Jerusalem, Israel, Aug. 1989, Abstracts of
Papers, A 35.

3) H. Ohhara, T. Ogawa, M. Takeda, H. Katoh, Y. Daiku and T.
Igarashi, Arzneim-Forsh./Drug Res., 39, 38 (1989).

4) A. A. Alousi, J. M. Canter, M. J. Monternaro, D. J. Fort and R.
A. Ferreri, J. Cardiovasc. Pharmacol., 8, 792, (1983).

5) W. H. Moor, C. C. Humblet, I. Sircar, C. Rithner, R. E. Weishaar,
J. A. Bristol and T. McPhail, J. Med. Chem., 30, 1963 (1987); P. W.
Erhardt, A. A. Hagedorn and M. Sabio, Mol. Pharmacol. 33, 1,
(1988).

6) The 'H-NMR spectra of 2-formylaminopyridines 8a—c in CDCl,
and DMSO-d, at room temperature were obscure in comparison
with that of the 2-acetylamino derivative 8d. It has been reported
that 2-acetylaminopyridine exists in the endo form, whereas
2-formylaminopyridine in solution coexists in both endo and exo
forms by N. Enomoto and M. Kondo, Bull. Chem. Soc. Jpn., 45,
2665 (1972). In order to ascertain the structures of 8a—c, 'H-NMR
spectrum of 8a in acetone at —20°C was recorded. It showed clearly
that 8a existed in exo (ex. 9.45 ppm, d, J=10.3Hz, CHO) and endo
(ex. 8.25ppm, d, J=1.1 Hz, CHO) forms in the ratio of about one
to one.

7 R.J. Bochis, L. E. Olen, M. H. Fisher R. A. Reamen, G. Wilks, J.
E. Taylor and J. Olson, J. Med. Chem., 24, 1483 (1981).

8) D. W. Robertson, J. H. Krushinski, G. D. Pollock and J. S. Hayes,

NII-Electronic Library Service



674 Vol. 40, No. 3

J. Med. Chem., 31, 461 (1988). Pollock, H. Wilson and J. S. Hayes, J. Med. Chem., 29, 1832 (1986);
9) A semiempirical calculation of the heat of formation of both N1 and D. W. Robertson, J. H. Krushinski, G. D. Pollock, H. Wilson, R.

the amino group protonated 2-aminopyridine by the PM3 method F. Kauffman and J. S. Hayes, ibid., 30, 824 (1987).

(J. J. P. Stewart, J. Comp. Chem., 10, 209 (1989) in MOPAC (version 11) A. S. Bell, S. F. Campbell, D. S. Morris, D. A. Roberts and M. H.

6) revealed that N1 protonation is more favorable by 2.3 kcal/mol. Stefaniak, J. Med. Chem., 32, 1552 (1989).
10) D. W. Robertson, J. H. Krushinski, E. E. Beedle, V. Wyss, G. D. .

NII-Electronic Library: Service





