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Abatract— Some derivatives of IOH—imidazo[1,5—ajpyrido[l,2~djpyrazin—10—one
%y}, a novel ring system, were prepared starting from 2-mercapto-l-{2-pyri-
dylmethyl) -1H-imidazocle-5-carboxylic acid (VIa)1 and acetic¢ or propionic an-
hydride. Analogously the synthesis of the unsubstituted ring was achieved
starting from 1-(2-pyridylmethyl)-18-imidazcle-S5-carboxylic acid (xIV]).

In our previous papers "% we described some l-arylalkyl- and 1-(2-thienylmethyl)-1d-imidazole de-

5
rivatives having antimicreobial activity. It was reported that antimicotic activity of l-arylalkyl-
1H~imidaroles must be related to the electron-withdrawing effect of the substituent. We therefore

decided to prepare a series of imidazole derivatives having isomeric pyridylmethyl groups at the I-

,

position, The synthesis was accomplished following the synthetic method previously reported and
summarized in Scheme 1.
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Since attempts to prepare 2-mercapto-l- (pyridylmethyl)-14-imidazole-5-carbohydroxamic acids start-
ing from esters Va-c and hydroxylamine failed, we attempted their synthesis starting from the cor-
responding acid chlorides. To avoid the intermolecular reaction between the chlorocarbonyl group

and the mercapto one, we decided to acetylate the mercapte group. During this acetylation we dis-

— 340 —




covered a very interesting behavicur of VIa. In fact on brief heating with an excess of acetic an-
hydride, besides the S-acetylation, VIa underwent a ring-closure reaction to give 2-acetylthio-104-

imidazo[l,S—é]pyrido[l,2~Q]pyrazin—10—one {(VII) in almost quantitative yields (Scheme 2).
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The structure of VII was assigned on the basis of its spectroscopical and chemical behaviour. The

-1
ir spectrum shows two peaks at 1740 and 1690 cm

to the amide carbony! group respectively.

attributable to the thiclester carbonyl group and

1
Useful indications were obtained by comparing the H-nmr

spectrum of VII with that of VIa: the singlet at § 5.57 due to the exocyclic methylene group disap-

pears and a singlet at § 7.50 due to the H-4 of the cyclic compound appears. In addition it must

be noted that the H-6 of the pyridine ring of VIa gives a multiplet at & 8.50-8.42 whercas the cor-

responding H-8 of the c¢yclic compound gives a multiplet at & 7.92-7.80. This fact agrees with the

loss of aromaticity of the pyridine ring.

1
In the H-nmr spectrum of VII the singlets due to the

methyl of the acetylthio group and to the H-11 are revealed at § 2.98 and & 8.19 respectively. In

+ +
the mass spectrum of VIL are detectable the ionsDﬂ} m/z 259, Dﬁ—CO—COCHa} m/z 188 and the ion

+
C4H4] n/z 52 which agrees with a dienic structure of the pyridine ring. As expected treatment of

VIa with propionic anhydride cor propionyl chloride in the presence of triethylamine afforded 2-pro-

pionylthio—lOHwimidazo[l,5—a]pyrido[l,2—djpyrazin—10-one (VIII). Further evidence for the assig-

ned structure was provided by reactivity of VIa and its related compounds Va, X and XIV: on treat-

ment of the ester Va with acetic anhydride, only S-acetylation occurred whereas on treatment of
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2-methylthio-i-(2-pyridyimethyl)-15-imidazcle-5-carboxylic acid (X} and 1-(2-pyridylmethyl)-1H-im-
idazole-S5-carboxylic acid (XIV) with acetic, propienic or succinic anhydride, 2-methylthio-10H-im-
idazo[l,S-élpyrido[l,2-i}pyrazin—10-one (x1) and 10H—imida20[1,S—é}pyrido[l,E-i]pyrazin—lofone {xV)
were respectively obtained. Hydrolysis with aguecus sodium hydroxide or dilute hydrochloric acid
converted the cyclic compounds VIT, XI and XV into the corresponding starting acids VIa, X, and XIW
Compound VIII hehaves as VIT. Z*Mercapt0u10H—imidazo[l,5—{1pyrido[l,2—&]pyrazin—10—0ne (IX) was
obtained by treating VII or VIII with 30% agueous ammonia. Methylation of IX with diazomethane
gave a product which was identical to XTI, The reactivity of VIa must be related to the presence of
a 2-pycolyl group linked at the l-position of the imidazole ring. In fact apart from the activa-
tion of the methylene group, the pesition of the pyridine nitrogen atom allows the ring-closure re-
action. As edpected on treatment of 1-{3-pyridyimethyl}-l¥-imidazole derivatives Vb and VIb with
acetic anhydride no ring-cleosure reaction took place and only S-acetyl derivatives XVIT and XVIIT
were obtained. On treatment of 1-(4-pyridylmethyl)-1F-imidazole derivatives Ve and VIc with acetic
anhydride a different ring-closure reaction occurred, Iavelving the activated methylene group only:
Ve afforded ethyl 2fmethyl-34(4-pyridyl)imidazo[2,1~ﬁ}thiazole—S-carbaxylate (XIX) whereas VIg
aleng with the ring-closure reaction underwent decarboxylation, giving 2-methyl-3-(4-pyridyl) imid-

azo[Z,l—ﬁ]thiazole (XX) (Scheme 3).
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It must be noted that recently the chemistry of 1midazo[2,l-b]thiazole derivatives has been exten—
6 . .
sively explored because of the variety of biological activities . All the compounds described in

7
this paper, except the starting amines Ia-c and compound IIa , were hitherto unknown.

EXPERIMENTAL
-1
Melting peints are uncorrected. Unless otherwise stated, the ir spectra (cm ) were recorded for

1
potassium bromide discs with a Perkin-Elmer 283 spectrophotometer and the H-nmr spectra {ppm ¢




from TMS) with a Perkin-Elmer R 32 instrument. The mass spectra were recorded with a Fratos MS B0

intrument. All compounds gave correct microanalyses.

M-Bubstituted Ethyl Amincacetates (IIa-c)
A AN AN A TN AN

General procedure— The calculated amount of ClCHzcooEt was added during 2 h to a well-stirred so-
lution of I and NEt3 in DMF maintaining the temperature at 40-50 °C, The reaction mixture was then
cooled and filtered. Fractional distillation ©# vacuo of the filtrate gave II. Ila, bp 138 °C/0.4
mm Hg7 Iyield 692} ; ir(film): 3340,1740. IIb, bp 130 °C/0.2 mm Hy (yield 60%); ir(film): 3315,1740.

IIc, bp 127 °C/0.4 mm Hg (vield 20%); ir(film): 3340,1740,

F-Substituted Ethyl N-Formylaminoacetates (IIla-c)
AN AL A A LA A LA AN

General procedure— A mixture of II and HCOOH (molar raiic 1:2.5) in xylene was refluxed for 3 h
in a Dean-Stark apparatus. Removal of the solvent left a residue which was distilled under reduced
pressure to give III. 1IIla, bp 149 °C/0.05 mm Hy (yield 84%); ir(film): 1750,1680. IIIb, bp 188
°C/0.5 wm Hy (yield 85%); ir(film): 1740,1670. IIIc, bp 80 °C/0.1 mm Hg (yield 873); ir(film):

1750,1680,

1-Bubkstituted Bthyl 2-Mercaptoimidazeole-S-carboxylates (Va-c)
AN A AN N A AN AN AN AN,

General procedure~- A mixture of III and HCOOEt was slowly added to a saturated solution of EtONa
in dry THF (molar rafio III:HCOOEt:EtONa = 1:3:1.1) and the resulting mixture was stirred for 48 h
at room temperature. Enolate IV was collected by filtrahiong. A solution of IV and KNCS (mcolar
ratte 1:1.5) in 50% ag. EtOH was treated with dil. HCL until the pH was 1 then heated at 50-60 °C
for 5 k. The reaction mixture was cooled, treated with dil. NaOH until the pH was 5 and evaporated
to dryness in vacue., The residue was washed with Hzo and collected by filtration. Va, mp 237 °C
from EtOH/H2O (2:1) (yield 26% based on I1Ia); ir: 2540,1720; lﬁ—nmr(DMSO—d6): 12.98 (br s,14,5H),
7.86{s,1H,H-4 of imidazolej,5.?0(5,2H,NCH2). Vb, mp 200-201 °C from MeOH {yield 27¢ based on IIIb);
ir; 2530,1715; 1H-—nmr(DMSO—dG): 13.09(br s,1H,SH),7.90(s,1H,H-4 of imidazole),5.58(5,2H,NCH2). Ve,
mp 200-202 °C from EtOH {vield 25% based on IITc); ir: 2540,1725; 1H—nmr(DMSO—dG): i3.10(bxr s, 1H,

SH),7.92(s,1H,H-4 of imidazole},5,60(s,2H, NCH_).
P

1-Substituted 2-Mercaptcimidazole-5-carboxylic Acids (vla-c)
VLA VANANAAAN AN VAN AN AW

General procedure— A solution of vI (20 mmoles) in 40 ml of 2V NaOH was refluxed for 2 h then
cooled and acidified with dil. HC1l until the pH was 4. Removal of the solvent left crude VI which
was washad with HZO and collected by filtration. VIa, mp 227-228 °C {(dec.) from EtOH/HEO (11}
{yield 71%); ir: 2570,1700; 1Hﬁnmr(DMSO—dG/CDClE). 12.90(br s,1H,5H) ,7.78(s,1H,H-4 of imidazcle},
5.57(5,2H,CH2). VIb, mp 225 °C (dec.) from EtOH/H20 (1:1) (yield 74%}: ir: 2560,1650; 1H—nmr
(DMSO-d6)= 12.94(bxr s,1H,8H) ,7.80(s,1H,H-4 of imidazole) ,5.63(5,2H,CH2). vIic, mp 210-211 °C (dec.)

1
from EtOH/HZO (121} (yield 76%}; ir: 2570,1640; H-nmr(DMSO—dﬁ): 13.00(br s,1H,5H),7.85(s,1H,H-4
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of imidazole),5.65(5,2H,CH2).

. ) - roos 7 ‘. f 21 .
Z*Acetylthlo—IOU—lmLuazoLl,b—aprrluo[l,i—c pyrazin-10-one (VII)
T N LV L T G NG T T R VT VT AV U VAT U LA ARAT AT F AN

A mixture of vla and an excess of Ac20 was refluxed for 10 min. After coocling crude VII was cel-
- 1
lected by filtration. Red needles, wp 197-198 °C from DMF {(yield 85%}; ir: 1735,16%0; H-nmyr
foat

(DMS0-4_/CDCL,) 5 8.19(5,1}1,H~11),7.50(5,111,11—4},2.98(5,3H,SCOCH3]; ms (30 eV): w/z 259 iM] ,m/z 188

O N + 14,
(M- (co+cocza3)j , m/z 156 [M—(co+scocH3)] ,miz 52 [c4H4J .
27Propionylthio—lOHwimidazo[1,5—a]pyrido[1,2—d]pyrazin—lovone (VIII)
B N R A R R VG e o R VRV VT UV VRV VNPV VT e
It was prepared as described above for VIT employing (EtCOJZO. Mp 199-200 °C from DMF (yield 20%);

ir: 1730,1690.

Z—Mercapto—loﬁ—imidazOLl,5-a]pyrid0[l,2*dlpyrazin—10—one [TX)
R G T N A T N G VN L Y A VY A T N a VA UV AV AT AT VA VaT SV ANV AW AV EA VA VA VAT, VY]

Compound VII (or VIII) was briefly heated with 30% agqg. NH3. The reaction mixture was cocled and

acidified with dil. HC1 until the pH was 5. Compound TX which separated out was collected by fil-
1

tration. Mp 255-255 ¢ from EtCH (yield 80%); ir: 2580,1690; H—nmr(DMSO—dg}: 13.60(br s5,1H,5H},

3.12(s,1H,H-11},7.52(s,1iH,H-4) .

2-Methylthio-1- (Z-pyridylmethyl)-l1#-imidazole-5-carboxylic Acid (X)

N O T Y A R Y N Ea P e AV a T VY VA VeV VA R Uy TR VA Ve Ve VAP a VR VAT sV N TA VAT AT AV D)

A wixture of VIa, MeI and KOH {mclar ratze 1:1:2) in MeOH was allowed to react ab room temperature
for 24 h. FRemoval of the solvent left a residue which was dissclved in H2O' On acidificartion of
this solution X separated out. Mp 206-208 °C from EtOH (yield BOz); ir: 1700; 1H—nmr(DMSO-dr)-_

A=

7.78(s,1H,8-4 of imidazolc),5.63(5,2H,CH2},2.57(5,3H,CH3).

2~Methylthio-10/ imidazo[l,S—a]pyrido[l,2fdjpyrazinf10~one XD
A A AN LA A AN A O AR A A

A mixture of ¥ and an excess of ACEO was refluxed for 10 min. After cooling XI separated cut. Mp
1
128-129 °C from zoluens (yield 95%); ir: 1680; H—nmr(DMSO—dglzB.IO(S,IH,HAIJ),7.68(5,1H,H—4),2.63
+ - - + +
(S,jH,CHB); ms (30 ev); m/fz 231 [MJ ufz 216 LM*CH31 , mfz 188 [ML(CE3+CO)} Jm/z 52 [C4H4] . The
samme compound wag alsc prepared by treating an ethereal suspension of IX with CH N .

z

Ethyl 1-{2-Pyridylmethyl) -17-imidazole-5-carboxylate Dinitrate Salt (XII)
AL UL U UL A L UL LA L U UL DU

Compound va (2 g, 7.5 mmoles) was added in small portions te a splution of 50 ng of NaNO2 in 11 ml
aof 203 HNO3 maintaining the temperature at 45 °C. Compound XII separated out by treating the
cooled reaction mixture with NaNOE' Mp 175 °C (dec.} (1.7 g, 63%).

Ethyl 1-(2-Pyridylmethyl)-1F-imidazole-5-carboxylate (XITT)
T Y PV T N VY P P T W WY TV WAV Y P WV Y WA T T TV TV T VN AV Ve WAV TR VAV




It separated out by treating an aguecus sclution of XIT with 4il. NaOH until the pH was 10. Mp 70

=71 °C from EtOH/H20 (1:1} (¥ield 95%}.

1-12-Pyridylmethyl) -1H-imidarzcle-5-carboxylic Acid (XIV)
A A A Y L VAW A L T

A suspension of XITT (20 mmoles) in 40 ml of 2N Wall was refluxed for 2 h. Compound XIV separated
out on acidification of the coocled reaction mixture, Mp 219-220 °C from H20 (yield 76%); ir: 1690,

1
H—nmr(DMSO—dé): 8.181(s,1H,0-2 of imidazole),7.72(s,1H,H-4 of imidazole),S.?B(S,ZH,CH2).

108- Imldazo[i 5- a]pyrldo[l 2= d]pyraZLn 10-one {XV)
SN AN SN AN A AN AN AN

A mixture of XIV and an excess of ACEO was heated at 50 ®C for 2 h. On cooling XV separated out.
1
Mp 180-181 °C from EtOH (yield 85%); ir 1675; H—nmr(DMSO—dE): 8.53(s,iH,H-2) ,8.07(s,1H,H-11),

7.85(s,1H,H-4}.

Ethyl 2-Acerylthio-1-{2-pyridylmethyl)-1H~imidazole-5-carboxylate (XVI)
A A N U U WA D A AT UL,

A mixture of VIa and an excess of Ac,0 was refluxed for 7 h. Removal of the selvent left an oily
residue which on treatment with n~hexane gave XVI, Mp 85-86 9C from n-hexane (yield 95%); ir;

1
1750, 1715; Hgnmr(DMSOde,): 8.17(s,1H,8-4 of imidazole),2.95(5,3H,CH3).

Ethyl 2~Acetylthio-1-(3-pyridylmethyl)-1#-imidazole-5-carboxylate (XVII)
REACAV VAV AT TV TV VLV P R TV VY VN VW e R R N L G R R LR LRV PG LT TV

It was obtained as described for XVI employing Vb as the starting material. Mp 80-81 °C from
1
n-hexane (yield 90%); ir: 1730; H-nmr(DMSO—d6): 8.16(s,1H,H~4 of imidazole),S.BO(S,ZH,NCsz,2_97

(s,3H,SCOCH3).

2-Acetylthio-1- (3-pyridylmethyl) -15-imidazole-5-carboxylic Acid (XVIII}
AU NAAN NN A AN AN N AN A AN TSSO ARS ARSI AN AN

A mixture of VIb and an excess of Aczo was refluxed for 4 h., On cooling XVIII separated cut. Mp
1
210-211 °C from DMF (yield 80%}; ir: 1725; H-nmI(DMSO-dS): 8.10(s,1H,8-4 of imidazocle),5.82(s,2H,

NCH2),2.92(S,3H,SCOCH3).

Ethyl 2-Methyl-3- (4-pyridyl)imidaze[2,1-b]thiazole-5-carboxylate (XIX)
AU AN AN A N A AU AN AU AU

A mixture of V¢ and an excess of ACZO was refluxed for 4 h. Removal of the sclvent left a residue
1
which on recrystallization from ligroine gave XIX. Mp 134-135 °C (yieid 54%); ir: 1715; H-mmr
“+ +
(CDCL.): 7745, 18,H-6) ,2.46 (s, 36,CH ) 5 ms(30 &¥): m/z 287 [M] , w/z 242 [w-Eco] , m/z 214
+ + +
[M—cozEt] , miz 117 [py—C=C—CH3] . m/z 58 [scm] .

2~Methyl~3-(4—pyridylmethyl)imidazc[Z,l—b]thiazole LX%)
VNSNS A A VAN AN A

A mixture of VIc and an excess of A020 was refluxed for 4 h. Removal of the solvent left an oil
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which on treatment with Et20 followed by filtration gave XX; wp 57-58 ©C from n-hexane {yield 73%);
1 + +
ir: 1740; H-mmr(CDCL,J: 2.25(s,36,CH); ms (30 ev): m/z 215 [M]7, m/z 117 [py—c:c~c:H3] , m/z 90

[by-c]®, m/z 58 isew] .
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