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Abstraet—- The synthesis of imidazol-2-ylthic derivatives IIa-d

by reacting 71-benzyl- and 1-{2-pyridylmetnyl)-5-substituted Z-
merceptoimidazoles IIla-d with chloroacetic acid is described.
The interesting imidazol-Z-ylthio derivatives Va,b,d and VI

were obtained on heating ITa-d with acetic anhydride. The reac-
tion between I1TTa and 2-chlcoronicotinic acid chloride was also
studied., The structures of all of the compounds were determined
by ir and 1H-nmr‘ spectroscopy. Compounds Vb and Vd were also

cbtained by unequivocal synthesis to supporit our interpretation.

In a previous paper we reported the cyclization of 2-mercapto-1-(2-pyridylmethyl) -
1H-imidazole-5-carboxylic aclid with acetic anhydride1.

Continuing our studies concerning the synthesis of novel heterocyclic ring systems
having a fused imidazole or benzimidazole ring ", we decided to attempt the syn-

thesis of a fused 1,3,5-thiadiazocine (I) by cyclizetion of [J—Bthaxycarbunyl—1—

(2—pyridylmethyl]—1H-imidazol—2—y1thiu]acetic acid (ITa) with acetic anhydride,
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The S-ethoxycarbonyl derivative Ila was employed to avoid s probable cyclization
leading to the formstion of 1DH*1DfoxmAimidazo[1,Sfa]pyridn[1,27deyrazine ring
which was observed by treating several S-carboxy-1-{2-pyridylmethyl)-1H-imidazale

1
derivatives with anhydrides . Although attempts to obtein I were unsuccessful, we
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noted an unexpected behavicur of Ila toward acetic anhydride. 1In fact, on treat-

ment of IIe with acetic anhydride, @ condensation involwving two molacules of IIa
cccurred leading to the formation of [Sfethoxycarbonyl—1—LZ—Dyridylmethyl]—1H-im~
idazol-Z*ylthiD]ethanethioic acid S-[5—ethuxycarb0nyl-1—[pryridylmethyl]71H—imid—
azolefyl]ester Va.

In order to svaluate the possibility of extending this wvery interesting reaction,
we prepared some imidazole derivatives structurally analogous to ITa and tested
their behaviour toward acetic anhydride. The reactions are summarized in the fol-

lowing schems.
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On the syntheslis of compounds Ila-d some remarks can be made: all of the compounds
Ila-d were obtained sftarting from the corresponding Z-mercapto derivatives IIIa-d

on treatment with chloroacetic acid., Compounds IIb,d were prepared in higher yields
on treatment of IIIb,d with chloroacetyl chloride followed by hydrolysis of the acid
chlorides IVb,d?. Treatment of 1-{2-pyridylmethyl)-1HF-imidazole derivatives IIla,c
with chloroacetyl chloride give only uncrystallizable tars.

Compounds IIb,d showed a behaviour identical to that of IIa undergoing an analogous
condensation.

The structure of compounds VYa,b,d was assigned on the basis of their ir and 1H-nmr
data. The ir spectra of Va,b showed three CO signals at about 1670, 1720 and 1740
cmi1 attributable to the thiolester carboryl group and to the ester carbenyl groups
linked to the nucleil % and y respectively. The ir spectrum of Vd gave no useful

1
informations since oniy a2 broed CY signal 1s detectable., The H-rmr spectra of
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Va,b,d showed & singlet at § 4.55-4.98 due to the S*EHZ group. The singlets at &
5.50-5.B8 and 5.69-5.80 were assigned to the N-CH2 groups linked ta the x and y im-
idazole nuclei respectively.

In #ach case the singiet signals due to the H-4 of the y imidazole nucleus were
detected at = lower field thanrn the corresponding protons of the x one., This be-
Haviour can be explained by the slectran-withdrewing effect of the SCOD group.
Further evidence for the structureof compounds Vb,d was provided by their unequivo-
cal synthesis starting from carboxylic acid chlorides IVb,d and mercapto deriva-

tives IIIb,d:

Ph Ph Ph
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With regard to the faormation of Va,b,d a possible reaction pathway is reported in
scheme 2.
The formation of the intermediate cyeclic ion can explain the resactivity of the

S—EH2 bond and the facile nucleophilic attack on the C=D group.

Scheme 2
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As expectedi, compound IIc gave a ring-closure reaction involving the carbaxylic
group linked at the 5-position of the imidazole ring and the pyridine nitrogen,
giving (10H-1D-oxo-imidazo[1,E-a]pyrido[1,2-d]pyrazin-nylthiDJacetic acid (VI].
The structure of compound VI was confirmed by means of its 1H-nmr and ir spectral
data. In fact in the 1H_nmr spectrum a singlet signal at 6 8.15 due tc the H-4 is
detectable, Furthermore, in the ir spectrum a peak at 1640 cmk1, due to the N-CO

group, appears.
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Since we discovered differences in the chemical behaviour of compounds III toward
chloroacetyl chloride, we decided toc investigate the behaviour of IIIla toward 2-
chicoronicotinic acid chloride. This choice was made considering the interesting
reaction betwsan ITIb and Z-chloranicotinic acid chloride: compound ITIIbD besides
the S-substitution, underwent the detachment of the benzyl group giving 3-ethoxy-
carbonyl-5H-5-0xn-imidazo[2,1-b]pyrido[3,2-e][1.3]thiazinez whereas caompound IIIa
underwent only S-substitution giving 2—[5—9thoxycarbony1—1H—1—[Z-pyridylmethyl]im-
idazal—Z—ylthio]nicotinic acid chloride, a very hygroscoplc solid which was char-
acterized by conversion inte the corresponding carboxylle acid VIT and tert-bu-

tylamide VIII (scheme 3].

Scheme 3
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EXPERIMENTAL

Melting points were obtained in open capillary tubes and are uncorrected. The ir
spectra were measured on a Perkin-Elmer 283 spectrophotometer for potassium bromide
discs. Thne 1anmr spectra were recorded with a Perkin-Elmer R3Z2 instrument for
Dl"iSD-dB saturated solutions; chemical shifts are expressed in ppm (8§) fram TMS,

All of the compounds gave correct microanalyses.

[EfEthoxycarDuny171H714(2-pyridy1methyl]imidazolef 1thiol acetic Acid (TIg)
A A AR AN AL AN APASANANANNADNAN

A suspension of IITa, (1CH_COUH, and NazCD:3 (molar ratio 1:1:2) in OMF was raefluxed
for 2h. Removal of the solvent left a residues which was dissolved in water. On

acidification of the above described solution with dil. HC1l, compound IIa sepa-
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-1 1
rated out. Mp 144-145 ©°C from EtOH (yield 70%); ir: 1720 (cm ) H-nmr: 7.78(s,

1H,H-4 imidazole), 5.85[5,2H.NEH2J, 4.DU[S,ZH,SCH2J.

[B-Carbox -1H-1-(2-pyridylmethyl)imidazol-2-ylthio |acetic Acid (IIg)

This compound (IIc) was opbtained as described for Ila except that molar ratie Ilic:

ClCHzEGDH: NaZED3 was 131:3 and the resction time was 1h. Mp 214-215 °C from EtOH
-1 1 . .

(yield 75%); ir: 1700 (cm ); H-nimr: 7.75(s,1H,H-4 imidazale), 5.70!5,2H.NCH2},

4.DD(S.2H,SEH2].

[5-Ethoxycarbonyl-14-1-banzylimidazol-2-ylthicJacetic Acid (IIb)

AAATNNAARANNANANAANAA AN AN ASAA AR AR AAAAAAANAANN SR AAN,

This compound (IIb) was abtained starting from IIIb following the procedure de-
-1 1

scribed for IIa. Mp 116-117 °C from EtOH (yield 80%): ir: 1720 [cm J: H-nmr:

7.80(s,1H,H-4 imidazole], 5.55[5,2H,NCH2J. 4.DS[5,2H.SEH2].
(5-Carboxy-1F-1-benzylimidazol-Z2-ylthiclacetic Acid (IId)

AN VNAAN ANV A A AN AN AN DA AR AN AN

This compound (IId} was prepared starting from IIId following the procedure de-

-1 1
sgribed for TIc. Mp 205-20B °C from EtOH (yield 80%)}; ir: 4710 (cm ): H-nmr:

7.300s,1H,H-4 imidazole), 5.85[5,2H,NCH2]. 4.05[5,2H,SCH21.

Alternative Synthesis of TIIb and IId- A mixture of IIIb and ClCHZCDCl (molar ratio
1:1) in dry benzene was heated at 40 °C for 1h. 0On cooling a white product seps-
rated out which was collected by filtration. The analytical and physical data of
this product could not he determimed becauss of its hygroscopicity. The above de-
scripbed procuct was stirred with watsr for 15 min and the crude IIn (yield 90%)

collected by filtration. 1In the same manper compound IId was obtained 1n 92% yield.

5-Ethoxycarbonyl-1H-1-{Z2-pyridylmethyll)imidazol-2-ylthio]ethanethioic Acid 5-TI5-
R S
Ethoxycarbonyl-1E-1-(2-pyridylmethyl)inmidazol-2-yl|ester (val
UL AU A AAAA AR LA A

A solotion of IIa in Acza was refluxed for 10 min. Removal of the solvent under
reduced pressure left & residue which was washed with EtzD/acetone 1:1 to give the
crude Va. Mp 180-184 °C from MeCN (yield 80%); ir: 1740 fem 3, 4720 (em '3,
1H—nmr: 8.73(s,1H,H-4 imidazole y), 7.80(s,1H,H-4 imidezole xJ, E.BD[S.ZH,NCHZ v,

5.55[5,2H,NEH2 x), 4.95[5,2H,SEH2].

(5-Ethoxycarbonyl-15-1-benzylipidazol-2-ylthiaolethanethioic Acid S-(5-Ethaoxycarbon-
ANAAAAANANNAANA AN AR AN AN NN N AAAA AN VVAAAAANAANNANAAAANNAAANANANARANA L

yl-1H-1-benzylimidazol-2-yl)ester (VD)
APV U VAN VAR AN AU

Method A- A solution of IIb in ACZD was heated at 80 ©¢C for 30 min. Removal of
the solvent left a residue which was washed with Et_0 to give the crude Vb. Mp
185-186 °C from MeCN (yield 70%); ir: 1748 (cm '), 1710 Cem '), 1660 Ccm '35 H-nme s
8.68(s,1H,H-4 imidazole y], 7.50(s,1H,H-4 imidazole x), 5.59(5.2H,NCH2 vl, §.50(s,
2H,NEH2 x}, 4.89[5,2H,SCH2].

Method B- An egulimolecular mixture of IITb and ElCH2€DCl in dry benzene was heated
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at 40 °oC for 1h. The calculated amount of IIIb and an excess of NEt3 were added
under stirring to the above described soclution. The resulting suspension was re-
fluxed for 30 min, then cooled and filtered. The collected solid product was dried,

washed with water and dried again to give the crude ¥b (yield 70%).

(5-Carboxy-1H-1-penzylimidazol-2-ylthio)lethanethlioic Acid S-(5-Carboxy-1F-1-benzyl-
AN NN A AANAN AN AANAAN AR AAAAAANAN NN AN AN AN AN ANAANAN AN ADAANAARNAA N

Method A= A solution of IId in ACZD was heated at B0 °C for 30 min and then cooled
in an ice bath. The sclid product that separated out was collected and then dis-
solved in het AcOH. The above described solution was cooled and the crude Vd sepa-
rated out, Mp 202-203 °C from DMF/acetone/HZU (1:3:1) (yield 45%); ir: 1700 [Gm-qh
1anmr: B.55(s,1H,H-4 imidazonle y), 7.70(5,1H,H-4 imidazole x}, 5.70[5,2H.NCH2 v,
5.55[5,2H.NCH2 %1, 4.55[5,2H,SEH2J.

Methed B- An eguimolecular mixture of ITIId and ClCH2C0E1 in dry benzene was heated
at 40 °C for th. The calculated amount of IIId and an excess af NEt3 were added

under stirring to the above described solution, The collected so0lid product was

dried, washed with water and dried again to give the crude Vvd (yield BG%].
[1GH—1D~on~imidazo{1,5~a]pyridof1,2—d]pyrazin-2-ylthio]aceti: Acid (VI)
AN LA VAN AR U A A VA T AN VA VA VUL UL
A sulution of IIc ip ACZU was refluxed for 30 min. On cooling yellow crystals of
VI separated out. Mp 205-206 ©C from DMF (yield 80%); ir: 1680 [cm_q], 1640 [Cm_qh
1

H-nmr: 6.150s,1H,H-4), 7.80(s,1H,H~-11]), 4.00[5,2H,SCH2].
2—[5-Eth0xycarbony1—]H—1-(2upyridy1methy1]imidazol-?-ylthio]nicotinic Acid (VII)
AN AN VAN N W A A A A AN AN A A A AN A AN
An eguimolecular mixture of Z-chloronicotinic acid chloride and TTITa in dry benzen=s
was refluxed Tor 2h. The solid product which separated out wes collected and treat-
ed with water to give the crude VII. Mp 211-212 ©C from EtOH (yield 45%1: ir: 1710

-1
tem )5 1H—nmr: 7.92(5,1H,H-4 imidazale]), S.ES[S,ZH,NEHZJ.

2- E*Ethoxycarbonyl-iH-i-[27pyridy1methyl]imidazolfz—ylthio]nicutinic Acid tert-Bu-
VTN VTV AN AN VANV AAAAANAAANA AN AN AANAA
tylamide €(VIII)
ANV

An equimolecular mixture of 2Z-chloronicotinic aecid ehloride and IIIa in dry benzene
was refluxed for zZh. After ccocoling an excess of terft-butylamine was added to the
reaction mixture. The solid product which separated out was collected, washed with
water and then drisd. Mp 110-111 ©C from ligroine (bp 80-120 °C) (yield 40%); ir:

-1 -1 1 1
32690 (cm ), 1720 (cm ), 1BEB0 f{cm ) H-nmr: 7.90{5,1H,H-4 imidazole), 5.70(s5,2H,.

NEHZJ, 1.35[5,9H,M83].
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