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The reaction of cinnamonitriles with thioglycolic acid in the presence of a basic catalyst affords
thiazolo(3,2-alpyridine derivatives.

In the last decade we have been involved in the programme directed to the utiliza-
tion of the synthetic potentialities of polyfunctionally substituted nitriles! ~3. During
this research we have reported a route for the synthesis of thiazol-4-ones*~ ¢ and
thiazolo[3,2-a]pyridines’~® by reaction of thioglycolic acid with polyfunctional
nitriles Ia—Id and a subsequent reaction of the thiazoles IIa—IId so formed with
cinnamonitriles I11 to yield thiazolo[ 3,2-a]pyridines I V. The same synthetic approach
was also reported simultaneously by another group'®. In conjunction with this work
we report here a direct one-step synthesis of IV by the reaction of cinnamonitriles
with thioglycolic acid. Only limited synthetic approaches for thiazolo[ 3,2-a]pyridines
have been presented so far’ ~°. Thus, it has been found that I1la—IIIf react with
thioglycolic acid to yield crystalline products in very good yields. These products
were identified as IVa —IVf. The formation of IVa —IVf by the reaction of Il11a —I1If
and thioglycolic acid is assumed to proceed via intermediates Va— Vf formed by the
addition of thioglycolic acid to one of the cyano functions in I1Ia —I1If. Compounds
Va—Vf so formed reacted with an additional molecule of III to yield intermediate
Michael adducts VI. These compounds then released malononitrile to yield VII
which reacted with the eliminated malononitrile to yield the final thiazolo[3,2-a]-
pyridines IVa—1Vf. The possibility that the reaction products are pyranothiazoles
VIII resulting from cyclization of VI was eliminated by means of IR spectra which
revealed in each case a band at 1700—1 730 cm™~! corresponding to the ring car-
bonyl group. This band is not expected in the IR of VIII.
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In order to provide evidence for the proposed reaction route, the arylidenes
Va— Vf were prepared utilizing our previously reported procedure* for the synthesis

CN x/\—‘._N CcN
H,c —CcH=c{
Z, ! \/J\O Ar—ch=c

I I I

In formulae //l: a, X=CN 4,6 X=CO,C,H,
¢, X=COCH; ¢, X =CONH, HSCH,CO,H
7
Ar—CH=C
——N
P ArCHO
Sv/‘\
OH
r 1 r CN 7
Ar—CH=C_ Ar—CH=CZ
sIg Ser
0| =-——r0 OH
Ar H Ar N
CN
Vil
- - - % -

v Vil

In formulae JI-Vil: a, Ar=CsHs b, Ar=p-CH;OC¢H, ¢, Ar=p-CIC(H,
d, Ar=m-CIC¢H, e, Ar=2-furyl f, Ar=2-thienyl

of Va, and were converted into VIIa—VIIf. The treatment of VIla— VIIf with
malononitrile afforded IVa—1VYf.
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TABLE I
. Calculated/Found
Compound I;IP:(; oC Flcamula

(le ,/,) ( W) %C %H %N %S

1Va 249—250¢ C,,H,,N,0S 691 37 147 84
(88) (382°5) 691 35 146 83

1vb 233—235%7  C,,H,;gN,O5S 651 41 127 72
(85) (442-5) 650 41 12:6 73

IVe 197— 1980’0 C22H12C12N4OS 585 27 12-4 7-1
(87) (451-4) 58:6 2'5 12:3 71

1vd 266— 2687 C,,H,;,CI,N,0S 585 2:7 12:4 71
(82) (451-4) 583 2:6 12:6 7-0

1Ve 230—232¢ C;sH;(N,05S 59-7 2:8 155 88
(86) (362-4) 59-7 2:6 157 89

1vf 214—216° C;3H;oN,OS; 548 2:6 142 24-4
(83) (394-5) 54-9 2'5 142 24:5

Va 198—200° C,;,HgN,0S 631 35 123 14-0
(82) (228:3) 633 34 12:0 14-0

Vb 265—266° C,;3H,(N,0,S 60-4 39 10-8 12:4
(83) (258:3) 60-4 3-8 110 12:6

Ve 169—170° C,;,H,CIN,0S 54-9 2:7 10-7 12-2
an (262:7) 550 2:8 10-8 122

vd 206— 2074 C,,H,CIN,0S 54-9 2:7 10-7 12:2
(79) (262:7) 551 2:9 10-5 12:0

Ve 224—2264 C10HgN,0,S 55:0 2:8 12:8 14-7
(80) (218-2) 553 2:8 13-0 14-9

vf 245—246° C10HgN,0S, 51-3 2:6 12:0 27-4
(78) (234-3) 513 2'5 123 27-4

Vila 261—263¢ C,oH,,N,0S 72:1 3-8 89 101
(79) (316:4) 72:0 37 91 10-3

VIIb 248— 2494 C,1H,4N,0;S 67-0 43 7-4 85
(80) (376°4) 673 42 75 84

Vilc 268— 2707 CioH;oCI,N,08  59:2 2:6 7-3 83
(80) (385:3) 59-2 27 7-0 84

vild 239—240¢ CioH;oCI,N,08  59-2 2:6 7-3 83
(80) (385:3) 595 2:4 7:0 83

Vile 257—258¢ C,5HgN, 038 60-8 2:7 95 10-8
(79) (385'3) 60-7 2:7 93 108
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TABLE 1
(Continued)
Moo, © | Calculated/Found
Compound Ypld’ oC F(I)J[mu 2 —

(Yield, %) (M.w.) % C o H o/ N oS
vy 282—283¢ C, sHgN,0S; 549 25 85 29-3
(82) (328:4) 55-2 2-4 87 29-5
Xa 212—213¢ C,6H24N,05S 655 51 59 67
(85) (476-6) 656 50 57 69
Xb 217—218° C,3H,5N,0,8 627 53 52 6-0
(87 (536°6) 62:9 50 52 59
Xc 230—231° C,6H,,CI,N,048 573 41 51 59
(88) (545'5) 57-5 40 50 58

Crystallized from: ® DMF/ethanol; > DMF; € ethanol; ¢ dioxane; © ref.” m.p. 250°C; / ret.® m.p.
235°C; 9 ref.® m.p. 198°C.

Similar to the behavior of IIIa—IIIf towards thioglycolic acid, refluxing ethyly-
lidenecyanoacetate IXa—IXc and thioglycolic acid in pyridine afforded thiazolo-
[3,2-a]pyridines Xa—Xc. These compounds were also obtained from the reaction
of IIb with IXa—1IXc.

Ar COZCQHg
H.C,0,C \ NH

_CN HSCH.CO,H A \ ?

Ar—CH=CT — N

C0.C,H,
S
X Y
Ar H
X

In formulae IX,X: a, Ar=C.H. b, Ar=p-CH;0C¢H, ¢, Ar=p-CIC¢H,

EXPERIMENTAL

All melting points are uncorrected. IR spectra were recorded (KBr disc) on a Shimadzu 408
spectrometer. 1H NMR spectra were measured in (CD3),SO on an EM-390 at 90 MHz using
tetramethylsilane as internal standard. Microanalytical data (C, H, N) were obtained from the
Microanalytical Data Unit at Cairo University.

Reaction of IIla— IIIf and I1Xa— IXc¢ with Thioglycolic Acid

General procedure: A solution of IIla—IIIf or IXa—IXc (0-02 mol) and thioglycolic acid
(0-01 mol) in pyridine (50 ml) was heated under reflux for three hours. The solvent was then
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TABLE 11

Selected IR and complete !H NMR spectra for compounds listed in Table I

Compound

~ -1
Vmax> €M

J, ppm

IVa

Vb

1Ve

1vd

1Ve

v

Va

Vb

Ve
vd

Ve

vr
Vila

Vilb

3 420; 3 320; 3 230 (NH,); 2 980;
2940 (CH); 2 200 (CN); 1 730 (CO);
1660 (NH,)

3460—3 350 (NH,); 2 980; 2 950
(CH and CHs); 2200 (CN); 1 720
(CO); 1660 (NH,)

3480—3 350 (NH,); 2 220 (CN);
1720 (CO); 1 660 (NH,)

3 460—3 340 (NH,); 2 220 (CN);
1 730 (CO); 1 660 (NH,); 1 620 (C=C)

3 400; 3 300; 3220 (NH,); 2 210 (CN);

1720 (CO); 1 620 (NH,)

3 400; 3 280; 3 200 (NH,); 2 200 (CN);
1 700 (CO); 1 600 (NH,)

1730 (CO); 2 220 (CN)

1 720 (CO): 2 220 (CN); 1 620 (C=C)

1720 (CO); 2 220 (CN); 1 630 (C=C)
1 730 (CO); 2 220 (CN); 1 620 (C=C)
1720 (CO); 2 210 (CN); 1 620 (C==C)

1710 (CO); 2 220 (CN); 1 630 (C==C)
1 720 (CO); 2 220 (CN)

1710 (CO); 2 210 (CN)

4-5s, 1 H (pyridine H); 6:73 brs,
2H(NH,); 7'3—7-6 m, 10 H

(2 X C¢Hs) 7°93s, | H (ylidene CH)
3-8, 3-9 two singlets, 6 H (2 X OCH3);
4-8s, 1 H (pyridine H); 6:8—8:3 m,

11 H (aromatic, arylidene and NH,
protons)

4-8s, 1 H (pyridine H); 7°2—7-8 m,
9 H (aromatic and arylidene protons);
82brs, 2 H(NH,)

5:0s, 1 H (pyridine H); 720—7-3m, 2 H
(thiophene 5,5-H); 7-5—7-7s, 2 H
(thiophene 4,4’-H); 7-8—8:0d, 2 H
(thiophene 3,3’-H); 80—81d, 1 H
(arylidene CH); 8-3s, 2 H (NH,)

6:0s, 1 H (thiazol H-5); 7-3—7-8 m,

6 H (aromatic and arylidene protons);
11-3s, 1 H (OH)

5-7s, 1 H (thiazol H-5); 70— 7-8 m,

5 H (aromatic and arylidene protons);
11-:2s, 1 H(OH)

5-8s, 1 H (thiazol H-5); 7-8—8-:0 m,
4 H (aromatic and arylidene protons);
11-3s, 1 H

7:-0—7-9m, 11 H (aromatic and
arylidene protons); 8:3s, 1 H
(arylidene CH)

3-8, 4-0 two singlets (2 > OCHj3);
6:9—7-8 m, 9 H (aromatic and
arylidene protons); 8:2s, 1 H
(arylidene CH)
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TABLE I1
(Continued)

1

Compound Venax> €M~ J, ppm

Vilc 1710 (CO); 2 220 (CN)
Vild 1700 (CO); 2 220 (CN)

Vile 1 700 (CO); 2 220 (CN) 6:9—7-8 m, 7 H (aromatic and arylidene
protons); 83 s, 1 H (arylidene CH)

vif 1 700 (CO); 2 220 (CN)

Xa 3 440; 3 300 (NH,); 3 000; 2 960; 1-16 2t, 6 H(2 X CHj3); 416 2 q,
2940 (CH and CH3); 1 730; 1 700 4H(@2X CHZ); 50s, 1 H (pyridine H);
(CO bands); 1 670 (CO); 1 630 (C=C) 633 brs, 2 H(NH,); 7:3—7-9m, 11 H
(aromatic and arylidene protons)

Xb 3 420; 3 380 (NH,); 3 000—2 960 1:2m, 6 H(2 X CH3); 2°98s, 6 H
(CH, CH, and CH3); 1 700—1 690 (2 X OCHS,); 35 br 2 H (NH,); 4-0 m,
(ring CO); 1 720 (ester CO); 1 660 4 H (2 X CH,); 466 s, 1 H (pyridine
(NH,); 1 615 (C=C) H); 6:7—7-7 m, 8 H (aromatic

protons); 8:25s, 1 H (arylidene proton)

Xc 3 480; 3 380 (NH,); 3 000—2 960 1:25m, 6 H (2 X CH,); 3:9br, 2 H
(CH, CH, and CH3); 1 730—1 710 (NH,); 4:3m, 4 H (2 X CH;); 48s,
(ester CO); 1 690 (ring CO); 1 670 1 H (pyridine H); 7:2—7-6 m, 8 H
(NH,); 1 630 (C=C) (aromatic protons); 8:25s, 1 H

(arylidene CH)

evaporated under reduced pressure. The remnant was triturated with water and the resulting
solid was collected by filtration and crystallized from the appropriate solvent (see Tables I, IT).
Compounds Xa— Xc were also prepared by the reaction of IXa—IXc with IIb, following our
previously reported procedures.

Synthesis of Compounds VIla— VIIf

Ceneral procedure: Equimolecular amounts (0-01 mol) of ¥a— Vfand the appropriate aromatic
aldehyde were heated under reflux in methanolic methoxide (50 ml containing 0-3 g dissolved
sodium metal) for three hours. The solvent was then evaporated under reduced pressure. The
remnant was triturated with water and neutralized with HCI. The solid product so formed was
collected by filtration and crystallized from the appropriate solvent (see Tables I, IT).

Reaction of VIla— VIIf with Malononitrile

General procedure: A solution of VIIa— VIIf(0-01 mol) and malononitrile (0-01 mol) in pyri-
dine (30 ml) was heated under reflux for two hours. The solvent was then evaporated under
reduced pressure. The remnant was triturated with water and the resulting solid was collected
by filtration and crystallized from the appropriate solvent (see Table I, II).
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