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Cyanothioacetamide (1) re acted with but-2-enal (2) to give the cor re spond ing 4-methyl- 2- sul fanyl -
pyridine-3-carbonitrile (7) which was used as a good start ing ma te rial for the syn the sis of 1-(3-amino- 4-
 methylthieno[2,3-b]pyridin-2-yl)ethan-1-one (10), 3-amino-4-methylthieno[2,3-b]pyridine-2-carboxamide
(15), 3-amino-4-methylthieno[2,3-b]pyridine-2-carboxylate (18) and 3-amino-4-methylthieno[2,3- b] pyri -
din- 2-ylarylketone 25a-c through its re ac tions with each of (1-chloroacetone (8), 3-chloropentane-2,4-dione
(11) or ethyl -chloro-3-oxo-butanoate (19)), 2-chloroacetamide (13), ethyl 2-chloroacetate (16) and 2-
 bromo- 1-arylethan-1-one 23a-c, re spec tively. Con sidering the data of el e men tal anal y ses, IR, 1H NMR, mass
spec tra and the o ret i cal cal cu la tions, struc tures of the newly syn the sized heterocyclic com pounds were elu ci -
dated.

IN TRO DUC TION

In con junc tion with our pre vi ous work1-8 cyano thio -
acetamide (1) was used as a good synthon for the syn the sis of
2-thioxohydropyridine-3-carbonitrile de riv a tives, which
were used for build ing up sev eral newly syn the sized pyra -
zolopyridine and thienopyridine de riv a tives. The re ported bi -
o log i cal ac tiv i ties of py ri dines9-11 and thienopyridines12-14

stim u lated our in ter est for the syn the sis of sev eral new de riv -
a tives of these ring sys tems which are re quired for the me dic -
i nal chem is try pro gram.

RE SULTS AND DIS CUS SION

It has been found that Shelyakin et al.15 re ported that
cyanothioacetamide (1) re acted with but-2-enal (2) in eth -
anolic so dium ethoxide to af ford the cor re spond ing 4- meth -
yl- 2-thioxopyridine-3-carbonitrile (7a) but on car ry ing out
such re ac tion in our lab o ra tory we found that such re ac tion
was pro ceeded via very low yield and an im pure prod uct.
This in duced our at ten tion to change the re ac tion con di tion,
and thus 1 re acted with 2 in ab so lute eth a nol con tain ing a cat -
a lytic amount of triethylamine to af ford the re ac tion prod uct
via the non-isolated prod ucts 3-5. The IR (cm-1) spec trum of
such re ac tion prod uct showed the bands cor re spond ing to
NH, CN, C=S and C=C groups while its 1H NMR spec trum
re vealed the sig nals of CH3, pyridine H-3, H-4, H-5, H-6 and
NH pro tons. More over, its mass spec trum gave m/z = 152

which cor re sponded to the mo lec u lar weight of the mo lec u lar 
for mula C7H8N2S of the as signed struc ture (cf. Chart 1). By
con sid er ing the above-mentioned data in ad di tion to that of
the el e men tal anal y ses, such re ac tion prod uct could be for -
mu lated as 4-methyl-2-thioxo-1,3,4-trihydropyridine-3- car -
bonitrile (6) (cf. Chart 1). On refluxing such a re ac tion prod -
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uct in ab so lute eth a nol con tain ing a cat a lytic amount of tri -
ethylamine for three hours it gave 4-methyl-2- sulfanyl pyr i -
dine-3-carbonitrile (7) rather than 4-methyl-2- thioxohy dro -

pyridine-3-carbonitrile (7a). Con sidering the data of IR, 1H
NMR and el e men tal anal y ses the struc ture 7 was elu ci dated
(cf. Ta bles 1 and 2). More over, its mass spec trum gave m/z =

562     J. Chin. Chem. Soc., Vol. 49, No. 4, 2002 Attaby et al.

Table 1. Characterization and Analytical Data of the Newly Synthesized Compounds

Comp. Colour Yield
( )

M.P.
( C)

Molecular
formula

Chemical Analysis (Calcd./Found)
C H N S Cl

6 Yellowish-
white

72 155-7 C7H8N2S
55.23
55.0

5.30
5.5

18.40
18.2

21.07
20.9

----
----

7
Yellow 87 186-8 C7H6N2S

55.98
55.7

4.03
4.1

18.65
18.7

21.35
21.5

----
----

10
Brown 69 197-9 C10H10N2OS

58.23
56.4

4.89
5.0

13.58
13.3

15.55
15.7

----
----

14 Yellowish-
white 70 154 C9H9N3OS

52.16
52.3

4.38
4.5

20.27
20.0

15.47
15.2

----
----

15
Brown 76 220-2 C9H9N3OS

52.16
52.0

4.38
4.4

20.27
20.4

15.47
15.6

----
----

18
Yellow 68 287-9 C11H12N2O2S

55.91
56.1

5.12
5.3

11.86
11.7

13.57
13.7

----
----

20
Yellow 62 85 C8H8N2S

58.51
58.3

4.91
5.1

17.06
16.9

19.53
19.4

----
----

22 Pale-
brown 66 238-9 C7H8N4

56.75
56.8

5.44
5.3

37.81
37.7

----
----

----
----

25a
Yellow 68 297-9 C14H12N2S

69.97
70.1

5.03
5.1

11.06
11.2

13.34
13.5

----
----

25b
Brown 72 267-8 C15H14N2S

70.83
70.9

5.55
5.4

11.01
10.9

12.61
12.8

----
----

25c
Yellow 77 311-3 C14H11ClN2S

61.20
61.4

4.04
4.2

10.20
10.3

11.67
11.7

12.90
13.1

Table 2. IR and 1H NMR Spectral Data

Comp. IR (cm-1) 1H NMR ( ppm)

6 3157 (NH); 3089 (olefinic CH); 2946, 2833 (sat. CH);
2222 (CN) and 1600 (C=C).

1.0 (s, 3H, CH3); 3.1 (d, 2H, pyridine H-3, H-4); 4.1 (s, br., 1H,
NH) and 6.5-6.9 (dd, 2H, pyridine H-5, H-6).

7 3143 (NH); 3081 (olefinic CH); 2934, 2852 (sat. CH);
2218 (CN) and 1605 (C=C).

1.2 (s, 3H, CH3); 7.2-6.7 (dd, 2H, pyridine H-5, H-6) and 12.3
(s, br., 1H, SH).

10 3460, 3291 (NH2); 2978 (CH sat.) and 1712 (CO-acetyl). 0.9 (s, 3H, CH3); 2.4 (s, 3H, COCH3); 5.2 (s, br., 2H, NH2); 6.8-7.3
(dd, 2H, pyridine H-5, H-6).

14 3410, 3289 (NH2); 2985 (sat. CH); 2219 (CN); 1683 (CO
amidic) and 1602 (C=C).

1.2 (s, 3H, CH3); 3.1 (s, 2H, -SCH2-); 5.1 (s, br., 2H, NH2) and 6.7-
7.0 (dd, 2H, pyridine H-4, H-5).

15 3459, 3325, 3254 (NH2); 2982 (sat. CH); 1672 (CO
amidic) and 1600 (C=C).

1.1 (s, 3H, CH3); 5.21 (s, br., 4H, two NH2) and 6.8-7.1 (dd, 2H,
pyridine H-5, H-6).

18 3460, 3289 (NH2); 2986 (CH sat.); 1718 (CO-ester)
and 1601 (C=C).

0.9 (s, 3H, CH3); 1.4 (t, 3H, CH3CH2); 4.3 (q, 2H, CH3CH2); 5.4
(s, br., 2H, NH2) and 6.8-7.3 (dd, 2h, pyridine H-5, H-6).

20 2980 (sat. CH); 2214 (CN) and 1604 (C=C). 1.2 (s, 3H, CH3); 3.1 (s, 3H, SCH3) and 6.7-7.1 (dd, 2H, pyridine H-
5, H-6).

22 3462, 3334, 3248, 3197 (NH2 and NH); 2982 (sat. CH)
and 1600 (C=C).

1.3 (s, 3H, CH3); 5.1 (s, br., 3H, NH, NH2) and 6.8-7.3 (dd, 2H,
pyridine H-5, H-6).

25a 3422, 3387 (NH2); 3051 (aromatic CH); 2987 (sat. CH)
and 1712 (CO ketonic) and 1603 (C=C).

1.5 (s, 3H, CH3); 5.5 (s, br., 2H, NH2) and 6.2-7.8 (m, 7H, aromatic
and pyridine H-5, H-6 protons).

25b 3431, 3385 (NH2); 3043 (aromatic CH); 2982 (sat. CH)
and 1715 (CO ketonic) and 1600 (C=C).

1.3 (s, 6H, two CH3); 5.7 (s, br., 2H, NH2) and 6.5-7.6 (m, 6H,
aromatic and pyridine H-5, H-6 protons).

25c 3420, 3379 (NH2); 3063 (aromatic CH); 2988 (sat.
CH) and 1717 (CO ketonic) and 1602 (C=C).

1.5 (s, 3H, CH3); 5.3 (s, br., 2H, NH2) and 6.5-7.6 (m, 6H,
aromatic and pyridine H-5, H-6 protons).



150 which cor re sponded to the de hy dro ge nated prod uct of 6.
Fur ther more, by con sid er ing the the o ret i cal cal cu la tions (cf.
Ta ble 3) struc ture 7 was elu ci dated.

The o ret i cal Con sid er ation
Ta ble 3 pres ents the ground state elec tronic struc tural

data of both 6 and 7. Fig. 1 shows the pro spec tive draw ing of
6 and 7 drawn to their op ti mised ge om e try com puted at the
AM1 level. Com pound 7 is the o ret i cally more sta ble than 6 as 
re vealed by the cor re spond ing Hf val ues and is much less
po lar. That is, the high po lar ity of the re ac tion me dium shifts
the re ac tion to wards 7. Fur ther more, 7 is a stron ger elec -
tron-acceptor and a weaker elec tron-donor than 6. The pos si -
bil ity of thione-thiol tau tom er ism is in ves ti gated; in the case
of 7 the thiol form is shown in Fig. 1 and its cor re spond ing
ground state prop er ties are given in Ta ble 3. 7 also, is en er get -
i cally more fa vour able than 7a, yet much less po lar. In high
po lar me dium, 7a would thus pre dom i nate.

Com pound 7 was used as a good start ing ma te rial for
the pres ent study ow ing to the pres ence of more than one ac -
tive site in its struc ture. Thus, it has been found that pyr i -
dine- 3-carbonitrile de riv a tive 7 re acted with 1-chloroacetone 
(8) in so dium ethoxide to give a re ac tion prod uct formed via
the loss of hy dro gen chlo ride. Mass spec trum of such re ac -
tion prod uct gave m/z = 206, which cor re sponded to the mo -
lec u lar weight of the mo lec u lar for mula C10H10N2SO of the
as signed struc ture (cf. Chart 2). Con sidering the above-
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Table 3.

Comp.
No.

Total
energy
(eV)

Binding
energy
(Kcal)

Isolated
A.E.

(Kcal)

Electronic
energy
(Kcal)

Nuclear-
Nuclear

repulsion
(Kcal)

Heat of
formation

(Kcal)

EHOMO

(IP)
(eV)

ELUMO

(EA)
(eV)

Energy
gap
(eV)

Dipole
moment

(D)

6 -1614.16 -1844.10 -35362.40 -180052.80 142846.30 61.38 -8.8942 -0.8599 8.0343 6.061
7 -1586.90 -1741.19 -34836.77 -165919.25 129341.30 60.05 -8.9711 -0.7531 8.2180 3.475
7a -1586.42 -1730.16 -34836.77 -166595.00 130028.06 71.078 -8.7699 -1.1231 7.6468 7.720
9 -2346.68 -2554.90 -51535.90 -287231.00 233140.10 26.92 -8.8478 -0.8703 7.9775 4.125
10 -2347.52 -2574.40 -51535.90 -297619.60 243509.20 7.47 -8.1767 -0.8134 7.3633 6.277
12 -2950.53 -3086.20 -64923.40 -408398.70 340389.00 1.14 -9.0348 -1.0391 7.9957 6.178
14 -2412.14 -2444.90 -53154.80 -289779.30 234179.50 26.89 -8.9472 -0.9283 8.0189 4.644
15 -2413.13 -2467.80 -53154.70 -300195.20 244572.60 4.04 -8.2543 -0.7371 7.5172 5.544
17 -2823.55 -2945.60 -62137.30 -358739.30 293656.40 29.08 -8.7920 -0.8018 7.9902 2.976
18 -2824.36 -2964.10 -62137.30 -376688.30 311586.90 47.60 -8.2252 -0.8467 7.3785 5.424
20 -1742.73 -2021.46 -38148.52 -195383.40 155213.40 54.90 -8.6081 -0.6363 7.9718 3.153
20a -1742.91 -1998.50 -38148.50 -198834.80 158687.70 77.80 -8.5723 -1.0835 7.4888 7.781
21 -1833.28 -1980.80 -40276.30 -202592.30 160335.20 84.26 -8.9876 -0.6240 8.3636 2.674
22 -1833.17 -1978.30 -40276.30 -208316.10 166061.50 86.80 -8.6083 -0.2645 8.3438 2.939
24a -3013.86 -3477.16 -65992.30 -427441.20 357971.80 63.36 -8.6546 -0.8189 7.8327 3.728
25a -3014.95 -3502.17 -65992.30 -440008.70 370514.30 38.35 -8.1182 -0.8783 7.2399 2.177
25b -3170.89 -3785.04 -69304.02 -477952.77 404863.69 30.57 -8.1114 -0.8640 7.2474 1.793
25c -3375.22 -3486.05 -74312.73 -479989.47 402190.68 31.36 -8.2214 -1.0021 7.2139 3.443

Fig. 1. Pro spec tive draw ing of com pounds drawn at its
AM1 ge om e try.



 mentioned data in ad di tion to IR, 1H NMR and el e men tal
anal y ses data, this re ac tion prod uct was for mu lated as a
1-(3-amino-4-methylthieno[2,3-b]pyridin-2-yl)ethan-1-one
(10). The for ma tion of such a thienopyridine de riv a tive was
pro posed to pro ceed through the non-isolated in ter me di ate 9.

In a sim i lar way com pound 7 re acted with 3-chloro -
pentane-2,4-dione (11) to give the pre vi ously iso lated com -
pound 10 with the same as pects (m.p, Mixed m.p., IR, 1H
NMR and mass spec tra) of that ob tained from the re ac tion of
7 with 8. The struc ture of 10 was fur ther con firmed by con -
sid er ing the data of el e men tal anal y ses, IR and 1H NMR spec -
tra (cf. Ta bles 1, 2). The IR spec tra of 10 showed the ab sence
of CN group and in stead the band of the newly born NH2

group was de tected. Its 1H NMR spec trum re vealed no sig -
nals of -CH2CO- pro tons while the NH2 pro tons were de -
tected. Based on both IR and 1H-NMR spec tral data it could
be con cluded that both the -CH2CO- pro tons and the CN
group were in volved in the cyclization step to give the
non-isolable in ter me di ate (I) in case of re ac tion with 1-
 chloro acetone while the ad di tion of the an ions from the
-CH(COCH3)2 to the CN groups af forded the non-isolable
3-iminothienopyridine in ter me di ate (II) in case of the re ac -
tion with 3-chloropentane-2,4-dione. These in ter me di ates, in
turn, added wa ter mol e cules to give 10 (cf. Equa tion 1).

Work was also ex tended to shed more light on the
chem i cal re ac tiv ity of 7. Thus, 7 re acted with 2-chloro -
acetamide (13) to af ford 2-(3-cyano-4-methyl-2- pyri dyl -
thio)acetamide (14) via the loss of hy dro gen chlo ride (cf.
Chart 2). The struc ture of 14 was es tab lished based on the el e -
men tal anal y ses, IR and 1H NMR spec tra (cf. Chart 2 and Ta -

bles 1, 2). The mass spec tra of 14 gave m/z = 207 which cor re -
sponded to the ex act mo lec u lar weight of a mo lec u lar for -
mula C9H9N3OS of an as signed struc ture (cf. Chart 2). More
ev i dence for the struc ture 14 was given through their cycliza -
tion in an ethanolic po tas sium hy drox ide so lu tion. The IR
spec trum of this cyclization prod uct showed no bands for the
CN group while bands of the newly born NH2 were de tected.
Its 1H NMR spec trum had no sig nals of the S-CH2 pro tons
and this proved that both the CN group and S-CH2 pro tons
were in volved in the cyclization step. Con sidering all the
above-mentioned data, this cyclization prod uct was for mu -
lated as 3-amino-4-methylthieno[2,3-b]pyridine-2-car box -
amide (15) (cf. Ta bles 1, 2, Equa tion 2 and Chart 2).

The syn thetic po ten ti al ity of 7 was fur ther dem on -
strated via its re ac tion with ethyl 2-chloroacetate (16) in so -
dium methoxide to give a re ac tion prod uct formed via de -
hydrochlorination. The IR spec trum of this re ac tion prod uct
showed the bands cor re sponded to the NH2 group and es ter
CO. Its 1H-NMR spec trum re vealed the sig nals cor re sponded
to NH2, CH3 at pyridine, pyridine H-5, H-6 and CH3CH2-pro -
tons (cf. Ta ble 2). More over, its mass spec trum gave m/z =
236 which cor re sponded to the ex act mo lec u lar weight of a
mo lec u lar for mula C11H12N2SO2 of the as signed struc ture.
Con sidering all the above data, this re ac tion prod uct was for -
mu lated as ethyl 3-amino-4-methylthieno[2,3-b]pyridine- 2-
 carboxylate (18) through the non-isolable in ter me di ate 17
(cf. Chart 3).
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The o ret i cal Con sid er ation
The re ac tion of 7 with 13, would the o ret i cally give the

open struc ture 14 or the cy clic one 15. Ta ble 3 sum ma rizes
the ground state elec tronic prop er ties of 14 and 15, whereas
Fig. 2 pres ents the two com pounds drawn to their op ti mized
ge om e tries. While 15 seems to be en er get i cally more sta ble
than 14, the en ergy dif fer ence is ap pre cia ble  23 Kcal/mol.
Fur ther more, 15 is more po lar and hence would be sta bi lized
by the re ac tion me dium to a much higher ex tent. Fur ther -
more, the en ergy gap E (de fined as the dif fer ence of en ergy
be tween the HOMO and LUMO) in di cates that 14 is less re -
ac tive. The re ac tion of 7 with 8 or 11 to fi nally give 10 pro -
ceeds via two routes and in ter me di ates 9 and 12. The ground
state elec tronic prop er ties of all these struc tures are pre sented 
in Ta ble 3. In spec tion of the data given in this ta ble we can
con clude that 10 is much more sta ble than 9 and also more po -
lar.

In a sim i lar man ner, com pound 7 re acted with ethyl
-chloro-3-oxo-butanoate (19) to give the cor re spond ing

thienopyridine de riv a tive 10. The re ac tion prod uct 10 was
most prob a bly formed via the ad di tion of the an ions from
-CH(COOEt)COCH3 to the CN group to give the non- iso -
lable 3-iminothienopyridine in ter me di ate. This in ter me di ate
then added wa ter to lib er ate ace tic acid and gave the fi nal
isolable 10 (cf. Equa tion 3).

Synthon 7 re acted also with methyl io dide in so dium
methoxide to give the cor re spond ing 4-methyl-2- methyl -
thiopyridine-3-carbonitrile 20 whose struc ture was elu ci -
dated based on el e men tal anal y ses, IR and 1H NMR data (cf.

Ta bles 1, 2 and Chart 3). A fur ther con fir ma tion of struc ture
20 was given through its re ac tion with hydrazine hy drate to
give the sul fur-free re ac tion prod uct 22. Com pound 22 was
most prob a bly formed via the sub sti tu tion of the S-CH3 group 
to give the non-isolable 2-hydrazino pyridine 21. The hy -
drazino group was then added to the CN group to af ford the
cor re spond ing 4-methylpyrazolo[3,4-b]pyridine-3-ylamine
22. The struc ture of 22 was es tab lished based on el e men tal
anal y ses, IR and 1H NMR data (cf. Ta bles 1, 2 and Chart 4).
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More over, the mass spec trum of 22, gave m/z = 148, which
cor re sponded to the ex act mo lec u lar weight of a mo lec u lar
for mula C7H8N4 of the as signed struc ture. Good ev i dence of
struc ture 22 was given through its syn the sis via an other
route. Thus, com pound 7 re acted with hydrazine hy drate to
give a re ac tion prod uct which was found to be iden ti cal in all
as pects with the 22 ob tained from the re ac tion of 20 with
hydrazine hy drate (cf. Chart 4 and Equa tion 4).

The o ret i cal Con sid er ation
Methylation of 7 may take place to af ford the –SCH3

(20) or the –N-CH3 (20a) de riv a tives. Both struc tures are
drawn to their op ti mized ge om e tries and are pre sented in Fig.
3, whereas the cor re spond ing ground state prop er ties are
given in Ta ble 3. The CH3N- de riv a tive seems to be en er get i -
cally and ther mo dy nam i cally more sta ble. Thus, methylation
seems to oc cur on the HN- and then re ar ranged to the –SCH3

form. The for ma tion of 18 from 17 is en er get i cally and ther -
mo dy nam i cally fa vor able es pe cially in po lar sol vents (cf. Ta -
ble 3).

Chem i cal re ac tiv ity of 7 was fur ther in ves ti gated
through its re ac tion with 2-bromo-1-(phenyl or 4-methyl -
phenyl, 4-chlorophenyl)ethan-1-one (23a-c) to give the cor -

re spond ing 3-amino-4-methylthieno[2,3- b]pyridin-2- yl-
 (phenyl, 4-methylphenyl or 4-chlorophenyl)ketone 25a-c via 
the non-isolable prod ucts 24a-c. The struc tures of 25a-c were 
elu ci dated by con sid er ing the data of el e men tal anal y ses, IR
and 1H NMR spec tra (cf. Ta bles 1, 2 and Chart 4).

The o ret i cal Con sid er ation
The fi nal prod ucts of Chart 4, namely both 22 and 25,

are formed via in ter me di ates 21 and 24, re spec tively. The
ground state elec tronic prop er ties of all com po nents in ves ti -
gated in Chart 4 are pre sented in Ta ble 3. The cor re spond ing
geo met ri cal fea tures are shown in Fig. 4. It is in ter est ing to
note that all ground state prop er ties of 21 and 22 are al most
the same with small dif fer ences that fa vour 21 slightly; 22 is
formed through the cyclization which oc curs spon ta ne ously.
25 is more sta ble than 24 by about 25 Kcal./mol. How ever, 24
is much more re ac tive as in di cated by Egap. Fig. 5 pres ents
free-energy re la tion ships in volv ing Hg, E t,  and en ergy gap 
against the Hammet con stant p for the sub stitu ents a-c for
com pound 25.
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Fig. 3. Pro spec tive draw ing of com pounds drawn at its
AM1 ge om e try.



EX PER I MEN TAL

All melt ing points were un cor rected. IR spec tra (KBr
discs) were re corded on Brucker Vec tor 22 and Perkin-Elmer
FT-IR type 4 spec tro pho tom eters. 1H NMR spec tra were re -
corded on Varian EM 390 MHz. Gemnai-200 MHz. and
Brucker WP-80 spec trom e ters us ing TMS as an in ter nal stan -
dard and CDCl3, DMSO-d6 and (CD3)2CO as sol vents and
chem i cal shifts are ex pressed as ppm units. Mass spec tra
were re corded on Hewlett-Packard GC-MS type 2988 us ing
in let type at 70 eV. Microanalyses were per formed by the
Microanalytical Cen ter of Cairo Uni ver sity. Mo lec u lar or -
bital cal cu la tions were per formed by con sid er ing the
Schordinger equa tion,16 variational meth ods and Hartree-
 Fock the ory,17 Semi-empirical meth ods,18 Modifiedneglect
of the Di atomic Over lap (MNDO)19 and Aus tin mode 1
(AM1).20-22

Syn the sis of 6
A so lu tion of 1 and buten-2-al (2) (0.01 mole of each) in 

eth a nol (50 mL) con tain ing a cat a lytic amount of tri ethyl -

amine or piperidine (0.5 mL) was heated un der re flux for 1-2
hours. The mix ture was cooled and the prod uct so formed was 
col lected by fil tra tion and then crys tal lized from eth a nol to
give 6 (cf. Ta bles 1 and 2).

Syn the sis of 7
Method (A)

A so lu tion of 1 with buten-2-al (2) (0.01 mole of each)
in eth a nol (50 mL) con tain ing a cat a lytic amount of triethyl -
amine or piperidine (0.5 mL) was heated un der re flux for 5-7
hours. The re ac tion mix ture was cooled and the prod uct so
formed was col lected by fil tra tion and washed with cold eth a -
nol then crys tal lized from eth a nol to give 7 (cf. Ta bles 1 and
2).
Method (B)

A so lu tion of 6 in eth a nol (50 mL) con tain ing a cat a -
lytic amount of triethylamine (0.5 mL) was heated un der re -
flux for 3-5 hours. The re ac tion mix ture was cooled and the
prod uct so formed was col lected by fil tra tion and then crys -
tal lized from eth a nol to give 7 (cf. Ta bles 1 and 2).

Syn the sis of 14
A mix ture of 7 and chloroacetamide (13), 0.01 mole of

each, in meth a nol con tain ing so dium methoxide (pre pared by 
0.01 atom Na in meth a nol) was refluxed for 3 hours. The re -
ac tion mix ture was then evap o rated till dry ness and then
cooled. The prod uct so formed was col lected by fil tra tion,
washed with cold eth a nol and then crys tal lized from eth a nol
to give 14 (cf. Ta bles 1 and 2).

Syn the sis of 15
A so lu tion of 14 (0.01 mole) in eth a nol con tain ing

KOH 10% (10 mL) was refluxed for 3 hours. The re ac tion
mix ture was then poured onto wa ter and acid i fied with hy dro -
chlo ric acid. The prod uct so formed was col lected by fil tra -
tion, washed with cold wa ter and then crys tal lized from eth a -
nol to give 15 (cf. Ta bles 1 and 2).

Syn the sis 10, 18 and 25a-c: (Gen eral method)
A so lu tion of 7 with each of (8, 11 or 19), 16 and 23a-c

(0.01 mole of each) in eth a nol (50 mL) con tain ing the cat a -
lytic amounts of triethyl amine or piperidine (0.5 mL) was
refluxed for 3-5 hours. The re ac tion mix ture was then cooled
and the prod ucts so formed were col lected by fil tra tion,
washed with cold eth a nol and then crys tal lized from eth a nol
to give 10, 18 and 25a-c, re spec tively (cf. Ta bles 1 and 2).

Syn the sis of 20
A so lu tion of 7 and methyl io dide (0.01 mole of each) in 
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Fig. 4. Pro spec tive draw ing of com pounds drawn at its
AM1 ge om e try.



methanolic so dium methoxide (pre pared by 0.01 atom of Na
in 20 mL meth a nol) was heated un der re flux for 2 hours. The
re ac tion mix ture was cooled and poured onto ice-cold wa ter
and then acid i fied with hy dro chlo ric acid. The prod ucts so
formed were col lected by fil tra tion, washed with wa ter and
crys tal lized from eth a nol to give 20 (cf. Ta bles 1 and 2).

Syn the sis of 22
A mix ture of 7 or 20 (0.01 mole of each) and hydrazine

hy drate (15 mL) was heated un der re flux for 6 hours. The re -
ac tion mix ture was then heated till dry ness and then acid i fied
with ace tic acid. The prod uct so formed af ter cool ing, was fil -
trated and washed with cold eth a nol then crys tal lized from
eth a nol to give 22 (cf. Ta bles 1 and 2).
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