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Methylation reactions of 2-amino-5-benzoyl-1 ,3 4-thiadiazoles 1a-d are reported as a function

of alkylating agents (methyl iodide, dimethyl sulfate-potassium carbonate, diazomethane, dimethyl-
sulfatesodium methoxide). Methylation occurs at both the ring nitrogen in position 3 and the

exocyclic nitrogen atom.

The alkylation reaction of 2-amino-1,3,4-thiadiazoles
proceeds on the ring nitrogen atom in position 3 (1) because
of its higher nucleophilicity with respect to the exocyclic
nitrogen atom (2). In the same position 3 the 2-acylamino-
1,3.4-thiadiazoles are alkylated by alkyl halides in alkaline
medium (3). However, an example of methylation has been
reported (4) where the type of base used influences the
alkylation direction (5). On the other hand it is known
that for other heterocyclic amines, the selectivity of the
attack by an alkylating electrophilic agent is determined
by its nature and other factors (i.e., steric effects, hydrogen
bonding, solvent) which can modify the nucleophilic
properties of the reaction centers and, consequently, the
nature of alkylation products (0).

Since we are investigating the reactivity of the 2-amino-
1,3 4-thiadiazoles (7,8), we thought it of interest Lo study
the methylation reaction as a function of the substrate,
alkylating agent and reaction medium.

In this work we report results concerning the substrates
2-amino- (1a), 2-methylamino- (1b), Z-acetylamino- (1c)
and 2-benzoylamino- (1d)-5-benzoyl-1,3 A-thiadiazoles and
the alkylating systems: a) methyl iodide in methanol, b)
dimethyl sulphate-potassium carbonate in acetone, ¢)
diazomethane in cther-dioxane, d) dimethyl sulphate-
sodium methoxide in methanol. In Table 1 are reported
the results obtained. From the table it is possible to deduce
that the methylation with methyliodide in methanol, when
proceeding, concerns exclusively the ring nitrogen atom in
position 3 giving good yields of the thiadiazolincs 3a and
3b. The same reaction fails with the 1¢ and 1d compounds
(sce below).

With dimethyl sulphate-potassium carbonate in acetone,
the methylation reaction proceeds preferentially on the
ring nitrogen atom; in fact, the exocyclic nitrogen atom
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Table I

Methylation Products of 1,3,4-Thiadiazoles 1a-d (yields %)

Substrate Mel Me,S04-K,CO3 CH, N, Me,S0,4-MeONa
1a 3a (82) 2 (tr.), 3a(10) no react. 2b(2), 1d(13)
3b(15)
3d (6)
1b 3b(60) 2b(3), 3b(40) no react. 2H(28)
1c no react. 2c(42), 3c(54) 2c (28), 1a (25), 3¢(2)
3c(52) 1b(11), 4c(25)
1d no react. 2 (4), 3d(79) 2d(7), 4d (59)
3d (62)

be noted that the 2-acylamino compounds 1¢ and 1d give
methylation products with high yields. The ratio between
exocyclic nitrogen to the ring nitrogen atom methylation
is nearly 1:1 in the case of 2-acetylamino 1¢ and much less
for the 2-benzoylamino 1d, and this because of steric and
electronic effects (11).

Also with diazomethane, the 1¢ and 1d methylation
proceeds at both the ring nitrogen atom and acylamino
group. The thiadiazolines 3¢-d and thiadiazoles 2¢-d are ob-
tained. The yield of the methylation products is good and
the ratio of exocyclic to the ring nitrogen atom methyla-
tion is higher for the 2-acetylamino 1¢ than for the benzoyl-
amino 1d (12).

In alkaline medium (dimethyl sulfate-sodium methoxide)
the methylation reaction becomes more complicated
because of the benzoyl group displacement (10) both in
the substrates and reaction products, together with cleavage
of acetyl group (see below) or cleavage of the thiadiazole
ring itself (10). Only the main products are reported in
the Table 1. The ring nitrogen atom in position 3 does not
show any reactivity for compounds 1a and 1b, for which
methylation only at the exocyclic nitrogen is observed
[in the 1a case dialkylation takes place and 1d is also
found (13)]. The yield of methylation products is rather
low since 50% of 1a and 30% of 1b do not react. The
2-dimethylamino compound 2b obtained from 1a and 1b
is, as far as we know, the first example {for such a type of
substrate. Methylation of 1¢ and 1d occurs at the ring
nitrogen atom giving 3¢ (and the corresponding 4¢ {rom
the alkaline displacement of the benzoyl group) and 4d
derived in the same way from the unisolated 3d. Compound
1c also gives the deacylated product 1a and its methyl
derivative 1b. The last product came from the deacylation
of the unisolated 2¢, since 1b is never obtained from 1a.

The whole of our results allows us to point out the
following: a) in the 2-amino or 2-alkylamino derivatives
(1a and 1b) the ring nitrogen atom is the more nucleophilic
center (14) because of conjugative interaction between
ring and side-chain nitrogen atoms, so explaining the
behaviour of 1a and 1b towards methyl iodide; b) 2-

acylamino derivatives (1c and 1d) do not react with methyl
iodide because the conjugative interaction between the
exocyclic nitrogen atom and carbonyl amidic group de-
creases the nucleophilicities of the reaction centers. (See
ir stretchings of amidic C=0); c¢) in the case of methyla-
tion reactions with dimethyl sulphate in alkaline medium
(potassium carbonate or sodium methoxide), an inverted
reactivity is observed, i.e.,, acylamino derivatives lead to
methylation products with higher total yields than 1a or
1b, and this because of a change in the methylation mecha-
nism. Since the reaction is base-induced, methylation is
favoured for compounds with acidic hydrogens (2-acyl-
amino derivatives). Moreover, when sodium methoxide is
used, a change in the reaction center is observed for 1a
and 1b, methylation occurring at exocyclic nitrogen only
(16); d) in the case of the reaction with diazomethane,
obviously methylation occurs only for compounds con-
taining acidic hydrogens, i.e., 1¢ and 1d.

Furthermore, the nature of the solvent (i.e., hydrogen-
bonding or not) influences the course of the methylation
in all the reactions studied. This aspect in the methylation
reaction we are extensively studying.

The structures were assigned on the basis of analytical,
ir, nmr data and by comparison with compounds of well
known structure. Compounds 1a, 1b, 2b and 3a-d were
prepared as we have previously reported (7). The acetyla-
tion and benzoylation of 1a, gives 1¢ and 1d, while 1b gives
2¢ and 2d respectively. The latter compounds are also
obtained, together with 3c-d, by methylation of 1c and
1d, so supporting the assigned structures (see Scheme I).
Compounds 4c¢ and 4d were prepared by acetylation and
benzoylation of the 4-methyl-5-imino-A?-1,3 4-thiadiazo-
line (17).

EXPERIMENTAL

Melting points were determined using a Kofler hotplate and
are uncorrected. Ir spectra (nujol mull) were determined on a
Perkin-Elmer Infracord 137 instrument. Nmr spectra (60 MHz)
were obtained using a Jeol C-60 H spectrometer with TMS as
internal standard. Preparative scale tlc was performed on silica
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gel GF¥4 54 with ethylacetate-cyclohexane 1:1 as solvent.

All methylation products obtained were identified by analytical
and spectroscopic data and by comparison with authentic samples
(ir spectra, melting points, mixed melting points). Analytical data
are reported only for the new compounds.

Model Compounds:
Preparation of 1cdand 2cd: General Procedure.

Compounds Icd and 2cd were prepared by acetylation and
benzoylation of 1a and 1b as follows: a mixture of 2-amino-
(or 2-methylamino)-5-benzoyl-1,3,4-thiadiazoles (1a or 1b) (0.01
mole), pyridine (10 ml.) and acetic anhydride (0.02 mole), or
benzoyl chloride (0.012 mole), was refluxed for 1 hour. After
cooling, water was added and the product filtered (nearly quanti-
tative yield).

2.-Acetylamino-5-benzoyl-1,3,4-thiadiazole (1¢).

This compound had m.p. 291-292° (acetic acid); ir: 3086 (NH)
and 1695, 1634 cm~! (C=0); nmr (DMSO-dg): 2.26 6 (s, 3H,
COCH3), 7.40-8.50 & (m, 5H, Ar-H), 12.00 & (br.s., 1H, NH).

Anal. Caled. for C{1HgN30,S: C,53.44; H, 3.67; N, 17.00.
Found: C, 53.47; H,3.71; N, 16.93.

2-Benzoylamino-5-benzoyl-1,3,4-thiadiazole (1d).

This compound had m.p. 244-245° (ethanol-acetic acid 1:1);
ir: 3115 (NH) and 1667, 1639 em™! (C=0); nmr (DMSO-dg):
7.30-8.50 5 (m, 10H, Ar-H), 13.4 6 (br.s., 1H, NH).

Anal. Caled. for C;gH;1N30,S: C,62.13; H,3.59; N,13.59.
Found: C,62.20; H, 3.69; N, 13.46.

2-Methyl-2-acetylamino-5-benzoyl-1,3 4-thiadiazole (2c).

This compound had m.p. 198° (ethanol); ir: 1768, 1634 cm™
(C=0); nmr (deuteriochloroform): 2.47 & (s, 3H, COCH;), 3.85 8
(s, 3H, N-CH3), 7.30-8.60 & (m, 5H, Ar-H).

Anal Caled. for C12Hy1N30,8: C,55.17; H, 4.24; N, 16.09.
Found: C,55.23; H, 4.24; N, 16.25.

2-Methyl-2-benzoylamino-5-benzoyl-1,3,4-thiadiazole (2d).

This compound had m.p. 181-182° (ethanol); ir: 1661, 1634
em~! (C=0); nmr (deuteriochloroform): 3.78 & (s, 3H, N-CH3),
7.308.60 8 (m, 10H, Ar-H).

Anal. Caled. for C;7H;3N30,S: C, 63.15; H, 4.05; N, 13.00.
Found: C, 63.21; H,4.19; N, 12.90.

4-Methyl-5-acetylimino-A2-1,3,4-thiadiazolinc (4c).

A mixture of 4-methyl-54imino-A2.1,3 4-thiadiazoline (0.55 g.),
pyridine (2 ml.) and acetic anhydride (0.5 ml.) was refluxed for
1 hour. After cooling, the solvent was removed under reduced
pressure and the residue was crystallized from ligroin. Recrystalli-
zation from ligroin yielded 4¢ (0.4 g.), m.p. 116-117° (ligroin);
ir: 3067 (CH-) and 1610 cm~! (C=0); nmr (deuteriochloroform):
2.30 5 (s, 3H, COCH3), 3.93 & (s, 3H, N-CH3), 8.30 & (s, 1H,
=CH-).

Anal. Caled. for CsH7N30S: C, 38.22; H, 4.49; N, 26.74.
Found: C, 38.15; H, 4.42; N, 26.70.

4-Methyl-5 -benzoylimino-A2 -1,3,4-thiadiazoline (4d).

This compound was prepared by the same procedure with the
base (0.55 g.), pyridine (2.5 ml.) and benzoy! chloride (0.7 ml).
After cooling, dilution with water and filtration gave 4d (0.5 g.),
m.p. 129-130° (benzene-ligroin 1:1); ir: 3030 (=CH-) and 1597
em~! (C=0); nmr (deuteriochloroform): 3.99 & (s, 3H, N-CH3),
8.27 5 (s, 1H, =CH-), 7.25-8.40 & (m, 5H, Ar-H).

Anal. Caled. for C;oHoN30S: C, 54.79; H, 4.14; N,19.17.
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Found: C, 54.71; H, 4.08; N, 19.08.
Methylation with Methyl lodide in Methanol: General Procedure.

A mixture of thiadiazoles (0.01 mole), anhydrous methanol
(25 ml.) and methyl iodide (0.035 mole) was refluxed for 24
hours. After removing the solvent, the residue was taken up with
hot water, filtered and neutralized with aqueous ammonium
hydroxide 1:1.

Methylation of 1a.

The neutral solution was extracted with chloroform and the
dried extract was evaporated to yield 4-methyl-5-imino-2-benzoyl-
A2 1,3, 4-thiadiazoline (3a) (1.8 g.), m.p. 74-75° (ligroin) (7).

Methylation of 1b.

The water insoluble fraction (0.6 g.) was starting material 1h.
Neutralization of the water solution gave directly 4-methyl-5-
methylimin0-2-bcnzoyl-A2-1,3,4-thiadiazoline 3b (1.4 g), mp.
120-121° (ligroin) (7).

Methylation with Dimethyl Sulphate and Potassium Carbonate.
General Procedure.

A mixture of thiadiazoles (0.01 mole), acetone (100 ml.), potas-
sium carbonate (0.01 mole) and dimethyl sulphate (0.01 mole)
was heated under reflux for 12 hours. After cooling, the mixture
was filtered and the solvent evaporated to dryness under reduced
pressure.

Methylation of 1a.

Extraction with boiling benzene of the residue obtuained from
evaporation of the solvent, gave a mixture (tlc) of 2b (trace), 3a,
3b, 3d. The benzene solution was evaporated and the residue
treated with boiling ligroin and filtered. Cooling of the ligroin
solution gave 3b (0.35 g.), m.p. 120-121° (ligroin) (7). Tlc of
the ligroin solution showed the presence of 2b (by comparison
with authentic sample). The ligroin insoluble fraction (0.67 g.),
containing 33 and 3b mixture, was treated with acetic anhydride
(0.5 ml.) and pyridine (3 ml.) and refluxed for 20 minutes. Water
was added, the solvent removed and the residue underwent frac-
tional crystallization from ethanol to yield first 3d (0.2 g.), m.p.
191° (ethanol) (7) and then, after dilution with water, the acetyl
derivative of 3a(3¢)(0.25 g), m.p. 169-170° (ethanol) (7).

Methylation of 1b,

The residue obtained from evaporation of the solvent was
treated with boiling ligroin and filtered. The insoluble ligroin
fraction, dissolved in water and neutralized with aqueous ammo-
nium hydroxide (1:1) yielded 3b (0.8 g.), m.p. 120-121° (ligroin)
(7). Cooling the ligroin solution, yiclded 0.3 g. of crude mixture
which was chromatographed on preparative scale tlc to yield
additional 3b(0.2 g) and 2b(0.07 g.), m.p. 102° (aqueous ethanol)
).

Methylation of 1c.

The acetone insoluble fraction, washed with water to remove
inorganic material, gave 2¢ (0.5 g.), m.p. 198° (ethanol), identified
with an authentic sample. The acetone solution was evaporated
and the residue underwent preparative scale tle to yicld additional
2¢(0.6 g.) and 3¢ (1.4 g.), m.p. 169-170° (ethanol) (7).
Methylation of 1d.

The acetone insoluble fraction, as above, gave 3d (1.4 g.), m.p.
191° (ethanol) (7). The residue of the acetone solution underwent

fractional crystallization from ethanol to yield first additional 3d
(1.15 g.) and then 2d (0.12 g.), m.p. 181-182° (ethanol).
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Methylation with Diazomethane.
Methylation of 1c.

To a solution of 1¢ (1 g.) in dioxane (100 mL) an excess of
ethereal diazomethane was added. After standing 24 hours, the
solvent was evaporated and the residue chromatographed on pre-
parative scale tle, to yield 3¢ (0.55 g.), m.p. 169-170° (¢thanol)
(7) and 2¢ (0.30 g.), m.p. 198° (ethanol).

Methylation of 1d.

By the same procedure 1d (1 g.) in dioxane (40 ml), the
obtained residue underwent fractional crystallization from ethanol
to yield first 3d (0.65 g.), m.p. 191° (ethanol) (7) and then 2d
(0.07 g.), m.p. 181-182° (ethanol).

Methylation with Dimethy! Sulphate and Sodium Mecthoxide.
General Procedure.

A mixture of sodium methoxide (0.01 mole), anhydrous meth-
anol (40 ml.), thiadiazole derivative (0.01 mole) and dimethyl
sulphate (0.01 mole) was refluxed for 8 hours, and then evaporated
under reduced pressure. The residue was taken up with water
and filtered.

Methylation of 1a.

The crude water insoluble material was taken up with chloroform
and filtered from insoluble starting material (1.05 g.). Removal
of the solvent and crystallization of the residue from ligroin gave
2b (0.05 g.), m.p. 102° (aqueous ethanol) (7). The water solution
was extracted with chloroform, the dried extracts were evaporated
to dryness and the residue taken up with methariol, filtered to yield
1d (0.4 g.), m.p. 244-245° (cthanol-acetic acid).

Methylation of 1b.

The crude water insoluble material was treated with boiling
ligroin, starting material filtered off (0.7 g.), and after cooling, 2b
0.65 g.), m.p. 102° (aqueous ethanol) (7) was obtained.

Methylation of 1c.

The crude water insoluble material was treated with boiling
benzene (15 ml) and filtered. The insoluble fraction, after crys-
tallization from ethanol gave 1a(0.52 g.), m.p. 200-201° (ethanol)
(7). The benzene solution, after standing, gave 1b(0.25 g.), m.p.
167-168° (benzene-ligroin) (7). Removal of the benzene solution
to dryness, and crystallization of the residue from ligroin, gave
3¢ (0.05 g.), m.p. 169-170° (ethanol) (7). The water solution was
extracted with chloroform, the dried extracts evaporated and the
obtained residue was treated with boiling ligroin. Insoluble starting
material (0.07 g.) was filtered off and cooling of the ligroin gave 4c
(0.4 g.), m.p. 116-117° (ligroin).

Methylation of 1d.

The residue obtained from evaporation of the solvent was
gently refluxed with water and filtered. The insoluble fraction
after crystallization from benzeneligroin gave 4d (1.3 g.), m.p.
130-131° Acidification of the water solution gave starting material
(0.6 g.).
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